


Proceedings of the meeting 

Breeding for Resistance to Insects and Mites 

at 

Rostanga, Sweden 

8-12 December 2001 

Editor: 

Nicholas Birch 

IOBC wprs Bulletin 
Bulletin OILB srop Vol. 27(7)~004 

.. 



Preface 

Background to the WG: 

The five main areas currently active in our WG are: 

1. Mechanisms of host plant resist.ance and techniques. This area is actively 
researched, for pests of vegetable and forage / oil brassicas, avocado, cucumber, c.·dcry 
and cotton. This is mainly fundamental or basic research underpinning more applied 
activities. The group interested in cesistance to brassica pests (cabbage / turnip mot 
flies, aphids, Pieris spp.) is particularly strong and has been actively collaborating for 
10+ years, resulting in several high quality joint publications and grants (e.g Brit ish 
Council / Swiss National Science Foundation, EU). 

2. Sources of resistance, breeding and testing. This area is more applied, with seve.ral 
examples of commercial exploitation in lettuce, carrot, roses, blackcurrants, 
raspberries and brassicas. Seed and biotechnology companies are actively involved. 
Some djfficulties in open djscussions when company / academic Intellectual Prol)t!r.y 
is involved. 

3. Durability of resistance / pest biotypes. This area is expanding .due to increas1:.d 
interests in transgenic resistance, where particularly high cost investments arr.: 
involved. Lessons are being learned from conventional breeding (e.g. raspberry aphid, 
blackcurrant mite, lettuce aphids , apple ahids, Russian wheat aphid). Recent 
involvement of genetic and mathematical modelling ( e.g. Bt-based resiswn1:.e in 
cotton, maize, potato). 

4. Collaborative project groups. After past successes with carrot and lettuce breeding, 
activities in this area have fallen, probably due to lack of funding and long tenu nature 
of the research before returns on investment are achieved. One EU proposal on 
multiple pest resistance in vegetable brassicas is currently being re-submitted, 
involving several WG members. 

5. Developing new areas and links. The WG is particularly keen to attract active 
participation from biotechnology and plant breeding companies. Links have been 
made with the TOBC Global WG on transgenic crops and 1PM (biosafety, durability, 
complementarity) and with the TOBC WG on inducible resistance {parallel 
mechanisms of pest and disease resistance) . 

6. Identifying current knowledge gaps. These include development of marker-assisted 
breeding for pest resistance, optimal use of pest resistance genes (conventional and 
GM) within an JPM framework, new sources of durable resistance genes, biosafety 
(e.g. non-target effects), consumer acceptance, socio-economic assessment of durable 
pest resistance (e.g. enabling reduced pesticide usage). 

The 91
h meeting of the Breeding for Resistance to Insects and Mites Working WG was held in 

Rostanga, Sweden on 8-12 December 200 I. This meeting was attended by 8 plant br<=Cders 
(both private and public sector) JO entomologists, 2 chemical ecologists, l r,la:'h 
biotechnologists and I mathematical modeller. Although attendance was slightly lower than 
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previous WG workshops time of year, location and reduced availability of travel funding were 
probably contributing factors) it was very successful in stimulating discussion between these 
scientifii;: disciplines. 

General discussions at the start of the workshop: 

We discussed two main options for increasing the size and scope of the WG: 

l. The first option is to invite plant pathologists and stored products entomologists to the 
next WG workshop (planned for 16-19 September 2004 in Poland). Our WG members 
had mixed views on this option; some preferred a smaller sized WG focussed only on 
insects and mites whilst others preferred a broader group. Since many of the 
experimental and breeding approaches are similar for insects, mites and fungal 
pathogens we concluded that we should encourage the wider participation of stored 
product entomologists, 1PM specialists, chemical ecologists and pathologists in 
attending our next workshop in 2004. We agreed to alter the name of the WG to 
"Breeding for Plant Resistance to Pests and Diseases" 

2. The second option (deferred until after the 2004 workshop) involves merging our WG 
with the newer and larger WG on fnduced Resistance. Most of our members were 
opposed to the merger because they felt they would lose some focus and identity. As 
convenor of the Breeding for Resistance to Insects and Mites WG I proposed to attend 
at least one of the Induced Resistance WG meetings so we could drscuss future 
options for joint meetings and more interactions between the two Working Groups. 
The convenor of this WO plans to attend the next meeting of the WG "Induced 
resistance in plants against insects and diseases" in November 2004, to discuss future 
interactions of the two current WGs. 

• A more recent development in 2002 has been our involvement in the Global fOBC's 
WG on GM Crop Biosafety (I serve both as a link between WPRS and Global and as a 
member of the steering committee of the GMO project). This has already resulted in 
closer links between the two WGs (the common link is resistance to pests - either 
conventionally bred or GM) and for new opportunities to collaborate between WPRS 
and Global IOBC organisations. The first workshop in Kenya on ecological impacts of 
pest-resistant Bt maize (November 2002, attended by Nick Birch) was very successful 
and already a second workshop is being planned in Brazil for 2003, 

• The WPRS Breeding for Resistance to Insects and Mites WG encourages increased 
interaction with other WPRS and Global WG's (e.g. pathology, stored products, 
induced resistance, GMOs, pheromones and semiochemicals, 1PM) and we welcome 
suggestions and invitations for joint meetings and collaborations. 

Please email Dr Nick Birch (N.Birch@scri.sari.ac. tik) with ideas for future interactions and 
collaborations. 
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Resistance-breaking raspberry aphid biotypes: Constraints to 
sustainable control through plant breeding and Integrated Crop 
Management. 

A.N.E. Birch, A.T. Jones, B. Fenton, G. Malloch, I. Gwgbegan, S.C. Gordon, J.Hillier 
and G. Begg1

• 

Sco{(ish C:mp 'Research Institute, lnvergowrie, Dundee, Scotland DD2 5DA, UK. 
1 lUOSS, Dundee, 1)1)2 5DA. U.K. 
e-mail:~ Hiri:h ... t!.;:.~-i_-.a11 .ac.ul.. fax: +44 (0)1382 562426 

Abstract: Breeding red raspberry for resistance to I.he large raspbeny aphjd (Amphorophora idael) 
us111g single major genes or polygenic minor genes has proved successful in controlling this virus 
vccwr aphid for a period of more than thirty years. Currently about 90% of raspberry U.K. 
plantations, valued at more thwi £28 million, contain raspberry varieties wilh one or more of lhese A. 
1.lae, resistance genes. However, surveys in 1990-1993 found that more tl1an more tllan 75% of the 
LI K. A. idaei popularion consisted of biotypes with the ability to break me most widely used 
T('•·1srance gene, A1• Since then growers in England (but not yet in Scotland) have reported intennitteot 
bH'.akdown of the formerly strongest resistance gene, A10• Genetic aualysis, based on rDNA IGS DNA 
paucrns, has shown that A. 1dae1 populations in the UK are genetically very variable within and 
between the 5 known A .. 1dae1 biotypcs. Alate migrations of parthenogenetic females in summer and 
males in autumn means that resistance-breaking genes are readily exchanged between popula1ions. It 
is therefore predicted that the A10 gene wilJ be overcome throughout the U.K. witl1i11 the next few 
years. We have recently found (end of 200 I growing season) A. ,doe, on an Awcontainiog variety 
(Glen Rosa) for the first time in Scotland. Small numbers were detected on an experimental field 
maintained free from pesticides for I O years at SC~. Virus incidence is increa$ing in parallel with 
breakdown of tl1e aphid resistance genes in U.K. raspberry plantations. Other resistance genes are not 
readily available within the genus R11b11s. Anti-aphid genes from other plru1ts (lecrins) have been 
genetically engineered into crops. Initial risk:benefit assessment of one candidate aphid resistance 
trnnsgene was presented, together with future prospects for introducing other sources of aphid 
resistance. The compatibility of aphid resistance genes in Rub11s with tl1e most abundant natural 
enemies of aphids is currently being studied at SCRl. 

Keywords: Rubus idoe11s, Amphorop/l()ra idaei biotypes, aphid resistance genes, lectins, natural 
enemies, tisk:benclit assessment. tri-trophic interactions . 

Introduction 

The large raspberry aphid, Amphorophora ,daei Bomer, is the roost important vector in the 
U.K. and Europe of four viruses causing decline in vigour, yield and fruit quality of red 
raspberries. Pesticides control aphid numbers but are ineffective in preventing the spread of 
viruses. For more than 30 years the aphid and associated viruses have been effectively 
controlled using several genes for resistance to the aphid (Birch et al., 1994; Jones et al .• 
2000) .. The use of resistance genes has inevitably created selection pressure on A. idaei 
populations to overcome specific genes, leading to 5 resistance-breaking aphid biotypes in the 
U. K. (Birch and Jones 1988; Birch et al .. l 994; 1997). This intra-specific genetic diversity is 
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maintained by sexual reproduction each autumn, with clonal (asexual) expansion of the 
surviving aphid genotypes during each summer (Birch et al., 1994). 

Materials and methods 

Methods for screening raspberry cultivars for aphid resistance and for detecting A. idaei 
biotypes are published elsewhere (Birch and Jones, 1988; Jones et al .. 2000). Methods for 
analysis of genetic variability within and between populations of A. idaei are published in 
Birch et al., 1994. Methods for risk:benefit analysis of introduced resistance genes on target 
pests and on non-target llfltural enemies of aphids are published in Birch et al., 1999. 

Results and discussion 

Natural resistance genes from Rttbus spp. 
Both glasshouse and field-based methods for screening l.\phid-resistant progeny plants from 
crosses work well, provided the ·environmental conditions are suitable {well lit, temperature 
between 15 and 20 °C) and control plants (susceptible and resistant parent plants) are 
included. The threshold for scoring resistance is generally very low (0-1 adults, < 3 nymphs, 
after 10 days). Bioassays and chemical analyses (Birch and Jones, 1988; Shepherd et al., 
1999) showed that the chemical factor(s) in A1 and Aw-ba'Sed resistance were complex and 
located on the leaf surface, causing aphids to reject plants within 24 hours, after initial landing 
and probing. Aphid biotypes which could ·overcome Ai-based resistance were detected in 
large numbers(> 70 of samptes) in both England and Scotland during the 1980s and 1990s 
(Birch et al., 1994), whereas the A10-break.ing biotype has only been detected more recently 
in parts of England, but is not yet established in Scotland (Birch et al., 1997). A wide range 
of.aphid genotypes were detected in U.K. populations of A. idaei using rDNA IGS markers 
(Birch et al., 1994), highlighting the capacity for this aphid to readily exchange genes 
between populations each year during the sexual cycle. 

Tnuisgenic resistance genes from other plants (lectins). 
Whilst several plant lectins were shown to be effective in reducing aphid populations by up to 
50% under contained conditions, this degree of resistance was insufficient on its own, 
particularly against virus vector species. Bioassays to check the compatibility of aphid 
resistance based on the snowdrop lectin (GNA), expressed in experimental lines of transgenic 
potato, showed adverse effects on a beneficial aphid predator species, the 2-spot ladybird 
Adalia bipunctata L. (Birch et al., 1999). Ladybirds fed aphids from ONA-expressing plants 
were adversely affected in terms of their fecundity (egg fertility and hatch rates) as well as 
suffering a 50% reduction in female adult ladybird longevity. Thus, tri-trophic biosafety 
testing (resistant plant, target pest and non-target predators / parasitoids) was shown to be 
important in the risk:benefit assessment of novel aphid resistance genes. The lectin genes 
tested to date were considered to be unsuitable candidates foi: insertion into Ruhus to protect 
against A. idaei, because of their lack of efficacy and their potential toxicity to non-target 
organisms, including humans (Birch et al., 1999; Fenton et al., 1999). 

Conclusions 

Aphid resistance genes have been very successfully deployed in Rubus idaeus for more than 
30 years in Europe. Not surprisingly, raspberry aphids have counter-adapted over this time 
and we are now at the point where our last major resistance gene (A 10) has been overcome in 
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much of England and at least one isolated case in Scotland (Birch et al., unpublished data). 
With the benefit of hindsight we can look back and learn important lessons concerning the 
choice and deployment of aphid resistance genes. We may still be able to combine some of 
our.existing genes from Rubus (e.g. minor gene and major gene-based resistance), panicularly 
with the help of molecular markers. Alternatively, we may find and introduce novel aphid 
resistance genes from other plant genera or even other organisms, via biotechnological routes. 
Whichever way we proceed, it is important that we think carefully about risk:benefit ratios 
and how any new aphid-resistant cultivars fit into the wider view of sustainability and 
durability within an Integrated Pest Management (1PM) framework. Mathematical models are 
now also being developed at SCRJ as tools to predict the optimal deployment of pe~t 
resistance genes over space (fields, regions) and time (seasons). 
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Insect Biotype Development due to Plant Host Resistance. 
A literature study 

Aad J.M. van der Arend 
/,efluce breeder ul Nunhems Seeds. Noordlandseweg 54, 2691 KM 's-Gruvenzande, Holland. 
Contact: A.vanderArend@Nunhems.com, Tel + 3 I (O)ti50.6I 84 JO. 

