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Preface 

Integrated pest control in orchards is one of the oldest activities in 
IOBC/WPRS and until the Jubilee Symposium of IOBC/WPRS in Vienna in 1979 
the Working Group "Integrated Plant Protection in Orchards" had already 
organized 6 symposia. At these symposia all aspects of integrated control 
were treated: at first much time was devoted to discuss more fundamental 
aspects of the pests and their natural enemies as such, but gradually 
more attention could be given to fit these data into a new control system. 
lt also became clear that much more should be done to obtain a range of 
selective control techniques, which are indispensable in a programme 
of integrated control. 

Since the Vlth and last Symposium of the complete Working Group at 
Bolzano in 1974, more than 20 smaller meetings of sub-groups have taken 
place, dealing with varying topics such as intrinsic fruit quality, 
biological control of mites and integrated plant protection in hops. 

Recent developments went so fast and become so interesting that the 
need was felt to meet once again with the complete Working Group. Not 
all sub-fields should be treated but one should rather concentrate on 
the more actual developments in pest control,particularly as to the 
question how integrated control could be implemented in practice, now 
various methods become available to the fruit-grower. 

So the VIIth Symposium on Integrated Plant Protection was held in 
Wageningen, the Netherlands, from 26-29th August 1985. There were 
.... participants from .... different countries. This Bulletin contains 
the complete set of contributions presented at this symposium. 

Last bu-t not least it should be mentioned that at this occasion 
d-r. Hans Steiner acted for the last time as Convenor of the Working
Group. Since 1967 he occupied this position and was the enthusiastic
centre-point of the Group. We all owe him much gratitude for his never
failing stimulation during all these years. We think it is self-evident
to dedicate this Bulletin to Hans Steiner as a tribute for all what he
has done for IOBC/WPRS and in particular for the Wotking Group.

Dossenheim, March 1986 

E,Dicklet 
L.H.M.Blommers
A.K.Minks
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Preface 

La lutte integree en verger est l'une des activites les plus anciennes 
de l'OILB/SROP. Jusqu'au symposium du jubile (25 ans) de l'OILB/SROP a 
Vienne en 1979, le groupe de travail "Protection integree en verger" 
avait deja organise 6 symposiums. Durant ceux-ci, tous les aspects 
relatifs a la lutte integree ont ete abordes: au debut, ce sont surtout 
les aspects plus fondamentaux, concernant les ravageurs et leurs ennemis 
naturels, qui ont alimente une banne part des discussions, mais 
progressivement on s'est applique a introduire ces donnees dans un nouveau 
systeme de protection des vergers. Il fallut se rende a l'evidence qu'un 
effort accru devait etre consenti afin de mettre sur pied taute une serie 
de techniques de lutte selectives, indispensables dans un programme de 
protection integree. 

Depuis le VI eme et dernier symposium reunissant l'ensemble du groupe 
de travail a Bolzano en 1974, plus de 20 reunions restreintes des sous
groupes ont ete organisees, traitant de problemes aussi divers que la 
qualite intrinseque des fruits, la lutte biologique contre les acariens 
ou la protection integree en culture de houblon. 

Les recents developpements ont ete si rapides et si interessants que 
le besoin d'une nouvelle reunion pleiniere du groupe de travail s'est a 
nouveau fait sentir. II n'etait pas question d'y traiter de l'ensemble 
des domaines d'activite du groupe, mais plutot de se concentrer sur les 
developpements les plus actuels en matiere de protection phytosanitaire. 
Parmi ceux-ci, il semblait particulierement important d'aborder les 
problemes relatifs a la maniere d'introduire la protection integree 
dans la pratique, au moment ou diverses methodes de lutte selectives 
deviennent enfin accessibles aux arboriculteurs. 

Ainsi s'est tenu a Wageningen en Hollande, du 26 au 29 aoGt 1985, le 
VIIeme Symposium sur la Protection integree en verger. II a reuni 
..... participants en provenance de •.••. pays differents. Ce bulletin 
regroupe l'ensemble des communications presentees lors de ce symposium. 

Nous ne manquerons pas de mentionner enfin - last but not least -
qu'a cette occasion le Dr. Hans Steiner a participe pour la derniere fois 
a une telle reunion en qualite de responsable du groupe. Depuis 1967 il 
occupait cette fonction au sein de ce groupe de travail dont il fut toujours 
un animateur enthousiaste. Nous lui exprimons tous ici notre vive 
gratitude pour son action stimulante et sans faille durant tant d'annees. 

Nous pensons qu'il est tout naturel que ce bulletin soit dedie a Hans 
STEINER en temoignage de reconnaissance pour taut ce qu'il a fait pour 
l'OILB/SROP, et plus particulierement pour notre groupe de travail. 

Dossenheim, mars 1986 

E. Dickler
L.H.M. Blommers
A.K. Minks



REGULATION NATURELLE DES TETRANYQUES EN VERGERS DE POMMIERS 

ET PERSPECTIVES ACTUELLES DE LUTTE BIOLOGIQUE, 

Summary 

A L'AIDE D'ACARIENS PREDATEURS PHYTOSEIIDES 

M. BAILLOD

Station federale de recherches agronomiques 
de Changins, Ch-1260 Nyon 

The biological characteristics, determined by numerous basical re
searchs on predators of tetranychid mites, partly explain why a 
species is proving more efficient than another one. Other practical 
aspects of the behaviour of predators and of their preys are more 
difficult to estimate in orchards. The fact of using predator spe
cies, efficient at low, middle or high prey density, results in a 
modification of the control strategy and of the economic thresholds 
applied to phytophageous mites. 
Among the 10 to 15 predator species belonging to Phytoseiidae re
ported in apple orchards, two of them seem to be especially effi
cient: Typhlodromus pyri Scheuten and Amblyseius andersoni Chant 
(or A. potentillae). The generalized appearance of these species 
and especially of resistant strains to insecticides of the phospho

ric esters group represents a new fact in Western Europe in inten
sive crop systems. The use of resistant strains gives more secu
rity for the maintenance in the long run of a biological control 
against phytophageous mites. 

Introduction 

Depuis de nombreuses annees, d'importants et multiples travaux 
ont ete consacres a l'etude des predateurs des acariens phytophages 
Panonychus ulmi Koch, Tetranychus urticae Koch et Aculus schlechtenda
li Nal. 

Depuis la revue publiee a ce sujet par HUFFAKER et al. (1970) des 
recherches fondamentales ont ete entreprises pour determiner les para
metres biologiques permettant de caracteriser les qualites d'une espe
ce (predateur ou proie) afin d'etablir des comparaisons. En Europe, des 
travaux tres complets sont a l'actif de RABBINGE (1976), SABELIS 
(1981) en Hollande et actuellement en cours de realisation en Suisse 
(ZAHNER, 1985; KLAY, GENINI, theses ETH, Zurich, en prep.). Ces re
cherches debouchent sur l'intention de modeliser, avec en particulier 

le sous-systeme acariens, le systeme cultural et d'en tirer des appli
cations pratiques pour la gestion phytosanitaire de la culture. Ce 
passage dans la pratique est encore loin d'etre realise. Par contre, 
une serie de travaux d'application de la lutte biologique contre les 
acariens phytophages montrent un certain nombre de resultats encoura
geants notamment en Angleterre, en Hollande, en Italie et en Suisse. 



Ces travaux soulignent aussi les difficultes rencontrees dans la rea
lisation concrete et a long terme de la lutte biologique sur une gran
de echelle. 

Les travaux americains montrent depuis longtemps l'inter@t des 
predateurs, notamment des Phytoseiidae, mais il s'agit d'especes qui, 
pour la plupart, n'existent pas en Europe et dont l'acclimatation n'a 
pas ete suivie de succes. Les trois revues importantes sur ce sujet 
sont celles de CROFT et HOYT ( 1983), HOY et al. , (1983) et HOY ( 1982). 

Taut en reconnaissant l'impact considerable de tous ces travaux, 
il semble actuellement utile de faire le point sur quelques questions 
pratiques qui se posent dans l'utilisation des predateurs d'acariens 
phytophages en Europe. Ce propos sera limite aux especes phytophages 
precitees et aux cultures de pommiers assorti d'une comparaison avec 
les cultures de vignes lorsque cela est utile. 

Ecosystemes, insectes et acariens predateurs 

Beaucoup d'auteurs associent une proie a un predateur a la suite 
d'observations de terrain ou d'essais de nutrition en laboratoire. 
Dans les ecosystemes complexes de vergers non traites, il est tres 
difficile de preciser le regime exact d'un predateur. Dans les eco
systemes simplifies rencontres dans les vergers intensifs, il est 
plus facile d'observer les predateurs qui s'attaquent a un type de 
proie lorsque cette derniere est presente a haute densite. Mais la 
presence d'un predateur et l'absence apparente de la proie peut aussi 
signifier que le predateur en question est tres efficace s'il fait 
rapidement et constamment disparaitre cette proie. 

Il est admis que les insectes predateurs sont attires par de 
hautes densites de proies et notamment d'acariens phytophages; ils 
sont qualifies par RAMBIER (1952) de predateurs de nettoyage. Leur 
voracite est tres elevee. Des Coccinellidae (§__tethorus punctillum 
Weise), certaines punaises (Anthocoris nemorum (L.), Orius minutus L., 
Campylomna verbasci (Meyr D.)), les Chrysopidae (Chrysopa carnea 
Stephens) ont ete le sujet de diverses observations et quelquefois 
d'essais bases sur des lachers avec des succes etonnants (HAUB et 
�. 1983). M@me si quelques essais montrent que ces insectes peu
vent deja @tre attires par de faibles densites de proies (HULL et 
al., 1977), leur efficacite finale est souvent mise en doute parce 
qu'ils interviennent souvent trop tard et n'emp@chent pas des degäts 
foliaires. 

Parmi les acariens predateurs, les Stigmaeidae (Zetzellia mali 
(Ewing)) sont consideres comme efficaces dans des vergers peu traites 
ou apparaissant seulement lorsqu'il y a haute densite de proies. 
L'action des Anystidae, des Bdellidae et a mon sens des Trombidiidae 
est tres difficile a preciser probablement parce qu'ils agissent 
d'abord au niveau des ecorces. Seuls les acariens predateurs Phyto
seiidae sont consideres comme reellement efficaces pour leur action 
deja visible a faible densite de proies et leur presence quasi perma
nente sur le vegetal. C'est la raison pour laquelle RAMBIER (1952) 
les a qualifies de predateurs de protection. Les remarques qui suivent 
concerneront donc uniquement des representants de cette famille de 
predateurs. 



7 

Les especes de Phytoseiidae 

En Europe, les especes de Phytoseiidae decouvertes en vergers de 
pommiers sont au nombre d'une quinzaine. Deux exemples de recensement 

sont cites au tableau 1: l'un effectue en Suisse (GENINI et al., 1983) 
l'autre en Espagne (GARCIA-MARI, comm. pers.) representatifs respecti
vement de la faune de l'Europe centrale et de la faune mediterraneenne. 

Seules huit especes sont considerees comme "jouant un role" dans 
la lutte contre les acariens phytophages precites par les chercheurs 

de 8 pays d'Europe occidentale sollicites par une enquete en 1985. 
Ces remarques ne concernent qu'un nombre limite de parcelles dans 

chaque pays sauf en Angleterre, en Italie du Nord et partiellement en 
Suisse ou l'on constate, dans de nombreux vergers, une reapparition 
plus ou moins importante de ces predateurs. Le Portugal et la Belgique 

ne signalent pas de travaux sur les Phytoseiidae, mais en Belgique 
on releve l1mportance des Stigmaeidae. 

Tableau 1. Especes de Phytoseiidae recensees dans les vergers de pom
miers en Europe selon GENINI et al. (1983)(A) et GARCIA-MARI (1984)(B) 
et considerees comme "jouant un role" dans la lutte contre les aca
riens phytophages dans huit pays d'Europe occidentale. 

Espece Genre 

aberrans (OUDEMANS) Kampimodromus 
andersoni CHANT Amblyseius 
athenasSWIRSKI-RAGUSA Anthoseius 
bakeri (GARMAN) Typhlodromus 
californicus Mc GREGOR Amblyseius 
cucumeris (OUDEMANS) Amblyseius 
finlandicus (OUDEMANS) Euseius 
longipilus (NESBITT) Galenodromus 
macropilis (BANKS) Phytoseius 
potentillae GARMAN Amblyseius 
pyri SCHEUTEN Typhlodromus 
rhenanus (OUDEMANS) Typhlodromus 
soieiger (RTBAGA) Paraseiulus 
subsoleiger (WAINSTEIN) Paraseiulus 
tiliarum (OUDEMANS) Typhlodromus 

Fresen- Considere comme 

ce en 
Europe 

A B 

+ + 
+ 

+ 
+ 

+ 

+ 
+ + 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

"jouant un role" en 

lutte biologique

<l) 
]l <l)

<l) >< 
C >< <l) <l) .c 
<ll .µ 0 C <l) <l) <l) ·M tlü 0 <ll ·M [/] 

rl >< <ll C rl rl [/] 
tlü .µ 0. <ll rl <ll ·M 

:;;; 
C ;::l [/] >< 0 .µ 

<!; <!; [11 µ, :CH (/} 

+ +o +o +o
+ +o +o

+ 

+ + + 

+ 
0 + + 0 + +o +o 

+ 

0 0 

+ 

+ presence en vergers o presence en vignobles

Les especes les plus frequentes sont T. pyri, A. andersoni et 
K. aberrans. McMURTRY (1977) considere A. potentillae et A. andersoni
comme deux races d'une meme espece. Dans les vergers intensifs, il est 
rare de trouver plusieurs especes en proportions importantes, l'une
domine en general et sur elle repose le succes de la lutte biologique.
T. pyri suivi de A. andersoni semblent les especes les plus polyphages



et !es plus adaptees aux trois acariens phytophages a combattre. T.py
ri semble l'espece la plus ubiquiste dans les vergers intensifs sep
tentrionaux si l'on excepte T. tiliarum souvent signalee dans l'Europe 

de l'Est. La presence de ces especes en vergers intensifs est aussi en 
liaison avec leur tolerance a l'egard de nombreux pesticides. Pour !es 
climats mediterraneens l'importance respective de K. aberrans, E. fin
landicus et A. californicus est encore peu connue. Enfin dans certains 
pays, certaines especes sont repandues sur vignes mais pas sur pom
miers: c'est le cas de T. pyri en Allemagne, pays dans lequel !es me
sures de lutte integree quand elles sont appliquees peuvent resoudre 
le probleme des acariens phytophages sans le secours des Phytoseiidae 
(DICKLER, comm. pers.). 

Parametres biologiques caracterisant une espece 

De nombreux auteurs ont etabli differents parametres dont les 
plus connus sont les suivants: le seuil de developpement, la duree du 
developpement, la duree de la vie, la duree de la periode d 'oviposi
tion, le taux de fecondite journaliere par femelle. Dans les tables de 

survie specifiques a l'age, le taux intrinseque d'accroissement natu
re! (r

m
) est souvent cite pour comparer des especes: il represente le 

nombre de descendants de sexe feminin par femelle et par jour. Ces 
differentes valeurs dependent de la temperature et de la nourriture. 
Le tableau 2 permet de comparer cinq de ces parametres pour trois 
predateurs et leurs proies. Les valeurs les plus proches de 20 °c ont 
ete choisies dans les donnees citees dans la litterature. 

Tableau 2. Valeurs de cinq "parametres" biologiques caracterisant 
l'espece pour trois predateurs Phytoseiidae et trois acariens phyto
phages. 

Acariens phytophages Predateurs 
A.schlech- A.ander- T. K. 

Parametre P.ulmi T.urticae tendali soni pyri aber-

duree 

developpement 
----------------

duree 

vie/oviposition 
----------------

fecondite 
femelle/jour ____
r ou taux 
dljlaccroisse-
ment nature! 

14j. 
a

(21) 
----------

19/16j. 
a

(21) 
----------

1,5
a 

(21) 
----------

0,134 
a 

(21) 

e j. 
a 

(21) 
---------

30/26j. 
a 

(21) 
---------

1,9a 

(21) 
---------

0,372
a 

(21) 

A.poten-·
tillae*

4,2j. 
b

7,4j. C 
lOj. 

d

(22) (23) (18) 
---------- --------· -------

?/23j. 
b 99/35/ ?/43/ 

(22) (23) (18) 
--------· -------

3 8
b 

' 
1,3

c 
0 58

d 
' 

(22) (23) l��l_ __ ----------

? 0,15l
f 

0,103
f 

(20) (20) 

() temperature constante experimentale. ?: donnee manquante 

a: d' apres HERBERT (1981) a,b d: d' apres HERBERT (1961) 
b : d'apres EASTERBROOK (1979) e: d'apres DOSSE (1956) 

rans 

8,1 
e

(25) 
-----

?/145 
(25) 
-----

l,l
e 

(25) 

c: d'apres AMANO et CHANT (1977) f: d'apres GENINI et KLAY(l985) 
''pour A. potentillae voir RABBINGE ( 1976) et SABELIS ( 1981). 

Compte tenu des differences de temperatures experimentales et de 



nutrition, il n'est pas toujours facile de comparer ces donnees. Pour 
les trois premiers criteres, A. andersoni parait plus avantage par 
rapport a ses proies que T. pyri ou K. aberrans. T. pyri a un r

m 
plus 

bas que ses proies potentielles. Il ne faut pas en conclure pour au
tant que cette espece est un mauvais predateur, cette derniere valeur 
ne permettant pas a elle seule de juger l'efficacite d'un predateur. 

Il faut alors considerer des caracteristiques de comportement: 
la reponse totale d'un predateur peut etre consideree comme une com
binaison de sa reponse fonctionnelle et de sa reponse numerique. La 
reponse fonctionnelle represente le nombre de proies tuees en fonc
tion de la densite rles proies. Pour les predateurs consideres, il 
semble que la reponse fonctionnelle soit comparable a celle de type II 
definie par HOLLING (1959). La reponse numerique peut etre partiel
lement exprimee par le nombre d'oeufs pondus en fonction de la den
site de proies. D'apres KLAY (comm. pers.), A. andersoni a une repon
se fonctionnelleet numerique plus elevee que T. pyri, mais T. pyri 
a deja une bonne reponse a faible densite de proies. Il est des lors 
visible que l'efficacite d'un predateur peut deja etre definie par
tiellement par une reponse totale optimale correspondant a une cer
taine densite de proies, tout en etant capable d'adapter sa propre 
densite a celle de sa proie. D'autres criteres du comportement sont 
toutefois a prendre en consideration sur le terrain par des estima
tions, car ils sont difficilement mesurables en laboratoire; ce sont 
le regime nutritionnel, la specificite, la voracite, la capacite de 
survie en l'absence de proies et le pouvoir de dispersion. A l'ins
tar de McMURTRY (1983), nous pouvons essayer de comparer par des es
timations quelques caracteristiques biologiques pour les trois espe
ces de Phytoseiidae les plus importantes et Phytoseiulus persimilis 
ATHIAS-HENRIOT depuis longtemps utilise en serre (tableau 3). 

Tableau 3. Comparaison entre quatre especes de Phytoseiidae pour six 
caracteristiques biologiques (d'apres McMURTRY, 1983, modifie). 

Caracteristique 

Specificite 

r ( taux d 'acc. nat.) 

Pouvoir de dispersion 

Voracite 

Capacite de survie 
en 1' absence de 
proies 

"densi te" de proies 
correspondant a une 
efficaci te optimale 

P. persi
milis

+ 

++ 

+ 

+ 

+ 

T. pyri A.andersoni ou
A. potentillae

.±_ ? 

- ou +?

+ 

.±_ 

.±_ ? 

.±_ 

+ 

.±_ 

K.aber
rans

- ?

? 

.±_ ? 

+ 

++ tres eleve + eleve ± moyen - bas ? estimation 

T.pyri et K. aberrans possedent des caracteristiques
souvent opposees d celles de P. persimilis. Ces deuxespeces semblent 
specialement "efficaces" a basse densite de proies avec une grande 



capacite de survie lorsque la proie est absente (possibilites de se 
nourrir de pollens ou de Tydeides). A. andersoni a des qualites un 
peu superieures a T. pyri dans la fecondite et montre une excellente 

efficacite a moyenne densite de proies. 

Densite de predateurs et de proies et dynamique des populations dans 
la saison 

La densite des proies comme des predateurs peut s'exprimer en 
nombre d'acariens par feuille ou en pourcentage de feuilles occupees 
(BASSINO et al., 1973, BAILLOD et al., 1985). L'echantillonnage de
pend de la precision souhaitee en fonction des densites respectives 
a estimer (ZAHNER et BAUMGAERTNER, 1984) ou de l'estimation d'un ris
que correspondant a un seuil de tolerance determine. 

Lorsque par des contr6les reguliers dans la saison, on determine 
la dynamique des populations predateur-proie(s), differents types de 
courbes apparaissent dans les publications (fig. 1). Le type I cor
respond a des densites de predateurs toujours superieures acelles des 
proies, typiques pour T. pyri (BAILLOD et al., 1985). Le type II mon
tre une evolution identique mais avec des densites de proies presque 
nulles, cite pour T. pyri et K. aberrans (IVANCICH-GAMBARO, 1972). 
Le type III montre a partir de densites de proies plus elevees que 
celles du predateur, un rapide retournement de situation en faveur du 
predateur, notamment pour T. pyri (BAILLOD,non publie). Le type IV 
montre une augmentation parallele des populntions de la proie et du 
predateur, ce dernier prenant tardivement le pas sur sa proie, type 
souvent cite pour A. andersoni (IVANCICH-GAMBARO, 1975 et d'autres 
auteurs). Ces divers types d'evolution dependent des densites respec
tives predateurs-proies au depart de la saison, de l'efficacite du 
predateur en fonction de la densite des proies et de l'impact 
des pesticides appliques. 

Figure lo Quatre types d'evolution des populations de predateurs 
Phytoseiidae et de leurs proies (tetranyques) souvent cites dans la 
litterature. 
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Reprenons l'evolution des predateurs au cours de la saison. 
Quoique la mortalite hivernante soit consideree comme importante, 
nous connaissons peu de chose sur ce point precis. Dans les bandes
pieges d'etoffe, cette mortalite parait minime. Des lors, on peut se 
demander si la premiere partie de la vie des Phytoseiidae qui se pas
se sur ecorces n'est pas tres difficile, soit par manque de nourritu
re, soit par exposition a des predateurs plus rapides qu'eux-memes 
(Bdellides, par ex.). La densite initiale des predateurs depend du 
nombre de feuilles acoloniser tres faible sur vigne et tres eleve 
sur pommier. La encore sur vigne il y a toujours une nourriture 
d'appoint frequente (Tydeides, glandes perlees) et moins frequente 
sur pommiers (A. schlechtendali). T. pyri semble apparaitre au prin
temps en densites legerement plus elevees que A. andersoni. Autour de 
la floraison du pommier, des insecticides peuvent decimer les preda
teurs qui n'auront pondu a ce moment que tres peu d'oeufs. En ete, 
les densites des predateurs augmentent en general. Si une brusque 
apparition de proies (T. urticae en provenance des herbes) apparait 
sur l'arbre, A. andersoni parait mieux repondre que T. pyri ou 
K. aberrans. Si la reponse est trop tardive, des degats foliaires ap
paraissent. Enfin, en automne, si les predateurs n'ont pas fait pra
tiquement disparaitre leur proie, le risque d'une forte ponte hiver
na:]e de P. ulmi subsiste a un moment ou les Phytoseiidae arretent
de se reproduire.

Seuils de tolerance et predateurs 
Les seuils de tolerance actuels sont des seuils relativement bas 

et servent a obtenir une bonne regulation des populations d'acariens 
phytophages en l'absence de predateurs. Ces seuils sont quelquefois 
contestes au Sud des Alpes ou ils pourraient etre plus eleves. Ces 
seuils s'expriment aussi en pourcentage de feuilles occupees. 

La question d'admettre des seuils de tolerance plus eleves et en 
corollaire des degats foliaires eventuels se pose de nouveau, notam
ment si l'on veut laisser une population de predateurs se developper. 
Des auteurs americains (CROFT et HOYT, 1983) definissent une unite 
l'acarien-jour qui represente un acarien se nourrissant pendant un 
jour sur la plante. En cumulant les acariens-jours, il est possible 
de definir un seuil de degats foliaires, de defoliation, de perte de 
qualite des fruits. Une recherche supplementaire serait sans doute 
utile en Europe sur ce sujet. 

En fait, la lutte biologique depend des densites respectives de 
predateurs et de proies, CROFT et McGROARTY (1977) proposent en pre
sence du predateur Amblyseius fallacis (GARMAN) un seuil de tolerance 
de 20 P. ulmi par feuille. Or, A. fallacis est un predateur efficace 
a haute densite de proies. En nous basant sur cette donnee, il est 
possible de definir quels seraient les seuils a experimenter lorsque 
T. pyri ou A. andersoni sont presents (tableau 4).

Les seuils de tolerance pour T. urticae sont en principe plus
bas que ceux decrits pour P. ulmi. Pour A. schlechtendali, il ne faut 
pas admettre autour de la fleur plus de 50 individus par fruit selon 
EASTERBROOK: des seuils de tolerance bases sur des contr6les foliai
res a cette epoque pourraient etre definis en presence de predateurs. 

Les rapports de densite predateurs-proies minimum pour une evo
lution favorable de la lutte biologique doivent etre mieux definis. 



Tableau 4. Seuils de tolerance a experimenter pour Panonychus ulmi 
KOCH en presence de trois predateurs Phytoseiidae. 

Predateur 

Type de predateur 

Seuil de tolerance 
P. ulmi

Degats foliaires 

Surveillance des 
populations 

T. pyri

predateur 
"basse 
densite" 

3-5/feuille

aucun ou 
tres faibles 

de P. ulmi 
suffisante 

A. andersoni

predateur 
"basse-moyen
ne densite" 

8-10/feuille

quelques de
gats possibles 

predateur 
+ proie

A. fallacis

predateur 
"haute densi
te" 

20/feuille 

degats foliai
res tres pro
bables 

predateur + 
proie 

Pour T. pyri, un rapport de 1 predateur pour 10 proies semble une li
mite acceptable. En pourcentage de feuilles occupees a partir de 20% 
de feuilles occupees par le predateur, il serait possible d'admettre 
temporairement un pourcentage plus eleve de 20% pour la proie. 

La strategie de lutte a adopter dans chaque cas se resume a

trois possibili tes: aucune action-lutte biologique assuree, surveillan
ce, intervention de soutien par un acaricide tres selectif. CROFT et 
McGROARTY (1977) proposent des strategies encore plus elaborees en 
presence de A. fallacis. Pour T. pyri, relevons les bons resultats 
obtenus en abaissant les densites des populations hivernantes de 
P. ulmi par un acaricide de printemps.

Reapparition des Phytoseiidae et resistance aux pesticides 
Divers controles en arboriculture et en viticulture tant au ni

veau de la plante que de la strate herbacee,(BAILLOD et al., 1980) 
laissent supposer que les Phytoseiidae n'ont jamais completement dis
paru des cultures intensives. Le transport possible de ces predateurs 
par le vent explique aussi en partie leur possibilite de se reinstal
ler naturellement dans certaines cultures. Cependant, l'utilisation 
actuelle de fongicides peu toxiques pour eux et la resistance acquise 
a certains insecticides sont probablement deux causes importantes 
d' une reappari tion generalisee dans certaines regions de l!Italie ( MORI, 
1985), la Suisse, l'Allemagne et l'Angleterre. Le tableau 5 montre 
l'etat actuel des resistances connues a certains insecticides et a

certains fongicides (soufre et thiocarbamates) base sur un sondage 
effectue aupres des chercheurs de 8 pays d'Europe occidentale. 

T. pyri est l'espece qui montre le plus de cas de resistances,
suivie par A. andersoni et K. aberrans. La determination de la re
sistance de K. aberrans au parathion en Italie est une donnee nouvel
le pour l'Europe (CORINO et BAILLOD, travail en cours). Ce sont les 
resistances aux insecticides qui presentent actuellement un regain 
d'interet: si ces resistances sont dues a un gene dominant, leur sta
bilite semble assuree et leur utilisation d'autant facilitee sur le 
terrain car il ne serait plus alors obligatoirement necessaire de la 
maintenir par des applications repetees d'insecticides dans la saison. 
D'autre part, une resistance croisee entre divers insecticides exis-



te pour plusieurs des souches etudiees (OVERMEER et VAN ZON, 1983; 
KAPETANAKIS et CRANHAM, 1983). Le niveau de la resistance est une ca
racteristique importante pour garantir l'utilisation de ces souches 
dans la pratique. Divers tests sont proposes et l.a mesure habituelle 
est la determination de la LC 50 (concentration letale qui provoque 
le 50% de mortalite). Si la LC 50 est superieure a la concentration 
normale d'utilisation en verger, c'est deja une indication que la re
sistance est suffisante pour etre utilisee. Pour determiner la LC 50, 
le test le plus complet est sans doute celui mis au point par OVERMEER 
et VAN ZON (1982), car il concerne des nymphes, plus sensibles que 
les femelles. Les comparaisons avec des souches sensibles deviennent 
impossibles, car il est de plus en plus difficile dans certaines re
gions d'en trouver encore. Les souches resistantes tendent a se pro
pager et a eliminer les souches ou especes indigenes (CRANHAM et 
SOLOMON, 1981; CACCIA et al., 1985). 

La lutte biologique contre les acariens phytophages est mieux 
assuree avec une souche de predateurs resistante aux insecticides 
lorsque des ravageurs secondaires doivent etre combattus avec des 
produits polyvalents en l'absence de methodes biologique ou biotech
nique (BAILLOD, 1984). 

Tableau 5. Souches resistantes de trois especes de Phytoseiidae dans 
8 pays d'Europe occidentale en arboriculture (+) et en viticulture 
(o). P=resistance probable. R=resistance prouvee. 

II II II IIIIII 
Pesticides "Especes de 
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II
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Insecticidesll K. aberrans 
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II 

1. mancozebe
2. soufre
3. thiocarbamates en gen.
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1 1 1 1 1 1 1 
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5
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1 1 I 1 1 1 1 1 1 1 1 +P 1 1 o+P 1 1 1 1 1 21 1 3 1 1 1 1 l(NBJ 1 1 1 
----�---+---�--+'----}---+------�--------

: i J i i i o+P 
3 i

----r---+---�--r---�---+------r--------

oP 1 1 +P 1 1 1 1 o+P 1
1 1 1 1 1 1 1 3 1

6. carbaryl,azinphos,demethon,phosalo
ne, chlorpyrifos, fenitrothion

7. azinphos, parathion, omethoat, di
methoat, phosalone, acephate

8. parathion
9. carbaryl,propoxur,azinphos,bromophos

10.parathion,tetrachlorvinphos,phosalone. ? etudes en cours.
NB.: resistance au soufre poudrage aussi pour E. finlandicus et A. californicus.



Perspectives d'avenir et conclusions 
Les perspectives d'avenir pour l'introduction d'une lutte biolo

gique contre les acariens phytophages sur une grande echelle n'ont 
jamais ete aussi favorables; la reapparition generalisee des especes 
de predateurs indigenes T. pyri, A. andersoni et K. aberrans dans 
certaines regions, la possibilite de proceder facilement a des trans
ports et des lachers sans recourir a des elevages de masse, une meil
leure connaissance de la biologie et de l'efficacite de ces preda
teurs, l'apparition de souches resistantes a plusieurs insecticides 
voire a quelques fongicides, sont autant de facteurs qui garantissent 
le succes des essais de lutte biologique. 

Toutefois, des recherches restent necessaires pour preciser 
l'estimation des rapports de densites predateurs-proies, pour redefi
nir les seuils de tolerance en fonction de predateurs utilises et 
pour aider l'action des predateurs, en cas de besoin par des applica
tions eventuelles d'acaricides tres selectifs. L'etude de la toxicite 
des pesticides en general reste une tache permanente qui conditionne 
le succes de la lutte biologique contre les acariens phytophages. Les 
travaux executes dans les differents pays d'Europe apporteront sans 
nul doute deja des reponses significatives a ces questions. 
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NATURAL CONTROL OF SPIDER MITES IN THE ORCHARDS OF SOUTH TYROL 

H. OBERHOFER and W. WALDNER

South Tyrolean Advisory Service for Fruit- and Winegrowing 

Lana, Italy 

The frui t growing area of South Tyrol, that means the Italian province 

of Bozen/Bolzano, covers about 16.000 ha of pome fruit orchards with an 

annual production of 700. 000 t of apples and pears. That is about 30 % 

of the Italian and 10 % of the annual EEC apple production. Our qui te 

traditional apple growing region stretches 100 km along the Etsch Valley 

on the southern slopes of the Alps. 

The annual average temperature varies from 11, 5°C at an al ti tude of 250 

m to 9°C at 800 m above the sea level. The annual precipitations fluctu

ate according to the district between 500 mm and 750 mm. Overtree sprink

ler irrigation is therefore quite common. 

The average size of a fruit farm is about 3 ha. The majority of the gro

wers are members of the cooperative Advisory Service. 

Fruit pests and diseases 

The main diseases in our fruit growing area are apple scab (Venturia 

inaequalis) and mildew (Podosphaera leucotricha). The main pests are red 

spider mites (Panonychus ulmi and Tetranychus urticae), different tortri

cids, codling moth, aphids, leaf miners, winter moth and noctuids. 

Our frui t growers got acquainted wi th the spider mi tes for the 

first time about 35 years ago wi th the introduction of DDT. Since then 

this pest has been every year a more or less serious problem, which the 

growers have tried to solve with a rising number of chemical treatments. 

Some years they performed up to 4-5 applications of specific acaricides, 

plus mineral oil at bud burst. Nevertheless the success was not always 

satisfying. The main reason for these gaps was the growing resistance of 

the mi tes against acaricides, sometimes after just a few applications. 

Graph shows the mainly used products and the years of their almest comp

lete failure in practice. 

In _!982 also Plictran, a since then extraordinarily long lasting 

acaricide, and for the growers the last hope in mite control, failed to 

gi ve satisfactory resul ts. This ended wi th a complete fiasco of spider 

mite control in that year. 

Consequences: high control costs per ha, severe damages to the 



trees and bad prospects for a successful chemical control in the future. 

Our new plant protection programme 

In this materially and psychologically cri tical si tuation i t was 

not difficult to convince the growers to introduce some changes in their 

pest control programme. The aim was: to spare the predators of mi tes 

(especially phytoseids, Stethorus and Orius) and not to enhance the 

development of the mite population by pesticides. 

The main suggestions in our new programme were therefore: 

1. Avoid strictly every unnecessary chemical treatment: Almost every

chemical product used for pest and disease control is deleterious to

phytoseids and some other mite predators. This suggestion was feasible

through intensive moni toring by advisers and growers in the orchards

and by observing the economic thresholds.

2. Exclude possibly all predator-killing products: Phytoseids are sensi

tive not only to acaricides and insecticides, but also to fungicides.

Therefore we preconized according to the experiences of different

IOBC-Working Groups:

Against mildew:

Triadimefon (Bayleteon) 

Bupirimate (Nimrod) 

Fenarimol (Rubigan) 

but not 

Sulphur (low doses, few treatments) 

Against insects: 

Dinocap 

Binapacryl 

Chinomethionat 

Dinobuton 

Diflubenzuron (leaf miners, codling moth) 

Pirimicarb, Ethiofencarb, Oxidemeton-M (aphids) 

Endosulfan (winter moth, noctuids, Sesia) 

Chlorpyriphos-Methyl (Archips, Pandemis, Adoxophyes) 

N.B.: None of the sinthetic pyrethroids is recommended by our Advisory

Service. Therefore there is almest no use of these mite favouring pro

ducts in our fruit growing area.

Against mites: 

Mineral oil (spider mites, San Jose scale) 

Benzomate (1/2 dose) 

Other acaricides, if indispensable, at reduced dosage, to avoid dama

ges to the predator population. 

3. Rise of the tolerance level: The generally accepted tolerance level

of 3-5 mites per apple leaf is too low for us to get enough mite pre

dators in the orchards. Research resul ts and practical experiences

show that these figures are also far away from a really economic

threshold. At least for a short time (some weeks) we tolerate in the

orchards much more mi tes per leaf wi thout economic lasses. The term

accumulated mi te days (number of rni tes per leaf x number of days to 

harvest) seems to us a useful index to estimate the general mi te si

tuation. 500-600 mite-days are tolerable in our area.

If we want to have a rather qui.ck build-up of the predator population,



then in some cases we have to be qui te generous wi th the tolerance 

level of mites per leaf especially during the first year of integrated 

mi te control. During the following years we have had then constantly 

less than 2-3 mites per leaf without acaricide treatments. 

Most frequent mite predators found in our area 

The most frequent mite predators found in our orchards are: 

* Phytoseids: (determined by M. Baillod)

Amblyseius finlandicus

Amblyseius aberrans

Typhlodromus pyri

Paraseiulus soleiger

* Stethorus punctillum

* Orius minutus, 0. vicinus

* Anthocoris sp.

Probably also some other insects (e.g. Chyropids) have a certain impact

on the red spider mites.

Some practical examples 

Scattered over the whole fruit growing area we organised with young 

fruit growers 15 working groups (of 10-15 people each) for integrated 

plant protection. Every fortnight the local group comes together wi th 

·- an adv iser for pest moni toring in 2-3 pilot orchards.

We will present here 6 examples of countings from these about 50 

orchards supervised quite intensively during the seasons: 

ORCHARD 1: (Eppan) Size 2.500 m'; variety: Red Delicious on M 9; age: 

12 years; yields: 1983: 33 t/ha, 1984: 38 t/ha, 1985: about 35 t/ha. 

Mi tes and typhs: During the month of May 1983 30 % of the leaves were 

occupied by mi tes and only 3 % by typhs. In June we got the opposi te 

si tuation: much more typhs than mi tes. This remained so until the end 

of the season. The tolerance level of 3-5 mites per leaf was never at

tained. Therefore no acaricide treatment. 

1984: Some percentages of mites and typhs until the end of June, then 

a strong increase of the typhs (up to 60 % occupied leaves) and a low 

level of mites (less than one mite per leaf) until the end of the season. 

1985: Wi th about 10 to 30 % of leaves occupied by phytoseids the mi tes 

increased from June to the middle of August until 50 % of the leaves 

were mite-infested. That corresponds to 2 mites per leaf. Thus the tole

rance level was not yet attained. In the second half of August the motile 

forms of mites decreased again. 

All these 3 years the mite population was quite low, although Red Deli

cious is generally one of the most mi te-frequented apple varieties. No 

acaricide treatment was necessary. For the other pesticides applied, 

see table orchard 1. 

N.B.: The whole exploitation has 10 ha of fruit orchards; the owner had 
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to spray in the last two years just 0,5 ha of it against mites. 

ORCHARD 2: (Lana) Size 8.000 m2
; variety: Red Delicious on seedling; 

age: 14 years; yields: 1983: 21 t/ha, 1984: 37 t/ha, 1985: estimated 40 

t/ha. 

Mites and typhs: In 1982 this orchard received 4 specific acaricide treat

ments; nevertheless heavy damages by mites. 

In 1983 in consequence of a high presence of winter eggs the mite popu

lation arri ved at 50 % occupied leaves in June. The first phytoseids 

were seen at the end of June. Whereas the population of the predators 

went up to 50 % occupied leaves, the spider mi tes diminished from the 

end of June on. No acaricide treatment that year. 

In 1984 the mi te population remained always very low, the phytoseids 

rose to an average of 40 % leaf occupation. 

In 1985 the predators were always much more numerous than the tetrany

chids. Except mineral oil (mainly against San Jose scale) there were no 

acaricides applied during the last 3 years. See table orchard 2. 

ORCHARD 3: (Terlan) Size 5.000 m2
; variety: Golden Delicious spur on MM 

111; age: 17 years, yields: 1983 45 t/ha, 1984: 35 t/ha, 1985: estimated 

40 t/ha. 

Mites and predators: This orchard had big problems with spider mites in 

1981 (4 spec.treatments) and 1982 (3 spec.treatments). 

1983 there were no phytoseids to be found. One acaricide was applied in 

July. Then we transplanted bundles of, water shoots wi th pyhtoseids from 

another orchard to every second tree. Already in fall we were able to 

refind a few thyps on the trees. 

In 1984 we had a strong increase of the mite population in July (up to 

15 mites per leaf). The thyps were still relatively low, with a maximum 

of 30 % occupied leaves. In the same period there were up to 70 motile 

forms of Stethorus and Orius per 3 minutes' counts. 

Only by mid August the mi te population collapsed. Inside the trees we 

had already some bronzing of the leaves, but on the fruits there was no 

visible damage to the quality or quantity of the crop. 

In 1985 the mite population remained low for the first time and the phyto

seids were qui te numerous wi. th a remarkable but short drop after a Meta

systox application against aphids. 

Conclusion: no acaricide treatments during the last two seasons. See 

table orchard 3. 

ORCHARD 4: (Naturns) Size 4.000 m2

; variety: Golden Delicious on seed

ling; age 20 years; yields: 1984: 25 t/ha, 1985: estimated 20 t/ha. 

Mi tes and predators: Already the first generation of spider mi tes grew 

up in May quickly and we had a still much stronger increase in June, but 

in July also Stethorus punctillum and different species of Orius and 

Anthocoris came up. In the same period the mi tes reached their maximum 

wi th 7 mi tes per leaf. Wi th increasing insect predator numbers ( ca. 80 

per 3 minutes'counts) the mites gradually disappeared. 
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Only in 1985 did a noteworthy population of phytoseids appear for the 
first time in this orchard: up to 40 % occupied leaves. The spider mites 
remained low during all the season. The orchard is situated on a hillsi
te, therefore scab and insect pests were not very dangerous. For the 
treatments see table orchard 4. 

ORCHARD 5: (Lana) Size 2.500 m2 variety: Red Delicious on seedling; 
age: 15 years; yields: 1984: 32 t/ha, 1985: estimated 40 t/ha. 
Mi tes and predators: Toward the end of July we arri ved at 15 mi tes per 
leaf, then the grower decided to apply an acaricide at a reduced dose to 
support the predators. Maybe i t was not necessary because the predator 
population ( Stethorus and anthocorids) increased continuously up to 90 
motile forms per 3 minutes' counts, which should have been able to cope 
with at least 10-20 mites per leaf. The accumulated number of mite days 
per leaf arrived at about 350 toward the end of August 1985. 
There were very few phytoseids in this orchard, possibly, among other 
things, in consequence of the application of carbaryl for fruit thinning. 

ORCHARD 6: (Marling) Size 9.000 m2 variety: Golden Delicious on seed
ling; age: 18 years; yields: 1984: 35 t/ha, 1985: estimated 30 t/ha. 
Mites and predators: In 1983 and 1984 this orchard received each year 3 
specific acaricides plus mineral oil. Nevertheless or perhaps therefore 
the owner continuously had problems with mites. 

In 1985 the grower joined the local working group for integrated plant 
protection. The 7 mite counts during the season showed a rising mite 
population wi th a peak of 15 mi tes per leaf by the middle of July. In 
the same period we had an increasing number of Stethorus and anthocorids 
wi th 70 motile forms by July 23. Then the mi tes diminished to 3 mi tes 
per leaf on August 13. The insect predators went up to 150 per 3 minutes 
counts. These values are an average of 8-10 counts each. 
The mite situation 1985 in this orchard was quite similar to that in the 
orchard No. 5, where an acaricide was applied. But orchard 5 had a 
heavier crop load, grew less vigorously and the predators came a li ttle 
bit later. We think these are important parameters for the growers' deci 
sions what to do against mites. 
In orchard No. 6 until August 13 we arrived at 500 accumulated mite days 
and probably we will get to 550 until the end of the season. 

Discussion and Conclusion 

From these data here presented and other practical experiences with 
integrated control of spider mi tes in the orchards of South Tyrol we 
drew the following conclusions: 
* The natural control of the spider mites P. ulmi and T. urticae by phyto

seids and/or insect predators (Stethorus, Orius, Anthocoris etc.) is
feasible in commercial fruit growing. This has been demonstrated in
dozens of apple orchards in our area supervised and monitored regularly
by the working groups for integrated plant protection since 1983.



Much more apple orchards, not exactly evaluated by their owners, got 

enough predators to suppress the mite population: 

In 1984 about 28 % of the apple orchards in South Tyrol (ca. 3.500 ha) 

were not treated with specific acaricides. For 1985 (a difficult year 

for phytoseids because of many scab treatments) we estimate to reach at 

least the same result. 

The corresponding savings in production costs are about L 450. 000 ( or 

750 hfl)/ha and year or 40 % of the total costs for pest control (labour 

and material) . 

"" The main condition for natural mite control is a judicious use of 

insecticides and acaricides (to save Stethorus and anthocorids) and also 

fungicides (phytoseids). Stethorus appeared in the orchards only with a 

certain number of mites per leaf regardless of the fungicide programme. 

But in our examples they disappeard again after one season. 

Phytoseids seem to be more sensitive to fungicides and have a slower 

build- up of their population. But in most of our orchards they came in 

by themselves after a due reduction of pesticide application. In some 

orchards we had to bring them in wi th occupied shoots taken in other 

orchards (Baillod). So this method was a full success in most cases. 

Phytoseids remained in the orchard for a certain time also wi th a very 

low mite population. 

* The tolerance level can and should be elevated in an integrated frui t

orchard. A certain number of mites per leaf enhances the build-up of a

strong predator population in the same or at the beginning of the next

season. Until 500-600 accumulated mi te days per season we had some

bronzing of leaves inside the trees, but no economic losses in the 

orchards.

The growers - after many negative experiences wi th mi tes - agree to the 

new tolerance levels, also because mites are not direct fruit pests.

* Growers dealing wi th natural control of spider mi tes, wi th phytoseids

and other predators present in their orchards, are very sensitive to the 

fact of toxici ty and the negative side effects of pesticides. They 

reflect very thoroughly upon each treatment, its advantages and 

disadvantages and handle pesticides in their orchards very carefully.

Therefore a reasonable approach to mi te suppression in frui t orchards

has a positive effect not only economically for the grower, but also for

the natural environment and for the apple consumer.

Phytoseids in South Tyrolean fruit orchards and vineyards. 

Amblyseius andersoni 

Amblyseius finlandicus 

Amblyseius aberrans 

Typhlodromus pyri 

Paraseiulus soleiger 



Orchard 1: 

1 9 8 3 

1 9 8 4 

1 9 8 5 

Orchard 2: 

1 9 8 3 

1 9 8 4 

1 9 8 5 

Orchard 3: 

l 9 8 3 

1 9 8 4 

1 9 8 5 

APPLIED PRODUCTS 

Mineral oil 

Pirimicarb 

Diflubenzuron 

Pirimicarb 

Diflubenzuron 

Pirimicarb 

APPLIED PRODUCTS 

Mineral oil 

Pirimicarb 

Chlorpy t'iphos-M 

Diflubenzuron 

Mineral eil 

Pirimicarb 

Chlorpyriphos-M 

Mineral oil 

Ethiofencarb 

Pirimicarb 

Chlorpyriphos-M 

APPLIED PRODUCTS 

Mineral oil 

Pirimicarb 

C y h e x a t i n 

Mineral oil 

Pirimicarb 

Mineral oil 

Ethiofencarb 

Oxydemeton-M 

2 X 

Copperoxychlorid 

Dodine 

Ziram 

Copperoxychlorid 

Dodine 

Captan 

Folpet 

Copperoxychlorid 

Dodine 

Baycor 

Ziram 

Folpet 

Captan 

Copperoxychlorid 

Dodine 

Ziram 

Captan 

Bupirimate 

Copperoxychlorid 

Dodine 

Ziram 

Copperoxychlorid 

Dodine 

z.iram 

Captan 

Captan 

Captan-Zineb 

Ziram 

W. Sulphur

Captan 

Captan-Zineb 

Mancozeb 

Ziram 

W. Sulphur

Captan 

Captan-Zineb 

Baycor 

Triadimefon 

W. Sulphur

2 X 

2 X 

6 X 

2 X 

4 X 

2 X 

2 X 

2 X 

6 X 

4 X 

5 X 

3 X 

3 X 

2 X 

2 X 

5 X 

3 X 

2 X 

2 X 

5 X 

3 X 

2 X 

4 X 



Orchard 4: 

1 9 8 4 

1 9 8 5 

Orchard 5: 

1 9 8 4 

1 9 8 5 

Orchard 6: 

1 9 8 3 

1 9 8 4 

1 9 8 5 

APPLIED PRODUCTS 

Mineral oil 

Pirimicarb 

Mineral oil 

APPLIED PRODUCTS 

Mineral oil 

Pirimicarb 

Diflubenzuron 

Carbaryl 150 g 

C y h e x a t i n 2 x 

Mineral oil 

Diflubenzuron 

Pirimicarb 

Carbaryl 50 g + NAA 

e n z o m a t e 

APPLIED PRODUCTS 

Mlneral oil 

Omethoat 

Azinphos 

2 X 

Bayleton 

Nimrod 

W. Sulphur

Captan 

Metiram 

Mancozeb 

Bayleton 

W. Sulphur

Metiram 

Captan 

Mancozeb 

Copperoxychlorid 

Dodine 

Ziram 

Mancozeb 

Dodine 

Mancozeb 

Propineb 

Ziram 

Captan 

Metiram 

Ziram 

Captan 

C y h e x  a t in Triadimefon 

A z o c y c J o in W. Sulphur 

C y h e x a t i n - B e n z o m a t e 

Mineral oil 

Omethoat 

Diflubenzuron 

C y h e x a t i n 

P r o p a r g y l 

Ethiofencarb 

Oxydemeton-M 

Diflubenzuron 

2 X 

Metiram 

Ziram 

Triadimefon 

W. Sulphur

Metiram 

Ziram 

Dodine 

Dithianon 

Triadimefon 

Bupirimate 

W. Sulphur

3 X 

3 X 

4 X 

2 X 

2 X 

2 X 

4 X 

2 X 

3 X 

2 X 

2 X 

7 X 

6 X 

3 X 

8 X 

4 X 

6 X 

6 X 

6 X 

3 X 

2 X 

6 X 



REFERENCES 

'"'; C 
···./ 

1. ACTA ( 1983). Les actions secondaires des produi ts phytosani taires.

ACTA (5
e 

edition - December), Paris.

2. BAILLOD, M. & A. SCHMID et al. (1982). Lutte biologique contre l'aca

rien rouge en viticulture. II. Equilibres naturels, dynamique des

populations et experiences de lachers de typhlodromes. Revue suisse

Vitic.Arboric.Hortic. Vol. 14 (6): 345-352.

3. BAILLOD, M. & R. SCHLAEPFER (1982). Simplification des controles par 

utilisation de l'echantillonnage sequentiel pour l'acarien rouge (viti

culture et arboriculture). La Defense des Vegetaux, n. 214, mars-av

ril, 1-15.

4. CROFT, B.A. & S.C. HOYT (1983). Integrated management of Insect Pests

of Pome and Stone Fruits. A Wiley-Interscience Publication. John Wiley

& Sons. New York-Chichester-Brisbane-Toronto-Singapore.

5. FAUVEL, G. (1976). Die räuberischen Wanzen in Obstanlagen. In: Nütz

linge in Apfelanlagen, IOBC/WPRS, 125-150.

6. HULL, Larry A. , ASQUITH Dean, MOWERY Paul, D. ( 1977) . The Functional

Responses of Stethorus punctum to Densities of the European Red Mite.

Environmental Entomology, Vol. 6, no. 1, 85-90.

7. OBERHOFER, H. & W. WALDNER ( 1985). Erfahrung mit Nützlingen gegen

Spinnmilben im Obstbau. Erwerbsobstbau, 27, 160-163.

8. OBERHOFER, H. ( 1985). Umfragen über die Schädlingsbekämpfung im Obst

bau. OBSTBAU*WEINBAU, 22, 103-106.

9. PASQUALINI, E., BRIOLINI, G., MEMMI, M. (1982). Indagini preliminari

sul danno da Panonychus ulmi Koch. ( Acarina: Tetranychidae) su Melo

in Emilia Romagna. Bollettino dell'Istituto di Entomologia della Uni

versita di Bologna. Val. XXXVI, 173-190.

10. STÄUBLI, A. (1980). Action secondaire de divers pesticides sur la

faune utile en verger de poiriers. Stat. Federale de Recherches Agro

nomiques de Changins, p. 6.

11. STEINER, H. (1979). Kulturmaßnahmen in der integrierten Pflanzenpro

duktion. In: Proceedings: International Symposium of IOBC/WPRS on

Integrated Control in Agriculture and Forestry. Wien, 8.-12. Oktober

1979. 99-101.

12. VAN DE VRIE, M. (1979). Possibilities for integrated control of Pano

nychus ulmi Koch on apple trees. 4e symposium OILB sur la lutte inte

gree en vergers - OILB, Zürich, 117-128.

13. ZWICK, R.W., G.J. FIELDS & W.M. MELLENTHIN (1976). Effects of Mite

Population 
1
Density on "Newton" and "Golden Delicious" Apple Tree 

Performance . J.Amer.Soc.Hort.Sci. 101 (2): 123-125.



Parathion 

Systox 

Fac 20 
Cloroparacide 
Kelthane 

Gusathion A40 
Tedion 

Eradex 
Morestan 

Endosan 1. 

Karathane 1. 
Folimat 

Fundal, Galeeren. 

MNFA 
Cyhexatin 

Monocrotophos 

Tartan 

Omite 

Acarmate 

Torque 
Amitraz 
Mitrazon 
Neoron 

-E
al: Ovifac I

• .... E 
1111: Ke]thane + Tedion 

IIIE 
• 
-= 

• 
• 
-
• 

-

, •••• ,., 1 .: •••• , •• ��
1950 55 60 65 75 80 85 

Graph 1: Acaricides 1950-1985 



7
0 

eo 

50 

40 

20 

10 

eo 

eo 

30 

20 

10 

Orchard 1: Red Delicious/M 9, 10 years 

1983 1984 

30.,. 31.5, 

50% 

. . . . ...

30.e. 

·····.

31.7. 31
,
8. 30.4. 

Orchard 2: Red Oellcious/seedling, 14 years 

1983 

1 
30.4 

1 
31.5 

.... ,,,.. 
R• 

<C'.. 

1 
30.I 

1 
31.7 

.··· 

1984 

" 

31.S. 

... ·· 

63% 
1985 

30.e. 31.7. 31.8, 30.4. 31.5, 

1985 

... ·· •... ':'!'� .....•..

J., 

Orchard 3: Golden Delicious spur/MMlll, 17 years 

15 1983 

10 l
acarickte 

5 ! ;1' / "e 
40 

-J V 
3 30 

20 

10 

30.,. 31.5. 30.1. 31.7, 31.8. 

1984 
/l! 11 i

52,5 f 

30.,. 

, ·e
i 35 !! 

. i 
1;) . 1

7,
5 

.t 

j .··"": .·· :.·· : .. : 
····· 

31.5. 30.8. 31.7. 31.7, 

1985 

30.4. 31.5. 

70 

SO% 

40 

10 

IQ 

10 

30.1. 11.7. 11.a. 10.9. 

typs 
:···. 

. . .. ···. ,• ·.·· 

,, .. 

-mitea 
••• typfla 
•-• Steth. + Anthoc. 

. .. . ·. . . .. ... . ·.· 

l'O 

00 

eo 

:,Q 

20 

10 

.. 

10 

40 

20 

10 

30.1. 31.7, 31,8, 10.9. 



30 

25 

20 

15 

10 

• 

Orchard 4: Golden Oelicious/seedling 

15 

10 _! 
.... 
0 

.. 
5 -� 

E 

30.4. 31.5. 

•• 80 
I "• 

30.e. 31.7. 31.1 . 

Orchard 5: Red Delicious/seedling, 15 years 

1985 !
105 

·e 17,5 

j

i ,: 52.S 

.! 
C( 
+ 

E 2 

j
17,5 

Cl) 

1.7 18.7 31.7 12.1 31,1 

1985 

-mites 

• • •typhs 

·-· Steth. +Anthoc. 

15 

10 

5 

30 

····· · ·
· · ····

20 

30.4. 31,5. 30.1, 

10 

31, 1. 31.1. 10.e. 

Orchard 6: Golden Delicious/seedling, 18 years 

30 
1985 

25 

5 

11.1 30.9 15.7 

190 

,- ... -, 
,· i 

,· i 

i i 

c -

87,5 

10 

82,0 

17,5 

31.7 13.8 



NATURAL CONTROL OF PANONYCHUS ULMI (KOCH) IN APPLE ORCHARDS 
OF EMILIA-ROMAGNA, ITALY 

Summary 

E. PASQUALINI and C. MALAVOLTA
Institute of Entomology "Guido Grandi" 

University of Bologna, Italy 

In the orchards of Emilia-Romagna, where traditional control techni

ques are used, an average of 2-4 treatments a year are applied againrt; 
Panonychus ulmi (Koch), whereas using integrated control, an average 
of only 1-1. 5 treatments are necessary. This improvement is partly 

due to the predatory activity of Stethorus punctillum Weise (Coleop
tera: Coccinellidae) and partly, but occasionally, to that of other 
predators. This study was carried out in order to ascertain the den
si ty at which S. punctillum is able to control the outbreaks of !'...:_ 
ulmi, and to evaluate the side-effects on the predators of some of 
the active ingredients commonly used. The number of S. punctillum 
needed to control outbreaks of P. ulmi (up to and over 20-30 motile 
forms per leaf) was between O. 22 and O. 67 indi viduals ( larvae and 
adults) per leaf. Pirimicarb, Diflubenzuron and Phosalone proved to 
be selective for the predator; Methomyl was shown to be harmful. The 
acaricides used (Cyhexatin and Fenbutatin) seemed to have no direct 
effect on either the larvae and the adults of S. punctillum. From r� 
cent studies Azinphos-methyl has also proved to be selective for the 
predator in farms where it has been in use for several years. 

Resume 

Dans les vergers de l'Emilia-Romagna, ou l'on applique les techniques 
de lutte traditionnelles 2-4 traitements contre Panonychus ulmi sont 

normalement necessaires, tandis qu'en lutte integree on traite seul� 
ment 1-1. 5 fois chaque annee. La difference est due a l 'action des 

predateurs, surtout Stethorus punctillum Weise (Coleoptera: Coccine! 
lidae); occasionnellement aussi d'autres especes peuvent etre impor
tantes. Avec ce travail, nous nous sommes propose aussi bien de def.!_ 
nir la densite de population de S. punctillum, suffisante pour co� 
tenir les pullulations de P. ulmi, que d'evaluer les effets seconda.!_ 
res sur le predateur de quelques matieres actives communement em
ployees. Le nombre de S. punctillum necessaire pour reduire une pul-



lulation du ravageur (jusqu'a 20-30 formes mobiles par feuille) 

etait 0.22-0.67 individus (larves et adultes) par feuille. Pirimi

carb, Diflubenzuron et Phosalone ont ete selectifs vis-a-vis du 

predateur ; Methomyl, au contraire, a ete toxique. Les acaricides 
employees ( Cyhexatin et Fenbutatin)n' ont donne aucun effet direct 

sur les larves, ni sur les adultes de S. punctillum. D'apres des re

cherches recentes, Azinphos-methyl est aussi selectif pour les pre

dateurs dans des vergers ou ce produi t a ete employe pendant plu

sieures annees. 

1. INTRODUCTION

In Emilia-Romagna, the most important predator of the European red 

spider mite (ERM) Panonychus ulmi (Koch)for the purpose of natural con

trol on fruit trees, is Stethorus punctillum Weise (Coleoptera: Coccinel

lidae) (Pasqualini, 1978). 

Our recent studies show that in apple orchards where traditional co� 

trol techniques are used, an average of 2-4 treatments a year are necess� 

ry against ERM; in those using integrated control, an average of only 1-

1.5 treatments are applied because of the activity of S. punctillum and, 

occasionally, to that of other predators, such as Orius sp. and Phytoseiid 

mites. Active ingredients which have proved to be selective are used in 

order to assist these predators. On the other hand ERM doesn't cause da

mage to the production even if i t reaches peaks of more than 40 motile 

forms/leaf (Pasqualini et al., 1982). 

Phytosei id mi tes haven' t proved to be of any great importance, as 

they have in other countries (Huffaker et al;, 1970; McMurtry et al., 
1970; Jeppson et al., 1975), at least during the spring and early summer. 

During this period these predators are severely affected by the chemical 

treatments carried out to control insects and fungus diseases. 

The aim of recent studies has been to establish the population den

si ty of S. punctillum ( cri tical densi ty) that allows a good control of 

the pest. In this way, it wculd be possible to recommend acaricide treat

ments not only on the basis of the density of P. ulmi (as is the current 

practice in supervised contrnl) but also on the basis of the prey/preda

tor ratio. 

During this study, the effecti veness of various acaricides and in

secticides were thoroughly investigated, the result being based on their 

negative effects on S. punctillum (larvae and adults). 

2. il!ATERIALS AND METHODS

This study was conduced in three different apple orchards, si tuated 

in a typical fruit-growing region. The trials were carried out on plots 

of Stark Delicious apple trees; of about 1 ha. The average age of the or-
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chards, trained as palmette, was about 12 years. In each of the three 

test orchards, four treatment policies were compared, i.e.: 

A 
B 
C* 
D* 

Treatments 

Insecticides 

NO 

YES 
YES 
YES 

Acaricides 

NO 

NO 

YES 
YES 

* These treatment policies differ in the
different insecticides used.

In practice, two phenomena could be observed in A and B plots: the 

population intensity of P. ulmi and S. punctillum in the absence of acar! 
cides treatments, and the density at which the predator is able to con
trol the pest. In the other plots, we were able to observe the side ef
fects on S. punctillum of the active material used. 

In each orchard, sampling was carried out weekly from April to Sep
tember. Two hundred leaves per plot were collected, keeping count of the 
percentage of leaves occupied by one or more motile forms of ERM (Bassino 
et al. , 1973) , and the number of the larvae and adult indi viduals per 
leaf, for the predator ( Putman and Herne, 1958; McMurtry and Johnson, 
1966). 

In order to establish the critical density of S. punctillum (i.e. at 
which the controlling action on the mites begins) the density on the lea
ves was noted at the moment in which the population was just beginning to 
decline, that is, after each maximum infestation value. 

3. RESULTS

The number of S. punctillum (larvae and adults) needed to control 
ERM infestations of 20-30 motile forms/leaf ranged from a maximum of 67 
to a minimum of 22 individuals per 100 leaves. 

With a linear regression between the time (X) in days from June 1st 
to August 30th and the critical density (Y) of the predator, the equation 

Y = 126.6 - 0.877X (P = 0.045) 

was obtained. 

The acaricides used in this study were Cyhexatin and Fenbutatin. Nei 
ther of these had negative effects on S. punctillum. The predator, howe

ver, always remained at a reduced density because most of the prey was e
liminated. 

The insecticide products for which we can provide information are: 



Pirimicarb, Diflubenzuron, Phosalone and Methomyl; i t is impossible to 

draw any conclusion for Methidathion and Trichlorphon. 

Pirimicarb had practically no effect on the predator, nor did Diflu

benzuron or Phosalone. Methomyl did, on the other hand, prove to be harm

ful for S. punctillum as we have already seen in previous studies. 

Besides, the a.i. Azinphos-methyl, has proved, in recent unpublished 

studies, to be partially selective towards the predator in orchards where 

it has been in use for several years. 

