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INTRODUCTION 

La reunion de Getnbloux a temoigne de lievolution de notre groupe 
sur les deux plans geographique et scientifique : 

Sur le plan geographique celui-ci a etendu ses activites au Sud de 
la France et a la Catalogne espaghole avec la participation des chercheurs 
d'Antibes et de Lleida (Lerida) venus heureusement nous rappelei', en prelude 
a la constitution d'un sous groupe plus specifiquement "mediterraneen", que 
les cultures cerealieres ne sont pas uniquement une affaire nord-europeenne. 

Sur le plan scientifique, -si on he depasse pas le cadre de l'etude 
des biocoenoses aphidiennes, on assiste a un certain deplacement des centres 
d'interet des chercheurs membres, qui est la consequence logique des nombreux 
resultats acquis dans le dotnaine de l'etude de la dynamique des pucerons sur 
cereales a paille. 

En effet, les etudes de dynamique de population, au sens general 
du terme, "glissent", des cereales a pailles pour lesquelles les phenomenes 
gouvernant les fluctuations de populations sont maintenant connus, au moins 
dans leurs grandes lignes, vers le roars. Celui-ci constitue darts beaucoup de 
pays europeens un relai pour les puceronS des cereales qui y poursuivent leur 
cycle annuel apres avoir quitte le ble et l'orge. C'est egalement dans cette vision 
de la dynamique annuelle globale des pucerons sur leurs hotes successifs que 
se placent les etudes effectuees sur les hymenopteres parasites. 

Dans le domaine des cereales a pailles, les sujets abordes deviennent 
plus focalises, principalement dans trois directions : 

Les predatismes, ce qui comprend le denombrement et la 
caracterisation des especes reellement polyphages ainsi que l'echantillonnage 
et la quantification de l'impact des especes specifiques. 

- La recherche des genes de resistance, au moins partielle, sur le 
ble (contre S.avenae) et l'orge (contre R.padi). 

- Le calcul et l'emploi des modeles de prev1s1on d'evolution de 
populations au printemps et d'aide a la decision de traitement. Ceci est rendu 
possible par l'exploitation de nombreux resultats de piegeage et de comptages 
au champ accumules dans differentes regions. Ces modeles sont bases, soit 
sur des regressions siinples oil multiples, soit sur !'application a un etat primitif 
d'infestation d'un coefficient d'accroissement thermodependant. Le developpement 
rapide des reseaux telematiques dans plusieurs pays europeens devrait assurer 
a breve echeance, lorsque ce n'est pas deja fait, !'utilisation des ces modeles 
par un large public de techniciens et d1agriculteurs. 

L'echelle de gravite des degats effectues par les pucerons des cereales 
S'est egalement modifiee et l'on attache maintenant au moins autaht diimportance 
a la depredation "indirecte" due a la transmission par ces pucerons du virus 
de la Jaunisse nanissante de l'orge, qu'a leurs tres sporadiques degats directs. 
On assiste en effet a une generalisation dans de nombreuses regions d'Europe 
des degats dus a cette maladie dont l'extension parait favorisee par les techniques 
culturales modernes. Il etait done necessaire d'inclure dans notre groupe des 
entomologistes et pathologistes se preoccupant de son epidemiologie. 
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Enfin la systematisation des traitements de cereales a paille a 
l'automne et au printemps, allant de pair avec le developpement de !'usage 
d'insecticides tres efficaces mais peu specifiques, justifie que notre groupe 
prenne en charge certains aspects (strictement cerealiers) de leur action sur 
la faune utile, ceci en liaison avec le groupe "Pesticides et arthropodes utiles". 

Au cours de la reunion qui fut parfaitement organisee par Guy 
LATTEUR que nous remercions ici, il a ete presente une trentaine de 
communications sur les sujets precedemments evoques, montrant leurs interet 
ainsi que la vitalite scientifique de notre groupe. 

I', animateur 

C.A. DEDRYVER
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INTRODUCTION 

The last meeting at Gerri.bloux gave evidence of the progress of 
our group on both geographical and scientific bases : 

On a geographical basis, the group has extended its activities to 
the South of France and to the Spanish Catalogne with the contribution of 
scientists from Antibes an Lleida (Lerida). They reminded us that cereal crops 
are not only the concern of northern Europe and a specific mediterraneen 
subgroup is beeing actually constituted. 

On e scientific basis, and sticking to the framework of aphid's 
biocoenosis on cereals, one witnesses a shift among scientist's interest that 
is a logical consequence of the numerous results obtained on population dynamics 
of aphids on straw cereals. 

As a matter of fact population dynamics studies slowly shift from 
straw cereals (for which factors generating population fluctuations are partially 
known) to maize. Indeed in most european countries maize is a relay for cereal 
aphids to complete their annual cycle after leaving wheat and barley. Also within 
the context of annual population dynamics of aphids on their successive hosts, 
studies of parasitoi"ds have taken place. 

As concerns straw cereals, the covered topics become more focussed 
in three main directions : 

- predatism ; sorting out and identification of polyphagous species
as well as sampling methods and evaluation of consumption of oligophagous 
species. 

- screening for resistant genes against S.avenae on wheat and R.padi
on barley. 

- computing .and use of forecasting models for aphids populations
in spring and following recommendation for spray (or not). This has been made 
possible thanks to a synthesis of numerous trapping and field data gathered 
from different regions. The models are either based on simple or multiple linear 
regressions or on an initial level of infestation computed to a thermodependant 
rate of increase of population. The rapid development of telecommunication 
viewdata services networks over several European countries should allow in 
a short term the use of these models by a wide public of technical experts and 
farmers. 

The severity scale of damages caused by cereal aphids has been 
modified and as much attention is now given to indirect damage such as B. Y .D. V. 
transmission as it is given to sporadic direct damages. Many parts of Europe 
witness the spread of this virus disease which seems to be favoured by moderm 
agricultural management. Therefore there was the need to include a group of 
entomologists and virologists dealing with the B.Y.D.V. epidemiology. 

Finally due to the systematic application of spring an autumn chemical 
treatments on cereals and the high efficiency but limited specificity of the 
chemicals used it is important that some aspects (limited to cereals) such as 
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effects of pesticides on non target organisms should be taken into account by 
our working group, in connection with the "Pesticides and beneficial arthropods" 
group. 

During the meeting which was very well organized by Guy LATTEUR 
(many thanks to him ! ), about thirty papers were offered on the above mentionned 
subjects, as a proof of their interests and of the scientific vitality of our group. 

The convenor : 

C.A. DEDRYVER
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ROLE OF SPECIFIC NATURAL ENEMIES IN THE CONTROL OF MAIZE APHID 

POPULATIONS IN THE PARIS AREA. PRELIMINARY RESULTS. 

della GIUSTINA W., DERIU P. & FOESSEL P. 

With the participation of Jacqueline LIGE.OUR, Sylvie SECRETANT, 
Monique DULOS, JOBE S. 

Zoologie. !NRA-Versailles. Route de Saint Cyr. 78000 VERSAILLES France 

SUMMARY 

These results concern 1984 and 1985 datas. Only daylight specific 
enemies and aphids have been observed. Ladybirds (Coleoptera), Orius 
(Heteroptera) and Syrphidflies (Diptera) seem the more important·predators. 
The two first groups have only one generation on maize and Syrphidflies 
two. Heteroptera are the only predators to be capable to enter into ears 
when R,padi is hidden inside. Fungi (Entomophthorales) are numerically 
more important in july. Evolution of insect parasitism, in 1985, indicates 
that genera differ during the culture. A comparative study of parasitism 
and hyperparasitism shows that the latter is numerically more important and 
therefore is a key factor to restrict activity of the former. It has been 
observed that mummies collected in the field do not emerge for the major 
part. 

1 - INTRODUCTION 

These first two years of observations (1984-1985) should be regarded 
as a preliminary step in the study of the biocenose related to maize �phids. 
Our purpose was to think about the development of sampling methods (both 
qualitative and quantitative) concerning the relationship study between 
pests and entomophagous insects of an insect association that has been 
little investigated so far. The long term aim of this study in quantitative 
ecology is to improve the efficiency of one or several natural enemies 
under rational management of this agrobiocenose. Better knowledge of the 
relative importance of the various entomophagous insects encountered is 
required in order to assess their role. 

2 - METHODS 

Experiments using the maize variety LG 11 were carried out in a 25 ha 
farm at La Verriere, 35 km west of Paris, near Versailles, in a semi-urban 
area. Only the Arthropods living on plants were counted. 

In 1984, a 1 ha plot (inside a 5 ha field) was divided into 40 plots 
and two plants per plot, i.e. 80 plants per week, were observed. Every 
single leaf of each plant was carefully examined in order to count the 
very mobile forms that easily let themselves drop onto the ground: aphids, 
ladybirds at larval and adult stages •.• Upon completion of the counting, 
plants were cut and observed under the binocular at the edge of the field 
in order to count the more discrete and less mobile forms, i.e. eggs of 
all species, Diptera larvae, parasitism due to fungi and insects •.. 
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juvenile forms were reared in order to be identified at the adult stage. 
Weekly counting were made less regularly at the end of this cropping season. 

In 1985, accuracy of the method was markedly improved, particularly 
for the parasitized aphids that had been placed in individual hatching 
units. Counting of 50 plants in an individed 0.5 ha plot inside a 4 ha 
field were observed with random sampling in rows and then in plants. Thus, 
countings covered a period of 20 successive weeks from 15th june to 30th 
october. 

3 - RESULTS 

3.1. Qualitative study (Table 1) 

Pests 

Predators 
Neuroptera 

Heteroptera 

Diptera 

Coccinellidae 

Parasites 
Fungi 

Aphididae 

Hernerobiidae sp. 
Chrysopiidae sp. 
Anthocoridae 

Syrphidae sp. 
Cecidomyidae 

Entomophthorales 

Hymenoptera parasitoids 
Aphidiidae 

Aphelinidae 
Hymenoptera hyperparasites 

Megaspilidae 
Pteromalidae 

Cynipidae 

Encyrtidae 

Sitobion avenae 
Metopolophium dirhodum 
Rhopalosiphum padi 

Orius majusculus 
0. minustus
0. niger

Aphidoletes aphidimyza 
Propylea 14 punctata 
Coccinella 7 punctata 

Erynia neoaphidis 
Conidiobolus obscurus 

Aphidius sp. 
Praon sp. 
Ephedrus sp. 
Toxares sp. 
Diaretiella sp. 
Aphelinus sp. 

Dendrocerus 
Asaphes 
Pachyneuron 

Alloxysta 
Phaenoglyphis 
Syrphophagus 

We are dealing here with a complex system including many species 
three major pests and a much greater number of entomophagous organisms. 
Because some group have not been identified yet we will only consider 
genera when dealing with parasitolds and hyperparasites Hyrnenoptera. This 
preliminary study should enable us to determine the overall relations 
between parasitism and hyperparasitism, as well as the relationship 
between number of emergences in mummies and non-emergence. 
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3 .1.1. Pests 

The three aphid species were observed simultaneously in the early 
stages of crop growth, from mid-june to late july. Rhopalosiphum padi 
was the only one present at harvest, but Sitobion avenae and Metopolophium 
dirhodum reappeared during october. 