Absrract: After 15 years of breeding, the first lettuce., Lacruca saliva, variety with resistance to the 
lct1ucc leaf aphid Nasonovia ribisnigri w;is released in 1996. Many varieties with this insect resistance 
are currently avai lable. Due to this fact {seleclion pressure) and the almost uruque relation with the 
necessary host, the insect may transfonn into a resistance breaking biotype. Comparable insect-host 
relations with different resistance genes are accessed for possible similari ties to provide the aphid-host 
relation as a gene-for-gene interaction. 
<.,,: the other hand, the closest comparable aphid-hos! relation, aphid resistance to lettuce root aphid 
P<:mphigus bursarius. still survives already for over 40 years. The sequential release of single 
resistance genes, combined w1tl1 careful monitoring and testing of insect population biotypes found on 
di fferent hosts, is the most effective gene deployment strategy fo r insect resistance in a host The use 
of chemicals, refugees crops and the reduction of the alatae phase will slow down tl1e development of 
th,: insect towards a resistance breaking biotype. 

Ke)·words: LcKtuca saliva. lettuce, leaf aphid, Nasonovia ribisnigri, host resistance, insect resistance, 
insect pests, pest resistance, biotypes, greenbug aphid, Schizaphis graminum, lettuce root aphid, 
J'emphigus h11r.mrius, resistance strategies. 

Introduction 

It took lettuce breeders of Leen de Mos, now Nunhems, 15 years of breeding to develop the 
Na.wnovia ribisnigri lettuce aphid resistant lettuce variety Dynamite (Van der Arend. I 999). 
Since the release of this variety in 1999 many more Nasonovia resistant lettuce varieties were 
introduced The breeding company Nunhems seeds of Haelen the Netherlands is now selling 
the Nasonovia resistant Butterhead varieties; Dynamite, Comina, Sylvesta, Fiorella, Caterina, 
Nun 4000, Nun 4500 and Nun 450 I, the Crisphead; Barcelona, Brest and Nun 0021, the Salad 
Bowl types Smile; Belize and Veredes, the Red Salad Bowl type; Nun 7803, the Batavia; 
Leny, and the Lollo types Nun 8000, Nun 8001, Nun 8800, Nun 8801. Other companies are 
also introducing Nasonovia resistant varieties of Crispbead, Butterhead, Salad Bowl and Lollo 
types. 

· Lettuce breeding uses mainly the antibiosis test by allowing aphids a choice ro feed on 
plants of different lines. The differences between susceptible and resistant plants are clearly 
visible because the rate of aphid increase differs. A certain internal characteristics of a 
resistant plant cause adverse effects on the insects that feed on it. The aphid migrates to an 
other plant. Sometimes the differences between plants are also visible due to non-tolerance 
when the plant reacts through growth reaction and reduction. The plant is in that case not able 
to repair the insect injury so that plant development is reduced as a result of supporting an 
insect population living on it. With antixenosis the insect avoids the plant because it is an 
undesirable host due to certain plant characteristics (e.g. surface texture). The success of host 
plant resistance strategy will be challenged by the occurrence of resistance-breaking biotypes. 

5 
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Dilemma 
What is the chance that the resistance will be broken by the development of a new insect 
biotype? 

Biotype refers here to a population of insects that is capable of damaging plant varieties 
that are resistant to other populations of the same species. 

Insects blotypes in different crops 

Gre-enbug in Sorghum attd wheat 
Five biotypes of the greenbug aphid, Schizaphis graminum, have been identified on wheat and 
4 on sorghum since greenbugs were identified as pests of small grains. The biotypes are called 
B, C, E, F, G, H, I, J, K. 

In sorghum the occurrence of resistant-breaking biotyp.es of this greenbug is challenging 
the breeding for plant resistances. Biotypes recognised as seriously damaging to sorghum 
hybrids are C, E, I and K. In 1995, biotype K, which damages sorghum resistant to biotype I, 
was first identified in a biotype I greenbug colony being reared in the greenhouse. Field 
samples of greenbugs collected from wheat and sorghum in Kansas and Oklahoma, USA, 
from 1996 to 1998 were identified as biotypes. These samples indicated that biotype I was the 
dominant biotype on both crops. Biotype E and K were pre~nt in about 2 l and 12% of the 
samples collected from sorghwn in 1998, respectively. Studies conducted at several constant 
temperatures indicated that biotypes C, E, I and K had similar reproductive capacity and 
survival at 22 and 27 deg C (Kindler, 200 I). 

When several sources of greenbug resistance were compared differences were noticed. 
The plant resistance index (PRI), which combined values from the 3 resistance mechanisms, 
antibiosis, antixenosis and tolerance, was greatest for rye accession PI 240675. (Curvetto, 
1998) 

Durable resistance to greenbug, S.graminum, in wheat is a goal of wheat improvement 
teams. and one that has been complicated by the regular occurrence of damaging biotypes. 
Simulation modelling studies suggest that pyramiding resistance genes, i.e. combining more 
than one resistance gene in a single cultivar or hybrid, may provide more durable resistance 
than sequential releases of single genes. The theory was examined by three pyramiding 
resistance genes in wheat and testing the series of greenbug biotypes E, F, G, Hand I. It was 
found that pyramiding provided no additional protection over that conterred by the single 
resistance genes. Based on this result it was concluded that the sequential release of single 
resistance genes, combined with careful monitoring of grccnbug population biotypes, is the 
most effective gene deployment strategy for greenbug resistance in wheat (Porter, 2000). 
Several aphid and plant measurements ( e.g. total number of aphids produced per plant, aphid 
selection preferences and plant damage ratings) were recorded for each plant entry to reveal 
the components of resistance (i.e. antibiosis, antixenosis and tolerance) present in several 
resistance genes in seedlings. Results indicated that different levels of combined resistance 
components exists. (Webster, 2000) 

The dominant theory suggests that the planting of resistant cultivars of cereal grains may 
drive biotype development in the greenbug aphid. Different native 1;,'T""asses were investigated ... 
because they may also have a potentially important role in chiving the development, and in 
harbouring unknown biotypes. Greenbug biotypes F adults cultured on Canada bluegrass 
produced significantly more nymphs than the other biotypes and inflicted a sib,rttificantly 
higher damage rating. These results suggest that native grasses drive the development of 
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greenbug biotype F. It also suggests that a more detailed survey of other native species would 
reveal similar results. (Kindler, 1999) 

Russia,i wheat aphid. 
Although oviparae of the Russian wheat aphid Diuraphis noxia have been identified, males 
have not been found and there is no evidence that a sexual cycle occurs in the United States. 
Therefore, North American populations overwinter as parthenogenetic morphs (Kiriac, l 990). 
It has been shown that Russian wheat aphid Diuraphis noxia populations from other parts of 
the world exhibited considerable biotypic variation. Thus, with the threat of future 
introductions of more virulent biotypes, the Russian wheat aphid should be periodically 
monitored for biotypic variation, before and after the deployment of resistant cultivars 
(Shufran, 1997). 

Differences in damage on wheat between Hungarian and South African wheat aphids 
suggest genetic differences between these populations. The result support the idea that 
resistant plant gerrnplasm has geographical limits because of variation in agro-ecosystems. 
(Zsuzsa., 2001) 

Hessianfly in wheat 
Twenty-three Hessian Fly, Mayetiola destructor, populations collected in the south-eastern, 
midwestern and north-western United States from 1995 to 1999 were evaluated for biotype 
composition based on response to Hessian fly resistance genes H3, H5, H6 and H7H8 in 
wheat, Triticum aestivum. Biotypes GP, B, D, E, F, G, H, J, K, L, M, N and O were identified 
and the frequencies per state are revealed. Several populations were also tested against the 
H13 resistance gene to Hessian fly biotype Land two Purdue wheat lines with unidentified 
genes for resistance. Continued monitoring ofbiotype frequency in Hessian fly populations is 
required for optimal deployment and management of resistance genes in all wheat production 
areas (Ratcliffe, 2001). 

The most practical method of controlling Mdestructor has been the use of resistant 
cultivars. In the USA, 27 genes for resistance, designated Hl to H27, which are effective 
against this pest have been identified in Triticum species and Secale cereale. Because of the 
highly specific gene-for-gene relationship between wheat and Mdestructor, biotypes of the 
fly have evolved as a result of selection pressure exerted by large scale growing of resistant 
cultivars. The evolution of new biotypes ex.erts continued pressure in entomologists and 
breeders to find and use new sources of resistance. A highly significant correlation was 
observed with cluster analysis between the genetic and geographic distances among the 
populations. It provided genetic support for dispersal of the tly from its presumed origin in 
West Asia to Morocco (Naber, 2000). 

Gall midge in Rice. 
The gall midge, Orseolia oryzae, is a major dipteran pest of rice affecting most rice growing 
regions in Asia, Southeast Asia and Africa. Chemical and other cultural methods for control 
of this pest are neither very effective nor environmentally safe. The gall midge problem is 
further compounded by the fact that t11ere are many biotypes of this insect and new biotypes 
are continuously evolving. However, resistance to this pest is found in the ri.ce gennplasm. 
Resistance is generally governed by single dominant genes (sometimes allelic), and a nwnber 
of non-allelic resistance genes that confer resistance to different biotypes have been i.dentified. 
Genetic studies have revealed that there is a gene-for-gene interaction between the different 
biotypes of gall midge and the various resistance genes found in rice. PCR-based molecular 
markers have been developed to speed up the ide.ntification process. Similarly, molecular 
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markers have been developed for two gall midge resistance genes (Gm2 and Gm4t) in rice. 
(Sardesai, 2001). Biotypes I, 2 and 5 are avirulent to hosts bearing the Gm2 resistance gene, 
whereas biotype 4 is virulent on Gm2. Based on the sequence of an identified AFLP marker, 
that is only specially amplified in biotypes I, 2, and 5, SCAR primers were designed and used 
in combination with other developed SCAR ptimers to distinguish effectively all five biotypes 
in a multiplex PCR-based assay. (Behura, 2000) 

Amplified fragment length polymorphism (AFLP) analysis was used to access the 
biodiversity of the Asian rice gall midge O.oryzae. Larvae and pupae were collected at 15 
locations in five Asian countries. AFLP analysis provided insight into the relations and 
origins of gall midge biotypes. Some biotypes developed through selection others through 
mutations. (Katiyar, 2000) 

Br.own PlanJllopper in rice 
The brown planthopper, Nilaparvata lugens, is one of the most serious pests of rice. 
Comparison of the chromosomal locations and reactions to brown planthopper biotypes 
indicated that the two resistance genes in a highly resistant line 85 that derived its resistance 
genes from the wild rice, Oryza officinahs, are different from at least l')ine of the ten 
previously identified brown planthopper resistance genes. (Huang, 2001) The virulence of 
Nlugens to a resistant variety of rice is suggested to be under polygenetic control. 

Insect populations have a wide range of genetic variability that maximises their fitness in 
the presence of genetic diversity of host plants. The wide spread planting of one rice variety 
(monocrop) that has been common place since the "Green Revolution" has significantly 
decreased the genetic diversity of rice plants. As a result some rice insect species have 
overcome the resistance of certain rice varieties. The first brown planthopper resistant variety 
was released in 1974 by IRRI (Heinrichs, 2001). 

Leaf midge on the black currant 
At least two biotypes of the black currant leaf midge, Dasineura tetentsi are distinguished by 
the ability to gall and survive on the resistant black currant genotype cultivar Storklas. Larvae 
of the avirulent strain suffered high mortality or remained in the first instar on the resistant 
cuJtivar. (He\lqvist, 2001) 

Large raspberry apllid on raspberry 
The introduction into commerce of raspberry cultivars \vith major gene resistance to the large 
raspberry aphid, Amphorophora idaei, an important pest and virus vector on red raspberry in 
Europe; has been very effective for more than 40 years both in decreasing pest numbers and 
greatly restricting infection with the viruses it transmits. However, biotypes of the aphid able 
to overcome these genes have developed in the field in recent yeafS (Jones, 2000). Clear 
RFLP differences between laboratory reared clones of 3 standard biotypes were found, but 
analysis of field populations gave more complex RFLP patterns which were not biotype-, 
specific. The results indicate considerable genetic wversity within the common biotypes of 
this aphid (Birch., 1995). 

Grape phylloxera on grapes 
Nine phylloxera (Daktulosphaira vitifo/iae Fitch ( Viteus vitifoliae)) populations were 
collected from different grape varieties and locations. Some populations developed much 
better on one of the 2 used grape rootstocks. Other populations developed much better on the 
other one. The data was consistent with the concept that these pest biotypes were host-based 
races (Martinez-Peniche, 1999). Perfocmance bioassays recorded over a 3-day period 
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indicated that the California biotypes A and B of grape phylloxera exhibit differential host 
choice. Rootstock AXR#l was antixenotic to biotype A, and rootstock 5C was antixenotic to 
both biotypes. Biotype A showed significant preference for Cabernet Sauvignon. Both 
biotypes were unable to survive or develop on rootstock SC, suggesting the presence of 
antibiotic resistance. For both AXR.#1 and 5C rootstocks and both phylloxera biotypes A and 
B, the antibiotic mechanism was considerably stronger than the antixenotic mechanism 
(Omer, 1999). 