4. CONCLUSION

The cri tical densi ty of S. punctillum ( larvae and adul ts) able to 

control ERM decreases as the season advances, ranging from 67 to 22 indi

viduals per 100 leaf. This value is higher at the beginning of the season 

and lower in summer. This is probably due to the fact that all the indi

viduals of the first generation of the predator remain on the apple tree 

as the prey is abundant. Natural control of these primary infestations is 

therefore possible and is largely the resul t of first generation larval 

activity. However, it can be obtained only over a relatively long period 

(about 30 days after reaching the threshold: 60% of infested leaves). 

This is in relation to the biological cycle of the insect which is cha

racterized by a late start and modest performances of overwintering adults 

and by a pause between their acti vi ty and that of the first generation 

larvae. 

In the case of isolated summer attacks or of a second outbreak of 

the pest, the predator, probably already present in greater quanti ties 

than after overwintering, is able to control the infestation in a short 

time (10-15 days) with fewer individuals per leaf (about one third). In 

this case, the activity of the adult predators starts immediately and is 

more important than in spring. 

As the population density of ERM in both treated and untreated plots 

was more or less the same, i t is possible to conclude that acaricide 

treatments could, in many cases, be eliminated. This could probably be 

achieved by facilitating the development of S. punctillum, using selecti

ve insecticide and fewer acaricides, or by completely avoiding the use of 

the latter until well into the first half of June, or even later. This in 

order not to deprive the predator of its main food supply at a time in 

which the pest, in any case, causes no damage. 

This research is being continued with the aim of establishing an eco 

nomic threshold based on the prey/predator ratio and the real damage cau

sed by ERM (that we think is over-estimated at present). 
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Summary 

CONTROL OF THE RED SPIDER MITE PANONYCHUS ULMI 

BY TYPHLODROMUS PYRI. SOME DETAILS. 

S. JOHNSEN and E.W. HANSEN
Department of Zoology

Royal Veterinary and Agricultural University 
Copenhagen 

Experiments in a Danish experimental orchard in Tästrup, Zealand showed 
that the phytoseiid Typhlodromus pyri can control Panonychus ulmi on 
apple under danish climatic conditions. The experiments also demonstra
ted some unexpected details of the interactions between the two species. 
Control of the spider mite mainly was due to predation in the period 
where the wintereggs were hatching and shortly thereafter and to a les
ser extent shortly before leaf-fall. In mid-summer, growth of the prey
population on the trees with predatory mites was as fast as on the 
trees without. 

Introduction 

In several countries around the world T. pyri and other phytoseiids 
have proven efficient in control of a great-number of spider mite species 
on different crops. Some phytoseiids are highly specific spider -mite preda
tors (e.g. Phytoseiulus persimilis) while others, among them T. pyri, are 
known to feed on several

„ 

other subjects such as other mi tes, pollens, honey
dew, micro-fungi and even leaf-sap. 

Kennet et al. (19791 have demonstrated that windborne pollen can be of 
great importance for the growth of a phytoseiid population. Mathys (1956) 
states that leaf-sap is a main food-source for T. pyri anct predation on the 
red spider mite is most extensive before the leavesare unfolded because of 
the lack of leaf-sap as food! 

Materials and methods 

In ,June 1983 600 specimens of T. pyri. were released on each of 5 trees. 
Other 5 trees were left without predatory mites. All 10 trees were of diffe
rent Russian and Ukrainean varieties. The trees were sprayed with fungicides 
non-toxic to T. pyri when needed. Development of the populations of spider
and predatory-mites was followed in the seasons 1983 and 1984. Every fourt
night 24 leaves were collected randomly f'rom each tree and the mites were 
ccunted under dissection-microscope. For both species numbers of eggs, 
larvae/nymphs and adults were made up seperately. In the 1984-season active 
stages of the apple rust mite Aculus schlechtendali were counted too. 
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Figure 1. Densities of the prey species (P. ulmi and A. schlechtendali) 
and Typhlodromus pyri on non-release (���) and release- (--------) 
trees. Logarithmic scale. 



Results 

In the experiments P. ulmi was controlled on very low levels (0. 1-1 
individual per leaf) and-T. pyri reached extremely high densities of 10- 12 
individuals per leaf at the end of the 1984-season. 

It was shown that from the end of September 1983 onwards the spider 
mite population on the trees on which T. pyri had been released (release
trees) was greatly (and significantly)-reduced, compared to the non-relea
se-trees (fig. 1A). 

Weather-conditions in Denmark were highly different the two years. 
The summer 1983 being extremely hot and dry and the 1984-summer being very 
close to normal. 

These different conditions are not reflected in the development of the 
T. pyri-population which was highly concordant in the two seasons (fig.1B).
The population starts a rapid growth at the end of July and the shape of
the growth-curve is very much alike in the two seasons.

From figure 1A it is also seen that the reduction of the spider mite 
population on the release-trees compared to the non-release-trees occurs in 
the autumn 1983 and even more distinctly between the end of the season 1983 
and the 1984-season (the first sample in 1984 was taken 4.6. which was about 
a week after hatching of the spider mite wintereggs was ended). A sample of 
wintereggs in April demonstrated that this reduction not was caused by pre
dation on the wintereggs. 

Through June 1984 growth of the spider mite population on the release
trees was inhibited, but after this period until mid of September this po
pulation grew as (or even more) vigorously as its counterpart on the non
release-trees. This appears from the slightly more steeply growing tendency 
of the lower curve in figure 1A. 

The apple rust mite also was controlled at quite low levels by T. pyri 
but through the entire 1984-season the growth rate of the population-on the 
release-trees was greater as of the population on the non-release-trees. 
(fig. 1C). 

Discussion 

From these observations the question arose: had T. pyri not at all been 
predating on the spider mites (and the apple rust mites) from about July un
til mid of September? 

This question causes another: what have the predators fed on in this 
period, where the population was growing very rapidly and indeed did thrive 
excellently (the mites were well-fed and laid lots of eggs) . 

28.7, 19.8. 30.8. � 28.9. 13.10. 

a) non-release 43.2 38.5 22.8 35.9 58.9 65.1 
1983 

b) release 29.2 19.0 14.7 23.0 34.7 15.9 
b/a 0.7 0,5 0.6 0.6 0.6 0.2 

30.7, 13.8. 27.8. � 2.10. 

1984 
a) non-release

b) release

34.1 16.8 19.2 44.7 57.4 

29.1 15.4 6.0 1) 40.3 25.0 
b/a 0.9 0.9 0.3 0.9 0.4 

Table 1: Percentages of the young Spider mites out of the total spider mite
population on the non-release and the release-trees. Figures have been cal
culated only for those dates where more than 15 individuals could be found 
in the _samples from the release-trees. l) This low figure is caused by un
usal high numbers of eggs in the sample. 
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In fact some predation on the spider mites could be demonstrated. It is 
well known that _!. pyri prefers young stages of P. ulmi (Vrie, 1973). 
A calculation (tab. 1) of the percentages of young spider mites of the total 
spider mite population (eggs + youngs + adults) clearly showed that the por
tion of youngs was reduced on the release-trees compared to the non-release
trees. The calculation also confirmed that predation was especially exten
sive just before leaf-fall in October. 

Though some predation on the spider mites could be demonstrated in this 
way, the other question,concerning what the predators have fed on in this 
period,could not be answered fully. From informations in the literature about 
T. pyri's demands for prey (spider and rust mites) (Chant, 1959), theoretical
reproductive rates, "r", which the prey-populations should have had to be
able to deliver a surplus big enough to feed the predator population, could
be calculated. This was done by setting in numbers of prey and predators
found in the same sample in the formula

r= ln{number predators x demand for prey + number prey) - ln number prey
1 day 

These rates reached very unrealistic values of 0.3 - 0.5 individuals 
per individual per day. 

This means that it can not be answered clearly what has been the main 
food-source for T. pyri in the period July - mid September 1984. As other 
prey animals than spider- and rust mites were virtually absent, it seems 
that the possible answer may be one of the following or a combination of 
some of them: 

a) Under field-conditions T. pyri has a much lower demand for prey
than noted in the literatu�

b) T. pyri is able to reproduce vigorously by feeding on leaf-sap
and getting a small amount of prey

cl In the mid-summer T. pyri has mainly been living from pollens 
(micro-fungi hardly w�present because of fungicide-sprays) 

The authors consider the possibilities b) and c) to be more likely of 
the three. The possibility that pollens causes the high predator-densities 
in August-September is beeing examinated in the 1985-season. 

A possible way to interpret the observed development of the spider mite
and the T. pyri-population and their interactions could be: the predators 
have an extended preference for young stages of P. ulmi. In the autumn these 
1-;ere relative numerous and in the spring they ha tch--rn-great numbers from the 
wintereggs. In these periods the prey was so numerous that it was "worth sear
ching for it". Furthermore, in these extremes of the season, there is no 
augmentation of adults which can reproduce and thereby compensate for the pre
dation. At the same times the predator-population was very big. In the mid
period of the season the prey was so scarce that the "predators" mainly took 
(searched for} other food, which may have been pollens and/or leaf-sap. 

Resume 

Des experiences faites dans une plantation experimentale danoise ont montre 
la Phytoseiide Typhlodromus pyri qui. controlai t l 'acarien rouge { Panonychus 
ul:�ii a des densites tres basses. En meme temps les densites de Typhlodromes 
y �taient exceptionellement elevees. Le controle resultait surtout de preda
tion pendant la periode d'eclosion des oeufs d'hiver des acariens rouges et 
avant la chute des feuilles. En ete la densite d'echeange etait si basse 
qu'il etait impossible que les Typhlodromes avaient pu en vivre exclusive
ment. On suppose que, au lieu de cela, ils ont vecu de pollen et/ou de seve 
d<: feuilles. 



CONSIDERATIONS ON AND I1ETHODS FOR GENETIC IMPROVEMENT OF THE PREDA
TOR MITE TYPHLODROMUS PYRI (ACARINA:PHYTOSEIIDAE) BY ARTIFICIAL SE
LECTION WITH SYNTHETIC PYRETHROIDS IN THE LABORATORY OR GREENHOUSE. 

Summary. 

E.W. HANSEN and S. JOHNSEN 
Department of Zoology 

Royal Veterinary and Agricultural University 
Copenhagen, Denmark. 

The future use of the predator mite, Typhlodromus pyri, to control 
the fruit tree red spider mite, Panonychus ulmi, in Danish commer
cial apple orchards, most likely depends on the development of a 
strain resistant to the synthetic pyrethroids. The reason for this 
is that cheap selective insecticides, nontoxic to T. pyri, in the 
nearest future probably will not be accessible to the growers and 
furthermore the growers use of synthetic pyrethroids, toxic to 
T. pyri, is increased.
In this paper two methods to develop a resistant strain of T. pyri
is discussed. Under lab, conditions culture-arenas with T. pyri
could be sprayed in a Potter Precision Laboratory Spray Tower. In
a greenhouse T. pyri could be kept and sprayed on Prunus seedlings
where P. ulmi and Aculus fockeui is food.

1. 1 Introduction.

The predator mite, Typhlodromus pyri, is very important in commercial 
apple orchards in great parts of Europe, because it can control the fruit 
tree red spider mite, Panonychus ulmi. 

T. pyri can also control P. ulmi in Danish apple orchards, as trials
in 1983-84 has shown (Johnsen & Hansen, this bulletin). 

In Denmark and many European countries, the use of synthetic pyret
hroids (SPs) to control insect pests has increased, and SPs probably will 
replace the traditionally used OP compounds in the orchards. 

The use of SPs will be antagonistic to the biological control of P. ul
mi by T. pyri, as all the common used SPs are very toxic to the predator 
mite (Gruys, 1979, Cranham, 1982), 

No strain of T. pyri resistant to the SPs has until now been found or 
developed in Europe, but in New Zealand work is in progress to develop a 
SP-resistant strain (Hoy, 1985, Markwick, pers. comm.). 

A SP-resistant strain of T. pyri can either be developed artificially 
or imported from New Zealand. This could be a way to ensure effective pre
dator mites for control of P. ulmi in commercial apple orchards. 

Artj_f.icial developrnent of a resistant T. pyri strain in the laborato
ry or greenhouse demand easy and effective culture methods and selection
methods.The authors have developed a culture-arena which probably can be 



used in a program to develop resistance in T. pyri to synthetic pyre� 
throids. Furthermore some considerations have been done on artificial 
selection for resistance in a greenhouse. 

1.2 Genetic improvement of T. pyri�

Figure 1 show the steps which could be involved in the genetic im
provement of T. pyri. In the following these steps will be discussed. 

I Collection T. pyri for stock cultures. 

II Rearing in lab.-cultures or greenhouse. 

III Determination of base-line. 

IV Selection program in lab. or greenhouse. 

V Analysis of genetic basis of resistance. 

VI Evaluation of fitness. 

VII Evaluation of pesticide field tolerance and predator ability. 

VIII Mass-rearing and distribution. 

Figure 1. A sequence for development of a strain of Typhlodro
mus pyri resistant to synthetic pyrethroids. 

Step I. Collecting T. pyri for stock cultures. 

It is nescessary to collect many specimens of T. pyri for a stock 
culture as the initial frequency of resistance-genes is very low. If 
T. pyri is collected from many different plant species, we assume that
it is possible to find genes for a broader spectrum of detoxifying en
zymes, and genes for other resistance mecanisms as well. The reason
is that T. pyri consume both plant juices and many different prey spe
cies (Chant, 1959), and probably this varied diet contains many sub
stances that the predator mite must detoxify (Strickler & Croft, 1985).
Furthermore, collection of predator mites close to SP-sprayed areas
may increase the probability of getting genes for resistance.

T. pyri has in Denmark been found on 25 different plant species
(Hansen & Johnsen, 1985, in press.). 

The predator mites are transferred from leaves to the culture-arena 
(fig. 2.). The culture-arena developed by the authors is very handy and 

hole in u,ax -------- 

upsite down petridish 

lid of petr idish 
(upsite do111n) 

w fibres of cotton --.,.�� 

\ ngle-trap barrier 
layer of black 

'1 
· Filter paper 

l \ _ layers of 
1 1 

G= 

filter paper 

\ r----- wick of cotton ---

1 _ ,.,.. .1 
wax -----

Fig. 2. The cul
ture-arena in 
side view and 
seen from above. 



it can accomodate many specimens (at least 250). Furthermore, Lreatment 
in a Potter Precision Laboratory Spray Tower can be done by spraying the 
culture-arena directly.The culture-arena consists of a petridish placed 
upsite down (0 = lo centimeter) with a lid. Between petridish and lid is 
placed many layers of filter paper. The uppermost layer should be black 
so that the mites are distinct on the glass. EvapcJration is re<.luced by a 
sealing of wax between the petridish and the edge of the lid. Water is 
added to the culture-arena through the hole in the wax. A hole in the 
middle of the upper glass filled up with cotton in contact with the wet 
filter paper provides continually supply of drinking water for the mites. 
Cannibalism is reduced with a shelter made from a few fibres of cotton 
adhered to the glass. Pollen from Vicia faba is given as food twice a 
week. The culture-arena should be held at about 75 % relative humidity and 
temperatures between 2o-25"C. Diapause is prevented with a 16-18 hour 
light: 6-8 hour dark cyclus. 

The predator mites showed very high rate of increase (o.o7 indivi
duals per individual per day) in the culture-arenas. This is approximate
ly twice as high as previously found (Overmeer, 1981). An explanation 
for these high increase rates is probably that very little cannibalism 
occur. This is because eggs and larvae reside in the cotton-fibre above 
the arena surface. In the cotton they are not predated by adults and 
nymphs that walk around on the arena surface. Obviously the high rates 
of increase will be an advantage in the selection program, because the 
numbers of selections per year can be increased. 

Very often other phytoseiid species (e.g. Amblyseius finlandicus) 
are introduced to the cultures in the collection phase. These other spe
cies cause serious lasses of T. pyri. Therefore these are removed by use 
of a fine brush. 

Step II. Hearing T. pyri. 
Step II involves rearing of T. pyri in the culture-arena described 

or in a greenhouse to get genetic variability. The greenhouse culture can 
be established by release of T. pyri from the culture-arenas to Prunus 
seedlings (e.g. P. cerasifera or P. insititia) infested by P. ulmi and 
Aculus fockeui. Collyer (1958, 1964) found that this system provided good 
conditions for greenhouse rearing of T. pyri. Both prey species have a 
natural high tolerance to SPs (Easterbrook, 1982, LienK et al. ,1978, 
Cranham & Easterbrook, 1984), so prey should not become scarce because 
of spraying. The greenhouse should be heated and illuminated in winter 
to prevent diapause of mites and plants. In this way selection can con
tinue during winter. 

Step III. Base-line determination. 

Before start of selection a base-line (dose-response curve) should 
be determinated. The slide-spray method described by Cranham & Easter
brook (1984) can be used for adults, but probably not for larvae and 
nymphs, because their sheet and skin are too fragile. Other methods 
must be used far selectirig of nymphs and larvae e.g. the culture-arena. 

Preliminary test with the culture-arena has shown, that the LC90
for permethrin is approximately 80 ppm. for adult mites and somewhat 
lower for immature stages. 

Step IV. The selection program. 
This step involves alternately spraying the animals with a SP and 

rearing. The optimal selection pressure for development of resistance 
in the phytoseiids is not known. Therefore, different selection pressu
res e.g. 1, 5, la, 25 % survival should be tr-ied. We sugµ;est that all 
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life stages should be selected both seperately and together. This will 
provide knowledge about selection procedures and processes in the phyto
seiids. Maybe treatment of different life stages will give quicker resis
tance. This is because different life stages may have different resistan
ce rnecanisms. 

Preliminary test with the culture-arena has shown some drawbacks. Due 
to repellency of pyrethroids (here perrnethrin) sorne of the mites (especial
ly the adults) were caught in the tangle-trap just after spraying. The loss 
of predator rnites i.n the tangle-trap was never more than 25 %. In this way 
selection will be against ability of the predator rnites to detect synthe
tic pyrethroids, but the selection pressure is low, so that it is assumed, 
that it will not have any impact to the behavior of selected mites. 

In the Potter Tower it was found, that the normally used volurne of 
2 rnl emulsion resulted in a arena too wet for the mites (sorne drowned). 
In order to avoid drowning rnites, this arena type is only treated with a 
volurne of 1 ml emulsion. 

As the base-line is based on susceptibility within 48 hours (or less) 
the selected mites should after spraying be removed to non sprayed cultu
re-arenas. 

In the greenhouse an electric spray gun can be used for treatment with 
the insecticide (SP). This produces a uniform pesticide cover on the Pru
nus leaves which ensures hornogeneous individual dose. 

To rninirnize the effect of genetic drift,not less than loo specimens in 
each selection line should survive each application (Hoy, 1983). To main
tain genetic variability and fitness in the cultures between selections, the 
cultures can be held at cyclic temperatures and the predators can be stres
sed by giving pollen at varying availability (Hoy, 1983). Also, to rnaintain 
the association of the predators to their natural prey, P. ulrni and Aculus 
slechtendali should be given occasionally. 

A discrirninatory dose test before each selection will show whether the 
same dose can be used as for the previous selection. When survival raises, 
a dose-response curve should be determinated. 

Step V. Analysis of.the genetic basis of resistance. 
When sufficient resistance to an SP is obtained, the genetic basis of 

the resistance should be analysed. This is irnportant when a release stra
tegy is planned (Hoy, 1985). 

If polygenetically determinated resistance is found, it will at time 
of release be important to eradicate natural present or incoming suscep
tible·T. pyri. This is done with one to several applications of the SP in 
question. This is because the resistance induced is lost when interbree
ding occur (Hoy, 1985). 

Step VI. Evaluation of fitness. 
Laboratory and small field trials on apple should be carried out to 

evaluate the fitness of the improved strain. Survival, reproduction, sex 
ratio and diapause should be evaluated (Hoy, 1985). 

Step VII. Evaluation of pesticide field tolerance and predator ability. 
If fitness is good,large scale field trials on apple should be made. 

This means evaluation of the i.nfluence of a complete commercial spray 
prograrnme to the resistant strain and evaluation of efficiency of the pre
dator mites to control P. ulrni. The release strategy planned (step V) 
should be followed. 

Step VIII. Mass-rearing and distribution. 
If the resistant strain developed fulfill the menthioned prerequ1s1-

tes mass-rearing and distribution to growers can follow. Probably inunda-



tive release will meet the growers demand for an effective spider mite an
tagonist. Of course this demand an effective mass-rearing where large num
bers of the improved strain are produced. Mass-rearing on Prunus seed
lings in greenhouse may be possible. 

Before sta�t of a program as the described, it should be looked for if 
SP-resistance in T. pyri could be found in other areas of the world. Import 
from New Zealand, where selection for c:ypermethrin-resistance in T. pyri is 
in progress (Hoy, 1985) could be a way to get SP-resistant T. pyri in Da
nish apple orchards. Import and establishment in England of resistant (to 
OP compounds) T. pyri from New Zealand has been achieved (Cranham, 1982). 
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Resume. 

L'emploi de l'acarien pr&dateur Typhlodromus pyri dans la lutte con
tre l'acarien rouge Panonychus ulmi dans les ·vergers de pommiers danois 
ne parait envisageable 1 l'avenir qu' avec la selection d'une souche re
sistante aux pyrethroides de synthese. En effet, les producteurs ne dis
poseront bientot plus d'un acaricide bon marche non-toxique pour T. pyri 
et ils emploient de plus en plus les pyrethroides de synthese tres toxi
que pour T. pyri. Deux methodes permettant de selectionner des suoche de 
T. pyri resistantes sont presentes dans cet article. Au laboratoire, les
cultures de T. pyri sont aspergees � l'aide ct'une tour ct'aspersion de
Potter. En serre, T. pyri est maintenu et asperge sur des pousses de Pru
nus o� il se nourrit de P. ulmi et Aculus fockeui.
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NATURAL CONTROL OF RED SPIDER MITE IN ENGLISH APPLE ORCHARDS 

Summary 

M.G. SOLOMON
East Malling Research Station, 

Kent, England. 

A key component of IPM on apple in England is the regulation of 
Panonychus ulmi by pred.ators. lt is possible to use a programme of 
selective pesticides that allows predatory insects and p.hytoseiids t-o 
survive. However, an OP-based programme, in whi-ch the only pr·edators 
to survive are O.P-resistant Typhlodromus �. is more attractive to 
commercial growers. In areas where resistant :!'.· � -do not colönise 
naturally they can be introduced artificially. A treatment de·cision
making index is proposed, bas.ed on numbers of .P. ulmi and :!'.· pyri. 

Selective pesticide programme 

As in many apple growing regions of the world, a key component of IPM 
in England is the regulation of the red spider mite Panonychus ulmi by 
predators. On unsprayed apple trees many predatory insects and mites 
attack f_. ulmi, and a selective insecticide programme will allow the 
survival of some of these. A programme based on pirimicarb for aphid 
control anrt diflubenzuron against lepidopterous larvae, applied when 
treatment thresholds are exceeded (fig 1) is generally compatible with the 
survival of sufficient mirids, anthocorids, and phytoseiids to maintain 
effective control of P. ulmi in most years. (Easterbrook et al 1985) 

Red spider mite, 
Panonychus ulmi 

Aphids 
Lepidopterous 

larvae 
Mildew, scab 

Selective Programme 

Predatory insects 
(mirids, anthocorids) 

+ Typhlodromus pyri
Pirimicarb

Diflubenzuron 

Non-acaricidal 
fungicides 

OP-based Programme 

OP-resistant 
T.�

OP
OP ( or carbaryl) 

Non-acaricidal 
fungicides 

Fig. 1. The means of controlling the major pests and diseases under two 
different IPM programmes. 



If a programme of this kind is introduced in an orchard, these 
predators have generally colonised the orchard within the first season 
(Solomon 1982). Anthocoris nemorum and A. nemoralis are the anthocorids 
most commonly found in such orchards, and the mirids usually found are 
Blepharidopterus angulatus, Atractotomus mali, Phytocoris spp., and 
Pilophorus perplexus. Alder (Alnus spp.) windbreaks represent a source of 
some of these predators close to most apple orchards. Anthocorids and 
�- angulatus are often abundant on alder, where they feed mainly on aphids 
and leafhoppers. In August the aphid numbers decline, and the predators 
then tend to leave the alder and colonise nearby apple orchards (Solomon 
1981). A disadvantage of these predatory insects as a regulating mechanism 
for f_. ulmi is that their numbers are reduced to a very low level when prey 
numbers are low. !'._. ulmi, with four or five generations per year, can then 
increase rapidly, whereas the univoltine mirids cannot respond numerically 
to this increased food supply until the following season. 

The other important predator to colonise orchards when a selective 
pesticide programme is introduced is the phytoseiid mite Typhlodromus P..ZE.i, 
This predator can survive when f_. ulmi numbers are low by feeding on otl1er 
phytophagous mit es such as eriophyids and tydeids. In addition, '.!_'. pyri is 
able to respond rapidly to increasing !'._. ulmi because it passes through 
about four generations per year, and is thus better able than the predatory 
insects to maintain a stable relationship with P. ulmi. 

OP resistant phytoseiids 
Within the past seven years !· pyri has been found to be surviving in 

some orcllards in South East England in which organopllosphate (OP)-based 
programmes were being applied (Solomon and Fitzgerald 1984). Laboratory 
tests on the !· pyri from some of these sites have shown that they have a 
high level of resistance to some OPs and to carbaryl (Cranllam et al 1984, 
Kapetanakis and Cranham 1983). This resistance does not extend to all OPs; 
dimethoate in particular remains toxic ( Cranl1am and Solomon 1981) . The 
major groups of pesticides that are toxic to these OP resistant predators 
are the synthetic pyrethroids and sorne fungicides. 

This development of OP reslstance has made possible a different, less 
selective, approach to IPM in orchards, in which OPs can be used for the 
treatment of most of the insect pests, leaving resistant !· pyri to survive 
and regulate ):'.. ulmi (fig 1). The only significant restriction of choice 
of pesticides is the avoidance of synthetic pyrethroids and acaricidal 
fungicides. 

This approach to the rnanagement of orchard rnites is generally more 
attractive to growers than is the very selective pesticide approach, 
because it uses j_nsecticides with which they are farniliar, which are 
relatively inexpensive, and which are broad spectrurn in their activity and 
so involve no extra risk of the build-up of minor pests. Thus this 
approach is being adopted by an increasing number of growers, and has 
usually been followed by the build-up of OP-resistant '.!'.· pyri, with the 
consequent removal of the need to apply acaricides in most years. 

Fig. 2 illustrates the results of rnite sarnples taken in 1984 in two 
typical cornmercial orchards where the pesticide programrnes are based on 
OPs, carbaryl, and non-acaricidal fungicides. In orchard 1 this programme 
had been introduced in 1983; one acaricide application was required to 
reduce !'._. ulmi in 1984, after which the predator : prey ratio was 
satisfactory. In orchard 2, where the prograrnme had been introduced in 
1982, !· � regulated ):'.. ulmi at a satisfactory level during 1984 without 
the need for an acaricide application. 

In a survey of 43 orchards in South East England,!· pyri was found to 
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Fig. 2. Mite numbers in two commercial orchards where OP-resistant T. pyri 
are present. 

be distributed according to the insecticide programme used (Solomon and 
Fitzgerald 1984). A non-acaricidal fungicide programme was used in all 
cases. In 90% of the orchards where an OP (excluding dimethoate) programme 
was used, !· pyri was present, averaging 41 mites/100 leaves. In the 
orchards where synthetic pyrethroids were used, !· pyri averaged less than 
one/100 leaves, and were probably present only because of incomplete spray 
coverage. Orchards where the programme included dimethoate occupied an 
intermediate position, with an average of 4 T. pyri/100 leaves. 

Artificial introduction of phytoseiids 
In the areas where OP resistant !· pyri do not colonise naturally when 

a suitable pesticide programme is introduced, they can be established 
artificially. !· pyri have been mass-cultured at East Malling Research 
Station on apple rootstock plants grown in rows as hedgerows. (Solomon and 
Fitzgerald 1984). Shoots cut from these plants can be transported to an 
orchard and distributed into every tree, or in a pattern of trees through 
the orchard. Once established in an orchard in this way, it is likely that 
the predators will spread to other orchards in the area. The procedure is 
not envisaged as being necessary in all the orchards in a particular area, 
but rather as a means of artificially enhancing the natural spread by 
providing new foci from which colonisation of further orchards can take 
place. 

Monitoring and thresholds for mites 
It is necessary to monitor f.. ulmi .in an orchard where IPM is being 

applied, and decisions on acaricide application can be made on this basis 
alone. It is, however, preferable to base decisions on a knowledge of the 
abundance of !· pyri also, in which case some kind of model or decision 
making index is required. Because of the difficulties of obtaining an 
accurate estimate of mite numbers, and the patchy distribution of mites 
often found in orchards, a simple and robust model is required. Fig. 3 
illustrates a proposed decision making index. 
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Fig. 3. Decision-maldng index. baeed on relative numbers cf P. ulmi and 
!· pyri.

The "likelihood of control" line in a relationship of this kind is, within 
limits, likely to be straight, depending only on the predator : prey ratio. 
It is possible to use this line as the treatment threshold (e,g. Cr�ft 
1975). In the model proposed here however, (fig 3) the gradient of the 
treatment threshold line is increased with increasing f. ulmi density. 
This is partly because when f. ulmi numbers are high, more damage per day 
is being done to the leaves during the time that the spider mites are being 
reduced by the predator, but also because of the increasing seriousness of 
making a wrong decision, or the decreasing chance of trimming the system, 
i.e. applying further treatment. This is to say, with higher f. ulmi
numbers, the likelihood of damage occuring before further treatment can be 
applied is greater. The model takes account of this by increasing the
threshold predator : prey ratio at higher prey numbers.
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ON THE FRINGES OF NATURAL SPIDER MITE CONTROL 

L.H.M. Blommers & W.P.J. overmeer
Experimental Orc/Jard De Sc/Juilenburg (Research Institute tor Plant 

Protection), Kesteren & 
La/Joratory tor Experimental Entomology, University of Amsterdam 

T/Je Net/Jerlands 

Summary 
Natural control of the red spider mite and apple rust mite by 
Typ/Jlodromus pyri has become a practical possibility in apple orchards 

in Western Europe. The general conditions for successful implementation are 
rather well established. Here some observations are presented which touch 
on the margins of the system; the interference of other phytoseiid mites, 
and the limits of pesticide tolerance. 
When Typ/Jlodromus pyri is not released deliberately, there is little 
chance that this species will become numerous in an apple orchard. A 
dominance of such species as Amblyseius poteotillae or A. finlandicus 
is more likely to occur, and results in inferior, or even insufficient, natural 

control of the phytophagous mites. However, a greater tolerance of T. pyn 
to some pesticides permits the selective elimination of the other species 
and may promote T pyrl 
Occasional observations have shown that the tolerance of 1. pyri to 
pesticides may be different on various apple varieties. Hairiness of leaves 
is probably one factor, which also would explain why natural spider mite 
control is more vulnerable on pear than on apple. 
Finally, the toxicological responses of T pyri to three concentrations of 
various pesticides in a standard residue test are presented. The comparison 
made with field data stresses the importance to establish 
dosage-mortality lines for T pyrl 

lntroduct ion 

The predacious mite Typ/Jlodromus pyri Scheuten (Acarina: Phytoseiidae) 
is the major factor held responsible for the natural control of fruit tree red 
spider mite ( Panonyc/Jus ulmi(Koch), Tetranychidae) and the apple rust mite 
( Vasales sc/Jlec/Jtendali (Nal.), Eriophyidae) in apple 1PM throughout 
western Europe (Gruys, 1980;Cranham & Solomon 1981, Baillod, 1984). This 
species occurs naturally on a wide variety of woody plants, including pear and 
grapevine. lt is not particularly abundant in neglected orchards, but when it 



is weil established in commercial plantings, phytophagous mites cease to be a 
pest (Gruys, 1982). Understandably, the feasibilities of deliberate (initial) 
release of this predator and subsequent avoiding of spraying materials noxious 
to it, are major practical issues (Baillod and Oberhofer ,this Symposium).ln 
this paper, we present some less usual experiences with phytoseiids in Dutch 
orchards. 

- What happens if an orchard is not supplied deliberately with T pyri at
the start of IPM? ls one dependent on this species, as other phytoseiid species 
find also a suitable habitat in Dutch orchards? 

- Usually, simple field tests are used to establish the selectivity Ue.
safety towards T pyri ) of pesticides under orchard conditions.Accidental 
observations indicate, however, that results are influenced by varietal 
differences of the apple tree. 

- Finally, differences in susceptibility levels between target pest and
beneficial arthropod define the selectivity of a compound. Some data are 
shown, illustrating the importance of determining susceptibility levels 
instead of the response to one fixed concentration. 

Predator fauna 

Apple trees provlde a sultable habltat for several phytoselid species (a.o. 
Karg 1982 ). Amblyse/us tlnlandlcus (Oudemans), A. potentll/ae Garman 
and Typ/Jlodromus t///arum(Oudemans) are often more common than T pyn 

in neglected Dutch orchards (Van Tienhoven, Den Houter & Cramer, intern. 
report). Here, two examples are presented of well-kept 1PM orchards, where no 
effort was made to introduce T pyrl at the start of 1PM (cf. Trapman & 
Blommers, 1985) . 

� 

Figures 1-5 shows the composltion of the phytoseiid populations In five 
tiny(0.2 ha) experimental orchards in Oostelljk Flevoland, where 1PM was 
started In 1977. <The results presented are restrtcted to those on ti"le most 
common species of predaclous mltes.) These orchards, each surrounded by thick 
hedgerows, were separated from each other by stretches arable land of approx. 
0.5 km. Phytoselld reestabllshment orlglnated probably from the surroundlng 
hedgerow trees, a.o. Sallx,Alnusand Populus. (Only orchard Y 90 was located 
in a strlp of young woodland.) 
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Figure 1. Species composition of phytoseiid mites and densities of winter 
eggs of P. ulmi, pertaining to the end of the season, in orchard Y7 dUring 
1978 - 1982. Phytoseiid densities as numbers + 1/100 leaves in August ancl 
densit1es of wlnter eggs according to a scale (control thresholcf = 1 O). 
Acaricide applications in early summer: b = benzoximate, f = fenbutatinoxide. 
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Figure 2. Species compösition of phytoseiid mites and densities of winter 
egqs of P. ulmi, pertaining to the end of the season, in orchard Y 22 during 
1978 - 1982. See also figure 1 
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Figure 3. Species composition of phytoseiid mites and densities of 
winter eggs of P ulmi, pertaining to the end of the season, in orchard 
Y37 during 1978 - 1982. See also figure 1 . 
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eggs of P ulmi, pertaining to the end of the season, in orchard Y90 during 
1978 - 1982. See also ftgure 1. 

Table 1 shows the maximum numbers of phytosei1d m1tes scored in the 
summers of 1978-82. lt is also 1ndicated when according to establ1shed 
thresholds (Van Frankenhuyzen & Gruys, 1984) the fruit tree red splder m1te 
needed chemical control, either right after the winter ( + > or during the 
growing season cf or b. See also below). This has happened almost every year in 
each orchard, with the exception of Y 90. 
Table 1. Maximum number of predacious mites collected in the summer 
from 100 leaves, by means of a Berlese-funnel. 

Orchard 
Year u Y 22 Y 37 Y 70 Y 90 
1978 178+ 209+ 326+ 416 149 
1979 156b 288+ 272b 456+ 376 
1980 236+ 890+ 560+ 5*+ 290 
1981 s1f 846+ 206b 39f+ 337Cb) 
1982 42f 221+ 22f 16f 211 

+) denslty wintereggs at the end of season above control threshold, and 
�ineral oil (45 1y,./ha) applied. 
!), app11cation of ) fenbutatinoxide), b) benzoximate

) accidental splash of maneb by aircraft, meant for nearby potato field 
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Table 2 shows the dominating species for each year in each orchard. 
Amblyseius potentillae was apparently the first to invade everywhere, but 
in some orchards A. reductus Wainstein and A. fin/andicus reached 
majority later. 

Table 2. Dominating specles durlng 1978-82, with (between brackets) the 
percentage presence in summer (samples table 1 ). pot = A. potentillae, 
red= A. reductus, fin = A. finlandicus. 

orchard 

Y.e.ac li Y..22. 'LJ]_ USJ. Y..3Q. 

1978 pot (100) pot(IOO) pot ( 100) pot (92) pot (90) 
1979 pot (97) pot (78) pot(91) pot (70) red (73) 
1980 pot(IOO) pot (92) pot ( 100) red (80) red (36) 
1981 pot (82) pot (86) pot (94) red (90) red (58) 
1982 pot(61) pot (86) pot (58) red (75) fin (77) 

Fruit tree red spider mite remained at a rather low level initially. Mineral 
oll was sprayed In spring 1978 in Y 7 and Y 22 because wlnter egg densltles 
surpassed the threshold. 

The same treatment was glven again on all five plots in spring 1979, 
although winter egg densities were too high only in Y 7, Y 22 and Y 37. An 
additional acariclde appllcation was needed In three orchards ; 2.25 1/ha 
Aazomate (= benzoximate 20% EC) was sprayed in Y7 and Y 37, and should have 
been applied also In V 22 where spider mite densities became too high later in 
the season. 

Mineral oll was applied agaln In all orchards In 1980. The disappearance of 
phytosellds In orchard Y 70 was due to an accldental splash of maneb from an 
alrcrart spraying nearby potato-fields. 

The only remarkable fact during these flrst three years was the 
replacement of A. potentillae by A. reductus In the two plots where natural 
control of the splder mlte was relatlvely best. 

Mineral oll was not applled in 1981, but the flrst generatlon of nymphs of P 
ulmi were treated. Orchards Y7 and Y70 received 0.75 1/ha TorQue (=

fenbutatinoxide 50% FC), and Y37 2.25 1/ha Aazomate. Although not necessary, 
Y90 was also treated with the latter compound, because we wanted to compare 
both acaricides. Y22, where the Winter egg density was about equal to the 
action threshold, was not treated. Whereas fenbutatlnoxide killed the 
predacious mites to a large extent, benzoximate was apparently harmless.ln 
neither case, specles composltion was affected greatly. (Remarkably, an early 
app11cat1on of 0.1-0.2% Nexion (= bromophos 23% WP) In all orchards had no 
appreciable effect, although it is unlikely that any species was OP-resistanU 

The detrlmental effect of fenbutat1nox1de was manifest also the next year 



( 1982}, when it had to be sprayed on Y7, Y37 and Y70, benzoximate being no 
longer available. A. finlandicus replaced A. reductus as the dominant 
species in Y 90 for unknown reasons. By that time, we had taken action to 
introduce T pyri from elsewhere. 

T pyri had been present, although rare, in all five orchards, at least 
since 1979 (see Fjgures 1-5). To promote its further development, the trees at 
one side of each orchard (covering one fifth of the entire surface) were 
provided with bunches of apple shoots harbouring carbaryl-resistant T pyn 

( cf Overmeer & van Zon, 1983) from De Schuilenburg in the summer of 1981. 
The first results became visible in the second half of 1982 . (Data for 1982 in 
tables 1 and 2 concern the other four fifths of the plantings.) Table 3 shows the 
differences in species composition between release and non-release areas of 
each orchard in August 1982. 

Table 3. Species composition (in percentages) of Ph')ltoseiid mites in summer 
1982 after release of T pyri in the summer of 1981. Release area (+) and 
remalning area(-). 

u Y 22 Y37 Y 70 Y 90 
Release T.pyri + + + � + 

fenbutatinoxid yes no yes no no 

Number/ 100 leaves 63 42 184 221 30 22 14 16 254 211 

Percentage 
T. pyri 96 36 64 - 93 -

A. potentillae 61 86 24 58 10 -

A. finlandicus 25 71 77 
A. reductus 42 75 18 10 
T. tiliarum 92 8 

Winter 82/83 
control threshold + + + + 

P.ulmi surpassecl

Apparentiy, T pyri could gain dominance only in release plots where the 
indigenous fauna i1ad partly been eliminated by the application of 
fenbutatinoxicle. Appal'ently, this species is less susceptible than others to 
thls compound. TMs would mean, moreover, that the dominance by the other 
species could be overcome by T pyri only where other species were scarce. lt 
seems that other phytoseiids, once they are dominating numerically, prevent T 
pyrifrom becoming numerous, and that this does not happen because of direct 



competition for food (as this was plenty available). 

The increasing numbers of T pyri had a favourable effect on the regulation 
of P. u/ml The control treshold for winter eggs at the end of the summer was 
not surpassed in the release areas in Y7 and Y70, in contrast to the non-release 
areas. The density was only a bit lower (0.6 vs 0.8) in Y37, where the 
take-over by T pyri was also less spectacular. 

(In this year too, an early application of Nexion 0.1 - 0.2%, in every orchard 
had apparently little effect, apart from exterminating (at 0.2% and not at 0.1%) 
A. tiliarum, notably in Y 22).

This example shows that the natural invasion of various phytoseiid species 
does not provide automatically natural control of the fruit tree red spider mite. 
A. potentil/ae appeared not able to give adequate control, although its
density was often very high. The same seems to apply for A. reductus. Only
the mixed population of Y 90 was better, but here the shifts in species
composition indicate that the situation was rather unstable, and hence
unreliable.

As A. finlandicus apparently is effective elsewhere (Sechser et al., 
1984), the relatively better regulation of spider mites in Y90, and Y70, as 
compared to the three other plots, may have been related with the presence of 
this species. But even in Y 90, natural spider mite control was not as good as 
when T pyri dominates in 1PM orchards and the densities of red spider mite 
are one tenth or less of the control threshold (Gruys, 1980). 

The results in table 3 indicate the possibility to replace such "wild" 
phytoseiid populations by more efficient T pyrl Probably, the use of some 
compound(s) - as fenbutatinoxide in this case - which is better tolerated by T

pyri than by A. finlandicus, should explain also that, whereas the latter 
species suppresses the former in an undisturbed situation (Chant, 1959), the 
former may acquire dominance under an 1PM regime (Gruys, 1982; P. Alkema and 
M. Trapman, pers. comm.)

Case 2
This concerns three plots in an orchard in St. Oedenrode (prov. North

Brabant), where the release of T pyri in 1981 was effective only in plots 2 
and 3 of the plantings. Predacious mites were hardly released in plot 1, as the 
low numbers introduced in the nursery, which provided the young trees planted 
in 1982, did not establ ish themselves. 

Table 4 shows some counts in these three plots over 1983 and 1984. No 
acaricides were applied during this period. 

The similar densities of phytoseiids were found on varieties in the different 
plots in both summers, with the exception of cv. Discovery. Species 
composition was, however, more variable (Table 5). 



Table 4. Numbers of predacious mites per 100 leaves (Berlese samples) in 
summers of 1983 and 1984 in orchard "St. Oedenrode", plus the densities 
of red spider mites indicated. Sample series of one date. 
(--) < 10 spider mites/ 100 leaves, (-) 10 - 50, (+) 50-100, (++) > 100. 

VARIETY 
Plot 1 * 

mixed young 
Elstar 
Boskoop 

Plot 2 
J. Grieve

Plot 3 
Lombarts Calv. 
Discovery 
Karmijn des. 
Boskoop 

1983 
August 

19 (-) 
16 (-) 
13 (--) 

16 (--) 

1 (--) 
24 (-) 
1 (--) 
8 (--) 

1984 
September August September 

10 (++) 133 (-) 177 (++) 
24 (++) 284 (+) 

253 (--) 156 (-) 

46 (--) 207 (--) 

73 (-) 148 (--) 
22 (+) 42 (-) 
69 (-) 
113(--) 295 (--) 

*> youn� ( 1981) planting of various varieties: mixed stands in 1983 and
only rom J. Grieve 1n 1984. 

Table 5. Numbers of T.pyri: A. finlandicus found in all samples (as in 
table 4) in 1983 and 1984. Not more than 50 specimens per sample were 
identified. 

Plot 1 
Plot 2 
Plot 3 

1983 
40: 37 
41 :12 
210:2 

1984 
105: 129 
43: 6 
258: 0 

Table 6. Average number of apple rust mites per leaf. (Fifty leaves washed 
with methylated spirit) St. Oedenrode, 1984. 

May July 
Plot 1 

J. Grieve 28.8 160 

Boskoop 26.9 210 

Plot 3 
Boskoop 13.6 1.7 

G. Delicious 1.0 1.5 

T.pyri was virtually the only species in plot 3, and very dominant in plot 2. 
In contrast, A. finlandicus was equally abundant in plot 1, presumably 
because of natural immigration. Although the difference in varieties between 
plantings hinders the comparison, the natural control of P ulmi seems on the 
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average better in plots 2 and 3 than in plot 1. A more clear picture emerges 
from the counts of apple rust mites ( V. sc/Jlec/Jtendali) in Table 6. 

Whereas natural control of these mites was adequate in plot 1 (and on sight 
also in plot 2), a definite increase of numbers was observed in plot 3. These 
results indicate that the efficacy of A. finlandicusagainst the phytophagous 
mites is inferior to that of T pyrl 

Since similar observations were made in a few other orchards we are quite 
confident that natural invasion of (carbaryl-resistant) T pyri is not to be 
expected at the installation of 1PM. 

Vt:1rietol impoct 

c.as.u 

varietal Impact on predator suscept1b1llty was flrst observed 1n 1980, as 1t 
was found that T pyri was rather numerous on a few trees cv. Boskoop 
standlng 1nstde a block or cv. 6. Dellclous at Andljk (prov. North Holland) treated 
wlth 6 kg/ha Goldion (60% wettable sulphur + 20 % mancozeb) four tlmes dur1ng 
the early summer (Table 7). 

Table 7. Numbers of T. pyri per 100 leaves on two apple varieties 1n one 
plot treated with 6 kg/ha Goldion on 7 June and 1, 14 and 23 July 1980. 

�umoer Qf 
samo11ng ciate S - 19/6 

Boskoop 50 
G. Delicious 1 

T't:JJ/JLQ(/_romr&. l2.'tl'i 
J-10/7 1/8 

105 30 

0 0 

Qec JOQ lea�es 
lL2 

138 
0 

T. pyri was apparently able to survive the treatments on c.v. Boskoop,
which it did not tolerate on c.v. G. Delicious, although the rather low number on 
the former variety in August suggested also a negative eff ect there. This 
situation continued in 1981. 

Case 2 
By mistake, maneb was applied routinely in a too high concentration at De 

Schuilenburg in 1982. One application of 0.63 kg a.i./ha and six of 0.42 kg a.i./ha 
were applied instead of 0.20 kg a.i./ha, the maximum quantity tolerated by T 
pyri. As a result, biological control of P. ulmi was affected negatively, but 
not equally on all five varieties present in the orchard (Table 8). 

Unfortunately, predacious mites were sampled only in two varieties, but 
counts on cv. G. Delicious in three other plots similarly treated with maneb (and 
no other suspected compounds), indicated very low densities (resp. 3, 4 and 5 
mites per 100 leaves) on this variety. 



Table 8. Numbers of winter eggs of P. ulmi per 20 cm shoot (N = 40) in 
January 1983, and corresponding numbers of predacious �it�s (_viz. T 
pyri )per 1 oo Jeaves in the summer of 1982 on apple var1et1es m three 
plots at De Schuilenburg. 

Plots 
Varieties 

J. Grieve
Cox·s O.P. 
Jonathan 
Boskoop 
G. Delicious

lila 
P. ulmi LIDTI

231 9 
53 
45 
33 342 
16 

lllb 
P. ulmi LIDTI

980 14 
114 -

80 
58 129 
21 

Vb 
P.ulmi

854 
310 
82 
72 
19 

50 eggs/20 cm are considered to be the action treshold. 

� 
3 

91 

These results agree with case 1 in showing the different pesticide 
tolerance of T pyri on various varieties. Apparently, cv. J. Grieve is similar 
in this respect to cv. G. Delicious. However, the natural control of P. ulm1 
was much more reduced on the first one. Predacious mites seem best protected 
on cv. Boskoop. 

Pesticide tolertmce 

lt is a prerequisite for 1PM that the materials needed against other pests 
and diseases leave the predator unharmed, / e. are selective. However, as 
nearly every pesticide may be used against more than one pest, the effective 
concentration depends on tl1e choice of target. And, for the same reason, 
selectivity should be defined in relation to a more specified range of 
concentrations. 

The standard IOBC laboratory tests (cf. Hassan et al., 1983) consider only 
one, usually the highest, concentration advised for use in the field. For the 
present experiments, we have tested 1/4 and 4 tlmes the field rate as weil. 
Glass plates were sprayed wlth the pestlcldes (see overmeer & Van zon, 1982) 
and the specimens of the predacious mites T pyri were placed on the resictue 
at the protonymph stage. Mortallty was assessed after one week. 

As in many orchards the T pyri encountered is reslstant to carbaryl 
(Overmeer & Van Zon, 1983), we have tested the pest icides on both a 
susceptlble and a carbaryl-reslstant strain. The results are presented in Table 
9 

These laboratory tests do not precisely predict the effects in the field, but 
they will give some idea what can be expected. Moreover, all pesticides tested 
here are dangerous to non-resistant T pyri in the field, with the exception of 
benzoximate and (probably) plrlmicarb. 

Whereas the first two compounds (maneb and zineb) are not tolerated at the 
chosen field rate by the predaclous mite in the laboratory, the lower dosage 



appears more acceptable. In comparison, a concentration of 0.20 % (= 2.4 kg a.i. 
per ha) maneb is certainly not tolerated in the field. The safety limit is 
approximately 200 gr. a.i. maneb per ha (if applied four times), or less than 10% 
of the field rate. This dosage is sufficient to abate manganese deficiency, but 
too low for a good fungicidal action. In fact, concentrations of more than 
approximately 0.7 kg a.i. are applied rarely in (Dutch) orchards nowadays. 

Table 9. Toxicological responses of two strains of T prri to 3 
concentrations of various pesticides in a standard laboratory 
residue-test . (f= field rate of formulated product) 

compound ,meld rate 
act. ingred. ppm a. i. 

Luxan Maneb 80% 0.20 
maneb 1600 

Luxan zineb 70% 0.35 
zineb 2400 

Pomarsol forte 80% 0.20 
thiram 1600 

Benlate 50% 0.12 
benomyl 600 

Aazomate 200g/1. 0.15 
benzoximate 300 

Prosevor 85% 0.125 
carbaryl 1 ooo

Undeen 50% 0.15 
propoxur 750 

Pirimor 50% 0.1 O 
plrimicarb 500 

Nexion 23% 0.20 
bromophos 460 

Gusathion 25% 0.20 
azinphos metriyl 500 

Ki lval 400g/l. 0. 125
vamidothion 500

susceptible strain 

Q251 l.L .1f. 

40 100 100 

30 90 100 

0 0 

0 0 

0 0 

99 100 100 

100 100 100 

75 100 100 

100 100 100 

100 100 100 

100 100 100 

carbaryl resist. strain 

40 100 100 

40 90 100 

0 18 

0 20 

0 0 

0 0 0 

0 0 40 

10 70 100 

100 100 100 

100 100 100 

100 100 100 

Repeated field applications of thiram 0.16% a.i., and zineb 0.11% a.i. are also 
not tolerated by T prr� while benomyl 0.025% is partially detrimental (Gruys, 
1979). In this case, lowering field concentrations does not make any sense, but, 



here too, large differences between laboratory and field responses are 
manifest. 

As to the pesticides, 0.1% (= 1.5 kg/ha) of carbaryl 50% W.P., Undeen or 
Nexion can be used in orchards with carbaryl-resistant predacious mites, 
although the latter compound may cause a slight decrease in population 
numbers. Moreover, field experience under similar conditions indicates that the 
usually recommended concentration of Nexion 0.2% is fairly toxic and Pirimor 
0.05% is well tolerated. 

Apparently, the susceptibility of T pyri to (single applications of) 
pesticides in the field is in these cases also lower than in the laboratory test. 
These few observations should stress the importance to know 
dosage-mortality lines for T pyn; for a better estimation of the practical 
possibilities of selective control. 

Discussion and conclusion 

In Holland, the dlsuse of broad-spectrum compounds In apple orchards 
results In the reestabllshment of a predaclous mlte fauna, whlch ls 
unpredictable as to species composition. lnsufficient natural control of fruit 
tree splder mlte and/or apple rust mite ls often the result. A single mass 
release of carbaryJ-resistant T pyri, together with the appJication of a 
pesticide (fenbutatinoxide, or perhaps carbaryl) which is less tolerated by 
other specles and stralns of predators, may be trled to establ1sh a permanent 
regulation of both phytophagous mltes as ls usual In the 1PM system. 

Therefore, at the start of 1PM, deliberate release of such resistant T pyn 

1s the method of preference. Then, as long as other phytosel1ds do not develop 
sim11ar lncreased tolerance JeveJs, permanent dominance of T pyrl seems to 
be assured and acaricides are no Jonger needed. 

Some experiences indicate that side effects of compounds may be influenced 
by varietal differences of appJe trees. The consequence is that one has to 
choose one or two apple varieties as a standard reference for future field tests 
and to reconsider some earlier tests. 

lt has been reported (Gruys, 1982; Trapman & Blommers, 1985) that 
popuJatlon numbers of predac1ous mltes show more of less flxed differences 
between varlous apple var1etles. Both the Initial lncrease 1n number and the 
eventual population levels are h1gher on - for example - cv. Belle de Boskoop 
than on cv. Golden Delicious or cv. Cox·s O.P„ 

Two explanations seem most obv1ous: 
- As the sample size has a fixed number of 100 leaves, the difference of

leaf size is not accounted f or. 

- As substrate properties like hairiness impede searching of the predacious
mite, densities of prey and predator go down to a lower level on more glabrous 
leaves before a control equilibrium is atta1ned. 



In addition, it is suggested that pesticide tolerance of the predator also 
depends on the host plant variety. Greater tolerance may be caused by more 
protection (between leaf hairs, thicker foliage) provided by these varieties, 
and/or a lower long-term effect of the same mortality if initial predator 
densities are higher. Such a density dependent effect might be operating on 
various levels, such as finding of a mate or prey. 

Perhaps difficulties to establish natural spider mite control in pear 
orchards may be explained also in this way. Most pear varieties have very 
smooth leaves. T pyri numbers are often not higher than 5 or 1 O per 100 
leaves in summer. lt might be expected that added mortality at such low 
densities creates the afore-mentioned negative effects on the survival of the 
surviving mites. The single notable exception is the only commercial pear 
variety with hairy leaves, viz. cv. Gieser Wildeman, on which the same 1PM 
programme is applicable as on apple (M. Trapman, person. commun.) 
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Prey preference of predatory mites: Electrophoretic analysis of the diet 
of Typhlodromus pyri Scheuten and Amblyseius finlandicus (Oudemans), 
coll�cted in Dutch orchards. 

SUMMARY 
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The Netherlands 

Polyacrylamide gel electrophoresis was used to analyse the diet of 
the phytoseiid predators Typhlodromus Er!l Scheuten and Amblyseius 
finlandicus (Oudemans) with respect to the prey species Panonychus � 
(Koch) (the European red spider mite), Aculus schlechtendali (Nalepa) 
(the apple rust mite) and A.fockeui (Nal�t Trouessart) (the plum 
rust mite). Predators were-collected in an apple (!.pyri) and a sour 
cherry (A.finlandicus) orchard during August and September 1983. 

Spider-mite and rust. mite esterases were detected in both predator 
species, but discovery frequencies differed between the two phytoseiid 
species. Panonychus ulmi was detected as the sole prey species in the 
gut of 65% of !·.1!.i'.!2- and _A.schlechtendali in 2%. In the latter case all 
predators were present in the sample of 15 September when densities of 
bot.h prey species were low. For A.finlandicus the discovery percentages 
were 26 and 29 for P.ulmi and A.Iockeui, respectively. 

The data show that 1-EY.E.!-hardly feeds on �.schlechtendali over a 
range of prey density combinations. More data are needed for 
A.finlandicus at high prey densities, and therefore no firm conclusions
can be drawn on prey preference of this predator.

INTRODUCTION 

The European red spider mite, Panonychus ulmi (Koch), is a major pest in 
Dutch orchards under conventional chemical con.trol. The mit.es feed on 
parenchymous cells, causing bronzing of the leaves. In recent years a much 
smaller phytophagous mite, the apple rust mite, Aculus schlechtendali 
(Nalepa) has reached pest status as well (Van Epenhuijs�981), sometimes 
attaining densities of more than 5000 per leaf. 

Populations of P.ulmi are documented to be effectively controlled by the 
predatory mites Typhlodroous pyri Scheuten (Gruys, 1982) and Amblyseius 
finlandicus (Oudemans) (Gn•yS:--1979). The former predator species is 
�sed in integrated pest management programs to control populat'ions 
of P.ulmi. As both predator species can also feed on A.schlechtendali, one 
may-wonder in what way high rust mite densities influence the interactions 
between predators and P.ulmi. Will high rust. mite numbers impair the control 
of the spider mit.e? May apple rust mite populations be controlled as well? In 
an insectary bot.h T.pyri and A.finlandicus were better able to control P.ulmi 
on plum seedlings ;:;henthe plÜm rust mite, A.fockeui (Nalepa et Troues-;art), 
that is closely related to A.schlechtendali";" is present than in absence of 
this rust mite species (Collyer, 1964). Unfortunately it is not known how 
many rust mites were present in that study. Collyer (1964) concludes that 



!.fockeui is a favourable prey species for the predators, although they still 
feed on P.ulmi as is indicated indirectly by the low spider mite densities. 
The predätorsreach higher densities in presence than in absence of A.fockeui 
and this effect is most marked in A.finlandicus. From Collyer's data-Ov'eriiieer 
(in press) suggests that for 1.·PY;i rust mites are an alternative prey 
species that may be important for the predator early in the season. From 
correlations between prey and predator numbers on a leaf basis in an orchard 
Karg (1972) suggested that A.schlechtendali is the primary prey species for 
A.finlandicus.

-
-

Knowledge on prey preference of the predators is important to conclude 
on the effect of high rust mite numbers on the interaction between the 
predators and P.ulmi. To analyse prey preference, laboratory studies on 
predation (Dicke�-al. in prep.) or prey location (Dicke and Groeneveld, in 
press) may be carrtec!Öut. But prey preference can be elucidated under field 
conditions as well by studying the gut content of field collected predators 
with polyacrylamide gel electrophoresis (Murray and Solomon, 1978). Such a 
study is an independent test of data obtained in laboratory studies. Foraging 
predators may choose which species to feed on, especially as P.ulmi and 
A.schlechtendali can occur on the same leaf. At the present time nÖ data are
ivailable for actual feeding in the field of !· � or i· !j.,Elandicus on
P.ulmi and A.schlechtendali in situations where both prey species are
pr�t. Si;ce the introduction of polyacrylamide gel electrophoresis for
diet analysis of predatory mites (Murray and Solomon, 1978) only one study
has been published in which extensive diet analysis has been performed in a
predatory mite under field conditions (Lister, 1984). In the present study we
will present data on diet analysis of field collected I·.E.Y.E.i and
fi. finlandicus.

MATERIAL AND METHODS 

Mites. 
Predators were sampled weekly in an apple orchard near Biddinghuizen and 

in a sour cherry orchard in Wessem, The Netherlands, during August and 
September 1983. In both orchards insecticides were rarely applied. Branches 
were selected with leaves on which P.ulmi, rust mites and predatory mites 
were present. From these branches 10 si7c'cessive leaves were taken and stored 
individually in marked petri dishes. Per sampling day about 4-5 series of 10 
leaves were collected. In the laboratory, 2-3 h after sampling the leaves, we 
collected the predators and stored them individually in marked plastic tubes 
at -20°C. They were used in electrophoresis the next day. Some of the 
predators were mounted in Berlese's medium for identification. The leaves 
were stored at 4°C for 1 or 2 days after which prey numbers were counted. The 
number of different P.ulmi stages were counted separately and all visible 
rust mi te stages i.n Önecategory. At rust mi te densi ties exceeding abou t 600 
per leaf we counted these mites on one quarter of a leaf and multiplied this 
number by 4 to obtain the density per leaf, as rust mites are evenly 
distributed over the leaf at high densities. Other prey species rarely 
occurred. In this paper we will take into account all spider mite stages 
except eggs as the latter are not consumed by phytoseiid predators. 

For determi.nation of the detection retention time in !·�· female 
predators were used from a culture that had been maintained in the laboratory 

on broad bean pollen for about 6 years. 

Electrophoresis. 
Polyacrylamide gel electrophoresis was used according 

of Murray and Solomon (1978). After electrophoresis we 
overnight at ca. 20 °c, using both 1- and 2-naphthylacetate 
the mite esterases. 

to the description 
stained the gels 
as substrate for 



Female predators and spider mites were squashed individually in a drop 
of maceration buffer in a hole in a perspex plate, using a glass rod. The 
rust mites were squashed 20-30 at a time in a drop of buffer using a needle. 
The squashed mites were applied on top of the gel. Electrophoresis occurred 
immediatly after application of the last sample, which was about 1-2 h after 
application of the first sample. 

Detection retention time analysis. 
To ascertain how long prey enzymes could still be detected in !·.E1IA, 

female predators were starved for 24 h in absence of water. Then they were 
offered an ample supply of A.schlechtendali for 24 h on apple leaf discs. 
After this pretreatment the-predators were deprived of food but not of water 
for a period of O to 40 h. After these treatments at 25 °C the predators were 
stored at -20 °C and used in electrophoresis after one day. 

RESULTS AND DISCUSSION 

Typhlodromus pyri. 
The data of the detection retention time analysis demonstrate that apple 

rust mites show only one esterase band, that can be detected in the gut of 
I.• .El2i (Figure 1). After feeding for 24 h on !_. schlechtendali this prey can 
be visualized in the predator for at least 40 h (at 25 °C). Murray and Solomon 
(1978) showed that after feeding on one individual P.ulmi, the esterase can 
be detected for at least 31 h (temperature not mentioned) in the gut of 
I.·.El.E.!· If we assume that the predators spent the last 24 h before sampling
on the leaf they were collected from (based on personal observations),
electrophoresis can be used to analyse diet composition of I.·.E.rr.1 with regard
to P.ulmi and A.schlechtendali at different prey densities.

- Üsing the-key of Chant (1959) a sample of predators from the
near Biddinghuizen was observed to consist only of !·�· As we 
observe marked differences in the esterase pattern between sampled 

orchard 
did not 

predators 
we assume that all predators that we analysed were .!·.El.!::i· Usually one or two 
esterase bands of !· lli2 can be found (Tp 1 and Tp 2, Figure 1).

Esterases of both prey species have been discovered in I.·.El!i sampled in 
the orchard. However, as indicated in Table l, the frequencies of discovery 
differed largely between the two prey species. Hardly any predators were 
found with only apple rust mite esterase, whereas the majority of the 
predators were found to contain P.ulmi esterase. In 29% of the predators 
analysed we did not discover est;r� of any of the two prey species. 

The prey densities in the orchard varied from 1-220 P.ulmi stages 
(excluding eggs) and l->2000 rust mites per leaf. Many combinatio�of prey 
densities existed on the leaves from which the predators were collected. 
Figure 2 shows the electrophoresis results grouped per density category 
combination. Each diagram in Figure 2 represents a minimum of 5 predators. 
This figure shows that only in the situation where 1-50 rust mites and 1-5 
spider mite stages were present per leaf, predators were found that had only 
rust mite esterases in the gut. However, predators with esterases of both 
prey species were found even when 121-220 spider mites and more than 2000 
rust mites were present per leaf, although the majority of predators 
contained only P.ulmi esterase. 