3.1.2. Predators 

Neuroptera. Post-embryonic stages are difficult to identify on the 
plant. Larvae are discrete and very mobile, thus readily escaping obser
vation. During the course of a quantitative study, field countings there
fore strongly minimize the role of larvae, hence the role of the group. 

Heteroptera. Three of the four species known to live at the expense 
of cereal aphids were found. Only one of them was dominant, both in 1984 
and 1985: Orius majusculus whereas Orius minutus and especially O. niger 
seemed to occur more rarely. 

Cecidomyidae. Because of the very small size of all pre-imaginal 
forms, Cecidomyidae are more difficult to evaluate than Neuroptera. Only 
one of the species known to live at the expense of aphids has been 
collected : Aphidoletes aphidimyzae. 

Coccinellidae. In addition to the two species reported, of which 
Propylea 14 punctata is the more important, we could identify other 
species, some of which seemed to occur only temporarily during their 
migratory fly. This is true of Coccinella 11 punctata which was observed 
for only one week and disappeared as suddenly as it had appeared. 

Juvenile forms of Ladybirds and Syrphidflies, which were removed from 
the field to be reared in the laboratory, showed a high rate of parasitism. 
Ladybird pupae were parasitized by Phalacrotophora sp. (Diptera : Phoridae) 
and Syrphidfly pupae by Pachyneuron (Hymenoptera : Pteromalidae). The 
action of parasitism on predators was not further investigated. 

3.1.3. Parasites_and_Hyperparasites 

The genus Syrphophagus (Hymenoptera : Encyrtidae), found in numbers 
from the sixth week onwards, is a novelty . To our knowledge, this genus 
had not yet been reported as originating from cereal aphid mummies. It 
can develop not only at the expense of Aphelinidae but also at the expense 
of Aphidiidae. Identification of the other genera was done after the key 
by POWELL (1982). 

Essentially three parasite genera are represented: Aphidius and 
Praon (Aphidiidae) and Aphelinus (Aphelinidae). Aphidius and Praon were 
present for a very short period of time (4-5 weeks during the first part 
of the cycle). Aphelinus appeared at the time when the other two genera 
began to disappear and remained present for 9 weeks on R. padi exclusively. 
Ephedrus, Praon and Aphidius, observed on week 15, 17 and 19.were derived 
from S. avenae collected on the leaves, not in the ears (table 2). 

The various genera of hyperparasites remained for a longer period 
of time than the parasito1ds and were numerically important. The proportion 
of hyperparasites always was higher than that of parasito1ds, except on 
weeks 11, 12 and 13 when Aphelinus were the more abundant. Parasitism 
then dropped rapidly, and only hyperparasites occured during the last 
four weeks. The genera Asaphes was the most frequent on the point of view 
of hyperparasites (the same situation was observed in Hungaria by 
FOLGAR , 1984). 
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Evolution des Coccinelles 
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Coo : eggs, Col : larvae, Con : nymphs, Coa : adults 
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Evolution des Heteropteres 
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Evolution des Syrphes 
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4 - DISCUSSION 

4.1. General evolution of the populations (fig.1-2) 

The maize colonization by the aphids began when the plants were in 
the 7-8 leaf stage, see CHANSIGAUD & VAILLANT (1986). 

The 1984 and 1985 curves are not similar. The shape of the curve is 
normal in 1984 but decreases during september and october 1985. The 
predatism curves are similar during these two years. Parasitism is less 
jJ!lportant in 1984 than 1985, especially during the second part of the cycle. 
The number of mummies which is the characterization of the importance of 
the parasitism linked with the exceptional warm weather from august to 
mid-october must explain the non-normal evolution of the aphid populations 
noted in 1985. 

4.2. Predatism 

In 1984 and 1985, the following generations could be observed in the 
three largest predator populations : 

- one generation in Coccinellidae (fig.3 and 4), displaying a maximum
during the first peak of the aphids. Only a few adults were found during
the second half of the maize cycle.

- one generation in Heteroptera (fig.5-6), occuring later than those of 
the previous group. They were the only predators capable of penetrating
underneath the bracts of ears where R. padi populations were hiding in
August and September.

- two generations in Syrphidae (fig.7-8), the first one being greater
in number than the second one. It seems that the species present in late
October will overwinter, for a part, in the larval stage. Nearly all the 
pupae collected during this period produced adults within a few days after
the begining of laboratory rearing.

4.3. Parasitism 

4.3.1. Fungal_parasitism 

Over 90% of the parasitized aphids were parasitized by Erynia 
neoaphidis and the remaining 10% by Conidiobolus obscurus. These 
Entomophthorales were present in low numbers during the peak in july. 
During this period, parasitic fungi attacked the three aphid species. They 
disappeared by early august at the same time as S. avenae and M. dirhodum 
populations, and seemed unable to reestablish later in substantial numbers. 
We could observe, but not quantify, the same phenomenon in 1984. 

4.3.2. Parasitism due_to_insects (Table 2) 

This parasitism remained at a low level (ea 1%) during the first phase 
of aphid development in both 1984 and 1985, and was limited to Aphidiidae. 

In 1985 its level increased progressively since the begining of august 
to pass beyond the supposedly healthy population by the very end of the 
counting. During this second period (from the begining of august to the 
harvest) Aphelinus was the only genera found on R. padi. However, a few 
golden mummies due to Aphidiidae reappeared during the last weeks when 
the aphids invaded again the leaves. 
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Hyperparasites are generally present during a long period, sometimes 
for the complete study duration. This is true for Asaphes, Alloxysta, 
Sy:tphophagus and Pachyneuron. PhaenoglyPhis and Dendrocerus are collected 
for most of them, before the end of august. 

The level of hyperparasitism remained high and varied : between 33 
and 100% of the emergences, depending on periods (Table 2). It might 
therefore be the key factor in limiting the effect of parasitism. The 
parasites emerged during the 14 days following their entrance in the 
laboratory. Hyperparasites could appear on a longer period of time, up to 
8 weeks. The rate of development of parasitoids compared to that of hyper
parasites as well as to the considerable fluctuation of the latter group 
(between ectoparasites and endoparasites), inclines us to overestimate 
endoparasites in comparison to ectoparasites and hyperparasitism might 
be overestimated as well (RABASSE & DEDRYVER, 1983). 

The proportion of non eme�gence, which was found to be higher than 
that reported by POLGAR (1982) is another key factor. The peak of emergence 
was reached on week 7, and decreased almost regularly until harvest. 

Results obtained during the experiment in 1985 are different from 
those indicated by GROOT & al. (1983) in the Netherlands, qualitatively 
and quantitavely as well. The fauna at La Verriere is more variegated than 
that of Wageningen, especially for hyperparasitism. As for as parasitism 
is concerned the Praon and Toxares are the more important genera of the 
Netherlands whereas the Aphelinus and Aphidius are the. more representative 
of Paris area. As far as hyperparasitism is concerned, the Dendrocerus, 
Syrphophagus and Pachyneuron are absent in the Netherlands. 

The rate of true parasitism is nearly the same in the two fields, 
except for three weeks (from the 27. VIII to the 10. IX) during which it is 
higher in La Verriere. 

Under the experimental conditions of 1985, the action of parasitism 
was significant in spite of the high rate of hyperparasitism. In order 
to understand the biological mechanisms, we should relate the observations 
made on maize to studies realized on other cereals in spring and autumn 
in the years coming. 
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ETUDE DES FLUCTUATIONS ET MODALITES DE REPARTITION 

DES POPULATIONS APHIDIENNES SUR LE MAIS 

Jacques CHANSIGAUD et Jean VAILLANT 

!NRA, Station de Zoologie et Laboratoire de Biometrie
Route de Saint Cyr 78000 VERSAILLES (France) 

SUMMARY 

The results of investigations on maize aphids revealed that 
M.dirhodum and S.avenae colonized plants from the second half of june
until the end of july.Insects then disappeared until september or october
when only a few scattered individuals coud still be observed.On the
contrary R. padi, which usually appeared on maize in july, remained, •on the
host-plant until late october.

The distribution of aphids on the plant markedly varied with the 
species:M.dirhodum chose the first 5 or 6 leaves;S.avenae spread on higher 
leaves as compared to M.dirhodum and could be observed on the tassel.R.padi 
which first exhibited a similar behaviour compared to M.dirhodum,then �� 
colonized the whorl,the tassel,cobs hidden amongst the overlapping 
protective layers and finally came back onto the leaves with cobs at their 
axils.In particular the behaviour of M.dirhodum and R.padi which may depend 
on food requirements,allowed us to consider sampling methods.Several 
examples of sampling methods with R.padi are presented here, 

I. INTRODUCTION

Les etudes d'abord partielles realisees en 1983 et poursu1v1es de
maniere plus complete en 1984 et 1985 dans l'Ouest du bassin parisien 
permettent de determiner avec suffisamment d'exactitude les conditions 
generales d'evolution de Metopolophium dirhodum Wlk., Sitobion avenae F. 
Rhopalosiphum padi L. (Homoptera Aphididae). Ces conditions generales d'evo
lution peuvent ouvrir la voie a divers axes de recherche orientes notamment 
vers des problemes d'ordre nutritionnel. Elles peuvent aussi constituer 
une base de travail pour la mise au point de methodes d'echantillonnage. 
Nous ne presentons ici que les resultats de 1984 et 1985, lesquels sont 
en conformite avec ceux de 1983. De plus les observations effectuees a
Versailles sont pour l'essentiel en accord avec les resultats de chercheurs 
franc;ais de 1 '0uest de notre pays ou etrangers principalement d 'Europe de 
1 '0uest. 
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Tableau 1 - Methode d'observations des populations de pucerons presentes 
sur le ma1.s. 

- Methods for investigating aphid populations on ma1.z e .

Stades phenologigues 

4-5 feuilles 
6-7 feuilles 
8-9 feuilles 
10-11 feuilles
12-13 feuilles
13-14 feuilles
15-16 feuilles

floraison femelle 

et stades phenotogiques suivants 

Strates observees 

cotyledon - z e feuille 

z e 
et 4e feuilles 

4e 
et 6e feuilles 

4e , 6e 
et s e feuilles 

4e , 6e , 8e 
et lOe feuilles 

6e , s e , 1oe , 1z e panicule male 

6e , B e , lOe , 12e
, 14e panicule male 

epis femelles 

choix identique de strates. 
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II. ASPECT GENERAL DES FLUCTUATIONS DES POPULATIONS

Les travaux relatifs a la dynamique des populations ont ete entrepris
dans une parcelle de mals L.G.11 situee a La Verriere (78) pres de 
Versailles. 

a - Methodes 

En 1984, a partir du mois de juillet, nous avons estime la nature et 
l'importance des populations aphidiennes presentes sur le champ a partir 
d'observations hebdomadaires effectuees sur 147 plantes choisies au hasard 
a l'interieur d'un carre latin. Les controles ont ete effectues sur un 
certain nombre de strates conformement au tableau1. 