Nosy apple aphid on apple 
Survey of resistance variability of the resistant apple cultivar Florina to Dysaphis plantaginea 
wl!re carried out in 6 European countries in 1995 and 1998. On more than 54 ha, three sources 
of breaking-resistance were found on thre:e different sites. The capacity for breaking 
resistance was confinned for one population, line M, under controlled condi tions. The line M 
induces susceptible symptoms, tolerance is reduced. The gradient in fecwidity fits well with a 
lower antibiosis effect (Rat-Morris, 1998). 

' Voolly aphid on apple rootstt1ck 
Several apple cultivars have been resistant to woolly apple aphid, Eriosoma Janigerum for 
n,0re than 100 years. Variety Northern Spy, with its single dominant resistance gene Er, was 
used extensively as a parent in breeding programs to obtain resistant apple rootstocks. Several 
rcs1stance-b1eaking biotypes have been reported in Australia. South Aftica and in the USA 
(Young, 1982). 

White fly i11 IOmtlto 
The host preference of the Q-biotype of the whitefly Bemisia tabaci was deteonined by 
compari ng tomato cultivars bearing the Mi-1.2 gene providing resistance to nematode 
Meloidogyne spp. and to the potato aphid Macrosiphwn euphorbiae and cultivars not bearing 
1his gene. l'n n choice assay, B. tabaci females laid a significantly lower number of eggs on the 
cultivars that carried the Mi gene. Q-biotypes were found to produce higher daily infestation 
rates on most of the tomato cultivars. The Q-biotype infested less Mi plants and more non-Mi 
plants than the B-biotype. Q-biotype females produced significantly fewer pupas than the B
biotype females on both groups of plants. These results suggest the existence of an 
antixenosis and antibiosis based resistance to the Q-biotype of B.tabaci in Mi-bearing 
commercial tomato cultivars. (Nombela, 2001) 

Acyrthosipllo.n aphid on Aljalf a 
Symptoms of susceptibility to Acyrtho.~iphon kondoi (Sjinji} in previously resistant alfalfa's 
were observed in 1991 in Oklahoma. The aphids, collected in 1991 and 1992~ proved to be 
much more virulent on resistant cultivars than those collected before 1991 (Zarrabi, 1995). 

Potato aphid and 'gree,i' peach aphid Oft several hosts including lettrtee 
Different colour biotypes of the potato aphid Macrosiphum euphorbiae (Thomas) and 'green' 
peach aphid Myzus per$i<:ae are known, feeding on many hosts, p.e. tomato, pepper and 
lettuce. It is expected that the existing of darker coloured biotypes in colder periods are 
related to better light-absorption. No differences in level of _reprodoction were found between 
the two colour clones of M euphorbiae (Reinink, 1989). 

Several clones of Mpersicae showed very different levels of aggressiveness on lettuce. 
Differences between lettuce lines in aphid reproduction increased with increasing 
aggressiveness of the aphid clone, which means that aggressive clones are most effective for 
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selection purposes. No evidence was found for clone-specific plant genotype reactions, 
meaning that lines resistant to one clone will also be resistant to other clones of M.pers1cae, 
although not necessarily at the same level (Reinink, 1989). 

Lett11ce root aphid. 
Pemphigus bursar/us, lettuce root aphid, exhibits a host-altemating lifecycle, overwintering 
as eggs on the primary host plant (poplar) before migrating in summer to the secondary host 
plant, mainly annual Composirae including lettuce. A proportion of the population does not 
produce return migrants (sexuparae) in the autumn but remains in the soil and overwinter.as 
asexual apterae, even after the annual plants have died in early winter. Both temperature and 
photoperiod are important in the morph detennination. Apterae remaining in the soil in the 
autumn, overwinter successfully in large numbers and are able to reinfest directly the root 
systems of newly plant lettuce that is grown in the same field in the following growing 
season. Overwintered asexual populations also produce alates in July, which are able to 
colonise other lettuce plants, indicating that they were not sexuparae. Hence P.bursanus can 
avoid the ecological dead-end that would occur through local path extinction. Clones can 
therefore persist indefinitely as both asexual apterae and alatae without the need to return to 
the poplar and undergo the sexual phase of the life cycle. (Philips, 1999). 

Striking varietal differences in susceptibility to attack by the lettuce root aphid were first 
found in lettuces grown at Wellesbourne in l955. Subsequent work has confirmed that several 
varieties show differences in resistance. Immigrant winged forms of P.bursarws showed no 
preference for colonising any particular variety of lettuce and it seems that resistance to attack 
results from antibiosis. (Dunn, 1960) 

Lettuce leaf apllid 
The lettuce leaf aphid Nasonovia ribisnigri has a comparable lifecycle as the lettuce root 
aphid Pemphigus bursarws. It has a sexual phase in winter on the primary host !?1bes 
(goosebeny, red and white currants) and an asexual phase in summer on the secondary hosts 
lettuce and chicory and various wild plants, nipplewort (Lampsana), hawkweed (Hieracium). 
Crepis, other latex Compositae and Scrophularia. The fundatrix, emerging from winter egg, 
feed on currant and gooseberry leaves (primary hosts) and by parthenogenesis and viviparity 
produces foundation colonies from which, in May and June, appear the winged aphids which 
migrate to the Compositae (secondary hosts). The aphids then establish colonies, comprising 
individuals from several successive generations. wingless or winged forms, which colonise 
neighbouring.plants. ln autumn, the sexuparous individuals appear, male and female, which 
migrate back to the primary hosts. Each mated female lays a winter egg on the primary host. 
In warm regions, overwintering may also occur on the secondary host (http://www.inra.fr). 

Resistance, governed by the same single dominant gene Nr, to this aphid was found in 
I 978 in several lactuca virosa accessions. Different coloured biotype are known but no 
clone- specific plant genotype reactions are to be expected (Reinink, 1989). 



Results 

Table 1. Biotype developments in several insect-host relations. 

Insect 

GreenbuR aohid 
Russiari wheat aphid 
Hessian flv 
Gall midee 
Brown plantbopper 

LeafmidJ?e 
Large raspberry 
aohid 
Phvlloxera 
Rosv aoole aohid 
Woollv apple avhid 
White fly 
Acyrthosiphon 
aphid 
Potato aphid 
Green ocach aphid 
Lettuce root aohid 
Lettuce leaf aohid 

Conclusions 

General 

Name Host 

Schizar>his Hraminum Wheat & Sorl!llm 
Diuraplris rw:ria Wheat 
Mayetiola dutructor Wheat 
Or.~eolia orvzae Rice 
Nilaparvata lugens Rice 
Dasineura telentsi Black current 
Amphorophora idaei Raspberry 

Daktulul·oaira vitifoliae Graces 
Dvsa!Jlris ola11u:r0111ea Aoole 
Eriosoma lani~nm, Aoole 
Bemisia tahaci Tomato 
A<-yrthosiphon lwndoi Alfalfa 

Macrostolmm eu1ii10rbiae Lettuce (others) 
MYlliS persicaa Lettuce (others) 
Pemohii!lts b11rsari11s Lettuce 
Nasonovia rlbisniflf'i Lettuce 
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# Resistance # Breaking 
Geoes/tvne biotYl)es 
Manv/dominant Manv 
Several/ Several 
27/divers Manv 
5/divers s 
JO/divers Many 
1/dominant I 
3/dominant 2 

2 Several 
l/dominant 1 
l/d-0minant Several 
1/dominant I 
!/dominant q I 
Partial 
Partial Several 
Partial Several 
>2/domimwt 0 
I/dominant 0 

- 15 Insect biotype developments aie evaluated in this paper, described by many authors. 
Chemical and other cultural methods for control of the insect pest are neither very 
effective nor environmentally safe. 

Insect populatio11 
Monitoring the insect population biotypes. 
Variation in host plant performance among populations of a phytophagus insect pest is a 
potential threat to the durability of host plant resistmce. Aggressive biotypes may 
overcome the protective properties of formerly resistant cultivars. 
Insect populations from different parts of the world exhibit considerable biotypic 
variation. 
Pest biotypes are host-based races. 
Biotypes of the insects are evolving as a result of selection pressure exerted by large 
scale growing of resistant cultivars 
The wide spread planting of one variety (monocrop) is decreasing the genetic diversity of 
a crop. As a result some insect species have overcome the resistance of certain varieties. 
Wild susceptible relative plants may also have a potentially important role in driving the 
development, and in harbouring unknown biotypes. 
Obligatory sexual reproduction limits the development of possible resistant breaking 
.Jines. 
Aggressive clones, resulting in increased reproduction, are most effective for selection 
purposes. 
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Genetic resistance 
Tf single genes govern the resistance to different biotypes a gene-for-gene interaction 
may be active. 
The sequential release of single resistance genes is equally save compared to pyramiding 
resistance genes. 
The wide spread use of one resistance gene is decreasing the genetic diversity of a host. 
As a result some insect species will break the resistance gene. 
Resistant plant gennplasm has geographical limits because of variation in agro
ecosystems of insect populations. 
Resistance genes that kills the insect are more selective towards a resistance breaking 
biotype. 
Resistance due to Antibiosis (as in lettuce) will put high pressure on biotype 
development. 
Resistance due to Antixenosis will put little pressure on biotype devdopment. 
Ditlerent Levels of combined resistance components exist in differeut lines. 
Tolerance wili put no pressure on biotype development. 

Discussion & Strategic proposals 

General 
Resistance breaking bio1ypes are to be ex~ted. 
Chemicals give extra protection next to genetical, cultural, mechanical, biological and 
seasonal protection. 
Use crop rotation to break the pest life cycle. 
Remove or destruction of plant debris, weeds or other sources of pest infestation. 

Insect population 
Monitoring the insect population for biotypic variation, before and after the deployment 
of resistant cultivars. 
Biotype testing will show variation between the insect populations especially populations 
collected from wide growing areas. 
Aggressive clones are most effective for selection purposes. 
Monitoring the resistant crops for resistance breaking biotypes. 
Use of susceptible cultivars for at least 20% of the growing area to offer refugees to the 
main avirulent biotype in the insect population. On these refugees the insect should be 
left alone or only treated with chemical insecticides. 
Use of multiline cultivars or tolerant cultivars that minimises biotype selection is possible 
in some crops but not in lettuce. 
Inspect the wild plant relatives of the host for possible new biotypes. 
Reduction of males or females in the mating population. 
Stimulating insect survival through sexual phase without a cloning alatae phase, will be 

less stimulating for new biotype development. 

Genetic resista11.ce 
Geoebank testing to find new sources with probably new resistance genes. 
Gene rotating where varieties with different resistance genes are used in different 
cropping seasons to minimise selection pressure on given resistance genes. 
Geographical deployment by planting varieties with different resistance genes in adjacent 
cropping areas. 



Use of cultivars with different insect resistmce genes. 
Stimulate migration of the insect by using deterrent genes. 
Use of cultivars with different types insect resistance genes. 
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Develop horizontal resistance, a type of resistance that is expressed equally against all 
biotypes by combining several resistance components. 
Use of tolerant varieties. The consumer must tolerate insects in the vegetable plant 
product. This is not acceptable for lettuce. It may be acceptable in e .g. potatoes. 

How to handle Nasonovia ribisnigri resistance breaking biotypes. 

Nusonovia ribisnigri and Pemphigus bur.l'arius can avoid the ecological dead-end that would 
o;.;cur through local path extinction. Clones can indefinitely overwinter as both asexual 
apterae and alatae without the need to return to the winter host and undergo the sexual phase 
<.>f the Ji fecycle. 

Immigrant winged forms of Pemphigus bursarms and Nasonovia ribisnigri show no 
preference for colonising any particular variety of lettuce and it seems that resistance to attack 
results from antibiosis after landing on the secondary host. 

The leaf aphid Nasonovia rib,snigri depends on lettuce" to survive and a resistance 
breakdown can certainly not be ruled out. N.ribisnigri has long cycles with many• cloning 
p:irtb.enogenetic* phases and aphids are not killed by the resistance gene but forced to 
migrate to susceptible plants (migration is the only diminishing biotype development factor). 
When more area* is grown with Nasonovia resistance lettuce varieties possessing the gene 
Nr, with antibiosis* as the mode of resistance, biotype development is stimulated(*). 

Therefore it is to be expected that Nasonovia biotypes will develop (Baenziger, 2001). 