Pre<lators :;ithexclusively rust mite esterase in their gut were only 
found on the last sampling day (September 15), when densities of both prey 
species were low. A combination of the two prey species in the gut was found 
throughout the sampling data. 



Table 1: Discovery percentages of esterases in the guts of field 
collected !,pyri and �.finlandicus. 

Predator Esterase of 
N 

Spider Rust 
mite mite 

Spider mite Neither 
and Rust mite prey 

T.pvri

A.finlandicus

Amblvseius finlandicus. 

65 

26 

2 

29 

4 

11 

29 

34 

189 

107 

A sample of predators from the sour cherry orchard in Wessem was 
observed to consist of A.finlandicus exclusively and no marked ditterences 
were found in electroph;retic patterns of the predators of this orchard. The 
rust mite that was present in this orchard was A.fockeui and shows only one 
esterase band, that differs from that of A.schl;chtendali. This esterase band 
as Hell as two esterase bands of P.ulmi 'Zan be detected in A.finlandicus 
(Figure 3). Four characteristic e;t�e bands of A.finlandicus -;'.;"e�� 
(Afi 1,2,3 and 4, Figure 3). 

-

The data in Table 1 show that rust mite esterase was detected more often 
in .!1:�� than in :[.pyri: 29% of 6_.�n� had rust-mite esterase 
in the gut and 26% spider-mite esterase. As in 1.·El.Ei about one third of the 
predators contained traces of neither of these two prey species. These data 
seem to correspond to Karg's (1972) suggestion that rust mites are a primary 
prev species for A.finlandicus. 

- However, as prey densities on the leaves sampled in the sour cherry
orchard were much lower (1-40 active spider mite stages and 1-400 rust mites 
per leaf) than in the apple orchard the data in Table 1 cannot be compared 
for the two predator species. Figure 4 shows the results for A.finlandicus 
grouped into different prey density class combinations. Due to limited 
overlap the data of Figure 4 are difficult to compare Hith those obtained for 
}:.pni (Figure 2). However, when all data obtained in density classes 11-40 
spider mites and 101-400 rust mites (data not shown in Figure 4 as less than 
5 predators Here present per category combination) are combined, of 7 
A.finlandicus 3 individuals (43%) were found with only rust mite esterase and
;nly 1 (14%) with only spider mite esterase, whereas 3 predators (43%) had 
both prey esterases in the gut. At these densities of 19 ,I.pvri analysed, not 
a single individual was found with rust mite esterase in the gut (Figure 2). 
As no data are present for A.finlandicus at higher prey densities no firm 
conclusions can be made on prey preference of this predator.

The results presented in this study show that electrophoresis can be a 
valuable tool in analysing diet composition of predatory mites in the field. 
HoKever, in about one third of the predators analysed no prey traces could be 
visualized. The reason for this is unknown. Even under very high prey 
densities predators were found without detectable prey esterases in the gut. 
The chance that a predator did not encounter any prey item in 24 h before 
sampling under these high densities is negligible. Therefore other causes 
must be responsible for this. 

The results of this study are in agreement 
studies on prey preference in I·.Er.!2 in qualitative 
and Van de Berg, in prep.). The results obtained for 

with recent laboratory 
aspect (Dicke, Sabelis 
!,finlandicus do not 



contradict with suggestions in the literature that rust mites may be a 
primary prey species for A.finlandicus (Karg, 1972), but more work is needed 
on this predator to concl-;;-de on its prey preference. At present we are 
studying prey-location behaviour and reproductive success of I.·El..:2 and 
A.finlandicus. It will be interesting to see whether electrophoresis data on
prey preference obtained from field collected predators correspond to the
data of laboratory studies.
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LES TORDEUSES NUISIBLES AUX VERGERS DE L'EUROPE DE L'OUEST 

H. AUDEMARD

Resume 

INRA - Centre de Recherches agronomiques d'Avignon 
Station de Zoologie et d'Apidologie - F 84140 MONTFAVET 

Notre recente enquete a montre que 10 especes de Tortricidae sont des 
depredateurs-cles pour Ja conduite d'une Jute integree (Cydia pomonella, � 
molesta, C. funebrana, C. pyrivora, Adoxophyes orana, Archips podana, Pande
mis heparana, P. cerasana, Argyrotaenia pulchellana, Enormonia formosana) et 
que des changements de dominance peuvent se produire. Mais au niveau d'un 
verger, l a 3 especes seulement ont cette position. 

La biologie de ces Tortricidae et Jes methodes de surveillance et de prevision 
des degats sont examinees : piegeage sexue] et contröle visue] sont !es plus 
repandues. Les previsions semblent ameliorables par des etudes sur le piegeage 
sexuel, des brochures de determination, l'utilisation de materiel informatique. 

Les seuils de tolerance economique evoluent avec !es methodes de lutte 
et de prevision. On a schematiquement 3 cas : pas de seuil et lutte obligatoire 
(confusion), seuils pour correction de la densite de population selon risque prevu 
a terme (R.C.I. pour Tordeuses de la pelure) ou risque immediat classique. 

Summary 

TORTRICID PESTS OF ORCHARDS IN WESTERN EUROPE 

According to our recent inquirey 10 key-pests Tortricid species must be 
considered in integrated pest control programs in orchards (Cydia pomonella, 
C. molesta, C. funebrana, C. pyrivora, Adoxophyes orana, Archips podana, Pande
mis heparana, P. cerasana, Argyrotaenia pulchellana, Enormonia formosana). But 
a the orchard level l to 3 species only answer this status. 

Tortr icid biology, sampling and forecasting methods are rev iewed : trap
ping with sex pheromones and visual sampling are the most used. lt seems that 
forecasting methods should be improved by : studies on sex-trapping with phero
mone, identification booklets, utilization of data processing equipment. 

Economic thresholds change with forecasting and control methods. Schema
ticalJy we have 3 cases : no threshoJd with obJigatory control (mating disruption 
method), threshold for a limitation of the population density in keeping with a 
middle-term forecasting of risk (I.G.R. for the summer tortrix moth) or classicaJ 
short term forecasting of risk. 

Introduction 

Les Tortricidae occupent souvent une place preponderante dans l'organisation 
des systemes de Protection integree des vergers. Mais si on recense beaucoup 
d'especes nuisibles et potentielJement nuisibles leur importance relative, conside
ree par espece fruitiere varie regionalement, voir localement et peut evoluer 
dans Je temps. 
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A partir des resultats d'une recente enquete, nous allons resumer la Situation 
en Europe de l'Ouest et examiner les donnees biologiques et methodologiques 
essentielles pour Ja conduite d'une lutte integree en verger. 

Classification et importance des principales especes de Tortricidae 

Nous avons classe (AUDEMARD, 1981) les Tortricidae nuisibles aux vergers 
(Pommier, Poirier, Pecher, Prunier, Cerisier, Abricotier) en 5 groupes selon : 
Ja typologie caracteristique des attaques ou Je regime alimentaire, Je nombre 
annueJ de periodes d'activite larvaire et le stade d'hivernation. En ce qui concer
ne Je nom des especes, nOUS nOUS somrnes referes a )a recente mise a JOUf 
de LERAUT ( l  980). 

Nous avons, avec Je precieux concours d'une trentaine de collegues, dont 
la liste figure in fine, etabli !' importance relative des especes dans pJusieurs 
pays ou regions de l'Europe de l'Ouest en nous basant dans Ja mesure du possible 
sur Ja Situation des vergers beneficiant d'une "protection raisonnee". Selon 
Ja frequence et l'intensite de Ja lutte chimique necessaire pour ma1triser !es 
Tordeuses nuisibles, en tenant compte des seuils de tolerance economique, 
nous avons schematiquement considere 4 cas : 

a) depredateur-cle = plusieurs traitements par an 
b) depredateur-cle = l traitement obligatoire par an 
c) depredateur occasionnel = l traitement tous Jes 2-3 ans ou plus
d) depredateur potentiel = pas de traitement necessaire mais presence dans

Jes vergers.

Les 27 especes citees au Tableau I ont ete observees dans au rnoins une 
des regions enumerees aux Tableaux II et III et parmi eJJes, J O peuvent etre 
des depredateurs-cles. Ce sont : Cydia pomonella, C. molesta, C. funebrana, � 
pyrivora, Adoxophyes orana, Archips podana, Pandemis heparana, P. cerasana, 
Argyrotaenia pulchellana, Enarmonia formosana. Il nous a paru utile d'y ajouter 
pour cette etude, une Gelechidae : Ja Petite mineuse du pecher (Anarsia linea
tella) qui vit en cornplexe avec C. molesta. 

Par ailleurs, Jes 8 especes suivantes peuvent etre des depredateurs occasion
nels : Archips rosana, A. xy!osteana, A. crataegana, Spilonata ocellana, Hedya 
nubiferana, Choristoneura hebenstreiteJJa, Cydia janthinana, Pammene rhediella. 

D'autres especes non citees au Tableau I (et non reprises dans les Tableaux 
II et lll faute de place), ont cause des degats Jocalises : Choristoneura diversana 
sur cerisier en Autriche, Cacaecimorpha pronubana sur pommier en France 
(en Loire Atlantique), Syndemis musculana sur pommier aux Pays-ßas. Des 
attaques du type Tordeuses, dues a une Blastobasidae (ßlastobasis decolorella) 
se sont localement developpees sur pommier en Angleterre. 

Au niveau de chaque espece fruitiere, !es donnees numerique sont heureuse
ment plus modestes, Je pommier etant l'espece la plus frequentee, ce qui est 
conforme aux donnees anterieurement connues. Nous avons releve : Pommier 
17 especes nuisibles (dont 6 depredateurs-cles), Poirier 13 (8), Pecher 7 (4), 
Prunier 11 (4) Cerisier 7 (2), Abricotier 4 (2). 

Mais, dans un verger determine, il n'y a pratiquement que I a 3 especes 
de Tordeuse qui occupent une position cle pour l'organisation d'une Protection 
integree. II convient cependant d'etre particulierement vigilants car : des intro
ductions malencontreuses d'especes provenant d'autres continents ou pays sont 
toujours possibles, des Tortricidae comme C. molesta et C. pyrivora ont une 
aire en voie d'extension, des changements de faune ou de dominance entre 
especes indigenes peuvent intervenir. C'est ainsi que dans Je Haut Adige, en 
verger de pommiers, au cours des 20 dernieres annees, on a connu Ja dominance 



Tableau l : CLASSIFICATION DES PRINCIPALES ESPECES DE 
TORTRICIDAE NUISIBLES AUX VERGERS (AUDEMARD, 1981) ( l )  

l - TORDEUSES DES BOURGEONS 

- une seule periode d'activite Jarvaire
- hivernation a l'etat d'oeuf

11 = Archips rosana*, 12 = A. xylosteana*, 13, A. crataegana, 
14 = Acleris variegana, 15 =A. rhombana*, 16 = Rhopobota unipunctata 

2 - TORDEUSES DE LA PELURE 

- plusieurs periodes d'activite larvaire
- hivernation a l'etat de larve

21 = Archips podana*, 22 = Adoxophyes orana*, 23 = Pandemis heparana*, 
24 = P. c- erasana .. ·, 25 = P. dumetana, 27 = Spilonota ocellana*, 
28 = Hedya nubiferana*, 29 = Choristoneura hebenstreitella*, 

210 = Clepsis unifasciana*, 211 = Batodes angustiorana, 
212 = Epiphyes posvittana, 2 l 3 = Pandemis corylana, 214 = Ptychotoma lecheana* 

- hivernation a l'etat de nymphe
26 = Argyrotaenia pulche!Jana* 

3 - TORDEUSES EXCLUSIVEMENT CARPOPHAGES 

- une a plusieurs periodes d'activite larvaire
- hivernation a l'etat de larve du dernier stade

31 = Cydia pomonella*, 32 = C. funebrana* 
33 = C. janthinana*, 31.f = Pammene rhediella* 
35 = C. pyrivora 

4 - TORDEUSES DES POUSSES ET DES FRUITS 

- plusieurs periodes d'activite larvaire
- hivernation a l'etat de larve du dernier stade

41 = Cydia molesta* (2) 

5 - TORDEUSE XYLOPHAGE 

- Une Oll deux periodes d'activite larvaire
- hivernation a l'etat de larves de divers stades

51 = Enarmonia formosana* 

(1) Les chiffres references des especes sont repris dans les Tableaux II, III

(2) 42 = Anarsia lineatella (Gelechidae) vit en complexe avec C. molesta

* Especes pour lesquelles Ja pheromone sexuelle est connue
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Tableau II : IMPORT AN CE DES TORTRICIDAE DANS LES VERGERS DE L' EURO PE DE L 'QUEST

PAYS

Allemagne 
Federale 

Ahgleterre 

Autriche 

Belgicjue 
Espagrte 
Aragon; 

Catalogrie
Estramadure

1
,

Autres 
regions

France 
Nord-'-Paris

Est 
Pays-Loire,_

Centre 
Vallee 

Garonne
Rhone"-Alpes
Provence-

Languedoc 

Grece 

Italie 
Piemont

Lombardie

Hatit- Adige
Veheto 
Emilie 

Romagne

Pays-Bas 

Portugal 
Suisse 
Alemanique
Romande 

POMMIER

DEPREDATEUR (1) (2)

Cle

•• 
T N.Baden

•• 
• Kent

•

•• 

•• 

• 
• 

•• 

. ··--·· 

•• 
•• 

..... 

• 

• 

• 
... , .. 
...... 

... 

••• 
11 Polder NW

nouveau 
• 

•• 
•• 

Occasionnel

11, 12, 13,22, 
23,27,28,29,
51 ,21 (Lac 
Constance) 

11,23,24,27,
28,34 
22, 27, 28, 21 
Styrie 
Oberostern 

11; 51 

11

11

11 ,22

11 ,21 ,22;
23,27 
21 , 22, 27, 33

21 ,23,26

11 ,27 ,28

11 , 21 , 27, 28

21 ,23,26 
11,21,22,23,
24,26 

26

11,21,23,24,
27, 28; 34; 51 

11 ,23,34
1 ·1 

POIRIER

DEPREDATEUR (1) (2)

Cle

• Vallee 
Rhin surtout

•• 
• Ker\t

est,sud

•• 

• 

• 
• 

• 

• 

. .... 

••• 

•• 

• 

• 
•• 

Occasionnel

i 1 ,22,27,
28,51 

27, 31

11

11 , 23 Ca talogne

11 

11 ; 22

22,214

41

i 1 ,22

41 

26 

11,21,23,24,
27,28,34 

1 i ,22; 23 

(1) e C. pomonella, • A. orana, A A. pulchellana, • P. heparana, 
* P. cerasana, * C. mölesta, • A. podana; cm = Cydia pyr i vora.

(2) Chiffres correspondant aux especes du Tableau I. 



Tableau III 

7-.:; 

IMPORTANCE DES TORTRICIDAE DANS LES VERGERS DE 
L'EUROPE DE L'OUEST 

PECHER 1 PRUNIER 1 CERISIER 1 ABRICOTIER 

PAYS DEPREDATEUR ( 1 ) (2) 

Cle Occas. Cle Occas. Cle Occas. Cle Occas. 
--- --- --- ---

Allemagne • 27,28 '9' 11 ,27 
Federale 51 N.Baden

Angleterre • 22,51 .... 22, 51 

41 ,42 • 27, 31 C.diver.
Autriche est,sud 42 sana

Belgique • 27 ,51 1ocal 

Espagne 
Aragon 

Catalogne 
** • 22 * 

Levante 
Estramadure * 
Autres * • 22 * regions 

France * • 
Nord 22,27 

Sud ** 21 ,22 
•• 22,27 12,27 * 31 , 41 27 

sw 

Grece ** 11 11 ** 11 

Italie 
Piemont ** 23 • 
Veneto *··· * 
Emilie ** ** Romagne • 
Pays Bas • 32 

Zeeland 

Portugal 
Centre sud 42 
Ac;:ores * 
Suisse 
Alemanique 
Romande • 42 

(1) *C. molesta, 9 C. funebrana, * Anarsia lineatella, + A. podana, 
AA. pulchellana, TEnarmonia formosana, • A. orana. 

(2) Chiffres correspondant aux especes du Tableau I.



Tableau IV BIOLOGIE DES TORDEUSES NUISIBLES AUX VERGERS - SURVEILLANCE ET PREVISION DU RISQUE 

Nombre de (i) Periode de vol ( 2) Nombre periode Ml3thodes de surveillance - Prevision du risque (4) 
generations er , ere activite (2) 

Espece 
Europe-ouest 2eme13eroe larvaire 

Somme 
---- --- Piegeage ContrÖle Bat tage Bandes Estimation 

nord sud nord sud nord sud 

Archips rosana 1 1 V!Ib-VII Vb-VIa 1 1 

Archips podana 1 /2 2 VI-VII/ Vc-VIIb 2/3 2 
VIIIb-IX VIII-IX 

Adoxophyes orana 2 213 \'b-'JI!a Vb-XI 3 3/4 
VIII-Xa VIIc-IX/Xa 

Pandemis heparana 2 213 VI-VII Vb-VIa 3 3/4 
VIII-IX VIIc-IX/Xa 

Pandemis cerasana 2 2 VIb-VII V-IX 3 3 

VIII-IXb VI!b-IXb 

Spilonot;a ocellana 1 1 VIb-VIIIb Vb-VII 2 2 

Argyrotaenia pulchellana 2 3 IV-Vb III-I': 2 3 

VIc-VIII VI-VII 
VIII-Xa 

Cydia pomonella 1 /2 2/3 Vb-VII IVc-VIIa 1 /2 213 

VIII-IXb V!Ib-IXb/ 
VIIIb-IXc 

Cydia fune brana 2 2/3 V-VI IVc-VIb 2 2/3 
VII-VIII VIc-VIII 

VIIc-IXb 

Cydia molesta 2/4 4/5 IVc-Xa IIIc--Xb 2/4 4/5 
continu continu 

Anarsia lineatella (3) 2 213 VI-VII V-VI 3 3/4 
VIII-IX VII-VIII 

IX-Xa 

Enormonia formosana 1 1 Vb-VII 2 1 /2 

(1) Limite approximative 46eme para11e1e ; (2) Mois = en chiffres romains, a, b,c, 
( 1') Seuil de tolc.:irance : 0 = 1 pays 1 = plusieurs pays + :: pas de seuil 

sexuel visuel frappage pieges rEcolte 
degres 
jours 

---- ----

+ 0 0 

0 C 0 

3 • 0 + 

0 • 0 

0 • 0 

+ C 0 

0 • 

• • • • 

+ • 

0 • 

0 • 

+ + 

dEicades (3) Gelechidae vit en complexe avec Cydia molesta 

--.J 

v· 
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de Cydia pomonella puis celle de Adoxophyes orana et Archips podana et mainte
nant Pandemis heparana dans certains vergers et par aiJJeurs C. pomoneJla 
reprend Joca]ement de l'importance (OBERHOFER, communication personnelle). 
A cela, iJ faut ajouter J 'influence de l'evoJution des methodes de lutte. 

Biologie et dynamique des populations 

Les possibilites de multiplication des Tortricidae en verger sont plus impor
tantes dans Je sud que dans Je nord pour d'evidentes raisons climatiques. Toute
fois, Je voltinisme doit etre examine en tenant compte : d'une part du caractere 
facultatif ou partiel de certaines generations, d'autre part du cycle evolutif, 
car Je nombre de periodes d'activite larvaire et Je stade d'hivernation condition
nent largement Ja nuisibilite (Tableaux I et IV). 

Les periodes de vol des adultes sont mieux connues (Tableau IV) surtout 
grace au piegeage sexuel, possible pour l 9 especes (Tableau 1). EJles varient 
pour chacune d'entre elles selon !es regions et !es densites de population du 
verger surveiJJe. Lorsque Ja population est faible, par exemple a Ja suite d'une 
lutte chimique, Je vol tend a etre plus court, cependant !es premiers papillons 
des differentes especes de Tortricidae apparaissent presque toujours dans Je 
meme ordre chronologique. Les decalages entre le developpement phenologique 
des arbres et celui des especes de Tortricidae peuvent introduire de grandes 
variations interannuelles et interregionales dans !es periodes de nuisibilite larvaire. 

D'une maniere generale, !es Tortricidae presentent une certaine polyphagie 
qui traduit leurs facultes d'adaptation. De ce point de vue, l'environnement 
vegetal du verger peut jouer un röle multiple et insuffisamment connu ; positif 
(competiteur' zone refuge pour la faune utile) ou negatif (reservoir de l'espece). 

La dynamique des populations de Tortricidae est influencee par des facteurs 
interdependants, que nous avons classes dans le cas du groupe des Tordeuses 
de la pelure en 7 categories : climat, comportement des adultes, potentialite 
de l'espece, qualite nutritive du vegetal h6te, environnement au verger, biocenose, 
interventions humaines. Les etudes dans ce domaine doivent s'efforcer de mettre 
en evidence !es facteurs-cles qui conditionnent le devenir des populations. 

Methodes de surveillance et de prevision des risques - Seuils de tolerance economique 

On dispose de 4 methodes de surveillance des Tortricidae : le piegeage 
avec des pheromones sexuelles de synthese, le contr6le visuel, le frappage (ou 
Je battage) et !es bandes-pieges. Nous avons resume dans Je tabJeau IV leur 
utilisation pour Jes 11 especes de depredateurs des et occasionnels !es plus 
repandus ainsi que pour Anarsia lineatella. 

Toutes ces methodes ont leurs avantages et leurs limtes 

- Le piegeage sexuel est une methode de surveillance des adultes males, 
d'une sensibilite remarquabJe qui peut permettre de mieux situer dans Je temps 
des Observations complementaires. Pour toutes !es especes, la prevision negative 
(pas de capture = pas de risque) est evidemment utilisable. Des interpretations 
quantitatives sont possibles, generalement sur la base des captures cumulees 
de l a 2 semaines et utilisees pour prevoir Je risque dans plusieurs pays avec 
des seuils differents pour Adoxophyes orana et Cvdia pomonella en verger de 
pommiers. Pour cette derniere espece, Ja lutte peut meme etre raisonnee a

partir des captures et des donnees climatiques et dans Je cas du poirier en tenant 
compte de J'evolution de Ja sensibilite varietale des fruits aux attaques dans 
Je sud de Ja France. On a pu mettre au point des seuils pour Archips podana 
(30 captures/semaine) en Angleterre, Pandemis heparana (50 captures cumulees) 
jusqu'aux premieres ecJosions larvaires dans Je sud de la France, Pandemis cerasana 
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Tab] eau IV BIOLOGIE DES TORDEUSES NUISIBLES AUX VERGERS - SURVEILLANCE ET PREVISION DU RISQUf; 

Nombre de ( 1 ) Periode de vol <2) Nombre periode Mcithodes de :�urveillance - Prevision du risque (LI) 
generations en 1 E!re actlvite (2) 

F:sp�C'e 
Europe-ouest 2ßme/3€me larvaire 

Somm� 
---- --- Pi€geage Contr6le Bat tage Bandes Estimation 

degres 

trnrd sud nord sud nord sud 

---

Archips ros;:i;na 1 1 VII b-VII Vb-VIa 1 1 

Archips podana 1 Y2 2 VI-VII/ Vc-VIIb 213 2 
VI1Ib-IX VIII-IX 

11.doxophyes orana 2 213 Vb-VIIa Vb-XI 3 3/ij 
VIII-Xa VIIc-IX/Xa 

Pandem.ls heparana 2 2/3 VI-VII Vb-VIa 3 3/ij 
VIII-IX VIIc-IX/Xa 

f'andemis ceraaana 2 2 Vl b-VII V-IX 3 3 
VIII-IXb VIIb-IXb 

Sptlonota ocellana 1 1 Vlb-VIIIb Vb-VII 2 2 

Argyrotaenia pulchellana 2 3 IV-Vb III-! 1.' 2 3 

VIc-VIII VI-VII 
VIII-Xe 

Cyd i.a pomonella 1 /2 213 Vb-VII IVc-VIIa 1 /2 213 

VIII-IXb VIIb-IXb/ 
VIII b-IXc 

Cydia funebrana 2 213 V-VI IVc-VIb 2 213 

VII-VIII Vlc-VUI 
VIIc-IXb 

Cydia molesta 2/� 4/5 IVc-Xa IIIc-Xb 2/ij 4/5 
continu continu 

Anarsia lineatella ( 3) 2 2/3 VI-VII V-VI 3 3/ij 

VIII-IX VII-VIII 

IX-Xa 

F.normonia. formosana 1 1 Vb-VII 2 1 /2 

(1) Limite approximative 1'6eme parallE!le ; (2) Mois :: en chiffres romalns, a, b,c, 
( 4) Seutl de tolerance : 0 = 1 pays •i = plusieurs pays + = pas de seuil 

sexuel visuel frappage pieges recolte 
Jn•Jrs 

-----

+ • 0 

0 • 0 . 

• • 0 + 

0 • 0 + 

0 • 0 

+ • 0 

0 • 

• e • • • 

+ .. 1 

0 • 

0 • 

+ + 

decades (3) ·Gelechidae vit en complexe avec Cydia molesta 

_, 

V, 



(10 captures piege/semaine) en ltalie, Emilie-Romagne, Argyrotaenia pulcheJJana 
(15 captures/semaine) en ltalie, Veneto, Cydia molesta (20 captures/semaine) 
et Anarsia lineateJJa (10 captures/semaine) en Italie, Piemont. 

Malgre l'influence de tous !es facteurs susceptibles de faire varier Je rende
ment des pieges et des difficultes pour relier captures et degäts, il semble qu'un 
effort devrait etre fait pour mieux valoriser cet outi!. 

Le piege sexuel peut capturer des adultes de Tordeuses provenant d'autres 
plantes-hötes des vergers ou d'autres biotopes, il ne reflete donc pas obligatoire
ment Ja situation du verger. Cela est tres net dans Je cas d' Argyrotaenia pulchel
lana dans Je sud de Ja France et en Emilie Romagne. Les pheromones sexueJJes 
de synthese ne sont pas toujours suffisamment specifiques d'ou un risque de 
confusion d'especes ou un travail excessif de nettoyage des pieges. 

- Le contröle visue! est Ja methode de base Ja plus repandue et depuis son 
origine (BAGGIOLINI, 1965), son application a fait de grands progres (BAGGIOLINI 
et al, 1980 ; FRANKENHUIZEN et GRUYS, J 983), notamment gräce aux etudes 
biometriques des plans de sondage, qui devraient etre poursuivies. Des seuils 
de tolerance ont ete etablis pour Ja plupart des especes de Tortricidae. Ils varient 
selon l'espece fruitiere consideree, l'epoque de l'annee et Ja region et, bien 
sur, !es conditions economiques. 

L'echantiJJonnage des oeufs, souvent difficile, est pratique en hiver pour 
Archips rosana et en saison pour Cydia funebrana, C. pyrivora dont !es oeufs 
rouges sont facilement reperables sur !es poires et parfois Adoxophyes orana. 

L'echantiJJonnage des larves est direct ou indirect lorsqu'on observe seulement 
!es dommages, ce qui est Je cas pour !es especes endophytes des groupes 3, 
i+, 5 (Tableau 1). Les difficultes viennent surtout des problemes d'identification 
particulierement des larves jeunes. C'est a cause de cela que dans Ja periode 
qui precede Ja floraison, !es decisions d' interventions et Je choix des produits
ne sont pas toujours judicieux. 

Des brochures recentes et bien iJ!ustrees devraient etre d' un precieux secours 
pour Jes observateurs (DE JONG et BEEKE, 1982 ; FRANKENHUIZEN et GRUYS, 
op. cite ; CHAMBON et al, 1985). 

Lorsque Je seuil de tolerance est tres bas, on doit augmenter Ja dimension 
des echantillons de maniere souvent excessive, tel est Je cas pour Pandemis 
heparana et pour Adoxophyes orana. Des solutions peuvent etre apportees ; 
soit en se basant pour estimer Je risque au printemps, sur Je niveau des attaques 
apprecie a Ja recolte l'annee precedente, soit en pratiquant un echantiJJonnage 
sequentiel. 

- Le frappage, etudie par STEIN ER (J 962), ou Je battage (FAUVEL, RAM BIER, 
BALDUQUE, 198 J )  sont des methodes d'une mise en oeuvre rapide en verger, 
mais plus Jongue au niveau du tri et necessitant de bonnes connaissances faunisti
ques. La reconnaissance des Jarves des Tortricidae se heurte aux difficultes 
precedemment evoquees. La pratique de ces methodes est entravee par Ja pluie 
et Je vent violent. Dans Je cas du verger de poirier, Jes chutes de fruit Jimitent 
Jeur utilisation. 

Des seuils de tolerance ont cependant ete definis en AJ!emagne federale 
pour Je battage. Ils concernent 6 especes du Tableau IV en verger de pommiers 
(NATON et STEINER, 1980). 

- Les bandes-pieges ne sont vraiment efficaces que pour Cydia pomoneJ!a 
et des seuils de tolerance bases sur Jes captures de larves et de nymphes sont 
utilisees en Suisse romande et en France. La prevision du risque doit aussi tenir 
compte de Ja charge des arbres en fruits. 
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- Les methodes de sommation thermique (dites des degres/jours) peuvent 
contribuer a Ja prevision du risque. Elles sont a Ja base des modeles de simulation 
et de prevision de Ja phenologie et de Ja dynamique des populations de certaines 
Tordeuses qui sont etudies aux U.S.A. et en Europe. Les progres dans le domaine 
de l' informatique devraient conuire a une plus grande utilisation de ces methodes 
comme aide a la decision, gräce egalement aux appareils de saisie portables. 

II y a un etroite interdependance entre !es methodes de surveillance et 
de prevision du risque, !es methodes de lutte et !es seuils de tolerance economique, 
qui ont un caractere essentiellement evoJutif. On peut considerer schematiquement 
3 cas: 

- pas de seuil et lutte obligatoire. Tel est Je cas pour Ja lutte par confusion
sexuelle des mäles de Cydia pomonella, de C. molesta et d' Adoxophyes orana, 
de la regulation de base des populations de Cydia pomone!la. 

- seuil pour Ja correction de Ja densite de Ja popula tion pour un risque prevu
a moyen terme. Par exemple, lorsqu'on utilise Je R.C.I. fenoxycarb contre les 
Tordeuses de Ja pelure, Adoxophyes orana et Pandemis heparana ou une lutte 
chimique precoce contre Cydia molesta. On parle souvent improprement de 
seuil d' intervention alors que Ja deiinition de STERN ( l  966) ne stipule pas de 
delai pour l'accroissement de la population entre Je seuil de tolerance et Je 
seuil de dommage economique. 

- seuil pour un risque immediat classique dans Je cadre d'une lutte chimique 
ra1sonnee. 

Si on applique des methodes de lutte biologiques, comme !es lächers de 
Trichogrammes, il faudra etudier des seuils specifiques. 

Conclusions 

Les connaissances sur les Tortricidae nuisibles aux vergers ont fait de grands 
progres ces dernieres annees de meme que !es methodes de surveillance et de 
prevision du risque de degäts. 

Mais !es Situations etant tres variables d'une region a l'autre et parfois 
entre !es vergers d'une meme region, il est essentiel que !es experiences acquises 
soient largement divulguees. 

L'evolution des systemes de Protection integree, notamment l'utilisation 
de methodes de lutte selectives ou specifiques contre Jes Tortricidae, risque 
d'entra:i'ner une evolution du complexe des especes et des changements de domi
nance qu'il convient de deceler precocement par une surveillance vigilante des 
vergers. 
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THE ROLE OF PREDATOR BUGS /HETEROPTERA/ IN DECREASING THE 

ABUNDANCE OF HARMFUL LEPIDOPTEROUS LARVAE IN APPLE PLANTATIONS 

Summary 

VERA RACZ 

Plant Protection Institute of Hungarian 
Academy of Sciences 

Since the begin in 1976 of the agro-ecosystem research project there 
have been 186 bug species established in apple plantations of various 
types. In orchards, regularly receiving insecticidal treatments, both 
the phytophagous and predatory heteropterous populations were absent, 
therefore their beneficial activity was hot experienced. For this 
reason, a survey for the occurrence of species, as well as for their 
activity has beeh carried out in orchards where insecticide treatments 
have not been applied. lt was established that the following species 
were present: 
Deraeocoris ruber L., D. olivaceus F., D. trifasciatus L., Phytocoris 
sp., Himacerus apterus F., Aptus mirmicoides Costa, ahd that they 
might play a significant role by preying upon harmful geometrid and 
tortricid larvae, as well as other caterpillars. Deraeocoris and 
Himaterus species proved to be especially important, as they occurred 
in the highest densities among the predatory bugs. In laboratory 
rearings, during their approximately one month developmental period 
Himacerus apterus consumed, on an average, 20 lepidopterous larvae 
and by Deraeocoris species a similar number of larvae /15/ was 
destroyed. 

1.1 Introduction 

The agro-ecological stüdies aimed to establish the place and role of 
beneficial and harmful arthropod populations in Hungarian apple plantations 
were commenced in 1976 in the Plant Protection Institute of the Hung. Acad. 
of Sciences /Jermy, 1977, 1979/. 

Within the framework of this study we investigated the role of 
Heteroptera, especially that of the predatory species, because the 
phytophagous ones do not seemed to hav� ä predominant role in Hungary. 

Six types of orchards were regularly surveyed: 
1. scatte1ed, abarrdoned orchard, 2. hause orchard, 3. traditiorraJ. fst·minq
scale örchard, 4. intensively treated large-scale orchard, 5-6. farming
scale orchard near to an oak forest, half of the plantation untreated,

* 
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The surveys were carried out with different methods: 
1. beating, 2. shoots investigation, 3. light trapping, 4. sweeping of weed
underbrush, 5. pitfall trapping, 6. use of sticky belts on tree trunks.

1.2 Results 

In the apple orchard types listed above the occurrence of 186 
Heteroptera species was demonstrated in the period 1976-1980 /Meszaros et 
al., 1984/. 

The species number and individual density of predatory bugs /Tables l 
and 2/ was the highest in the orchard bordering on an oak forest. The results 
support the data of Solomon /1983/. 

lt was found rather regrettable that in orchards intensively /Tables 
1 and 2, columns 2, 3, 4/ or moderately treated with insecticides /Tables 
l and 2, columns 6/ the number of predatory bugs markedly decreased 
/Rasz, in press/. 

In spite of the polyphagous habits of most species concerned, the 
individual species usually show some preference for certain prey animals 
/Niemczyk, 1965; Korcz, 1970; Solomon 1975; Niemczyk and Olszak, 1975/. 
So the larger Deraeocoris species, Phytocoris spp., Himacerus apterus, 
Aptus mirmicoides feed in the spring predominantly on larvae of Lepidoptera, 
later on aphids and other arthropods. The individual number of these species 
showed in 1981-1984 direct relationships with those of caterpillars /Table 
3/. The latter were mostly larvae of geometrids and tortricids, however also 
other species occurred to 1-5% /Balazs, in press; Meszaros and Balazs,1980; 
Meszaros, personal communication/. The curves of numbers of lepidopteran 
larva and of predatory bugs in 1981-1984 are shown in Fig. 1. 

The feeding studies in laboratory rearings are of preliminary nature 
/Table 4/. The Deraeocoris species consumed 15 larvae, Himacerus apterus 
about 20 larvae in the average in course of 29 days, although the larval 
devei"opmental time of these bugs is langer. 
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F ig. l 
Number of Heteroptera and lepidopterous larvae found by 
surveys on individual apple trees in an untreated 
orchard during 1981-84 /County Pest, Hungary/ 
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...-a·o1e 1 • .uistribu�ior. of c1eLerou�e:ca collec·ceu oy uea--c.ing in 
apple orcb.ards of different management type in 1�76-81/.itungary/ 

.::.pecies 

Atractotomus mali 
Himacerus apterus 
1Jeraeocoris spp. 
ürius spp. 
i:'hytocoris spp • 
. blophorus perplexus 
Nabis spp. 
Anthocoris spp. 
Aptus mirmicoides 
l'icromerus bidens 

-..:·otal 1\0 • 

/0 

0ounty Szaoolcs•• Loun-�y 
8za tmar ...- es t 

1 2 3 4 5 

177 
159 

1 76 
46 

l 38 
25 

l 1 2 5 
5 
4 

1 

3 l 3 535 
0, 4 u, l 0,4 77,4 

b 

23 
29 
36 
35 
11 

3 
lu 

3 

150 
21,7 

l'otal 
:-.o. 

2Gu 
188 
113 

81 
50 
28 
l':) 

8 
4 
1 

692 

/0 

29,0 
27,2 
16,3 
11,7 

7,1 
4,1 
2,7 
1,2 
li, 6 
li, l 

lvü,ü 

'Iable 2 • .Distribution of rieteroptera collected by surveys on 
individual apple trees in orchards of different management type 
in 1976-81 /Hu:ngary/ 

Species County Jzabolcs- County 
Szatmar �est 

Atractotomus mali 
urius spp. 
.ueraeocoris spp. 
riimacerus apterus 
.Anthocoris spp. 
.i:hytocoris spp. 
.i'ilophorua perplexus 
:iabis spp. 
Aptus mirmicoides 

Total ho. 
;d 

l= 06skut - Scattered 

1 2 

4 6 
5 l 

3 

1 

1 

9 7 2 
1,7 1,3 G,4 

2=- ?üzes uokor - 1.ouse orcL.o.ra. 

4 

l 

l 
'' ,., 
v, c.. 

3= u j :fehert6 -- ,raui tional orcliarct 
4= .iloLa ta.:1ya - deale irnens:L-lre 

6 

211 10 
114 57 

48 19 
29 6 

6 
3 
2 
l 
1 

415 92 
7o,9 17,5 

221 
183 

73 
35 

6 
3 
2 
2 
l 

526 

42,ü 
34,8 
13,9 

6,6 
1,1 
(,, 6 
\J; 4 
u,4 
ü,2 

lli,,' l, 

5::: .,agykov1:'ccsi 1 Julia major 
.... t.•JJtrt'a te-.J. 

b= ,,agylrnva.csi, J"ulia 1'16.jor 
- creäteu
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..:able 3. ;mrnber of ue teroptera s_pecies anct lopidopterous 
larvae founa by surve;rs on indivL�ual ap:;:ile -c;rees in an 
u.ntre&teJ orchard Juring l:),';l-C4 /..:ounty .rest, riungary/

.. reo.a tory species 

Jeraeocoris ruber /l,./
..J.olivaceus /t'./
.J. trifascia tus /L./
:iimacerus apterus /F ./
:. hrtocoris reuteri Jaund 
.!"h. ulmi /:,./

mirruicoides _;osta 

Year 

1961 

1982 

1983 

iotal nu.wber of 

heteroptera 1epidopterous 
larvae 

38 1050 

19 4vv 

18 266 

rtptus 
_;; ilophorus perplexus /D.0c./ 1984 8 97 

1able 4. l'iean number of lepidopterous larvae consumed by 
predatory hei;eropterous developmental stages in laboratory 
/no J.D or S.ß. are given as the data are preliminary only/ 

Species 

.iJeraeocoris sp. 
Himacerus apterus /F./ 

�o. of �ays 
heteropterous 
larvae 

5 28,8 
6 28,8 

No. of 
lepidopterous 
larvae 
consumed 

14,90 
19,98 
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LE ROLE DES HETEROPTERES PREDATEURS DANS LA DECIMATION DES 

CEOMETRES ET TDRTRICIDES HABITANT DANS LES POMMERATES 

HONCROIS 

VERA RACZ 

Institut de Recherche de Protection des Plantes de l'Academie 
des Sciences Hongrois 

Au cours des investigations agro-ecologiques commencees a 1976 en 
Hongrie, 186 especes des punaises ont ete demontrees dans les 
pommeraies appartenant des types differents. Dans les vergers 
systematiquement traites des insecticides les especes predateurs et 
phytophages sont pratiquement disparues; c'est pourqoi l'activite 
zoophagique des especes Deraeocoris ruber L., D. olovaceus F., 
D. trifasciatus sp., Himacerus apterus F. et Aptus mirmicoides Coste
a ete etudie dans les vergers non traites. A la base des resultats
les heteropteres predateurs peuvent avoir un röle considerable dans
la decimation des chenilles des geometres, tortricides et autres
lepidopteres ravageursm en particulier les especes Deraeocoris et
Himacerus occurrant dans les densites de la population les plus
elevees. Parmi des heteropteres predateurs se developpant pendant
un mois environ dans les elevages, les individus de Himacerus
apterus ont consomme 20 chemilles, les especes Deraeocoris ont
detruit 15 chenilles en moyenne.



DIE PARASITIERUNGSVERHÄLTNISSE DER MICRDLEPIDOPTEREN-ARTEN 

IN VERSCHIEDENEN APFELANLAGEN VON UNGARN* 

KLARA BALAZS 

Forschungsinstitut für Pflanzenschutz 
der Ungarischen Akademie der Wissenschaften 

Zusammenfassung 

Im Rahmen der Agroökosystem,.;Forschungen, die in unserem Institut 
fortgesetzt werden, wurde die Fauna der verschiedenen Apfelanlagen 
untersucht. Im laufe der Aufklärung der Microlepidopterenfauna wurde 
geprüft, wie die Gradations- und Schädigungsverhältnisse der Micro
lepidopteren-Arten die Aktivität ihrer Parasiten beeinflussen. Die 
Populationsdynamik der Arten wurde nicht nur in den unbehandelten, 
sondern auch in den intensiv behandelten Apfelanlagen durch die Para
siten in bedeutendem Masse beeinflusst. Die Kenntnis der dominanten 
Parasiten der einzelnen Arten ermöglicht die Ausarbeitung einer 
parasitenschonenden Schädlingsbekämpfungstechnologie. 

Einleitung 

Ein grundlegendes Ziel der Agroökosystemforschungen, die schon seit 
1976 in Ungarn fortgesetzt wurden,ist die Aufklärung der faunistischen
und populationsdynamischen Verhältnisse der Apfelanlagen von verschiede
nem Typ und Intensität, und die Prüfung der Wirkung des menschlichen 
Eingriffes auf die Faunaelemente. 

Die Untersuchungen erfolgten in 6 Apfelanlagen /Meszaros et al., 
1984/. Im laufe unserer Arbeit wurden die Verhältnisse der intensiv 
behandelten Apfelanlagen mit einem Obstgarten, der schon seit 20 Jahren 
frei von menschlichem Einfluss ist, und mit einer waldbegrenzten, unbe
handelten Anlage verglichen. 

Im laufe der Arbeit wurde eingehend geprüft� wie die Gradations- und 
Schädigungsverhältnisse der Kleinschmetterlinge durch die Aktivität der 
Parasiten beeinflusst werden. 

Es wurden 8 verschiedene Aufnahmemethoden verwendet, von welchen die 
ständige Pflanzenprüfung und die diese ergänzenden Laboruntersuchungen 
die wichtigsten sind /Balazs et al., 1983/. 

Ergebnisse 

In den Jahren 1976-1984 wurden in den geprüften Apfelanlagen 37.der in der 
Laubschicht der Bäume lebenden Microlepidopteren-Arten gezüchtet. Von 
diesen leben 22-36 Arten in unbehandelten Obstgärten, in behandelten 
Apfelanlagen dagegen, die jährlich durch 8-10 Insektizid-Spritzungen 
charakterisiert sind, nur 8-11 /Balazs, 1984 b/. 

* Agroökosystem-forschungen des Apfels, No 53.



In allen Anlagen konnte die voranschreitende Dominanz der Miniermatten 
beobachtet werden. Ihre Vermehrung war in den intensiv behandelten Apfel
anlagen am stärksten, wo zeitweise bedeutende Ertragsverluste aufgetreten 
sind. Lithocolletis blancardella F. überragte in ihrer Dominanz überall 
die anderen Arten. Ausser ihr konnten wir am Anfan� der Acntzigerjahre das 
Auftreten von Leucoptera scitella z., in einigen Anlagen von Lithocolletis 
corylifoliella Haw., Parornix petiolella Frey., Nepticula malella Stt., 
und in unbehandelten Gärten von Callisto denticulella Thnbg. und Coleophora 
serratella L. beobachten. 

Die anderen Arten /Wickler, Laub- und Obstschädlinge mit 1 bzw. 2 
Generationen/ sind nur in unbehandelten Obstgärten ständige Faunaelemente. 
In behandelten Apfelanlagen hängt ihr Vorkommen und Schaden in erster Linie 
von der angewandten Bekämpfungstechnologie ab. Da sie im Luftraum der An
lagen ständig vorkommen, ist die Möglichkeit ihrer Vermehrung immer gegeben. 
In den geprüften Jahren waren von diesen Arten das Auftreten von Pandemis 
ribeana Hbn., P. heparana Schiff. und Archips podana Sc. bedeutend. 

In der Tabelle sind die wichtigsten Microlepidopteren-Arten und ihre 
Parasitierungsverhältnisse dargestellt. Die summierten Daten veranschau
lichen, dass die Parasiten überall dort leben, wo ihre Wirtstiere sind. Von 
den Arten, die in den intensiv behandelten Apfelanlagen schädlich sind, 
hebt sich die Parasitierung von L. blancardella F. ab. Die Durchschnitts
parasitierung von 18,6%, welche sich in den einzelnen Orten bis 50% nähert, 
zeigt deutlich, dass diese Art viele bedeutende, ihre Populationsdynamik 
tatsächlich beeinflussende Parasiten hat.Erwähnenswert ist von den übrigen, 
in den intensiv behandelten Pflanzungen vorkommenden Arten die Parsi
tierungen von L. scitella z. /8,8%, P. heparana Schiff. /17,8% und von 
Adoxophyes reticulana Hbn. /11,1%. 

Wie es zu erwarten war, bezieht sich der Artenreichtum der unbehan
delten Pflanzungen nicht nur auf die Wirtstiere, sondern auch auf ihre 
Parasiten, besonders in der Nähe von Waldungen. Das bewiesen gut die Pa
rasitierungsverhältnisse, der hier am häufigsten vorkommenden 3 Wickler
arten /H. nubiferana Haw., S. ocellana F. und R. leucatella Cl./. 

Auf der Äbb. 1 sind die wichtigsten Parasiten der 3 häufigsten 
Miniermotten dargestellt und gleichzeitig die verschiedenen Zusammenhänge 
der Wirt-Parasitverhältnisse veranschaulicht. Von den 30 Chalcidoidea
Parasiten von L. blancardella F. ist Holcothorax testaceipes Ratz. der 
wichtigste. Er kommt in allen Biotopen seines Wirtstieres vor und ist in 
allen Apfelanlagen mit dem Vorkommen des Wirtstieres zum dominanten 
Parsiten geworden /Balfuzs, 1983/. Weitete bedeutende Parasiten sind noch 
Sympiesis sericeicornis Nees, s. qordiu� Walk., Pnigalio pectinicornis 
L., P. soemius Walk. und Calpoclypeus florus Walk. Von den Braconiden
Arten wurden Apanteles bicolor Nees und A. arisba Nixon zu der1 wichtigsten 
Parasiten. Sie haben ihre Wirkung in unbehandelten Obstgärten schon im 
Jahre des stärkeren Auftretens des Wirtes gezeigt, in behandelten Pflan
zungen aber erst später, erst im zweiten Jahr. 

Die Parasiten anderer Minietmotten spielen eine untergeordnete 
Rolle, auch wenn sie gelegentlich in unbehandelten Obstgärten in gtosser 
Arten- und Individuenzahl auftreten können. Da sie Parasiten von L. 
blancardella sind, wird ihre Bedeutung von der Dichte dieses Wirtes be-
einflusst. 

In der Tab. 2 sind die wichtigsten Parasiten der 4 häufigsten Tor
triciden-Arten dargestellt. Von ihnen sind in unbehandelten Pflanzungen 
nur die Pandemis-Arten vorgekommen. Es ist auffallend dass die bedeuten
den Parasiten dieser Arten die auf Chemikalien empfin liehen Braconidae 
sind. Das ist der Grund, warum die Parasiten der Wiek er-Arten in behan-
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delten Anlagen eine geringere Rolle spielen als unter natürlichen Umstän
den. In diesem Falle ist es auch möglich, dass die polyphagen Macrocentrus
und Apanteles-Arten und einige Chalcidoidea-Arten als Elemente der Lebens
gemeinschaft zum Wirtswechsel fähig sind, einerseits innerhalb der Anlage, 
andererseits zwischen der Pflanzung und der Umgebung. 

Folgerungen 

Die Aufschliessung der Wirt-Parasitverhältnisse zeigt wohl, dass es 
im laufe des integrierten Pflanzenschutzes im Apfelanbau berechtigt ist, 
die Anwesenheit, Rolle und Einbürgerungsfähigkeit der Parasiten der Micro
lepidopteren-Arten in Betracht zu nehmen. 

Die Kenntnis der dominanten Parasiten der einzelnen Arten ermöglicht 
die Anwendung einer parasitenschonenden Bekämpfungstechnologie. Im laufe 
dieser muss man die Möglichkeit der polyphagen Parasiten ausnützen. 

Durch die parasitenschonende Bekämpfungstechnologie kann erreicht 
werden, dass die unter natürlichen Verhältnissen zu erwartende Gradation des 
Schädlings in den Apfelanlagen ausbleiben wird /Balazs, 1984 a/. 

So kann die notwendige, auf die Parasiten auch Rücksicht nehmende, 
bewusste, menschliche Tätigkeit gleichzeitig zu einem umgebungsschonenden 
System werden. 
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HOST-PARASITE RELATIONSHIP OF MICROLEPIDOPTERA IN DIFFERENT 

APPLE PLANTATIONS IN HUNGARY 

Summary 

/ / 

KLARA BALAZS 

Plant Protection Institute of the Hungarian 
Academy of Sciences 

The Fauna of apple plantations differing in their management system/from 
intensively treated to untreated orchards/ is studied within the 
framework of a long-range ecosystem research in different locations 
of Hungary. 
By studying the population dynamics of different Microlepidoptera 
also the role of their parasites was investigated. lt was established 
that the parasites may considerably influence the individual densities 
of their hosts not only in untreated, scattered orchards but also 
in farming-scale plantations receiving regular insecticidal treatments. 
The knowledge of both of the dominant parasites and their biology makes if 
possible to work out a spraying schedule effective against the pests 
but saving their natural enemies. 

Tabelle 

Die Parasitierungsverhältnisse der wichtigsten Microlepidopteren-Arten 

/1976-1984/ 

Art 
gesammelte parasi

tierte 
Raupen 

Parasi
tierung 

Lithocolletis blancardella F. 22 510 4 201 18,6 
Lithocolletis corylifoliella Haw. 3 936 199 5,0 
Leucoptera scitella z. 5 016 444 8,8 
Parornix petiolella Frey. 5 375 147 2,7 
Nepticula malella Stt. 5 457 70 1,3 
Callisto denticulella Thnbg.* 636 26 4,0 

Pandemis ribeana Hbn. 1 546 57 3,6 
Pandemis heparana Schiff. 486 87 17,9 
Archips podana Sc. 348 14 4,0 
Adoxophyes_reticulana_Hbn. _________________ �!----------�-----------11,l ______ 
Hedya nubiferana Haw.* 
Snilonota ocellana F.* 

564 
466 

123 
64 

21,8 
13,7 



Recurvaria leucatella Cl. * 
Diurnea fagella F.* 
Coleophora serratella L.* 

* = nur in unbehandelten Obstgärten 

39 

525 
241 
339 

105 
19 
8 

19,8 
7,9 
2,3 



EINFLUSS VON BEHANDLUNGEN MIT APFELWICKLER-GRANULOSEVIRUS 
(CPGV) UND BREITENWIRKSAMEN CHEMISCHEN INSEKTIZIDEN AUF 
PARASITEN DES APFELWICKLERS UND PARASITEN VON SCHALEN
WICKLER-ARTEN 

E. Dickler

Biologische Bundesanstalt für Land- und Forstwirtscl:tf!ft., 
Institut für Pflanzenschutz im Obstbau, Dossenheim 

Summary 

In long-term field trials set up to study the influence of the cod
ling moth granulosis virus (CpGV) on the apple Fauna, the parasiti
sation of the codling moth and of apple leafrollers werealso kept under 
observation on experimental fields, each treated differently with the 
virus or Gusathion MS (Azinphos-methyl + Demeton-S-methylsulfon). An 
apple orchard of approx. 0,6 hectare was used for these trials. 

Twelf different species of entomophagous Hymenoptere were proved 
to be parasites of Cydia pomonella. The most important species are 
Trichomma enecator, Ascogaster quadridentatus, Pimpla turionellae and 
Eurytoma sp. The broad-spectrum Gusathion MS also eliminated the cod
ling moth parasites. By means of decimating the hast population, the 
CpGV-treatments were seen to have a notable affect on the population 
of the codling moth parasites. 

Fourteen species of entomophagous Hymenoptere and one of Diptera 
were identified as parasites of leafrollers. The most frequent hosts 
encountered were the Pandemis heparana and Adoxophyes orana. Whilst 
Macrocentrus linearis is considered to be the most important parasite 
of the P. heparana, Meteorus ictericus is seen as the most significant 
of the A. orana parasites. Whilst on the one hand Gusathion MS either 
directly or indirectly eliminates the parasite complex of the leafroller 
species, treatment with CpGV does not affect this complex. 

Einleitung 

In mehrjährigen Freilanduntersuchungen über den Einfluß des Apfelwick
ler-Granulosevirus (CpGV) auf die Apfelfauna wurde auch der Frage nachge
gangen, welchen Einfluß das selektive CpGV im Vergleich mit dem breiten
wirksamen Gusathion MS auf die Parasiten von Apfelwickler und Apfelschalen
wicklerarten ausübt. Die Untersuchungen fanden auf dem Versuchsfeld des 
Instituts für Pflanzenschutz im Obstbau in einer ca. 0,6 ha großen Apfel
anlage statt. 

Material und Methoden 

In der an anderer Stelle ausführlich beschriebenen Versuchsanlage (Dick
ler und Huber, 1978; Dickler und Gehr 1981) wurden je 80 Bäume mit Gusathion 
MS (Azinphos-methyl + Demeton-5-methylsulfon) und Granulosevirus (CpGV) gegen 
den Apfelwickler behandelt. Zwischen beiden Parzellen befand sich ein ebenso 
großer Block von unbehandelten Trennbäumen. Weitere 80 Bäume dienten als un
behandelte Kontrolle. Zeitpunkt und Zahl der Obstmadenspritzungen wurden mit 
Hilfe von Pheromonfallen, Eiablagebeobachtungen und anderen visuellen Ver
fahren sowie unter Berücksichtigung des Witterungsverlaufs (Temperatursumme) 
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ermittelt. Die Zahl der insektiziden Maßnahmen gegen den Apfelwickler 
schwankte jährlich zwischen 2 und 5. Darüber hinaus war jedes Jahr eine 
Insektizidspritzung gegen die mehlige Apfelblattlaus Dysaphis plantaginea 
mit Metasystox (Oxydemeton-methyl) erforderlich. Auf den Einsatz von 
Akariziden wurde verzichtet. Spritzungen gegen Schorf und Mehltau erfolgten 
praxisüblich. Zur Ermittlung der Apfelwicklerparasiten wurden während der 
Vegetationsperiode Wellpappe-Fangstreifen angebracht. Nach der Entnahme der 
Diapauselarven im Frühjahr wurden die Parasiten im Labor gezogen. Die Scha
lenwicklerparasiten wurden aus juvenilen Stadien gezogen, die nach verschie
denen Verfahren, wie Astproben-Methode, Triebspitzen-, Blatt- und Frucht
absammlungen, aus o.g. Parzellen entnommen worden waren. Die Determination 
des umfangreichen Materials wäre ohne die hilfreiche Unterstützung zahl
reicher Experten nicht möglich gewesen. * 

Ergebnisse und Diskussion 

Apfelwickler-Parasiten 

In Dossenheim konnten bisher 12 Arten als Parasiten des Apfelwicklers 
und 15 Arten als Schalenwicklerparasiten nachgewiesen werden. 

Die in Übersicht 1 aufgelisteten Apfelwicklerparasiten gehören aus
nahmslos der Ordnung Hymenoptera an. Trichomma enecator und Ascogaster qua
dridentatus rangierten in der Dominanz meist an erster Stelle. Die Puppen
parasiten Pimpla turionellae und Eurytoma sp. sind wegen ihrer Häufigkeit 
besonders hervorzuheben. Die Chalcidide Dibrachys cavus trat in Dossenheim 
sowohl als Primärparasit von C. pomonella als auch als Hyperparasit aus 
C. pommonella via einer nicht zu determinierenden Ichneumonide auf. Alle
anderen festgestellten Arten wurden vereinzelt gefunden. Durch die genannte
Versuchsanstellung mit Wellpappe-Fangstreifen konnte festgestellt werden,
daß T. enecator und A. quadridentatus in ihren Wirten überwintern. T.
enecator belegt die junge Wirtslarve, während A. quadridentatus ihre Eier
in die Wirtseier ablegt.

Der Einfluß der Apfelwicklerbehandlungen mit chemischen und biologi
schen Insektiziden auf die Parasiten des Apfelwicklers soll am Beispiel 
der Fangstreifenauswertung 1983 aufgezeigt werden (Tab. 1). Die niedrig-
ste Wirtslarvendichte wurde in der CpGV-Parzelle angetroffen, was die gute 
Wirkung des Virus gegen den Zielorganismus erneut unterstreicht. Die Para
sitierung in der unbehandelten Kontrollparzelle lag - wie in den Vorjahren -
1983 mit 1,6% sehr niedrig, so daß die Unterschiede - das günstige Ab
schneiden des CpGV - statistisch nicht signifikant sind. Aus Fangstreifen 
von mit Gusathion MS behandelten Bäumen konnte 1983 und den Vorjahren kein 
Apfelwicklerparasit gezogen werden. Aus den langjährigen Untersuchungen 
über die an anderer Stelle ausführlich berichtet werden soll (Dickler und 
Hasselbach in Vorbereitung) lassen sich bezüglich der Apfelwicklerparasiten 
folgende Schlußfolgerungen ableiten: 

1. Während der gesamten Versuchsdauer war die Parasitierung der Apfel
wicklerlarven sehr gering und schwankte zwischen l und 3% an solchen Bäu
men, die nicht mjt chemischen Apfelwicklerinsektiziden behandelt worden 
waren. 

2. Aus den �enigen Apfelwicklerlarven, die in Fangstreifen an Gusathion
MS-behandelten Bäumen entnommen wurden, schlüpften keine Parasiten. 

* Den Herren F. Bachmeier, München; H.H. Evenhuis, Wageningen; E. Haesel
barth, München; W. Hasselbach, Albig, B. Herting, Ludwigsburg und K.
Horstmann, Würzburg sei an dieser Stelle für ihre freundliche Hilfe
bei der Bestimmung der Parasiten gedankt.



3. Die Unterschiede in der Parasitierung der Apfelwicklerlarven zwi
schen CpGV behandelten und unbehandelten Bäumen war infolge der geringen 
Parasitierung statistisch nicht gesichert. 

4. Die starke Unterdrückung der Wirtspopulation durch das Granulose
virus führt zwangsläufig zu einem Rückgang der Parasitendichte. 

Schalenwickler - Parasiten 

Bei der Betrachtung der Schalenwicklerparasiten ist zu berücksichtigen, 
daß am Standort Dossenheim etwa 12 Schalenwicklerarten vorkommen, von denen 
die wichtigsten Adoxophyes orana, Pandemis heparana, Hedya nubiferana und 
Archips rosana sind. Von den bisher nachgewiesenen 15 Arten des Parasiten
komplexes (Übersicht 2) gehören 14 der Ordnung Hymenoptera an, 2 Chalcididen, 
4 Braconiden und 8 Ichneumoniden. Als einziger Vertreter der Diptera konnte 
die Tachinide Pseudoperichaeta insidiosa gefunden werden. Bei einer Be
trachtung der Dominanz der Parasiten ist zu beachten, daß die Wirtspopu
lationen innerhalb einer Vegetationsperiode starken Dominanzveränderungen 
unterliegen (Dickler, 1986). Die aus Larvenabsammlungen aus der Kontroll
parzelle ermittelten Werte für A. orana und P. heparana sind in der Tabelle 
2 wiedergegeben. Im Februar bei der Astprobenkontrolle ist A. orana die 
häufigste Art. Bei Blattabsammlungen im Mai geht der Anteil von A. orana 
zurück und im Juli dominiert eindeutig P. heparana. Bei Blatt- und Frucht
entnahmen im September ist A. orana dann mit Abstand wieder die häufigste 
Art. Die wichtigsten Parasiten von P. heparana und A. orana sind Macrocentrus 
linearis und Meteorus ictericus, beides Vertreter der Familie Braconidae. 
Bisher wurde M. linearis nur aus P. heparana Larven gezogen, M. ictericus nur 
aus A. orana Wirtstieren. Am Standort Dossenheim scheinen diese Arten also 
sehr stark an ihren Wirt angepaßt zu sein. Auch bei den Schalenwicklerpara
siten soll eine ausführliche Diskussion an anderer Stelle erfolgen (Hasselbach 
und Dickler in Vorbereitung). 

Die jahreszeitliche Änderung der Parasitierungsrate bei Larvenabsamm
lungen in Dossenheim ist in Tabelle 3 für das Jahr 1981 angegeben. Betrach
ten wir zunächst die Ergebnisse der Gusathion MS-Parzelle. Hier konnten 
bei Astproben im Januar/Februar aus wenigen Wirtstieren keine Parasiten 
gezogen werden. Um so überraschender sind auf den ersten Blick die Resul
tate der Mai-Absammlungen bei Gusathion MS mit 44 Parasiten und einer Para
sitierungsrate von fast 50%. Eine Analyse der Einzeldaten führt zu einer 
einfachen Erklärung. Die Parasiten entfallen zu über 90% auf eine einzige 
Art, nämlich Lissonota errabunda, ein gregärer Endoparasit. L. errabunda 
wurde aus Archips-Arten gezogen, die im Eistadium überwintern. Die Eiab
lage dieser Arten erfolgt lange nach der letzten Insektizidspritzung an 
Astverzweigungen und am Stamm. Sie werden somit von Gusathion MS nicht 
�etroffen und sind geeignete Wirte für die zugeflogenen L. errabunda. Im 
Juli und September wurde bei den quantitativen Absammlungen lediglich 
ein Wirtstier und keine Parasiten gefunden. In den mehrjährigen Untersu
chungen konnten insgesamt nur 2 Parasiten von A. orana in Einzelexempla
ren aus der chemischen Insektizidparzelle gezogen werden. Sie entstammen 
der Mai-Entnahme. Zu diesem Zeitpunkt ist eine Verbreitung der Wirtslar
ven durch Windverwehung häufig. 

Die absoluten Werte, also auch die Prozentangaben für die Parasitie
rungsrate unterliegen bei CpGV und unbehandelten Kontrollen starken Schwan
kungen, die für solche Absammlungen charakteristisch und auch nicht sta
tistisch zu sichern sind. Sie sind teilweise erklärbar durch die unter
schiedliche Zusammensetzung der Schalenwickler-Arten von Baum zu Baum 
und das damit verbundene Angebot an Wirtstieren. 



Die höchste Dichte von Schalenwicklerlarven wird in den Monaten Juni/ 
Juli angetroffen. Hier ist, wie aus Tabelle 4 deutlich wird, die Obstma
denbekämpfung mit Gusathion MS auf Wirt- und Parasitenpopulationen voll 
wirksam. Die teilweise niedrigere Parasitierung bei CpGV im Vergleich 
zu unbehandelter Kontrolle ist schwierig zu erklären. Eine Interpreta
tion ist nur anhand einer Betrachtung der Einzeldaten möglich und würde 
hier den Rahmen dieses Referates sprengen. 