En 1985, les estimations ont ete entreprises sur un nombre limite de 
plantes de l'ordre de 25 pieds de mals par semaine. Contrairement a l'annee 
precedente tous les organes de la plante ont ete controles. Les mals sur 
lesquels etaient effectues les estimations ont ete choisis au hasard dans 
une parcelle constituee de soixante dix rangs de mals. 

b - Resultats 

Pour les deux annees consecutives la presentation hebdomadaire des 
resultats est faite par rapport a !'ensemble des plantes. 

Nous remarquons (figur� 1) que les populations de M. dirhodum et de 
S. avenae sont tres importantes sur le mals au cours du mois de juillet
pendant trois a quatre semaines. Selon l'annee, vraisemblablement en 
fonction des donnees climatiques de l'hiver precedent, l'une ou l'autre
des deux populations aphidiennes est predominante: en 1984 S. avenae
etait l'espece la plus importante (figures la, lb) et en 1985 ce fut le
cas de M. dirhodum (figure 1). A la fin du mois de juillet les deux
especes d'aphides ci-dessus disparaissent et ce n'est qu'a partir de la 
derniere decade du mois de septembre et au cours du mois d'octobre que 
quelques individus isoles sont observes dans la culture. Peu importante
pendant la premiere decade du mois de juillet la population de R. padi
se developpe par contre rapidement par la suite et les pucerons se
maintiennent sur la plante jusqu'en octobre dans notre region (figure 1).

La partie descriptive de cette etude de dynamique des populations 
presente beaucoup de similitude avec les resultats des travaux sur mals 
publies par HAND et CARILL0(198�, GROOT et al., (198�. Cependant, contrai
rement ace que nous observons en region parisienne, il semble que 
M. dirhodum est generalement plus abondant sur le mals en Angleterre et
en Hollande. Des travaux recents dont les resultats ont ete presentes par
nos collegues de Rennes et des chercheurs espagnols montrent egalement
que le trace des courbes obtenu a la suite d'une etude de dynamique des
populations aphidiennes sur le mals est assez identique a celui decoulant
de nos propres investigations.

III. STRUCTURE DES POPULATIONS EVOLUTION DU MORPHISME

L'etude du morphisme a pour but de comparer la structure de chaque
population aphidienne en vue notamment de determiner les periodes d'appa
rition des formes ailees. Nous ne presentons ici que les resultats de 
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M. dirhodum S. avenae R.padi

-
-

-- l--

�-

-

� n 
�- � -

1,1-
, � i-f-"tl, -

.. , "f\ / I 
I's� 11 .:· - -:. ' -

./ I I/ J '\i/ I ) -

� ,: 1,
• .,,, 

I, t,, If \ < I \' 
I

I I f I � - i/ I 
I '··I I 

\' 
I 

I / � 
-1- ,-' I I l.r I 

i /,' 
I I 1, I I I 

/ � ! \ I I 

;. I I/ • I I 

XI 
/' I I 

I 

I � 
27.6 4.7 10 17 24 31 7.8-27.6 4.7 10 17 24 31 7.8-27.6 4.7 10 17 24 31 

Fig. 2 -Importance d'apparition des formes apterygotes et pterygotes 
chez les trois especes d'aphides 

Numerical occurrence of apterous and winged larvae in the three 
species 

Legend:histograms represent the whole population;full-line curves 
show apterae and dotted-line curves winged larvae 

\ 

Jours 



J ,o 

EvoLuL�o� du morphLsme de 
R .poci ..... C 1·98"1' J 

!'El� 
3 60 

:�� 0�
�····1·····1··· 

1/1 t0/1 16/"7 22/1 

,00 � 

,o 
• 

,o 

da1'..ea 

EvoLuL�on du morph�sme de 
M.dLrhodum ( 198�) 

••• 
L.,:i[ill 
L B  

r
,oo 

90 

ea 

,a 

•o 
so 
,o 

,o 

20 

,o 

0 

f:l 
J ,a 
3 60 
0 so 

20 

EvoLuL-on du morph ..... s�e 
R .pad- ( 1995) 

EvoLu�-on du morphLsme 
M .OLrhodum ( 1985 J 

dc"t..ee 

Ill 'P 

1/iJ Lp 

GL 

�;�L"1 
� :� 

20 
10 "i 0 f3?5f77fA' . :� ·�.]-�,---... -�"' ' 

10/"l 46/1 221"7 

dol..es 

EvoLu�Lon du morphLsme de 
S .ovenoe ( 198"'t l 

• ,ooj 
0 90 
., eo 
J ,o 
� 60 
0 50 
• ,o 

"' 
20 

·��"!"'�;' '1/""f 40/1 16/"7 

�--�Ll•• 

22/1 
dol.es 

21/6 'Ill I l/1 48/1 25/1 1/8 8/8 

• ,
oo 

• 90 
-' BO 
J ,0 
3 60 
0 so 

,o 

50 

EvoLuLLon du morph ..... sme 
S .ovenoe ( 198S l 

:j , 1 \ I!\ 

clo"f-ee 

0 1 , , I - 1 1 
21/6 1/1 1 t/l tS/"7 25/1 t/8 8/8 

L -------

dO't...,9S 

Fig. 3 et 4 - Structure de chaque population aphidienne 

Structure of each aphid population with sampling dates 
on the abscissa and cumulative percentages of the different 
forms on the coordinate.ap=apterae;Lp=winged larvae;l=apterous 
larvae+non-differentiated larvae 

"' 
00 

I 



- 29 -

1984 et 1985. Pour 1985, nous etudions l'evolution du morphisme des 3 
especes a partir des resultats exprimes respectivement en valeurs reelles 
et en valeurs relatives. La comparaison des deux resultats donne une indi
cation assez precise en ce qui concerne la faculte d'adaptation de chaque 
espece d'aphides au mals. L'evolution du morphisme d'apres les resultats 
exprimes en valeurs reelles a ete identique en 1984. 

a - Methodes 

En 1984 et 1985, selon le stade phenologique du mals, nous avons 
controle dix feuilles sur dix pieds de mals choisis au hasard de la par
celle, sans separer les organes foliaires de la tige ; ceci pendant toute 
la periode ou la majorite des pucerons se trouvait sur les feuilles, c'est 
a dire de la fin juin a la fin du mois de juillet.Les differentes strates 
qui ont ete observees sont indiquees au tableau 1. Lorsque la presence 
des aphides etait difficilement decelable, en particulier lorsque R. padi 
etait situe sous les spathes des epis femelles, les pieds de mals etaient 
coupes pour etre observes sous abri a proximite de la culture. Le nombre 
de pieds de mals preleve pendant cette periode etait plus important: vingt 
cinq plantes ont ete ainsi observees en 1984 et parfois quarante comme en 
1985 lorsque les aphides etaient peu nombreux et tres disperses. Les 
aphides presents sur les differents organes de la plante etaient ensuite 
precipites dans de pet its f lacons con tenant de 1 'alcool a 60° a 1' aide 
d'un pinceau afin d'etre transferres au laboratoire pour determination a 
la loupe binoculaire. Pour chaque espece d'aphides, nous avons differencie 
trois formes : les adultes apteres, les larves pterygotes que l'on peut 
facilement distinguer au troisieme et quatrieme stade du fait de la 
presence des ebauches alaires, les larves apteres, plus les larves tres 
jeunes dont la forme n'est pas encore definissable exterieurement. 

b - Resultats 

A partir de la fin du mois de juin jusqu'a la fin du mois de juillet, 
soit en 1985 du 27/6 au 31/7, periode au cours de laquelle le nombre de 
pieds de mals observes a ete le meme, nous constatons les faits suivants: 
M. dirhodum et S. avenae dont les populations sont tres importantes pen
dant les deux premieres decades du mois de juillet (figure 2) produisent
en valeurs reelles beaucoup d'apteres et de larves pterygotes capables
d'assurer la proliferation des especes. Or cela ne se produit pas dans
les faits etant donne que les insectes disparaissent a la fin du mois de
juillet ou au debut du mois d'aout (figure 2).

Par contre R. padi dont les individus sont encore peu nombreux a la 
fin du mois de juillet produit pr.oportionnellement plus d'apteres et de 
larves pterygotes que les deux especes precedentes, (figure 3, resultats 
de 1984, figure 4, resultats de 1985 pour la periode comprise entre le 
17/7 et le 7/8). La structure de R. padi est ensuite presentee jusqu'a 
la mi-octobre (figure 4). Nous remarquons a ce sujet que ce dernier 
aphide produit une quantite importante d'apteres a partir de la fin du 
mois d' aout jusqu 'a la fin du mois de septembre. Compte tenu de ce que nous 
venons de cons tater, il est done vraisemblable que �padi presente une 
plus grande faculte d'adaptation au mals que M. dirhodum et S. avenae, 

IV. MODALITES DE REPARTITION DES APHIDES SUR LA PLANTE

La repartition des pucerons sur la plante peut etre etudiee par
rapport a deux periodes principales du cycle vegetati� de la plante-hote. 
Chacune de ces periodes correspond a un comportement particulier des 
insectes sur le vegetal, notamment en ce qui concerne M. dirhodum · 
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et !l:.:__pad�. La premiere periode est comprise entre les stades 5-6 feuilles 
et 12-13 feuilles; la seconde periode debute au stade cornet panicule 
male sensible et s'acheve a la senescence de la plante. 

Les resultats que nous presentons ici sont ceux de 1985; ils sont en 
conformite avec les resultats de 1983 et de 1984. 

Au cours de la premiere periode, les trois aphides sont en competition 
sur la plante et leur repartition est differente selon l'espece : 
M. dirhodum se multiplie surtout sur les six premieres feuilles, de meine
que R. padi tandis que S. avenae se repartit sur un plus large eventail
de feuilles, (tableaux 2 et 3, resultats de 1985). A ce sujet, DEAN (1974)
et WRATTEN (1975) notent que M. dirhodum a un comportement comparable sur
cereales a paille (tableau 2).

Au cours de la seconde periode, seul R. padi se maintient sur la 
plante; il colonise provisoirement le cornet puis la panicule male, 
(tableau 3). Ces deux derniers organes de la plante sont generalement 
porteurs de jeunes larves provenant de geniteurs ailes dont les ascendants 
se sont multiplies sur les premieres feuilles du ma'ls. Ulterieurement les 
colonies de pucerons sont observees sur les spathes des epis ou a proximite 
immediate et a la fin du mois de septembre les aphides envahissent de 
nouveau les feuilles conformement aux constatations qui ont ete faites par 
HAND et CARILLO (1982), GROOT et al. (1983). (tableau 3, figure 5). 