Several means should be used to nurse the resistance gene and keep it effective as long as 
possible. 
a) Chemical control. Growers should always use chemicals in a Nasonovia resistant crop 

twice. The first time when plants start heading and the second time I O days before 
harvesting. In this way 2 objectives are reached. l ) Possible new biotypes of Nasonovia 
are killed and 2) The harvested lettuce head will be clean of aphids. Not using any 
chemicals means an attack on the endurance of the resistance gene. 

b) Monitoring. Attention should be paid to growers that use Nasonovia resistant varieties. 
Special care should be taken when complaints emerge towards aphids found in a resistant 
variety. Is Nasonovia the attacking aphid? Is the lettuce variety/plant Nasonovia resistant? 

c) Resistance breeding. If a new biotype of N.ribisnigri may occur the breeding program has 
to start search1ng as soon as possible for a new resistance source (gene). 
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A tri-trophic model to explore insect community response to the 
introduction of a pest-resistant GM crop 
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Ah~tract: Concerns about the environmental impact of pest-resistant OM crops have necessitated 
no"cl methods of risk assessment. In addition, accessibility to more powerful computers in recent 
years has allowed the employment o f computationally intensive individual-based modelling methods. 
At SCRI we have developed a hi-trophic, individual-based, mathematical model with which we can 
e>.plore the possible impacts of pest-resistant GM crops on tbeir associated arthropod community. 
Individual insects in the model have common traits but are parameterised differently to allow for 
d1 fferent strruegies regarding resource foraging and acquisition, dispersal, temperature responses, and 
reproductive strategies. Differem pest-resistant GM crops act in different ways on target and non
truget pests (e.g. lectins vs. 81s). Such differences at the plant-pest interface and consequences for the 
pest-natural enemy interface can be incorporated in to the model, to explore their effects on system 
properties, such as crop yield (efficacy), arthropod diversity (community structure), and sustainability 
of deployment (pest counter-adaptation). 

key w.ords: individual based mathematical model, insect community structure, sustainability, pest
resistant OM crops, lotegrated Crop Management. 

Introduction 

(')';er !be last few years numerous studies have highlighted the potential for harmful 
ecologk al effects which may be !l.Ssociated wi1h the introduction of transgenic insecticidal 
.:::rops. F<'r example, Birch et al 1999, showed that, although aphids (Myzus persicae) which 
c:-insumP.d GNA potito trimsform~d to express a snowdrop lectin experienced reduced. 
focuodity and a longer pre-reproductive period, the consumption of the GNA potato lead to 
knock-on d fect!I et lh~ herbjv'>rc-pre<1r.tor interface: When 2 spot ladybirds were fed aphids 
,1,·hid1 had -::on~uin~:<t. th~ crop, ;hr,v themsdves experienced reduced fecundity, egg hatch, 
adu11 lifespan, m!d longer r.irc-repmductive period. 
Many similar studies have been made on Bt crops, e.g. Schuler et al 1999, Hilbeek et al ! 998. 

Trne ecological risk is hard to assess. Lab-based experiments are usually tightly 
r.omrolled so as to eliminate unwanted variarion. Tn the real ecological world communities can 
be very complex, consisting of a number of interacting species over numerous trophic levels, 
and be subject to unmanaged environmental fluctuations (weather, migration events, etc). 

Mathematical modelling 

Mathematical modelling has often been used in the past as a means of generating hypotheses 
for lab and field testing, and infonning on the potential of ecological risk. Simple (strategic) 
mathematical models (e.g. Volterra 1926) are amenable to analysis via standard mathematical 
techniques but can be subject to the same criticisms as may be made of lab-based studies; to 
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enable analysis the models must necessarily be simple and this often means that such factors 
as environmental, or spatial variability have to be ignored. Similarly, as the number of 
components of a model grows the analysis quickly becomes more complicated so such 
models are often restricted 10 food webs as opposed tc- food chains. This raises questions 
about the robustness of predictions raised from such models. 

As an example, a well-known tri-trophic modei can be re-analysed to consider the 
possibility of local extinctions of herbivores and predators in a tri-trophic food chain when 
parameters concerning food quality in the system were altered, such as is the case for the 
ONA potato - Myzus persicae - 2 spot ladybird system. The model is given below 

~ =(M(l-M/K)--JMA 

(I) ~ =~11/MA-gAP-µ1,A 

dP 
-=i/J1,gAP-h,l' 
di 

where Mis crop biomass, A is pest biomass, and P is predator biomass, and f, g, 4iA, (pp, µA .. 
and µ11 are factors relating to energy exchange between trophic. levels and respiration 

If food qualities tl>A and f!)p are def.ined as conversion coefficients we obtaio 
expressions which infonn on the likely i,Jcf\J pe,sis!e!'!c" or extirn::tion of a srecies; ramely 
that the tl>A and tj)p mus1 he above r,ertain thresholds •vhich are functions of other system 
parameters. 

i 0.9 

I O.B crop 

8 0.7 i,?fli· 
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Fi1;,rure I: Persistence regions in Model ( ! ). 

One of the criticisms levelled at this simple tri-trophic food chain model is that it is a 
mean-field approximation which ignores the variance at the individual level. Such variance is 
the main driver for pest adaptation since individuals which can cope better with the 
insecticidal crop consequently have higher fitness, and will displace the rela.tively less fit 
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phenotypes. Classical models such as the above have been modified to give a bi-trophic 
model for pest adaptation in which the herbivore population consists of 3 subpopulations in 
terms of food quality (of crop to pest) and respiration/mortality rates (Hillier & Birch 2002). 

where A, B, and C represent the different pest phenotypes and 11 is concerned with the rate of 
reproduction. Via standard methods for analysing such systems the model yields predictions 
for the rate of increase of the resistant and partially resistant phenotypes. 

biomass 

0 500 1000 1500 

Figure 2: Increase of resistant and partially resistance phenotypes in Model (2). 

The robustness of the results of such models is often questioned because of the numerous 
assumptions that are implied in their formulation. The above models are spatially implicit, 
and they do not include both a predator level and ,ivithio species viiriation. To combine the 
two models above into tri-trophic model considering pest adaptation would add considerable 
complexity to the analysis. If we similarly tried to add in extra species, along with explicit 
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spatial t1eterogeneity the model would soon become intractable to the standard methods -of 
mathematical analysis. 

Since the 1980s, widespread accessibility to high power computing facilities has allowed 
fast development of the new field of individual ( or agent) based modelling (see Grimm 1999 
for a recettt review of animal and plant models). Recently, workers at SCRI and the 
University of Abertay Dundee have developed an individual-based physiological competition 
for models for plants (Pachepsky et al 200 I, Bown et al 2001 ). Plants in the model were 
defined in terms of 12 traits which determined their energy allocation and reproductive 
strategies, and fitness, tn tenus of persistence in the ·presence of competition from other 
individuals was found to be dependent on 3 key parameters detennining fecundity, time to 
reproduction, and mortality rate. 

This approach has recently been extended by workers at SCRI and The University of 
Abertay in Dundee to a tri-trophic model in which individual artlrropods are defined in tenns 
of a number of traits concerniug resource foraging and acquisition, resource assimilation, 
,:!ispersal, development, and reproductive strategy. 

Discussion 

Strrttegic models can provide baseline conditions which we seek to verify with the more 
complex individual based models. Indeed, the 2 types of model in tandem provide quite a nice 
?.pproach: Without the individual-based models we cannot trust the criteria of the above 
strategic models, but on the other hand, the strategic models are very useful in providing 
criteria and conditions to test in the individual-based model with regard to certain system 
properties of interest. In this way the simple models generate hypotheses to be tested with the 
md;vidual-based model, and by successively including more and more components in the 
1imulations we can see at what point the predictions of the simple models break down. rn a 
similar step, the predictions that are validated or generated by the individual based model can 
oftt:n be tested in experiments by successively relaxing experimental constraints and 
observing the accuracy of the modei predictions. 
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Surface waxes - possible triticale resistance factor to grain aphid 
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Abstract: The grain aphid, S. avenae considerably less accepted triticale cultivars that are heavy 
covered with surface waxes. GLC-MS analysis of dichloromethane extracts from tlag leaves and ears 
of waxy and wax-less triticale showed clearly different profile of the surface lipid chemicals. 
Epicuticular waxes both types of the triticale were comprised of alkanes, aldehydes, fatty acids and 
esters, instead ,8-diketones and !auric acid derivatives were present only on surface of the waxy 
cultivars. Relationship between content and composition of the surface chemicals and acceptance of 
lhe studied tri.ticale cultivars by the grain aphid is discussed. 

Key words: grain aphid, Sitohion avenae, triticale resistance, surface waxes 

Introduction 

Epicuticular waxes play an important role in the first contact of migrant aphids with colonised 
host-plants. The surface waxes are responsible for plant texture and colour of the aerial plant 
organs that can appear "light-green" (nonglaucosness) or "dark-green", ''blue-grey" and even 
"white" (glaucosnesS.) according to nature and content of the epicuticular lipid layer. 
Glaucosness, due to a superficial deposit of light caused by scattering crystallites of wax, is 
generally thought to be resulted from amount and chemical composition of the epicuticular 
waxes. The ubiquitous wax components of the cereals are alkanes, aldehydes, alcohols, acids, 
esters, /j:diketones and hydroxy P.diketones. The glaucousness or non-glaucousness of the 
cereals is usually strongly related to presence or absence of ,B-diketones in the surface waxes 
(Lowe et. al., 1985, Bianchi & Figini, 1986). 

It is well documented that stimuli detected hy herbivorous insect~ at the plant surface 
are important cues for host plant selection. panicularly during the first contact with a new 
host-plant (Stadler, 1986; Woodhead & Chapman, 1986). Thus the surface compounds oHen 
play an important role as mediators of insect-plant interactions (Eigenbrode et al., \995; 
Eigenbrode, 1996, Storer et al .. 1996). For the aphids, phytochemicals detected at the plant 
surface are especially important, since their initial plant selection clearly depends on colour 
and texture of plants (Niraz et al., 1985, Montlor, 1990, Leszczynski, 1999). In the present 
paper we report on possible importance of the surface wax chemicals in triticale resistance lo 
the 1:,,rain aphid, Sitohion avenae (Fabricius). 

Material and methods 

Plant material 
Selected winter triticale cultivars: waxy covered (RAH 122), and wax-less (RAH 325) were 
used in the field experiments. The tested triticale cultivars were obtained from the Institute of 
Plant Breeding and Acclimatisation, Radzikow/Blonie. The experiments were performed on 
flag leaves and ears of the triticale cultivars. 
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Fieid experiments 
The field observations were carried out on small experimental plots (0.5 m x 0.5 m), during 
1999-2001. Abundance of S. avenae on the studied triticale was evaluated according to 
Wranen et al. (1979) and Lykouressis ( 1984). The number of aphids was counted weakly on 
ten plants selected at random and the experiments were done in tliree independent replicates. 
The field observations were carried out from the beginning of the host plant selection by the 
grain aphid until the triticale maturity (G.S. 47-80; in Tottman & Broad scale) (Tottman & 
Broad, 1987). The aphid perfonnance on the studied triticale cultivars was expressed as 
cumulative aphid index per stem and an average percentage of the infested plants. 

Extraction of surf ace waxes 
The surface waxes were extracted from flag leaves and ears of the triticale cultivars, at 
florescence stage (G.S. 65). Dipping the studied triticale organs into cold dichloromethane for 
approximately 30 s carried out the extraction. Then the extracts were filtered and treated witli 
BSTFA - PrRYDYNE reagent (v/v 2:3) at temperature 70 °c for 60 min. The separation 
mixture was composed of one part of the wax extracts and ten parts of BSTF A-PIRYDYNE 
reagent. 

GC-MS analysis 
Chemicals occurred in the surface wax layer of the triticale cuitivars were analysed by 
comb.in~ gas chromatography - mass spectrometry (SHiMADZU GC-MS, QP 5050A, 
eQuipped with Zebron ZB-5 column (30 m x 0.25 mm). The sample was introduced to the gas 
chromatograph via an injector and the GC separation was perfonned at temperature -
programmed from an initial 280 °c min to 340 °c (a .rise of the temperature 9. 8 °c per mi.n). 
Qualitative analysis of the epicuticular waxes chemicals were done using their mass spectra, 
which were matched by computer search with the Mass Spectral Library (MS - Windows 
CLASS - 5000). 

Statistics 
The differences among the cultivars in tested resistance towards S. avenae, were tested with 
one-way ANOV A, followed by Duncan's test. 

Results and discussion 

Field observations indicated that waxy-covered triticale (RAH 122 cultivar) significantly 
affected biology of the grain .aphid S. avenae. Plants of this cuJtivar were worse accepted by 
the grain aphid than plants of the wax-less cultivar RAH 325. The grain aphid was less 
abundant and formed smalJer colony on the waxy cultivar. As a result significant differences 
in cumulative aphid index value and the average percentage of infested plants of the both 
studied triticale were found (Tab. 1). 

Results uf the GC-MS analysis, showed clear differences in profile of the surface 
chemicals of the waxy and wax-less .triticale. Dichloromethane extracts of the surface 
chemicals from winter triticale cultivar heavy covered with the waxes contained following 
classes of the chemical constituents: aldehydes, acids, esters and P.diketones. The major 
difference in the profile of surface chemicals extracted from the wax-less cultivar RAH 325 
was absence of the P.diketones in the plant extracts from flag leaves and ears (Tab. 2). 
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Table I. Abundance of the grain aphid on waxy and wax-less triticale. 

Studied Year of observations 

parameters 1999 2000 2001 

RAH RAH RAH RAH RAH RAH 
l22 325/95 122 325/95 122 325/95 

Cumulative 2,67d 7,72bc 4.90cd 1 l,87ab 3,33d 14,17a 
aphid index 

Percentage or 10,00d 22,22bc 16,llcd 32,78a l3,33cd 27,78ab 
infested plants 

-; he values in the same rows followed by different letlers are s1gmlicantly different at 0.05 (Duncan's test) 

Table 2. Ma,ior classes of surface waxes compounds extracted from flag leaves and ears of 
the studied winter triticale. 