Zusammenfassung 

In mehrjährigen Freilandversuchen wurde der Einfluß von chemischen 
(Gusathion MS) und biologischen Apfelwicklerinsektiziden auf die Parasiten 
des Apfelwicklers und auf Schalenwicklerarten untersucht. 12 entomophage 
Hymonopteren konnten als Apfelwicklerparasiten nachgewiesen werden. 
Trichomma enecator, Ascogaster quadridentatus, Pimpla turionellae und 
Eurytoma sp. waren am häufigsten. Das breitenwirksame Gusathion MS elimi
nierte die Apfelwicklerparasiten völlig. Diese werden durch das nütz
lingsschonendeCpGV nur indirekt durch Unterdrückung der Wirtspopulation 
beeinflußt. 

14 Arten entomophager Hymenopteren und eine Diptere wurden als Parasi
ten der Schalenwickler nachgewiesen. Macrocentrus linearis als Parasit 
von Pandemis heparana und Meteorus ictericus bei Adoxophyes orana Larven 
erlangten die größte Bedeutung. Auch hier war ein direkter und indirekter 
Einfluß des chemischen Insektizides auf die Schalenwicklerparasiten 
feststellbar. In CpGV behandelten Parzellen lag die Parasitierung im 
Bereich der unbehandelten Kontrolle. 
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Übersicht 1 

Übersicht über die in Dossenheim aus Apfelwicklerlarven und -puppen 
gezogenen Parasitenarten 

Chalcididae 

Colpoclypeus florus 

Eurytoma sp. 

Dibrachys cavus 

Braconidae 

Ascogaster quadridentatus 

Apanteles ater 

Apanteles longicauda 

Übersicht 2 

lchneumonidae 

Trichomma enecator 

Pimpla (Cocc.) turionellae 

Campoplex rufinator 

Theroscopus hemipterus 

Liotryphon crassiseta 

Phaeogenini gen. sp. 

Übersicht über die in Dossenheim aus Schalenwicklerlarven und -puppen 
gezogenen Parasitenarten 

Hymenoptera: 

Chalcididae 

Colpoclypeus florus 

Eulophus larvarum 

B:caconidae 

Ascogaster rufidens 

Apanteles ater 

Meteorus ictericus 

Macrocentrus linearis 

Diptera: 

Tachinidae 

Pseudoperichaeta insidiosa 

Ichneumonidae 

Itoplectis maculator 

Teleutaea striata 

Apophua bipunctoriua 

Lissonota errabunda 

Campoplex restrictor 

Tranosemella praerogator 

Trichomma enecator 

Habronyx nigricorne 



Tabelle l 

Apfelwickler Parasitierung in 

Fangstreifen, Dossenheim 1983 

Behandlung Larven Parasitierung 

Larven 

Gusathion MS 16 0 

Trennreihen 189 5 

CpGV 15 l 

Kontrolle 321 5 

l: 541 11 

Tabelle 2 

Dominanz von Adoxophyes orana (A.o.) und 

Pandemis heparana (P.h.) in Larvenabsammlungen 

Dossenheim, 1981 

o, 
,o 

0 

2,7 

6,7 

1,6 

2,0 

Zeit Anzahl 

Larven 

A.o. P.h. Andere 

Februar 57 

Mai 641 

Juli 263 

September 407 

0' 
,o 

72 

65 

19 

92 

o, 
,o 

24 

41 

79 

8 

o, 
,o 

4 

28 

2 

0 
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Tabelle 3 

Jehreszei J iche Änderung der Paras1L1erunqsrate 

bei Larvenabsammlungen in Dossenheim, 1981 

Behandlung/Zeit untersuchte Parasitierung 

Larven Larven ., 

,o 

Gusathion MS/Jan. 1 D 0 

CpGV /Jan. 12 3 25,0 

Kontrolle /Jan. 34 2 5,9 

Gusathion MS/Febr. 2 0 0 

CpGV /Febr. 57 5 8,8 

Kontrolle /Febr. 102 7 6,9 

Gusathion MS/Mai 93 44 47,3 

CpGV /Mai 104 19 18, 3 

Kontrolle /Mai 174 33 19,0 

Gusathiori MS/Juli 0 0 0 

CpGV /Juli 29 0 0 

Kontrolle /Juli 124 21 16,9 

Gusathion MS/Sept. 1 0 0 

CpGV /Sept. 83 5 6,0 

Kontrolle /Sept. 110 1 0,9 



Tabelle 4 

Parasitierung von Schalenwicklerlarven der 

Juliabsammlung in Dossenheim, 1979 und 1980 

Behandlung/Jahr untersuchte Parasitierung 

Larven Larven ,o 

Gusathion MS 79 0 0 D 

CpGV 79 185 14 7,6 

Kontrolle 79 547 65 11,9 

Gusathion MS 80 0 0 D 

CpGV 80 656 40 6,1 

Kontrolle 80 585 83 14,l 



STAND DER ENTWICKLUNG UND EINFÜHRUNG MIKROBIOLOGISCHER 
INSEKTIZIDE ZUR WICKLERBEKÄMPFUNG 

IM APFELANBAU 

Erich Dickler 

Biologische Bundesanstalt für Land- und Forstwirtschaft, 
Institut für Pflanzenschutz im Obstbau, Dossenheim 

Summary 

In the main fruit growing regions of Europe, several tortricids can 
cause severe damage to apples. The codling moth Cydia pomonella is 
the key pest, necessitating repeated applications of insecticides. 
Among the numerous leafroller species, Adoxophyes orana, Archips 
podana, Pandemis heparana, Spilonota ocellana are the most important 
ones. In commercial orchards broad spectrum insecticides are used for 
tortricid control. These compounds have undesirable effects on bene
ficial arthropods and their use often leads to an increase of secon
dary pests such as Panonychus ulmi. A report is given about field 
trials using selective microbial agents such as baculoviruses and 
Bacillus thuringiensis for tortricid control. The experiments were 
carried out in several European countries within the framework of 
IOBC and CEC working groups. Most progress has been made with the cod
ling moth granulosis virus (CpGV). CpGV was successfully fieldtested 
in 10 European countries at 29 different locations. Fruit damage could 
be kept under the economic threshold. 
Investigations for leafroller control with baculoviruses carried out 
in Europe were essentially restricted to the economically most signi
ficant species Adoxophyes orana (A.o.). An A.o. specific nuclear po
lyhedrosis virus (AoNPV) was also effective against the target pest, 
but the total leafroller damage to fruits could only be reduced by 
50 - 70%. Damage by other species especially Pandemis heparana could 
not be prevented with AoNPV. The field trials with Bacillus thurin
giensis carried out in several locations against leaf rollers showed 
a low efficacy of Bt. formulations. 

Einleitung 

In den meisten Obstbaugebieten Europas treten in Apfelkulturen verschie
dene Tortrizidenarten auf, die erhebliche Ertragsausfälle verursachen kön
nen. Wegen ihres besonderen Schadverhaltens - rasches Einbohren in die Frucht 
beim Apfelwickler oder versteckte Lebensweise in einem Gespinnst zwischen 
Blatt und Frucht bei den verschiedenen Schalenwicklerarten- sind integrier
te Bekämpfungsmaßnahmen oft �chwierig. Deshalb werden zum Schutz der Ernte 
gegen Wicklerschäden in der Praxis allgemein breitenwirksame Insektizide 
eingesetzt. Als Kontakt� Atem- und Fraßgift in einem Produkt erfassen sie 



nicht nur beißende Insekten sondern auch saugende, und hier insbesondere 
die Blattlausarten. Diese Breitenwirksamkeit ist für den Apfelprodu
zenten nur bei oberflächlicher Betrachtung von Vorteil. Sie stellt einen 
unnötig starken Eingriff in ein komplexes Agroökosystem dar, das wie kaum 
eine andere Kultur durch einen außerordentlichen Arten- und Individuen
reichtum gekennzeichnet ist. Von Ökologen, von im Pflanzenschutz tätigen 
Wissenschaftlern, von Obstbauern und nicht zuletzt von Verbrauchern wird 
immer häufiger die Frage gestellt, ob es sinnvoll und unvermeidbar ist, 
in solchen komplexen Systemen wie dem Apfel Präparate einzusetzen, die auch 
für die Mehrzahlder Nichtzielorganismen fatal sind. 

Neben den berechtigten ökologischen Bedenken kommen in jüngster Zeit auch 
ökonomische Nachteile beim Einsatz breitenwirksamer Präparate zum Tragen. 
Dies gilt in zunehmendem Maße für die synthetischen Pyrethroide, die erst 
vor wenigen Jahren in den Obstbau eingeführt, wegen ihrer spinnmilbenfördern
den Wirkung und anderer Nachteile von der Praxis mehr und mehr abgelehnt wer
den. Die vermeintlichen Vorteile für den Erwerbsobstbauern, mehrere Schader
reger mit einem Präparat zu erfassen, werden durch das Ausschalten der na
türlichen Feinde von Ziel- und Nichtzielorganismen durch Resistenzbildung 
und Förderung der Fruchtbarkeit von Schaderregern rasch ins Gegenteil umge
kehrt. 

Wissenschaftler der IOBC - Arbeitsgruppe "Integrierter Pflanzenschutz im 
Obstbau" haben bereits vor mehr als 2 Jahrzehnten diese Problematik erkannt 
und sich die Aufgabe gestellt, zur Niederhaltung schädlicher Insektenpopu
lationen selektive nützlingsschonende Methoden zu entwickeln. 

Bei der Entwicklung solcher Verfahren zur Bekämpfung von Wicklern, die im 
Obstbau einen Schlüsselfaktor darstellen, kommt heute der Verwendung mikro
bieller Krankheitserreger eine besondere Bedeutung zu. Insbesondere Insek
tizide auf. de.r .Basis von insektenpathogenen Viren erfüllen die Forderungen 
nach Selektivität und Ökosystemschonung in idealer Weise. Sie sind hoch
spezifisch,und aufgrund ihrer allgemeinen Verbreitung bei Insekten und 
Spinnentieren hat ihre Anwendung in der Schädlingsbekämpfung keine zusätz
liche Belastung der Umwelt zur Folge. Die Einsatzmöglichkeiten von Viren 
zur Wicklerbekämpfung im Apfelanbau stellen daher den Schwerpunkt meiner 
Ausführungen dar. Bekämpfungsversuche mit Bacillus thuringiensis werde ich 
in einem Schlußkapitel kurz abhandeln. 

Insektenpathogene Viren 

Nach Martignoni ( 1981) wurden in 826 Arthropodenarten pathogene Viren nach
gewiesen. Diese Zahl dürfte in der Zwischenzeit weiter angestiegen sein. 
Martignoni berichtet von Viruskrankheiten in 9 Insektenordnungen und einer 
Spinnenordnung. Am weitesten verbreitet sind sie bei der Ordnung Lepidop
tera, wo bereits mehr als 300 Baculoviren bei 200 Schmetterlingsarten nach
gewiesen werden konnten (Benz, 1981). Leider hat die Kommerzialisierung von 
Insektenviren zur Schädlingsbekämpfung mit der rasanten Entwicklung des 
Kenntnisstandes über ihre Anwendungsmöglichkeit bisher nicht Schritt hal-
ten können. Kaum mehr als 50 Viruspräparate wurden weltweit in bescheidenen 
Mengen für �leine Freilandversuche verwendet. Vier Viruspräparate sind von 
der EPA in USA amtlich zugelassen. Drei Präparate werden in Nordamerika im 
Forst eingesetzt und ein Produkt findet in Baumwolle Anwendung (Huber, 1984). 
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Das Apfelwicklergranulosevirus (CpGV) 

Unter den Baculoviren, die im Obstbau bei verschiedenen Tortriciden nachge
wiesen wurden, wird dem Apfelwicklergranulosevirus für eine Praxisanwen
dung die größte Bedeutung beigemessen. Zum einen ist der Zielorganismus 
ein weltweit verbreiteter landwirtschaftlicher Großschädling, der in vie
len Anbaugebieten einen begrenzenden Faktor im integrierten Pflanzenschutz 
darstellt, zum anderen weist das CpGV eine Reihe positiver Eigenschaften 
auf, die seine Verwendung im Erwerbsobstbau prädestinieren. 

Wirksamkeit des CpGV gegen den Zielorganismus 

Das CpGV wurde im Jahre 1963 in Mexico in toten Apfelwicklerlarven gefun
den und von Tanada 1964 an der University of Berkeley/California identi
fiziert (Falcon et al., 1968). In ersten Untersuchungen von Falcon erwies 
sich das Virus als außerordentlich virulent und hochspezifisch. Von zahl
reichen inzwischen getesteten Arten waren nur wenig nahe Verwandte anfäl
lig, wie Cydia nigricana (Payne, 1981), Rhyacionia buoliana (Huber, 1978), 
Grapholitha molesta (Falcon et al., 1968), G. funebrana und Lathronympha 
strigana (Huber, 1982). Am Apfel konnte neben dem Zielorganismus Apfel
wickler bisher kein anderer anfälliger Wirt gefunden werden. Bereits in 
ersten Freilandversuchen, die von Falcon und Mitarbeitern von 1966 bis 1968 
durchgeführt wurden, erwies sich das Granulosevirus als hochwirksam gegen 
den Apfelwickler. Gleichlautende Ergebnisse wurden in Australien, Canada 
und Neuseeland erzielt (Huber, 1982). In Europa wurden die Arbeiten mit dem 
CpGV 1970 in der Schweiz aufgenommen (Keller, 1973) und seit 1974 wird das 
CpGV in einem nunmehr 12-jährigen Freilandexperiment auf dem Versuchsgelän
de der Biologischen Bundesanstalt, Institut für Pflanzenschutz im Obstbau, 
in Dossenheim in Zusammenarbeit mit dem BBA-Institut für biologische Schäd
lingsbekämpfung in Darmstadt auf seine Wirksamkeit im Vergleich mit chemi
schen Insektiziden geprüft (Dickler, 1983; Dickler und Huber, 1984; Huber 
and Dickler, 1977). In Jahren mit unterschiedlichen Witterungsbedingungen 
zeigte das Virus eine gute Wirkung und wie an anderen Stellen bereits mehr
fach berichtet wurde, konnten in 8 von 11 Jahren dieses Langzeitversuches 
die Fruchtschäden wie bei den chemischen Vergleichsinsektiziden unter der 
wirtschaftlichen Schadensschwelle bei 1% Befall am Erntegut gehalten werden, 
s. Abb. 1 (Dickler und Huber, 1984). Die nicht voll ausreichende Wirkung
des CpGV in 3 Vegetationsperioden war auf Störungen und Mängel bei der Ver
suchsdurchführung in den Jahren 1976 und 1983 oder auf eine herstellungsbe
dingte zu niedrige Viruskonzentration des Präparates im Jahre 1981 zurück
zuführen.

Aufgrund der gesammelten Erfahrungen wird seit 1984 für die CpGV-Anwendung 
eine neue Strategie erprobt. Ausgehend von der Überlegung, daß sich aus den 
ersten Eiraupen, die bereits Anfang Juni auftreten, eine starke zweite 
Generation aufbauen kann,und ausgehend von Ergebnissen aus Inaktivierungs
versuchen (Fritsch und Huber, 1985) wird CpGV prophylaktisch in ca. wö
chentlichen Abständen in 1/10 der Normalkonzentration gespritzt. Die Be
handlungstermine entsprechen im Juni den praxisüblichen Fungizidsprit
zungen. Diese Ergebnisse werden als Poster im Rahmen dieses Symposiums prä
sentiert (Dickler und Huber, 1986). Die beschriebenen Eigenschaften des 
CpGV veranlaßten Wissenschaftler in zahlreichen Forschungsanstalten in Eu
ropa sich mit dem Virus intensiver zu befassen. Diese Aktivitäten wurden 
zunächst von der DILB - Untergruppe "Apfelwickler" koordiniert (Tab. 1), 
(Huber, 1982; Dickler, 1978, IDBC-WPRS, 1980). In der Bundesrepublik 
Deutschland wurden die Untersuchungen mit Baculoviren vom Bundesministe
rium für Forschung und Technologie gefördert (Dickler und Huber, 1978). 
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Ab 1979 unterstützte die Kommission der Europäischen Gemeinschaft Versu
che mit dem Virus und bis 1983 konnte das CpGV in 10 europäischen Ländern 
an 29 Standorten geprüft werden (Cavalloro and Piavaux, 1983; Cavalloro 
and Piavaux, 1984). Während im gemäßigten Klima Mitteleuropas 2 bis 5 Appli
kationen zur Unterdrückung des Schadens ausreichten, waren unter extremen 
Befallsbedingungen in Spanien bis zu 10 Spritzungen vorgenommen worden 
(Esteban, 1986). In Griechenland konnte Yamvrias, 1984, unter extremen Be
dingungen mit CpGV apfelwicklerbedingte Schäden vermeiden. Allerdings be
trug die Zahl der Behandlungen, die in 8 bis lOtägigen Intervallen ausge
bracht worden war, bei Virus 13, bei dem chemischen Vergleichsinsektizid 6. 
Der Einsatz des CpGV setzt die genaue Kenntnis der Phänologie und Bio-
logie des Zielorganismus voraus. Audemard konnte an 5 verschiedenen Stand
orten im unteren Rhonetal den Apfelwickler, der hier 3 Generationen durch
läuft, mit 3 bis 6 CpGV (Carpovirusine) - Behandlungen sehr wirkungsvoll 
bekämpfen (Audemard et al., 1983; Audemard et Burgerjon, 1984). Es hieße 
den Rahmen dieses Referates sprengen, wollte ich auf alle Standorte und 
deren Besonderheiten näher eingehen, die bei den in Tab. l genannten Ver
suchsanstellern auftraten. Die Ergebnisse dieser internationalen Zusammen
arbeit können wie folgt zusammengefaßt werden: 
Mit dem CpGV steht erstmals für den Obstbau ein biologisches Präparat zur 
Verfügung, das gegen einen Schlüsselschädling (Apfelwickler) eine sehr gu
te Wirkung zeigt und aufgrund seiner Selektivität beste Voraussetzungen 
für den integrierten Pflanzenschutz mitbringt. 
Nicht zuletzt wegen der großen wirtschaftlichen Bedeutung und der weltwei
ten Verbreitung des Apfelwicklers werden derzeit in der Bundesrepublik 
Deutschland, in Frankreich und in den USA Anstrengungen unternommen, das 
CpGV industriell zu produzieren. Gleichzeitig wurden Verfahren zur amtlichen 
Zulassung in die Wege geleitet. 

Einfluß des CpGV auf die Fauna 

In Langzeituntersuchungen, die vor allem in der Bundesrepublik Deutsch
land* (Dickler, 1986; Dickler und Gehr, 1981; Neuffer, 1983; Neuffer, 1984) 
und in England (Glen and Cranham, 1983; Glen and Payne, 1984; Glen et al., 
1984; Payne et al., 1983; Payne et al., 1984) durchgeführt wurden, sollte 
der Einfluß einer CpGV-Behandlung auf die Apfelfauna untersucht werden. 
Dabei konnte der Nachweis erbracht werden, daß die zu erwartenden positi
ven Eigenschaften eines selektiven Insektizides in der praktischen Anwen
zum Tragen kommen. Durch die nützlingsschonende Wirkung des CpGV und den 
Wegfall breitenwirksamer chemischer Apfelwicklerinsektizide blieb bei 
allen Versuchsanstellern die Obstbaumspinnmilbe ohne direkte Bekämpfungs
maßnahmen unter der wirtschaftlichen Schadensschwelle, während es bei dem 
Vergleichsinsektizid Gusathion MS zur Massenvermehrung der roten Spinne 
kam (Dickler, 1984; Payne et al., 1984). Bei einem weiteren Schädling, der 
Blutlaus Eriosoma lanigerum, die in den letzten Jahren im Apfelanbau erheb
lich an Bedeutung zugenommen hat, waren in CpGV-behandelten Parzellen keine 
Bekämpfungsmaßnahmen erforderlich (Dickler und Huber, 1984) In 
vergleichenden Unter�uchungen fand Glen eine Zunahme der Blutlauspopula
tion durch Ausschalten des Ohrwurms Forficula auricularia in Diflubenzu
ron-behandelten Parzellen (Payne et al., 1984). 
An verschiedenen Standorten konnte gezeigt werden, daß durch den Wegfall 
breitenwirksamer Apfelwicklerinsektizide und die Verwendung des selektiven 
CpGV eine Reihe von sonst notwendigen Pflanzenschutzmaßnahmen überflüssig 
werden können und,daß diese positiven Nebenwirkungen des Virus bei Kosten
berechnungen unbedingt zu berücksichtigen sind. Bei ersten Freilandversu
chen mit CpGV wurde eine Erscheinung beobachtet, die selektiven Präparaten 

* Die Untersuchungen wurden vom BMFT gefördert.
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naturgemäß anhaftet. Schaderreger, die bei der Verwendung breitenwirksamer 
Insektizide miterfaßt werden, können dann Schäden verursachen, wenn deren 
Antagonisten nicht ausreichend wirksam sind. Dies gilt in besonderem Maße 
für Schalenwickler, die erhebliche Fraßschäden verursachen können. Die
ses Ergebnis wurde häufig fehlinterpretiert, und es soll deshalb hier 
noch einmal mit Nachdruck darauf hingewiesen werden, daß weder Schalenwick
ler noch andere Schaderreger von dem Granulosevirus gefördert werden. 
Der Wegfall des chemischen Insektizids ist die eigentliche Ursache für das 
Auftreten der Schalenwicklerschäden. Es ist auch auszuschließen, daß die 
durch die selektive Eliminierung des Apfelwicklers freiwerdende Nische 
nun von Schalenwicklern besetzt wird. Apfelwickler und Schaleriwickler
arten sind in ihrer Biologie grundlegend verschieden. Sie besetzen ver
schiedene Nischen und eine interspezifische Konkurrenz ist auszuschließen. 
Auf eine interessante Erscheinung möchte ich hinweisen, die in Dossen
heim in einigen Jahren beobachtet werden konnte. Es trat bei CpGV häu-
fig ein höherer Befall durch Schalenwickler auf als in der unbehandelten 
Kontrollparzelle (Dickler, 1984). Dieses Phänomen ist, wie Glen in La
borversuchen mit Archips podana nachweisen konnte, auf eine trophische 
Wirkung des Magermilchpulvers zurückzuführen, das dem Virus als Haft
mittel beigesetzt wurde (Glen and Cranham, 1983; Glen et al., 1984). Auf 
die Nebenwirkungen des Magermilchpulvers, mit denen sich Peters (persön
liche Mitteilung) eingehend beschäftigt hat, kann hier nicht näher einge
gangen werden. 

Die Eigenschaften des Apfelwickler-Granulosevirus sind in Tab. 2 zu
sammengefaßt. Auf der Positivseite ist an erster Stelle als wichtig
stes Element die weltweit ermittelte gute Wirkung gegen den Zielorganis
mus aufgeführt. CpGV-Präparate sind lange lagerfähig. Ihre Ausbringung 
erfolgt mit praxisüblichen Geräten. Nach dem heutigen Stand der Kennt
nisse sind Baculoviren aufgrund der außerordentlichen Wirtsspezifität 
für Mensch und Tier ungefährlich. Somit entstehen keine Abtriftproble
me und keine schädlichen Rückstände am Erntegut. Die nützlingsschonen
de Wirkung führt zur Einsparung von Kosten für entfallende Pflanzen
schutzmaßnahmen, insbesondere für Acarizide. 

Die Negativseite wird geprägt durch Selektivität des CpGV und die da
mit verbundene Unwirksamkeit gegen schädliche Schalenwicklerarten. In
folge Inaktivierung durch das Sonnenlicht ist die Wirkungsdauer kürzer 
als bei chemischen Apfelwicklerinsektiziden. Bei der Produktion, die bis
her in vivo erfolgt, ist weitere Entwicklungsarbeit erforderlich, um 
die Produktionskosten zu senken. Schließlich ist durch die auf den Ap
felwickler begrenzte Anwendung der Markt des CpGV im Vergleich mit che
mischen Insektiziden eingeschränkt. 

Mikrobiologische Bekämpfung von Schalenwicklerarten 

Da ein hochwirksames selektives Präparat wie das Apfelwicklergranulose
virus nur dann in der Praxis eingesetzt werden kann, wenn gegen andere 
Schaderreger kompatible selektive Verfahren zur Verfügung stehen, war es 
Ziel der genannten CEC-Arbeitsgruppe, Möglichkeiten einer mikrobiologi
schen Bekämpfung der am Apfel vorkommenden Schalenwickler zu erarbeiten. 
Dies setzte zunächst grundlegende Untersuchungen zur Ökologie und Popula
tionsdynamik der rortriziden voraus. Hier sind an erster Stelle die umfanq
reichen Untersuchungen zu nennen, die hier in Holland durchgeführt wurden
und die in zahlreichen Publikationen ihren Niederschlag gefunden haben. 
Die verfügbare Zeit erlaubt es mir nicht, im Rahmen dieses Vortrages auf 
diese Arbeiten näher einzugehen. Blommers, Gruys, de Jong, Minks, �e Reede, 
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de Wilde und andere haben sich in den vergangenen Jahren mit diesem 
Schaderregerkomplex intensiv beschäftigt. Eine Zusammenfassung der 
neueren Arbeiten wurde kürzlich von de Reede, 1985, unter dem Titel 
"Integrated pests management in apple orchards in the Netherlands: 
a solution for selective control of tortricids" in Buchform veröffent
licht. 

Intensive Untersuchungen zur Ökologie und Populationsdynamik von Apfel
tortriziden, die als Grundlage für die Erarbeitung selektiver Bekämpfungs
verfahren dienten, wurden durchgeführt in Belgien, der Bundesrepublik 
Deutschland, England, Frankreich, Holland, Italien, Österreich und der 
Schweiz. Auch diese Untersuchungen wurden von der IOBC -"Arbeitsgruppe 
Integrierter Pflanzenschutz im Obstbau''koordiniert. Bei den Schalen
wicklern haben wir es mit einem Komplex zu tun, der an einem Standort 
nicht selten bis zu 10 Arten umfassen kann. Diese Vielfalt und der Wech
sel der Dominanz der Einzelglieder erschweren häufig eine selektive Be
kämpfung. 

De Reede et al. 1985 und andere untersuchten die Artenzusammensetzung 
der Schalenwickler in IPM-Anlagen von 1978 bis 1983 an Tortrizidenlarven 
aus Mai-Absammlungen. Während des Untersuchungszeitraumes waren an allen 
Standorten Verschiebungen in der Dominanz der Arten zu beobachten. Darüber 
hinaus sind die Artensukzessionen innerhalb eines Jahres zu beachten. Wie 
aus Tab. 3 ersichtlich, ist die Dominaz der beiden wichtigsten Arten, 
Adoxophyes orana und Pandemis heparana am Standort Dossenheim während der 
Vegetationsperiode deutlichen Schwankungen unterworfen. 

Schalenwicklerbekämpfung mit Baculoviren 

Huber (1982) gibt in Tab. 4 eine Übersicht über Baculoviren, die im_ 
Feldversuch gegen Schalenwickler getestet wurden. Die in Europa durchge
führten Untersuchungen blieben dabei im wesentlichen auf die wirtschaft
lich bedeutendste Art Adoxophyes orana beschränkt und wurden durchgeführt 
von Dickler und Huber (1983) in der Bundesrepublik Deutschland; Peters 
und Blommers in Holland; Vanvetswinkel in Belgien (Peters et al., 1984) 
sowie Flückiger , 1982; Schmid et al., 1983 in der Schweiz. In Laborexpe
rimenten hatte ein Adoxophyes orana spezifisches Kernpolyedervirus (AoNPV) 
sich als hochvirulent erwiesen und im Biotest zu einer nahezu 100%igen Mor
talität geführt (Dickler und Huber, 1983; Peters et al., 1983). Das von Pe
ters hergestellte AoNPV war auch in Freilanduntersuchungen in Belgien, in 
Deutschland, in Holland und in der Schweiz wirksam gegen A. orana. So konn
te Peters bei Larvenabsammlungen aus Triebspitzen eine 96 bis 98%ige Mor
talität ermitteln. Gleichlautende Ergebnisse werden von Autoren in Bel
gien, der Bundesrepublik Deutschland und der Schweiz berichtet. Der Aus
sagewert dieses positiven Resultats ist jedoch wieder einzuschränken 
durch die Tatsache, daß durch AoNPV - Behandlungen Schalenwicklerschäden 
an Früchten nur im Bereich 50 bis 70% reduziert werden konnten. In Expe
rimenten mit Freilandkäfigen konnten Dickler und Huber (1983) aufzeigen, 
daß am Standort Dossenheim diese Fruchtschäden von Pandemis heparana ver
ursacht werden. P. heparana Larven werden durch AoNPV nicht infiziert. An 
Bäumen, die nach 2 AoNPV - Behandlungen eingekäfigt worden waren, schlüpf
ten keine Adoxophyes orana Falter, während sich pro Baum 65 P. heparana 
Larven bis zur Imago entwickelten. Das Schlupfergebnis an unbehandelten 
Kontrollbäumen betrug 10,5 Falter von A. orana und 30,5 Falter von P. hepa
rana. Flückiger (1982) bearbeitete neben AoNPV zwei Granulosevirus-Herkünf
te von A, orana, die jedoch aufgrund ihrer langsamen Wirkungsweise nicht 
geeignet erscheinen, Schäden durch die viruserkrankten Raupen zu verhindern. 



Sie können zur Populationsdepression und prophylaktisch eingesetzt wer
den. 

Bekämpfung von Schalenwicklern mit Bacillus thuringiensis 

In den vergangenen Jahren wurden zahlreiche Anstrengungen unternommen, 
Schalenwicklerarten mit Bacillus thuringiensis-Präparaten zu bekämpfen. 
Dabei konnte nur in wenigen Einzelfällen unter Freilandbedingungen eine 
zufriedenstellende Wirkung erzielt werden. Auch durch Zusätze von Fraß
stimmulantien war es nicht möglich, in Versuchen in Dossenheim (Dickler, 
1984) die Schäden unter der wirtschaftlichen Schadensschwelle zu halten 
(s.Tab. 5). Auf eine Wiedergabe des sehr umfangreichen Schriftums zu die
sem Thema soll hier verzichtet werden. Ich darf stellvertretend holländi
sche Arbeiten neueren Datums anführen. Nach de Reede et al. (1985) konnte 
mit einer Frühjahrsbehandlung mit Dipel der Schaden durch die Sommergenera
tion nicht reduziert werden und mit einer zusätzlichen Dipel-Behandlung 
im Juli war lediglich eine Reduktion von 32 bis 50% zu erzielen. Aufgrund 
der relativ guten Wirkung von Dipel gegen Pandemis heparana und Spilonota 
ocellana erscheint bei gleichzeitigem Auftreten mehrerer Arten eine Kom
bination von BT- und Viruspräparaten erfolgversprechend. Undorf und Huber 

(1986) werden in ihrem Beitrag über die "Empfindlichkeit verschiedener 
Tortriziden-Arten gegen Bacillus thuringiensis" auf mögliche Ursachen der 
unzureichenden Wirkung der auf dem Markt befindlichen ST-Präparate näher 
eingehen. 

Zusammenfassung 

Es wird eine Übersicht gegeben zum Stand der Entwicklung und Einführung 
mikrobiologischer Insektizide zur Wicklerbekämpfung im Apfelanbau. Die 
Untersuchungen wurden im Rahmen von IOBC/WPRS - und CEC - Arbeitsgruppen 
durchgeführt. Am weitesten fortgeschritten sind die Entwicklungen zur 
Bekämpfung des Apfelwicklers mit einem Granulosevirus (CpGV). In umfang
reichen Freilandversuchen, die in 10 europäischen Ländern an 29 Standorten 
durchgeführt wurden, konnte die sehr gute Eignung des CpGV zur Apfelwick
lerbekämpfung nachgewiesen werden. Die Bemühungen zur Entwicklung von Be
kämpfungsverfahren gegen Schalenwickler mit Baculoviren blieben bisher im 
wesentlichen auf die wirtschaftlich bedeutendste Art, Adoxophyes orana, 
beschränkt. Auch hier konnte mit dem wirtsspezifischen Kernpolyedervirus 
(AoNPV) in Labor- und Freilandversuchen ein sehr guter Wirkungsgrad er
zielt werden. Die Gesamtschalenwicklerschäden konnten jedoch nur um 50-70% 
reduziert werden. Fruchtschäden durch die Art Pandemis heparana konnten 
durch AoNPV nicht verhindert werden. Versuche mit verschiedenen Bacillus 
thuringiensis - Präparaten zur Unterdrückung von Schalenwicklerschäden, 
die in mehreren europäischen Ländern durchgeführt wurden, führten zu unbe
friedigenden Resultaten. 
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Tabelle l: Freilandversuche mit dem Apfelwickler-Granulosevirus in Europa (n.Huber, 1982) 

Jahr 

1970 

1971 

1973 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

Land 

CH 

CH 

D 

D,H 

D,H 

A,H,D 

A,CH,D, 
H,NL 

Zahl 
Apfel
anlagen 

2 

1 

1 

3 

4 

10 

13 

D,GB,NL 6 

D,GB!NL 9 

D,F,GB,NL 10 

A,CH,D,E, 26 
F,GB,H,I, 
NL,PL 

Behandelte 
Fläche 
(ha) 

0,04 

0,60 

0,02 

0,14 

0,45 

2,05 

4,30 

0,80 

0,85 

4,35 

8, 15 

Ausgebrachte 
Virusmenge 

(Virus Granula) 

0.2x1013 

10. Ox1013 

0.3x1013 

7. Oxl013 

ll.Oxl013 

35. 5xl013 

13 

49.5xl0

30. 5xl013 

13 

53 .0xlO

59.0xl013 

77. 3xl013

Beteiligte 
Wissenschaftler 

Benz, Keller 

Dickler, Huber, Szalay-Marzs6, 

Benz, Brassel, Charmillot,Dickler, 
Fischer-Colbrie, Huber, Mercier, 
Neuffer, Peters, Robert, Russ, 
Szalay-Marzs6, Wundermann 

Dickler, Glen, Huber, Payne, 
Peters, Wundermann 

Audemard, Briolini, Burgerjon, 
Charmillot, Cranham, Dickler, 
Domenichini, Esteban-Duran,Fischer
Colbrie, Glen, Huber, Martouret, 
Mayr, Neuffer, Niemczyk, Peters, 
Schmid, Szalay-Marzs6, Wildbolz, 
Wundermann, Payne 

l)A=Österreich, CH=Schweiz, D=Bundesrepublik Deutschland, E=Spanien, F=Frankreich,
GB=Großbritannien, H=Ungarn, !=Italien, NL=Niederlande, PL=Polen

� 
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Tabelle 2 Eigenschaften des Apfelwickler-Granulosevirus 

positive: 

gute Wirkung gegen den Apfelwickler 

lange Lagerfähigkeit 

Spritzen mit üblichen Geräten 

keine Abtriftprobleme 

keine schädlichen Rückstände 

ungefähr lieh 

umwelt- und nützlingsschonend 

Einsparung von Kosten für Akarizide 

Tabelle 3 Dominanz von Adoxophyes orana 

und Pandemis heparana (P. h.) 

Dossenheim, 1981

Zeit Anzahl A.o. P.h.
Larven o, o, 

,o ,o 

Februar 57 72 24 

Mai 641 65 41 

Juli 263 19 79 

September 407 92 8 

negative: 

keine Wirkung gegen 
Schalenwickler 

kurze Wirkungsdauer 

in vivo Produktion 

begrenzte Anwendung 

(A.o.) 

Andere 
0' 
,o 

4 

28 

2 

D 



111 

Tabelle 4 Freilandversuch mit Baculoviren zur Bekämpfung 

von Schalenwicklern (n. Huber, 1982) 

Art Virus Literatur 

Adoxophz:es orana GV Shiga et al. (1973) 

(=reticulana) NPV Pansen ( 1966) 

Archips argz:roseila GV Pinnock and Milstead 

Argyrotaenia GV Glass (1958) 

velutinana 

( 1978) 

Eeiehyas eostvittana NPV Geier and Oswald (1977) 

Seilonota sp. NPV Bode (1980) 

Tabelle 5 Schalenwicklerbekämpfung mit Bacillus thuringiensis 

(Dipel), Dipel + Fraßstimulantien (Zucker = Z, 

Milchpulver = Mp) und chemischen Insektiziden 

(Gusathion MS) j Sorte Golden DelicioUs, 

Dossenheim, 19g0 

Behandlung ?� Befall 

AoNPV l010p/l 10 , 7 a* 

AoNPV lD11p/l 9,7 a 

AoNPV 10
10p/l 10,9 a 

+Dipel

Gusathion MS 0,7 b 

Kontrolle 20,0 C 

Reduktion 
o, 
,o 

46,5 

51,5 

45,5 

96,5 

nicht ver
marktbare 
Früchte % 

5,i a 

2,3 b 

2 ;7 b 

0,1 C 

8,8 d 

Reduktion 
0' 
,o 

42,l 

73,9 

69,3 

98,9 

* Befallswerte, die im x2 - Test statistisch nicht verschieden sind

(P>0 , 05), wurden �it den gleichen Buchstaben gekennzeichnet,



MODIFI_ZIERTE STRATEGIE_BEI _DER_ VERWENDUNG DES 
APFELWICKLER-GRANULOSEVIRUS 

Erich Dickler und Jürg Huber 

Biologische Bundesanstalt für Land- und Forstwirtschaft, 
Institut für Pflanzenschutz im Obstbau. Dossenheim und

Institut für biologische Schädlingsbekämpfung, Darmstadt 

Summary_ 

Modified strategy for the use of the codling moth granulosis virus. 

The granulosis virus of the codling moth (Cydia pomonella) is a 
highly selective agent for control of codling moth in integrated pest 
management programmes in orchards. Due to inactivation by sunlight its 
persistance is rather short and acurate timing of the virus applica
tions is mandatory. Catches of pheromone traps used for monitoring of 
the codling moth flight are not always easy to interpret. In order to 
avoid the problem of proper timing of the sprays it is suggested, in
stead of a regular dose, to use frequent routine sprays with reduced 
concentrations, which could be combined with regular fungicide treat
ments in order to reduce application costs. In an experimental orchard 
in Dossenheim, nine virus applications with 1/10 regular dose were 
with 91% damage reduction as effective as 4 virus treatments using the 
regular dose of 5•10 13 G/ha. The compatibility of the LpGV with seve
ral fungicides could be verified in bioassays. 

Einleitung 

über die 
schädling im 
umfangreiches 

Bedeutung des Apfelwicklers (Cydia pomonella) als Schlüssel
Obstbau und über die Problematik seiner Bekämpfung liegt ein 
Schrifttum vor (BUTT, 1975). Die zur Unterdrückung �on Schä-

den eingesetzten breitenwirksamen Insektizide haben eine Reihe von bekann
ten Nachteilen zur Folge, wie Abtötung der meisten Nützlinge und indiffe
renten Arten und direkte und indirekte Förderung von Schädlingen. Am 
bekanntesten ist das Beispiel der Roten Spinne (Panonychus ulmi), die erst 
durch den Einsatz der genannten Insektizide zum Schädling wurde (OBERHOFER, 
1983). Daher ist die Entwicklung von Präparaten mit selektiver Wirkung 
heute zu einer zentralen Forderung geworden. 

Das am weitesten entwicke.lte Präparat zur selektiven Bekämpfung des 
Apfelwicklers ist ohne Zweifel das Granulosevirus. Es hat im Freilandver
such weltweit. seine gutti Wirksamkeit unl.er Bew,,:is gesl.ellt und seine indu
strielle Produktion wird zur Zeit von verschiedenen Firmen in Erwägung 
gezogen. (DICKLER und HUBER, 1984). 
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_Problemstellunv,__ 

Die Verwemiung des CpGV bringt eine Reihe von Vorteilen. wie Nütz1ings

schonung, ökologische Unbedenklichkeit etc. Gleichzeitig stellt es aber 
auch höhere Ansprüche an den Anwender. So ist es notwendig, die Spritzter

mine genauer auf die Phänologie des Apfelwicklers abzustimmen als dies 
bisher der Fall war. 

Als Hilfsmittel zur Prognose werden zunehmend Pheromonfallen eingesetzt. 

Die Deutung der Fallenfänge ist nicht immer einfach, da sich witterungsab
hängig die beiden Generationen überlappen können und aus der Zahl der 

gefangenen Falter keine genauen Rückschlüsse auf die Höhe der Schädlings

population möglich sind (GLEN und BRAIN, 1982). Der Flug kann sich über 
mehrere Wochen erstrecken, ohne deutliche Maxima anzuzeigen. Besonders 

problematisch ist die Beurteilung der Fänge zu Flugbeginn. Wie aus den 

Fangkurven vom Standort Dossenheim (Abb. 1) ersichtlich ist, kann der Flug 

des Apfelwicklers bereits Anfang Mai massiv einsetzen und den Obstbauern 

verunsichern, da Bekämpfungsmaßnahmen frühestens 5 Wochen später sinnvoll 
sind. Die Wirkung des CpGV ist auf fressende Larvenstadien begrenzt, wohin

gegen 01e meisten chemischen Insektizide als Fraß-, Atem- und Kontaktgift 

alle Stadien erfassen und sich durch eine lange Wirkungsdauer auszeichnen . 

. Theoretische_ Lösun_g_ 

Da das CpGV durch den UV-Anteil des Sonnenlichtes relativ rasch inakti
viert wird, hat man bisher versucht. dies durch hohe Anfangskonzentrationen 

zl, kompensieren. Bei der Aufwandmenge von 5•10 13 Virusgranula je ha ist 

unmittelbar nach der Spritzung mit einer Abtötung der Larven von 98% zu 

rechnen (Abb. 2). Im Laufe von 14 Tagen reduziert sich die Wirkung bei 

sonnigem Wetter auf etwa 70%. Mit einer 10 mal geringeren Konzentration 
wird zwar direkt nach der Ausbringung auch noch eine Mortalität von 94% er

reicht. Die Mortalltätskurve sinkt aber in zwei Wochen auf den nicht tole
rierbaren Wert von etwa 40% ab. Erfolgt dagegen nach einer Woche eine 

Wiederholungsbehandlung ebenfalls mit 1/10 Konzentration. dann entspricht 
die Schutzwirkung annähernd der einer Behandluni; mit der bisher üblichen 

Virusmenge. 

Aufgrund dieser Überlegungen sollte es möglich sein, einige wenige 

gezielte Spritzungen, deren Terminierung. wie oben ausgeführt. schwierig 

ist. durch eine dichtere Folge prophylaktischer Maßnahmen mit niedriger 

Konzentration zu ersetzen. 

Dieses Konzept wurde 1984 erstmals auf dem Versuchsfeld der HBA in 

Dnssenh{��:n t;ett;stet.. Es stand eine 0,3 ha gy·oßc Fläche aus einer 5 _jährigen 

Pllar'anü:ge mli, den Sorten Golden !Jelic.ious und Cox Orai1g·e auf M9 zur 

Ve:'fi_:�unt�. r'ulgP.nde Bt�handlungen wurden dur·cfn!."eführt: 

-- 4 mal mjt CpGV, 5•!0"1 Virnsgranulc:/ha 
- q rnai rr. t 1 /J_O Kut'.Z(-; 11L:'ati.on CpGV <: .b fi• �O' 2 G/ha

3 Dirnllln-Hehlindlungen, die ers1.�!n beiden n1it 0,05% die letzte mi·t 
0. Oß'.\.
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40 unbehar�deltc Bäume di<!nten a.i.s Kont:-'Jlje �Jjc .l\usweri..uut� anf Apfe w:ic 
lerbefall erfolgte nach den Rich�iinien der HUA. !lie Resultate s nd n 
Tabelle l zusammengefaßt. !Jcr :whe B>'f<l.ilsdruck :n dir:se,· Anl,-wr:, t·'· n 
den Werten in der unbehandelten kon[rolle zuw Ausdruck kommt. bot beste 
Voraussetzungen !'ür diese Prüfung. Das Verg.it·�ichsJnsekltz.id D.im.i.iin unu�r·· 
streicht mit 91 und 97% Befallsreduktion seine Eignung als Apfelwickler
insektizid. Granu]osevirus in Norma]konzenlrat�on aus�:0racht, zelgle den 
gewohnten guten Wirkungsgrad aus früheren Versuchen. Mil 9 Behandlungen der 
1/10 Konzentration - 5 gegen die erste und 4 gegen die zweite Generation 
konnte sogar ein noch etwas besserer Wirkungsgrad erzielt werden. 

Die 
Umfang 

einjährigen Ergebnisse des ?rei]audversuches bestütigen im vollen 
die Arbeitshypothese, daß mit elner engen Applikationsfolge der 10 

mal geringeren CpGV-Konzentration Schäden durch den Apfelwickler verhindert 
werden können. Durch dieses Verfahren lassen sich die Mittelmengen um 4/5 
senken und die Präparatkosten entsprechend reduzieren. 

__ Durchführung__in der _Praxis 

Auf den ersten Blick scheint 01eser Kostenvorteil wieder hinfäl.l jg zu 
werden und diese Strategie für den Praktiker nicht akzeptabel zu sein, da 
sie mit einer Vercioppelung der Zahl der Behandlungen verbunden ist. Es ist 
dabei aber zu berücksichtigen, daß in Erwerbsapfelanlagen zur Zeit des 
Schadauftretens der ersten Apfelwicklergeneration mehr oder weniger 
routinemäßige Spritzungen gegen Schorf und Mehltau erfolgen. Im 
Durchschnitt der letzten 5 Jahre wurden in erwerbsmäßig geführten 
Apfelanlagen auf dem Versuchsfeld in Dossenheim während dieses Zeitraums 
(5.6. bis 10.7.) im Durchschnitt 4,2 Fungizid-Behandlungen in ca. 
wöchentlichen Abständen vorgenommen. Falls das CpGV als Tankmischung mit 
Fungiziden ausgebracht werden könnte, würden zusätzliche Kosten für 
Rüstzeit und Ausbringung entfallen. 

In Labortests wurde untersucht, inwieweit CpGV sich mit Fµngiziden 
mischen läßt. Die Auswertung von Biotests mit Apfelwickler L1 (HUBER, 1981) 
zeigte, daß durch die im Obstbau üblichen Fungizide die Virulenz des CpGV 
nicht beeinträchtigt wird (Tabelle 2). 

Diese Strategie beinhaltet noch einen weiteren wesentlichen Vorteil. 
Wegen der ohnehin erforder}ichen fungizid-Maßnahmen kann das CpGV ohnP. 

Mehraufwand 1 bis 2 Wochen früher eingesetzt werden als normalerweise 
üblich. Dadurch werden auch dje allerersten Larven erfaßt, die vor dem 
Junifall zwar keinen wirtschaftlichen Schaden verursachen, aber die Eltern 
einer möglichen 2. Generation stellen ktinnen. Auf diP.se Wejse kann der 
Befallsdruck durch eine 2. Generation erheblich reduziert werden. Da 
letztere besonders schweren Schaden verursachen kann, ist eine überwarhunv. 
mit Pheromonfallen aber dringend geboten. 

Prqphylaktjsche Pflanzenschutzmaßnnhmen stehen eigentlich ln djan�lralem 
Geg�nsatz zu den Prinzipien des IPS. Im vorliegenden Fall wl�d jedoc� ein 
bi oj ogi sches insekU zid aus!tebracht., da�: hochsel ekU v ist und außer dem 
Apfelwickle- dns gesamte Ökosystem tu1beel�flußt läßt 
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Golden Delicious Cox Orange 
Behandlung 

Befol l Wirkungs- Befall Wirkungs-
[i.] grad [i.] [i.] grad [i.] 

CpGV normale Konz. 4x 2.6 82 3.2 90 

CpGV 1/10 Konz. 9x 1. 2 92 2. 9 91 

Dimilin 3x 0.4 97 2.9 91 

Kontrolle unbehandelt 14.3 - 33.0 -

Tabelle 1: Auswertung des Freilandversuchs in Dossenheim zur Bekämpfung des 

Apfelwicklers mit CpGV und Dimilin. 

Kombination LC50 Vertrauens- Steigung 
[G/m l J grenzen 

CpGV + Orthocid 0.25 i. 13.2 1. 7

CpGV + Pomuran 0.40 i. 11. 9 (3. 3 - 18. 7) 2.3 

CpGV + Rubigan 0.06 i. 10.3 (2. 8 - 16. 1) 2. 4

CpGV + Baycor 0. 10 i. 14. 4 1. 6

CpGV + alle Fungizide 10.0 (4. 0 - 14. 8) 2. 1

CpGV + Wasser 13. 4 (8. 1 - 18. 6) 2.4 

Tabe!le ,:: l{csn!•ate 1l!·r B.1ol.ests an l�i l,1rven des /\pf<,Jw.ick]ers mit 

Mischungen von CpGV und verschiedenen Fungizidett. 
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Abbildung 1: Apfelwickler-Fänge in Pherornon--Fal Ien auf dem Versuchsgelände 

in Oossenheim in zwei aufeinanderfolgenden Jahren. 
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Ahh i t dung 2: Berechnet,� Inakt:i Vh!runw,kurven der Spr.i tzhe läge für verschi 1:

dene Einsatzstrategien des Apfelwickler-Granulo8evirus: 

A. einr! BPr,;rnd!1mr,- mjt 5·.l013 Vir11s;;,•·anuü1 pro h:-1 in 14 Tagen.

ß. eine Rehandlung mit 5·1012 G/ha 

C. zwei ßeh1-1ndl11ngen mit �·1012 G/ha 
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ZUR FRAGE VON NEBENWIRKUNGEN VON GRANULOSE-VIRUS UND 
INSEGAR AUF DIE ARTHROPODENFAUNA IN APFELANLAGEN 

SÜDWESTDEUTSCHLANDS 

G. NEUFFER
Landesanstalt für Pflanzenschutz Stuttgart 

Summary 

Studies of side effects of Granulosis-virus and Insegar 
on the arthropod fauna in orchards of South West Gerrnany 
have been carried out from 1979 to 1983. - Granulosis
virus (CpGV) is a specific biological agent for the con
trol of the codling moth Laspeyresia (Cydia) pomonella. 
Insegar on the other hand is a� insecticide, which is 
non neurotic but effective as an juvenilhorrnon analoga 
to control the sumrner fruit tree leaf roller Adoxophyes 
�· - The results achieved by beating and modified 
funnel methods and the fruit damage caused by arthropods 
evaluated at harvest time have shown that CpGV and In
segar brought good results in the control of mentioned 
insects, but have no significant influence on the other 
members of the apple tree fauna. 

1. Fragestellung

Haben die selektiven Schädlingsbekämpfungsmittel Granu
lose-Virus (CpGV) gegen Laspeyresia pomonella (Apfelwickler) 
bzw. Insegar (Ro 13-5223) gegen Adoxophyes orana (Apfel
schalenwickler) unerwünschte Nebenwirkungen auf die Apfel
baumfauna? 

2 . Methodik 

Freilandprüfungen mit der Klopf- bzw. Trichterrnethode 
nach Steiner in Apfelanlagen Baden-Württembergs: 
a) Entnahme von Klopfproben mit dem Klopftrichter (0,25 m2 

Fangfläche), 26 oder 33 Schläge (=Äste) je Parzelle
vor und nach der Versuchsspritzung,

b) Aufhängen von Plastikfolientrichtern mit je 0,5 m2 Fang
fläche sofort nach der Spritzung (3-5 Trichter je Baum = 

6-12 je Parzelle). Kontrollen bis 10 Tage nach Versuchs
beginn
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Wegen häufig instabiler Wetterlage wurde die Methode wie 
folgt abgewandelt (siehe auch Abb. 1): 
- Ersetzen des Sammelglases durch ein Plastikgefäß mit

durchlöchertem Boden. Regenwasser kann ablaufen,
- Einlegen eines Kaffeefilters, in dem sich die herunter

fallenden Arthropoden sammeln. Filter und Fang können
nach Trocknung bis zur Auswertung eingefroren werden.

c) Erntebonitierung auf Fruchtschäden (visuell).

3.1. Granulose-Virus: Versuchsbeschreibungen 

Parz. 
(1,5 

Parz. 

1980: Versuch in Malmsheim, div. Apfelsorten (Tab. I, 
Abb. 2), Vergleich der Arthropodenfänge 

Mittelanwendung Kontrolle 
.J. 

30.7. 9.8. CpGV (BBA) 0,67 1/ha G" u. 
Ha) = 1011 Kaps./ml in 800 1 Wasser/ha

+ Milchpulver (MP) 1% bzw. 0,5 % Klopf proben: 
.,.

D" 30.7. Basudin 40, 300 g in 400 1 25.7. u. 7. 8. 
(1,5 ha) Wasser/ha 

Parz. 

Parz. 

9.8. CpGV (wie oben) + MP 0,5 % 

u Unbehandelt 

1981: Versuch in Malmsheim und Murr, Golden Delicious 
(Abb. 3), Vergleich der Arthropodenfänge 

Mittelanwendung Kontrolle 
'1: 

G 7. 7. CpGV (wie oben) + Milchp. 0,5% Klopfproben: 
12 Bäume 29.6., 7. 7., 

�-1( 

% 
8. 7., 10.7.,

Parz. N 7. 7. Nexion stark 0,2 14.7. 12 Bäume 

. .. 

Parz. u Unbehandelt 
Trichter: 8. 7. 

12 

;': 

Bäume 
9. 7., 11. 7.

G 

D 

Granulose CpGV 
Diazinon 

N = Bromophos (Nexion) 
U Unbehandelt 

1982: Versuch in Malmsheim, Golden Delicious (Abb. 4 u. 
5), Vergleich der Arthropodenfänge verschiedener 
Granulose-Formulierungen sowie Erntebonitierung 

1) Wasser 5) CpGV (Sandoz) 500 g/ha
Milchpulver 0,5 %
Dimilin 25 W 60 g/ha,
3fach

2) CpGV (BBA) 0,67 1/ha + MP 0,5 % 6)
3) CpGV (Sandoz) 500 g/ha = 2,5 x 7)

1011 Kaps.Jg+ MP 0,5 %
4) CpGV (BBA 0,67 1/ha 8) Nexiort stark 0,3 %

i 
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Mittelanwendung: 30.6., Klopfproben: 9.7., Trichterfänge: 
30.6., 1.7., 9.7., Erntebonituren: 19. u. 21.10. 

3.2. Insegar: Versuchsbeschreibung 

Parz. 

Parz. 

1983: Versuch in Murr, James Grieve (Abb. 6, Tab. II) 
Vergleich der Arthropodenfänge 

Mittelanwendung am 16.5. !Kontrolle 
! 

u Wasser (unbehandelt) IKlopfproben: 

Ro Insegar 0,12 %
,30.5. 

!Parz. M Metasystox R 0,1 % bzw. Metasystox Trichter:

0,01 %
16./17.5., 

(30.5.) L 20.5., 

4.1. Diskussion der Ergebnisse der Versuche mit Granulose
Virus 

CpGV, Herkunft BBA (Huber) und Sandoz, mit Zusatz von 
0,5 % Magermilchpulver zeigt kaum Nebenwirkungen auf die 
Arthropodenfauna des Apfelbaumes. Ob die 1981 und 1982 fest
gestellte schwache Dämpfung bei den Thysanopteren (Klopf
und Trichterproben) und bei Eriosoma (Trichterproben) in 
Malmsheim allein auf CpGV zurückgeführt werden kann, ist 
noch zu klären. Die Wirnkung auf L. pomonella ist gut. 

In der Methodik von populationsdynamischen Untersuchun
gen hat sich die Trichtermethode in der abgeänderten Form 
(mit Wasserabfluß im Auffanggefäß und Einlage eines Papier
filters) bewährt. Die Nebenwirkungen eines Pflanzenbehand
lungsmittels lassen sich damit wesentlich besser erfassen 
als mit der Klopfmethode, besonders bei unstabiler Wetter
lage. 

4.2. Diskussion des Insegar-Versuches 

Insegar zeigte eine gute Wirkung gegen Adoxophyes orana. 
Die Auswertungen der Klopf- und Trichterfänge ließen keine 
besonderen Nebenwirkungen auf Nutzarthropoden und Indiffe
rente der Apfelbaumfauna erkennen. Selbst Hymenopteren wur
den nicht geschädigt, obwohl das Mittel zur Bekämpfung der 
Feuerameise Solenopsis (Hyrn., Formicidae) empfohlen wird. 
Als Ergänzung zu Granulose-Virus gegen den Apfelwickler hat 
sich Insegar als ein gutes selektives Mittel gegen den 
Apfelschalenwickler erwiesen, dessen Verwendung in Apfel
anlagen mit integriertem Pflanzenschutz gewiss Anklang fin
den wird. 

1 
1 
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1(fl1 
25.7, bis 7.H.f:10 8.7. bis 14.7.81 ci,7,82 

),. ]r,;,f;,roben/ 33 Äste. je l'robf'/3 J·roben/l'arz 26 J,ste je I robe/3 i'rob./l'arz 33 ,\etf' je l'robe/1 1 robe/}· a -� Q,>0,ting samples 33 branches/tr1al 26 branches/trial 33 branclws/trtal 

t.Li:,1:r·.,.'<\hl te Arthropoden/ 
sf' l ected arthropods 

nbeh. Granulose Diazinon 
'"1ntreated JJ!J;,+fll' 

unbeh, r;ranulose Nexion �nbeh. l)ranulosf' DiwJ.lin 
untreated lJöi,+h}' l'.J,ntn�atr>rl llH11+MP 

bs. % abs. % abs. � abs. % abs. 9' abs. % jabs. ,;. abs. % abs. 5' 
Jq, ·Jl iche/nox1 gus 
� 

1 I-syllina 156 

1 �f�t1
tt�i��r��::�!. ci;;�lo 

65 

1 
cyb

.
a, .l:iJJpoasca) 

"f•ilididae 
J:::rl.D50lll3 
�=e /su.m 

i,ützliche/useful 

� 

A!lthocoridae 
l·:tridae 
ilvmenontera 
SlWIIlle/sum 

Iodl fferente/ind1fferent 
� 

Moderkäfer ( "Rottenness 
bee'tles")(Atomaria, Crypto
phar;us) 
Thyaanoptera 
I:iptera 
Aranea 
�umme/sum 
Total 

12 
19 

252 

23 

14 
170 
207 

496 
275 
30 

810 
1269 

50,9 

52,B 

31,5 
41,6 

100 
" 

4 
27 

184 

30 
5 

80 
115 

656 
254 

17 
931 

1230 

37,2 

29,3 

43, 1 
40,4 

6 

26 

' 
21 
59 11,9 

31 
2 
" 

70 17,9 

247 
167 

0 

419 19,4 
548 18,0 

7 
21 

34 35,4 

40 
0 

1A 
5A 34,9 

171 
44 
14 

235 45,2 
327 41,tl 

6 

26 

40 41,7 

40 
0 

25 
05 39,2 

88 
25 
6 

121 23,3 
226 2H,9 

7 
11 
22 22,9 

19 
0 

24 
43 25,9 

106 
49 
4 

164 31,5 
229 29,3 

68 
9 

84 61, 3 

10 
7 
9 

26 35, 1 

42 
16 
6 

65 58 6 
17';, 54, 3 

10 

7 

21 

20 
2 
6 

15,3 

36 48, 7 

14 
7 
4 

26 23 4 
A3 25,8 

Tab. I: CpGV-1/ersuche in Malmsheim 1980 bis 1982, Klopfprobenfänge 
ausgewählte Arthropoden absolut und in% 

g,. 495 J92 2160 96 166 520 137 " 111 3047 782 1001+--------+--------+-- --- - --+-- -t---t-- ----, 

Abb. 2: CpGV-Versuche in Malmsheim 1980 bis 1982, K16pfprobenfänge 
Anteiie in 'Z 
U • unbehand�lt 
G • Granulos,e (CpGV) + HP 
D • Diazinen (3asudin 40) 
Di• Diflubenzuron (Dimilin) 
N " Bn1mophos (Nexion stark) 

A • schädliche Arthropoden 
B • nützliche Arthropoden 
C • indifferente Arthropoden 
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Abb. 3: 

1 

CpGV-Versuche in Malmsheim 1981 und 19S2 
Trichterprobenfänge, Anteile in 'Z 

und in Murr 1981, 

U • unbehandelt A • schädliche Arthropoden 
G • Granulose (CpGV) B • nützliche Arthropoden 
� • Brotnophos (Nexion. starJc.) C ,.; indifferente Arthropoden 
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·rrich ter - Proben 1983 Murr 

Ausp;ew;ir1l te Arthropoden/ 
se1ected arthropode 

.Sch:idlichc Arthropoda 

Psyllina 
K 1 einzikaden ( Erythroneura, 
'l'yphlocyba, l'mpoasca) 
Aphididae 
&iosoma 
Tortricidae 
'l'etranychidae 

:;umme 

Nützllche Arthropot.!a 
Staphylinidae 
An thocoridae 
Miridae 

Wasser 1 ln:,t•gar 

abs. % 

0, 12 % 

abs. % 

Metasystox Metasystox 

l 

'fotal 

0,1% 0,05% 

abs, % abs, % abs, % 

339 24 1 J8A 156 
0 1A 

1
175 172 

38 6 469 430 

39 41 493 626 

--------- --- ---- ----'--'--+-'--- --

26 14 18 
7 7 40 

47 18 221 
4 2 43 
5 4 4 

Chrysopidae (Larven) 
Syrphidae (Larven) 
llyrnrnoptera 
Swrune 

o 1 t s � 

425 12,3 90 2,6 15

.

34 44,6 1393 40,5 [ 3442 100 

5 6 44 
---+------ - --- --------94 B,7 51 4,7

1 
370 34,2 100 

Iildifferente Arthropoda 
Moderkiifer (Atouiaria, Corti- 49 
ca.ria, Cryptophagus) 

10 60 53 

'l'hysanoptera 42 27 255 
Di ptera 216 113 262 
Aranea 12 B 41 
Acari 17 24 55 

Suinme · 336 17,9 1B2 9,7 666 35,4 1879 1GO 

�<..Ü 

-
J 855 13,4 323 5,0 2599 40,6 2627 41,0 64041_0_0 __ 

Tab. Il: Insegar-Versuch in Murr 1983, Trichterfänge, ausgewählte Arthropoden. 
Summen v.on 4 Versuchsgl iec\ern 8 1 Bäume (.James Grieve) mit je 5 Trichtern 
(Summe"" 15 Trichter/Parzelle). 16.5.-20,5,1983 

12 

'I, 

10 

Summe: 

Abb. 5: Ernteschäden an Äpfeln durch Insekten in Z 
CpGV-Versuch in Malmsheim 1982, weitere Erläuterungen s,Abb.4 
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Abb. 4: 

A 

CpGV-Versuch in Malmsheim 1982, Trichterprobenfänge 
30.6, - 9.7.1982, Anteile in i. 
1 • Wasser 2 • CpGV BBA + HP 3 • CpGV Sandoz + HP 
4 ·• CpGV BBA 5 • CpGV Sandoz 6 • 0,5 Z MP 
7 • Diflubenzuron (Dimilin) 8 - Bromophos (Nexion stark) 

A • Schädlinge B • Nützlinge C • Indifferente 

Tnch!erproben 1983 Kloplproben 1963 

1601 20l.9 1 515 1 
1213 1 3777 1 1238 1 52 1 157 1 14'47 
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20 

Abb. 6: ·rn!ega-r•Versuch in Murr 1983, Trichter• und Klopfprobenfänge 

U "" unbehende lt 
Ro ·• -In�egar 
M • Meta:systox O, l i. 