V. CARACTERISTIQUES DE LA REPARTITION VERTICALE DES PUCERONS. (DISCUSSION
RELATIVE AUX CHOIX D'UNE METHODE D'ECHANTILLONNAGE)

Le mode de repartition des aphides dans une culture peut parfois 
limiter voir remettre en cause l'emploi de certains criteres mathematiques 
habituellement utilises dans la mise au point des methodes d'echantillon
nage. A ce sujet, nous avons pense qu'il etait interessant de citer ici 
trois exemples dont l'un montre la difficulte d'un choix d'echantillonnage 
a partir du moment ou la repartition des aphides presente un caractere 
certain d'heterogeneite. Nous avons choisi pour ce faire le cas de R. padi 
parce que parmi les trois especes d'aphides rencontres sur mais, il est 
celui qui est le mieux infeode a la plante-hote. Les exemples dont il est 
question concernent les periodes pendant lesquelles les homopteres sont en 
majorite sur les feuilles c'est-a-dire avant la floraison et lorsque les 
aphides quittent les epis pour s'installer de nouveau sur les organes 
foliaires. En effet, sur un plan vertical il n'y a pas semble-t'il pour 
la variete de ma1s L.G.11 de choix particulier d'echantillonnage lorsque 
les aphides sont en majorite sur ou dans les epis. 

a - Methodes 

L'interpretation des resultats est faite d'apres les estimations de 
1985. Rappelons que les plantes sur lesquelles ont ete denombres les 
pucerons ont ete choisies au hasard dans une parcelle de 5.000 m2 environ 
comprenant soixante dix rangs de ma1s : vingt cinq plantes ont ete ainsi 
observees et les exemples d'echantillonnage hebdomadaires concernent les 
estimations des 16 et 23/7, a une epoque au.le ma1s etait respectivement 
aux stades 12 feuilles, panicule male sensible. Le dernier exemple auquel 
nous nous referons a trait aux estimations du 7 octobre a une epoque ou 
precisement les aphides quittent les epis pour se multiplier de nouveau 
sur les feuilles. Pour des raisons pratiques, les evaluations ont ete 
regroupees pour deux feuilles consecutives. Les criteres mathematiques 
que nous avons utilises dans cette etude sont les suivants : 1) le 
coefficient de correlation calcule entre le nombre de pucerons estime sur 



Tableau 4 - Caracti!ristiques de la repartition verticale des pucerons (choix d 'une methode d 'echantillonnage). 
- Characteristics of R. padi vertical distributions as a function of the malze phenological stage. 

Dates Stades phenologiques Groupes de feuilles (p. 100 des effectifs pour 25 plantes) 
du mals 1-2 3-4 5-6 7-8 9-to 11-12 13-14 15-16 

16/7 12 F 1% 297. 537. 13% 2% 1% 

r • 0,10 .£..12. 
proportions moyennes d' infesta-

Itions �ans chaque strate et 58:'.:12 20::8 
intervalle de confiance, 

23/7 13 F 
panicule mile sensible 14% !_1j_ 14% 4% 10% 4% 31% 

r • 0,47 0,44 

proportions moyennes d 1 infesta- -;> 0,66 E-
tions clans chaque .strate et 

15:!:4 26'.:7 intervalle de confiance. 44:'.9 �

7 /10 maturite de la graine 3% 22!? 34% 24% 2% o 

r • 0,54 0, 78 o, 10 

·tions moyennes d 'infesta-
clans chaque strate et 16!10 34::t4 24�12 
alle de confiance. 

I Pour n - 2 • 23 d.l. le coefficient de correlation (r) de la table est egale a 0,42 - 16 panicule male 

€pis i 

1% 

14% 

I 

I 
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un groupe de strates donne et le nombre de pucerons evalue sur toute la 
plante. 2) les proportions moyennes d'infestations dans chaque strate 
calculees a partir des 25 plantes echantillonnees; proportions suivies 
de l'intervalle de confiance estime au seuil de probabilite de 0,05. Ce 
calcul donne une indication quanta la variabilite des proportions d'infes
tations pour le groupe de strates concernes d'une plante a une autre. 

b - Resultats (tableau 4) 

L'interpretation des donnees du tableau 4 ne concerne que les groupes 
de feuilles au niveau desquels les pourcentages des effectifs estimes_ 
de la population sont suffisamment importants. Ainsi a la suite des obser
vations du 16 juillet 1985, nous remarquons que les groupes de feuilles 
3 + 4 et 5 + 6, sont ceux sur lesquels il y a le plus de pucerons, respec
tivement 29 p. 100 et 53 p. 100 du total de la population estimee. Le 
coefficient de correlation fait apparaitre que seul le groupe de feuilles 
5 + 6 est representatif de la population totale, (r = 0,99 contre 0,42 
seuil de signification du test de non correlation). Nous pourrions par 
consequent supposer que le groupe de feuilles ci-dessus peut eventuellement 
constituer une base d'echantillonnage valable. Or, les calculs relatifs 
aux proportions moyennes dans chaque strate montrent que cette solution 
doit etre envisagee avec reserve. En effet, nous constatons que ce sont 
les groupes de feuilles 3 + 4 ou la proportion moyenne d'infestation est 
la plus elevee, (58 p. 100 � 12 p. 100) et done tres eloignee du pourcen
tage obtenu globalement dans notre echantillon (29 p. 100). Cela est du au 
fait que parmi les groupes de feuilles 5 + 6 echantillonnes au hasard, 
i.l y avait un groupe foliaire qui representait a lui seul 87 p. 100 du
total de l'infestation d'une plante ; d'ou la difficulte d'etablir un mode
d'echantillonnage, compte tenu du caractere gregaire tres marque chez les
aphides. Par contre, les estimations du 23/7 et du 7/10 ne montrent pas
une telle discordance entre les criteres mathematiques pris en consideration
(tableau 4). Dans le premier cas (estimations du 23/7) nous voyons l'inte
ret que peut representer l'elargissement de l'eventail de l'echantillonnage
lorsque la majorite des aphides est dans le cornet de la plante, (preleve
ments de la cinquieme a la huitieme feuille). Dans le second cas, (estima
tions du 7/10), nous constatons que ce sont les groupes de feuilles 9 + 10,
11 + 12 qui sont les plus representatifs de la population totale a une
epoque ou dans notre region, les insectes quittent les epis femelles pour
proliferer en premier lieu sur les feuilles a l'aisselle desquelles sont
apparus les organes de fructification.

VI. CONCLUSION

Nous avons termine la partie descriptive de cette etude de dynamique
des populations aphidiennes sur le mais qui nous a permis notamment de 
comparer nos resultats avec ceux d'auteurs etrangers. Ces resultats font 
apparaitre une certaine similitude en ce qui concerne notamment l'aspect 
general des fluctuations, qu'elle que soit la latitude, tout au moins en 
Europe de l'ouest voir du sud. Il est done permis de penser que la regres
sion ou la disparition de .M. dirhodum et de S. avenae n'est pas due unique
ment a des facteurs climatiques. Les constatations concernant la repartition 
des aphides sur la plante recoupent egalement dans les grandes lignes les 
observations qui ant ete faites par les auteurs etrangers cites dans ce 
travail. Cette repartition des insectes sur le mais merite reflexion dans 
la mesure au elle pourrait etre la consequence d'exigences nutritionnelles 
en particulier pour M. dirhodum et R. padi. En fait le comportement des 
deux derniers aphides ouvre d 'une part la voie a des experimentations 
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susceptibles d'infirmer ou de confirmer l'hypothese que nous venons de 
formuler. D'autre part, il semblerait interessant a des periodes bien _ 
precises de visualiser uniquernent certaines strates foliaires dans le.out 
d'estimer le niveau global de population de R. padi . Pour cela, il serait 
profitable de verifier sur d'autres annees et d'autres varietes de mals 
les resultats observes en 1985. Cela perrnettrait peut etre de tirer 
davantage d'informations sur les repartitions verticales des pucerons et 
conduirait probablement a la mise sur pied de methodes d'echantillonnage 
de "routine" allegees et fiables. 
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BIOLOGY OF BYDV VECTORS IN WHEAT IN CATALONIA (SPAIN) 

X. Pons & R. Albajes

Institut d'Investigacio i Desenvolupament Agrari 
Universitat Politecnica de Catalunya 

Proteccio de Conreus 

SUMMARY 

Agda.Rovira Roure 177. 25006 Lleida 
Espanya 

Some research work on the biology of BYDV vectors has been 
carried out in Lleida (Spain, Catalonia) since 1983. When the 
winter ceTealemerges before the end of November, significant 
aphid populations (mostly of Rhopalosiphum pMdf)were recorded
in the autumn.�. padi, Sitobion avenae and e opolophium 
dirhodum displayed anholocyclic behaviour and during the 
winter of 1983/84 reproduction activity was recorded. These 
three species reached their peaks in early June and they 
rarely exceeded 10 aphids per tiller. 

INTRODUCTION 

Winter cereals ara widely cultivated in Spain (7432724 
Ha), consisting mostly of wheat and barley. 

Crop 

Wheat 

Barley 

Irrigated 

Ha 

260,343 

209,565 

kg/Ha 

3,465 

3,396 

Non-irrigated 

Ha 

2343,090 

3283,191 

kg/Ha 

1,450 

1,672 

Total 

Ha 

2603 9 433 

3492,756 

kg/Ha 

1,651 

1,775 

Little information is available on BYDV incidence in 
Spain. The disease was fist described for rice (Medina et al. 
1978) and since then, some positive assessments have been 
pointed out in Andalusia, Catalonia and Castile (Alfaro & 
Jorda, 1983) fer wheat and barley. The highest incidence l'i'as 
recorded in 1983 in Lleida according to CIMMYT data (Fuentes, 
1984). In the South of Spain, (and probably also in Llcida), 
hard wheat is more affected than the soft varieties (Alfaro, 
1984; Fuentes p 

1984). 

The biology of BYDV vectors is largely unkown in Spain, 
with the exception of Castafiera & Guti6rrez's (1983, 1985) 
studies. Thus, some research work on this topic was begun in 
1983 in order to get to know the main features of the vector 
behaviour in relation to BYDV epidemiology. 
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Figure 1.- Aphid populations during the 1984/85 winter 
in an early-sown wheat plot. 
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Figure 2. Age structure of aphid populations in an early
sown wheat plot during the 1983/84 winter. 
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• 
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Figure 3.- Aphid populations during the 1983, 1984 and 1985 
springs in several wheat plots. Each number is the average 
of 25(1983), 100(1984) and 200(1985) visual sampled tillers. 
Aphid species: Rhopalosiphum padi (left), Sitobion avenae 
(centre in black) and Metopolophium dirhodum (right). 
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The aim of this communication is to report the most 
significant results (unpublished) obtained during the last 
three years in Lleida (Catalonia). Nevertheless, more 
experimental work is necessary in order to confirm or reject 
some of the conclusions outlined below,. 

APHIDS IDENTIFIED ON WHEAT 

The following aphid species.have been identified on wheat 
( mos:ti.y on cv .Mexicale) : Si tobioni .. avenae, Rhopalosiphum padi, 
Metopolophium dirhodum, R. maidis� �. festucae, Schizaphis 
graminum, �· fragariae ,, 0.iuraphis noxia and Macrosiphum 
euphorbiae. 