Wax Flag Leaf Ear 

Components RAH 122 RAH325 RAH 122 RAH 325 

ACIDS + + + + 

ALDEHYDES + + + + 

ESTERS + + + + 

p.DIKETONES + - + -
f present; - absent 

To our knowledge it is for the first time reported that a winter triticale is completely 
deprived from ,B-diketone compounds. Furthennore, such a total inhibition of p.diketones 
biosynthesis is passed on and maintained in the both studied organs of the winter tritioale. 

· When the individuals were studied some differenc;es in content and presence of the 
swface chemicals were also found (Tab. 3). For example, the pentacosane (C2sHs2) was found 
only in the extracts from ears of the RAH 325 cultivar, instead the trimethylsilyl ester of 
hexacosanoic acid (C29H6002Si) showed an opposite occurrence. The hentriacontane (C31f4i) 
was detected in surface lipids only extracted from flag leaves of the both cultivars. The 
trimetbylsilyl ester of octanoic acid (C11H2402Si) and trimethylsilyl este.r oftetradecanoic acid 
(C11Fi.J60 2Si) were found in extracts of the ears of the both types of the studied tdticale, but 
only in flag leaves of the waxy cultivar. 
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Table 3. Pr\:scnce of the identified compounds extracted from surface waxes of the flag 
leaves and ears of the studied winter triticale. 

Flag leaf Ear 

Surface Wax Compound~ RAH RAH RAH RAH 
122 325 122 325 

Prooanoic acid (C3H602) + I + + 
Nonanal (C~Hn,0) + + + + . 
Trimethvlsilvl ester of octanoic acid iC11H2402Si) + - + + 
Trihlethvlsilvl ester oftetradecanoic acid <C1,HJi.0 2Si) + - + + 
Trimethvlsilvl ester ofhexadecanoic acid <C191-4o0 2Si) + + + + 
Trimethvlsilvl ester of octanoic acid <C.21I-L402Si) + + + I 

Eicosane-2-methvl (C21H44) + + + + 
Trimethvlsilvl ester of eicosanoic acid (C23f-Ls02Si) + + + + 
Tricosane (C231-L~) + + + + 
Pentacosane (C2sHs2) - - - + 
Trimethylsilyl ester of docosanoic acid (C25H~202Si) + + + + 
Hexacosane ( C2J-is4) + + + + 
Trimethylsilyl ester of tetracosanoic acid (C21Hs602Si) + + + + 

Octacosane ( C2sHss) + + + + 
Trimethvlsilyl ester of hexacosanoic acid (Ci,Hr,oO)Si) + + + -
Triacontane ( C3olf62) + + + I 

Hentriacontane { C11Hii4) + + - .. 
14, 16-Hentriacontanedione (C31 H6002) + - + -
Laurie acid 2-(hexadecyloxy)-3-(octadccylcxy) pmpyl + - .J,. -
ester (C49H9804) 

+ p(esent; - absent 

The most important differences, strictly rdated to the ·grain aphid verfonnance on the 
studied triticale, considered 14,16-hentriacontanedionc (C~ 1H6o0?.) and !auric acid 2.
(hexadecyloxy)-3-( octadecyloxy) propyl ester (C49H9s04). These compounds were found 
only in the surface waxes extracted from the waxy triticale cultivar RAH 122 (Tab. 3 ). The 
obtained results suggest that presence of the surface waxes and differences in their chemical 
composition may well be responsible for triticale resistance to the grain aphid. On the other 
hand non-glaucosness was suggested as an aphid-resistance character (Thompson, 1963; 
Starks & Weibel, l 981 ). Lowe et al. (1985) noticed that wheat resistance to S. avenar:. may be 
related to epicuticular waxes lacking diketones. Since these compounds strongiy absorb 
ultraviolet light, their absence in the surface lipid layer may result in visual deterrence of the 
immigrant-winged aphids. However, the results presented here confinn data obtained during 
our previous study, which showed that the grain aphid preferred light-green wheats, only 
slightly covered with waxes than dark btue-gret:n cultivars heavy covered with these.
compounds (Niraz, et al., 1985). Thus the presented results suggest particularly important 
role of the fi-diketoncs and fatty acid in resistance of the waxy triticale to the grain 
aphid. However, further study considered possible role of triticale surt'ace chemicals in 
resistance to the grain aphid is needed. 
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Apple tree oviposition resistance against the codling moth, Cydia 
pomonella L .. (Lepidoptera, Tortricidae) and leaf surface metabolites. 

Nadia Lombarkia, Sylvie Derridj. 
/NRA, Unite de Phytopharmacie et des Mediateurs Chimiques. Route de Saint - Cyr. 
78026. Versailles Cedex. France. 
derri£fj@versuilles.inra.fr 

Abstract: The study of the apple tree cultivar X65-l I resistant against Cydia pomonella (C.p) allowed 
us to localise the resistance at the oviposition stage of the insect. Several approaches were followed: i: 
counting eggs OI\ trees in orchards where the insect had the choice between two cultivars X65·11 
resistant and P5R50A4 susceptible; ii: analysing the effect of metabolites collected on leaf surfaces of 
th1:. two cultivars on oviposition in artificial conditions. Eggs laid on X6:5-l l were 5 to 6 times Jess 
lh,ii: <.:n l'5R50A throughout the first and second moth nights. X65-11 leaf surface composition shows 
lower ,unounts of metabolites and panicularly in fructose, sorbitol and myo-inositol which we already 
<l~monstrated as inllut:ncing site acceptance and stimulating oviposition. ln artificial no choice 
c()ndirions, the activity blends of six metabolites found on both cultivar leaf surfaces reproduced the 
,~sistance observed in orchard. This is a new aspect of resistance due to the absence of oviposition 
stimulants. 

Key words: Cydiu pomonella, oviposition, resistance, apple tree, leaf surface, X65-J I, P5R50A4. 

Introduction 

()Jia pomonella L. (C.p.) is the most important pest occurring in apple orchards. Intensive 
stand treatments with insecticides induced insect resistance (Sauphanor & Delonne, 1996), 
kill beneficial insects and increase the amount of pesticides in the environment. Biological 
control tactics are effective only on low populations (Deschanel & Florac, 1996; Baudry & 
al., 1996). An alternate intei,rrated insect management procedure could be developed through 
the use of pest resistant cultivars. 

We already demonstrated that there are water-soluble metabolites (soluble carbohydrates: 
glucose, fructose, sucrose and sugar alcools: sorbitol, qucbrachitol, myo-inusitol) on the leave 
and fruit swfaccs of the apple tree. The majority of eggs are laid on the spur leaves near the 
fruits. Fructose, sorbitol ,md myo-inositol influence C.p. site acceptance and oviposition 
(Lombarkia & Denidj 2002). Our aim in this study is to look at an apple cultivar X65-l l bred 
for C.p. resistance and evaluate the incidence on C.p. oviposition and the relationships with 
the leaf surface metabolites already known. 

Material and methods 

Oviposition resistance in orcltard 
Study was. conducted in 2000 in an unsprayed apple tree orchard at Gotheron (France) ~here 
C. p. populations are high. We selected three standard P5R50A4 trees and two X65-l l grown 
consecutively within the same row. Trees were respectively 17 and to years -0\d and 3-4 m 
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high. Live and hatched eggs were recorded at the maximum of I" and 2~c1 moth ovi.position 
periods. 51 branches (30 to 50 cm long) were sampled per tree at each oviposit.ion period. 

Leo/surface sprayi11gfor r.ollec.t <1j'meu1boiltes and attufy,;e 
Metabolites were collected on both cult.ival'S in ;;.n orchard in i\n~:crs. (Franc~) wh;:r..:: C. p. 
populations were low and leaves rather intact During the oviposition t)erio<ls at twilig'ilt, 
collecting process consisted in spraying ultra-pure water or., the lower spar i<".af sides when;: 
there was the highest number of eggs. 4 replicates per cultivar consisting each of all leaves of 
one spur. The collect was performed immejiately after {:utting. Leif surfaces wer~ r.pr~ye-!_ _at 
10 cm distance with a flow of nitrogen gas, and pressure of i 7-L mm··. Collc,~ion ~f internal 
leaf fluid was avoided by sealing the wounde(i leaf part in li(luicl /Y,1T<1film (Fiiltl'l- irl 11( , J9'90). 
Collection was foUowed by filtration of the samples ~ Hf!,h 11, 0 25prn fi!te:r t11- remov!': 
epiphytic micro-organisms. Chemical analysis of metabolites were ca.rried out on silyiated 
derivated products by gas chromatography coupled to the fla.me ioni.?.:afion detector (FlD) 
Delsi Nermag D N 200 apparatus. 

Bioassay 
Glucose, fructose, sucrose, sorbitol, quebrachitol and myo-inositol, mixed as blends 
representing respectively X65-1 l and P5R50A4 leaf surface composition were tested for C. p. 
oviposition. 

The codling moths used in the bioassays came from an INRA mass rearing iri · 
Magneraud (France) kept for 6 years and infused every year with wild insects. The pupae 
were put up in transparent plastic Perspex cage (47 x 27 x 27 cm) for emergence in the same 
conditions as above. Preparation of insects and b:ioassay~ were carried. on in. t1. climatic: 
chamber under a photoperiod of L 16 D 8, at 80 ± 10% r.h. and 23 t ?.''C. 24 h afte-r' 
emergence two males and a single female were transferred to a cylindrical plastic box (to cm 
of diameter and 8 cm high) for mating. Females, which had heen laying egits in these boxes 
for two days, were used in the oviposition hioassays. Oviposition responst:s of grn.vid foma.les 
were examined in no-choice conditions. Each isolated L'l'avid female ( withoul male) W'" 
confined in a small cylindrical cage of 11 cm in diameter and heir;ht, which was lined at the 
top, bottom and wall with dried nylon clothes impregnated wifh a metahohte blend. 3 
replicates of 10 insects were followed on three different days. The impregnated nylon clothes 
were given to the females one-hour before the start of scotophase. Oviposition was observr.-d 
after 63 min (60 min of light and 3 min of darkness) of contact with the substrate. On contro! 
(nylon cloth impregnated with ultra pure water) 50% of females oviposit after 63 min of 
contact. 

Preparation of solutions an.d impreg11atio11 Qf artificial substrate 
Chemical tests Were screened with ultra-pure water solution of both 6 metaholite blends. They 
came from commercial sources of synthetic SIGMA products (Ultra): sucrose (S 7903), D- -
sorbitol (S7547), myo-inositol (I 5125), L-Quebrachitol (Q 3629). anhydrous cell culture test: 
D (+) glucose G 7021, D (·) fructose (F 0127). Concentrations of the solutions in which the 
nylon clothes were soaked were calculated to obtain on the nylon surface quantities colle(.-tcd 
on leaves diluted 100 times. 
The oviposition substrate consisted of a white 200 cm square nylon cloth and O.Sµm mesh 
was soaked in the test solution and then dried horizontaly under the hood at ambient 
temperature during 30 minutes. 
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Statistical analysis: 
Comparisons of the numbers of eggs laid per female and quantities of metabolites collected 
on the leaf surfaces on both cultivars were compared by Student t-test. Comparison of the 
percentages of females laying eggs in the different treatments were compared by the x2 test. 
For both tests the level of significance chosen was 0.05. 

Results 

O:vipositio1t resistance in orcltard 
The nwnbers of eggs in orchard were 5 to 6 times less on X 65-11 than on P5R50A4 at both 
moth oviposition flights (Figure l (A) and (B)). 
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Figure 1. Numbers of Cydia pomone/la eggs per tree and standard errors, at the l 51 (A) and 2"d 
moth flight (B). 
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Figure 2: Amounts of metabolites collected on the lower side of spur leaves of the 2 cultivars 
during the 2"d moth .flight. (Fru: Fructose, Glu: Glucose, Sue: Sucrose, Que: Quebracbitol, 
Sor: Sorbitol, Myo: Myo-inositol). 
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X65- l l shows lower quantities of fructose, glucose and myo-inositol than the susceptible 
cultivar. Fructose and sorbitol arc already known as influencing the C.p. oviposition. 

When the six metabolite blends of each cultivar are reproduced on artificial substrates 
the number of females ovipositing and the numbers of eggs laid per female ovipositing is 
smailer on X65- It blend. (Figure 3). The results are in. similar ways as the observations in 
orchards. These metabolites are representative of the resistance activity against oviposition of 
C.p .. 
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Figure 3 : Proportion of females ovipositing and numbers of eggs per female ovipositing 
within 63 min on artificia.l substrates impregnated with six metabolite blends of both cultivar 
X65-l l and P5R50A4. 

Discussion 

Similar results with metabolite blend cultivars in artificial conditions and on trees could mean 
tliat events which happen before alighhn_g on the plant surface are not very important 
compared to the stimulation by contact with plant surface. This corroborates the work of 
Finch & Collier (2000) which show that part of events prior to the oviposition decision by 
contact stimulation with. the plant is rath.er reduced except the plant colour. 