A • schädliche Arthropoden 
B '"' nUtzliche Arthropoden 
C • indifferente Arthropoden 
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CDNTRDL OF THE SUMMER FRUIT TDRTRIX MOTH 
ADDXDPHYES DRANA, WITH A NUCLEAR PDLYHEDRDSIS VIRUS IN ORCHARDS 

D. PETERS, J. WIEBENGA, H.J. VAN MAANEN and L.H.M. BLDMMERS
Department of Virology, Agricultural University, 

Wageningen, the Netherlands 

The control of the summer fruit tortrix moth, Adoxophyes orana, 
was studied with sprays of a nuclear polyhedrosis virus (AoNPV). The 
sprays reduced the number of larvae and the damage on the fruits. The 
number of larvae occurring in the shoot tips at the end of July was 
reduced with 95-98%, whereas the damage on apples by approximately 
60-70%. The damage still occurring can be caused either by A. orana
larvae before they die from an AoNVP infection, or by larvae of other
leafrollers which invade the niche left by A. orana. The type of damage
on fruits from plots treated with azinphos-methyl and virus did not
differ from that in the control.

The prospect to use baculoviruses as biological agents in the 
control of orchard pests with special reference to leafrollers will be 
discussed. 



_fM!.'EJ ND_IJCHlili I '1' .YERSCH IEDENER TORTR I C IDEN-AHTEN 

GEGEN Bucillus thurir111._iensis_ 

K. UNDORF und J. HUBER

Biolov.ische Bundesanstalt für Land- und Forstwirtschaft, 
Institut für biologische Schädliugsbekämpfung, Darmstadt 

Comparative study on the susceptibility of tortricid larvae to Ba
cillus thuringiensis preparations. 

In the view of the ambiguous results reported so far for the use 
of Bacillus thuringiensis preparations fur cuntrol of tortricids in 
orchards, the susceptibility of these insects to several commercial 
B.t. products was examined. In bioassays using a diet-incorporatiun
technique, the LC50 for first instar larvae was found to be similar in
size for Cydia pomonelta, Adoxophyes orana, Pandemis heparana, and
Cryptophtebia leucotreta. Differences in activity of commercial B.t.

preparations presently available were minimal, but new products in 
development, based on strains other than HD-1, performed remarkably
better. By using a r-irradiated preparation it could be verified that
the endotoxin alone, without viable spores, is capable of inflicting
mortality upon tortricid larvae. In a comparative bioassay with B.t.

and the codling moth granulosis virus, the virus was found to be abuut
17000 times more virulent than B.t ..

1. Eil}leitung

Beim integrierten Pflanzenschutz im Obstbau stellen verschiedene Wick
lerarten regional ein großes Problem dar, da für ihre Bekämpfung noch keine 
selektiven Insektizide zur Verfügung stehen und somit breit wirksame Prä-
parnte eingesetzt werden müssen. Zwar lassen sich einige wie z.B. der 
Apfelwickler, Cydia pomunella, oder der Fruchtschalenwickler, Adoxophyes 
orana, gezielt mit Hilfe von Insektenviren unter der Schadensschwelle 
halten, für die meisten übrigen Schadtortriciden fehlt aber ein solches 
Präparat. Das Problem wird noch dadurch erschwert, daß es sich häufig auch 
nicht nur um eine einzige Art handelt, die als Schädling auftritt, sondern 
um einen ganzen Arten-·Kompl ex mit von Jahr zu Jahr verschiedener Zusa11-

mensetzung. Deshalb ist in manchen Fällen auch ein etwas breiteres 
Wirkungsspektrum wünschenswert, als es die Virus-Präparate aufweisen. Dafür 
bieten sich Präparate �uf der Basis von Bacillus thuringiensis an, deren 
Wirkungsbreite mehr als 200 Lepidopteren-Arten umfaßt, 



über die Verwendung von B. Umringiensis zur Beiüimpi'ung von W.i ck i erarten 

im Obstbau liegen schon eine Reihe von Untersuchungen vor (DOLPH[N, 1967: 

JAQUES, 1961 und 1965; MORRIS und MOORE, 1983; NIEMCZYK, 1980; DE REEDE et 

al., 1985; ROEHRICH, 1964; SMIRNOFF, 1972; VAN DER GEEST. 1971). Die er

haltenen Resultate waren recht unterschiedlich; in einigen Fällen wurde von 

Wirkungsgraden zwischen 70 und 90 % berichtet, wogegen andere Unter

suchungen nur eine Wirksamkeit von 9 - 60 % ergaben. Ziel der vorJieP,enden 

Arbeit war es darum, in Laborversuchen die Wirksamkeit von B.t. auf eine 

Reihe von verschiedenen Wickler-Arten zu untersuchen. 

2. Material und Methoden

2.1 Präparate und Versuchstiere 

Für die Untersuchungen wurden ausschließlich Eilarven verwendet, die 

aus Laborzuchten stammten. Folgende Tortriciden-Arten standen zur Ver

fügung; Der Apfelwickler, Cydia pomonella, der falsche Apfelwickler, 

Cryptophtebia leucotreta, und die Fruchtschalenwickler, Adoxophyes orana 

und Pundemis heparana. Die geprüften B.t. Präparate sind in Tabelle 1 

zusammengestellt. Die Titerangaben wurden durch mehrmaliges Auszählen der 

Sporen in der Thomakammer mit Hilfe des Mikroskops ermittelt. Zusätzlich 

wurde duch Ausplattieren der Präparate ihre Keimzahl bestimmt, die nur 

gering unter der ermittelten Sporenzahl lag. Die Präparate Thuricide HP und 

Dipel enthalten beide den HD-1 Stamm und sind weltweit gegen 

Lepidopteren-Larven zugelassen. Dagegen sind die Präparate San 413 und 

San 415, die für die Bekämpfung von Spodopteru in Baumwolle entwickelt 

wurden, im Handel noch nicht erhältlich. Certan findet für die Bekämpfung 

von Wachsmotten in Bienenstöcken Verwendung. 

Die Untersuchungen zur reinen Toxinwirkung von B.t. wurden mit einer 

Probe des Präparates Oipel durchgeführt, deren Sporen durch r-Bestrahlung 

(10 kGy; Kobalt 60) inaktiviert worden waren. Außer den Präparaten in 

Tabelle 1 wurde die Infektiösität von drei ilakterien-Stämmen aus der nicht

kristallbildenden Bacillus cereus Gruppe untersucht, die aus erkrankten 

Apfelwicklerlarven isoliert worden waren (STEPHENS, 1957). Die Bestimmung 

der biologischen Aktivität der Präparate erfolgte mit Hilfe von Biotests. 

Dabei wurden mitsprechend der Problemstellung zwei verschiedene Bio

test-Methoden verwendet; 

2.2 Biotest mit künstlichem Medium 

Bei d.ieser Methode wurden die Pathogene wie bei HUBER ( 1981) be-· 

schrieben, bel einer Temperatur von 40° C unter das Nährmedium gemischt. Auf 

das erkaltete Medium wurden die Testtiere, frisch geschlüpfte Eilarven, 

angesetzt und bei 26 ° C bis zum Zeitpunkt der Auswertung belassen. Pro 

Präparat wurden im allgemeinen 5 Dosen mit je 50 La.rven getestet. Während 

sich dieses Verfahren aufgrund seiner Einfachheit gut für den Vergleich 

verschiedener B.t. Präparate eignete, mußte für den Vergleich mH dem 

Apfelwickler-Granulosevirus eine andere Biotest-Methode gewühlt werden, bei 

der die Verweildauer der Larven auf dem kontaminierten Substrat zeitlich 

begrenzt war. 
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2 3 Biotest mit Blättern 

Kurze BJaltlriebe wurden in verschieden konzentrierte Virus- bzw. B.t. 

Suspensionen getaucht und anschließend an der Luft getrocknet. Zur besseren 
Benetzung der Blätter war der Suspension ein Netzmittel (0.025 % Citowett) 
zugesetzt worden. Um eine mögliche Repellentwirkung zu vermeiden, wurden in 
den Suspensionen 1 % Zucker gelöst. Zusätzlich lagerten die behandelten 
Blätter 48 Std. im Kühlraum, ehe sie im Biotest verwendet wurden. Wie bei 
KRIEG et al. (1980) beschrieben, wurden aus den Blättern Blattrondelle 
ausgestanzt und mit Eilarven besetzt. 

In Abhängigkeit von der aufgenommenen Dosis kann es bei B.t. bereits 
nach 24 Std. zu einem Endotoxin- bedingten Fraßstop kommen. Beim Virus 
dagegen hält die Fraßaktivit.ät über mehrere Tage an. Um dennoch sicherzu
stellen, daß in beiden Fällen die aufgenommene Menge an kontaminiertem 
Futter vergleichbar war, wurden die Larven nach 24 Std. auf nicht.kontami
niertes Nährmedium umgesetzt. Die Larvenmortalitäten wurden nach 12 Tagen 
bestimmt. Die statistische Auswertung aller Biotests erfolgte mit Hilfe der 
Probit-Analyse (FINNEY, 1971). 

3. Ergebnisse und Diskussion_

3.1 Vergleich verschiedener Tortriciden-Arten 

In Tabelle 3 sind die gemittelten LC 50-Werte der Biotests mit Certan 
und den Präparaten, die den B.t. Stamm HD-1 enthalten, für die vier unter

suchten Wickler-Arten zusammengestellt. Gegenüber dem H0--1 Stamm wurde kein 
Unterschied gefunden in der Empfindlichkeit der in Mitteleuropa ver

breiteten Arten C.pomoneita, A.orana und P.heparana. Dagegen erwies sich 
die afrikanische Art Cryptophlebia leucotreta als etwa halb so empfindlich. 
Das Präparat Certan schien gegenüber C.pomonella etwas besser zu wirken als 
bei A.orana und P.hepurana. Aufgrund der geringen Unterschiede innerhalb 
der einheimischen Wickler-Arten wurden die weiteren Untersuchungen nur noch 
an tiiner oder zwei Wickler-Arten weitergeführt. 

3.2 Vergleich verschiedener B.thuringiensis Präparate 

In Tabelle 2 sind die Ergebnisse der Biotests mit verschiedenen B.t. 

Präparaten gegen C.pomonella aufgeführt. Wie ein Vergleich der Resultate 
bei Thuricide HP zeigt, waren die Streuungen zwischen den Wiederholungen im 
allgemeinen relativ klein, so daß die Unterschiede zwischen den Präparaten 
gut sichtbar wurden. Insgesamt wirkte Dipel etwas besser als Thuricide HP. 
Das Präparat Certan zeigte eine geringe Wirkung gegenüber dem Apfelwickler. 
Am wirksamsten erwiesen sich die noch in Entwicklung befindlichen Präparate 
San 413 und San 415. Diese Resultate ändern sich auch nicht wesentlich, 
wenn die LC50 -Werte statt in mg Präpara� pro ml Medium in Sporen/ml ange
geben werden (Abb. 1). 

Die drei Stämme von B.cereus waren so schwach pathogen, claß innerhalb 

des getesteten Dosisbereiches (l,3•10� - 6•10� Sp/ml) keine Wirkung bei 
C.pomonella nachgewiesen werden konnte.



3.3 Vergleich der Wirkung von Sporen-Toxin-Komplex und Toxi11 allein 

Sowohl bei C.pomonellu als auch bei A.oru11u zeigt!: sich, daß die Wahl 
des Auswertungszeitpunktes für die Resultate von maßgebender Bedeutung war 

(Tab. 4). Bei einer frühen Auswertung, schon nach 5 Tagen, erwies sich das 

bestrahlte Dipel als wesentlich weniger wirksam als das unbestrahlte Prä
parat mit den aktiven Sporen. Nach 12 und 20 Tagen dagegen, war die Wirkung 

beider Präparate gleich. Dies könnte eine Erklärung für die zum Teil wider

sprüchlichen Angaben in der Literat.ur sein. So berichtete VAN DER GEEST 

(1981), daß die Raupen von A.orunu durch die Endotoxin-KristaJJe allein in 

vollem Umfang abgetötet werden konnten. MAYAS ( 1969) und VERVELLE (1975) 

fanden dagegen, daß für eine gute Wirkung bei C.pomoneLta sowohl Sporen als 

auch Endotoxin nötig sind. 

3.4 Vergleich der Virulenz von B.thuringiensis und ApfelwickJer-Granulose
virus 

Da eine Bestimmung der LD50, daß heißt der absoluten Dosis, die zu 50 % 

Mortalität führt, für Eilarven sehr schwierig ist, wurde versucht über den 

Vergleich mit dem Apfelwickler-Granulosevirus, dessen LD 50 bekannt ist, 

nähere Angaben zur absoluten Empfindlichkeit der Larven zu erhalten. Neben 

den deutlich verschiedenen LC 50-Werten beider Präparate, sind die unter

schiedlichen Steigungen der Dosis-Mortalitätskurven besonders auffällig 

(Abb. 2). Während die Gerade für B.t. mit einer Steigung von 2,3 relativ 

steil war, wies die Kurve für das Virus einen für Pathogene ohne Toxin

wirkung typi sehen flachen Ver lauf auf (HUBER und JIUGHES, 1984) . Dies hat 

zur Folge, daß sich dle beiden Kurven im oberen Bereich annähern und der 
Unterschied zwischen den LC-Werten geringer wird (Tab. S). Während für B.t. 

die LC 50 etwa 17000 Mal größer ist als die des Apfelwickler-Granulosevirus, 

unterscheiden sich die LC 90 ··Werte nur noch um einen Faktor von etwa 1000. 

Für die Freilandanwendung des Viruspräparates benötigt man 5•1013 

Granula pro Hektar, um einen Wirkungsgrad von 90 % zu erzielen. Um nun 

einen vergleichbaren Wirkungsgrad mit B.t. Präparaten zu erreichen, müßten 

tausendmal mehr, also etwa 5•1016 Sporen pro Hektar gespritzt werden. Für 

das Präparat Thuricide, das l,6•1011 Sp/g enthält, würde dies den Einsatz 
von ca. 300 kg je Hektar fordern. Dies zeigt, daß B.t. Präparate in der 

heutigen Form für eine Bekämpfung des Apfelwicklers wenig geeignet sind. 
Etwas anders stellt sich die Situation bei den Schalenwicklern dar, da 

diese sich in erster Linie von Blättern oder Fruchtschalenoberflächen 

ernähren und somit eine wesentlich höhere Dosis aufnehmen. Die verbesserte 

Aktivität neuer Präparate wie San 413 und San 415 lässt hoffen, daß in 

Zukunft auch die Schalenwickler einer zuverlässigen Bekämpfung mit B.t. 

zugänglich sein werden. 
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Tab. 1 

Tab. 2 

lJ 1 

Präparat Vari11töt HD-Nr. Tit11r Formulierung 
(Li 11f 11rantl CSp/gl 

Oip11l kurstaki 1 J. 6xl011 WP 
(Stöhl11rl 

Oip11! 4L kurstaki 1 1.6xlD11 SC 
<Abbottl 

ThuricidR kurr;;taki 1 1. 6xl011 WP 
(Neudorffl 

San 415 kurstaki - 2. 5xl011 
WG 

(Sandoz) 

San 413 oizcwoi 137 2.5xl011 
WP 

(Sandoz) 

Cartan cizowoi 133 2. 5xl010 

SC 
(Sandoz) 

Aufstellug der getesteten kornrnerzj el len Sporen--Toxin Präparate 

von Bacillus thuringiensis. 

Präparat LC50 95% VC1rtrouRns- StRigung 
Cmg/mll 9ranzgn 

Thuricld11 HP 3.6 2.6 - 47.0 2.2 
8.5 5.6 - 35. 1 1. 9 
5. 9 3.9 - 12. 6 1. 4 
6.0 4. 1 - 12. 0 1. 5 
S.3 3. 9 - 8. 2 2.2
3. 8 2.6 - 6. 1 1. 5 

DipRl 1. 5 0.9 - 2. 1 ). 3 

5.9 2. 7 - 9. 1 1. 6 
1. 3 0.4 - 2. 2 1. 0 

DipRI 4L 8. 1 5.6 - 23.0 2.0 

San 415 0.9 0.7 - ). 2 3.3 

San 413 o. 7 0.4 - 1. 0 1. 7 

Cgrtan 205 74 - 332 ). 7 

Vr>rgll�icil 

testet. an 
verschiedener Bnci l lns tlmriniiiensis Prüpar·ate gc--

c,·tlin romnn.e! ht Eilar·ven. P.iotPst auf kontam.inie.rtcrn 

N�_ihr'mP.d i nm ( ;\u�"'wertung nach 5 Tarren). 



Tab. 3 

Tab. 4 

T:,Jb 5 

HJ-1 Stamm 

<Thur i c i de, D i plil 1. 0 l pe l 4U 

Tortriciden- LCSO Stc.igung 

H0-133 St.omm 
([grton) 

LCSO 95?. VQrt.rouens- Stliligung 
Artliln [Mill. Sp/mll 

954 Vertroulilns
grenzen {Mil 1. Sp/mll grlii!nZliln 

Cydio 
poll\Onello 6.8 

fldo)(ophyws 

Pondemis 
h'1porono 

Cryptophllilbio 
leucotn1to 

7. g 

5. 2 

11. 0 

3. 9 - 12. 0 1. 6 

5. 2 - 12. 0 2. 2 

4. 7 - 5. 7 2. 1 

5.7-21.0 1. 2 

51. 0 18. 4 - 82. 9 1.7 

96. O 21. 6 - )64 2. 2 

119 79. B - 165 1. 8 

Vergleich 

gegenüber 

larven auf 

der Empfindlichke.i t verschiedener Tortric icicn-Ar·t(!fl 

Bacillus thuringiensis Präparaten. Biotest mit Ei

kontaminiertem Nührmedium. (Auswertung nach 5 Tagen). 

Cydio pomonel lo Adoxophyes orana 

Präparat LCSO [Mi 11 ionen Sporen/ml l LCSO [Mi 11 iomm Sporen/ml] 

01pel 5 Tage l2 Tage 20 Tage 5 Tage 12 Tage 20 Tage 

unbestrahl t 7. 1 2. J 0. 8 8. J 1. 5 J. D 

bestrahlt 120. 0 2. 6 0.8 18. 0 J. 2 J. 1 

Vergleich der Wirkung von Bacillus thuringiensis Toxin allein 

11nd Sporen-Toxin-Komplex in Abhängigkeit von der Inkubationszeit 

i:luf kontamini1!rtem Medium. 

PrÖporot LCSO 95% Vertrauens- LC99 95% Vgrtrauens- St&igung 
CG/mll grenzan CG/mll grenzgn 

Thuricide 2.6xl0
7 

2. lxl0
7

- 3.2xl0
7 

2. 6xl0
8 

l. 8xl0
8

- 4.8xl0
8 

2. 3 

Granulose J. SxlO' 0. 4x 10• - 3. Ox 10' 3. lxl0
6 

O.Sxl0
6

- J7.3xl0
7 

0. 7 
Virus 

Ve!'gleich der Virulenz von llncill.us tlmri.nqi„Hsis (Priiparnt: 

Thurlcide) und Ct':rnulose·-Vir·us Biotest mi.t Cydiu pumonella E.i·

larven ,.111[ behandelten ri ! ,, ttrundel.l t:!!. ( .l\uswertung nach 12 

Tagen}. 



LUTTE CONTRE LES TORDEUSES DES VERGERS PAR LA TECHNIQUE DE 
CONFUSION SEXUELLE ET AU MOYEN DES REGULATEURS 

Summary 

DE CROISSANCE D'INSECTES (RCI) 

P.J. CHARMILLOT 

Station federale de recherches agronomiques 
de Changins, CH-1260 Nyon 

The introduction of integrated control in orchards requires the 
suppression ofthe use of broad spectrum insecticides which are generally 
incompatible with biological control against mites. The first practical 
experimentation of mating disruption technique agains� tortricid moths 
have been conducted for about 10 years. The application of this new 
specific method requires intense investigations on isolation and synthe
sis of sex attractants, on their formulation for dispensing them in 
orchards, on moth's behaviour and on the minimal isolation required for 
an efficient control. The progress of these researches let us hope that 
mating disruption technique could be soon introduced in the practice 
at least for a few key-pests as the codling moth Cydia pomonella, the ori
ental frui t moth, Cydia molesta and the summerfrui t tortrix moth A. orana. 
Concerning the insect growth regulators (IGR), the registration of 
fenoxycarb to control the summerfruit tortrix moth A. orana means an 
inquestionable progress towards integrated control in orchards. 

1. INTRODUCTION
Contrairement aux insecticides classiques qui agissent en tant que bio

cides sur les adultes, les oeufs ou les larves, les moyens de lutte bio
techniques comme la confusion sexuelle et les regulateurs de croissance 
d'insectes (RCI) perturbent des processus vitaux pour le developpement, tels 
que la reproduction, la maturation embryonnaire, la metamorphose ou la dia
pause. Cette propriete confere a ces deux nouveaux moyens de lutte des ca
racteristiques bien particulieres, apportant non seulement des avantages 
indeniables mais egalement des contraintes limitant souvent les possibili
tes d'application. 

2. LES ATTRACTIFS SEXUELS ET LEURS UTILISATIONS EN VERGERS

2.1 IDENTIFICATION ET PIEGEAGE 
Il y a environ 25 ans que BUTENANDT et al. (1959) identifiaient pour 

la premiere fois une composante pheromonale chez le ver a soie Bombyx mori. 
Il a fallu attendre encore 10 ans pour assister aux premieres identifica
tions des attractifs de quelques tordeuses des vergers qui, par la suite, 
se sont succedees a un rythme accru. Actuellement, les composantes pheromo
nales principales sont connues pour plusieurs dizaines de ravageurs arbori
coles et de nombreux chercheurs s'activent a decrire des composantes mineu
res susceptibles d'accroitre le rendement des pieges et l'efficacite de la 



lutte par confusion. Si le piegeage sexuel a permis d'ameliorer sensible
ment l'avertissement et la prevision, il n'a cependant pas toujours repondu 
aux espoirs que l'on fondait sur lui. Pour la plupart des especes piegees, 
l'interpretation quantitative des captures reste problematique en raison 
de la diversite et multiplicite des facteurs qui interviennent. 

2.2. PIEGEAGE INTENSIF (Mass trapping) 
Le piegeage intensif au moyen des attractifs sexuels ne permet genera

lement pas de reduire significativement les populations de ravageurs, une 
partie importante des males s'accouplant avant d'etre captures. 

2.3. TECHNIQUE DE CONFUSION (MATING DISRUPTION TECHNIQUE) 
La technique de confusion consiste a diffuser en permanence l'attrac

tif sexuel synthetique d'un ravageur dans la culture a proteger de sorte 
que les males n'arrivent plus a retrouver les femelles pour l'accouplement. 

2.3.1. Caracteristiques et avantages de la technique de confusion 
La lutte par confusion est une technique preventive; elle s'exerce 

sur le comportement de reproduction des adultes qui precede de beaucoup 
l'apparition des degats. Elle est en principe specifique ou du moins selec
tive lorsque plusieurs especes ont en commun une ou plusieurs composantes 
dans leur bouquet pheromonal. De ce fait, elle n'exerce aucun effet nefaste 
sur la biocenose. En raison de la tres faible toxicite, de la volatilite 
et de l'instabilite chimique des attractifs sexuels, la protection de l'uti
lisateur, du consommateur et de l'environnement est assuree. Dans le cadre 
de la lutte integree, le remplacement des insecticides classiques par une 
methode specifique permet de favoriser ou d'introduire des ennemis naturels 
d'autres ravageurs. La lutte par confusion ouvre, par consequent, des voies 
nouvelles a l'application de methodes biologiques. 

2 .3 .2. Prob1:__�es a resoudre pour appliquer la technique de confusion
L'acquisition d'une foule de donnees d'ordre chimique, technique, bio

logique, ethologique et meteorologique entre autres, est indispensable pour 
l'application de la lutte par confusion, ce qui explique que les realisa
tions pratiques progressent relativement lentement dans ce domaine. 

Pour eviter les accouplements, il faut assurer en permanence une con
centration minimale d'attractif dans l'air pendant taute la periode de vol 
de l'insecte et cela non seulement dans la culture a proteger mais dans 
taute la zone ou se deplacent et s'accouplent les adultes susceptibles de 
pondre dans cette culture. Les attractifs etant instables et volatiles, il 
est necessaire de les proteger de la degradation et de ralentir l'emission 
au moyen d'un support de diffusion adequat, de fa�on a eviter un gaspillage 
trop important de produit generalement assez couteux. 

La concentration de l'attractif dans l'atmosphere est la resultante de 
la diffusion, de la degradation du produit et de la convection ou evacua
tion par le vent. La diffusion est fonction de la structure chimique du 
produit, du support choisi et de sa concentration en matiere active, de la 
temperature, du vent ... La degradation depend en partie des memes facteurs. 
L'evacuation de l'attractif par convection depend non seulement de la vi
tesse du vent mais egalement de la densite de vegetation qui fait ecran, 
de la hauteur des arbres et de la forme et des dimensions de la parcelle. 

La duree de vol des lepidopteres ravageurs des vergers varie de 3 se
maines environ pour Adoxophyes orana, a 4 mois pour le carpocapse Cydia po
monella ou la sesie Synanthedon myopaeformis et les molecules a diffuser 
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dans chaque cas ont des proprietes physiques tres differentes. Il faut evi
demment tenir compte de tous ces facteurs lors du choix du support de dif
fusion si l'on veut eviter de repeter trop frequemment les applications. 

D'autre part, il est absolument indispensable d'etudier les deplace
ments des adultes et leurs sites d'accouplement qui sont propres a chaque 
espece. Independamment de la technique de diffusion adoptee, la lutte par 
confusion est inapplicable aux especes migratrices ou tres mobiles. 

Enfin, du point de vue methodologique, l'evaluation de la technique de 
confusion pose egalement des problemes. Le piegeage sexuel, par exemple, est 
susceptible de fournir des indications sur l'efficacite "ethologique" de la 
diffusion mais il est un critere inapproprie pour estimer l'efficacite 
agronomique. Seuls des blocs de surface egale ou superieure a l'aire de 
deplacement des insectes peuvent conduire a une estimation de l'efficacite 
agronomique. Or, comme il n'est pas possible d'effectuer des repetitions 
et de laisser des zones temoins dans les essais, le succes de la lutte doit 
etre estime en comparant a long terme l'evolution des populations dans des 
parcelles differentes. 

2.4. LUTTE PAR CONFUSION CONTRE LE CARPOCAPSE CYDIA POMONELLA 
BILAN DE 10 ANS D'EXPERIMENTATION EN SUISSE ROMANDE 
De 1976 a 1985, la technique de confusion a ete experimentee contre le 

carpocapse sur environ 240 ha de pommiers et poiriers de Suisse romande. 
Les diffuseurs testes sont des tubes en caoutchouc remplis ou impregnes de 
codlemone (E,E-8,10-12:0H) et des diffuseurs en plastique stratifie HERCON. 
Ils sont appliques une a trois fois par saison, la charge totale de codle
mone variant entre 8,7 et 100 g/ha selon les essais. 

2.4.1. Disposition des diffuseurs 
En bordure de parcelles, un diffuseur est agrafe sur chaque arbre (4-

5 m) dans la partie exterieure de la couronne a 1,5-2 m du sol. A l'inte
rieu2 des parcelles, des diffuseurs plus grands sont agrafe� a raison de
50 m par diffuseur si la parcelle a moin� de 1 ha, a 100 m par diffuseur 
pour les parcelles de 1 a 3 ha et a 225 m (15 x 15 m) dans les parcelles 
de plus de 3 ha. L'attractif depose en bordure represente 15 a 25% du to
tal selon la forme et la surface de la culture. 

2.4.2. Diffusion de l'attractif 
La diffusion de l'attractif est estimee d'une part par la pesee perio

dique de diffuseurs places en vergers et d'autre part en extrayant et ana
lysant par chromatographie en phase gazeuse (CG) 1a codlemone qui reste 
dans des diffuseurs exposes plus ou moins longtemps. La confrontation des 
deux courbes obtenues permet de juger de l'aptitude du diffuseur a proteger 
l'attractif de la degradation. (Figure 1). 

2.4.3. Resultats pratiques 
Dans les parcelles d'essai, l'inhibition des captures aux pieges 

sexuels est pratiquement toujours superieure a 90% meme lorsque la diffu
sion d'attractif est tres faible. Ce critere n'est pas suffisant pour juger 
de l'efficacite de la confusion. 

Au cours des dix ans d'experimentation, nous avons fait varier le nom
bre d'applications par saison et la charge de codlemone par ha et cela avec 
les deux types de diffuseurs testes. La figure 2 resume les resultats ob
tenus. Avec les tubes en caoutchouc, les essais effectues de 1976 a 1985 
portent sur 42 parcelles totalisant 145 ha. Sur 68% de cette surface, aucun 



insecticide n'est applique en ete. Sur 19,6%, un traitement curatif est 
decide a cause d'un depassement du seuil de tolerance par A. orana et 
sur 12,4% en raison du carpocapse. Des 1983, l'application dans les es

sais du RCI fenoxycarb a permis de regler les problemes poses par A.ora
na. Rappelons que dans les conditions de Suisse romande, la lutte di
rigee combinee contre ces deux ravageurs exige en moyenne un peu plus 
de 2 insecticides par saison et la lutte classique 3 a 5. Avec les dif
fuseurs HERCON, les essais sont effectues de 1982 a 1985 sur 92 ha dans 

11 parcelles. Le recours aux insecticides est evite sur 69,5% de cette 
surface. Sur 16,2%, un traitement curatif est necessite par A. orana 

et sur 14,2% par carpocapse. 
Au cours des annees, nous avons diminue la charge de codlemone 

jusqu'a environ 10 g/ha.saison. Si une si faible quantite d'attractif 
peut suffire lors d'annees froides peu favorables au carpocapse, les 

densites de population ont malgre taut tendance aaugmenter. Les meil

leurs resultats sont enregistres lorsque la diffusion horaire moyenne, 
determinee par la pesee, reste toujours superieure a environ 5 mg/ha.h 
pendant le premier vol annuel du carpocapse. Or, pour satisfaire a cet
te exigence dans les conditions de. Suisse romande, il est necessaire 

d'effectuer 2 applications de 20 g de codlemone par ha avec les diffu
seurs en caoutchouc, la premiere au debut du vol et la seconde environ 

un mois plus tard. Avec les diffuseurs HERCON, il est preferable de 
faire 3 applications de 25 g chacune a 3 semaines d'intervalle. Les 
deux types de diffuseurs emettent de faGon presque identique mais 
l'attractif est mieux protege dans les supports en caoutchouc. 

En presence de fortes densites de population, il n'est cependant pas 
toujours possible de descendre en-dessous du seuil de tolerance au cours 
de la premiere annee de lutte; il est donc preferable de debuter avec 

cette technique avec des populations faibles a moyennes. Une isolation 

de 200 m de toute source de migrations semble indispensable. La lutte 
par confusion ne devrait pas etre appliquee dans des parcelles de trop 

faible taille car la proportion relative desbordures y est tres impor
tante et les risques d'accouplement y sont plus eleves. 

Signalons encore que des diffuseurs deposes sur le sol au lieu 
d'etre agrafes dans les arbres ont provoque une bonne inhibition des cap

tures, mais que l'attaque sur fruits et les populations du carpocapse se 
sont nettement accrues. De meme, une poudre mouillable composee d'un com

plexe de codlemone et de ß-Cyclodextrine, appliquee en 7 pulverisations 

en dose massive durant la saison n'a pas donne satisfaction. 

Plusieurs essais de lutte par confusion effectues contre le carpo
capse en Europe et dans le monde ont conduit a des resultats variables, 

souvent comparables aceux presentes ci-dessus. Il est toutefois impossi
ble de les commenter ici ni d'en dresser une liste exhaustive (AUDEMARD 
et al., 1977; ROTHSCHILD, 1982; SACCO & PELLIZZARI SCALTRITI, 1983; 
MAN! et al., 1984). 

2.5. LUTTE PAR CONFUSION CONTRE D'AUTRES RAVAGEURS DES VERGERS EN EUROPE 
OCCIDENTALE 
Les premiers essais de lutte par confusion en vergers datent d'un 

peu plus de 10 ans. 11 n'est pas possible ici de faire un rapport exhaus

tif de ce qui a ete realise mais simplement de donner un apergu tres gros
sier de ces recherches effectuees en Europe occidentale. 
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2.5.1. Tordeuse de la pelure A. orana 

Les deux composantes principales de l'attractif d'A. orana sont le 29-
14:Ac et le Zll-14:Ac dans la proportion de 9:1 (MEIJER et al., 1972). Ce

'pendant, les premiers essais de lutte par confusion contre ce ravageur ont 
ete realises avec une formulation en microcapsules contenant les isomeres E 
de ces deux composantes (9:1). En traitant trois fois durant le second vol 
annuel de l'insecte avec l'equivalent de 40 g de m.a. par ha par fois, les 
captures aux pieges sexuels ont ete fortement inhibees et la population hi
vernante a ete diminuee par rapport aux parcelles temoins (MINKS et al., 
1976). Par la suite, d'autres essais ont ete effectues principalement en 
Hollande, en Belgique et en Suisse, mais cette fois avec une au les deux 
composantes principales de l'attractif, diffusees au moyen de supports en 
plastique ou en caoutchouc (VAN DER KRAAN et al., 1980; CHARMILLOT, 1981; 
VANWETSWINKEL, comm. pers.). Si l'inhibition des captures aux pieges se
xuels est toujours tres elevee, l'efficacite obtenue dans la reduction des 
attaques et des populations varie selon les cas entre l'echec total et le 
succes. Les fortes densites de population presentes dans les vergers, les 
concentrations elevees d'attractif necessaire dans l'atmosphere et le man
que de diffuseurs efficaces sont responsables d'une part importante des 
echecs enregistres. 

2.5.2. Tordeuse orientale du pecher Cydia molesta 
Suite aux resultats spectaculaires obtenus en Australie par ROTHSCHILD 

(1975), la lutte par confusion a ete experimentee en cultures de pechers en 
France et en Espagne au moyen de diffuseurs laminaires en plastique strati
fie (HERCON). Avec 3 apports de diffuseurs par saison, correspondant a 42 g 
d'attractif par ha et par application, des essais realises en 1983 et 1984 
dans la region d'Avignon ont conduit a d'excellents resultats (AUDEMARD, 
1984). Signalons qu'en Australie la lutte par confusion contre C. molesta 
est actuellement effectuee sur pres de la moitie des vergers de pechers 
(G. ROTHSCHILD, comm. pers.). 

2.5.3. Petite mineuse du pecher Anarsia lineatella 
Les essais de lutte par confusion ont ete entrepris des 1983 en verger 

de pechers de la region d'Avignon. Avec 4 apports de diffuseurs par saison 
a raison de 42 g d'attractif par application, des resultats preliminaires 
positifs ont ete enregistres (AUDEMARD, comm. pers.). 

2.5.4. Carpocapse des prunes Grapholita funebrana 
Des essais de lutte ont ete realises dans plus de 20 parcelles en 

Suisse et en Allemagne au moyen de diffuseurs en plastique au en caou
tchouc appliques en l a 5 fois par saison avec des charges annuelles d'at
tractif variant de 10 a 260 g/ha. Les resultats obtenus sont tres variables 
allant de l'echec total au succes selon les parcelles et les annees (ARN et 
al., 1976; MANI et al., 1978; NEUFFER, 1978; CHARMILLOT et al., 1982; 
CHARMILLOT & BLASER, 1982). La grande mobilite des adultes, favorisee par 
la presence d'arbres et d'arbustes meme non-hote du carpocapse des prunes, 
semble jouer un role tres important dans les echecs enregistres. 

2.5.5. Autres ravageurs des vergers 
n„s ""·""i s effectuPs contre la sesie Synanthedon myopaeformis ont per

m:s d'inhiber fortement les captures aux pieges sexuels sans toutefois re
duire significativement les accouplements et 1 1 attaque (VOERMAN et al., 
1983; H. AUDEMARD, comm. pers.). En Italie, la diffusion de l'attractif 



de Prays oleae a conduit a une reduction importante de l'attaque sur oli
ves durant la premiere generation annuelle du ravageur mais jamais en se
conde generation malgre une forte augmentation de la charge d'attractif 
par ha (CAFFARELLI et al., 1982). 

3. LES REGULATEURS DE CROISSANCE D'INSECTES (RCI) ET LEUR UTILISATION EN
VERGERS

Il y a environ 10 ans que les premiers RCI analogues de l'hormone 
juvenile ont ete testes dans des essais pratiques en vergers pour lutter 
contre des tordeuses et les psylles (DE JONG & BEEKE, 1977; SCHMID et al., 
1978; BAGGIOLINI et al., 1979). Un premier RCI vient d'etre homologue con
tre la tordeuse de la pelure A. orana; il s'agit du fenoxycarb. Les quel
ques insecticides et acaricides selectifs homologues jusqu'a maintenant 
permettent de lutter contre les principaux ravageurs des vergers de pom
miers, excepte precisement contre A. orana. L'arrivee sur le marche de ce 
nouveau produit biotechnique marque par consequent un tournant, car il 
permet enfin l'introduction dans la pratique d'un programme de protection 
integree. 

3.1. CARACTERISTIQUES, AVANTAGES ET INCONVENIENTS DES RCI 

3.1.1. Mode d'action et caracteristiques des RCI analogues de l'hormone 
juvenile 

Appliques sur des larves au dernier stade de developpement, les RCI 
provoquent une mue nymphale anormale conduisant a des formes intermediai
res entre la larve et l'adulte: larves avec organes rudimentaires d'adul
tes, stades surnumeraires, nymphes avec caracteres larvaires, adultes mal
formes et steriles (ABDALLAH, 1972). En raison de leur activite hormonale, 
les RCI exercent une action lente. La mortalite succede a la phase nutri
tionnelle. 11 faut, par consequent, intervenir sur la generation qui pre
cede celle qui provoque des degats economiques. Les RCI sont donc des pro
dui ts exclusi vement preventii's agissant sur la dynamique des populations. 

3.1.2. Avantages des RCI 
En raison de leur tres faible toxicite, les RCI sont pratiquement 

sans risque pour l'utilisateur et le consommateur. Les 'RCI sont en princi
pe efficaces contre les souches d'insectes resistant aux insecticides clas
siques. L'apparition de phenomenes de resistance aux RCI est moins proba
ble qu'avec les insecticides classiques puisqu'il s'agit d'analogues de 
l'hormone juvenile que l'insecte elabore lui-meme. Les RCI sont ordinaire
ment plus selectifs que l'ho:rmone juvenile puisqu'ils n'affectent pas tous 
les groupes d'insectes (STAAL, 1982). Dans la pratique, la selectivite est 
encore plus grande car seuls les insectes se trouvant au stade de develop
pement sensible sont touches. C'est pour cette raison qu'en champ, les RCI 
presentent generalement une faible nocivite pour la faune utile. 

3.1.3. Inconvenients des RCI 
L'application des RCI ne doit etre envisagee que dans des parcelles 

suffisamment isolees pour empecher toute immigration massive d'insectes du
rant la generation qui suit le traitement. Les RCI sont donc peu propices 
pour la lutte contre des insectes tres mobiles. Le moment d'application 
doit etre choisi judicieusement en fonction du stade de developpement de 
l'insecte. Appliques t:rop t6t ou trop tard, ils perdent presque toute effi
cacite. 



3.2. RESULTATS PRATIQUES OBTENUS AVEC LE FENOXYCARB DANS LA LUTTE CONTRE 
DES TORDEUSES DES VERGERS 
Au cours des dernieres annees, le fenoxycarb a ete teste dans les con

ditions de la pratique, dans de nombreux vergers europeens, non seulement 
contre A. orana mais egalement contre d'autres tordeuses. Lorsque les im
peratifs concernant l'isolation des parcelles et le moment d'intervention 
sont respectes, l'application de ce produit conduit toujours ad'excellents 
resultats. Dans le cas d'A. orana, les traitements effectues a 150 g de 
m.a. par ha sur le dernier stade larvaire de la generation hivernante per
mettent de maintenir les populations au-dessous du seuil de tolerance non
seulement pour la premiere generation annuelle mais egalement en seconde
(CHARMILLOT & BLASER, 1985; DE REEDE et al., 1985). L'efficacite est ega
lement tres elevee sur les larves d'Archips podana, de Spilonota ocelana,
de Pandemis heparana et d'Archips rosana, bien que contre cette derniere
espece un traitement additionnel puisse etre necessaire lors de la pre
miere annee de lutte au moyen des RCI car les larves provoquent deja
des degäts tres tot dans la saison (DE REEDE et al., 1984).

3.2.1. Determination du moment d'intervention 
Des essais de laboratoire ont montre que l'efficacite du fenoxycarb 

est faible sur les larves des premiers stades. Elle augmente graduellement 
pour atteindre un maximum sur les larves ägees du dernier stade, juste 
avant la nymphose (ROBERTSON, 1982; CHARMILLOT et al., 1983). Contre 
A. orana, il faut par consequent intervenir au printemps sur les larves
ägees de la generation hivernante si l'on veut eviter les degäts des gene
rations d'ete et d'automne. L'experience en verger a montre que les meil
leurs resultats pratiques sont obtenus lorsque le premier traitement au 
fenoxycarb est applique sur une population accusant en moyenne une largeur
de capsule cephalique de 1100 µm. L'ecart type s'eleve a ce moment-la
a 200 µm environ. Au lieu de mesurer leur capsule cephalique, il est pos
sible de peser les larves avec une balance de precision. Le premier trai
tement au fenoxycarb doit etre effectue lorsque la moyenne d'un echantil
lon atteint approximativement 15 mg, l'ecart type se situant alors entre
5 et 8 mg (CHARMILLOT & BLASER, 1985). Le moment optimal pour le premier
traitement co1ncide generalement avec la seconde moitie de la floraison
de la variete Golden delicious et le deuxieme est a appliquer 10 a 15 jours
plus tard.

DE REEDE & DE WILDE (1985) ont mis au point un modele phenologique 
base sur les temperatures cumulees depuis le debut de l'annee au-dessus du 
seuil de 8 °c. Pour A. orana, la premiere intervention est a effectuer a 
87 degres-jours (dj

8
) et pour P. heparana a 187 dj

8
.

3.2.2. Remanence du fenoxycarb 
Le fenoxycarb est tres remanent en verger. Comme pour les insectici

des classiques, la perte d'efficacite est essentiellement liee a la crois
sance du vegetal et a l'apparition de nouvelles feuilles plutot qu'a la 
pluviometrie. La bonne re�anence du fenoxycarb a egalement ete mise en 
evidence par DORN et al. (1981) et par DE REEDE et al. (1984). 

3.2.3. Impact sur la faune utile 
Selon l'etat actuel de nos connaissances, le fenoxycarb ne semble 

pas affecter la faune utile. Les traitements effectues durant la florai
son du pommier, ainsi que des essais realises en laboratoire n'ont pas 
cu d'effets negatifs sur les abeilles (Dr L. GERIG, Liebefeld, comm. pers.) 
Ce produit s'est egalement montre inoffensif pour des hymenopteres parasi-



tes, des punaises predatrices de meme que pour des typhlodromes predateurs 
d'acariens (DORN et al., 1981; PELEG, 1983; GALLI, 1984; DE REEDE et al., 
1984. , STAUBLI et al., 1984). 

3.2.4. Recommandations pratiques pour l'utilisation du fenoxycarb dans 
la lutte contre capua 

A la suite des essais effectues en verger, les considerations sui
vantes peuvent etre retenues: 
- le produit doit etre utilise exclusivement au printemps sur la genera

tion hivernante, lorsque les larves sont au dernier stade de developpe
ment; 
les services officiels doivent communiquer les dates d'application et le 
praticien doit s'y conformer; 

- le fenoxycarb doi t etre reserve a des parcelles entieres, isolees de 40
a 50 m de taute source d'infestation de capua, afin d'eviter des rein
festations en ete;

- lors de la premiere annee d'application du fenoxycarb, il est recommande
d'effectuer deux traitements. Par la suite, si les populations sont fai
bles, une seule application peut suffire.

4. CONCLUSIONS
Les attractifs sexuels et les RCI sont deux nouveaux moyens de lutte

biotechniques susceptibles de jouer un role important dans la protection 
integree des vergers. Tous deux sont typiquement preventifs, voire meme 
prophylactiques, dans le sens ou ils visent a maintenir a long terme les 
ravageurs a un niveau tres bas de fagon a ce que leurs degats ne depassent 
jamais le seuil economique de tolerance. Ils doivent etre consideres com
me des moyens de regulation des populations a n'utiliser que dans un mi
lieu isole. Leur engagement dans un programme de lutte n'est jamais decide 
en fonction de l'estimation du risque immediat mais est base au contrai
re sur l'estimation du risque potentiel (BAGGIOLINI, 1977). Or, le risque 
potentiel n'est pas toujours facile a evaluer. 

Pour les RCI, la technique d'application est la meme que pour les pro
duits classiques car c'est le vegetal qui est traite. L'efficacite n'est en 
principe que peu influencee par la densite de population du ravageur. Par 
contre, dans la lutte par confusion, le traitement effectue vise l'air am
biant afin d'y supprimer les accouplements. Le succes de cette technique 
est donc plus fortement lie aux densites de population. 

Ces deux nouveaux moyens de lutte doivent jouer un role complementaire. 
Il n'est, par exemple, pas possible de beneficier de l'action morphogeneti
que des RCI sur des ravageurs carpophages proteges a l'interieur du fruit 
lorsqu'ils sont au stade sensible. Inversement, le succes de la lutte par 
confusion peut etre compromis par de trop fortes densites de population ou 
lorsque les adultes se deplacent beaucoup avant et apres l'accouplement. 
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PIEGEAGE SEXUEL DE SEIZE ESPECES DE MICROLEPIDOPTERES NUISIBLES 

EN VERGERS DE POMMIERS BELGES 

Ch. FASSOTTE, B. FREROT (I), J.-P. CRAMBON (2), C. DESCOINS (I)

C.R.A., Station de Zoologie appliquee, Chemin de Liroux, 8,
B-5800 Gembloux.
(1) I.N.R.A., Laboratoire des Mediateurs chimiques, Domaine de

Brouessy, Magny-les-Hameaux, F-78470 St-Remy-les-Chevreuse.
(2) I.N.R.A., Laboratoire de Faunistique, Route de St-Cyr,

F-78000 Versailles.

Summary 

Pheromone trapping was carried out in apple orchards of the central 
part of Belgium for a year (1983) to determine the distribution of 
sixteen noxious microlepidoptera : Adoxophyes orana, Archlps cratae
gana, A. podana , A. rosana, A. xylosteana, Argyrotaenia pulchellana, 
Choristoneura hebenstreitella, Clepsis spectrana, Enarmonia formosana, 
Hedya nubiferana, Cydia pomonella, Phyllonorycter blancardella, 
Pandemis heparana, Ptycholoma lecheana, Spilonota ocellana and Synan
thedon myopaeformis. 

��� 

Except A. pulchellana and A. xylosteana absent everywhere, all the 
species were caught in all places (commercial and untreated orchards) 
in variable quantities. We do not have data about A. crataegana as the 
attractant seemed to be ineffective. No regional predominance was 
shown for any species. 
The global phenology of each species is given. 
The non-specificity of the attractants allowed us to detect some other 
potential pests such as Pammene rhediella, P. argyrana or Cydia jan
thinana. 

1. Introduction

Pour repondre ade nombreuses lacunes existant en Belgique en matiere
de bioecologie et de biogeographie des lepidopteres nuisibles en verger de 
pommiers, il nous a paru utile d'elaborer une enquete - qui ne pouvait etre 
que fragmentaire - concernant un eventail d'especes (surtout des tortrici
des) connues comme ravageurs effectifs ou potentiels de ces plantes frui
tieres. 

La methode du piegeage sexuel des males par le biais de pheromones de 
synthese constitue une des nouvelles techniques de capture d'insectes 
(FREROT et al., 1982). Elle contribue notamment a preciser c�rtaines carac
teristiques biologiques telles que les periodes d 'emergence des adultes, 
mais elle apporte aussi de precieux renseignements en matiere de detection 
et de repartition geographique des especes visees. 

Les pheromones de synthese, quoique a priori specifiques, exercent un 
pouvoir attractif certain sur un nombre indetermine d1 especes d'insectes 



appartenant ä des groupes systematiques identiques, voisins ou tout ä fait 
differents. Cette attraction multiple presente l'inconvenient majeur de 
provoquer parfois un encombrement non souhaite des pieges par des especes 
dites "indesirables" mais a pour avantage, par contre, le depistage de cer
taines especes insoup�onnees (CHAMBON & BIWER, 1978). 

La presente etude, realisee durant l'annee 1983, avait pour objectif 
non seulement de recenser certaines especes nuisibles, mais aussi de preci
ser leur phenologie (periodes d'activite des imagos), ce qui peut etre 
facilement mis en evidence par la methode des pieges sexuels. L'interet 
agronomique de ces informations se situe notamment dans l'evaluation rendue 
possible des periodes optimales d'intervention ä l'egard des stades larvai
res des ravageurs. 

2. Materiel et methodes

2.1. Choix des especes 

Seize especes de lepidopteres dont la pheromone de synthese etait dis
ponible en 1983 ont ete designees pour faire l'objet de notre etude 
(tableau 1) il s'agit de quatorze especes de tordeuses, d'une mineuse de 
feuilles (Ph. blancardella) et de la sesie du pommier (S. myopaeformis). 

TABLEAU 1 - Composition des attractifs. 

Adoxophyes or ana F. R. 

Clepsis spectrana Tr. 

Pan.demis heparana D. & s. 

Archips crat.aegana Hb. 

Archips podana Scop, 

Archips xylosteana L. 
J 

Argyrotaenia pulchellana Hw. 

Archips rosana L. 

Ptycholoma lecheana L. 

Choristoneura hebenstreitella Müller 

Enarmonia formosana Scop. 

Hedya nubif� Hw. 

cydia pomone.lla L. 

Phyllonorycter blancardella F. 

Spilonota ocellaoa D. & S. 

Synanthedon myopaeformis Bkh. 

(Tortricidae) 

(Cracil lar iidae) 

(Tortricidae) 

(Sesiidae.) 

900 µg z9 TDA + 100 JJ8 z1 l TDA (1) 

900 pg z1 l TDA + 100 pg z9 TDA (2) 

900 µg z,, TDA + 50 ).lß 2
9 TDA + 50 J.Jg zll TDol (1) 

950 IJg z11 mA + .so lJg z9 TDA c1> 

500 lJS z11 TDA + 500 JJS Eil TDA (1) 

900 \J.8 z1 l TDA + 100 118 Eil TDA (l) 

900vgz
1 1TDA +l00 1JgZ11

TDol ( 1 ) 

750 \J8 z
11 

TDol + 250 J.Jg z11 
TDA (1) 

1000 ug (! II TDol (3 % Eli TDol)] (1) 

500 pg t
9 DDA + 500 Jlg 2

9 
DDA (2) 

440 µg EBE
I O DDA + 300 \Jg z8 DDA + 100 µg E8 DDA + 180 ug DDA { 1) 

l006 µg EßEIO DDol (1) 

1000 JJS E10 DDA (l) 

JOOO J.18 2
8 TDA (1) 

1000 '\Jg 2
3
z

13 
ODDA (techu. qual.) (2) 

(1) t.aboratoire des ME!diateura chimiques, ST-REMY-LES-CHEVREUSE O'ranc.e). 

(2) lnstituut voor Onderzoe.k van Bestdjdingsmiddden, WAGENINGEN (Nederlond) 

2.2. Modalites du piege� 

C'est le piegeage sexuel qui nous a servi de methode d'investigation. 
Les attractifs sexuels synthetiques provenaient, pour treize especes, .du 
Laboratoire des Mediateurs chimiques, et pour 11:s trois autres, du Labora
toire du Dr. S. VOERMAN (Wagenin6en). La composition des diverses pheromo
nes de synthese est reprise dans le tableau 1. Chaque diffuseur (bouchon 
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en caoutchouc ou en polyethylene) est charge a I mg d'attractif. 
Les pieges utilises sont de type cylindrique, en polyethylene blanc, 

de 11,5 cm de diametre et de 15 cm de long. Ils sont garnis a l'interieur 
d'une feuille de papier synthetique englue (Tangle-trap de la Tanglefoot 
Company, U.S.A.). La capsule attractive se trouve suspendue de telle fa�on 
que le prelevement des supports englues se fasse sans la necessite de tou
cher l'attractif. 

Un dispositif de quinze compositions pheromonales (fig. 1), destinees 
aux seize pieges (un des attractifs servant a deux especes), tenant compte 
des interactions possibles entre les differentes syntheses, ,a ete oriente 
identiquement au centre de chaque parcelle. Les pieges etaient distants de 
2 a 15 m et suspendus aux arbres a une hauteur variant de 1,5 a 1,8 m 
selon les disponibilites. 

E' 

• 
Clepsis 
spectrano 

• 
Pondemis 
heporano 

• 
SpilonOto 
oce/lano 

• 
Cydio 
pomonel/a 

2-!Sm 

• 
Adoxoptiyu 
orono 

i 
• 

Enormonia 
rormasana 

• 
Ptycha/omo 
/echeano 

• 
Synanthedon. 
myopa•form,s 

• 
Phyllonorycter 
bfoncarde!la 

• 
Archips 
ro.sono 

• 
Archips 
padona 

• 
H•dyo 
nubiferano 

• 
ChoristOneura 
htberistreite/la 

• 
ArChips 
ity/Q$t6ano / 
Argyroto,nio 
pc.r/che/lana 

• 
Archips 
cratQegono 

FIGURE 1 - Plan de disposition 
des pieges. 

Les controles ont ete operes le meme jour dans chaque verger et ce de 
fa�on bihebdomadaire depuis le 25 avril 1983, date de la mise en place, 
jusqu'au 29 septembre. Les attractifs ont ete changes toutes les six semai-· 
nes. 

2.3. Sites d'experimentation 

Quinze parcelles (fig. 2) ont ete choisies en vergers de pommiers dans 
differentes localites situees en majeure partie en zone centrale de la 
Belgique, pour recevoir le dispositif decrit ci-dessus (§ 2.2). Il s'agit 
de vergers commerciaux traites plus ou moins intensivement et de trois 

FIGURE 2 - Repartition des sites 
de piegeage en 
Belgique. 
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parcelles temoins. Un seizieme verger (20 ha) tres infeste par la sesie du 
pommier a re�u quatre pieges specifiques a cette espece. Deux pieges supple
mentaires ont servi de repere, dans des essais de lutte dirigee, pour le 
vol du carpocapse (C. pomonella). 

Les differentes parcelles presentent entre elles une variabilite de 
caractere remarquable sur les plans dimensions, exposition, type de sol, 
type de culture, varietes, traitements phytosanitaires, environnement. 

2.4. Identification des especes 

Outre les especes visees facilement.identifiables, la majorite des 
captures annexes de lepidopteres (males de Tortricidae et Noctuidae) ont 
subi un examen des pieces genitales,excepte celles des genres Cucullia et 
Oligia. Celui-ci a ete realise par l'un d'entre nous (J.-P. C.) et ses col
laborateurs (G. GENESTIER, C. COCQUEMPOT). 

Une faible proportion d'individus (surtout des macrolepidopteres) ont 
ete preidentifies sans le recours aux genitalia par M. C. VERSTRAETEN (1). 

La nomenclature utilisee est celle de P. LERAUT (1980). 

3. Resultats

Le traitement informatique des donnees relatives aux especes visees
fut realise par le Dr. R. OGER (2). 

3.1. Repartition des seize especes et importance des captures 

A l'exception de A. pulchellana et de A. xylosteana totalement absents, 
t outes les autres especes se sont revelees dans chaque verger mais a 
des degres divers. L'attractif destine a A. crataegana n'a permis la cap
ture d'aucun individu alors qu'un exemplaire a ete pris dans un piege a

C. spectrana: la composition pheromonale utilisee pourrait ne pas etre
adaptee a 11espece.

Aucune predominance regionale n'a pu etre mise en evidence. Les seules 
tendances observables se referent toutes a la proximite immediate de par
celles boisees a vegetation abondante et diversifiee (exemple: C. hebens
treitella). 

·3. 2. Phenologie

La synthese des courbes de vol qu'il a ete possible d'elaborer a par
tir des donnees recoltees dans les differents vergers (sauf un ou les rele
ves des pieges n'ont pas ete effectues de maniere reguliere), est traduite 
dans la figure 3. 

Signalons a ce propos la courbe tronquee de Ph. blancardella pour 
lequel les pieges ont ete disposes trop tardivement. 

Remarquons aussi le deuxieme vol partiel de A. podana, deja signale 
dans le nord de la France (FREROT et al., 1982). 

L'allure decousue de la courbe"äüx deux pics de E. formosana ne cor
respond cependant qu'a une seule periode d'emergence (ALFORD, 1984), sans 
deute liee aux variations thermiques. 

3.3. Captures annexes 

L'ampleur du probleme relatif aux captures dites "annexes" ou "indesi
rables" est vaste et fera 1 'objet d 'une publication en soi. 

Le tableau 2 mentionne les principales especes indesirables denombrees 

(1) Chaire de Zoologie generale et Faunistique, Faculte des Sciences agrono
miques, Gembloux.

(2) C.R.A., Bureau d'Informatique et de Statistique appliquees,Gembloux. 
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FIGURE 3 (suite) - Courbes de vol. 

dans les differents pieges ainsi que les quantites totales de mäles captu
res. 

Pour les genres Cucullia et Oligia, quelques exemplaires identifies 
jusqu' a l 'espece ont revele la presence de Cucullia charnomillae D. & S., 
Oligia versicolor Bkh. et Oligia fasciuncula Hw. 

Il est important de souligner le grand nombre de prises de C. spectrana 
realisees dans les pieges a P. heparana et inversement. La grande similitude 
des bouquets pheromonaux utilises explique aisement ce manque de specifi
cite. Ce phenomene nous a oblige a prendre en compte ces captures dans la 
globalisation des resultats qui sont materialises par les courbes de vol 
(cf "(total)" fig. 3). 

Signalons aussi (gräce a la perspicacite de M. P. HECQ) (1)-la decou
verte tardive dans des pieges a S. myopaeformis de la presence d'une autre 

(I) 58, rue du Centenaire, B-6100 Mont-sur-Marchienne.
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TABLEAU 2 - Captures (males) realisees avec les differents attractifs. 

Attractif destine 

ä l' espece : 

Adoxophyes orana 

c1e2sis se:ectrana 

Pandemis heparana 

Archips crataegana 

Males 

captures 

3405 

660 

1139 

Nombre 

de 

piiges 

15 

15 

15 

15 

Males · Especes 
capturh identifiees 

367 18 

671 20 

1648 15 

26 12 

Captures annexes 

Principales captures ( >15 exemplaires) 

�spp. 

Oligia spp. 

Panenieria tenebrata Scop. 

Axylia putris L. 

P. heparana 

Tortrix viridana L. 

Eulia ministrana L, 

A. 01:a.na 

Noctua f imbr lata 

C. spectrana 

E„ ministrana 

P, lecheana 

Schreber 

139 

90 

74 

29 

523 

53 

39 

21 

15 

1548 

47 

16 

3,7 

2,4 

2,0 

0,8 

39,3 

4,0 

2,9 

1,6 

1.i 

55,5 

1,7 

0,6 

-�����������---------------:=�---�:--------��----------��-------�� S
cop, ------------0��------����-

Archies �rlosteana 

]
0 15 68 16 Diurnea t,hrygan�lla Hb. 21 30,9 

Argxrotaenia eulchcJ lana 

Archißs rosana 411 15 75 17 P. lecheana 30 6,2 

t. virid3na 25 5, I 

Ptycholoma iecheana 139 15 127 17 � 72 27.1 
--------------- . ------ . ----------------- ----------

- ---
-

Choristoneura hebens.t.reitella 282 15 

Enarm.onia f :rmosana 2645 15 

Hedya nubiferana 1828 15 

Cydia pomonella 4044 17 

Phyl lonoricter blancardella 121558 15 

SJ;: i lonota ocellana 366 15 

Synanthedon myo;e:aeformis <3567 19 

99 10 

353 17 

1151 21 

265 13 

75 12 

29 II 

>448 13 

Mesapamea secalis L. 

Gnephasia pumicana Z. 

Dichrorampha plumbana Scop. 

Eucosma cana P.w. 

Pammene arg}'"rana Rb. 

Cydia funebrana Tr, 

Cydia janthinana Dup. 

Cnephasia stephensiana Dbld. 

Pammene rhediella Cl, 

Eucosma campoliliana D.t, S. 

Cydia nigricana F. 

Apotomis turbidPna Hb. 

Nemapogon clematel la F, 

S:t:nanthedon culiciformis L. 

86 

279 

32 

850 

120 

54 

39 

39 

156 

82 

53 

18 

350 

>65 

22,6 

9,3 

1,1 

28,5 

4,0 

1,8 

1,3 

1 ,3 

3,6 

1 ,9 

<0, I 

4,6 

9,8 

>! ,8 

espece, S. culiciformis, dont la courbe de vol Zut imbriquee en 1983 dans 
celle de la premiere espece et que nous n'avons pas ete en mesure de discer
ner (V-VI). Selon M. S. VOERMAN, elle a deja ete observee (mais non signa
lee) aux Pays-Bas par M. A. VAN FRANKENHUYSEN (comm. person.). Les males de 
S. culiciformis presentent des ecailles oranges a la face inferieure des
palpes tandis que celles-ci sont blanches chez S. myopaeformis.

11 se pourrait, enfin, que les tres nombreuses mineuses capturees dans 
le piege a Ph. blancardella n'appartiennent pas exclusivement a cette espece 
(HRDY, comm. pers.). 



4. Conclusions

A l'issue de cette etude, nous sommes en mesure de constater que, en
dehors des trois tortricides mentionnes, toutes les especes de lepidopteres 
qui ont ete considerees sont presentes dans_ toute la zone visitee. Cepen
dant, les niveaux de capture se montrent tres fluctuants d'un verger a

l'autre quoique la prudence doive etre de regle en matiere de comparaison 
entre pieges. 

Aucune tendance regionale ne s'est dessinee, chaque verger proposant 
son eventail d'especes propre avec ses rapports de dominance propres. 

Au cours de cette etude, nous avons ete confrontes au probleme de 
l'encombrement des pieges par des especes "indesirables". Ce n'est pas tant 
la diversite des especes - souvent de morphologies differentes - que la 
diminution du rendement des pieges qui semble preoccupante dans certains 
cas, notamment lorsque des noctuelles sont capturees, dont le volume et 
l'agitation constituent des obstacles a la penetration des lepidopteres de 
plus petite taille. Cette perturbation des resultats devrait etre prise en 
compte lorsque ceux-ci servent des decisions importantes. 

Cependant, la non-selectivite des attractifs a permis de detecter la 
presence d'autres lepidopteres, dont certains seront nouveaux pour la faune 
belge (cf. publication ulterieure). Signalons notamment la tordeuse des 
cereales, Cnephasia pumicana, bien installee au centre de notre pays, sans 
qu'aucun degat n1ait ete mentionne jusqu'ici. D'autres especes, nuisibles 
en vergers, ont pu etre decelees egalement, telles que Pammene rhediella, 
P. argyrana ou Cydia janthinana.