�. avenae, g. padi and�. dirhodum were, by far, the 
most abundant. 

AUTUMN SITUATION 

Early-sown plots (emergence �eforei the end of November) 
show significant aphid populations, mostly of g. padi (fig.l). 
On the contrary, late-sown plots (emergence after the end of 
November) are aphid-free during the rest of the autumn and 
most of the winter. 

WINTER SITUATION 

Mild �inters (1983/84) allow aphids to overwinter on the 
cer�al and aven permit their reproduction. Figure 2 shows the 
age structure of populations of R. 

f
adi, s. &venae and M.

dirhodum during the 1983/84 winter sampled with D-Vac)-in an 
early autumn�sown plot. 

On the contrary, especially hard winters (1984/85) 
produce a high mortali·ty rate in aphid populations. In January 
1985, a 12 day period with minimum temperatures below -62C 
caused the disappearance of g. padi populations in one wheat 
plot and s. avenae and M. airhodum populations decreased 
remarkably (fig. i) • 

-

SPRING SITUATION 

Dverwintering populat�ons start to 1ncrease rapidly from 
the end of April or the beginning of May in accordance with 
the first alate immigrations (recorded ·with a Johnson-Taylor 
suction trap). Figure 3 shows the evolution of the population 
numbers of the three main aphid species during the spring in 
five sampled plots. The numbers and the relative importance 
of the three species are very variable. Peaks, usually 
occurring in the first fortnight of June (Zadoks GS 71-87), 
were below 10 aphids ,er tiller. Low numbers of g. J?.adi 
populations in 1985 were probably due to high winter 
mortality. After the peak, populations decreased to nil in 
the next 15 days, The decrease in populations was not so 
sudden as has been recorded in the Centre of the Iberian 
Peninsula (Castafiera & Gutierrez, 1985). In Lleida the wheat 
is irrigated 9 so mudity is probably higher than in the Centre 
and the effects of high temperatures on aphids are not so 
marked. 
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The first aphids were recorded on corn, coinciding with 
the beginning of the decrease in aphid populations on wheat. 

CONCLUSIONS 

Some features of winter cereal aphid biology in Lleida 
may be emphasized: 

- Noticeably aphid density, mostly�. padi, is expected on 
early-sown wheat fields (emerging before the end of November) o 

Therefore, a primary inoculation of BYDV is possible in this
period.

-An anholocyclic behaviour of�. padi, S.avenae and �.dirhodum
was observed in 1984 and 1985 and relatively high increase
rates were recorded in the winter of 1983/84, so virus disease
may spread to the whole plot during this period.

- The populations recorded on wheat in May and June are lower
than those pointed out in the Centre and North of Europe
(Bode, 1980; Latteur, 1985; Wratten & George, 1985) f and
they probably do no£ reach economic threholds, although it
should be borne in mind that�. padi is mostly localized on
the ear and that it is p:robably more harmful than in other
countries.
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Universitat Politecnica de Catalunya 

Proteccio de Conreus 
Agda. Rovira Roure 177. 25006 Lleida (Espanya) 

SUMMARY 

Two aphid population peaks were recorded throughout the maize 
crop in 1983, 198� and 1985. The first one occurred in June 
and was composed of alatae and young nymphs of Sitobion avenae, 
Rhopalosiphum padi and Metopolophium dirhodum. The second one 
took place in September-October and in this period g. padi was 
the predominant species. In July and August only a few sampled 
corn plots were infested by aphids, mostly by g. padi. 
On the vetch+cereal associated crop, several BYDV vector 
species were identified and their populations sometimes 
reached significant levels. 
BYDV presence was confirmed in both the corn and the associated 
crop. In the light of this, these crops may allow the 
maintenance of BYDV ir.occulum and vector populations between 
two winter cereal cycles. 

INTRODUCTION 

In Lleida, crop rotation usually includes corn and winter 
cereals and sometimes the latter is sown immediately after 
maize harvesting. 

Only one insecticide application is usually done in 
Lleida to control soil pests and early sucking insects. 
However, systemic soil insecticides have noE proved capable of 
controlling aphids on corn. 

Vetch (Vicia villosa) + cereal, a forage crop, is sown in 
early autumn and harvested in late winter or at the beginning 
of spring. Its surface area is low but it shows a mosaic 
distribution in the study area. 

APHID SPECIES IDENTIFIED ON CORN 

The following BYDV vectors have been identified on corn 
during the last three years: g. padi, �- avenae, �. dirhodum, 
g. maidis, �- festucae, Schizaphis raminum, Sipha maidis and
Macrosiphum euphorbiae (this non-vector .

APHID POPULATION DYNAMICS ON CORN (fig.I) 

Emergence of corn frequently coincides with the aphid 
peaks in winter cereal. Aphid populations in corn increase 
parallel with the fall in aphid numbers in winter cereal. 
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Figure 1.- Aphid populations during the 1984 summer and 
Autumn in a corn plot. Each number is the average of 25 
sampled plants. 
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The first aphid peak has always been recorded in June; 
afterwards populations fall abruptly and become practically 
nil until September. However, some sampled plots showed 
noticeably high numbers of�- padi during August. 

A second peak was usually recorded in September or October 
and populations sometimes remained high until harvesting. 

�. padi, �. avenae and�. dirhodum were the main species 
in the �irst peak and their relative abundance changed with 
plot and year; the first two species were usually the most 
abundant. Only alatae and young nymphs could be observed on 
corn in June. 

�. padi ·.vas th.a most common species in the second peak, 
although�. avenae reached noticeably high levels too. 

In 1985, BYDV was detected in some samples of corn I.eaves 
from Lleida, Thus, this crop may be an important host for BYDV 
a.:id its vectors during the summer and early autumn, exactly as 
has been pointed out in other countries (Dedryver & Robert 198D. 

The damage caused by aphid feeding and sooty mould on corn 
is probably low. On the contrary, some aphid-transmitted 
viruses (MDMV) cause severe losses in corn in some areas of 
Catalonia (Pons & Albajes, 1986). 

RGLE OF THE VETCH+CEREAL ASSOCIATED CROP 

Several aphid species have been idencified on this forage 
(;r.op. This tabl,a sho,.,s some significant r-acords of' o.�vac 
sam�ling during 1984 and i985: 

aphids/m2 

Dates �.pat.ii �.maidis S.avenae M.dirhodum §..•K�inum D.noxia 
----

o�.11.84 15.3.3 110.6 15 .o 19. t,: '9 .4 60.6 
28.12.84 401.0 1. 53.7 1.0 •,) 

19.a,85 111.9 1-;i .4 ��o. 6 no.; 4.8 l.1:. ,J 

23.:iJ..85 14:L3 17,5 34.9 ;::. .. 7 :1. 6 (,. 4 

'I'hes"' high. numbers allow us to assign <1n :i.1:1por-i:ant role 
oC the vet�h+cereal associated crop as a host o� BYDV and its 
-;cc tor a, especially durin.._e; the autumn a nu winter 

CONCLUSIONS 

Acco .. ·ding to tlle resu.lts achieved in Lleida in the last 
three yeers (1983/85), summarized in th� preceeding paper and 
in this one, the BYDV 9 mainly harmful for winter cereal in 
Spain, and its vectors, have suitable hosts available during 
the whole year. Winter cereal, corn (and perhaps sorghum) and 
the associated crop are the main gramineae in this respect. 

In non-MediteTranean European areas this cycle has been 
dif:ferently described. Dedryv,er & Robert(1981) and Bayon & 
Airault (1983) assign tc corn and volunteer cereals a major 
rol� between two winter cereal crops in the North of France 



- 45 -

and Doodson (1967) and Carter (1984) pointed to grasses as the 
main reservoir of virus and vectors in summer in England. 

In Mediterranean areas, under different weather and 
cropping system conditions, the cycle of BYDV and its vectors 
is probably different. 

Grasses (spontaneous ones and those covering the soil of 
orchards) have been sampled in Lleida over the three last 
years and showed very few aphids, although some of these grasses 
had been confirmed as reservoirs of virus (Alfaro. personal 
communication). 

Cultivated gramineae are probably the elements responsibla 
for maintenance of BYDV inocculum and vector populations during 
the summer and autumn in irrigated Mediterranean areas. 

The following diagram shows the possibilities of 
maintenance of high BYDV inocculum and vector populations over

the whole year in Lleida 

AUTUMN WINTER SPRING SUMMER 

winter cereals 
I- - -- - - - -------------------+

corn corn 

vetch + cereal 
--------------------� 
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Summary 

In this paper, we present data concerning aestival and hibernal survival 
mechanisms of Aphidius uzbekistanicus Luz., the main parasite of cereal 
aphids. A low percentage of parasites were found to emerge on wheat, after 
a summer interruption in development of 3 months. In winter, on wheat vo-
1 unteers, "mummies" were scarce and the rate of hyperparas it ism was high 
(53%) . The 1 ife cycle of A.uzbekistanicus was prolonged in semi-natural 
conditions constituting an important mode of survival. Under these con
ditions, interruptions in development rarely occured. 
Total duration of development, longevity and active period of the adult 
parasites were also studied under experimental conditions at low tempera
tures. It was possible to prolong the developmental period of the para
site to up to 5 months. In addition, some interruptions in development 
were found to affect only 4% of the 4th instar larvae. 

1. INTRODUCTION

De nombreuses especes de parasites de pucerons ( Hym., Aph i di i dae ) 
stri ctement speci fi ques repondent a 1 a l ongue absence de stades recept Hs 
de 1 eur hate par une di apause de 1 ongue duree ( STARY, 1968, 1972, 1975 ) . 
Les chases ne sont pas si simples pour les especes oligophages qui sont les 
plus importantes pour l'agriculture en regions temperees. Ces especes sont 
generalement confrontees a deux periodes ou leurs hates sont rares ou,a la 
limite,absents : la periode la plus chaude de l'ete et la periode la plus 
froide de l'hiver. Elles y repondent par plusieurs mecanismes complementai
res, dont l 'importance peut varier. I1 est difficile, dans ces conditions, 
d'avoir une vision d'ensemble des modes de survie d'une espece. 

Nous avons cherche dans cet article a rassembler les elements connus 
concernant le principal parasite des pucerons des cereales, Aphidius uzbe
kistanicus LUZ.(1), qui est considere comme specifique de pucerons des Gra
minees. 

(1) au sens de RABASSE (1982) et en tenant compte des remarques de LATTEUR
et RASSEL (1979) et de PUNGERL (1983).
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Des observations de terrain ont ete effectuees en Bretagne (Rennes) et 
dans le midi (Anti bes). Les donnees experimentales concernent toutes 
la meme souche qui provient de Bretagne. 