Which is noticeable in these results is that metabolites which are stimulant are in very 
small quantities (ng/cm\ and fou nd outside the plant cuticle. They function as kairomones in 
eliciting an oviposition response of gravid females. Sugar alcohols which stimulate site 
acceptance and characterise Rosaceae explain the relative specificity of C.p. for this plant 
family. Fructose whiob is in higher concentrations on spur leaves and which stimulate 
oviposition could explain the site selection within the tree and then the adequacy for the 
progeny to fetch the fruit on which they feed. 

Researches on resistance of apple were generally focused on antibiosis against larvae 
and little is known about resistance against oviposition. Goonewardene and Howard (1989) 
reported that E31-10 = X65-J I (Ma/us domeslica Bokh.) was resistant to C. p. larvae damage 
in field and laboratory, to apple scab (Venturia inaequalis (eke.) Wint.) and also to European 
red mite (Panonychus ulmi ) in greenhouse tests and in the field. The novelties concerning the 
resistance of X65-1 I are: i) It is an antixenosis resistance based on contact with plant surface; 
ii) Non toxic metabolites are concerned; iii) The resistance is due to the absence of stimuli; 
iii) The resistance is expressed very clearly at both moth flights. Whatever the efficiency of 
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this resistance it has to be integrated with other control measures to avoid any selective 
pressure. 
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Evaluation of okra genotypes for field resistance to the leafhopper 
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Department of lintomology, CCS Haryana Agricultural University, Hisar 125004, India 

Abstract: Leafhopper Amrasca big1111ula biguttu/a (Ishida) (Cicadellidae: Homoptera) is an important 
pest of okra in India and several other countries. Forty genotypes (advance lines/culrivars resistant to 
yellow vein mosaic) were evaluated in the field for resistance to the leafuopper on the basis of nymph 
abundance and leafhooper injwy index during 2000 and 2001 seasons. 'OJ.ree resistant (HRB 128-1-1, 
HRB )05-2-2 (GS) and HRB 118-2-J), two moderately resistant (HRB 108-2-1 and ST2)·and two 
susceptible (HRB 107-4-1 and HRB 121-1-1) genotypes along with standard cultivar (Varsha Uphaar) 
were identified for elaborate investigations. Resistant genotypes had significantly (P< 0.05) fewer 
nymphs (14.2 to 20.5 nymphs/leaf) compared to susceptible (29.5 to 44.6 nymphs/leaf) genotypes 
during peak period ofleaih.opper infestation. Nymph duration was longer (8.2 to 9.8 days) and nymph 
survival lower (69 to 72%) in resistant genotypes compared to susceptible genotypes which 
manifested shorter nymph duration (7.1 to 7.4 days) and higher nymph survival (86 to 93%). l(lentified 
resistant genotypes expressed both anti.biosis and antixenosis mechanisms of resistance. Hair density 
and length, total sugars, ~nnins, total phenol and potassium contents were higher in resistant 
genotypes. 

Key words: okra, leafhopper, resistance, genotype, phytochemicals 

Introduction 

TI1e leafhopper Amrasca biguttula bi?,uttula (Ishida) is an important pest of okra, 
Abelmoschus esculentus (L.) Moench in Southeast Asian countries (Atwal, 1976; Hooda et 
al.,1997). The characteristic symptom of leatbopper attack is phytotoxemia (hopper blU11) 
caused by de-sapping ofleaves by nymphs and adults (lhhamasamy, 1985). In severe attacks, 
plants are stunted and tmable to produce flowers and fruits. The use of okra cultivars resistant 
to attack by leafhopper seems to be a more sustainable control measure. The aim of this study 
was to identify sources of resistance and factors associated with resistance in advance 
breeding lines of okra. The selected lines were tolerant to yellow vein mosaic. 

Material and methods 

Field experiments were conducted during 2000 and 200 I at Hisar, the research fann of CCS 
Haryana AgriculturaJ University. Fony genotypes were 1,,rown in the research farm in 
randomized block design, replicated thrice with each plot having 3 rows of 2.5 m each. 
Distance between rows was 45 cm with an interplant distance of 30 cm. Genotypes were sown 
on 17 July in 2000 and 28 June in 2001. Based on field evaluations, 8 genotypes ranging from 
resistant to susceptible were retested for elaborate studies in 2001. Sowing was done on 28 
June in 5 replicates. Each replicate consisted of a plot having 3 rows of 2.5 m each. All 
agronomic practices were adopted to raise the olcra genotypes, except insecticide applications. 

The counting of leafhopper was initiated 40 days after sowing. In each plot ten plants 
were randomly selected and the nymphs were counted on upper 3 fully expanded leaves. Thus 
a total of 30 leaves per replicate of each genotype were examined. Scoring for I·eaf injury 
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index commenced from 4 week-s after initiating the counting of leatnopper population. Visual 
scoring for injury was done according to five-grade method of Mahal (1978) and leafhopper 
injury index was calculated from the formula adopted by Hooda et ui. (1992). 

Leq/1topper development, survival and oviposition 
Leat11opper development and survival were studied on the leaves of 8 genotypes through leaf 
cage method (Singh & Taneja, 1989) while oviposition preference was studied as per the 
method of Singh and Agarwal ( 1988). 

Leaf p1tbescence 
The second or third expanded leaf from shoot tops .of the same age as those used in the leaf 
cage studies was plucked from each test plant. The leaves were processed in 95% ethanol to 
record hair density and length on the ventral surlace as described by Singh and Taneja (1989). 

Phytocliemical analysis 
Healthy leaves of each test genotypes were used to estimate total sugars (Dubois et al., 1956), 
protein (AOAC, 1985), total phenol (Swain & Hillis, 1959), tannin (Bums, 1971) and 
petassium (Richards, 1958). All estimations were based on dry weight of leaves from 3 
independent samples. Phytochemical analysis w.as restricted to chemicals reported to affect 
leafl1opper incidence (Singh, 1988). 

Statistical- analysis 
The data were subjected to analysis of variance after appropriate transformations in 
randomized block design (Snedecor & Cochran, 1968). 

Results -and discussion 

Resistant genotypes (HRB 128-1-1, HRB 105-2-2 (GS), HRB 118-2-1) supported 
significantly {P< 0.05) fewer nymph population than the moderateJy resistant and susceptible 
genotypes (Table l). Leafhopper injury indices for resistant genotypes (2.70- 2.91) also 
continned the higher resistance of these genotypes compared to susceptible (3.40-3.99) 
tenotypes. By adopting similar methods previous workers (Bindra & Mahal, 1979; Teli & 
llalaya, 1981; Singh, 1988) have also identifteo resistant genotypes against leafhopper. 

Nymph duration and survivoi, and oviposltion 
The period from first instar to adult emergence varied from 7. l to 9.8 days on difterent 
genotypes (Table 2). Nymphs took 1. t to 2.4 days more to emerge as adults on leaves of 
resista.'lt genotypes than on susceptible genotypes. Survival of nymphs also varied 
sitmificantly on resistant and susceptible genotypes. On resistant genotypes 69 to 76% 
nymphs became adults, while on susceptible genotypes, 86 to 93% nymphs hecame adults. 
Longer nymphal duration and lower survival on resistant genotypes suggest antibiosis 
resistance generally controlled by motphotog.ical and /or biochemical factors in the plants 
(Singh, 1988; Hooda et al., 1997). Resistant genotypes in present studies also supported less 
number of eggs (156.8-174.4 eggs/leaf) compared to susceptibie genotypes with 256.0 to 
280.4 eggs/leaf, thereby indicating oviposition antixenosis in resistant lines. 
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fohit: i . Ficid resistance of selected okra genotypes against leafhopper during 2001. 

Genotvoe Number ofnvmohs/leaf Leathoooer iniurv index 
26.8.01 2.9.01 9,9.01 16.9.0l 27.8.01 10.9.0l 24.9.01 

HRB 128- l-1 10.5 10.3 16.4 11.8 1.16 2.00 2.70 
HRB 118-2-1 11.2 12.9 14.2 8.5 1.24 1.84 2.43 
HRB 105-2-2 13.7 13.4 20.5 13.5 l.33 2.09 2.91 
(GS) 
HRB 108-2-1 16.3 20.9 29.5 16.4 1.32 2.40 3.17 
ST2 15.5 21.3 28.6 16.0 1.45 2.28 3.05 
Varsha Uohaar 15.4 20.3 28.1 21.7 1.31 2.38 3.14 
HRB 107-4-1 15.2 23.5 29.5 19.0 l.39 2.69 3.40 
HRB 121-1·1 22.2 36.5 44.6 23.2 l.73 3.09 3.99 
SEm± 1.49 1.94 2.97 2.16 0.07 0.13 0.16 
CD7P<0.05) 4.34 5.66 8.64 6.29 0.21 0.38 0.47 

Ta hie 2. Nymph duration and survival, and oviposition of leafhopper in leaf cages on selected 
okra genotypes. 

,;enotype Rating" Nymph 
duration ( davs) 

HRB 128-1-1 R 9.8 
HRB 118-2-1 R 8.2 
HRB 105-2-2'GS) R 8.8 
IIRB 108-2-1 MR 8.0 
ST2 t,..1R 8.1 
Varsha Uohaar MR 8.1 
HRB 107-4-1 s 7.1 
HRB 121-1-l s 7.4 

SEm± 0.42 
CD(P<0.05) 0.95 

"R. resistant; MR modcra,tely resistant; S, susceptible 
•Figures in parenthesis aTC 8ll!:,'lllar transformation 
'Figures in parenthesis are square root transformation 

Effect of leaf pubesce11ce a,id pllytoclwmicals 

Nymph survival No. of eggs/leaf 
(%) 
72 (58.15)h 174.4 03. 13 ~ 
76 (60.88) 156.8 02.33) 
69 (56.33) 167.9 02.84 
80 (63.57) 227.7 (14.72 
77 (60.09) 243.4 (15.56 
83 (66.42) 205.004.18) 
86 (69.19) 280.4 (16.07) 
93 (75.48) 256.0 (16.00) 
(3.64) (0.59) 
(7.35) (1.67) 

Leafhoppers generally feed on the ventral leaf surface where hair density in resistant 
genotypes (8.0-10.3/microscopic field at 60X) was significantly (P<0.05) higher than in 
susceptible genotypes (Table 3). Hairs were also generally longer on resistant genotypes than 
on susceptible genotypes. In earlier studies, trich.ome density and length in okra 
(Utharnasamy, 1985; Singh, 1988) were reported to affect leafhopper abundance. However, 
some okra genotypes (Singh, 1988) were resistant to leafl1opper in spite of having low 
trichome density and length. The basis of resistance in such genotypes was attributed to 
phytochemicals (Singh, l 988). In present studies resistant lines manifested higher total sugars 
(3.5-4.6%), tannins (0.18-0.21 %), total phenols (0.54-0.62%) and potassium (1.3-1.5%) than 
susceptible genotypes (Table 3). Hooda et al. {1997) also reported higher contents of these 
phytochemicals in leafhopper resistant cuJtivars of okra. 
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Table 3. Leaf pubescence and quantitative estimation of leaf phytochemicals of some selected 
genotypes of okra. 

Genotvoe Leaf oubescenci; Phvtocbemicals - , 
Hair Hair Protein Potassium Total Tam,in Total 
density length (%) (%) sugars (%) .phenol 

(mm) (%} (%) 
HRB 128-1-l 8.0 0.77 15.7 1.5 4.6 0.2! 0.57 
HRB 118-2-1 9.1 0.62 14.0 1.3 4.2 0.18 0.62 
HRB 105-2-2 10.3 0.87 15.3 1.4 3.5 0.20 0.54 
(GS) 
HRB 108-2-1 8.5 0.80 17.4 l.3 3.7 0.15 0.45 
ST2 6.3 0.76 18.0 1.3 3.0 0.16 0.56 
Varsha Uphaar 5.1 0.73 17.8 I .4 3.7 0.18 0.47 
HRB 107-4-1 3.5 0.66 19.4 1.3 3.I 0.JS 0.46 
HRB 121-1-1 4.0 0.71 17.5 1.3 3.5 0 .. 13 0.50 
$Em± 0.59 0.02 0.52 0.05 0.30 0.02 0.04 
CD(P<0.05) l.71 0.05 1.58 0.12 0.67 0.05 0.08 
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It is not all Roses: Matching Host Plant Res.istance Tests and Pest 
Damage Observation in a (Semi-) Commercial Glasshouse 

Susanne Siitterlin °, Roland P.Th. Butot •>, Marijke W.C. Dijksboorn 2l and Ton A.l\'L 
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AbsCTact: In rose resistance tesrs to Franklinlella occid,mtalis, silver dwnage, as ·a type of feeding 
damage by thrips, showed the most consistent picture, when ranking 16 rose cultivars according to 
•' rips damage on the leaves ut a series of experiments. The relationsbjp between thls feeding damage 
and the thrips population in the flowers is iliscussed. We characterised the relationship between adults 
111 j larvae or the thrips population per cultivar. Feeding damage by F. occidemalis on flowers was 
!trouped into four damage-classes and the relationship of these classes with lhe lhrips population was 
:,ndied on all cultivars. 
Un 'semi-commercial ' glasshouse scale the same cultivars were studied for tluips feeding damage to 
nowers in a marketable stage. The same four foeding damage-classes as used for the test series were 
maintained when gathering data at glasshouse scale. In addition. the thrips population in the flower 
buds was determined and connected with the damage data 
Linking both series of experiments, resistance tests and glasshouse experiments, will be discussed. 