L1etape ulterieure de cette enquete devra faire appel aux echantil
lonnages in situ couples aux piegeages sexuels. 
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PIEGEAGE SEXUEL DE PANDEMIS HEPARANA D. & S. ET DE CLEPSIS SPECTRANA 

Tr. (1.!:J:. TORTRICIDAE) EN.MILIEUX PROCHES vE VERGERS DE POMMIERS 

Ch. FASSOTTE, B. FREROT (l), J.-P. CHAMBON(Z}, C. DESCOINS (l) 

C.R.A., S.tation de Zoologie appliquee, Chemin de Liroux, 8
B-5800 Gembloux.
(1) I.N.R.A., Laboratoire des Mediateurs chirniques, Domaine de

Brouessy, Magny-les-Hameaux, F-78470 St-Remy-les-Chevreuse.
(2) I.N.R.A., Laboratoire de Faunistique, Route de St-Cyr,

F-78000 Versailles.

Summary 

Pheromone trapping of Pandemis heparana and Clepsis spectrana was 
carried out for a year (1984) in the surroundings of three apple 
orchards. The captures of the two tortricids were the less numerous 
in lands under cultivation and P. heparana was more abundant in 
wooded areas. Relative proportions of capture between the two spe
cies were very different in all places. Quantities of insects caught 
in the surroundings were also very different frorn that inside the 
orchard. It has been shown in these trials that the surroundings may 
be a potential source of reinfestation towards the orchard. 

1. Introduction

Suite a une campagne de p1egeage de microlepidopteres realisee en 1983
et aux populations antagonistes de Pandemis heparana et de Clepsis 
spectrana observees en verger de pommiers a cette occasion, il nous a sem
ble interessant d'entreprendre une etude particuliere sur les populations 
de ces deux tortricides, non pas limitee aux seuls vergers mais etendue 
aux milieux avois1nants , de fac;on a mieux preciser 1' attachement de ces 
especes a tel ou tel biotope. Cette etude a ete menee en 1984. 

2. Materiel et methodes

2.1. Choix des vergers 

Notre choix des sites d'experimentation a ete intimement lie a la 
poursuite des essais de 1983 (FASSOTTE et al., 1985), pour laquelle un 
dispositif de piegeage de microlepidopteres a ete reinstalle dans trois 
vergers de pommiers relativement peu eloignes l'un de l'autre (fig. 1). 
Chacun de ces vergers se distingue par un environnement different : celui 
d'OPPREBAIS isole au sein de terres de culture est situe sur un plateau 
tres venteux; celui de TEMPLOUX est entoure en grande partie de bois et 
parait bien abrite; celui de GEMBLOUX se trouve en position intermediaire, 
accole a un bois et environne de cultures. Il faut preciser dans le cas de 
GEMBLOUX qu'il s'agit d'un verger experimental comportant trois parcelles 



FIGURE 1 Sites 
d'experimentation. 

subissant des traitements insecticides differents 
chimique intensive, temoin. 

2.2. Modalites du piegeage 

lutte dirigee, lutte 

Les pieges sexuels utilises pour cette etude sont de meme nature que 
ceux employes dans les essais de 1983 (FASSOTTE et al., 1985). 

La synthese des attractifs a ete realisee au Laboratoire des Media
teurs chimiques et la composition en est donnee dans le tableau 1. 

Les pieges ont ete installes le 19 avril et releves deux fois par 
semaine jusqu'au 27 septembre 1984, les attractifs ayant ete renouveles 
toutes les six semaines. 

2.3. Dispositif experimental 

Un certain nombre de sites ont ete selectionnes dans l'environnement 
immediat de chaque parcelle de pommiers choisie : 9 a OPPREBAIS (fig. 2), 
10 a GEMBLOUX (fig. 3), II a TEMPLOUX (fig. 4). 

Un couple de deux pieges (un a P. heparana et un a C. spectrana)
eloignes de 40 a 60 m l'un de l'autre - a ete installe dans chacun de ces 
sites de telle sorte qu'une distance minimale de 50 m seit respectee par 
rapport a la bordure du verger et par rapport a tout autre couple de pie
ges. Le niveau de placement se situait entre 1,6 et 1,8 m de hauteur. 

Par ailleurs, au sein des vergers, deux pieges destines a ces deux 
especes faisait partie du dispositif experimental mentionne au§ 2.1. 

2.4. Identification des especes 

La separatiori. entre les individus de P. heparana et de C., spectrana 
est relativement aisee. Cependant, les cas douteux ainsi que la grande 
majorite des autres lepidopteres captures ont ete identifies par l'equipe 
de l'und'entre nous (J.-P. C.), apres_examen des genitalia. 

3. Resultats

3.1. Repartition des captures 

L'importance numerique et relative des captures de P. heparana et de 
C. spectrana realisee dans chaque site est transcrite de maniere graphique
dans les figures 2, 3 et 4. Ces donnees correspondent a la globalisation des
prises effectuees pour chaque espece dans les deux types de pieges (cf. § 3. 2).
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A OPPREBAIS, la suprematie de C. spectrana au sein du verger ne se 
reproduit pas dans les biotopes environnants, quoique dans l'ensemble cette 
espece semble quelque peu y dominer P. heparana. 

A TEMPLOUX par contre, la situation est completement inversee: P. 
heparana est omnipresent et abondant tandis que C. spectrana s'y fai-r-rare. 
Les captures realisees dans le verger refletent b1en celles obtenues dans 
les milieux avoisinants. 

Enfin, a GEMBLOUX, les dominances sont alternatives: il s'agit de 
C. spectrana dans un cas (ex. usine desaffectee) et de P. heparana dans
11autre (ex. parcelle temoin du verger). Il est a noter que les postes 
situes dans les champs de betteraves juxtaposes au verger sont le reflet de 
ce qui se produit a l'interieur de celui-ci. Il faut souligner egalement 
les differences dans les niveaux de captures observees dans les parcelles 
traitees par rapport au temoin. 

3.2. Captures annexes 

Taute la duree du piegeage a ete emaillee de captures d'especes non 
desirees, le probleme fondamental etant celui de l'attractif destine a

C. spectrana qui capturait proportionnellement plus de P. heparana alors
que la synthese pour cette derniere espece attirait egalement bon nombre de 
C. spectrana. Le tableau I donne un aperc;u de la ,selectivite des attractifs
mis en jeu. Ce sont les pieges disposes dans les bois (surtout a TEMPLOUX)
qui ont ete les plus encombres par des captures annexes.

Composition de 
l' attractif 

Nombre de pilges 

Nombre de captures 
(m!les) 

Eapecee capturees 

4. Conclusions

TABLEAU 1 - Selectivite des attractifs. 

CLEPSIS SPECTRANA . Tr. 

900 µg z11 TDA + 100 µg z9 TDA 

C. spectrana 

P. beparana 

33 

3139 

Eulia ministrana L. 27 .O � 

Diurnea fagella D. & S. 3.0 % 

Tortrix viridana L. l .8 % 

Noctua fimbriata Schreber 1.8 % 

Adoxophyes orana F .R. 1.1 % 

Other species l • 8 % 

PANDEMIS HEPARANA D. & S. 

900 µg zl I TDA + 50 µg Z9 TDA + 50 µg zl I TDol 

P. 

c. 
E. 

D. 

T. 

N. 

heparana 

spectrana 

ministrana 

fagella 

viridana 

fimbriata 

33 

5301 

Pticholoma lecheana L. 

Spatalistis bifasciana Hb. 

Other species 

48.0 % 

21.3 % 

12.8 ·x 

7 .0 % 

6.8 ,: 

1.3 % 

0.8 % 

0.4 % 

1. 7 % 

Les quantites de P. heparana et de C. spectrana captures se montrent
tres variables dans les differents ·milieux observes, quoique les terres �e 
culture paraissent plus pauvres dans l'ensemble et les zones arborees les 
plus riches (surtout en P. heparana). 

Les proportions relatives des deux especes dans chaque site, ne sem
blent a priori obeir a aucune regle, et dans deux vergers sur trois, c'est 
P. heparana qui domine.



Le p1.egeage peripherique des deux tortricides a mis en evidence une 
disproportion parfois tres importante entre les populations intrinseques 
des vergers et celles des biotopes avoisinants. La richesse de certains 
milieux proches des vergers, tels que les zones boisees ou pullule 
P. heparana, peut constituer une source de reinfestation de ceux-ci, notam
ment apres l'application de traitements insecticides.
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ÜBER DEN EINSATZ VON FELDKÄFIGEN IM APFELWICKLERWARNDIENST 

P. FISCHER-COLBRIE und 0. RUPF
Bundesanstalt für Pflanzenschutz 

Wien 

Besides pheromone traps, fieldcages are increasingly used in the 
Austrian plant protection service against codling moth (Cydia pomo
nella L.). Approxemately 200 overwintered larvae are mounted after 
blossom on an encaged apple tree. Egglaying and eggdevelopment is 
observed daily and reported to plant protection centres. 
Various new fieldcage constructions and materials were investigated 
in 1985 to all practical purposes, especially with a view to possible 
differences in climatic conditions inside and outside of these cages. 

Im österreichischen Apfelwicklerwarndienst werden neben Pheromonfallen zur 
Überwachung des Flugverlaufes in zunehmenden Masse Freilandkäfige zur 
Beobachtung der Eiablage und Eientwicklung eingesetzt. Die bereits im 
Jahre 1976 erprobte Methode (Fischer-Colbrie, 1976) wurde in den Folge
jahren laufend verbessert und ist heute in allen wichtigen Obstbaugebieten 
verlässliche Entscheidungsgrundlage des lokalen Apfelwicklerwarndienstes. 

Die aus Vorhangstoff (Maschenweite 1 mm, weiss) gefertigten Käfige 
(Grundriss: Zx2 m, Höhe 2,5 m) werden jeweils nach der Baumblüte um einen 
auf Käfigformat formierten Apfelbaum montiert. Zweihundert Apfelwickler
raupen, im Sommer des Vorjahres durch Anlagen von Wellpappringen an 
Streuobstbäume gesammelt und unter Freilandbedingungen überwintert, er
geben nach Montage der Wellpapperinge am Stamm des eingekäfigten Baumes 
eine hohe zeitlich mit dem Freiland übereinstimmende, Schädlingspopulation 
im Käfiginneren. Die in grosser Zahl an Rinde, Blätter und vor allem Früchte 
abgelegten Eier werden auf ausgewählten Kontrollästen regelmässig ausge
wertet. Einer der Kontrolläste dient der Erfassung des Eiablageverlaufes, 
indem die abgelegten Eier gezählt und hierauf entfernt werden. Die auf einem 
weiteren Kontrollast abgelegten Eier werden nur hinsichtlich ihrer Ent
wicklung (Rotring- und Schwarzkopfstadium, Schlüpfen der Räupchen) be
obachtet. Die Kontrollergebnisse werden laufend an die Zentralstellen 
(Bundesanstalt, Landwirtschaftskammern) gemeldet und dienen als Ent
scheidungsgrundlage für Warndienstaussendungen. 

Da sich die bisher verwendeten Standardkäfige aus Vorhangstoff sowohl 
als wenig dauerhaft als auch als arbeitsaufwendig in der Montage erwiesen, 
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wurden 1984 neue Käfigkonstruktionen unter Verwendung verschiedener Netz
materialien hinsichtlich ihrer Handhabung, und auf mögliche Klimaver
änderungen im Käfiginneren untersucht. Dazu wurden Temperatur- und Feuchtig
keitsmessungen mittels Fühlern und Schreibern innerhalb der einzelnen Ver
suchskäfige im Vergleich zu Freilandbedingungen durchgeführt. Es zeigten 
sich vor allem in Käfigen aus Glasfiber- (dunkelgrau) und Nylongewebe 
(Fliegengitter, hellgrün) an wolkenlosen Tagen Abweichungen im Tagestem
peraturgang im Vergleich zu den Freilandmessungen. Im Tagesmittel waren 
die Temperaturwerte in allen Versuchsvarianten jedoch nahezu gleich. Die 
Luftfeuchte erwies sich besonders an bewölkten Tagen innerhalb aller Käfig
varianten höher als im Freiland. 

Eine Publikation der Versuchsergebnisse ist in Vorbereitung. 

LITERATUR 

1. FISCHER-CDLBRIE, P. (1976). Feldkäfigversuche über den Einfluss von
Klimafaktoren auf den Apfelwickler (Laspeyresia pomonella L.);
Der Pflanzenarzt, 29. Jahrgang (5), 50-53.



162 

THE EFFECTS OF FORMULATION ON THE EFFECTIVENESS OF CODLEMONE 
IN THE MONITORING OF THE CODLING MOTH, CYDIA POMONELLA 

I. HRDY(l), K. KONE�NY(2) and J. VRKOC(2)
Institute of Entomology(l) and Institute of Organic Chemistry 
and Biochemistry(2), Czechoslovak Academy of Sciences, Praha 

Pheromone traps are useful for the monitoring of the pest's 
flight and for the timing of spraying in the program of inte
grated control. However, the guestion remains wheter data on 
the numbers of trapped males give an objective information on 
population density, i0 e. wheter they can be used for determi
ning the economic treshold. We must have a standard system of 
monitoring if this guestion is to be resolved, especially dis
penser which would evenly release a non-degraded active sub,
stance. 

We tested the effectiveness of four formulations of codle
mone: (E,E)-8,10-dodecadien-l-ol (ES,El0-12:0H) was recrystal
lized to 99.5%, and the admixture of isomeres (Z,E), (E,Z} and 
(Z,Z) was less than 0.1%. These experimental formulations were
compared with commercial dispensers produced by Zoecon and Che
mika (Table I). "Stuttgart" and Etokap traps with Bird Tangle
foot adhesive, and Pherocon lC (Zoecon) traps were used for 
field trialso 

Table I 
Tested formulations of codlemone 

Code 

CP-11 
CP-12 
CP-13 
CP-14 

Dose 
C:8,El0-12:0H 

mg 

o.5 
0.5 
o.s

1.0 

Rubber 

205-IR
159 
205-IR
205�IR 

CP (Chemika) Oo 5 CM-4408
CM (Zoecon batch 2383102) 

,,,_,,_....__._......;::i. 

Dispenser 

WP.ight 
g 

0.55 
0,75 
0,55 
0�55 
1.5 
0,5 

Surf�ce �;;;ted/i 
cm +yes -no 

5.7 + 

5.7 + 
5.7 
5.7 + 

s.s

6.5 ? 

, __ * . 

/1 Rubber purified by extr·action in benzene before impregnation 
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The amounts of evaporated EB,El0-12 :0H and other isomeres 
were parallelly measured by gas chromatography after Baker et 
al. (1980). The amount of released EB,El0-12 :0H and the deg� 
rees of isomerization have been determined by averaging the 
measurements of three dispensers (Fi9 0 l. Table II). 

Table II 

Release of E8,El0-12 :0H and its isomeres from different 
dispensers; measured 24 hours after preparation.data in per 
cent of the original E,E-isomere 

Code Dispenser 1 Dispenser 2 

E,E Z,E 71 E,Z+Z,Z E,E Z,E E,Z+Z,Z 

CP-11 81 7 10 87 6 6 

CP-12 100 0 0 100 0 0 

CP 74 10 14 67 14 17 

CM 96 4 0 96 4 0 

/1 IsomeresEB,Zl0-12:0H and ZB,Zl0-12:0H cannot be separated 

Field trials comparing �ifferent formulationsof pheromones 
and types of traps are often encumbered by mistakes due to 
competition of the traps, the "position effect", diversity of 
vegetation, etc. Our tests were therefore repeated at three 
localities, the traps were installed in various combinations, 
and the placing of the traps was daily changad at one locali
ty. The total catch was 5645 males. 

The formulation CP-1 2 proved to be the most effective at 
all three localities (Table III). The diagram in Fig.l .s hows 
that the higher effectiveness of CP-12 cannot be ascribed to 
a higher amount of evaporated E8,El0-l2 :0H, because evapora
tion of CP-11 is approxirnately the same, but the number of 
trapped insects was much lower. Also CM dispensers release 
more pheromone, especially in the second half of the time of 
exposure. The degree of isomerization of codlemone seems to 
be a major factor in its efficacy. Isomerization occurs in 
sorne kinds of rubber soon after the preparation of dispensers. 
Table II shows the effects of rubber on the purity of codle
mone. 

A disproportion between the number of male colding moths 
caught in pheromone traps and the numbers of eggs laid in sum
mer during the second wave of flight has been reported (Croft 
et al.,1976; Hrdy et al., 1979} 6 So,the high effectiveness of 
CP-12 in the middle of the summer season is remarkable (Fig.2 ). 
High effectiveness of dispensers throughout the season is im
portant for monitoring. 

New formulation of codlemone and other pheromones are being 
tested in 1985 with the object of working out standard systems 
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Fig. 1: The dynamics of codlemone release from CP-11, CP-12, 
CP (Chemika). and CM {Zoecon) dispensers. The amount of 
codlemone (ng per 2 hours) released during a 100-day exposure 
at room temperature. 

Table III 

The effectivenes of pheromone dispensers according to field 
trials in 1983: codling moth males caught 

D!speneer Annual catch in per cent st localities: 
( trap used)/1 

Zbraslav I Zbraslav II Klacany 

CP-11 10.9 (E) 8.5 {E) 10.0 {S) 

CP-12 23.l {E) 35.2 (E) 37.4 {S) 

CP-13 18.l (E) 10.3 ( E) ll. 2 {S) 

CP-14 13.2 (E) 15. l (E) 9.8 (S) 

CP 14.6 (E) 4.1 (E) 16.6 (S) 

CM 20.1 {E) 16.2 (E} 14.2 {S) 

CP 2.B (P)

CM 7.8 {P)

Total catch 
( n) ö<f 1105 1590 2950 

-

/1 E - Etokap, P - Pherocon, S - "Stuttgart" 
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of monitoring. 
, Detailed results will be published in the journal Sbornik 
UVTIZ - Ochrana rostlin, Praha in the year 1986. 
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Fig. 2: Biological effectiveness of codlemone dispensers in 
field trials at Klacany, 1983. Upper diagram - total catches 
at checking intervals. Lower diagram - relative effectiveness 
of CM (Zoecon), CP (Chemika), and CP-12 formulations. Percen
tage of the total catch at the given checking terms. 
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FIELD TRIALS TO CONTROL CODLING MOTH BY MATING DISRUPTION, 1979-85 

Surrnnary 

E. MANI
Swiss Federal Research Station for Fruit-Growing, 

Viticulture and Horticulture 
CH-8820 Wädenswil 

Results of mating disruption trials with codling moth from 1979 to 
1985 were positive in 17, negative in 3 and average in 2 cases. One 
of the trials is described in more detail. Requirements for a 
successful application of the method in corrnnercial orchards are 
discussed. 

Codling moth is one of the key pests in apple orchards of our region 

and regular insecticide sprays are applied against this pest. Therefore, in 
connection with integrated control programs, we are looking for alternative 

methods to chemical treatments. One of these possibilities is the inter
ruption of the communication between sexes by evaporation of the sex 
pheromone. 

The first trial to control codling moth by mating disruption in a 

corrnnercial orchard was started in the Upper Rhine Valley in 1979 (Mani et 
al. 1984 • Mitt. Schweiz. Ent. Ges. 57: 341-48). In 1981 we increased the 
number of treated orchards as well as the treated surface (table 1). In 
most trials we had an untreated check in the neighbourhood. Pheromone 
impregnated rubber tubes and since 1984 also Hercon flakes were used as 
dispensers. The amount of pheromone per ha was 25 - 40 g with rubber tubes 

and 50 to 125 g with Hercon flakes. Dispensers were placed at a density of 

Table 1. 

no. 

1979 
1980 
1981 
1982 
1983 
1984 
1985* 

Trials to control codling moth by disruption in apple orchards 
in the Eastern part of Switzerland. (*) In 1985 results of 
trials of Dr. Maag Company, Dielsdorf are included. 

orchards no. of cases with total 
treated success no result failure hectares 

1 1 1 

1 1 1 
1 l 1 
2 2 8 
2 2 8 
4 3 1 14 

11 7 2 2 24.5 
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1 dispenser per 100-150 m2 with additional dispensers at the border of the 

orchards. Until 1983 dispensers were placed only once at the beginning of 

the flight. In 1984 and 1985 fresh dispensers were added during the season, 
one set in the case of rubber tubes and 1-3 for Hercon flakes. 

A summary of the results is given in table 1. The figures show that 

most of the experiments were successful, i.e. the fruit attack remained 
under the economic threshold of 2% (windfall fruits included), in all such 

cases. In the check plots populations increased very clearly with fruit 
attack up to 30%. Nevertheless in some trials disruption failed. Reasous 

for this will be discussed later. 

The successful trial in Andwil, situated uear the lake of Constance, 
will be presented in more detail. The pheromone treated plot was a commer

cial orchard of 3.5 ha, with 12-15 years old apple trees of different 

varieties. The size of the trees was between 3.5 and 4.5 m. Rubber tubes 
were used as dispensers. they were placed once (May) in 1982 and 83 and 

1tl2 1N4 
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Fig. 1. Moth catches per trap and week in the untreated (check) and 

treated (disruption) orchard. Trap position; low: traps 
height 1.7 m; high: traps in the top of the trees. 
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twice (May and July) in 1984. The amount of pherornone used per ha was 25 g 
(1982/83) and 40 g (1984). The experirnent continued over a period of three 
years. An orchard for eitler production adjacent to the treated orchard was 
not treated against codling moth during the whole period and used as a 
check. 

To measure the effect of disruption we examined the following: 
- moth catches in pheromone baited traps
- mating rate of tethered females
- larval population in the orchard

In the first year we placed the traps as usual within the orchard at a 
height of 1.7 m. In these traps the moth catches were totally suppressed 
whereas they were high in the check (fig. 1). In 1983 and 1984 we placed 
additional traps in the top of the trees and also in the border lines of 
the orchard. As shown in figure 1 the moth catches were again totally 
suppressed in the lower part of the trees within the orchard. We caught a 
few moths in low traps in border lines of the orchard and many in the traps 
placed in the top of the trees. Similar results were also obtained with 
tethered fernales: No copulation in the lower part of the trees but a few in 
the top of the trees. This indicates that the pheromone concentration was 
not always high enough in the top of the trees to fully disrupt mating . 

.... 

Fig. 2. Number of larvae (attacked fruits) per ha in the untreated 
(check) and pherornone treated (disruption) orchard. 
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Fruit attack in the orchards is shown in figure 2. In the disruption 
orchard the larval population remained much lower than in the untreated 
plot. The fruit attack could be kept under the economic threshold of 2% 
(windfall fruits included) during the whole experiment. The relatively 
lower control effect in the warm summer 1983 was probably caused by too 
rapid evaporation of the pheromone. Therefore two sets of dispensers were 
placed in 1984. 

Taking all results into account we conclude that the method will be 
practicable on the grower's level if certain conditions are fulfilled: 
- The orchard should have a size of at least 1 ha and be isolated from

untreated trees by 100 or more meters.
- The orchard should be homogeneous in tree size and tree stand to allow

a uniform distribution of the pheromone.
- The larval population should be as low as possible, certainly below

1000 larvae/ha the year before pheromone application starts. If not,

the population should first be reduced to the manageable level with
pesticides.

- The grower must be ready to accept the risk of increased fruit damage.
Further research is needed along the following lines: 

Reliable controlled-release formulations. 
- Data on the pheromone distribution and pheromone concentration in the 

orchard.

Improved knowledge on flight and copulation behavior of moths under the
influence of the pheromone.



INTEGRATED CONTROL OF THE TORTRICID ADOXOPHYES RETICULANA 

BY INSEGAR, A NEW INSECT GROWTH REGULATOR 

P. GALLI
Landesanstalt für Pflanzenschutz Stuttgart 

Federal Republic of Germany 

Zusammenfassung 

In den Jahren 1981 bis 1985 führtedie Landesanstalt für 
Pflanzenschutz Stuttgart in 3 Apfelanlagen von Baden
Württemberg Bekämpfungsversuche mit dem Insektenwachstums
regulator Insegar (Fenoxycarb) gegen den Apfelschalen
wickler Adoxophyes reticulana durch. Zum Vergleich kamen 
praxisübliche Präparate zum Einsatz. Als Bewertungsgrund
lage dienten Flugaktivität, Triebspitzenbefall und die 
Fruchtschäden bei der Ernte. Die Ergebnisse zeigten durch
weg eine sichere Wirksamkeit des Prüfmittels gegen Adoxo
phyes reticulana. Regelmäßig waren in den mit Insegar be
handelten Flächen sowohl die Schalenwicklerpopulationen im 
Sommer als auch die durch diesen Schädling verursachten 
Fruchtschäden deutlich reduziert. Daneben zeichnete sich 
Insegar auch durch nützlingsschonende Eigenschaften aus. 
Die Wirkungsbreite des Präparates wurde durch Prüfung der 
Nebenwirkungen auf nichtschädliche Arthropoden nach der 
Stuttgarter Trichtermethode und durch Untersuchungen zum 
Parasitierungsgrad von Tortricidenlarven ermittelt. Nach 
den bisherigen Erfahrungen ist deshalb der Insektenwachs
tumsregulator Insegar gut geeignet zur integrierten Be
kämpfung des Problemschädlings Adoxophyes reticulana. 

1. Introduction

The tortricid Adoxophyes reticulana (Hb.) has become one 
of the most important pests of apple orchards in Baden-Württem
berg. During the last years our efforts were mainly directed 
to improve the timing of sprays with the help of pheromone 
traps, observation of clutches of eggs and the temperature sum 
method. But the hatching of the young larvae stretches over too 
long a period, that a single spraying may be satisfactorily 
successful. Thus, in many orchards 3 or 4 treatments with in
secticides against the leafrollers are carried out. Moreover, 
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the pesticides available in our country against this pest were 
found to be either not sufficiently suppressing the target or 
harmful to the beneficial insects and thus considered un
acceptable for integrated control. All our attempts to build 
up a more intact ecosystem in an orchard were often menaced 
by the necessity to apply a broad spectrum insecticide against 
the leafrollers. 

As several studies have shown an effective biological con
trol of tortricides can be expected only - if at all - by 
parasites (IOBC/WPRS 1976, GRUYS 1980, DE JONG and BEEKE 1982). 
Without assistance of chemicals the parasitism existing in our 
orchards, however, cannot effectively control the leafrollers. 
But to combine the potential of natural enemies with a select·· 
ive insecticide seems to be a promising strategy to keep the 
population of this pest at levels below the damage threshold. 
In this respect, the new insect growth regulator (IGR ) Insegar 
is said to fit well into an integrated program. In Stuttgart 
we are testing this product since 1981. This paper presents a 
survey of our results obtained in field studies under practi
cal conditions. 

2. Materials and methods

Our IGR-studies against the leafrollers were carried out in 
3 apple orchards in Baden-Württemberg. Insegar was applied 
according to the firm instruction after bloom, when the last 
instar of larvae was observed (1200 g/ha in 1 or 2 applica
tions). Trial plots were chosen of at least 1 ha up to 10 ha, 
in order to prevent inflight of moths from the neighbourhood. 
Conventionally treated plots, sprayed at the hatching time of 
the young larvae, were used as control (Azinphos, Bromophos, 
Deltamethrin, Phosalone). Codling moth was controlled by 
Diflubenzuron, if necessary. Insegar (common name: Fenoxycarb) 
was kindly provided by Dr. R. Maag Ltd., CH-Dielsdorf. 

The effectiveness of Insegar was estimated by pheromone 
trap catches, infested tips of shoots and fruit damage at 
harvest. In auturnn, trees of the varieties Golden Delicious 
and Boskoop were harvested entirely, until a sufficient number 
of fruits was achieved. On average about 1300 fruits per cul
tivar and plot were evaluated, that rneans all together rnore 
than 83 000 apples. 

In order to define the side effects of Insegar on non
target organisms of the apple tree fauna the Stuttgarter 
funnel method was used. In 1983, 3 1.arge trees were sprayed 
with Insegar and the dropped arthropods were collected in 5 
funnels per tree. To detect the percentage of remaining in
sects, 2 days later every tree was treated with Dichlorphos 
and the insects collected again in separated glasses. 



Thanks to a high degree of parasitization in one of our ex
perimental orchards the possible influence of Insegar especi
ally on parasites could be studied in detail. For this purpose 
samples of tortricid larvae were collected in Juoe or July 
from plots of this orchard, treated with Insegar or at that 
time still untreated against leafrollers. The caterpillars 
were isolated in small glasses and reared in the laboratory 
on artificial diet. 

3. Results
Some representative data may indicate the general ten

dency observed. Since 1982, pheromone trap catches were recor
ded in an orchard of about 16 ha ( Fig. 1). The catches in 
the IGR plot were always found to be lower than in the other, 
although the experimental arrangement was changed every year 
so, that Insegar was regularly applied in the plot with the 
highest infestation by tortricides in spring. The observation, 
that the total number of caught moths was decreasing year by 
year, may be explained by this plot changement, but partly 
also by a general decline of the population of Adoxophyes 
reticulana. The different treatments had no adverse effect on 
the flight curve. 

In the IGR plots, the population density of leafrollers 
at the tips of shoots in July did never exceed that of the 
conventionally treated plots. The analysis of fruit damage at 
harvest led to a corresponding observation. The data given 
on table 1 demonstrate some results achieved in 3 orchards 
from 1982 to 1984, listed as a percentage. The fruit losses 
caused by leafrollers were found to be relatively low, when 
Insegar was applied. The higher the fruit injury, the more ob
vious the differences of the plots became. To a similar de
gree the fruit damage was caused by larvae of the summer and 
the hibernating generation. 

To get some knowledge on the side effects of Insegar on 
leafroller parasites, more than 100 larvae of the hibernating 
generation (in June 1983) as well as of the summer generation 
(in July 1985) were examined as described before. The per
centage of parasitized tortricides in both cases was unusual 
high and almost the same in the different plots. Table 2 
shows the results obtained. Evidently, the spraying of Insegar 
did not significantly diminish the population of the hymenopt
erous and dipterous parasites. 

As to the families of parasites involved, the most common 
hymenopterous parasite reared out of the collected Jarvae was 
the black-yellow coloured ichneumonide Tel.eutea striata. Be
side of this dominant parasi te ..:1 Lso thc liraconidc Mc,tcorus 
ictericus occured frequently, whereas parasitism by chalcid
oides could be observed only in Eew cases. Last not least, 



moths/trap 

500 LJ Insegar 

. . 

400 � conventional 

300 

200 

100 � 

1982 1983 1984 

Fig. 1: Pheromone trap catches of Adoxophyes reticulana
in the apple orchard Erdmannhausen 1982-1984 

Table 1: Fruit damage (%) caused by leafrollers in 3 apple 
orchards in Baden-Württemberg 1982-1984 

orchard Murr Erdmannhausen Heuchlingen 

year cultivar Insegar conven- Insegar conven- Insegar conven-
tional tional tional 

Golden 0,9 3,4 5,0 9, 7 - -

1982 Delicious 

Boskoop - - 9,4 46, 2 - -

Golden 3,1 5,7 1,3 4,8 1983 Delicious
- -

Boskoop 2,2 10,5 5,2 17,3 2, 1 7,4 

Golden 0,3 2,3 0,1 0,8 - -

1984 Delicious 

Boskoop 0,3 0,5 0,1 0,1 1,2 0,3 

Table 2: Side effect of Insegar on parasites of leafrollers
1983 resp. 1985 (in brackets) 

Number of Number of Parasitizationcollected larvae parasites 

Insegar 72 (47) 32 (15) 44 % (32 %) 

untreated 41 (59) 22 (19) 54 % (32 %) 



many of tortricides were parasitized by tachinides at their 
larval as well as at their pupal stage. The species of these 
antagonists, however, ha.ve not yet been determined. 

Table 3 is concerned with the results of our funnel 
method test, showing those groups of arthropods, of which a 
sufficient number of individuals could be found on the ex
perimental trees. Apart from the coleoptera, all efficiencies 
of Insegar did not exceed 15 percent. Thus, with respect to 
the internationally accepted classification, the effect of 
Insegar on these arthropods is to be considered harmless or 
slightly harmful only. 

Table 3: Side effect of Insegar (0,12 %) on non-noxious 
arthropods (1983) 

Beneficial insects eff. (%) Indifferent insects eff. 

Coleoptera 31 Coleoptera 0 

Anthocoridae 0 Thysanoptera 

1
0 

II -Larvae 6 Diptera 9 

Miridae-Larvae 6 Formicidae 0 

Neuroptera-Larvae 0 Araneina 9 

Terebrantes 6 other Acarina 0 

Forficula 14 

4. Discussion

(%) 

During the last years, several authors from different 
fruit growing regions of Europe reported promising results of 
Insegar controlling Adoxophyes reticulana (DORN et al. 1981, 
CHARMILLOT et al. 19�·-oE REEDE 198.sf:-indeed, this insecti
cide seems to hav(:: some properties that make it suitable for 
integrated control, particularly 
- low toxicity for human beings
- early spraying date
- sufficient a�tivity against the target
- ha.rdly any side effect on beneficial insects.

In Stuttgart, we have been studying this product for the 
last 5 years wiLh similar positive findings. Unfortunately, 
in 1981 the lack of fruits caused by late and heavy frosts 
prevented a complete evaluaLicm e,f our trials. In 1982 and 
1983 the attack by leafrollers was '.rery intensive with damage 
up to 50 percent. ::3y way of cont.rast.i :i.n 1984 and possibly in 
1985 we had no real problems with the,,e pests, perhaps because 

' 

\ 
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of the delayed development of vegetation. Certainly however, 
this pest will soon reach again the former level. But today 
it can also be stated, that there is a chance in future, to 
control the leafrollers in a way compatible with and com
pleting the existing integrated system. 

For, in accompanying investigations we found a surprising 
high number of parasitized tortricides, up to 40 percent, in 
several orchards in the South West of Germany (GALLI 1984). 
The occurence of those parasites seems to depend directly on 
the intensity of spraying harmful chemicals. This signifies 
that an increasing degree of parasitization could be achieved 
by applying selective instead of broad spectrum pesticides -
and so severe infestations of leafrollers may be prevented 
more easily. 

The results of our field studies in 3 orchards indicate 
that Insegar opens a way for an integrated control of Adoxo
phyes reticulana. Under quite different conditions of in
festation its effectiveness against the target, estimated 
with the help of 3 parameters, exceeded that of conventional 
treatments. Testing the short term side effects on non-noxious 
organisms we found a convincing selectivity. Taking into 
account that no disadvantage could be observed on the activity 
of parasites, at least on those species, existing in our 
orchards, this product may be considered helpful to establish 
and to improve the integrated pest management in apple 
orchards. 
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Resume 

ESSAIS DE LUTTE CONTRE Pandemis heparana 

A VEC LE RCI FENOXYCARB 

H. AUDEMARD
INRA - Centre de Recherches agronomiques d'Avignon 

Station de Zoologie et d'Apidologie - F 84140 MONTFAVET 

Dans !es 7 essais de lutte conduits contre Pandemis heparana Den. et Schiff. 
en verger de pommiers et de poiriers en Provence de 1982 a 1985, 2 traitements 
au fenoxycarb (2 x 150 g.m.a./hl) sur !es larves de dernier stade de Ja generation 
hivernante ont suffi pour mai:triser de fortes populations. Le pourcentage de 
fruits attaques a Ja recolte etait generalement inferieur a 2 % (Tableau). 

La prevision du risque est assuree d'apres !es attaques relevees a Ja recolte 
de l'annee precedente ou par controle visuel de 500 organes apres fleur. 

Le ler traitement doit intervenir a 115 dj > l O (sur temperatures moyennes 
journalieres cumulees depuis Je ]er janvier), Je 2eme traitement, 12-14 jours 
plus tard. 

Le piegeage sexuel permet d'apprecier precocement l'efficacite de Ja lutte 
et de prevoir Je risque d'attaque de lere generation. Le seuil est de 50 captures, 
cumulees depuis Je commencement du vol jusqu'a l'eclosion des premieres larves. 

Summary 

CONTROL OF Pandemis heparana WITH 

IGR FENOXYCARB IN THE SOUTH OF FRANCE 

From 1982 to 1985, 7 trials of Pandemis heparana control were carried 
out in apple and pear orchards in Provence. The important populations were well 
controlled by 2 sprays of fenoxycarb (2 x 150 g.a.i./hl) on the overwintering last 
instar larvae. The rate of fruit injured at harvest was below 2 % (See Table). 

The risk was forecasted in keeping with the rate of ripe fruit injured the 
former year or by visual survey of 500 organs after blossom. 

The Ist spray must be applied at about 115 dd (sum of degrees exceeding 
10° C computed on daily mean temperature since the Ist january), the 2nd on 
12-14- days later. 

The efficiency of control and the risk of Ist generation attacks are appraised 
through sex trapping. The threshold is 50 cumulated catches (from the begining 
of flight up to the ha tching of the Ist larvae). 



RESULTATS DES ESSAIS DE LUTTE CONTRE. Pandemis heparana AVEC LE R.C.I. f7ENOXYCARI\ 

NO Espece. 
Population 

Dates des % attaoues sur fruit (2) 
Lieu-Annee larvaire avant R.C.I. fenoxycarb ref'erence 

Essai fruitiere 
essai (1 ) 

traitements 
lere generation recolte autre insecticide 

1 LE THOR 1982 Pommier 2 % 4-14 V 0,03 0,2 0, 5 (methomyl) 

2 LE THOR 1983 Pommier A 15 % 2-17 V 0 0 

3 LE THOR 1983 Pommier B 10 % 5-20 V 0 0,25 0, 3 (methomyl) 

4 ISLE SUR SORGUE 1984 Pommier 5,4 % 24 V-8 VI 1 ,2 3, 1 (methomyl) 

5 CHATEAURENARD 1984 Poirier A 3,2 % 25 V-8 VI 1, 8 ( 3) 

6 CHATEAURENARD 1984 Poirier B 13 % 17 V-1 VI 2,8 (3) 4,8 (deltamethrine) 

7 AVIGNON 1985 Pommier 10 % 4-1 4 V 0,35 0,05 

(1) Sur 500 organes au stade G-H (2) Sur 2 a 4000 fruits (3) Essais realises par la Societe LA QUINOLEINE

NO Annee ler vol (1) 1 

Essai precedente Total (debut) 
2eme vol 1er + 2erne vol 

' 

CAPTURES AU PIEGE SEXUEL 1 123 (20) 26 169 

2 29 (10) 47 76 

3 1 94 43 (26) 51 94 

(1 ) Seuil pour debut = 50 captures cumulees 7 834 270 (86) 1 77 447 

_, 

-..J 
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RECHERCHES SUR LE PROBLF..ME DU CARPOCAPSE DES POMMES ET 
DES AUTRES RX>..VAGE.'URS DU POMv!IER AU SUD DE LA GRECE 

C. YAMVRIAS 

Institute Phytopathologigue Benaki, 145 61 Kiphissia - Grece 

Scmnaire 

Dans ce bref rapport, sont presente les problernes qui se posent 
dans la culture du pcmnier par ses ravageurs, dans une region du 
Peloponnese. Dans le pranier rang nous citons le carpocapse et les 
acariens. Il ya encore d'autres ennanis seccn:laires, =rme par 
exernple les aphides et les mineuses des feuilles, mais leur 
importance econanique est negligeable. Par des traitenents aux inse
cticides organophosphores on arrive a limiter les degats causes par 
le carpocapse. Pour certaines annees (ete tres sec et chaud) la 
pullulation des acariens (Panonychus uZmi et Tetranychus spp.) 
cause de problemes serieux aux cultivateurs qu'ils n'ont pas d' 
autre choix que de trai ter avec des acaricides specifiques. Evidem
rnent la sauvegarde des auxiliaires, par ces traitements repetes, 
se re::luit considerablenent. 

Introduction 

En Grece, c'est a la regi<.)n de Macedoine, au Nord du pays, qu'on 
cultive du p:mnier a une surface assez· etendrie (11.500 ha) et c'est 1a 
region avec la plus grarile production des pcnrnes en Grece (170.000 tonnes). 
Apres la Macedoine, il ya enccre des cultur'2s du :[X)lffilier assez imp::>rtantes 
dans les regions de Larissa et de Volos a Thessalie au centre du pays, avec 
une sur.face de 3.800 ha et U:'1e production de 52.000 tonnes par an. Dans le 
Sud il y a des petits foyers, m Peloporn�e,qu'on c"Ultive du :r:amuer 
surtout a des endroits de haute altitlxle, sur une surface de 2.200 ha et 
avec une production de 27. 000 tonnes pa.!." an. 

C' est dans un village rrontagnard, producteur des p:mres de haute 
qualite, de la region de Corinthe, au Nord-Est du Peloponnese, qu 'on a 
ccxrrnence une etude du problerne du carpocapse et des autres ravageurs du · 
porrmier en 1982. On a choü,i cet endroit-ci, parce qu'il est le plus proche 
de notre Institut (150 ku!). La culture du p:mnie-r occup: une sup:rficie de 
150 hectares environ, avec une production de 2.000 tonnes, a peu pres, des 
p:mres par an. La variete est de "Red Delicious" pour la rnajorite des 
vergers. C'est la ou on a fait des essais de lutte contre le carpocapse 
a l' aide de virus de Granulose (Lp GV) en 1982 et 1983, dans le cadre du 
projet finance a rroitie par 1a Camnunaute Europeenne. 

Le carp::,capse de p::mnes 

Par des pieges a pheranone on suit pendant 4 ans, le vol des papillons 
males du carpocapse, par rapport du tempset de ce fait, on suit les fluctua
tions de la population de ce ravageur du p:xnmier. 



Les premieres captures des rnales, ont ete enregistrees le debut du mois 
de Mai tandis que les dernieres, vers la fin du Septembre, periode de 1a 
recol te. L' enregistrement des captures des males dacarpocapse a penni de 
distinguer 4 generations par an. La premiere dure du rrois de mai jusqu'a mi
Juin, la seconde de mi-Juin a mi-Juillet, la troisiane de mi-Juillet au 
debut aout et la quatriare,qu'elle 'E'!tre patrielle, de mi-aout jusqu' au 
20 septembre environ. Ces limites peuvent changer d'un an ä l'autre, mais 
l'irrage se presente generalement de cette fa�on. 

Etant donne que le danger d' infestations des porrrces par le carpocapse 
est toujours present, les cultivateurs par des traitements insecticides 
successifs assurent la protection et la banne qualite de leur recolte. Le 
nanbre des traitements insecticides varie de 4 a 6 par an. Les insecticides 
utilises ces derrnie.res annees sont: Azinphos-ethyl ou Azinphos-methyl, 
methidathion, deltamethrine, phosmet et phosalone. Les essais faits avec 
les virus a granulose(I.p GV) pendant les annees 1982 et 1983 ont donnes des 
resultats assez satisfaisants. 

Les Acariens 

Panonychus ulmi et le canplex de Tetranychus urticae sont les acariens 
qui daminent et qui posent des problares serieux pendant taute la periode 
culturale du :fXU[l\ier. Avec le carpocapse sont les ravageurs les plus 
importants pour la region. 

A cause des traitements repetes d'insecticides assez forts d'une part 
et de conditions clirratiques favorables pourle developpement rapide des 
populations d'autre part les acariens arrivent souvent ä infester les feuil
les des pcrrmiers a des nanbres tres eleves. C'etait le cas surtout cette 
annee, ou' on a eu un ete tres sec et chaud et on a conpter plus que 1 00

adultes par feuille vers la fin Juillet. 
Eviderrment cette situation grave danande d'interventions re?8te'es avec 

d'acaricides, d'habitude en rnelan;re avec des insecticides contre le carpoca
pse. Les acaricides utilises sont: Amitraz, Plictran, Tespine, Tedion. 

Les pucerons 

Aphis pomi, Dysaphis spp. etc. 
Il y a des annees ou ils presentent des problernes sur les jeunes 

pousses du pcrrmier ou encore sur les jeunes fruits. D'habitude on fait la 
lutte contre les µ.icerons en ajoutant avec le fongicide contre la tavelure 
un insecticide carme, endosulfan 01,1. azinphos-ethyl et m§thyl ou le produit 
selectif Pirirror. 

Les rnineuses des fenilles 

LithocoUetis blarwardeUa, L. coryZifoZieUa, Cemiostom a (Leu.coptera) 
scitelZa et Lyonetia cZerkeUa.

Ces rnineuses sont presque chaque an."lee presentes mais leur importance 
est d'habitude negligeable ä cause des traitanents repetes contre le 
carpocapse. Dans des vergers non traj_tes leur population est assez elevee. 
Cette annee dans quelques vergers qu'on n'a pas traite, l'infestation par 
Cemiostoma sciteUa a ete tres elevee. 

Tordeuses autres que ca.rp)Capse 

Archips viridana, A. rosana, A. podana. 
Ils sont captures par les pieges a pheranone mais leur presence est 

presque negligeable. 

Ai.\tres ravageurs 

La petite µ.inaise, Stephani.tis pyri rnarque seulement sur les ]XXlllliers 
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n'aya11t subi aucun traitement. 
Xylo,.:hages : Synanthedon (Sesia) myopaeformis et Zeuzera pyrina. Le 

premier est un ravageur assez irnp::>rtant. Par les traitanents insecticides 
contre le carp::>capse on arrive ä abaisser les degats par ces xylophages; 
rnais le risque de graves degats reste toujours malgre ces traitarents. 

Voilä donc un bref scherIB. de ce qui se passe en Grece au p::>int de vue 
ravageurs du parmier et methodes de lutte contre ceux-ci. 

REFEREOCE 

1 • YAMVRIAS C., 1984. Research on the application of biological control 
rrethods against Carp::>capsa (Claspeyresia pomonella L.i In the C.E.C. 
Programre on integrated arrl biological control. Final Rep'.)rt 1979/ 
1983. Eds. R. cavalloro arrl A. Piavaux, C.E.C. (EUR 8689), 17-21. 
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RECHERCHES SUR LES PSYLLES DU POIRIER ET LA LUTTE INTEGREE 

DANS LE SUD DE L'EUROPE 

Summary 

R. RIEUX
INRA. Station de zoologie 
84140 MONTFAVET 

Since 1984, the working group "Integrated protection in orchards" has 
includsd the subgroup "Pear psylla" after the Toulouse symposium (1983). 
It animates fundamental and applied researches on pear psyllids with 
the aim of complementary and mutual information: methodology,sampling, 
dynamics, systematics, comparative biology, plant-insect relationships, 
control, practical diffusion. 
Psylla pyricola (Great Britain) or P. pyri and P. pyricola (continent) 
concern northern Europe. P. pyri mainly concerns southern Europe 
(Switzerland, France, Italy, Portugal). 
In spite of similar problems and identical approach, some specificity 
seems to stand out. The present knowledge encourages further develop
ments of taxonomy, insect-plants relationships,ecoethology, synthesis 
in population dynamics and a new thought about integraticn of 
diversified control methods. 

Int:roduction 

Le groupe de travail "Protection integree en vergers" comporte 
officiellement depuis avril 1984, le sous-groupe "Psylles du poirier". I1 a 
ete cree a la suite du congres international de Toulouse en septembre 1983. 
�GUYEN en est l'animateur principal. Ce groupe coordonne les recherches de 
base ec appliquees sur les psylles du poirie:r dans un but de complementarite 
et d'information mutuelle. Le schema de travail (�. tableau p. 8) englobe 
ie.s orie!1tations suivantes: methodologie-echantillonnage, dyn.::.mique des 
popul.ations, systematique, biologie comparee, relations plantes-insectes, 
m�chudes de lutte, information-vulgarisation. Ces divers sujets sont passes 
en revue en considerant seulement quelques travaux parmi ies plus recents 
avec le souci de faire ressortir les orientations a approfondir. 

le nord de l'Europe est concerne par Psylla pvricola FÖRST. en Grande
Bretagne et par les deux especes Psylla pvri L. et Psylla pvric�la sur le 
continent, L� sud de l'Europe, comprenant la Belgique, la Suisse, la Frauce, 
l'SKpHgue et le Portugal, est essentiellement confronte aux attaq�es de 
�- pvri. E��ore peu de donnees sont disponibles d'Allemagne oG les degits 
60::l����a.�.�r.!�n t ceux de P. pyri. Les Pays-Bas, soumis aux infe� taticris de 
D0�u�acicns raixteF de P. pyri et P. pyriccla.sernbl2r3ient p�€senter une 
slt�atio� int�r�Jdiaire entre cell2s du nordet du sud de l'Europe. 



1- Methodologie, echantillonnage

Une harmonisation de l'echantillonnage est souhaitee. Apres enquete
aupres du groupe, STÄUBLI a dresse sous forme d'un tableau, la svnthese des 
methodes utilisees. Le controle visuel implique une definition c;mmune de 
la structure du vegetal. STÄUBLI demande que soit definitivement fixe le 
nombre de feuilles ä examiner pour un echantillonnage de routine du psylle. 
Rappelons l'etude du battage effectuee par FAUVEL et al. (8). Le rendement 
hivernal du frappage serait a tester afin de definir la temperature optimale. 
L'application au recensement d'Anthocoris nemoralis F. necessite d'evaluer 
la perturbation des resultats en cas d'attaque par la cecidomyie des feuilles 
Dasyneura pyri L. Les methodes de piegeage sont egalement inventoriees. 

STÄUBLI souligne la difficulte de fixer un seuil de nuisibilite (multi
factoriel). Une etude precise des degats et une methode destinee a les 
quantifier font defaut. 

Quant aux methodes d'echantillonnage destinees a la recherche, l'explo
ration la plus large est necessaire. Une orientation reste a approfondir 
concernant les strategies d'echantillonnage qui doivent regir sur le terrain 
l'application des diverses techniques. 

2- Dynamique des populations

La dynamique des populations est etudiee aux plans numerique,structural
et spatial. Les recherches sont conduites en vergers commerciaux ou experi
mentaux: travaux des diverses equipes de recherche en Suisse, France, Italie 
(24), Portugal(MATIAS), cf. 23. 

Un grand nombre de suivis quantitatifs ont ete realises mais restent 
ponctuels. La necessite de larges syntheses est ressentie. D'importants sec
teurs restent a approfondir, en particulier la dynamique hivernale et prin
taniere du psylle et des auxiliaires en relation avec le mode de conduite. 
Les travaux sur la dynamique des auxiliaires sont peu nombreux. La dynami
que d'A. nemoralis reste encore a preciser (denombrement des oeufs). WOETS 
et BEEKE (Pays-Bas) examinent egalement le role des forficules (Forficula 
auricularia L.). 

Soulignons le caractere partiel des etudes de la dynamique estivale 
sur les seuls rameaux longs en vegetation: il convient d'aborder l'evolu
tion des populations en fonc:tion de l.1 dynamique structurale de l.' arbre 
entier. La distinction de classes de vigueur fournit un aspect de l'hetero
geneite a l'echelle du verger. 

Les effets du complexe des facteurs pratiques culturales - climat -
environnement restent tres largement a explorer. Ceux de la taille et de la 
fertilisation ont recemment ete abordes. Ce1.ui des modalites et surtout de 
la regularite de l'apport d'eau (etat hydrique du vegetal) meriterait de 
l'etre. 

Les donnees climatiques restent tres sommairement exploitees.Les aspects 
microclimatiques n'ont j�mais ete consideres.A grande echelle, ATGER sigale 
des differences importantes entre les niveaux de population atteints dans 
le nordet ceux beaucoup plus eleves dans le sud de l'Europe (causes biolo
giques, clirnatiques? ... ). Quant aux Pays-3as, les prerniers resultats acquis 
montrent generalement une certaine predorninance ciespopulations Je !'..:_pyri 
(,WETS et BEEKE). 

Les effets de l'environnement sont examines en diverses sicuations 
(STÄUBLI, ATGER, NGUYEN, RIEUX). Le role des hai.es est egalement ecuciie aux 
Pays-Bas (WOETS et BEEKE). Une approche experimentale est en outre envisa
geable oar l'amenagement de la composition v€gecale du verger et de ses alen
cours. Les interactions defavorables ne doivent pas �tre n€gligees. 
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Soulignons enfin les difficultes d'une etude de la dynamique qui 
considere l'aspect ouvert de l'agrosysteme: outre les donnees numeriques, 
les donnees ecoethologiques apparaissent de plus en plus necessaires afin 
d'interpreter, prevoir ou utiliser le comportement des populations des 
ravageurs et des auxiliaires. 

3- Systematique des psylles et de la faune auxiliaire

Il existe sur poiriers un complexe d'especes du sous-genre Cacopsylla.
Psylla pyri L., Psylla pyricola FÖRST. et Psylla pyrisuga FÖRST. sont habi
tuellement mentionnes. Sur poirier sauvage se trouve P. vicina SULC. Des 
comparaisons entre P. pyricola de diverses provenances,effectuees par 
HODKINSON, revelent des differences geographiques et l'existence d' une 
espece distincte, P. vasiljevi SULC. P. bidens SULC signale de France ne 
serait que la forme d'hiver de cette derniere (HODKINSON, in litteris). Aux 
problemes de la distinction morphologique des especes s'ajoute en effet 
celui du polymorphisme saisonnier lorsque les donnees biologiques sont in
suffisantes. Les variations geographiques sont egalement a explorer. 

Des etudes morphometriques ont ete conduites a partir de Psylla pyri 
preleve en verger (7). L'expression des caracteres morphologiques etant sus
ceptible de varier selon les conditions locales ou saisonnieres, il peut 
s'averer necessaire, comme le preconise NGUYEN, de conduire une etude morpho
metrique a partir d'individus eleves en conditions standard (2e generation) 
afin d'avoir des donnees comparatives. NGUYEN eleve ainsi P.pyri, P.pyricola 
et P. pyrisuga de diverses provenances. A la caracterisation morphologique 
s'ajoute la prise en compte indispensable des caracteristiques bioecologiques. 

Les essais originaux d'hybridation interspecifique tentes par FAUVEL 
seraient a poursuivre et a completer par des etudes du caryotype. Des recher
ches au plan biochimique et moleculaire seraient envisageables. 

Les Cacopsylla infeodes au genre Pirus semblent se preter particuliere
ment a l'etude des aspects biogeographiques de la speciation (nombreuses 
especes en Asie) et des relations de coevolution plante-insectes. 

En ce qui concerne la faune auxiliaire, les competences systematiques 
a l'interieur des groupes de l'OILB permettent la determination des Arthro
podes de la plupart des ordres et familles. PICCO A.M. etudie en outre la 
flore fungique. Les Araignees, certains Coleopteres (Staphylinides), Dipteres 
(Empidides, Chamaemyiides, ... ) et Thysanopteres predateurs restent parmi 
les plus delaisses. 

Une determination fine fournirait les bases a des comparaisons bio
cenotiques precises selon les modes de conduite ou les localites. 

L'interet des etudes biosystematiques est considerablement accru dans 
le cadre de la theorie zoogeographique insulaire de MACARTHUR et WILS0N(17) 
considerant la plante hote comme une ile au plan systematique ou spatial, 
en vue de prevoir ou quantifier les relations d'echange entre le verger et 
son environnement. 

4- �iologie cornparee

Ce groupe etablit des relations entre les equipes travaillant sur les
psylles de diverses provenances et appartenances specifiques: etudes de la 
biologie de P. pyri de diverses origines geographiques, dont le Portugal 
(MATIAS, NGUYEN), du complexe pyricola, etudes comparatives elargies aux 
C&copsylla sur Pirus (travaux de HODGSON et NGUYEN). 

En complement cles observations de terrain (7), les caracteristiques 
biologiques propres des especes ou des souches sont a definir en conditions 
standard d'elevage (NGUYEN, DARGAGNON, 23). L'element cle de la biologie 



est la diapause imaginale et son determinisme (MUSTAFA,HODGSON; NGUYEN et 
�-, 23). Plusieurs grands themes lui sont relies: diapause et metabolisme, 
polymorphisme,voltinisme, dispersion. Ils ouvrent la voie aux recherches 
sur le polymorphisme biochimique et la genetique des populations. 

Les etudes concernant le potentiel biotique sont particulierement impor
tantes chez ces especes en relation avec leur statut de ravageurs du poiriera 
Elles devraient deboucher sur la mise en evidence de la strategie de multi
plication de ces insectes au cours du cycle annuel. 

Le prolongement naturel des etudes de la biologie comparee estcelui de 
la bioecologie et de l'ecoethologie comparee, qui viennent en complement 
des etudes de la systematique evolutive des Cacopsylla sur Pirus. En par
ticulier,les recherches comparatives sur la modulation du potentiel biotique 
par les facteurs du milieu et la regulation du voltinisme sont d'une portee 
tres vaste qui depasse largement celle du groupe systematique qui permet de 
les aborder. 

5- Relations plantes-insectes - - ,

-� 'V' 'V
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Schema des interactions dans le systeme plantes-insectes 
Interactions majeures en vergers de poiriers 

interactions presumees 

Relations plante hote - psylle 
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Les facteurs jouant sur la vigueur de l'arbre (taille et fertilisation) 
sont principalement etudies (travaux de FUOG, 10, 23). 11 conviendrait 
d'ajouter variete (ATGER, LEMOINE, 23) porte-greffe, etat hydrique ••. Le 
principal probleme demeure l'evaluation de la vigueur. 

Le poirier a une influence sur le psylle (potentiel biotique, etho
logie) par ses caracteristiques physiques et chimiques, sa structure et sa 
phenologie.Cette influence doit etre etudiee aux differentes echelles 
spatio-temporelles. 

L'action des psylles sur la plante hote semble bien negligee: elle ne 
figure souvent que sous forme d'une liste rapide d'effets directs (action 
mecanique, spoliatrice, toxique, infectieuse) et indirects (degats dus au 
miellat et a la fumagine) dont chacun meriterait une etude approfondie. 
Par exemple, parmi les effets directs: la predigestion salivaire entraine
rait-elle une augmentation des sucres dans la zone piquee, elle-meme res
ponsable d'une agregation larvaire renfor�ant l'effet? Quelles sont les 
reactions necrotiques et cicatricielles du vegetal (histologie et anatomie 
vegetales) et leur evolution? Parmi les �ffets indirects, ajoutons: la 
senescence precoce du feu�lage, le defaut d'aoutement, la sensibilite au 
gel des rameaux et bourgeons attaques (12), et les defoliations totales en 
ete suivies d'une floraison ä contre-saison et de la mort des arbres. 

L'ensemble des atteintes est ä definir avec precision au plan quali
tatif avant de tenter de les quantifier par des methodes appropriees. 
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Relations psylles - faune auxiliaire 

Les etudes concernent surtout les predateurs. MATIAS au Portugal signa
le l'importance particuliere des chrysopes. Les Heteropteres sont tres 
etudies (FAUVEL, SEVERIN et al., HERARD et CHEN, 23, etc. Une approche plus 
detaillee de la dynamique� nemoralis permettrait de quantifier les 
relations fonctionnelles du predateur et de sa proie etudiee de fa�on 
concomitante (STÄUBLI). La predation de fond exercee par un peuplement 
diversifie serait a considerer plus attentivement. Les techniques serologi
ques mises en oeuvre aux Pays-Bas (BLOMMERS et al.) permettent d'acquerir 
des precisions sur les especes predatrices en plein champ. 

Les etudes du cortege parasitaire des psylles, susceptibles d'applica
tions, sont surtout qualitatives. 

Relations psylles - autres ravageurs 

Soulignons l'importance de l'interaction psylle - cecidomyie des 
feuilles, a laquelle on peut ajouter les relations avec les auxiliaires. 
Le sujet peut en effet etre elargi a l'etude du complexe des predateurs et 
parasites sur les populations de plusieurs phytophages (9) de fa�on a

aborder les relations fonctionnelles dans les biocenoses (BOUYJOU). 

De nombreux resultats ponctuels ont ete accumules par l'ensemble des 
equipes sous diverses conditions de situations. Des syntheses sur les rela
tions quantitatives psylles-auxiliaires apparaissent necessaires. Elles repon
draient a des preoccupations appliquees en matiere de lutte et d'avertissement. 

Au plan de l'ecologie theorique, l'ensemble de ces interactions biotiques 
est le resultat d'une coevolution dans le cadre de la biocenose d'origine, 
plante hote comprise. Dans l'ecosysteme artificialise du verger doivent etre 
pris en compte: l'action du climat, de l'environnement et de l'ensemble des 
pratiques agronomiqaes qui modifient le contexte de ces interactions. 

6- Methodes de lutte

La strategie de lutte integree (ATGER, 3, 23) associant la lutte chimi
que precoce, la sauvegarde des auxiliaires et l'amenagement des fa�ons cultu
rales limite efficacement les populations de Psylla pyri (Suisse, France). 
D'excellents resultats sont signales de Belgique (FASSOTTE) et des Pays-Bas 
(BLOMMERS), ainsi que du Portugal (MATIAS). 

L'application de cette methode, qui reste soumise aux avertissements 
agricoles (FAUDRIN, 23), a subi.sur le terrain, depuis sa parution, une cer
taine evolution et une diversification sous l'influence d'observations expe
rimentales ou meme empiriques. 

La necessite de lutter contre les autres ravageurs tout en preservant la 
faune utile (AUDEMARD, 23) a conduit a approfondir les effets des pesticides 
sur les auxiliaires (SECHSER, STÄUBLI et al., GENDRIER, REBOULET, BLANC et 
al., 22, 18, ... )(cf. travaux du groupe d'etude correspondant).� 

La lutte integree est obligatoirement evolutive, puisqu'elle modifie les 
pressions contre les ravageurs. Elle a du faire face a la montee de plusieurs 
d'entre eux: travaux de SCHMID, CHARMILLOT, AUDEMARD, GENDRIER, et al. sur 
les tordeuses. Le probleme de la zeuzere (Zeuzera pyrina L.) est�le point 
d'etre resolu par la rnise au point de la synthese de la pheromone sexuelle. 
Le phylloxera (Aphanostigma piri CROL.) est localement signale et etudie 
(MOUSSION, MATIAS). Soulignons le caracte�e recemment preoccupant pris par 
la cecidomyie des feuilles (FORT, 23; ANTONIN, 1). 

L'experimentation de nouvelles substances pesticides (travaux anglais, 
suisses et fran�ais (ACTA)) et de preparations biotechniques (4) sont suscep
tibles d'elargir les possibilites d'intervention. Le phenoxycarbe surtout 
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s'avere tres utile pour l'integration de la lutte contre les tordeuses en 
presence de psylles (STÄUBLI). 

Des resistances du psylle a l'amitraze ou un defaut d'efficacite du 
produit (comme prefere dire prudemment STÄUBLI) semblent de plus en plus 
repandus. Des tests en laboratoire (RAGAB, NGUYEN, 23) pourraient etre 
etendus a l'etude de ce probleme delicat. 

La lutte contre le psylle dcit egalement faire face a diverses conditions 
locales ou momentanees d'arrivee tardive ou de defaut des auxiliaires, connne 
celles peut-etre attribuables aux conditions defavorables de deux annees conse
cutives (printernps 84 et janvier 85) dans le sud de l'Europe: il apparait 
alors regrettable de disposer de si peu de moyens de rattrapage en periode 
vegetative. 

Une voie originale, orientee vers la lutte biologique est developpee en 
Italie (MORI et SANCASSANI) sur des surfaces qui atteignaient environ 60 ha 
en 1984 et ont encore ete etendues depuis. La protection est realisee princi
palernent par des lachers d'Anthocoris nemoralis adultes. La methode est 
associee a une reduction considerable des traitements chimiques et a l'utili
sation privilegiee d'antagonistes naturels contre les autres ravageurs. 