2. SURVIE ESTIVALE: OBSERVATIONS DE TERRAIN

Un faible pourcentage de "momies" prelevees sur cereales a paille pre
sentent un arret de developpement estival. A Rennes, sur 694"momies"prele
vees sur ble a la mi-juin 1984, seulement 7 A.uzbekistanicus emergerent 
a la mi-Septembre, soit 1% (prelevements realises les 19 et 20 juin; emer
gence entre le 9 Septembre et le 9 Octobre). En 1985, le pourcentage eta it 
de 0,25%, soit 5 individus (prelevements les 13 et 14 Juin; emergences 
tardives mi-Septembre). 

A Antibes, les ttmomies" prelevees au cours de la culture en 1985 et non 
ec loses fin AoOt ont ete dis sequees : 3, 3%, soit 67 "momi es" contena i ent 
une larve de 4 eme stade d'Aphidius en arret de developpement. Avec cette 
methode, l 'identification specifique des insectes n' a, bien sOr, pas ete 
possible. 

Done, dans l es deux cas, un f ai b le pourcentage de parasites presente 
un arret de developpement pour lequel les indications dont nous disposons 
indiquent une duree de 3 mois; il s'agit d'une estivation. On peut s'in
terroger sur les chances de survie des parasites contenus dans ces "momies" 
sur le terrain, en raison d'une part de la recolte, d'autre part de l'hy
perparasitisme tres eleve par des especes extremement polyphages, que l'on 
observe en Juillet (80% ou plus). 

Alors qu'au champ, cette diapause est rare, rappelons qu'en elevage, 
nous observons regulierement sur Sitobion avenae F. des larves de parasi
tes en arret de developpement au 4 eme stade (de 5 a 46% selon la periode), 
alors que les conditions de temperature et de photoperiode f20°, 16h) res
tent stables (KRESPI et al., 1986). 

3. SURVIE HIVERNALE

A. Observations de terrain

De debut Octobre a la fin de l'annee en Bretagne, les "momies" d' 
A.uzbekistanicus sont rares. Nous les avons recherchees essentiellement
sur repousses de ble fin 1984. L'hyperparasitisme etait eleve : 53% des
147 "momies" d'Aphidius spp. que nous avons pu recolter au cours de ces
3 mois. Dans ces conditions, nous avons obtenu des pucerons preleves:

Date de Duree momification-eclosion 
prelevements dans les conditions exterieures: 

OCTOBRE : 5 Femelles et 2 Males 7 a 14 jours 

NOVEMBRE : 4 Femelles et 2 Males 11 a 19 jours 

DECEMBRE : 3 Femelles et 1 Male 10 a 28 jours 

On note le pourcentage eleve de femelles (70% contre 60% au prin
temps). Janvier est le mois le-plus froid et nous n'avons pu mettre en 
evidence ce parasite qu'au mois d'Avril.. Dans la meme region, des don-
nees anterieures ( RABASSE et DEDRYVER, 1983 ) montraient une presence 
continue d'A.uzbekistanicus pendant l 'hiver. 
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Fig. 1 - T�tui:-e.s rmxilmles et m:inimles q1..':ltidiemes de Noven!re 1984 a f.brs 198'j, en 
caooiticns sani.-ra.turelles. 
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Fig. 2 - Elrergerces des !lOlri.es d' Aphidius uzl:ekistanwzis des 14 roe et 15 €1lll geo{>..raticns 
en cmditir.os semi.--naturelles, perdant l 'biver 1� - 1985. 
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Legendes des figures: 

Generation Lots de "momi es" Date de formation des "momies" 

14 I 09, 12 et 16/11/84 

14 2 D 19/11/84 

14 3 ill] . 28/11/84 

14 4 I 30/11/84 

15 1 D 27/12/84 

15 2 D 03 et 04/01/84 

Notes: 

Fig.1: Les temperatures sont captees dans les eclosoirs a "momies" et scru
tees toutesles 2 minutes. Les moyennes sont calculees sur 6 valeurs 
par jour. 

Fig.2: L'eclosion des lots de "momies" a ete decrite sur des graphiques 
differents pour la clarte de la representation. 

B. Observations en conditions semi-naturelles

Les difficultes d'etude directe nous ant conduitsa faire des obser
vations en boites d'elevage a l 'exterieur au cours de ce meme hiver 1984-
1985. -Un elevage a e'te mis en place dans les conditions exterieures a 
Rennes, en Septembre 1983. A chaque generation (Gn), 3 couples de para
sites de 1 a generation precedente sont mi s en presence de S. avenae, en 
nombre constant, et de miel. Toutes les "momies" sont recoltees et leur 
eclosion observee dans les memes conditions. Nous nous sommes interesses 
a la G14 (debut le 22/10/84) et a la G15 (debut le 23/11/84). La figure 
1 presente l'evolution de la temperature au cours des generations, la fi
gure 2, l'evolution des eclosions. 

On constate une forte dilatation hivernale du cycle, qui explique, au 
mains partiellement la diminution de l 'effectif de "momies" observe sur 
le terrain: 

A 

Gn Date de 1ere piqure Date 50% d'eclosions Effectif 

G14 22 Octobre ---- 37 jours -- 28 Novembre n=126 

G15 23 Novembre--- 78 jours --- 9 Fevrier n=48 

Pendant les 3 premieres semaines de Janvier, alors que les temperatu
res etaient voisines au inferieures a 0° C, on enregistre l'arret des eclo
sions du lot de "momies" de G14 formees le 30 Novembre, deux individus 
eclosant respectivement les 21 et 28 Janvier. Enfin, un seul individu du 
meme lot n'eclot que le 14 Mars, apres un arret de developpement prononce. 
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4. POSSIBILITES DE DEVELOPPEMENT ET D'ACTIVITE A BASSE TEMPERATURE

Des observations en conditions contr6 lees permettent d' interpreter 
l'activite hivernale, que nous venons de constater. 

A. Duree de developpement

A une temperature constante de 7° C ( photoper i ode de 9 heures), 1 es
durees de developpement d'A.uzbekistanicus sont les suivantes 

jusqu'a la 
I 

jusqu'a Sur :

I 
n 

momification l'eclosion 

Metopoloehium dirhodum 22-23 jours 33-40 jours 140 

Sitobion avenae 1Y-40 jours 40-56 jours 66 

Rhopalosiphum padi 22-44 jours 40-63 jours 67 

Les valeurs extremes indiquent la variabilite entre les moyennes obtenues 
pour differents stades de la forme aptere. Le cycle a cette temperature dure 
done de 1 a 2 mois. 

Dans une autre experience, menee dans des conditions mains "standard", la 
temperature moyenne a ete de 4,5° C (minimum 4° C, bref degivrage a 15° C cha
que jour) et la photoperiode de 8 heures. Des lots de 20 S.avenae parasites 
ont ete disseques a chaque date et nous avons obtenu les resultats suivants: 

18 jours 
39 jours 
55 jours 
69 jours 

pas de larves 
100% de L2 
15% de L2 et 85% de L3 
17% de L3 et 83% de L4, debut de formation des 
"momies". 

101 a 144 jours : eclosion 

A 144 jours, il reste 4% d'individus bloques au 4eme stade larvaire, mais 
nous n'avons pas observe d'arret de developpement plus precoce. 
Malgre son imprecision, cet essai montre qu'il est possible de ralentir le 
cycle d'A.uzbekistanicus jusqu'a ce qu'il atteigne une duree de 5 mois. 

Enfin, nous indiquons ailleurs dans ces compte-rendus (RABASSE et IBRAHIM, 
sous presse), que les "momies" supportent une temperature de conservation 
constante de 3° C. 

B. Activite des adultes

La longevite et la periode d'activite ant ete observees sur des lots
de 15 adultes de chaque sexe, conserves aux trois regimes suivants: 

- temperatures constantes de 3° C ou de 8° C.
- conditions exterieures hivernales d'Antibes (moyenne aux environs

de 8° C, maximum: 14°C., minimum: 4° C.)

Ces parasites etaient places chaque jour a 20° C pendant une heure, en pre
sence de pucerons, pour simuler un rechauffement quotidien: 
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Males Femelles 
Temperatures 

Longevite Activite Longevite Activite 

3° c. 
+ 

6,2- 2,9 
+ 

2,7 -1,9 
+ 

7,4- 3,3 
+ 

4,6 - 2,6 

8° c. 
+ 

5,6 - 2,6 
+ 

2,9-1,7 
+ 

10,6- 5,9 
+ 

7,4- 4,5 

Exterieur 
+ 

11,3- 3,7 
+ 

7,9 -3,0 
+ 

8,8 - 4,2 
+ 

6,1 - 3,1 

(Valeurs exprimees en j ours) 

Cet essai n'a, bien sur, qu'une valeur indicatrice, mais i1 montre 
que pendant des periodes ou la temperature est de l'ordre de 3° C., ce para
site peut prof i ter du moi ndre rechauff ement pour reprendre son act iv ite. 
Notons, toutefoi s, que 1 es 1 ongevites observees dans ces experiences sont 
tres i nf eri eures a ce 11 es que nous avons observe dans d' autres conditions 
pour cette espece. 

5. DISCUSSION

On constate, sur le terrain, une rarefaction extreme des "momies" conte
nant A.uzbekistanicus au mois d'Aout, comme au mois de Janvier. Etant don
nees la fragilite et la faible longevite des parasites adultes en elevage, 
ce travail cherchait done a preciser les mecanismes de survie sur le site 
meme. En effet, si l'on connait la possibilite de recolonisation par de tres 
j eunes stades parasitant des pucerons ailes migrants, on ne sait pas appre
cier l 'importance de ce phenomene. 

Nous avons montre l 'existence d' une est i vat ion peu frequente chez ce 
parasite et nous nous interrogeons sur son importance et sur le role qu'elle 
j oue. 

En hi ver, a la difference de nombreux hyperparas ites, cette espece est 
capable de poursuivre son activite et son developpement dans des conditions 
ou hivernent les pucerons anholocycliques, soit pendant des periodes assez 
longues a +5° C. L'exemple detaille de 1984-85 est celui d'un hiver particu
lierement rigoureux. Independamment d'autres phenomenes, qui ne peuvent etre 
totalement exclus, ce ralentissement extreme suffit a constituer un mode de 
conservation et de survie. Ces resultats ne sont evidemment valables qu'a 
Rennes et pour une souche qui en est originaire. Cependant, la comparaison 
des conditions hivernales permet d'envisager leur extension aux climats de 
type atlantique et mediterraneen , comme le suggere le tableau suivant : 

Loe al ite Decembre Janvier Fevrier 

Rennes 5,5° C 1, 5j. 4,8° C 2, 9j. 5,4° C 1,4j. 

Brest 6,9°C 0,3j. 6,1° c 0, 7j. 6,0° C 0,4j. 

Montpellier 6,5° C 1, 6j. 5,6° C 2,2j . 6,7° C 1, 9j . 

Periode 1931-1960: Temperature moyenne et nombre de j ours de 
forte gelee (ou la temperature minimale est inferieure a -5° C). 