Key words: host plant resistance, rose cultivars, Frankliniella ocl'identalis, feediDg damage, rests, 
gii1sshouse, semi-conunercial scale 
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Mechanism of Resistance in Mi Tomato to tile Potato Aphid: 
?D EPG study. · 

W. Fred TjalHngii 
Wageningen Ciniverstty, Laboratory of h'ntomology, Binnenhaven 7. 6709 PD Wa~eningen, 
The Netherlands. 

Abstract. Nematode resisl'a!lce in tomato by the Mi gene from a Peruvian tomato species has 
appeared to include resistance to the potato aphid, Macroslphum e11phorbiae as well. Susceptible 
tomato plants (cv 'Moneymaker') and an Mi containing culrivar with the same genetic background 
(MotelJe; JNRA, France) were compared in an electrical penetration graph (EPO) study. Adult, 
apterous potato aphids were wired and allowed to probe young tomato plants for 4 b, about 15 
replicates per cultivar. Ml tomatoes showed less phloem ingestion, espec.ially. A typical alternation 
between phloem salivation and ingestion was observed but this occurred on both tomatoes. The 
mechanism seems IIJl additional effect to tbe alternation causing factor. Its nature is discussed. 

Key words: tomato, aphid:resistance, phloem, Macrosiphum euphorbiae, EPG . 

Introduction. 

Aphid resistance from non-host plant species has been introduced into crop plants by ' non
molecular'. traditional plant breeding techniques in a number of cases. We earlier investigated 
resistance to the aphid Nasonovia nb1smgr1 from lacluca v1rosa bred into, a number of 
lettuce laruca saliva L. cu!Livars (Van Heiden & Tjallingii, 199}). Now we studied the 
resistance effect of the Ml gene in a commercial tomato (Lycopersicon e.tcule111a (Miller)). 
This resistance was developed as nematode resistance that appeared to include resistance to 
the aphid Macrosiphon euphorblae (Thomas) as well. Recently, results from 24h experiments 
using electrical recocdiog (ACsystem) of plant penetration by M. euphorb,ae have been 
published (KaJoshian er al. , 2000). It was claimed that the resistance was caused by limiting 
phloem sap ingestion. 

The aim of this study is to use the electrical penetration graph {EPG, DC system) to get 
more details about the behavioural impact of the Mi resistance. Within phloem phase, the DC 
system allows distinction between salivation into and ingestion from a sieve elements once 
punctured by the aphid's stylets, whereas the AC system does oot allow such (TjaWngii, 
1988; 2000; Reese et al. , 2000). Moreover we recorded 4 (or 8) hours only to avoid wire 
effects of the probing results. 

Material and Methods. 

Plants used in the experiments were young plants with 4-6 true leaves of cv. 'Motelle" 
(!NRA, France), which is a homozygous MiMi plant supposed to be resistant to M. 
euphorbiae and cv. 'Moneymaker', as a near isogenic susceptible line. Some data ofan earlier 
(preliminary) experiment will be used, in which we .used a heterozygous Mhni line. -All seeds 
were kindly provided by a Dutch seed company (De Ruiter Seeds). 
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Aphids used originated from a M euphorbiae culture in the IPO (now PRI-WUR, 
Wageningen), which is the same source as used by Kaloshian et al. (2000). The aphids were 
reared on potato plants in the greenhouse at 20-22 °C under long day conditions, 16h light pe-r 
day. After collecting apterous virginiparous adults with a soft brush from the plants they were 
each attached to a thin (20 µm) gold wire electrode of about 2 cm long using water based 
silver glue. These aphids were each connected to an amplifier input about 20-4o" minutes later. 
Sixteen aphids were recorded simultaneously using two Giga-8 EPG systems (Lab. of 
Entomology, Wageningen University), one for 8 susceptible and one for 8 resistant 
·recordings. Each aphid was put on the abaxial side of the one but youngest, fully developed 
leaf of separate plant. EPGs were recorded for 4 hours and in a preliminary experiment for 8 
hours in which we used heterozygous (Mimi) plant material Data were written to a computer 
hard disk at 100 Hz AID conversion rate using STYLET 3.7 software (Lab. of Entomology, 
Wageningen University). The analysis part of the same software was used for the analysis of 
the wavefonns. 

Data processi~g and statistics of sequential (time, wavefonns durations and nwnbers 
before or after certain events) and non-sequential EPG parameters (total numbers and 
summed durations) was accomplished (Van Helden & Tjallingii, 2000). In the preliminary 
(Mimi) experiment the 8h parameter values were calculated for 4h and 8b, both. Differences 
between cultivars were statistically tested by the non-parametric Mann-Whitney test for two 
independent samples (SSPS package). 

Results 

Hardly any non-phloem differences were found between cultivars. Only more total time was 
spent in stylet path activity (i.e. waveforms A, B and C lumped) on resistant and susceptible 
plants (Table 1, p=0.07). Neither nwnbers of probes nor their total durations differed between 
the two cultivar.s. The total number of probes shorter than 3 minutes, also their number before 
the first phloem phase was similar. These are early ended pt<)bes (Fig. 1) that are considered 
to go not much deeper than the epidermis. Often they include an intracellular puncture (pd, 
Fig. I). 

np 
Ill L.-------1 

np 

20s 

Figure l. Short probe with stylet pathway waveforms (path) including one intracellular 
puncture, reflected by the period of dropped electrical potential (pd). In the intracellular 
second phase (II) 3 sub-phases occur, during the last of which (II-3) the aphid is thought to 
suck up a sap sample from the epidennis cell. rn 3 minutes no deeper cells can be reached 
than epidennal or the first cell layer of the mesophyll. On basis of the sample's chemical 
infonnation the probe might have been ended by the aphid. 
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E2 E1 

Figure 2. Alternating phloem salivation (El) and ingestion (E2) periods occurred on both, 
resistant and susceptible tomato. Top, overview of altemating periods separated by dotted 
lines; Middel, period with a typical smooth El-E2 transient and abrupt E2-El transient; 
hotlom, detail ofE2-El transient. 

The time spent before the first phloem phase (activities whilst stylets in a sieve element) was 
eq1.1al, both, from plant access (in experiment, Table l) as well as from the beginning of the 
probe including the first phloem phase (in probe). 

After the first phloem phase (Table 1 ), the total number of phloem phases was not 
different but their total duration was slightly longer (p=0.09) on susceptible plants. The 
'acceptance' of the phloem, time until sustained phloem ingestion(> tOmin, Table J) was a 
little delayed on Mi plants (p=0.08). Within the phloem phases, the differences are much 
clearer. Separate fractions of phloem salivation (El wavefonn) and ingestion (E2 waveform) 
could clearly be distinguished (Fig. 2, bottom). First, it appeared that the mean number of 
salivation fractions was higher than the number of phloem phases (Table. I), which means 
that many phloem phases had more than one El fraction, especially on susceptible tomato. Al$ 

the number of phloem phases with just one El period (single phloem salivation) shows, thi~ 
was much higher in Mi plants. The other way around, the number of ingestion fractions was 
much lower than the number of phloem phases which means that only a small number of 
phloem phases include ingestion, on resistant plants especially. 



46 

On bo~ plants there was a frequent alternation of El and E2 fractions once an E2 
fraction was shown (Fig. 2, top). Transients from El to E2 were gradual, whereas E2-E1 
transients were more abrupt (Fig. 2, middle and bottom). 

Table 1. Mean values per aphid and standard errors of EPG parameter values from 4h 
recordings on susc.eptible (Moneymaker) and Mi plants (Motelle). *=p<0.10, **=p<0.05 in 
non-parametric the Mann-Whitney U test. Parameters calculated on numbers of aphids (N) or 
aphids showing the item (n). 

Moneymaker (mi"") Mo~lle (Mlil!l(j 
N=16 N=I? 

Parameter (unit) AVG SE (n) sign. AVG Si-; (n} 

total numbers (mean of#) 
probes # 9.5 1.4 IO.l !.6 
phloem phases # 3.8 0.6 3.9 0.5 
single phloem salivation # 1.4 0.3 ·~ 3:4 0.6 
salivation fractions # 7,0 1.2 4.& 0.7 
ingestion fractions # 3.9 1.1 ,u, i.O 0.6 

summed durations ( mean of sums} 
probe.s · min 202 13 2\3 5 
path min 95 9 4< 122 II 
phloem phase min 96 13 "' 64 12 
salivation fractions min 39 8 42 9 
ingestion fractions min 61 II ** 22 9 
F & G wavefonns min 11 5 26 9 

% probing (mean%) % 85% 5% 90% 2% 
probes < 3min 

total nwnber # 6.4 1.2 6 .8 f..l 
before 1 •1 phloem phase # 4 .. 6 1.0 2.2 0.6 

time until first (mean) 
phloem phase in exp. min 65 /3 59 14 
phloem phase in probe min 21 3 24 3 
phloem ingestion (>tomin) min 142 21 (15) * 195 /6 (9) 

maximwn period (mean ofmax.) 
phloem phase period min 76 12 (15) * 45 II (16) 
salivation fraction min 19 4 (15) 22 7 (16) 
ingestion fraction min 51 12 (15) 38 12 (9) 

period (mean of means) 
phloem phase min 40 1/ (15) 24 6 (16) 
salivation fraction min 6 l (15) 9 2 (16) 
ingestion fraction min 33 II (15) 30 ll (9) 

The total numbers of phloem phases was equal between plants, and total time spent iii 
phloem phase (i.e. all El and E2 summed, Table 1) was only slightly reduced on Mi plants 
(p=0.09), although the maximum duration of a phloem phase was significantly reduced. Also, 
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phloem salivation parameters did not differ. The main difference effect of the Mi gene was a 
decrease in ingestion. Especially the number of ingestion fractions and the total time spent in 
phloein ingestion were significantly reduced on resistant plants. The mrudmal ingestion 
fraction, was also reduced but due to the huge variation and the low number of aphids 
contributing (Table 2) this was statistically not significant (p=0.48). The mean (mean of 
means per aphid) period of phloem phase and the mean fraction of phloem salivation and 
phloem ingestion, however, did not differ between the cultivars. This was different in the 
preliminary experiment with heterozygous plants where the mean phloem phase was 83min 
for susceptible and l6min for the Mimi plants, which is significant reduction (p=006). 
Opposite to the homozygous plants (Table 1) the Mimi plants had a higher number of phloem 
phases with salivation (El) only (1.9 vs 0. 9 in susc.; p=006), which reduced the me.an phloem 
phase since they are much shorter than E1/E2 phloem phases. Consequently they contributed 
little to the mean phloem phase. 

The time tmtil the first phloem phase from start of the experiment was similar between 
the cultivars (Table 1}. Also, within the probe with the first phloem phase, the lime until the 
phloem activities was equal, 21 and 24min respectively, wb.ich indicates that no exceptional 
long pathway times were needed before aphids showed phloem activities. On resistant plants, 
some delay was shown before aphids attained sustained{> IOmin) phloem ingestion (in exp.). 

Finally,.Table 2 shows the fraction of aphids showing any phloem activity (E), phloem 
ingestion (E2), and sustained phloem ingestion (E2> !Omin), respectively. Considerable fewer 
aphids showed phloem ingestion. especially sustained ingestion on the resistant cultivar. No 
apparent differences were shown between heterozygous and homozygous Mi plants. 

Table 2. Percentages of aphids (4h data) showing different pJilocm activities on susceptible 
and resistant cultivars in the experiment with homozygous (MiMi) and heterozygous (Mimi) 
plants. 

Experiment % aphids vvith E E2 E2> lOmin 

susceptible 94% 94% 63% 
Homozygous MiMi 94% 53% 35% 

(prel. exp) susceptible 88% 71% 76% 
Heterozygous Mimi 94% 44% 44% 

Conclusions and discussion 

Our results strongly support the conclusion that the Mi-resistance is located in the phloem, as 
earlier suggested by Kaloshian et al. (2000). Nevertheless, the tendency of decreased amounts 
of probes shorter than 3 minutes in Mi plants indicates that the epidermal cells may be 
somewhat more attractive than in susceptible plants. During many of these shorter probes, 
often not longer than 30-60s. a potential drop (pd) before stylet withdrawal indicated that a 
cell was punctured and a sap sample was ingested (Martin et al. 1997 and tasted by the 
epipharygcal gustatory organ (Wensler & Filshi, 1969). 

No fewer aphids showed phloem phases - periods of phloem penetration - on Mi plants 
and the number of phloem phases was similar to aphids on the susceptible control plants. 
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Although the total and mean duration of the phloem phases was somewhat shorter on Mi 
plants, this was significant al a low level only (0.05<p<O. I 0) and does not support the earlier 
EPG observations with the AC system (Kaloshiail et al. , 2000). The mean phloem phase 
duration in their study of about 3 minutes only on Mi plants might be due to their extremely 
long experimental time: 24 hours, vs. 4 hours in our experiments .. Experiments with wired 
aphids on resistant plants should not be continued longer than needed to answer the question 
concerned here: "where is the resistance located?". Once the aphids have decided to rejection 
op the plant they cannot escape when tethered (Tjallingii, 1986). So, in fact all probing 
activities shown after that decision do bias the total results. Mostly this will lead to an 
underestimation of the resistance: more probing than in the free, not wired situation on that 
plant. In the Kaloshian's et al. study the phloem phases might have become shorter and 
shorter on Mi plants, presumably leading to the extremely short mean value of the duration. 
Although the mean duration of phloem phases in the preliminary experiments was even 
shorter on Mimi plants (26 vs 70min=res. vs. sus.) than on the MiMi (45 vs. 76 min, Table 1) 
this still was much longer than the ea. 3min in the KaJoshin's et al. study (2000). 