L'integration de lachers d'Anthocoris dans le cadre de la lutte contre 
le psylle fournirait une solution des plus interessantes et certainement des 
plus attendues. Une methode d'elevage a ete mise au point en France par 
FAUVEL et al. (23) et en Suisse recemment par STAUBLI. Une diversification 
des methodes de lachers est a explorer (27). Des recherches concernent la 
selection de predateurs resistants (PRALAVORIO et FOURNIER), (25). 

En fonction de toutes ces donnees nouvelles, mais aussi des acquisitions 
biologiques les plus recentes sur la strategie de multiplication du psylle, 
il conviendrait de conduire une reflexion d'ensemble sur la lutte integree 
en vergers de poiriers afin d'harmoniser au mieux l'evolution des differents 
modes d'intervention. 

7- Information,demonstration,vulgarisation

Les activites de ce secteur, en relation avec le developpement, se tra
duisent par diverses realisations regionales, des programmes en cours et des 
travaux de vulgarisation. La diffusion de l'inforrnation est primordiale, 
quelles que soient les structures, qui different d'ailleurs selon les pays. 
Il existe enfin une necessite de circulation de l'information propre au 
groupe d'etude OILB, assuree par ses reunions et congres, dont le r6le inci
tateur est tres important(23),et par des rencontres exterieures ( par ex.: 18). 

Les principales orientations de developpement cor.cernent l'amenagement de 
la lutte, le probleme du deperissement du poirier et les relations verger
environnement. 

L'amenagement de la lutte est poursuivi dans une optique de protection 
integree (travaux de BLOMMERS, WOETS, BEEKE aux Pays-Bas, de FASSOTTE en 
Belgique, des equipes suisses de STÄUBLI et al., SCHMID et al., SECHSER .et 
al, des equipes franc;:aises INRA, ACTA, C'.:'IFi.-;---Pv, GRISP ,etnombreux gro;:;pe
ments, travaux italiens sur la "lotta guidata", 1.a "lotta complementare" et 
travaux de MORI et al. sur la lutte biologique et integree -SANCASSANI, 18-, 
travaux de MATIASauPortugal et de SAMPAYO et al. en Espagne, 21). 

Des complemencs de lutte chimique et biotechnique sont mis a l'essai 
en visant une action specifique (5, 4). La selectivite est etudiee et 
testee en verger (SCHMID, STÄUBLI et al., 30, 18; SECHSER, 28; REBOULET et 
�-, 26). L'experimentation est poursuivie sur les programmes de traitement 
(notamment travaux de la PV: GEOFFRION, BRENNIAUX, FAUDRIN, MONET). Des 
enqu�tes sont conduites aupres des exploitations sur l'etat phytosanitaire 
des vergers, l'efficacite de la lutte (STÄUBLI, BASSINO, ATGER, JULIEN, 23; 
GEOFFRION, 14) et le role des auxiliaires (ACTA, PV, GRCETA, ... ;SEVERIN et 
al., 29; BLANC, 23; ... ) 



Des tentatives de lutte biologique par lachers d'Anthocoris nemoralis 
sont realisees a diverses echelles: travaux italiens (MORI et al. sur de 
grandes superficies, suisses (STÄUBLI et al.) et fran�ais (PRALAVORIO, 
FOURNIER, FAUVEL, RIEUX et al.) a dimension experimentale restreinte. Les 
structures de developpern�en ce dornaine font gravement defaut. 

Le deperissernent du poirier (16) est l'objet de recherches, d'enquetes 
et d'experimentations (ATGER, LEMOINE, NGUYEN, GIANNOTTI, MORVAN, PIQUEMAL; 
travaux animes par B. GANNE a la SICA poires de Senas dans le S-E de la 
France sur le role des facteurs agronomiques; travaux italiens sur la 
"moria del pero", 15). 

Il convient de souligner l'importance du role des structures de develop
pement (et des moyens associes) qui permettent l'experimentation, la demons
tration et la diffusion des methodes. Beaucoup de realisations sont locale
ment effectuees egalement grace aux relations directes avec les arboriculteurs 
qui apportent leur contribution personnelle au developpement (MANGUIN, 23). 

Le passage a la pratique des resultats acquis, mais aussi l'orientation 
de la recherche, necessitent un important contact avec le terrain. Toutes les 
instances concernees soulignent l'ampleur des besoins dans ce domaine. 

Conclusion 

Malgre la similitude des problemes poses par les psylles du poirier 
dans le nord et le sud de l'Europe et l'identite des methodes d'approche, 
une certaine specificite semble se degager, notamment au plan de la reparti
tion geographique des atteintes dues aux especes concernees, de leurs parti
cularites biologigues et surtout ethologiques, de la dynamique de leurs 
populations et des incidences bioclimatiques. 

Le groupe est recent. Il offre de multiples possibilites encore inuti
lisees: il fournit un cadre au developpement de collaborations susceptibles 
d'accroi tre l'efficacite des equipes et la portee des sujets envisageables. 
La nature ecologique des themes abordes devra conduire ineluctablement a

une pluri disciplinarite de plus en plus souhaitee (relations a developper 
principalement avec les sciences traitant du vegetal, mais aussi du sol, du 
climat, etc ... ). 

La diversite des resultats accumules necessite une reflexion de synthese 
etayee par des competences en ecologie theorique et susceptible a son tour 
d'apporter sa contributiou a ce secteur fondamental. 

L'acquis actuel suscite des developpemeuts ulterieurs: de larges hori
zous sont ouverts en biosystematique, d'importants besoins apparaissent en 
bioecologie, surtout ecologie des populations. L'effort doi. t egalement porter 
sur les etudes spatiotemporelles (dynamique des populations, biocenoses). 
Ces connaissances conditionnent notre savoir-faire en matiere de gestion des 
agrocenoses. 
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SCHEMA DE TRAVAIL SUR LES PSYLLES DU POIRIER EN EUROPE 
(d'apres NGUYEN T. X., mars 1984) � 

A.- RECHERCHES 

- P Recherches a caractere applique 
- F Recherches a caractere fondamental 
- M Recherches a caractere mixte (applique et fondamental) 

1.--Recherches appliquees 

Pl - Methodologie, seuil economique, echantillonnage 
STÄUBLI, FAUDRIN, RIEUX 

P2- Dynamique des populations, lutte biologique, environnement 
RIEUX, BOUYJOU, NGUYEN, CANARD, ATGER, MATIAS, 
STÄUBLI, HODGSON, WINFIELD, MORI, DI GIOVANNI 

2.- Recherches fondamentales 

Fl - Systematique Psylles et Faune auxiliaire 
NGUYEN, HODKINSON, LAUTERER (Psylles) 
FAUVEL, GAMBARO, TERZA (Acariens predateurs) 
BOUYJOU (Heteropteres), CANARD (Chrysopes) 
DELVARE, PANIS (Parasites), DI GIOVANNI (Champignons parasites) 
ATGER (Microorganismes, Champignons, etc ... ) 

F2- Biologie comparee 
NGUYEN, RIEUX, HODGSON, MATIAS 

3.- Recherches mixtes 

MI - Relations Plantes hotes - Psylles - Faune auxiliaire 
ATGER, LEMOINE, NGUYEN, HODGSON, RIEUX, MORI 

M2 - Essais pesticides 
REBOULET, BRENIAUX, NGUYEN, ANTONIN, STÄUBLI, 
GIUNCHI, MORI, CRANHAM, HASSAN, STEINER 

B.- INFORMATION, DEMONSTRATION, VULGARISATION 

GENDRIER (ACTA), GEOFFRION, TOUZEAU (PV), 
BASSINO,STEINER (OILB) 

"* Nous rernercions les coordinateurs (noms soulignes) et l'ensemble
des rnernbres du groupe pour leur collaboration au present resurne d'activite. 
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Summary 

PEAR PSYLLA MANAGEMENT IN ENGLAND 

C.A.M. CAMPBELL
East Malling Research Station, 

Kent, England 

1PM offers an effective alternative to the prophylactic use of 
pesticides for control of Psylla pyricola on pears in England. At 
present, amitraz is the most reliable selective pesticide for 
controlling larvae in summer. Additional pesticides are sought that 
similarly allow survival of important natural enemies. Paclobutrazol, 
a plant growth retardant now used on pears, regulates P. pyricola 
indirectly, probably by means of physiological changes in th-;-tree, and
should provide adequate control in most years. The increasing 
likelihood that P. pyricola is the principal vector of a 
mycoplasma-like organism similar to that causing pear decline, is 
potentially disruptive for 1PM on pears. 

Resume 
La protection integree offre une alternative efficace � la lutte 
chimique �radicante, dans le contr51e de Psylla pyricola dans le 
vergers de poiriers en Angleterre. A present, amitraz est le meilleur 
pesticide s�lectif pour lutte contre les larves en ete. On cherche 
d'autre pesticides semblables qui permettraient la survie des ennemis 
n aturels importants. Paclobutrazol, un regulateur de croissance 
utilise sur les poires, qui contrßle P. pyricola probablement par la 
changement de la physiologie des arbres";'" devrait fournir un contr81e 
suffisant dans la pluspart des annees. La probabilit� croissante que 
P. pyricola est le vecteur principal pour un organisme de type 
mycoplasma pourrait avoir des consequences disruptives pour la lutte 
integree chez les poires.

Psylla pyricola was rarely regarded as an important pest of pears in 
England until the late 1970's, when difficulties were first encountered by 
growers in ach ieving satisfactory levels of control (Dicker and S heet 1977). 
Resistance to some OP pesticides was demonstrated in 1977 (Solomon et al 
1978), and from that time research has concentrated on establis hing an 
effective 1PM programme (Reps E. Malling Res. Stn for 1976 - 198'1; Winfield 
et al 1984). 
- -p. pyricola usually has three generations per year in England.
Antho corids, particui.arly Anthocoris nemoralis, are its most important 
natural enemies, but become numerous only from June onwards. Progress
towards IPM has concentrated on two tactics to improve the predators' 
contribution to control. For the first, broad spectrum insecticides may be 
used; the second tactic depends on selective insecticides applied when
predators are active, and aims to prevent imminent damage by psyllid larvae,
while improving the predator/prey raUo, so that predator activity is
en hanced.

be 
Broad spectrum insecticides, such as synthetic 

spraye.d pre-blossom, well before predators 
pyrethroids, may safely 

colonise the orchards. 



Properly timed, such sprays can virtually eliminate the first generation of 
psyllids. For example in an experiment during 1982, only seven individuals 
of P. pyricola were counted from weekly samples of 100 spurs between March 
and� June, although numbers recovered later as adults re-invaded from 
surrounding unsprayed pears (fig 1). In that year, spraying eventually 
proved unnecessary as larvae never reached the arbitrary damage threshold of 
75% leaves infested on untreated trees. 
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The second approach is to defer a decision on spraying until summer, 
when the local need for a spray may be assessed more confidently by 
monitoring of psyllid and predator abundance. However, any spray applied in 
summer has to be selective to minimise poisoning of predators, which is of 
course counter-productive. In England, of currently available pesticides, 
am.itraz has proved the most useful for summer sprays, as it is only weakly 
toxic to anthocorids. lt rapidly reduces larval densities of psyllids, so 
curtailing imminent damage, although population resurgence often occurs in 
the following generation (fig 1), However, in perhaps the majority of 
years, any spray against P. pyricola may prove unnecessary. For example, 
in four years of intensiveinvestigations (Reps E. Malling Res. Stn for 1979 

1983), a threshold density of 7.5% of Jeaves L:1fested was exceeded on 
untreated controls during 1979 and 1980. Nevertheless, no damage was caused 
to the fruit in any of the four years, because anthocorids eventually 
achieved control, and rain during August washed honeydew from the foliage. 
Similar experiences were reported by Winfield et al (1984). 

At East Malling, research attention has nowfocussed on increasing the 
arsenal of pesticides compatible with the 1PM approach. We aim for combined 
efficacy of pesticides against Psylla pyricola and pear rust mite 
(Epitrimerus piri), which is also troublesome. CGA 29170 is an ovicide 
for psyllids and a useful acaricide. Used pre-blossom as an alternative to 
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a synthetic pyrethroid, it gave ef fective control of both pests (Easterbrook 
and Campbell, 1986). Of  greater urgency is the provision of suitable 
alternatives to amitraz for use in sumrner. Undoubtedly the most promising 
new insecticide to augment amitraz is avermectin Bl. In IPM studies on hops 
it was only slightly toxic to anthocorids (Cranham et al 1982), and previous 
work on pears showed that avermectin Bl was ef fective against pear psyllids, 
including P. pyricola (Green, Brown and Dybas 1984). However, in field 
experiment-;-in 1983 and 1984, although rust mites were controlled, there was 
little effect on psyllids (Campbell and Easterbrook 1985). Results of a 
further experiment in 1985 were more promising. Two weeks after spraying 
avermectin Bl at 9 ppm plus 0.25% Sun oil, 16 psyllid larvae were found per 
50 leaves, compared with 49 on the untreated, and 27 where avermectin Bl 
plus 0.25% Actipron oil was used. In the 1983 and 1984 experiments Actipron 
had been used as the adjuvant oil. 

In recent years fruit growers in England have become interested in 
using tree growth retardants for control of vegetative growth and cropping. 
Paclobutrazol is now commercially available for use on pome fruits in 
England, and has been shown to have suppressant side-effects on mites in the 
USA (Raese and Burts 1983). Similar investigations on pest response are 
being made at East Malling (Easterbrook and Campbell unpublished). After 
two years of study, the results are encouraging. In a large scale 
replicated field experiment, paclobutrazol applied six times after petal 
fall reduced P. pyricola densities to about half that on untreated trees 
in both years. Considering the relatively infrequent need for chemical 
control of pear psylla in England, it is possible that on orchards where 
paclobutrazol is used, specific applications of pesticides for psyllid 
control may be avoided. 

Having established that IPM is a viable alternative to the prophylactic 
application of pesticides against P. pyricola, a potentially disruptive 
problem has appeared. Parry's syndrome is a widespread disorder of pears 
with symptoms similar to those of pear decline. David Davies, a plant 
pathologist at East Malling, recently found that, like pear decline disease, 
Parry's syndrome is associated with mycoplasma like organisms (MLOs) in the 
phloem and the MLO's can be transmitted by P. pyricola. lt is as yet too 
early to conclude that Parry's syndrome and pear -decline are synonymous, 
although that is distinctly possible. 

Research is underway to establish the economic importance of Parry's 
syndrome, together with the efficiency of P. pyricola as a vector of the 
MLO. With that information it should be possible to assess whether current 
thresholds for P. pyricola are adequate to limit disease spread. If not, 
it may be necessary to reduce psyllid density thresholds, particularly in 
late summer when MLOs in the phloem are most prevalent. Such lower 
thresholds could probably still be achieved through IPM, perhaps by using a 
second spray of amitraz in summer. That would, however, add further 
selection pressure for the development of resistance to that chemical. The 
use of pac lobutrazol or an improved formulation of avermectin Bl could help 
to prevent such a development. 
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UTILISATION PRATIQUE DU FENOXYCARB, UN REGULATEUR DE CROISSANCE DES 
INSECTES, DANS LA LUTTE CONTRE LE PSYLLE DU POIRIER 

A. ST1WBLI

Station federale de recherches agronomiques de Changins, CH-1260 Nyon 

Summary 
Fenoxycarb, an insect growth regulator (IGR), analogue of the juvenile 
hormone, was tested in pear orchards of the French speaking part of 
Switzerland from 1981 to 1984. The effectiveness of the IGR against 
Psylla pyri L. was only sufficient in well-isolated orchards, with low 
or moderately high populations of the pest. Fenoxycarb was a good 
complement of the winter treatment when applied after the flowering 
season against the old larvae of the first generation. At this time, it 
was particularly interesting for the control of both Adoxophyes orana 
F.v.R. and f..:_p� and thus it was possible to avoid the use of broad
spectrum insecticides in the summer. During a five years trial in the 
same pear orchard, fenoxycarb did not appear to be harmful for
beneficials, particularly for Anthocoris nemoralis F.

1. Introduction
Le psylle commun du poirier (Psylla pvri L.), preoccupe depuis de nom

breuses annees les arboriculteurs et les responsables de la protection des 
vegetaux en Suisse romande, notamment dans le Valais central. L'apparition 
progressive de phenomenes de resistance du psylle a l'egard des insectici
des conventionnels, la destruction systernatique de ses ennemis naturels, 
ont rendu la protection phytosanitaire des poiriers de plus en plus diffi
cile et ont incite les chercheurs a se tourner vers des moyens de lutte 
plus selectifs (BAGGIOLINI et al., 1979). 

Les regulateurs de croissance des insectes (RCI), analogues de l'hor
mone juvenile, ont particulierement retenu leur attention des 1975, entre 
autres le CGA 34301 (SCHEURER et al., 1975) et l'epofenonane (FRISCHKNECHT 
et al., 1978). Ces deux RCl, qui avaient montre une excellente efficacite 
conr.re les psylles, ont ete abandonnes pour diverses raisons et notre inte
ret s'est porte, des 1980, sur un nouveau RCI, le fenoxycarb. Des cette 
epoque, la nouvelle strategie de lutte envisagee contre les psylles du poi
rier reposait sur une intervention efficace contre les adultes hivernants 
(DNOC ou pyrethrinoide), destinee a eviter si possible l'utilisation repe
tee d'insecticides polyvalents durant le reste de la saison. De nouveaux 
produits selectifs pouvaient completer avantageusement l'effet du traite
ment d'hiver, taut en agissant contre d'autres ravageurs tels que le,carpo
capse, les noctuElles, les cheimatobies (diflubenzuron) ou l'acarien rouge 
(amitraze)(BOLAY et al., 1981). Malheureusement la presence simultanee, en 
juin, de fortes populations de f..:_pyri et d'Adoxophyes orana F.v.R. (capua) 
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devait necessiter des interventions avec des produits de la famill e des py
rethrinoides, dont l'effet nefaste sur la faune auxiliaire a ete demontree 
par la suite (STAUBLI et al., 1984). 

Ce qui rendait les RCI particulierement interessants, outre leur ban
ne action contre les psylles sans impact notable sur les auxiliaires 
(FRISCHKNECHT et al., 1978), c'etait justement la perspective de pouvoir 
aussi lutter efficacement contre les larves hivernantes de capua. Cela a 
ete demontre pour l'epofenonane (SCHMID et al., 1978) puis pour le fenoxy
carb (CHARMILLOT et BLASER, 1985). 

Depuis 1981, nous avons eu l'occasion d'effectuer de nombreux essais 
de lutte au moyen du fenoxycarb contre les psylles du poirier en Valais et 
dans le Bassin lemanique. Nous proposons de resumer ici les principaux re
sultats obtenus et les difficultes rencontrees. 

2. Mode experimental
Tous les essais mentionnes ici ont ete realises dans les conditions 

de la pratique, sur des pa�celles de poiriers privees, d'une surface va
riant entre 3000 et 7500 m . Il n'a pratiquement jamais ete possible de 
conserver des temoins non traites jusqu'a la recolte, les degäts occasion
nes par les psylles etant trop importants. 

2.1. Traitements 
Les traitements ont en general ete realises par l'arboriculteur lui

meme a l'aide d'un appareil "turbodiffuseur" a raison de 1600-2000 1/ha 
de bouillie pour les applications d'hiver et 400-800 1/ha pour les autres 
traitements. Les dates d'application ont ete conformes aux indications 
des services phytosanitaires. 

2.2. Produits , 
(R) 

Le RCI teste, l'Insegar de la Maison Dr R. Maag S.A., contient 
25% de fenoxycarb (RO 13-5223) sous forme de poudre mouillable (WP). Il a 
ete applique a la dose de 2 kg/ha (soit 500 g m.a./ha) dans les essais de 

Prangins 1981, Ardon 1983 (2
8

, 3
e 

et 4
8 

traitement RCI), Ardon 1984 et 
Fully 1981-1983, a la dose de 1,2 kg/ha (300 g m.a./ha) au traitement 
post-floral d'Ardon 1983 et enfin a la dose de 0,6 kg/ha (150 g m.a./ha) 
dans les essais de Begnins 1984 et Fully 1984. Ce dernier dosage est ce
lui hcmologue pour la lutte contre capua. Les autres produits utilises 
contre les psylles ont ete l'Acarac (20% amitraze, conc. 0,2%), l'Extar A 
fluid (46% DNOC, conc. 0,75%), le Ripcord (10% cypermethrine, conc. 0,075%) 
et l'Ambush (25% permethrine, conc. 0,03%). Toutes ces concentrations sont 
calculees sur la base de 2000 1/ha de bouillie. 

2.3. Methodes de controle 
Les populations larvaires de P. pyri, tous stades confondus, ont ete 

recensees par controle visuel, a l'aide d'une loupe frontale (grossissement 
3 x), sur l'extremite (6 dernieres feuilles) des pousses en croissance, a 
raison de 33 ou 50 pousses par parcelle et par controle. Le nombre des lar
ves a ete estime par un systeme de classes (classe I de 1-5, II de 6 - 20, 
III de 21 a 50, IV de 51-100, V plus de 100 larves par pousse). 

Le controle des adultes de P. pyri, a la fin de l'hiver s'est fait 
par frappage au moyen d'entonnoirs de type "Steiner", a raison de 33, 50 ou 
100 branches frappees par controle. 

La meme methode a ete utilisee pour recenser les populations d'adul
tes et de larves de A. nemoralis. 



3. Resultats et discussion
Les populations larvaires de P. pyri sont exprimees en nombre de lar

ves par pousse. On estime generalement qu'avec 10 larves par pousse, le 
seuil de tolerance est atteint. Pour les adultes de P. pyri, les resultats 
seront exprimes en nombre d'individus par frappage (100 branches frappees). 
De meme pour A. nemoralis, on donnera le nombre cumule d'adultes et de lar
ves pour 100 branches frappees. 

3.1. Essai d'efficacite en 1981 
Dans un verger homogene de Prangins (Vaud), avec une faible popula

tion initiale de psylles (76 adultes/frappage le 10.3), 2 traitements RCI 
ont ete appliques apres la fleur (22.4 et 6.5) sur la moitie des lignes 
(A), alors que l'autre moitie (B) demeurait sans traitement contre les 
psylles a cette epoque. Les resultats (fig. 1) montrent que le fenoxycarb 
a eu une bonne efficacite contre P. pyri puisque dans la parcelle B le 
seuil de 10 larves/pousse a ete depasse, ce qui a necessite une interven
tion avec amitraze le 3.8. A la recolte, on compte 5,8% des fruits avec 
degats de fumagine dans la parcelle B et seulement o,6% dans A. 
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�- Essai fenoxycarb 1981 a Prangins (Vaud): evolution des populations 
de P. pyri dans une parcelle (A) traitee deux fois avec RCI (2 kg/ha) 
apres fleur et dans le temoin (B). 

3.2. RCI avec ou sans traitement d'hiver en 1984 
Un verger de Begnins (Vaud) est partage en deux parties dont l'une 

(A) re�oit un traitement d'hiver avec du DNOC (9.3) et l'autre (B) aucun.
Par la suite taut le verger est traite deux fois apres fleur (10.5 et 25.5)
avec le RCI a la dose recommandee contre capua (600 g/ha). L'evolution des
populations larvaires de P. pyri (fig. 2) montre que le RCI sans traite
ment d'hiver n'a pas pu empecher un leger depassement du seuil de 10 lar
ves/pousse. A la recolte, 7,9% des poires de la parcelle B portent des mar
ques de fumagine (dont l,6%sont declassees), alors que dans la parcelle A, 
2% des poires seulement ont de legeres traces.
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�- Essai fenoxycarb 1984 ä Begnins (Vaud): evolution des populations 
de P. pyri dans des parcelles traitees deux fois apres fleur avec RCI 
(600 g/ha), avec (A) ou sans (B) traitement d'hiver au DNOC. 

3.3. Essai sur le nombre et les periodes d'applications des RCI en Valais 
La lutte contre les psylles du poirier a toujours ete plus difficile 

en Valais que dans le Bassin lemanique. Cela est probablement du ä un cli
mat plus favorable, ä la surface plus importante de poiriers et au manque 
d'isolation des parcelles, souvent tres petites. 

L'essai realise ä Ardon (fig. 3) montre dans la parcelle A (1983) 
qu'apres un traitement d'hiver (cypermethrine) sur de fortes populations 
hivernantes (582 adultes par frappage), 4 applications de RCI echelonnees 
de debut mai ä debut juillet n'ont que difficilement contenu les popula
tions de P. pyri, avec un depassement du seuil de tolerance ä fin juin. A 
la recolte, 2,5% des poires sont declassees et 28% portent des traces le
geres de fumagine. Dans la parcelle B, en 1984, l'application classique de 
2 RCI apres fleur (8.5 et 22.5) apres traitement d'hiver avec DNOC (7.3) 
n'a pas suffi pour empecher une explosion de population de P. pyri des la 
fin juin, ce qui a necessite une intervention energique le 5 juillet avec 
amitraze + permethrine. Grace ä un arrosage important durant cette periode 
de production intense de miellat, des gros degats de fumagine ont pu etre 
evites sur poires. 
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�- Essai fenoxycarb apres traitement d'hiver ä Ardon (Valais): evolu
tion des populations de P. pyri avec 4 applications RCI (1,2 kg/ha pour le 
traitement postfloral, 2 kg/ha pour les 3 autres) en 1983 (A), ou 2 inter
ventions postflorales RCI (2 kg/ha) en 1984 (B). 



3.4. RCI et anthocorides 
Les essais realises en Valais avec le fenoxycarb n'ont pas laisse ap

paraitre une diminution notable des populations d'anthocorides, toujours 
nombreux des fin juin-debut juillet. Un petit verger de poiriers a Fully, 
traite durant 5 ans avec des RCI (epofenonane en 1980 puis fenoxycarb), a

raison de deux applications postflorales par an, nous a permis de verifier 
l'impact de ces nouvelles matieres actives sur les anthocorides (essentiel
lement A. nemoralis). Dans le tableau 1 sont consignes les traitements ef
fectues et les produits utilises. Aucun insecticide polyvalent n'a ete ne
cessaire en ete durant les 5 annees d'essai, de meme qu'aucun acaricide. 

Les resultats du tableau 2 montrent une presence reguliere de larves 
et d'adultes d'anthocorides des le mois de mai, sauf en 1984, annee ou ces 
predateurs se sont manifestes tres tard dans tout le Valais central. Le va
midothion, utilise en 1983 et 1984 pour lutter contre la cecidomyie des 
feuilles (Dasineura pyri Bouche) et les pucerons, peut avoir freine leur 
installation, du fait de sa toxicite envers la punaise (STAUBLI et al., 
1984). Cependant des le mois de juillet, des populations importantes de 
A. nemoralis ont chaque annee aneanti P. pyri.

Tableau 1: Essais RCI a Fully (Valais)de 1980 a 1984; populations d'adul
tes de P. pyri a la fin de l'hiver (frappage); produits utilises avec do
sages et dates d'application. 

IN. adultes
Annee lhivernants
1980 225 

1981 490 

1982 975 

1983 318 

1984 192 

1 Traitements 
i insecticides 
lepofenonane (EC 500 g/1) 

lfenoxycarb (WP 25%) 
lethiophencarb (EC 46%) 

lfenoxycarb (WP 25%) 
lendosul:fan (EC 35%) 

l fenoxycarb ( WP 2�i%) 

lvamidothion (EC 40%) 

lfenoxycarb (WP 25%) 
lvamidothion (EC 40%) 

Dose/ha 

3 1 

2 kg 
1 1 

2 kg 
3 1 

2 kg 
2,4 1 

0,6 kg 
2,4 1 

Dates 
d'application 

3.5 et 20.5 

8.5 et 27.5 
27.5 

16.5 et 1.6 
16.5 

9.5 et 19,5 
19.5 

3.5 et 21.5 
21.5 

Tableau 2: Essais RCI a Fully (Valais) de 1980 a 1984; resultats: popula
tions maximales recensees chaque mois pour A. nemoralis (nombre de larves + 
adultes par frappage) et pour P. pyri (nombre () de larves par pousse en 
contr6le visuel). 

Annee 1Avril ----+Mai 1 T • 1 Juillet IAoO.t 1 Septemb. 
1 

10Uln 
1 

127 (6) 1 (0,5) 
1 

1980 3 151 (3) ln4 (11) 1168 (1, 5) 1198 (-) 
1981 1 - ( 10) 184 (2) 122 (5) 1212 (l) 1 95 (0) 1 77 (2)
1982 J30 (4,6) 4 (2,7) J45 (22,4) li29 (0,4) l 150 (0,7) 1 (-) 
1983 1 0 (0,8) 6 (3,7) 7 (8,8) 1102 (1,8) 1 (0,1) 1 66 (-) 
1984 1 0 (0,4) 0 (0,3) 0 (1,6) 1 60 (4,4) 1 42 (0,1) 1 36 (-) 

4. Conclusions
Les quelques resultats mentionnes dans ce travail, confirmes par de 

nombreux essais pratiques, ont montre que le fenoxycarb presente une bonne 
efficacite, meme a la dose recommandee pour capua, sur des populations 
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moyennes a faibles du psylle du poirier P. pyri. Applique deux fois apres 
la floraison sur les larves ägees de la premiere generation du ra.vageur, 
il se revele etre un excellent complement au traitement d'hiver, a condi
tion que les vergers soient suffisamment proteges de nouvelles infesta
tions. Des applications repetees du RCI sur le meme verger ne semblent 
pas avoir ete nuisibles a la punaise predatrice A. nemoralis. En Suisse, 
le fenoxycarb a finalement ete homologue en arboriculture pour la lutte 
contre capua en traitement postfloral. Pour les poiriers, l'homologation 
porte la mention complementaire "efficacite partielle contre les psylles". 
Cette homologation permettra dans de nombreux cas d'intervenir tres to.t 
contre ces deux dangereux ravageurs, et d'eviter tout traitement avec des 
insecticides polyvalents durant l'ete, 1orsque les anthocorides s'instal
lent. Un nouveau pas peut ainsi etre franchi vers la protection integree 
des vergers de poiriers. 
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PEARSUCKERS IN THE NETHERLANDS (Psylla pyri and P. pyricola) 

J. WOETS and H. BEEKE
Research Station for Fruit Growing 

4475 AN Wilhelminadorp, The Netherlands 

Summary 
We observed the development of the numbers of the pearsuckers Psylla 
� and P. pyricola in intensively sprayed orchard plots including 
broad spectrum chemicals, in orchard plots with specific control of 
Adoxophyes orana and in the surrounding windbreaks. 

P. pyri is the dominating pearsucker. Windbreaks of alder and
willow contain psyllid species as an alternative prey for the psyllid 
predators in spring. More beneficials were beated from the windbreaks 
(especially alder) than from the pear trees. Predatory bug numbers 
were low in most orchards. In some orchards there were both low 
numbers of suckers and high numbers of earwigs (Forficula 
auricularia). 

Introduction 

Pearsuckers are the key pest on the 5000 ha of pears in the 
Netherlands. The problems started during the seventies, but increased 
tremendously in 1983. 

Concerning the sucker control problems the dutch orchards can be 
divided in two groups. One group has low pearsucker numbers during the 
season and a few sprayings of rather specific insecticides are applied. The 
second group has really control problems with high psyllid numbers and has 
many applications of insecticides, including organo-phosphates and 
pyrethroids for control of Adoxophyes orana and Lygus pabulinus (Van der 
Blom et.al., 1985). Several growers sprayed about 15 times for pearsucker 
control (Table 1). 

Materials and methods 

Observations were started in four orchards in 1985. They were divided 
in an experimental plot and a commercial one. The grower was expected to 
use the common chemical scheme in the commercial plot including broad 
spectrum control means against summer fruit tortrix and common green 
capsid. An early spray of DNOC was common in the commercial and the 
experimental plot to suppress mature overwintered females. Besides that the 
experimental scheme included an endosulfan application shortly before 
blossoming and the use of fenoxycarb (Insegar) for summer fruit tortrix 
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control (Table 2). Spraying of amitraz was decided when more than 20% of 
the shoot tips carried pearsucker larvae. 

Weekly beating samples of 100 branches and 100 shoot tips were taken 
from the commercial plots and the experimental plots. Beating samples were 
also taken from the surrounding windbreaks, which consisted of poplar, 
alder or willow. The numbers of psyllids and beneficials in the samples 
were determined. The shoot tips samples were counted for the number of 
shoots with eggs and larvae. 

Beside these plots we sampled some other orchards also for following 
the population numbers of psyllids and beneficials. Totally we collected 
figures in twelve pear plots and five windsbreaks. 

Table 1. Sprayings in orchard "The Peapod" 

1984 

endosulfan 

amitraz & diflubenzuron 
amitraz 
endosulfan & azinfos-m 
amitraz & diflubenzuron 
endosulfan & amitraz 
amitraz & diflubenzuron 
endosulfan 

10.IV 25.IV
9.V 23.V

8.VI
18.VI
28.VI

10. VI 18. VII 
24. VII 

3.VIII

DNOC 

endosulfan 
fenoxycarb 
fenoxycarb 
amitraz 

13.VIII amitraz
20. VIII

1985 

3.IV
22.IV
20.V
30.V
28.VI

6. VIII 

Table 2. Pearsucker sample data from the experimental plot in pear orchard 
"The Peapod" 

Psylla-adults / 100 branches 

1984 1985 

month pyri p.cola pyri p.cola

II 32 10 
III 15 0 39 4 
IV 0 1 0 1 

V 0 0 0 0 
VI 7 4 27 0 
VII 36 2 17 0 
VIII 1 12 22 25 0 
IX 54 2 41 5 
X 350 8 

% of shoot tips 
with larvae 

1984 1985 

2 2 
0 1 
0 25 

20 50 
12 44 
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Table 3. Adult pearsuckers and earwigs in orchard "The Drive" 
(100 branches) 

pearsuckers 
earwigs 

Results 

III 

49 
0 

IV 

19 
0 

V 

2 

VI 

17 
72 

VII 

12 
42 

VIII 

19 
148 

IX 

10 
28 

X 

8 
38 

In most commercial plots and in all experimental plots DNOC was used 
as an early spray. lt was followed by endosulfan shortly before blossoming 
in the experimental plots (Table 1). Most experimental plots got two 
amitraz applications as presented in Table 1, based on the treshold of 20% 
larvae infested shoots which was the case in June and July (Table 2). All 
data in the tables I and 2 are from the orchard "The Peapod" which is a 
good example of the orchards with both an experimental and a commercial 
plot. Table 2 presents the mid-month data of the sampling program. 

Psylla pyri was the dominant species. P. pyricola was present in very 
low numbers per sample. The adult figures were not suddenly raised by any 
immigration in march or april. As in most orchards the numbers of 
beneficials were very low in the plots of "The Peapod". The maximum in the 
weekly beating samples was 8 for all chrysopids, predator bugs, earwigs and 
spiders together. In the poplars the maximum for all beneficial was 11. 

Only two orchards had higher numbers of the predatory bug Anthocoris 
nemoralis, which is generally supposed to be important. These orchards had 
by far the highest numbers of pearsuckers of all orchards we sampled. In 
another two orchards we found high numbers of earwigs, Forficula 
auricularia, compared to elsewhere, together with low levels of 
pearsuckers. Table 3 shows you the figures of pearsucker adults and earwigs 
beated from 100 branches du ring 1985 in orchard "The Drive". 

As a contrast the windbre,3k sampl€s contained higher.numbers of 
beneficials. Table 4 demonstrates the differences we observed between four 
windbreaks. Also univoltine psyllid species were present, of which we 
present the adult numbers of June. The numbers of beneficials of mid July 
are presented as the observed maxima. The poplar windbreak protected the 
orchard "The Peapod". The windbreak alder-2 is along the orchard "The 
Drive", and it had high numbers of earwigs as had the orchard itself 
(Table 3). 

Discussion 

lt is to early to make firm conclusions from these data because the 
experiment started spring 1985. But there are some indications which 
follow. 

1. Psylla pyri is the dominating species.
2. The windbreaks can contain psyllid species as an alternative prey 

in spring.
3. The windbreaks contain more beneficials than the pear trees,

especially alder does.
4. Predatory bug numbers were low in most orchards. They appeared when

many suckers were present.
5. Some orchards had many earwigs and lower numbers of sucker.
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Table 4. Psyllids and beneficials in windbreaks in June - July 
(100 branches) 

alder 1 alder 2 willow 

Psylla alni 5 450 
Trioza albiventris 40 

Anthocoris nemorum 0 0 8 
Anthocoris nemoralis 3 0 3 

Orius sp. 0 0 20 
Blepharidopteris angulatus 1 136 0 
Heterotoma planiventris 0 10 2 
Nabis apterus 0 18 0 

earwigs 31 so 2 

Coccinellidae 0 0 0 

Chrysopidae 2 2 3 

spiders 22 0 

poplar 

0 

0 
0 

0 

0 

0 

2 

4 



Summary 

MANAGEMENT PROGRAMS FOR CONTROL OF SCAB AND 
POWDERY MILDEW ON APPLE 

H.A.Th. van der SCHEER 
Experimental Station for Fruit Growing 

Wilhelminadorp, The Netherlands 

Decision-making in disease management needs a practical model in which 
predictive equations, that maximize monitored weather data and 
minimize human measurements, are included. So far, data on weather 
dependent timing of the life cycle of both diseases are well 
available, but there is a shortage of quantitative data on dispersal, 
deposition ratio , and infection ratio, of spores under orchard 
conditions, on the epidemiology of both diseases on more resistant 
apple cultivars, and a shortage of criteria for determining threshold 
values of economic injury. 

In practice, there is still an almost total reliance upon 
fungicides for control of scab and powdery mildew. In the short-term 
some reduction in the number of sprays for control of the two 
diseases on current cultivars seems feasible in The Netherlands, 
according to our own empirical research on the relationships between 
epidemiology, threshold values, and fungicide application strategies 
for control of scab and powdery mildew. Results of that research are 
presented, including a decision-making scheme for control of both 
diseases. 

Introduction 

Disease management is the sum total of all actions that serve to 
regulate disease levels so that they remain below the economic threshold 
level. The development of a disease management program depends on a 
knowledge of crop economics, population dynamics, and disease control 
technology. Although economic considerations are crucial in the process 
leading to a decision for or against action, that subject will not be 
discussed in detail. The grower's judgement leads to an idea about 
economically acceptable damage. Nowadays most fruit growers think that scab 
and apple powdery mildew should almost be non-existent in their orchards 
due to the application of very effective fungicides, and that as a result 
damage caused by these diseases should be absent. lt will be difficult to 
convince the growers that any amount of disease is tolerable. Over 
population dynamics, some remarks will be made about this when reviewing 
the cycle of both diseases. After that disease control technology will be 
discussed with special attention to the application of epidemiological 



principles to achieve control of scab, caused by Venturia inaequalis, and 
apple powdery mildew, caused by Podosphaera leucotricha. 

2 Disease cycle of scab 

In most orchards scab is rare and in that case ascospores are the 
primary infection source in spring. However, in neglected orchards and in 
orchards where the disease is tolerated, conidia produced on pustules on 
wood and on bud-scales may contribute to the primary inoculum (53). 
Therefore this inoculum source should not be overlooked in constructing an 
apple scab simulator. 

Ascospores are discharged after sufficient wetting of the leaves, but 
they do not become air-borne in a period of dew only. Then they are 
released into the dew drops (58). This finding is not always taken into 
account when so called Mill's periods of infection are determined, and 
neglected in the program of advanced electronic scab warning apparatuses 
(31, 45). The dispersal range of ascospores is small. The so-called 
fall-out of ascospores liberated from a point inoculum source, appeared to 
be rapid, and no infection of leaves on apple trees was detected beyond 15 
metres from the source (15). Thus it is assumed that the level of scab 
development within an orchard is determined almost entirely by the inoculum 
produced within the orchard. 

In an early stage of bud hurst, the tips of the sepals are already 
visible and thus liable to infection (26, 46). Because after rainfall the 
period of wettnes in bursting buds is in general much langer than the 
wettness period indicated by leaf-wettness recorders, it is advisable to 
apply a fungicide spray as soon as green tips in the bursting buds become 
visible, instead of applying the first spray post-infection (48). 

Three major questions arise concerning the discharge: (i) what is the 
earliest date upon which the ascospores are mature in spring, (ii) how much 
is the maturation rate of the ascospores during the season from the moment 
the first spare is mature, and (iii) how many spores do actually give rise 
to lesions, i.e. what is the lesion estimate. Equations have been produced 
to calculate the data on which the first ascospores are ripe, based on heat 
sum accummulation (degree days) from the time of leaf fall (52) or from the 
biofix date January 1 (9), or based on temperature, relative humidity and 
precipitation data from the biofix date February 1 (41). Application of 
these equations gave results that dit not fit the actual data in The 
Netherlands. In most years ascospores are mature before the apple trees in 
The Netherlands have green parts susceptible to infection (70). A model for 
the seasonal maturation rate of ascospores was developed in North Caroline 
(USA), based on heat sum accumulation (30). This model was improved by 
adding a forecasted degree-day accumulation model, to predict the 
cumulative percentage of matured ascospores for each day (50). Concerning 
the lesion estimate, there is quite a lot of quantitative data on 
environmental and varietal influences on the pathogen and disease occurence 
available. But, future research is needed to develop a practical model for 
disease management programs (51). It is still necessary to quantify the 
spore dispersal within an orchard, and to determine the spore deposition 
ratio and infection ratio for the major cultivars under orchard conditions. 

After a temperature and relative humidity dependant period of 
incubation lesions become visible (84) and they produe the conidia which 
under favourable weather conditions (54, 65) give rise to secondary 
infections of leaves, fruits, wood, and bud-scales during the growing 
season, influenced by biological and biometeorological variables (2). After 
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leaf fall pseudothecia are formed in the dead, infected leaves on the 
orchard floor. The number of pseudothecia per lesion is determined by 
environment and variety (44). The number of asci per pseudothecium depends 
on temperature and varies each season (29). 

Damage by scab is confined to a reduction in fruit quality. If severe 
attack occurs, the leaves may drop prematurely, resulting in a reduction of 
the fruit quantity. However, that stage is far beyond the scope of 
commercial fruit growing. 

3 Disease cycle of apple powdery mildew 

Although mildewed leaves are present directly after bud burst, conidia 
cannot be detected in the atmosphere until approximately the pink bud stage 
(14). From then on dispersal is diurnal with peak concentrations in the 
early afternoon and a distinct subsidiary peak after dark, influenced by 
weather conditions (80). Conidia germinate under conditions of high 
relative humidity at 10-32°c (optimum 21°c), but not in free moisture 
(6, 67). 

Secondary infection cycles may continue until susceptible tissue is 
no longer available. Infection periods are not so disc.rete as in the case 
of scab; this may be a reason why no one has tried to contruct a simulator 
for apple powdery mildew. Fruit infections occur near the time of 
blossoming (92). Infection of overwintering buds occurs soon after bud 
initiation. Individually they are susceptible only for approximately a 
month after initiation but, as they are formed successively through the 
growing season, they have collectively a long period of susceptibility. 
Infection of the buds can be achieved by conidia or mycelium growing down 
the petiole. 

Cleistothecia are produced on heavily infected shoots and leaves in 
dry, warm summers. They are not considered an inoculum source, because the 
ascospores they contain fail to germinate readily (21, 57, 87). 

Heavily infected shoots and buds have a reduced winter hardiness, 
resulting in a reduction of primary inoculum in severe cold winters (8, 
79). lt was tentatively concluded that temperatures of about - 12°c can 
eradicate mycelium from buds without nescessarily killing mildewed buds, 
which then produce healthy leaves in spring (42). 

4 Disease control technology 

In practise, there is still an almost total reliance upon fungicides 
for control of both scab and apple powdery mildew. In The Netherlands on 
average, 3 sprays are applied, pre-blossorn, but mostly post-infection, for 
control of scab. The first spray for control of rnildew is applied 
pre-blossom too, in the pink-bud stage. Post-blossorn both diseases are 
controlled together, mostly with a mixture of fungicides, in a calendar 
spray scheme. On average 15 sprays per season (=until the end of July) are 
appl. ied for control of scab and mildew but, if scab occurs the spray 
schedule is extended until picking time. 

In principle various disease control actions can be taken. An 
instructive model of these actions and the epiderniological consequences of 
them is shown on page 343 of the textbook "Epidemiology and Plant Disease 
Management" (69). The first point at which a grower can take action is 
pre-planting, viz. deciding which vari.eties he will plant. The varieties 
may be partially or totally resistant to one or both diseases. The factors 



2u7 

contributing to resistance can act e�idemiologically in two ways: Ci) 
reducing the spring inoculum, and (i1) limiting or totally inhibiting the 
progress of the disease during the growing season. In an estabished orchard 
measures can be taken (i) to reduce the initial inoculum, and (ii) to 
delay the epidemic of scab and mildew by applying fungicides. The strategy 
then is to tolerate disease, but to regulate it at subeconomic levels. 
However, we lack sufficient knowledge on the damage thresholds and thus on 
the action thresholds for control of scab and mildew. That is why I started 
by looking at the relationship between epidemiology, treshold values and 
fungicide strategies for scab (69, 71), and tried to establish damage 
threshold values for mildew. Corresponding research has been carried out in 
England (43), but results will be left for discussion by Dr. Butt from 
EMRS. 

5 Resistant varieties 

Resistance breeding programs often rely on seedling screening trials, 
testing the inhibition of the disease progress in a season. Nevertheless 
resistance based on reducing the spring inoculum exists in commercially 
grown apple varieties (44, 56, 68). 

The commercially grown varieties display a wide range of partial field 
resistance for scab and mildew (1, 10, 34, 61). Unfortunately the new 
varieties planted in The Netherlands are quite susceptible to one or both 
diseases 02). This reflect.s the feelings of the growers that scab and 
mildew are easily controllable by the available, excellent fungicides and 
thus having resistance is much less important than having such 
characteristics as a high production capacity and good quality. 

As for scab a d1fference in susceptibility between leaves and fruit 
exists, thus a difference in the ratio leaf: fruit lesion build-up (19, 
69). Apple fruits are increasingly difficult to infect with Venturia 
inaequalis under orchard conditions as the fruits mature (73, 75, 85). 

Totally scab resistant varieties have been derived from breeding 
programs in the United States and france (63, 77). Unfortunately however, 
the taste of the fruits of these varieties cannot compete so far with the 
taste of the fruits of the commercially grown varieties. Besides, their 
productivity often ranks low (33). Improved resistant varieties will 
presumably be produced in the future but, a serious obstacle will always be 
the chance of a break in resistance. That happened for instance with the 
variety Prima (7, 28). 

6 Reduction of initial inoculum in established orchards 

The treatment of scabbed leaves in autumn with urea speeds up the 
decomposition and inhibits the development of the perfect stage of Venturia 
inaequalis, resulting in a 97% reduction of discharged ascospores in the 
following spring (17). Such a treatment resulted in 80% less scab on apple 
trees in ehe following year in Australia (40). However, investigators in. 
France (4), Yugoslavia (90), and South Africa (76) concluded from the 
results in their trials, that the effect was not sufficient to reduce the 
fungicide rate or the number of sprays in a calendar spray scheme. ln 
general it appears Chat reduction of initial inoculum is often not so 
effective in so-called compound interest diseases and maybe conidia 
produced on pustules present on the wood and bud-scales interfered wich the 
results. Besides urea also benzimidazoles (2,4), bitertanol (74), organic 
mercury (39), the herbicides amitrohT, 24-D, glyfosate, and paraquat (91), 



and particular microbial antagonists (36) inhibit the development of scab 
pseudothecia in dead, infected apple leaves. 

Mildew infected terminal buds are easily recognised and are thus 
pruned as a rule in the dormant season. Chemical pruning in the dormant 
season to reduce the amount of primary mildew is feasible with nitrogen 
-containing surfactants (22, 37); the effect amounts to a 907. reduction
(5). Mixing the selected surfactant PP222 in a low dosage with mildewcides
avoids the damage of healthy buds and the mixture is still as equally
effective as PP222 alone (38).

If a considerable amount of primary mildew becomes visible after bud 
burst, growers cut it out. The effect of cutting out visible primary mildew 
is probably more important as a means of deminishing the inoculum available 
for infecting next year's flower buds, rather than reducing the inoculum 
available in mid-june (13). 

7 Delay of the epidemic of scab and apple powdery mildew 

There is a vast amount of literature on scheduling the fungicide spray 
applications for control of scab and mildew with emphasis on the timing of, 
in particular, the first and last spray application in each growing season, 
the length of the spray intervals, the dosage of the fungicide, and the 
spray volume (among others: 16, 60, 64, 66, 81, 83). There is of course a 
connection with fungicide deposition, retention, penetration, and 
distribution(20, 78, 82). In the case of scab the post-infection action of 
fungicides plays an important role in the scheduling (10, 25, 49, 59, 62, 
89). Nowadays the selection of the fungicides, the minimum rate of the 
active ingredients and the minimum number of sprays is empirically settled 
in the various regions, based mainly on the growth stages of the fruit 
trees, the weather conditions, and the secondary effects in particular on 
fruit russeting (12, 88), and on leaf appearance and premature leaf drop 
(11, 27). In the context of integrated control, damaging effects of 
fungicides on the microflora (3, 55, 86), and on beneficial animals (23, 
35, 47) should also be taken into account. 

Using this type of control measure, it is common practice to achieve 
an almost 1007. control of scab and mildew. Obviously inadequate spraying 
results in limiting only the disease progress rather than totally 
inhibiting the disease. 

An unpleasant inadequacy during the performance of the spray scheme in 
the growing season can occur, if fungicide resistant strains develop and 
are selected. This happened with scab a few years after the introduction of 
the benzimidazole fungicides, and after a prolonged period of use of dodine 
( 32). 

So far, the application of fungicides is not based on the available 
amount of inoculum. There is quite a lot of knowledge on the effect of 
fungicides on spore production, spore germination, and mycelial growth, but 
we dot not know how to apply that in the scheduling of the fungicide 
treatments. 

8 Threshold values and fungicide application strategies 

8. 1 Control of scab

The experimental design and results I have obtained in the first three 
years have been published (69, 71). Together with additional data obtained 
in subsequent years it can be stated that negative forecasts up till the 



action threshold is reached can only be made if in ehe previous year no 
scab attack has been recorded. But, if for instance in the previous year 
leaves on 4% of the shoots have been scabbed, at least 2% of the leaf 
whorls emerging from flower buds will be scabbed when left unsprayed, and 
that will result in more than 1% scabbed fruits despite spraying with an 
effective fungicide during the period from blossomming until picking. 
Besides, negative forecasting almost always leads to spraying towards the 
end of the season, resulting in unwanted high fungicide residue on the 
fruits. 

A damage of 1% scabbed fruits is acceptable if circa 4 sprays can be 
left out of the calendar spray program which ends usually at the beginning 
of August (the costs are approximately equal in The Netherlands). Becau5.e a 
part of the damage becomes visible during storage of the fruits, the damage 
at picking time should not exceed about 0.65% scabbed fruits to keep the 
total below 1%. As a case in point, 0.65% scabbed fruits was harvested in 
1979 if at picking time the percentage of shoots wich scabbed leaves on 
trees of the varieties Cox's Orange Pippin, James Grieve, Golden Delicious, 
and Jonathan amounted to 3, 16, 22, and 32% respectively. However, if the 
amount of shoots having scabbed leaves exceeds about 20%, scab pustules on 
the wood (and on bud-scales) arise increasingly, raising sharply the chance 
of fruit infections in the next year. Thus, a too high percentage of shoots 
with scabbed leaves is not tolerable. 

Considering the experimental data and bearing in mind that: (i) 
spraying pre-blossom is necessary for control of Nectria-canker on the 
currently grown commercial varieties, being almost all rather susceptible 
to that disease, and (ii) spraying during the first 4 weeks post-blossom is 
necessary for preventing the fruits from becoming russeted, a 
decision-making scheme for control of scab in The Netherlands has been 
constructed (fig. 1). In 1985 it is being tested for the second year. The 
disease is assessed monthly; the selection of varieties and number of 
trees, shoots, and leaf whorls to be judged is based on a description for 
managing apple powdery mildew (18), but modified to suit the management of 
scab. 

8.2 Control of apple powdery mildew 

On the same trial fields where the spread of scab and its effect on 
fruit quality has been studied, information was gained on the effect of 
mildewcide spray schemes on spread of powdery mildew. 

The effect of powdery mildew on yield is studied on a separate trial 
field at Wilhelminadorp. The trial includes trees of the varieties Cox's 
Orange Pippin, Golden Delicious, and Karmijn de Sonnaville, planted at 
3.50 x 1.50 m in 1976. The field was subdivided into 5 blocks, each 
separated by a row of Cox's Orange Pippin apple trees. Again each block was 
subdivided into 5 plots enclosing 3 tree rows with 10 trees of a cultivar 
in a row. From 1981 5 levels of mildew incidence were created by applying 
more or less frequently bupirimate. However, damage was not recorded until 
1984 (table 1). In all 3 varieties regression analyses showed that the 
reduction in the number of fruits in 1984, and thus the reduction in yield, 
correlated significantly at the 5%-level with the disease incidence in 
1983. After correction of the fruit weights with the number of fruits, 
linear regression analysis showed that the corrected fruit weight was 
correlated significantly at the 5%-level with disease incidence in 1984, 
but only in ehe variety Karmijn de Sonnaville. Also a significant 
correlation between fruit russeting and disease incidence in 1984 was 
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proven in all 3 varieties. 

From the results gained in the trial on the damage threshold for 
powdery mildew it was tentatively concluded that an annual low disease 
incidence of about 10-15% shoots with diseased leaves will cause no 
significant damage. Considering too the information gained on the effect of 
mildewcide spray schemes on spread of powdery mildew and bearing in mind 
that spraying during the first 4 weeks post-blossom is necessary for 
preventing the fruits from becoming russeted, a decision-making scheme for 
control of powdery mildew on apple in The Netherlands has been constructed 
(fig. 2) in addition to the decision-making sc.heme for control of scab. 

PROGRAMMES POUR LA LUTTE CONTRE LA TAVELURE ET L'OIDIUM DU POMMIER 

Pour prendre des decisions dans la lutte contre les maladies, il serait 
souhaitable de posseder un modele pratique de predictions dans lequel on 
utiliserait au maximum des donnees meteorologiques relevees par des 
appareils automatiques et au maximum les mesures faites manuellement. 
Jusqu'a present, il existe suffisamment de donnees montrant la dependance 
du cycle vital des deux maladies vis-a-vis des conditions meteorologiques. 
Mais il nous manque des donnees quantitatives sur la dispersion, les 
facteurs de depot et d'infection des spores dans les conditions du verger 
ainsi que sur l'epidemiologie des deux maladies chez les variJtes de 
pommiers plus resistantes. Il nous manque aussi des criteres pour 
determiner des seuils de degats economiquement acceptables. 

En pratique, le controle de la tavelure et de l'oidium repose encore 
presque entierement sur l'utilisation de fongicides. A court terme, on peut 
prevoir aux Pays Bas une reduction du nombre de traitements pour controler 
ces deux maladies chez les varietes courantes. Cette reduction se base sur 
nos propres recherches empiriques qui concernent les liens entre 
epidemiologie, seuils de tolerante et strategies d'application des 
fongicides.Des resultats de cette recherche sont presentes, y compris un 
schema permettant de prendre des decisiorts pour controler ces deux 
maladies, 
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Table 1. The relationship between disease incidence (DI) as % mildewed 
leaves on extension shoots and damage in 1984. 

a. DI 1983 (x) and yield as kg/tree (y)

Variety Regression F D.F.

Cox' s O.P. y -0.25x + 16.0 10.4 1, 12 
Golden Del. y -0. 18x + 21. 9 51. 1 1, 12 
Karmijn de s. y -0.17x + 26.5 77.4 1, 12 

b. DI 1984 (x) and corrected average fruit weight as gram (y)

Variety Regression F D.F.

Karmijn de s. y= -0.56x +190.0 14. 6 1, 12 

c. DI 1984 (x) and fruit russeting as rate 200-800 (y)

Variety Regression F D.F.

Cox's O.P. y 5.59x + 289.5 58.3 1, 12 
Gold. Del. y 0.26x + 208.6 4. 77 1, 12 
Karmijn de s. y 2.61x + 381. 7 17.0 1, 12 
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Figure 1. A decision-making scheme for control of scab on apple in The 
Netherlands 
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Figure 2. A decision-making scheme for control of apple powdery mildew in The 
Netherlands 

Period Assessment 
( Ist week of) 

April prim.mildew 
(number/tree) 

Blossom start 

June 

[June 15th] 

July 

[July 20th] 

August 

extension shoots 
(% diseased) 

extension shoots 
(% diseased) 

Scheme 
(yes (+) or no (-) application of sprays 

in the period until the next assessment1 

yes 

��

bG 
' 

.6 

yes 



REFERENCES 

' ., 
(..._ , .... 

1. ALDWINCKLE, H.S. (1974). Field susceptibility of 51 apple cultivars to
apple scab and apple powdery mildew. Plant Dis. Rep. �8: 625-629.

2. ANALYTIS, S. ( 1973). Zur Methodik der Analyse von Epidemien dargestellt
am Apfelschorf (Venturia inaequalis (Cooke) Aderh.). Acta Phytomedica
1: 75 pp.

3. ANDREWS, J.H. and KENERLEY, C.M. ( 1978). The effects of a pesticide
program on non-target epiphytic microbial populations of apple leaves.
Can. J. Microbiol. 24: 1058-1072.

4. BASSINO, J.P. and BLANC, M. (1975). La tavelure du pommier.
Amelioration de la lutte par la destruction de la forme hivernante du
champignon. Lutte Integree no 17: 5-9.

5. BENT, K.J., SCOTT, P.D. and TURNER, J.A.W. (1978). Control of apple
powdery mildew by dormant-season sprays: prospects for practical use.
Proc. Brit. Crop Prot. Conf. 1977 - Pests and Diseases: 331-339.

6. BERWITH, C.E. (1936). Apple powdery mildew. Phytopathology 26:
1071-1073.

7. BLOMMERS, L. (1983). Apple scab in mixed stands: varietal
susceptibility and field resistance. Bull. OILB/SROP VII (4): 67-76.

8. BLUMER, S. ( 1956). Winterkalte und Apfelmehltau. Schweiz. Z. f. Obst-u.
Weinb. 65: 308-309.

9. BORECKI, Z. (1962). On epidemiology of apple scab (Venturia inaequalis
(Cooke) Aderh.). Acta Agrobotanica 12: 95-104.

10. BOSSHARD, E., SIEGFRIED, W., SCHUEPP, H. and ZWINGLI, H.J. (1985).
Erfahrungen mit Sterolsynthese-hemmenden Fungiziden zur gezielten
Schorfbekämpfung. Schweiz. Z. f. Obst-u. Weinb. 121: 166-173.

11. BREMER, H. and BUNEMANN, G. (1982). Nebenwirkungen organischer
Schorffungicide I. Blattflecken un Blattfall bei 'Golden Delicious '
-Apfelbäumen. Gartenbauwissenschaft 47: 56-61.

12. BREMER, H. and BUNEMANN, G. (1982). Nebenwirkungen oganischer
Schorf fungizide II. Ertrag und Fruchtqualität bei 'Golden Delicious'
Gartenbauwissenschaft 47: 204-211.

13. BURCHILL, R.T. (l958). Observations on the mode of perennation of apple
mildew. Ann. Rep. Long Ashton Res. Stn for 1957: 114-123.

14. BURCHILL, R.T. (1965). Seasonal fluctuations in spore concentrations of
Podosphaera leucot: richa (Ell. and Ev. ) Salin. in relat ion to the
inc idence of leaf infect ions. Ahn. Appl. Biol. 55: 409-4 15.

15. BURCHILL, R.T. (1966). Air-dispersal öf fungal spores with particular
reference to apple scab (Venturia inaequalis (Cooke) Winter). In: 
Colston Papers XVIII. Buttersworth Scientific Publications, London,
pp. 13 7-14 0.

16. BURCHILL, R.T. and COOK, M.E. (1975). The control of scab and powdery
mildew of apple with a reduced number of sprays. Plant Path. 24: 
194-198.

17. BURCHILL, R.T., HUTTON, K.E., CROSSE, J.E. and GARRETT, C.M.E. (1965).
Inhibition of the perfect stage of Venturia inaequalis (Cooke) Wint.,
by urea. Nature 205: 520-521.

18. BUTT, D.J. and BARLOW, G.P. (1980). The management of apple powdery
mildew: a disease assessment method for growers. Proc. Brit. Crop
Prot. Conf. 1979 - Pests and Diseases: 77-86.

19. BUTT, D.J., SOUTER, R.D. and SWAIT, A.A.J. (1979). Apple scab (Venturia
inaequalis). Epidemiology (05011). Ann. Rep. E. Malling Res. Stn for
1978, p. 86.

20. BYERS, R.E., LYONS, G.G., YODER, K. $., HORSBURGH, R.L., BARDEN, J.A.



215 

and DONOHUE, S.J. (1984). Effects of apple tree size and canopy density 
on spray chemical deposit. HortScience 19: 93-94. 

21. CIMANOWSKI, J. ( 1969). Epidemiology of apple mildew Podosphaera
leucotricha in Poland. I Hibernation of P. leucotricha. Acta
Agrobotanica 22: 253-263.

22. CLIFFORD, D.R., GENDLE, P., HOLGATE, M.E. and LULHAM, M. (1981). 
Eradication of over-wintering mildew (Podosphaera leucotricha) in apple 
buds by nitrogen-containing surfactants. Pestic. Sei. 12: 509-514.

23. COOK, M.E. and SWAIT, A.A.J. (1975). Effects of some fungicide
treatments on earthworm populations and leaf removal in apple
orchards. J. Hort. Sei. 50: 495-499.

24. COULOMBE, L.J. and JACOB, A. (1980). Eradication automnale de Venturia
inaequalis pour reduire le nombre de traitements contre la tavelure du
pommier la saison suivante. Phytoproctection 61: 48-54.

25. DIEREN, J.P.A. van en JOOSSE, M.L. (1969). Een verantwoorde bezuiniging
door curatieve schurftbestrijding. Fruitteelt 59: 130-131.

26. DILLON WESTON, W.A.R. and PETHERBRIDGE, F.R. (1933). Apple and pear
scab in East Anglia. J. Pom. Hort. Sei. II: 185-198.

27. DIJKE, J.F. van and ALINK, G.J. (1979). Meeldauwbestrijding in 
beweging. Fruitteelt 69: 252-255.

28. FISCHER, C., BUKARTSCHUK, V., BONDARENKO, A. and ARTAMONOVA, E. (1983).
Erste Ergebnisse zur Stabilität der Schorfresistenz beim Apfel unter
verschiedenen ökologischen Bedingungen in der UdSSR und DDR
- vorläufige Mitteilung. Arch. Gartenb. 31: 263-264.

29. GADOURY, D.M. and MacHardy, W.E. (1982). Effects of temperature on the
development of pseudothecia of Venturia inaequalis. Plant Dis. 66:
464-468.

30. GADOURY, D.M. and MacHARDY, W.E. (1982). A model to estimate the 
maturity of ascospores of Venturia inaequalis. Phytopathology 72: 
901-904.