(D'apres GARNIER, 1967). 
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Par contre, en regions continentales, l'espece semble presenter une dia
pause avec beaucoup plus de regularite (C.HOLLER, in litt.). 

Dans nos conditions, une des clefs de la survie est constituee par la 
variabilite des reponses individuelles, qui se manifestent de la maniere sui
vante : 

- en AoOt, l es "momi es" di sparai ssent des re 1 eves eff ectues sur 
maTs, mais si l 'on expose artificiellement des pucerons sains,
un certain parasitisme se manifeste. 

- en hiver, les "momies" disparaissent egalement, un developpement
tres lent est possible, mais on observe exceptionnellement un 
deve 1 oppement di ff ere et, experimental ement, 1 a souche est ca
pable de manifester une diapause. 

En hiver, les populations d'A.uzbekistanicus peuvent agir, libres de 
l 'hyperparasitisme, mais sous l 'influence des conditions climatiques et de 
la densite des hates potentiels. Aussi bien les difficultes d'echantillon
nage, que la variabilite des reponses au climat, ne nous rendent pas opti
mistes quanta la possibilite de diagnostic hivernal de l'action a venir 
de ces parasites. 
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CONSERVATION OF APHIOIUS UZBEKISTANICUS LUZ. (HYM., APHIDIIDAE), 
PARASITE ON SITOBION AVENAE F. (HOM., APHIDIDAE). 

J.M. RABASSE and A.M.A. IBRAHIM

I.N.R.A. - Station de Zoologie et de Lutte biologique
F - 06602 ANTIBES. 

oOo 

At least in order to understand the way the cereal aphids parasites operate in the 
fields, it can be useful to rear and release extra individuals, or to release some at 
an unusual time (POWELL et al., 1983). To get large numbers of parasites at the 
proper time, it is helpful to store them. Conservation is also of general interest as 
a rearing routine. The method most generally used in Aphidiids consists in cooling 
the insects after they have formed their mummy, i.e. when they get free from the 
host and its host-plant. We used this method on the main parasite of cereal aphids, 
Aphidius uzbekistanicus Luz. (1). 

MATERIAL AND METHODS. 

Sitobion avenae F. was reared on wheat plants cultivated on soil in plastic pots at 
20°C, 16/8 L : D. The aphids were exposed to a strain of parasites, collected in 
Brittany, with a low percentage of diapause (diapausing individuals were put aside in 
the experiments). The plants were examined for mummies at regular intervals (4 
times a day). As soon as they were observed, the newly formed mummies were 
picked up and introduced in gelatine capsules 18 x 6 mm. They were then put in the 
dark at the following constant temperatures : 

- 1st : acclimation period during 6 or 12 h. (expt. A) or during 9,12 or 15 h. (expt.
B) at 8 + 0.5°C. 

- 2nd : storage period during 1,2,3 or 4 weeks (1st expt.), 2,3 or 4 weeks (2nd
expt.) at 3 :!: 0.5°C. 

After storage, the mummies were brought back at 20°C. 

RESULTS. 

The results are presented in table l .  An acclimation period of 9 h. increases 
significantly the rate of emergence, when compared to 6 h., for all the different 
conservation periods. A longer acclimation does not seem to improve much the 
results. 

For the same acclimation period, emergence rate is always higher after a 3 
weeks, than after a 4 weeks storage. In addition, after one month, the first 
emergences during conservation begin to take place. 

1) According to RABASSE {1982), taking account of the remarks of LA TTEUR and
RASSELL (1979) and of PUNGERL (1983).
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1 week 2 weeks 3 weeks 4 weeks 

100 45 15 (15*) 

20 18 20 20 

92 83 45 

24 24 22 

89 61 70 61 

17 18 20 18 

96 72 52 (15*) 

27 23 25 

48 80 65 (4*) 

25 25 23 

Percentage emergence of Aphidius uzbekistanicus from mummies 
of Sitobion avenae, after storage at 3°C following acclimation 
at 8°C. 

A, B : reference of experiment. 
* : Percentage emergence during storage.

So, we select the combination of 9 h. at 8°C, followed by 3 weeks at 3°C in order 
to stagger the production of A. uzbekistanicus. In these conditions, males and 
females emerge 5 _:1:_ l hours after being back at 20°C. This period does not change 
very much with the experimental conditions : it is comprised between 3.2 and 7 .3 
hours. Some mortality has been registered in every form : larvae, pupae and adults ; 
the data are not numerous enough to show any trend among these categories. 

DISCUSSION. 

We can compare these results with literature data about the time after which 
80 p.cent or more emergences still occur at the best acclimation/storage conditions 
tested : 

- only 2 weeks for two polyphagous species, that are distributed in subtropical
areas : Aphidius colemani Vie. (HOFSVANG and HAGVAR, 1977) and Lysiphlebus 
testaceipes Cre. (ARCHER et al., 1973). 
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- different results about Aphidius matricariae Hal. : 2 weeks in Southern France 
(but only 2 and 4 weeks had been tested) (SHALAB Y and RABASSE, 1979) or 4 
weeks in England (SCOPES et al., 1973). 3 weeks for A. uzbekistanicus in the 
present work. 

- 4 weeks for Ephedrus cerasicola Stary (HOFSVANG and HAGVAR, 1977) that
seems to be the best adapted to cool storage conditions. 

HOFSVANG and HAGVAR (1977) and ARCHER et al. (1973) observed that the 
mummies of Aphidiids have a higher rate of emergence if newly formed when put at 
low temperature, so the age. in which we have stored the parasites seems to be the 
best. However, the conservation of A. uzbekistanicus mummies can probably be 
improved following two directions : working around + l °C, conditions that gave 
better results to POLGAR (1986) for A. matricariae or, of course, using a 
diapauSing strain that can be found under continental climates (C. HOLLER in litt.). 

oOo 
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APHID-SPECI FIC PREDATORS AND CERFAL APHIDS IN SOT.J.rHERN ENGLAND 

R J CHAMBERS 
Department of Entomolo;iy and Insect Patholo;iy, Glasshouse Creps 
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Sumrrary 
A review of recent research into the effectiveness of 

Syrphidae and Coccinellidae in controlling cereal aphid 
[x:>pulations is presented. Further developmBnt of the methods and 
future research is proposed. A brief appraisal is made of the 
prospects for incorporating naturally-occurring predation in an 
integrated pro;iramme of pest control in winter wheat. 

R�sume 
�s dernier�s etudes sur l'�fficacit� des Syrphidae et des 
Coccinellidae pour contreler les populations des pucerons a
cereales sont presentees. D'autre �veloppements sur les 
methodes et la recherche avenir sont prcposes. Une �valuation 
est faite des possibilit�s pour incorporer les pr6aateurs 
naturels dans un pro;iramme integre pour le controle des 
ravageurs du ble d'hiver. 

( 1) Intrcrluction
'l'he aphid-specific or 'specialist' predators of aphids 

considered here are those species of adult and larval 
Coccinellidae (Coleoptera) and larval Syrphidae (Diptera) that 
feed largely or entirely upon aphids. 'Ihe comrronest species in 
winter wheat in Europe appear to be C.Occinella septempunctata L., 
Propylea 14-punctata (L.), Episyrphus balteatus (Degeer) and 
Metasyrphus corollae (F.) (Dedryver e·t al. 1985). Chambers et 
al. (1986) listed a further 12 species of syrphids collectedii°s 
larvae from winter wheat in the southern UK. 

'Ihree approaches have been made to the problem of how to 
assess the impact of specialist predators on populations of 
cereal aphids. 'Ihese are; 

- the exclusion of predators fran snall areas of infested crcp
using polyester netting barriers; 

- simultaneous observation of aphid and predator JX>pulations at
a range of sites in commercial crcps, especially at low aphid 
densities, to look for correlations between predator and prey 
densities in different fields; 

- quantification of predation by analytical methods and by
direct estimation of rates of kill in semi-field conditions. 

(2) Predator exclusion
,·men predators were excluded from replicated 4.5 m2 areas

in three field seasons, peak densities of up to 6.4 times more 
aphids occurred in the 'caged' area than in the 'open' , depending 
up:m the predator density in the cpen (Chambers et al. 1983). 
Predators reduced the aphid rate of increase in the---,open' plots 
during the 1.5-2 \.eeks prior to the aphid population peak in the 
predato r-excluded [)lots. Other treatments were set up to test if 
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th: aphid populations \.Jere affected by the exclusion barrier 
itself. These ..ere a 'half cage', which allowed entry of 
predators, and a cage fran which alatae appearing on the walls 
and roof \olere removed daily. The predators did not prevent high 
aphid densities developing, and surrounding fields had to be 
sprayed. 

(3) Field observations
Ct>servations of aphid and predator populations in 38 sites in 

winter wheat ..ere taken in 1900 and 1981. Aphids ..ere sampled by 
examtnation of up to 400 shoots at each sampling site and 
SF,ecialist predators by 200 strokes with a sweep ne2. In so�e
sites, the absolute density of predators (no. per m) '11s
estba ted by 10  to 20 randcmly placed quadrats of O. lm • 
'Ihis was repeated in a further 5 sites in 1982. 

In 2 fields in 1900, the population of Sitobion avenae (F.) 
attained just under 5 aphids per ear at flowering, the threshold 
recommended for insecticide application in the UK. Thereafter 
aphid numbers were rapidly reduced by specialist predators, 
mainly coccinellids (Chambers et al. 1986). In 1981, syrphids 
were more canmon than coccinellids and aphid population increase 
was halted apparently by a canbination of antagonists; syrphids, 
parasitoids, pathogenic fungi, and polyphagous predators. S. 
avenae did not exceed 1.4 per shoot in any field. If the aphids 
had continued increasing at their pre-peak rate, S. avenae would 
probably have exceeded the spray threshold at flowering in three 
of the fields sampled. '!here 1,,0.s no evidence to suggest that 
aphid emigration, the effects of severe ..eather, nor crop growth 
stage were major contributory factors in the aphid population 
decline in either year. In 1982, syrphids were the predaninant 
natural enemy in the five sites sampled. Aphid populations 
stopped increasing at flowering when population densities ranged 
fran 1.9 to 3.0 per shoot. 

Syrphid oviposition canmenced when aphid densities were 
relatively low; at about 0.5 per shoot in each of 1980, 1981 and 
1982. '!he peak egg population was found when aphid densities had 
risen to about 1 per shoot in 1900 and 1981, and about 1-2 per 
shoot in 1982. As a result, syrphid larvae appeared in crops 
before large aphid infestations could develop. The number of 
syrphid eggs found in samples was positively related to the aphid 
density at the time of peak oviposition. 'Ihis oviposition 
response to aphid density was seen both between and within fields 
and reflects the degree of mobility and searching ability of the 
gravid syrphid female. 