The advantage of the DC EPGs is that one can distinguish between fractions of phloem 
salivation and ingestion during a phloem phase (Reese et al., 2000; Tjallingii, 1988, 1990). 
Normally, phloem ingestion is always preceded by a period of phloem salivation of about one 
or two minutes. Then ingestion is mostly sustained continuously on susceptible plants. 

In contrast to the small differences in the mean number and duration of phloem phases 
and the sitlivajion fractions, there was a significant reduction in the number and total duration 
of ingestion fractions. Moreover, the number of single phloem salivation periods increased, 
tlius the stylets were more .often pulled out before switching to ingestion on Mi plants. 
However, the mean and the maximal duration of ingestion periods was similar on both plants. 
lt seemed that ingestion was mostly restricted to about 30 min after which the aphids either 
withdrew from the phloem or switched back to phloem salivation. This alternation between 
phloem ingestion and salivation was a predomjnant feature of aphids on both, Mi and 
susceptible tomatoes. Such a sustained alternation of the two phloem activities is not very 
common in most other aphid-host combinations and therefore, these data suggest that the 
possible mechanism of the Mi resistance is something additional to the alternation causing 
factor that already exists in Moneymaker. As was shown, fewer aphids on Mi plants showed 
sustained ingestion (> 1 Omin), thus a feeding deterrent in the phloem sap can be an option. 
Moreover, we experienced that M euphorbiae developed on rather poor on this susceptible 
tomato cultivar. Presumably we need studies on M euphorbiae with other host plants and 
tomato cultivars as well as other aphids on Mi plants to confinn this. 

Jiang et al. (200 I) compared Bemisia tabaci probing on the same tomato cultivars using 
EPGs. They found early (epidermis and outer mesophyll) resistance factors in Motelle, as 
indica!ed by a much longer time with more probes until first phloem phase on this cu1ti.var. 
Apparently, the probing behaviour of B. tabaci differs here from M euphorbiae. 

One might speculate on the mechanism behind the alternating phloem waveforms. 
Possibly, the El salivation does suppress or avoid the phloem wound reactions, in which 
coagulating proteins seem to play an important role (Knoblauch and Van Bel, 1998. The 
tomato may have phloem proteins in which clogging is more difficult to suppress or avoid. It 
seems unlikely from this study, however, that the Mi gene has a direct relationship with this 
mechanism. Also, the relation with the nematode resistance remains uncertain. 
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Number of members ea. 150 from 27 countries 

Introduction 

Practical application of biological control of pests in prot.ected crops is still increasing. In the 
past, this control measure was only used in vegetables, but I0-12 years ago biocontrol was 
introduced in ornamentals and has since then become increasingly important in these cultures. 
In the most progressive countries biocontrol of pests is applied on up to one third of the area 
with ornamentals. This figure is quite astonishing considering that many previously regarded 
biocontrol in ornamentals as a complete utopia due to the extremely low damage threshold of 
these cultures and the zero tolerance status for many pests. Our WG has played an important 

' role in stimuiating this development worldwide through coordinated fundamental and applied 
research, intensive advisory and public relations work. 

Aim 

The general goal of our WG is to promote the research, development, implementation, and 
training of Integrated Pest Management (1PM) systems in protected crops, as well as 
promoting cooperation between scientists, advisors and beneficial producers working in this 
field. Our group has realised large-scale practical use of biological control through intensive 
advisory and public relations work. 

o Our group design commercially applicable il'M programmes based on biological control of 
pests and diseases in combination with host-plant resistance and other non-chemical control 
methods. 

• It initiates, coordinates, and evaluates fundamental and applied research for the 
development of biological and integrated control pro1,rrammes. 

• It develops scientific criteria for the selection of natural enemies, assists in the development 
of mass production methods for natural enemies, and devises quality control methods for 
natural enemies. 

• It contributes to national and international courses where 1PM and biological control is 
taught. 
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The priorities are to develop biological control of pests and diseases in ornamentals and to 
devise quality control methods for all natural enemies. 
Activities 

Meetings 
Our WG meets every 3rd year. The 12111 full meeting of our WG will take place in Turk1,1, 
Finland in 2005. People working with host plant resistance to pests are highly welcome. 

Establishment of list server 
Our WG has a list server, "GoodBugs-J.'' (http://www.abrrsc1.dk/plb/iobc/goodbugs-Lhtm) -
an open e-mail based discussion list seIVice on the Internet. Good.Bugs-L is a forum for 
discussion and exchange of information concerning different aspects of biological and 
integrated pest control - including host plant resistance - in-protected crops. GoodBugs-L 
strengthens the links between group members for the benefit of biological control in 
glasshouses worldwide. 

Website 
Our WG has a web site (http://www.agrsci.dk/plb/iobc/iobc home.him), which at present 
contains a short description of the group and a list of members with names, addresses, email
addresses etc. In addition, links are provided to our Newsletters, ST1NG, as well as to 
GoodBugs-L. The site serves as place for announcements of future meetings, calls for 
registration, instructions to authors etc. 

The Newsletter STING 
Every year at least one issue of STING, the newsletter of our WG, is made. The newsletter 
brings information on e.g. relevant upcoming meetings and courses, summaries of workshops 
(our group and others), notes on e.g. new pests, notes on new books, etc. Next issue around 
July 2002. STING is not restricted to our WG members - anyone can subscribe (free). To be 
put on the mailing list for STING, please contact me. 

Future potential for interactions with the WG "Breeding for Plant Resistance to 
Pests and Diseasesn 

Although the main focus of our WG is biological control of pests, many group members have 
a strong interest in other aspects regarding 1PM in protected crops, as well. Many members 
have in the course of time undertaken investigations to elucidate the influence of plant sp~ies 
and varieties on the biology not only of pests but also of natural enemies and thus on the 
outcome of biocontrol. The influence of plant characteristics on natural enemies may be direct 
through e.g. interference with searching behaviour, or it may be indirect through influences on 
the pest insects and mites. Practical implementation in commercial greenhouses of plants with 
increased host plant res.istance is welcomed as an important addition to IPM programs - an 
addition that could reduce the vigour of pest populations and increase the chances of 
successful biocontrol. It is, however, important that the characteristics of plants with 
increased host plant res~stance are evaluated for influence on the beneficiaJs that are likely to 
be used in the crop - not only beneficials aimed directly at the pest(s) for which the host plant 
resistance has been targeted, but also other bene.ficials released for control of other pests. 
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On behalf of our WO I highly recommend that people from the WG "Breeding for Host 
Plant Resistance to Jnse'-1s and Mites" acquaint themselves with our WG e.g. through our 
Newsletter STING and by attendance at our WO meeting. 
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Abstract: Resistant plants and behaviour-modifying chemicals are important tools for 
environmentally safe control of insects. However, resistant plants and semiochemicals are species• 
specific t.o vaiying degree and do not cover all insects associated Vvith a , . .wp. The available methods 
should be developed as components of an integrated control programme, rather than as sole agents. [n 
addition, synergies are expected from coordinating reseaicb on plant semiochemi:cals and plant 
breeding fQr resistance to insects. The identification of plant compow1ds mediating host-finding and 
O\'iposition in .insects is a current focus in chemical ecology and the knowledge of plant 
semiochemicals will become increasingly important for plant breeding. 

Key words: chemical ecology, plant resistance, semiochemicals, integrated production 

Introduction 

Crop protection relies primarily on synthetic chemical pesticides. This chemical approach to 
pest control is not sustainable and is therefore under increasing pressure. However, few 
reliable and economic biological techniques are availableto control the mosJ important insects 
and fungal diseases. The attempted deregulation of neurotoxic insecticides can be achieved 
only if new, environmentally safe techniques are developed. 

Behaviour-modifying chemicals, resistant plants and microbial pesticides can be used to 
control insects. However, biological methods are often rather species-specific, while most 
crops are infested by a guild of herbivorous insects, wh:ich varies between geographical 
regions. In addition, biological im;ect control methods, including plant-derived resistance 
factors, produce rather subtle effects compared to conventional insecticides, which are lethal 
upon contact. The available biological tools should therefore be developed as co,nponents of 
an integrated crop management programme, rather than as sole agents. Moreover, improved 
communication between different research fields will provide an important stimulus. 

Insect sex pheromones 

Insects use sex pheromone to communicate for mating. By penneating the atmosphere with 
synthetic pheromone, sexual communication and mating in can be prevented (mating 
disruption technique) (Ridgway et al. J 990, Witzga11 and Am 1997). The main applications of 
the mating disruption technique in Europe are against codling motll Cydia pomonella on 
> JO.OOO ha and the grape berry moths Eupoecilia ambigue/la and Lobesia botrana on 
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>30.000 ha (Arn and Louis 1996, Waldner 1997, Kast 2001 , Zingg 2001). This demonstrates 
the potential of the mating disruption technique for insect control. However, mating 
disruption is still not widely used (Witzgall 2001). 

Pheromone-based control is species-specific, and only male behaviours arc affected. 
The use of plant volatiles will aHow to manipulate behaviour of gravid females and other 
species. 

Direct use of plant semiocbemicals 

Volatile secondary metabolites are known to mediate insect attraction or repellence 
(Langenheim 1994) and they can be used to manipulate insect behaviours for population 
control (Ridgway et al. 1990). Plant volatiles can be used alone, or to enhance insect 
attraction to sex pheromones. 

An important obstacle to the direct use of plant volatiles is the natural background of 
plant volatile compounds in ambient air. Orchard air, for example, contains numerous plant 
volatiles, in large amounts. This is illustrated by difficulties in measuring airborne pheromone 
concentrations in orchard air by chemical analysis (Bttckman 1997). Even when large 
amounts of synthetic pheromone are disseminated for mating disruption (up to I ng m-3), it is 
hardly possible to use gas chromatography for concentration measurements. This can only be 
achieved by using the male antenna as a sensor (Koch et al. 1997). Th.is reempbasizes that 
pheromones offer a quite unique change for insect control in the sense that the male sensory 
system is tuned to pick up tiny amounts of pheromone, and that natural pheromone 'is not 
accumulating in the atmosphere. 

A recently discovered kairomon attractive to codling moth females is produced by pears 
and can therefore be used in apple orchards (Light et al. 2001). However, in many cases it will 
be difficult to directly use plant volatiles for insect control. 

PIHt semiocbemicals and plant breeding 

Chemistry and biochemistry play a significant role in plant-pathogen and plant-insect 
relationships. The knowledge of these interactions, and the chemica.ls mediating these 
interactions can make a most important contribution to plant breeding. 

In most plant populations there are individuals which are resistant to fungal infestations 
or less susceptible to insect attack. Resistance is often related to inducible defence reactions in 
the plant. These plant responses include the production of pathogen-related (PR) proteins as 
well as non-protein secondary metabolites, including alkaloides, phenolics and terpenoids 
(Karban & Baldwin 1997, Agrawal et al. 1999}. PR-proteins are a promising target for 
bioengineering, whereas secondary metabolites are the products of complex multi-enzyme 
pathways - their manipulation poses considerable technical difficulties and their biosynthesis 
is often associated with substantial metabolic cost (Bryngelsson et al. 1994, Hilder & Boulter 
1999, McCaskill & Croteau 1998). 

A realistic projection into a near future is probably that the knowledge of volatile 
secondary plant chemicals will be useful to explain resistance phenomena, rather than leading 
to the design of plant varieties with modified secondary metabolism through genetic 
engineering. 

An example comes from apple fruit moth Argyrethia conjuge/la. Its principal host is 
rowan Sorbus auc11paria. However, flowering and fruit setting in rowan is strongly cyclic 
(Kobro et al. 2002) and females of A. ccnJ11gella invade apple orchards when too few rowan 
berries are available for egg-laying. Attraction of Argyresthia conjugella is obviously guided 
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by apple volatiles (Backman et al. 2002). Knowledge of the active compounds can be used to 
select more resistant, i.e. less attractive varities of apple. 

Last not least, chemical ecology deals with non-volatile compounds on the the plant 
surface, which are important cues for egg-laying and feeding, after insects have landed on 
their host plants (Dethier 1982, Renwick 1989, Honda 1995). The chemistry of surface 
chemicals precludes direct use in most cases, but our knowledge of these chemicals will most 
certainly become increasingly important in plant breeding. 

Integration of development and use of biological control methods 

For future development, we must put stronger emphasis on a multidisciplinary approach. 
Clearly, there is a need for intensifying communication and collaboration., and for 
coordination of research activities between different fields, especially chemical ecology and 
phmt breeding. In addition, the available methods should be developed as components of an 
integrated control programme, rather than as sole agents. 
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