31. GALLI; P. and RICHTER, J. (1984). Zum Einsatz von Warn- und Registrier
geräten bei der Abwehr des Apfelschorfs im integrierten Pflanzenschutz.
Erwerbsobstbau 26: 82-87.

32. GILPATRICK, J.D. (1982). Case study 2: Venturia of pome fruits and
Monilinia of stone fruits. In: J. DEKKER and S.G. GEORGOPOULOS
(Editors), Fungicide resistance in crop protection. Pudoc, Wageningen,
pp. 195-206.

33. GODDRIE, P.D. (1980). Ervaringen in Nederland met schurftresistente
appelrassen. Fruitteelt 70: 232-235.

34. HANSEN, P. and ANDERSEN, K.K. (1985). Aeblesorter og
skurvmodtagelighed. Frugtavleren 14: 182-183.

35. HASSAN, S.A., BIGLER, F., BOGENSCHUTZ, H., BROWN, J.U., FIRTH, S.I.,
HUANG, P., LADIEU, M.S., NATON, E., OOMEN, P.J., OVERMEER, W.P.J.,
RIECKMANN, W., SAMS0E-PETERSEN, L., VIGGIANI, G., and ZON, A.Q. van
( 1983). Results of the second joint pesticide testing programme
by the IOBC/WPRS-working group 'Pesticides and Beneficial
Arthropods' . Z. Angew. Ent. 95: 151-158.

36. HEYE, C.C. and ANDREWS, J.H. (1983). Antagonism of Athelia bombacina
and Chaetomium globosum to the apple scab pathogen, Venturia
inaequalis. Phytopathology 73: 650-654.

37. HISLOP, E.C. and CLIFFORD, D.R. (1977). The control of apple mildew
with dormant-season sprays. Ann. Rep. Long Ashton Res. Stn for 1976:
177-182.

38. HUNTER, L.D., BLAKE, P.S. and SWAIT, A.A.J. (1982). The use of
fungicide-containing mixtures during the dormant season for safe and



effective apple powdery mildew eradication. J. Hort. Sei. 57: 289-294. 
39. HUTTON, K.E. (1954). Eradication of Venturia inaequalis (Cooke) Wint ..

Nature 174: 1017-1018.
40. HUTTON, K.E. and STONE, J.G. (1967). Further progress with urea for

apple scab control. Agrc. Gaz. N.S.W. 78: 304.
41. JAMES, J.R. and SUTTON, T.B. (1981). A model for predicting ascospore

maturation for Venturia inaequalis. Phytopathology 71: 228 (Abstract).
42. JEGER, M.J. and BUTT, D.J. (1983). The effects of weather during

perennation on epidemics of apple mildew and scab. EPPO Bull. 13:
79-85.

43. JEGER, M.J. and BUTT, D.J. (1984). Management of orchard diseases in
the United Kingdom. FAO Plant Prot. Bull 32: 61-66.

44. JEGER, M.J., SWAIT, A.A.J., and BUTT, D.J. (1982). Overwintering of
Venturia inaequalis, the causal agent of apple scab, on different
cultivars. Ann. Appl. Biol. 100: 91-98.

45. JONES, A.L., LILLEVIK, S.L., FISHER, P.D. and STEBBINS, T.C. (1980).
A microcomputer-based intrument to predict primary apple scab
infection periods. Plant Dis. 64: 69-72.

46. KEITT, G.W. and JONES, L.K. (1926). Studies of the epidemiology and
control of apple scab. Research Bull. Wis. Agric. Exp. Stn no 73, 104
pp.

47. KENNEL, W. (1972). Schadpilze als Objekte integrierter
Pflanzenschutzmassnahmen im Obstbau. Z. Pflanzenkrankh. Pflanzenschutz
79: 400-406.

48. KENNEL, W. and MOOSHERR, W. (1983). Kelchblatt-Schorf, eine gefährliche
aber wenig bekannte Erscheinungsform des Apfelschorfs. Obstbau 8:
470-472.

49. MacHARDY, W.E. (1979). A simple, quick technique for determining apple
scab infection periods. Plant Dis. Reptr 63: 199-204.

50. MacHARDY, W.E. and GADOURY, D.M. (1985). Forecasting the seasonal
maturation of ascospores of Venturia inaequalis. Phytopathology 75:
381-385.

51. MacHARDY, W.E. and JEGER, M.J. (1983). Integrating control measures for
the management of primary apple scab, Venturia inaequalis (Cke.) Wint. 
Prot. Ecol. 5: 103-125.

52. MASSIE, L.B. and SZKOLNIK, M. (1974). Prediction of ascospore maturity
of Venturia inaequalis utilizing cumulative degree-days. Proc. Am. 
Phytopathol. Soc. 1: 140 (Abstract).

53. McKAY, R. (1938). Conidia from infected bud-scales and adjacent wood as
a main source of primary infection with the apple scab fungus Venturia
inaequalis (Cooke) Wint .. Scient. Proc., R.D.S., 21: 623-640.

54. MILLS, W.D. ( 1944). Efficient use of sulfur dusts and sprays during
rain to control scab. N.Y. Agric. Exp. Stn Ext. Bull. no 630, 4 pp.

55. MITTERER, M., BAYER, H. and SCHINNER, F. (1981). Der Einfluss von
Fungiziden auf die mikrobielle Aktivität eines Bodens. Z. 
Pflanzenernaehr. Bodenk. 144: 463-471.

56. MOLLER, W.J. (1980). Effect of apple cultivar on Venturia inaequalis
ascospore emission in California. Plant Dis. 64: 930-931.

57. MOLNAR, J. (1971) Cleistothecia of the fungus Podosphaera leucotricha
(Ell. et Ev.) Salm. under the conditions of Czechoslovakia. Ceska
Mykologie 25: 211-218.

58. MOORE, M.H. (1958). The release of ascospores of apple scab by dew.
Plant Path. 7: 4-5.

59. MOORE, M.H. and BENNETT, M. (1967). Routine versus post-infection
sprays against apple scab on Cox's Orange Pippin. J. Hort. Sei. 42:



217 

367-376.
60. MORGAN, N.G. (1981). Minimizing pesticide waste in orchard spraying.

Outl. Agric. 10: 342-344.
61. Norton, R.A. (1981). Field susceptibility of apple cultivars to scab,

Venturia inaequalis, and powdery mildew, Podophaera leucotricha in a
cool, humid climate. Fruit Varieties Journal 35: 2-5.

62. OBERHOFER, H. and RAMOSER, K. (1965). Gezielte Schorfbekämpfung.
Erwerbsobstbau 7: 31-36.

63. OLIVIER, J.M. and LESPINASSE, Y. (1982). Resistance du pommier a la 
tavelure Venturia inaequalis (Cke.) Wint.: sources de resistance,
comportement du parasite, programme de selection. Cryptog., Mycol._
Tome 3: 361-375.

64. PREECE, T.F. (1961). Spraying practice and the control of apple scab on
Cox's Orange Pippin and Bramley's Seedling in England, 1958-60. Plant
Path. 10: 151-158.

65. PREECE, T.F. and SMITH, L.P. (1961). Apple scab infection weather in
England and Wales, 1956-1969. Plant Path. 10: 43-51.

66. REICH, H. (1968). Zwanzig Jahre Schorfbefall und Schorfbekämpfung.
Mitt. 0.V.R. Alten Landes 23: 360-365.

67. ROOSJE, G.S., BESEMER, A.F.H., MEIJNEKE, C.A.R. and POST, J.J. (1965).
Waarnemingen en onderzoek over appelmeeldauw in Nederland van 1953 tot
1963. Versl. Landbouwk. Onderz. no. 654, Pudoc, Wageningen, 154 pp. 

68. SCHEER, H.A.Th. van der (1978). Overwintering of the pathogen and 
rating of 'secondary mildew' in relation to susceptibility of apple 
varieties to Podosphaera leucotricha. Med. Fac. Landbouww. Rijksuniv.
Gent 43: 901-907.

69. SCHEER, H.A.Th. van der (1980). Threshold of economic injury for apple
powdery mildew and scab. In: A.K. Minks and P. Gruys (Editors),
Integrated control of insect pests in The Netherlands. Pudoc,
Wageningen, pp. 49-52.

70. SCHEER, H.A.Th. van der (1984). Het optreden van de eerste rijpe
ascosporen van schurft en de eerste infecteerbare delen van appel en
peer. Fruitteelt 74: 399-401.

71. SCHEER, H.A.Th. van der, DIEREN, J.P.A. van and WONDERGEM, H.J. (1980).
Mogelijkheden van de geleide bestrijding van ziekten bij appel.
Fruitteelt 70: 264-267.

72. SCHEER, H.A.Th. van der and WONDERGEM, H.J. (1982). Gewasbescherming
bij nieuwe appelrassen. Fruitteelt 72: 1316-1318.

73. SCHWABE, W.F.S. (1982). Wetting and temperature requirements for
infection of mature apples by Venturia inaequalis in South Africa. Ann.
Appl. Biol. 100: 415-423.

74. SCHWABE, W.F.S. (1982). Baycor, ein wirkzames Mittel zur Bekämpfung von
Venturia inaequalis nach der Apfelernte. Pflanzenschutz-Nachrichten
Bayer 35: 125-133.

75. SCHWABE, W.F.S., JONES, A.L. and JONKER, J.P. (1984). Changes in the
susceptibility of developing apple fruit to Venturia inaequalis.
Phytopathology 74: 118-121.

76. SCHWABE, W.F.S. and MATTHEE, F.N. (1972). Fusicladium: can urea
eradicate the primary infection source? Dec. Fr. Grower 22: 179-181.

77. SILBEREISEN, R. (1985). Schorfwiderstandsfähige Apfelsorten
- Zuchtziel und Wirklichkeit. Erwerbsobstbau 27: 5-13.

78. SMITH, F.D. and MacHARDY, W.E. (1984). The retention and redistribution
of captan on apple foliage. Phytopathology 74: 894-899.

79. SPOTTS, R.A. and CHEN, P.M. (1984). Cold hardiness and temperature
responses of healthy and mildew-infected terminal buds of apple during



218 

dormancy. Phytopathology 74: 542-544. 
80. SUTTON, T.B. and JONES, A.L. (1979). Analysis of factors affecting

dispersal of Podosphaera leucotricha conidia. Phytopathology 69:
380-383.

81. SUTTON, T.B. and UNRATH, C.R. (1984). Evaluation of the tree-row-volume
concept wich density adustments in relation to spray deposits in apple
orchards. Plant Dis. 68: 480-484.

82. SYS, S. and SOENEN, A. (1973). De regenbestendigheid van fungiciden in
de fruitteelt. Landbouwtijdschrift 26: 1293-1299.

83. SZKOLNIK, M. (1978). Techniques involved in greenhouse evaluation of
deciduous tree fruit fungicides. Ann. Rev. Phytopathol. 16: 103-129.

84. TOMMERLIN, J.R. and JONES, A.L. (1983). Effect of temperature and 
relative humidity on the latent period of Venturia inaequalis in apple 
leaves. Phytopathology 73: 51-54.

85. TOMMERLIN, J.R. and JONES, A.L. (1983). Development of apple scab on
fruit in the orchard and during cold storage. Plant Dis. 67: 147-150.

86. TRAPPE, J.M., MOLINA, R. and CASTELLANO, M. ( 1984). Reactions of
mycorrhizal fungi and mycorrhiza formation to pesticides. Ann. Rev.
Phytopathology 22: 331-359.

87. TSUYAMA, H., NAGAI, M. and AIZAWA, T. (1967). Germination of ascospores
of apple powdery mildew. J. Fac. Agric. Iwate Univ. 8: 235-244.

88. VERHEYDEN, C. (1980). Les effets secondaires des fungicides sur la 
qualite des fruits. Fruit Belge 48: 320-322.

89. VERHEYDEN, C. (1981). Curative control of apple scab (Venturia
inaequalis (Cke) Wint.). Med. Fac. Landbouww. Rijksuniv. Gent 46:
955-960.

90. VOJVODIC, D. (1970). (Studies an the effect of late autumn spraying an
perithecia production by Venturia inaequalis).

91. YODER, K.S. and KLOS, E.J. (1982). Effects of selected herbicides an
ascospore discharge of Venturia inaequalis. Can. J. Plant Sei. 62:
509-511.

92. ZOBRIST, L. and BOHNEN, K. (1963). Podosphaera leucotricha (Ell. et
Ev.) Salm. als Ursache von Fruchthautberostungen auf Aepfeln.
Phytopath. Z. l18: 292-297.



219 

(IOBC WOrking Group - Integrated Plant Protectian in Orcharos. 

VIIth S:YJliX)Sium, 1985. Thursday 29th August, 11.15 h) 

.MP.NAGEMENI' OF APPLE POIDERY MILDEW IN ENGLAND 

D.J. BU1"1'

East Malling Research Station, Maidstone, Kent, England 

Abstract 

When using pathCXJen management strategies, growers intervene 
with control measures cnly when a disease is above, or is eicpected to 
exceed, the econanic injury level (EIL) • If mildew can be regulated at 
this optimal level the econanic benefit of crop protectian is maximised. 
Results of an 8-year orchard study to detennine the EIL cf apple 
powdery mildew are given: the EIL for cv. Cox's Orange Pippin an M.9 
rootstock is estimated to be at er belav; a midsurrmer incidence of 10% 
mildewed leaves (secondary infection) an extensian shoots. CUltivars 
differed in damage threshold, in their reactian to mildew andin EIL. 
A rrethod for growers to assess the incidence of secondary mildew is 
described in detail. OVer 5 years, a decision-based strategy (super
vised control) against apple mildew was more effective and less 
expensive than routine fungicide schedules: problems and prospects 
are discussed. 
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ADVISING AND PRACTICE OF INTEGRATED PEST CONTROL 

IN APPLE ORCHARDS OF BADEN-WÜRTTEMBERG (SOUTH WEST GERMANY) 

P. GALLI
Landesanstalt für Pflanzenschutz Stuttgart 

Federal Republic of Germany 

Zusammenfassung 

Seit 1979 wird in Baden-Württemberg ein Programm zur groß
räumigen Einführung des integrierten Pflanzenschutzes in 
den Apfelanbau verwirklicht. 1 Wissenschaftler, 1 Tech
nische Assistentin sowie 4 Pflanzenschutzberater sind 
schwerpunktmäßig mit dieser Aufgabe betreut. 
Dazu werden in den Hauptobstanbaugebieten des Landes Aus
bildungs- und Beratungsveranstaltungen für Obstbauern 
durchgeführt. Derzeit bestehen an 35 Orten solche Arbeits
gruppen mit insgesamt 450 Teilnehmern, die eine Anbau
fläche von rund 1600 ha repräsentieren. Ergänzend wurden 
zur praktischen Demonstration des integrierten Pflanzen
schutzes 4 Musteranlagen eingerichtet, die zugleich der 
kontinuierlichen Datenerfassung dienen. 
Schließlich hat der Pflanzenschutzdienst Baden-Württemberg 
1985 eine "Richtlinie für den integrierten Pflanzenschutz 
im Apfelanbau" herausgegeben. Sie bildet fortan eine Grund
lage für die einheitliche Anwendung des integrierten Ver
fahrens in Beratung und Praxis in Südwestdeutschland. 

1. Introduction

In the Federal Republic of Germany about 26 000 ha are 
cultivated intensively with apples, 40 percent of which 
(10 300 ha) belong to Baden-Württemberg. In the early seven
ties, in this country the development of integrated control 
for apple growing had reached a state that allowed to offer 
it to the practice. In the course of 5 years, about 170 far
mers were trained in applying the new methods. However, being 
without further assistance after the training courses many 
of them failed and fell back to their former habit of spray
ing chemicals without respect to the need. Thus, although the 
integrated system was practised in several orchards, it could 
not be generally established in commercial fruit growing. 
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However, it had become manifest that integrated control 
to a great extent is depending on the close contact between 
farmers and skilled personnel. Therefore, when in 1979 the 
Ministry of Agriculture of Baden-Württemberg decided to 
promote the implementation of integrated apple production, 
4 special advisors have been charged with the task of intro
ducing this system into the practice on a large scale. The 
rnain duties of these advisors are: 
- to train and advise interested fruit growers,
- to build up model orchards for integrated control,
- to assist the regional warning service.
The Landesanstalt für Pflanzenschutz Stuttgart is ordered to
support the advisors and to care for planning resp. coordi
nation of activities. For this purpose, the institute was
enlarged by 1 scientist and 1 technical assistant.

2. Training and advisory sessions

The main task within this project is to instruct farmers 
how to practise integrated control. The way this happens de
pends on the different structural conditions of the apple 
growing areas, but always great importance is attached now 
to a regular contact to the farmers. For example, one of the 
advisors visits periodically, in intervals of 2 weeks, 10 se
lected orchards, in which the growers from the neighbourhood 
assernble to learn the various control methods and to discuss 
and solve the actual plant protection problems. 

At present, in 35 sites of Baden-Württemberg such com
bined training and advisory sessions take place with a total 
number of about 450 participants. With their approximately 
1600 ha they represent about 15 percent of commercial apple 
orchards. As the map shows, the whole country is covered 
with a net of training and advising centres (Fig.). 

In addition to this, advice and informations are given 
to several single farms, occasionally. In some regions trai
ning courses are offered during the winter period, too. Fur
thermore, the regional warning service pays increasing atten
tion to integrated plant protection. Therefore, a widespread 
dissemination and use of at least parts of integrated methods 
can be stated. 

Thanks to their close link to the advisors many farmers 
are now in a position to supervise their own orchards as de
monstrated at the meetings. Altogether, the organization of 
working groups of 5 to 10 farmers is to be considered as a 
backbone for the acceptance and extension of integrated con
trol, partly because of psychological reasons, partly deman
ded by the small capacity of special advisors available. 



Figure: Integrated pest management in apple orchards. 

Legend: 

Training and advising centres in Baden-Württemberg. 

(1984/85) 

11 Office of the advisor for integrated plant protection 

8 Training and advisi.ng centre 

... Model orchard for integrated control 
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3. Model orchards

For further instruction 4 model orchards for integrated 
control were built up, supervised by the special advisors. 
These apple orchards are thought to fulfil the following 
purposes: 
- Demonstration of the feasibility of integrated pest con

trol, particularly with respect to the demand on knowledge
or equipment and to the economic outcome (yields, costs,
quality of fruits);

- Possibility to collect relevant data continuously and com
prehensively, some of them supporting the warning service,
too;

- Information about principle and concept as well as about
details of integrated control for the public.

The main criteria for selection of these orchards were the 
size (2-5 ha); representativeness as to site, education 
system and cultivars; an economic fruit production (no ex
perimental orchard); interest and reliability of the farmer. 

In the meantime, numerous guided visits took place in 
these orchards and reports by press and television informed 
the public on general and special aspects of integrated pest 
management. 

4. The guideline

In order to unify the implementing of integrated apple 
production a guideline was published by the plant protection 
service of Baden-Württemberg in 1985. This guideline hence
forth will serve as an obligatory base for advising inte
grated control if demanded by fruit growers. lt consists of 
a general frame and several supplementary materials. Giving 
the outlines the frame deals with the following matters: 
- the necessity of supervising the apple orchard with the

help of suitable methods as well as the need of registering
the results and measures carried out;

- the importance of cultural measures such as fertilization,
thinning and pruning for preventing losses and increasing
fruit quality;

- the way to undertake the plant protection in the strict
sense, especially how to choose and apply chemicals.

The guideline will be completed by some technical in� 
structions, describing the various methods, means and mea
sures in detail. Also the recoannendation of acceptable pesti
cides, published every year, was defined as a supplementary 
component. These �epar�te supplements can easily be actua
lized without need to change the whole guideline. Further-



more, the IOBC publications on the subject were pointed out 
as important auxiliary instructions. 

The guideline has been worked out with respect to the 
recommendations of IOBC and to numerous comments by several 
specialists, organisations and farmers. This may promote the 
standardization of integrated control in advising and prac
tice as well as its approximation in the various fruit 
growing regions of Europe. 

S. Conclusion

Since the general feasibility of integrated pest con
trol is already a well demonstrated fact, our efforts have 
now to be directed on introducing this system into practice 
on a large scale. In Baden-Württemberg, we try to attain 
this aim with the help of a new advising concept, enabling 
us to tackle the problem of regular contacts between farmers 
and skilled advisors. The activity of a special staff, sup
ported by model orchards and a regional guideline, contri
buted considerably to the progress achieved in this country 
during the last 5 years. With this project a new phase of 
establishing integrated pest management in commercial fruit 
growing has begun in the South West of Germany. 
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CoMputer networks have several applications in integrated 
plant protection, First, the� can be used tc check that 
the rules are correctls applied and to give us statistical 
inforMation abaut the integrated control prcgraMMe, 
Ancther rather abvious use is for MatheMatical Modelling, 
Cannected with the MatheMatical Models is the use of 
coMputers to callect and analsze Meteorological data, Data 
bases on the pesticides are also useful, A nuMber cf other 
applications is discussed, The actual characteristics of 
the network will depend on the specific organization of 
the integrated plant protection prograMMe: soMe technical 
details are briefl� exaMined, There seeM to be several 
reasons for using coMputer networks, rather than big 
coMputers with terMinals, One of these is low cost, but 
it is not the onl� one; flexibilit� of application can be 
even More iMportant, Finall�, as we in Europe are just be
ginning to use coMputer networks in plant protection, a 
standardization cf the COMMunication protocols, of the 
t,;;chr,ic";l dE·tail;� of th<;, data b,,«r .. ,s, etc,, i",. still 
possible, lt is advisable that the IOBC/WPRS working group 
for integrated control in orchards er soMe other 
international scientific organization take care of this 
probleM, while still possible, ToMorrow Ma� be too late. 

l ,, Ir·, t r ·  n d_,_, c t :i .. o r, 

A well-known principle of the integrated productian 
technique is the use af ever� available Method to obtain a 
t· .. o F:· .... ·::i. ; __ , .::� 1 i t. ':3 p r od, .. 1c ·l', t [ v c-:·n :i. f 1_. .. J E· ]_ :i. M :i. t 01 .. 1 r in t. E• r E• =:-t �==· t.o t.;···1 (:.�· 
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The practical iMpleMentation of 

·:=;dM(-:•
t,h{.:+ .. 

in orchards (Whalon and Cr�ft, 
tiMe as the developMent of the 

could be p1aciicall� applled in pest 

control 
ci 1 MCJi,.t at 

cont„rol ( Cr;t:1: 

an� Cutierr 1081), Quite naturall� IPM p•ogrsMh0� graduall� 
nearporatcd saMc EDP (Elcctronic Data Processinu> and s�steMs 

f·i.r·::;·:·� : •. r-: + .. h !.l:·,-\.·1· .. ,::·::•.':r �;tz-tr:,�:� < TI·,:\ :i.�.:- ho�-.: c,_::,r,r;put.I��r-·· 
In Europe, where the 

10n of d1rr2ren� research fields was less caMMon (with 
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sor,;,=., <·:·�>�CE•pt:i.on��, t t·:·. <J + :i.n the i···�E·ti· .. 1(-�r ldnc1�:i. i :::c·�: Mirtk�::- d1·fc� Gru:::�::. t 
1980) people involved in integrated cont ol seldon used the 
s�steMs approach te pest ManageMent, 

Even if we do not use an� MatheMatical Models in our 
integrated plant protection prograMMes, sooner or later we will 
have to face the use of saMe EDP, Indeed, sMall prograMMes are 
often too costls, if coMpared to the traditional techniques; 
even if their budget is flourishing, we alwass hope that the 
integrated techniques will becoMe as widel� diffused as 
possible. In our experience (Briolini, 1982) as soon as the 
nuMber of the invalved farMs is More than 100-200 1 soMe 
electronic data processing becoMes advisable, lf a centralized 
control af what happens is lacking, ever� extension officer 
will appl� his personal conceptions, In ltal�, we found 1:2 
differences in the nuMber of the cheMical treatMents, in siMi
lar environMents (Briolini, unpublished data). On the other 
hand, a Manual contral has prohibitive casts, when applied to 
thousands of farMs, 

CaMputers can help us ver� Much in the developMent and the 
ManageMent of integrated plant protection prograMMes- Here 
is a list of exaMples, althaugh far froM coMplete, 

stat :i. ,;t:i.ca l treatMent of data, 
validaticn of MatheMatical Models. 
SiMulation and siMulation gaMes (training). 

dic;vf; 1 op M1=;nt anr:.I 

- Practical use of the MatheMatical Models, forecasting, advice
on protection Measures,

- Data base ManageMent (bialagical, Meteorol.agical, econoMical 
data, inforMation about pesticides, etc,; see Brown et Al., 
l,:r':30)� 
AutoMatic productian cf reports, 
(Croft et Al., 1976) 

E-f..lM�·,ar i t':'S �

- OptiMizaticn of resources use (saMpling scheduling, traveling
reut.es; see Croft et Al,,1979),
InstruMent control applications (e.g, autoMated Meteoralogi
cal stationsl see Ha�nes et Al,, 1973),

More specificall�, a coMputer network can give us soMe 
further advantages, naMel�! 

D �::: t�::: :i. np u t :i. �::. a l hl a ';:j s:. a i .. '1d _j or p rot:, 1 i:::�·i' .. , t i r, t.i::-:• r 1�l;:� of 1'.- :i J'-'1(�-! -::�p ,;::.· r, t. 
in actuall� entering the data, dela� between scouting and 
availabilit� (turn-around tiMel and input error rate (Brown 
et Al., 1980), A network can draMaticall� reduce both �he 
dela�s an0 the error rates, as ever� supervisor or 
extension agent will have ta input onl� a liMited ?Mount af 
datat· 
The output (reports, SUMMaries, forecasting, 
a(.°ivic-t�) v.Ji11 a:!,so t:it·:· s;pf:•(::.,ci��·d up,.. '!ElEct.r-r::nic· 1'""idil 11 

MS� be ver� useful, 
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networks are even More useful :in :i. nt(-::•str a t.(-:�d 

�·oduction prograMMes, Besides the listed perforMances, which 
�r quitF general ur uncern Just plant protection, a lot of 
cther features can be ohtained, such as inforMation about evers 
agricultural prsctice, froM fertilization and pruning to 
irrigation and book-keeping, Though such a highl� integrated 

�teM is still far froM feasibile in Most European countries, 
it should be considePed as a final achie•eMent. Dur s�steMs 

ould be designed with that aiM in Mind, For exaMple, in Ital� 
coMputer network-based integrated prcduction prograMMe could 

provide a reMed� for the severe lack of a publ:ic extens:ion 
service and rescue plant protection froM the hands of -the 
1.::·h0�v1 i ce l 
t i C)n�:. , .  

coMpanies or other econcMicall� interested organiza-

3, lr'!E.l.r,r�f,,r,tat i on o.f _co,'1.1: ut,.t;r _ a i d.ed IPM; _ SCi)'i_f; _ T' r;M;;ir k s. 

In the United States, the developMent cf coMputer-based 
IPM began More than ten �ears ago (Croft et Al,,1979; Getz and 
Gutierrez, 19821 Welch, 1984), A well known exaMple :is the 
PMEX s�steM, developed at Michigan Stste Universits CCroft et 
Al., 19761 Gage et Al,, 19821 Croft and Knight, 1983), PMEX, or 
Pest ManageMent Executive S�steM, accesses the therMal SUMS 
observed in 61 weather statians, a scheduling s�steM <BIOSCHED) 
based both on biological data files and on a pest event 
estiMstor using curve-fitting techniques (PETE) and after soMe 
processing outputs, b� request of the extension officers, 
ph0nological and weather tables, pest alert tables, phenologi
cal Maps etc, PMEX has the advantage cf being extensible to 
crop and resource ManageMent as well, On the other hand, :in the 
authoritative opinion of Croft et Al, (1979), it is a centra
lized sssteM, based on a single coMputer, larger than neededl 
that involves a reduced reliabilit� and availabilit�, 2s well 
as vers high COMMunication costs, Toda� a hierarchicall�
distributed s�steM would probabl� be More �uitable, 

In Europe, it would be difficult (though advisablel to set 
up a single coMMOn prograMMe, In fact, jlMost ever� countrs 
has developed local prograMMes of integrated production/protec
tian, which vars according to the different local ccnditions, 
Nevertheless, we shauld at least use coMpatible s�steMs, The 
Mcat desirable featur2 would be software CDMPatibilits, 
hawever difficult to achieve; at least. it should be possible 
for overs s�sten to have access to the data bases of an� other 
s�steM, Again, hierarchicall�-distributed s�steM, with a 
E, _i r- o p (·::· ar-1 c (:f.·n·t r- �:� l pro c E• ::-) �==-in\:.� uni t� t r,t:� t. :i. n r-1.::$ J p r n c �:� f:-�-o r E ��nd 

1 l0heral device would be the optiMuM, Even the software 
u 1 i::: :::i: ... :· h i (��rar c{ i :i. c :::: 11 �:� or q.��ri i :z:1::!·�:; ( Cr oft l7�t. t\]. -i. � :l 979) t 1.,,1 i th 
�oral advantages, 
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coMputerized data transMission, Therefore, an eleMent:r review 
D f t h (·:-:, 1.) d �::. :i. C p r i r-i C :i. p J f) s 1"'1 .i::: 'j L1 (-:-:• u ·::;. t:- :· f u l ·f () ·: .. · i ... 1 (:' ·:::. t. p ;:·, ,:::, p 1 ,:-:-� C) j ; C { -:-:• r n (? (.i
with plant protection prograMMos, More details can 
t.hi:-:-:· t(��chn :i. c.:;:: 1 1 :i. tc� r dt.ur e·; :i. rt It. a l ::; ;- C J 1..1c!. ::�i'"t-�:-nn 
Saccardi (1983) give esa�-to-understand reviews 
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InforMation can be exchanged between coMputers b� several 
ph�sical Means, froM capper wires tc satellite links, Here we 
will take into consideration the onl� practical wa� for our 
purposes, i,e, the use of telephone lines. The first chojce is 
between public (switched) lines and private (dedicated) lines, 
Private lines are far Mare castl�, but perMit Much higher 
transMissian speed. Their use is Justified anl� if the aMaunt 
cf data to be exchanged is so big 
is coMparable with the cast af 
protection netwarks, a switched 
nirint ;,;olut:i.on, 

that the cost cf a phone call 
private line, In Mast plant 
line will be the Most oonve-

The frequenc� of the signals that can be sent alang 
phane line has well-defined liMits, lt should be between 300 
and 3400 Hz: an� coMponent be�ond these liMits will be cut off 
b� the channel filters, Therefare, the binar� inforMation we 
want to send has to be converted into acoustic signals and 
these have to be converted back 
end cf the line: this task is 
(acausticall� connected to the 
telephone set) er b� ModeMs, 
phone line, A useful feature 
dialling capacit�; otherwise, 

to logic signals at the other 
perforMed b� acoustic oouplers 
Microphone and earpiece of the 
electricall� connected to the 
of the ModeM can be the auto-

autodiallers can be added as 
the s�steM will be able to call 

an� other unit autoMaticall�, The advantages will be savings in 
operator's tiMe, in telephone costs Ce,g, calling during the 
nightl and in Main unit coMplexits (optiMizing the access 
t.:i.M(:.·!S) ·} 

The transMission speed is usualls Measured in Baud (Bits 
per seccnd; one character is usuall� 7 or 8 bitsl, The Baud 
rates actuall� available are 300 and 600 Cfor tiMe sharing and 
data entr� applications>, 1200 and 2100 (for file transMission 
on ·:::.l:..' i tchc·:�(:i 1 :i. nf.-:··:::. or· r,11..11 t. :i. p ('.:! :i.1·1t. con1„1\-:-:·ct i on�:� on dt-:·d :i. ca t.c-_•J.-:i
lines); Baud rates aver 2400 are usable onl� on dedicated 
] i r1a:-::, -::; � 
( onf:• 

To give a practioal 
line) will be sent in 

Sending full page C56 lines) will lake about 2 Minutes, Not Q 

\.' (:) f· ·3 F' -. C .: L. j,: ·1 i._� �:; p F.• (-:�· d �- ;�:, : .. i t.. :i. f· ·1:, h e,:, .:::: 1'· .. 1 ;:-; U n t- 0 f :i. r:-[-' Dr i0 ··1 -�:: t :( C; l""I -1_-_. h �'.lt h d !:;.
lo be exchangod is contained wit�in 2 pages, the tiMes ana 
casts invulved will be reasonabl� law: this is the case in Most 
plant protection netwarks, 

Once the hardware details have been defined, we still need 
tc:i ·f]. ::-� .::� 11 t r ar1":::.iv, :i. �:�s :i. C)l"'I p r i:::itnco l 11 t:.°1f)f or f-� t,�'E·! car-, o;:$ctua 11 �:) 1::.·>�ch.::�n···· 
.:_:_:: ,::� in ·f o r- i·,·1 d t i c n l.'."i t:-:· -1:., l---J t-:-! E· n c o i"·t p u-1: .. r:-:-:· r- �:: + Ir·, c:i t h i:.:-� r 1.,._1 Dr •-.:i ·::;. t t-·-J r-! h a '-/ f.-! t c 
i.Ji:-? ·f in(·? �::-oi·i1(-::; �:; :i. iJn.�; 1 ��� ( c:ir 1' c or·,t r n 1 chdr �=3 c tc:.·r· ·::� 11 

'.;: c:·i"ii:::r-ac -\:..c-.·-r �::. 1,-,1h :i c:-h 
are not printed and which carrs inforMatian to the coMputer, 
"t �::: t. h ,;:-: T" -1:, h .;:� i'"! t. 0 t. h (·:-� 1..1 �:; E• "i' ) i ]. i \.:. {-:-.• �;;. +. ·==� r t .;::: r-, 0 (-:-; ! i r:i D f t i.-:-:• ::-:: t. i' i::.-:1 t C ,. l.) E• f �-;
:i. MP or t,::::r:t. f·c:at.ur f::�s o-f· t,h(:.• p r· eituc·o 1 ;:�r <�! t .. hi:·':) (·:-:,r r c:ir r c·cc· ./t.-:-:·r ·::� 
proceaur0 Phone lines, and especialls switched lines, are 

take prc auticns, �-J :i. J J (.� i f··f (-::•r "i:. C 
extent fr�M the transMitted tex'. 
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i.:_:·.::�1· 1i„ 1ol i".'.'(·:·� r E·1:.i1..1cf!d to :t E• r o Y i t c an t-:it .. � l 01 .. -.,c7�r <-:�d tc) a fair 1 �:f to l {·:-�···· 

rahle lPvcJ. The price ta PB� is e reduced trensMissicn speedl 

n i:.:i 'i' i::. -:· �:� !"'1c\ v,o r -::..:· r· �7�'.°Juc t-:-:· d d ::. t hc:.� 1 :i. r: (·.' .nu :i. �::.f-� :i. nc r e a �:; E· �� arici a s. thc::) 

Usuell�, two �.inds of transMission protocols are definedl 

8CP (B�te Contrcl Protccclsl and BOP (Bit Oriented Prctccols), 

h!f:.' t.-.1 i 11 nu·i:. d :i. �::.c:1 .. ;�;:. ::� t,ht:�r·, in cir:·p t.;··,, a-=.:� <.:�uch <3 d :i. scu'.:;s :i. on wou 1 d 

be fa1 be�ond the scope cf this paper, However, as far as the 

error recover� techniques are concerned, it can be useful to 

l-·.ric,1,.,.1 th:3t. E:CP�::. u�:;e a 11 S\::"nd· .. ·c�nci-···wa:i.t
11 procedur<-:1: :i .• (:?. aft.(�r t�ach

Message the transMitting device waits for a receiver's acknow

ledge, before sending a new one, The bad Messages will be 

repeated until a posive acknawledge, Depending an the line 

noise, this technique can reduce the speed to 30-50% of the 

r1oi1 :i ria l � 

With BOPs the Messages are continuousl� sent, without 

waiting far the acknowledge, The receiver asks for e new 

transMission of the wrang Messages, that will be sent again, 

This procedure results in an appreciabl� higher speed, 

Ever� kind cf data-crunching devices have been used in 

integrated control prograMMes: MainfraMe coMputers, MinicoMpu

ters, MicrocoMputers and portable terMinals, Even prograMMes 

for packet prograMMable calculators are available (Croft et 

Al,,1979), However, it Must be clear that the above-Mentioned 

terMinalogs is not at all well-defined, The phssical diMensions 

and the cost deterMine the allatMent to ane or another class, 

In fact, we can state that big coMputers are hardl� needed in 

IPM prograMMes or, better, that the� can be used when alread� 

av,:d lablP; Minis arp used as central processing and storing 

units, Micros (personal er desktop coMputers) can be used as 

peripheral units; portable terMinals could be useful in the 

field, as the� eliMinate the need for written notes, that 

subsequent}� have tc be tsped at the terMinal, but their cost 

still prevents a wider use (Brcwn et Al,, 1980; Welch,1981). 

As for the peripheral devices, Micrcs have coMe into 

coMMun use, instead cf terMinals, The availabilits of local 

intelligence and storage capabilit� cuts down the phone costs 

and eliMinates Man� bottlenecks caused bs overcrowding and 

functionalit� of thP central unit, 

The prices cf personal coMputers are now reall� ver� low, 

While saving Mone� is alwa�s a good idea, it Must be kept in 

Mind that even in sMall s�steMs the cost of the coMputer itself 

is rather law, coMrared to that of the peripherals, Therefore, 

saving toc Much on the price cf the coMputer is not 

wise decision, In the present situation andin the 

orinion, a suitabl2 peripheral device should have the 

···: :� ! .. ! :i. ·'11J M r f:� q u i r t:·� i .... 1 ,: .. ) n t ·::: <t" 

MeMor�: 61 KBste; 

o;s�lssl zq ltnes of SO characters; 

C51:, ii·.r· �::: i... :in J �: ::�·::: tt-:-:i· ... , Z CF /M .::)r· M3/DO:::; i: 

(;�]. W?.':1�:; B 

l.Jl' i lE•r ';; 

fol lowin<�l 

:nterfa:es: serial <RS-232' and rarallel (Input-Output), 
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A wide availabilits of reliable software and a good and 
quick Maintenance servic2 Must also be conside1ed, A lot of 
low-cost units on the Market Meet those requireMonts and the 
streng coMpetition Makes thoM all vers siMilar to e3oh othor, 

Dr-,e.. .:::: �:�p f!.•C t th (;> t T· (-'.-� Ci. lJ :i. f' (·?.•·:::. C .�� f' �:.:• f' 1 •. 1 l E• '../ �=� l U ,::;-t. :i_ Ü f"! J ·::; +..i···! E· j°" () ·:;; �:� i. ..
b i 1 i t�) of C! i r t�:ct l �> i„1E:i�:·��ur :i. r,c.:.� ·::: . .:::ir-·11::.• <·1(•t(·?D·-·c 1 :i. M��t :i. c· p ar �:n-,-ie:-:•tf:!\� �:;. �
TeMp er atur e, rainfall, presenoe of water, relative huMidit�, 
solar radiation oan be Measured with siMplo and generall� oheap 
transducers, (DoraiswaMs, 1982) then oonverted inta usual units 
and prooessed, Virtuall� an� coMputor or Microprocessor s�stoM 
can da the Job, with the help of an analog to digital converter 
and a Multiplexer, Three different Methods could be followed: 

1, usinq 
biolo•.:.iic;;l 

a single device (personal coMputer) to 
data, coMMunicate with the Main coMputer, 

results and read and process the Meteo-cliMatic data; 

input the 
output thE-i 

2, using o second (possibls siMpler and cheaper) personal 
coMputer ta Measure ahd store the Meteo-cliMatic paraMetersl 
3, using a siMple Microprocessor s�steM to do the saMe Job, 

The first choice has the advantage of a low price: cm tht, 
other hand, it involves software coMplications, such as reading 
the Meteo data with Machine-language routines, called b9 inter
rupt at fixed intervals, The routines would be Machine-depen
dant and would have to be rewritten for each coMputer Model, 
The choice between the second and the third alternative can 
onls be Made on the basis of Marketing consideratiohs, Briefl�, 
using a PC the hardware is More costl9, but the software and 
developMent costs will be Much lower; the opposite is true 
using a Microprocessor s�steM, If the nuMber of the units to be 
sold is high enough, the developMent and software costs (fixed 
costs) will not heavil9 affect the final price, A further 
drawback cf a Microprocessor s�steM is that an� change in the 
software will be far More difficult and tiMe-consuMing than 
w:ith a i::·c. 

Finalls, the sex traps, widel� used for MDnitoring purpo
ses, can prcbabl� be connected to such s�steMs, thus 
eliM:inating the need for continuous inspect:i on, In Ital�, we 
are developing suitable devices, 

Though in the United States coMputer networ�s are father 
widel� used in IPM prograMMes, in Eurcpe we are Just at the 
beginning, Much researrh and econaMic effort can be saved if wo 
are ablo to arhieve a standardiz;;tion of our hardware and 
saftware taols, as well as a co-ordinate division of the work, 
Pride is a valuahle sentiMent, but nbt in this case. Hhat 
shi:::iul(:i 1, .. 1(·::, do to opt:i.!.,..1:i.:;.::E· ou·i� c?ff·ort? For <:·:·::<i:�MPli.::-'.·t tl·1E• 
f D 11 C)iA! i 1··:t] •} 

J. y Def:ine a t�pical iMpleMentation: 
IF'M P r C ,:3 r- ��- 1· ··: , !t f:• �;:. h .:::: V C C) i ·f f· i::!.' f· F:i f"! t. h .::� f' (.) '_,._i �:� !"' i;.:.:, 

hore 0·1· }i::!s·��� co1v:p1 ic.::�+ ... t_;ci 
c· :.-::·q u i r c-:·ivti:?rit. �:; ,.

�z„ Bt.::$i„1(1�3r-.-::i.i.:z:P ·Lh(� i:::·ci··1r1un:i.c�:�t:!.ori prc,t.ocu:i.�:; {' T:'"·1i·::; :_.;:�11 P\�f'i,/i:i.-1.:, ar; 
t.-:• �-:: c h an iJ i:::· o f �:� u f· t 1; i er •::-� :;:: !'"1 i::t C! :: t a i"::, (··:· t. hi i.�:, t:::· r: i:.i :i. f f' f:· r· t::· n t. :i. ri �:> t .  i ·Lu t i u n ·::: 
an...-:: r:'."!.i.·Vfc,rt-:·:•r-! (:�ourjt.r·:i.(·?·::)-� If 1,\1c c)i�:-i·, t. ,_j; __ :: �:o ir1i":f:!!.:i:i . .;;l:..�a1·:3}· i:-:\ .. ·i:·?···· 
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r�one will develop his own standard; ccMMon procedures will 
becone diffjcult er even iMpcssible to define, 
3, Develop general-purpose, user-friendls, structured software, 
The Machine-dependant functions, such as g�aphics and Mass
sto�age operations can be written as subroutines, which onls 
h0ve to be changed for different coMputer Models, 
4, SiMPlS use, or adapt as far as possible, the available 
software, A surve� of the available software could save us Much 
tiMc waste and avoid us a lot cf difficulties, 
5, Define our requireMents in terMs of Meteo-cliMatic paraMe
ters and develop a cheap unit that can be interfaced to diffe
r,,-,r;t pc-;r;sonal CCii"lP• . .1ters., If faced .,it the European li;;vel, tri!.� 
task could be profitable, 

Much More could be said, but here I want to eMphasize once 
again that this is the right MOMent to co-ordinate our werk. At 
the beginning of integrated control in Europe, a streng ideolo
gical involveMent generated a lot of valuable coMMon scientific 
werk, Will we be able to repeat that perforMance again? I hope 
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RESUME 

LES RESEAUX D'ORDINATEURS ELECTRONIQUES DANS LA LUTTE INTEGREE 

Les reseaux d'ordinateurs ont plusieures applications dans la 
protection integree des cultures. En premier lieu, on peut les 
utiliser aussi bien pour controler que les principes sont appliques 
correctement, aussi bien que pour obtenir des informations sta
tistiques sur la realisation du programme. Un emploi tres bien connu 
est celui des modeles mathematiques, �ui en general comporte aussi 
la recolte et l'analyse de donnees meteorologiques. Les banques de 
donnees sur les pesticides sont aussi tres utiles. On discute 
egalement un certain nanbre d'autres applications. Les caracteristiques 
particulieres du reseau sont fonction de l'organisation specifique 
du programme de protection integree: quelques details techniques 
sont examines et discutes. Il y a plusieures raisons qui militent 
enfaveur de l'adoption de reseaux d' ordinateurs, plutot que des 
grands ordinateurs centralises, avec terminaux. Une raison en est 
le coOt plus bas, mais surtant une plus grande flexibilite d'emploi. 
Enfin, etant donne qu'en Europe l'emploi de l'ordinateur elec-
tronique dans la protection des cultures fait ses premiers pas, 
une unification des protocoles de communication, des details 
techniques des banques de donnees, etc., est encore possible. 
On souhaite que le groupe de travail "Lutte integree en vergers" 
de l'OILB ou quelque autre organisation scientifique internationale 
se charge de cette tiche, tandis qu'il en est encore tPmps� 
Demain il sera peutetre trop tard. 
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PEST FORECASTING IN APPLE ORCHARDS. 

P.J.M.MOLS. 

Department of Entomology, the Agricultural University, Binnenhaven 7, 6700 
EH Wageningen, the Netherlands. 

Abstract. 
Accurate timing of sampling and pesticide application requires 
knowledge of the phenology of the pest concerned. Information on the 
phenology can be obtained by laboratory research on breaking of 
diapause, development thresholds and rates in relation to 
temperatures. 
When this information is compiled into a simulation model it provides 
a powerful technique for predicting when a suceptible stage is present 
in the field. The models may vary from simple temperature sums, where 
only linear relationships are involved, to sophisticated population 
models which mostly go far beyond the requirements and the practical 
needs of the fruit grower and may only be of academic interest. 
Monitoring flight, or early field sampling to establish the age 
structure may be needed as a "biofix" to tune up the model and for 
checking the validity of the model from year to year. 
Implementation of these models on micro computers in a user-friendly 
wa;1 will bring these techniques within the reach of fruit growers. 
When such a system is offered in conjunction with a complete 
protection and management system it will be of great advantage and 
usefulness to growers. 

Introduction. 

Refering to forecasting th.ree simple questions have to be answered: 
Why forecasting? What to be forecasted? How to forecast it? 

If a fruit grower, or any other farmer, could predict future crop growth, 
pest and disease attacks and marked prices etc.he would make sound 
decisions for the managment of his farm. 

Whilst a direct view into the future is hardly possible he can only 
rely on his own experience and knowledge and on his advising extension 
officers for information and advice about the characteristics of his farm 
i.e.soil conditions, type of crop, pests and diseases and the weather
conditions

With this knowledge forecasts within limits of probability can be made 
using historical and prevailing events. 

Forecasting of pests and diseases optimises control and reduces the 
risks of damage, labour costs and pesticides. 

Objectives for forecasting. 
For forecasting the main determinants are the biology of the noxious 

organism, the weather (both before and during the period of the potential 
epidemic) and the crop itself, including growth potential and its 
ecological environment (Hull and Dunning, 1980) . In apple growing one has 
to deal with many noxious organisms which occur in the trees or in the 
neighbouring herbage almost throughout the year. 
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Thus there are no host-free periods in contrast to annual cropping. This 
implies that infections may orginate both from internal and from external 
sources. 
This means that the environment of the orchard may play an important role 
in the type of pests and diseases that occur and the severity of their 
attacks. Local differences also occur in weather and soil conditions and in 
the apple varieties planted. Therefore field specificity must be 
incorporated in the crop protection system of the orchard. In this way an 
appropriate forecasting system may form a cornerstone of sound management. 

The relevance of a specific pest insect for the development of a 
forecasting model depends on certain characteristics of the species. For 
instance the type of' injury ( injury directly to the fruit or only to the 
leaves) or the behaviour ( leaf rolling, webbing, boring etc.). lt also 
depends on the economic thresholds, the labour costs to estimate the 
numbers of the pest in the field and the control methods used, since the 
type of insecticide determines the level of accuracy for the timing of a 
spray application. 

How to forecast. 
Forecasting of a biological event can be based on the recognition of a 

regular occurrence as well as on the underlying relations causing it. In 
the latter case these relations explain the regularity. 

For practical use it is often irrelevant whether the forecast is based 
on such explanatory relations or on straight forward correlations. The most 
important requirement is reliability. 

Types of forecasting. 

Two principal types of forecasting may be distinguished: 
A) Phenological forecasting and B) Population forecasting. The first type
is not concerned with the absolute numbers of a pest but only with its
relative occurrence. The time of the presence of the different stages
throughout the year is the subject of the forecast. This type of
forecasting is ver-y useful for determining the right time for sampling and
for spray application of a susceptable stage of the pest and also in
optimisation procedures for pest complexes.

Phenological forecasting is sufficient alone when the threshold of a 
pest species is very low (i.e. primary damage), and may greatly reduce 
sampling labour. 
Population forecasting deals with the changes in the population size 
throughout the season or over the years. This type of forecasting is 
valuable when pest species which can be tolerated in higher nurnbers ( i.e. 
secondary damagers) are involved. It may be used to predict when the 
economic threshold is exceeded. 

Phenological forecasting. 
Stating that a biological event will happen every year around a 

specific date is the most simple forecasting method used in fruitgrowing. 
In some cases this method is accurate enough but it may lead to wrong 
decisions. 

An example is the appearence of the green capsid bug Lygocoris 
pabulinus L. The efY!J3 of this species overwinter under the bark of young 
shoots and hatch every year in the Netherlands around a specific date with 
a standard deviation of approx. one week (table 1 .) measured over a period 
of 10 years 
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Table 1. The first capture dates of 11 larvae of Lygocoris pabulinus L. in 
the field for different regios in the Netherlands, observed over a period 
of 1 0 years ( 1975-1984) . ( Information extracted from the fenological 
leaflets of the Plantenziektenkundige Dienst Wageningen). 

Region 
Day number 
sd 
range 

Texel 
135 
4 

129-138

N-Holland
129
6 

119-135

Polders 
126 
8 

112-133

Betuwe 
115 

8 

106-129

Zeeland 
115 

8 

105-134

In the North the ef!RJ3 hatch later in comparison to the Central and the 
Southern region but the deviation remains almost the same for all places. 
Although the deviation over the years seems rather small it is not accurate 
enough for forecasting as the susceptible stage of the apple to damage is 
also very short. The coincidensce of larval appearence and the susceptible 
apple growth stage (7-10 mm. fruitlet diameter) has to be predicted 
accurately to avoid damage. If the forcast deviates from the real 
appaerence by a week the damage may be done already, or a spray may have 
been applied too early. 

The method of forecasting most used is combining biological events of 
the pests with the fenological development of specific varieties of apple. 
The time-temperature relationship of the development of the pest is then in 
tune with that of the apple. The phenological table for apple of Fleckinger 
is a useful tool for this. The symphenological relationship between a pest 
and a specific herb, bush or tree species may also be an easy method for 
forecasting a phenomenon. Unruh (1974) observed that in spring fruit tree 
red spider mite eggs begin to hatch when a certain variety of morello 
cherry is flowering. 

Indirect methods rnake use of the relationship between the temperature 
and the development rate of the pest. Temperature is the meteorological 
parameter most commonly used in pest forecasting schemes. This is because 
temperature is easy to measure and it exerts a dominant influence on the 
development of poikilothermic orga.nisms. A number of empirical solutions 
have been developed for modelling insect development ranging from simple 
models based on the accumulation of "heat units" or "effective 
temperatures" above a predetermined threshold i.e. the Blunck-Bodenheimer 
formula (Blunck, 1914, 1923; Bodenheimer, 1925) to more complex models 
which require the use of a computer. 

Both linear and non linear equations have been used to describe the 
relationship between temperature and the rate of development. The linear 
method assumes that the rate of development is proportional to the heat 
input above a predetermined base. 

r=a+bT 
r= the rate of development. 
T= the temperature. 
a= -(development threshold / temperature sum) 
b= the reciprocal of the temperature sum needed for the complete 
development of a stage (1/temperature sum) 
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However, most of the relations are less linear around the development 
threshold and level off at the higher temperatures. Here non-linear 
equations often fit the data better (Davidson, 1944; Stinner et. al., 
1974). A logistic equation ma.y then be used. 

r = K/(1+exp(a-bT) 

K= maximum rate of development. 
a and bare constants. 

The development of codling moth larvae has been described in this way ( 
Sokolowsky, 1979). The post diapause development of winter moth eggs can be 
described also by a logistic curve (Ernbree, 1970).The disadvantage of this 
model is that it is symmetric about an optimum which is often unrealistic 
and that the development rate does not decline after reaching its rna.ximum. 
For this reason Logan et al.(1976) derived a deductive non-linear equation 
to estima.te development rates. They have separated the relationship between 
temperature and development rate in two phases. Phase I, characterized by a 
monotone increasing slope, is used to describe behaviour from a base up to 
the optimum temperature. Phase II occurs once the optimum temperature has 
been exceeded and is charcterized by a precipitous decline in rate until 
the lethal ma.ximum temperature is reached. 

r=y[exp(pT)-exp(pTm-t)] 

y=the development rate at the base temperature above the development 
threshold. 
T=temperature. 
Tm=ma.ximum temperature. 
p=rate of increase up to the optimum temperature. 
t=(Tm-T)/dT. 

This equation shows a decrease in the development rate when the temperature 
exceeds the value of the ma.ximum development rate. To account for the 
sigmoid relation often found in phase I the formula is transformed into: 

-1

r =a[(1+Kexp(-pT))-exp(-t)] 

a, k and p are constants to be estimated with help of a computer. 

K'------7. /,,, 
v _, 

A 

/ 

Temperoture 

B 

Temperature 
10 Tm 0 

Temperature 

Fig.1 Models for the developmental rate as a function of temperature, 
A(1) linear, A(2) logistic, B Logan curve (Logan et al.1976), 
C polynomial. 
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The most generalised equation of the temperature development rate 
relationship is a polynomial (Harcourt and Yee, 1982). Since insect 
development rates follow the logistic curve, which is relatively straight 
along its central portion and curves at its extremes, a polynomial of the 
third order is implied. 

2 3 
r=a +a t +a t +a t 

0 1 2 3 

The advantages of using a polynomial are: Firstly, parameters are easy 
to estimate with a hand calculator. Secondly, if desired a confidence 
interval can be determined for each parameter, since multiple linear 
regression uses a linear least squares fit. Thirdly, the fit of the 
polynomial can be readily improved by the addition of higher order terms. 
Fourthly, the polynomial is not necessarly symmetrical about an optimum 
like the logistic equation. 

Distribution processes. 
To take into account the flow of the individual insects from one 

development stage to the next, distributed-delay processes are used. In 
most models, the relationship of the variance to the average duration of 
the development is used to mimic the distribution.(Manetsch, 1976,de Wit & 
Goudriaan, 1976) 

Population models. 
The progression from simple fenology forecasting models to complete 

population-density models may be viewed simply as a series of improvements 
in the faculties of the time-distribution processes. Factors like 
reproduction, mortality, predatory-prey or parasite-host relationsships rnay 
be incorporated. These make the models so specific sometimes that they can 
only be used for special purposes, thu.s lacking generality. They may be 
very useful in illucidating processes and interactions and for showing the 
way ahead for further research ( Brown et aL 1 978; Rabbinge, 1 976, 
Sabelis, 1982;). But integration into a pest management system is often far 
beyond the scope of these models arid their designers. If intended, they may 
be useful for predicting when the economic threshold is exceeded in 
certain weather conditions and in the presence of predators and parasites. 

Ratios of numbers of predators or parasites to prey to prevent 
outbreaks of a pest may be calculated. This infocmation may serve as a 
guideline for sampling procedures. 

Both linear and curvelinear models have proven accurate in fenological 
forecasting, especially models which employ observations on one active 
growth stage to predict some future growth stage. For instance the 
calculation of embryonic development of the ef!J!ß of Adoxophyes orana (Minks 
& de Jong,1975; de Jong, 1980) following the beginning of the first flight. 
The same procedure has been carried out with codling moth (Riedl et al. 
1976) and gives appropriate estimates. 

Models starting from the break of dormancy have been developed for 
A.orana. Fluckiger and Benz (1982) developed a population model for the
summer fruit tortrix. For a.nalysis of the flight phenology this population
model is simplified by Ba.umgaertner and Charmillot (1983),

The model of Fluckiger and Benz is also used as a starting point of a 
model to time the application of the growch regulator fenoxicarb against 
the last larval stage of A.oraria (de Reede, 1985). A simular model has been 
also constructed for Pandemis heperana. 
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In the Netherlands fenological models which are still in the process 
of development and implementation include Winter moth (Operophtera 
brwnata), the leaf roller Archips rosana, the clouded drab moth (Orthosia 
incerta) and the green capsid bug (Lygocoris pabulinus). 

Problems in forecasting. 

There are also some problems which inhibit the general use of these 
models, which are difficult to solve without further research as discussed 
below. 

Starting date. 
Many models of potential value lack information about the beginning of 

development after dormancy. Thus, it is common practice to select arbitrary 
dates, often 1 January, February or March, on which to start the 
development model. If 1 of March is used for instance, the justification is 
that development before is neglible. A biological basis is seldom cited but 
it is clear that this is only correct when the development threshold 
remains above the maximum temperatures before the chosen date so that 
development does not start before the calculations are begun. 
An example may be found in the hatch of winter moth eggs in the spring as 
observed in the Netherlands over a period of 11 years table 2. According to 
Embree (1970) the 50 % point of egg hatch occurs at 162 day degrees above a 
base temperature of 4 degrees. Generally this corresponds with the first 
observations of growers and advisors. Nevertheless in some years great 
deviations have been found both in da1 and day degrees. These may be caused 
by the starting date (first of January). 

Table 2. The hatch of winter moth eggs in the Netherlands over a period of 
11 years. A comparison of first observations and calculations with day
degrees (162 above a base of 4 oC.) expressed in day numbers. 

Year daynumber daynumber Difference difference 
observation calculation in days in day-degrees 

1974 85 84 -1 -8 

1975 92 84 -7 -4
1976 97 93 -4 -15
1977 79 78 -1 -5
1978 93 108 +15 +26
1979 110 115 +5 +21
1900 102 105 +3 +23
1981 89 88 -1 -9
1982 93 95 +2 +14
1983 100 93 -7 -24
1984 110 113 +3 +19

Unless the conditions for maintaining and breaking of diapause are 
better understood and expressed quantitatively in duration of cooling 
period, daylength etc.(Tauber & Tauber, 1976) little progression can be 
expected. Until then starting dates after dormancy will have to be chosen 
by trial and error. 

Mistakes in the choice of starting date, though perhaps unavoidable, 
may be a major source of error in current models. This error cannot be 
corrected by precise calculations of the development (Pruess, 1983). 
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Same of the problems are solved by using a so called "biofix" derived 
by monitoring (Glen and Brain, 1982). Field sampling to estimate age and 
composition of active stages after breaking of dormancy, or the beginning 
of a flight is then used to initiate the model,this may be hazardous, 
especially at low population densities. 

Development thresholds. 
The accuracy of development thresholds depends on the laboratory 

experiments and the equipment used. 
It is often observed that the mortality of the animals is very high at 
constant temperature conditions around the threshold (Ankersmit et. 
al.,1976). How are these results to be interpreted? Are deviations from 
linearity around the threshold real or artificial ? In laboratory 
experiments at constant temperatures around the threshold selective 
processes may be involved which give a biased idea of the real relationship 
which occurs in the field where temperatures are fluctuating. 

Microclimatological conditions. 
Microclimatological conditions in the field may deviate significantly 

from the temperatures measured nearby in a Stevenson screen. 
The temperature in the so�l depends on the depth. The effect of 

irradiation on the soil surface, on bark or in a rolled up leaf, may be 
such that the maximum temperature is greater by several degrees. 
Forecasting must take this into account for insect pests with a growth 
stage that occurs in such places . A great deal of information is lacking 
(Baker, 1980). 

An example is- the egg hatch of the leafroller Archips rosana. Using 
the linear relationship between temperature and development rate in the 
laboratory for the prediction of the field situation leads to erroneous 
results. Due to irradiation the eggs on the bark of the trunk may hatch 
more than two weeks before the calculated date. 
Another example is the emergence of pupae of Orthosia species. Pupae 
hibernate near the surface of the soil and therefore receive a much higher 
heat input from irradiation. The depth of hibernation may be an important 
parameter in a forecasting model. 

Local climatological conditions. 
Climatological conditions may differ from orchard to orchard and may 

be affected by geografical features such as rivers, mountains, valleys,as 
well as soiltype, elevation etc., which makes the use of regional 
temperature observations doubtful unless corrections can be made for the 
orchard concerned. 

If local information on weather conditions is not available the farmer 
has to rely on his own observations. Small weather stations which are easy 
to use would be of enormous help. 

Weather forecasting. 
A good forecast depends on predicting local weather . The accuracy of 

weather forecasting determines the accuracy of the prediction of the 
phenology. Within certain limits of probability it is possible to 
extrapolate temperatures into the future. 

Integration of a forecast system into a managment system. 

The use of forecasting models for fruit pests in Europe is mostly at 
the research stage, but shows promise for implementation in practice in the 
near future. 
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In the USA the Predictive Extension Timing Estirnator (FETE) model, 
predicting the development of a fruit-tree pest complex and selected 
vegetable pest, was developed and implemented in 1975 (Whalon and Croft, 
1984; Briolini in this symposium ).It has been adopted by many states and 
is adapted to the local situations. Scouts send their sarnpling results to a 
central computer and get forecasts in return and use them for advising 
farmers. 

In Europe only the EPIPRE system for cereals is comparible,although 
their approach is different (Rabbinge, R and F.H.Rijsdijk, 1983). 

Forecasting models have to be integrated into a ma.nagJilent system that 
covers the whole practice of fruit growing. Pest and disease models must be 
combined with economic and horticultural decision models. Then forecasting 
of pests will achieve full advantage for the fruit grower. 

With the increasing availability of powerful, inexpensive 
microcomputers the need for user frienly interactive IPM computer programs 
will also increase. Together with videotext services they will inform the 
farmer about the situation in the region so that he can make correct 
decisions. 
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PREVISION DE FESTES EN VERGERS DE POMMIERS. 

Resume. 

La determination du moment opportun pour la prise d'echantillons et 
pour l' application de pesticides requivit une connaissance de la phenologie 
de l'insecte nuisible concerne. L'information sur la phenologie peut etre 
obtenue par des recherches en laboratoire sure la rupture de diapause, les 
seuils et les taux de developpement en fonction de la temperature. 

Cette information est compilee dans un modele de Simulation qui 
fournit une technique efficace pour prevoir le moment ou un stade sensible 
est present sur le terrain. Les modeles peuvent varier depuis de simple 
sommes de temperature, ou seules les relations lineaires sont puises en 
consideration, jusqu'au modeles de population sophistiques, depassant 
generalement les exigences et les besoins pratique du producteur de fruits 
et qui ne peuvent etre que d'interet academique. 

Le recensement des vols et/ou le prelevement precoce d'enchantillons 
sur le terrain, afin d'etablir la structure d'ages, peuvent etre 
necessaires comme "Biofix" pour la mise au point du modele, ainsi que pour 
verifier sa validite d'une annee a l'autre. 

La mise de ces modeles sur micro-ordinateurs, d'utilisation facile 
amenera ces techniques a la portee des producteurs de fruits. 

Lorsque un tel systeme sera offert conjointement a un systeme complet 
de protection et de gestion, il sera un advantage considerable et d'une 
grande utilite pour les producteurs. 
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