(4) QJantification
\'/here the control or limitation of aphids by predators is 

implied fran a change in prey numbers and the simultaneous 
presence of the antagonist, a quantitative analysis is desirable. 
This would show whether sufficient predators 1�re present to 
cause th: observed change in aphid abundance. It 1..ould also give 
some indication of the relative importance of other antagonists 
if only a small proportion of the total aphid mortality were 
attributable to predators. 'lhe rmin factors to consider are the 
absolute densities of predator and prey, the rate of kill of each 
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predator aru the increase rate of the aphids in the absence of 
the predators. F�eld densities of syrphid larvae and cereal 
aphids (no. per m ) have been estimated as described above. 
In the absence of data on rates of kill by syrphid larvae in the 
field, an estimated kill can be obtained fran laboratory 
measurements. This can then be canpared with the kill required 
of each predator to achieve the degree of control observed in the 
field aphid population, for a given 'background' aphid increase 
rate (Adams, 1984; Chambers & Adams, 1986). This approach has 
the advantage that a canparison of estimated and required kill 
can be l!Bde for each sampling interval, usually a v.1eek, to 
identify when predation W:lS most effective. It thus avoids the 
cumulative errors of a long-run simulation. Six field 
populations of cereal aphids \vere analysed by this rrethod. In 
four populations in 1982, syrphid larvae had the potential to 
halt the aphid increase at densities of 1.9 to 3.0 per st-oot, 
while in two crops in 1981 other antagonists were the !!Bin 
determinants of aphid density. The rrethod will be further 
developed by direct estimation of syrphid kill rates in 
semi-field conditions. 

Experiments have been coruucted to estimate the rate of kill 
of fourth instar larvae of�- 7-punct�ta in conditions similar to
the field. larvae were added to O.lm arenas in which about 
50 shoots of winter wheat were growing. The arenas were each 
surrounded by a large 'Fluon'-coated plastic cone to redirect 
larvae falling off the leaves back to the base of the plants, so 
maintaining the predator density. larvae were introduced for 24 
hours, aru were weighed before aru after this period. Usually 2, 
3, or 4 larvae ...ere added to each arena, approximately 
representative of the densities seen in the field. To exclude 
unwanted immigrant predators, the arenas \vere sited within a 
well-lit outdoor in.sectary with rresh walls and glass roof. The 
change in aphid density was compared with the change seen in 
control arenas carrying similar aphid numbers in the absence of 
predators. The rate of kill per predator .as calculated fran the 
loss in the predator plots allowing for the potential increase 
srown by the control plot. The calculated rate of kill per 
predator per day ranged fran O to approximately 60 aphids per 
day. In a nultiple regression analysis rroch of the variablity in 
the rate of kill .as accounted for by strong correlations with 
larval weight, the number of sunshine hours and aphid density 
(Parks, Adams & Chambers, unpublished data). Similar rrethods 
will be used to estimate rates of kill by larvae of Metasyrphus 
corolla e. 

( 5) Future prosr�cts
Syrphids and coccinellids seem to be the only cereal aphid 

antagonists for which quick assessments of abundance are 
possible. 'I'he presence of the larval stages of both groups can 
be detected and an index of their abundance obtained by s-.eep-net 
sampling. Syrphid eggs are laid in close proximity to aphid 
colonies, are easily found during shoot examinations for aphids 
where present, an,.--:l are not readily confused with any other insect 
egg. '.Ihis suggests that fiel d sampling for specialist predators, 
especially syrphids, coul d be combined with incidence sampling 
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f or aphids (Ward et al. 1985) to identify those fields where 
there are sufficient predators to rrake spraying unnecessary. 
Further extensive field sampling is needed and is being 
undertaken to assess the effective preclator:prey ratio. 

The frequency and geo;iraphical extent of aphid control by 
specialist predators is at present unknawn, and their importance 
in relation to other antagonists is also unassessed except in a 
few cases. Further "°rk is also required on their susceptibility 
to canmonly-used agrochemicals. 
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D� DES cxxx:rNELLES ET SYRPHES PREDATllJRS 

DE P'OCERCR. DE.5 CEREALE.5 A PAILLE 

L. LAPCHIN, A. FERRAN, G. IPERTI, J.M. RABASSE, J.P. LYON
Station de ZOOLCGIE et de LUTl'E BIOLCGIQUE 

37 Bd. du CAP, 06602 ANTIBES - FRANCE 

Les aphidiphages autochtones, en cultures de cereales, 
sont tres souvent evoques co:rme facteurs de limitation des 
populations de puceronse Cependant, la quantification de leur role 
est rarement abordee car la rrethodologie necessaire fait defaut. Le 
premier probleme gui se pose est celui de l'echantillonnage de ces 
auxiliaires. A l'echelle de la parcelle, la mise au·point de cet 
echantillonnage corrporte elle-rrerre deux etapes distinctes: le choix 
du nombre et de la disposition des points d'echantillonnage dans le 
champ, en tenant corrpte des heterogeneites des distributions 
spatiales, ma.is aussi le choix de la rrethode de denombrerrent des 
predateurs. Qi considere generalenent en effet que les individus 
observes OU recoltes representent la totalite des effectifs presents 
dans la surface OU le VOlurre echantillonne. Or I la validite du 
denombrerrent untilise n'est jamais analysee. C'est cette analyse que 
nous abordons ici, dans le cas des ccscinelles e2 syrphes�predateurs 
de puceron�. � Dans. une parcelle qe �l� � � 4500 m , par�agee en sous
parcelles eleroentaires de 25 m del1JTUtees par des piquets (FIGURE 
l) ' nous avons compare trois methodes de denombrerrent, appliquees
avec une frequence hebdomadaire : une rrethode visuelle rapide, une
rrethode visuelle approfondie et 1a coupe de pieds de ble, avec
depouillerrent au Laboratoire, utilisee pour l'echantillonnage des
pucerons.

La nethode visuelle rapide consiste a parcourir chaque 
sous-parcelle elerrentaire du champ pendant deux minutes et a noter 
les predateurs observes (larves et adultes de coccinelles, larves et 
pupes de syrphes, cantharides et �lerides, etc). 

La seconde �thode visuelle consiste, apres avoir choisi 
un certain nombre de sous-parcelles elerrentaires (de 16 a 32 selon 
les annees), a faire parcourir chacune d'elles par deux observateurs 
successifs qui recoltent tous les predateurs qu'ils rencontrent sur 
toute la ha�teur de la plante et �ur le sol; Chaque passage dure 
environ 20 a 30 minutes pour 25 m. Cette rrethode "soustractive" 
autorise l'estimation de la population reelle et done le calcul de 
l'efficacite du denombreITEnt, par la nethode de DE LURY, nethode 
employee generaleirent dans le domaine halieutique et presentee par 
I..l\URENT et LAMARQUE (1974) : 
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FIGURE 1- Disposition de la parcelle exper.urental de LA BARONNE 
(vallee du Var). 
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Si Cl et C2 sont les effectifs recoltes respectiverrent 
lors du premier et du deuxierre passage, et si la condition: 

Cl2(Cl-C2)2 / C2
2(cl+c2) > 16

est verifiee, on peut calculer l'effectif de la population par 

P = Cl2 / (Cl-C2)

avec une variance 

L'efficacite du denombrerrent, definie comne le 
pourcentage de l'effectif total recolte apres deux passages, est 

E = 100.(Cl+c2)/P 

La troisierre rrethode de denombrerrent, plus classique, 
s'appuie sur la coupe et le tri au Laboratoire de 9 pieds de ble par 
sous-parcelle elerrentaire echantillonnee. Les forrres tres rrobiles, 
larves et adultes de coccinelles, qui se laissent tomber lors de la 
coupe, ne sont pas denombrees par cette rrethode. Elle est par contre 
bien adaptee pour les larves et pupes de syrphes. 

Les totaux des effectifs recoltes OU observes chaque 
annee par chacune des trois rrethodes sont presentes dans le TABLEAU 
1. En ce qui concerne les syrphes, il s'avere que les rrethodes
visuelles sous-estirrent forterrent les populations et que � la
rrethode approfondie pre�ente une efficacite trap faible pour etre
utilisable. La seule rrethode fiable est done la coupe de vegetal,
bien qu'elle porte sur des surfaces echantillonnees reduites compte
tenu de sa duree de mise en oeuvre. Cet inconvenient est compense par
la forte densite de ces predateurs (de dix-a cent fois celle des
coccinelles) •

Pour ce qui est des coccinelles, l'efficacite des deux 
passages de la rrethode visuelle approfondie est elevee, pour les deux 
annees. Cette efficacite calculee a d'ailleurs ete verifiee en 
lachant, dans des sous-parcelles prealablerrent videes de leurs 
predateurs, un nombre connu d'individus qui sont ensuite recherches 
par la rren-e rrethode (TABLEAU 2). Differents pararnetres sont 
susceptibles de rrodifier l'efficacite de la rrethode. Les conditions 
climatiques ne semblent pas intervenir d'une fa9on sensible, sauf si 
des precipitations abondantes limitent les possibilites de 
penetration des observateurs dans la parcelle. Le Stade phenologique 
de la plante n'intervient pas non plus d'une fa9on determinante 
puisque l'efficacite est du rren-e ordre de grandeur a la rrontaison e! 
a la maturation de la plante. Il semble par centre que l'efficacite 
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-----------------

c. septe11punctata 

Adultes 335 970 408 1360 
L4 41 373 89 753 
LI a L3 4 E:O 

Pontes 118 

vari e11ata 

Adultes 65 270 2!i4 1422 

L4 40 Z:35 
Ll a L3 12 21 

quatuordeci111. 

Aclul tes 17 245 32 476 
L4 45 66 

L1 a L3 12 8 

Syrphes <toutes 
especes) 

Pupes 150 2547 97 26971 225
1 

1 t::::::: 43 15319 
Larves 4 1.57 167 46434 5 155 155 .5.5220 
Oeufs 10 21t:o - 64 22801 

--------�---�----�-----�------�-------------��--�-�------

TABLEAU 1. Effecti fs totaux de cocci ne l"I es et syrphes reco l tes 
par l es tr·oi s methodes de denombrement, en 19t:4 et 198.5 : 

A. Methode visuelle rapide. 
B. Methode visuelle approfondie. 
c. Methode par coupe du vegetal (pour l es syrphes, on a 

egalement rapportfs les effectifs recoltes a la mime 
surface que l es methodes visue"l"I esl. 

ECHANTILLONNAGES 5UCCE55IFS 
19"14 "1985 

LACHERS E�l 
RECAPTUFIE5 

AllULTES 84.9 70.9 71.1 

LARVES L4 80. 2 54. 4 67. 2 

LARVE5 L 1 a L3 86. 1 66. 1 27. 5 

TABLEAU 2 Effi caci tes de capturf,s de deux passages de la methode 
visuel 1 e approfondi e pour l es adultes et 1 es 1 arves de 
C. septe11punctata, calculees a partir des 
echaatillonnages hebdomadaires en 1984 et 19B5 ou a

partir de l�chers d�ns des sous-parcelles de 25 m•. 
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diminue nettement lorsque les effectifs a denombrer augne�tent. Il 
existe egalement une variabilite liee a l'observateur lui-nerre. Dans 
l'ensemble, la rrethode visuelle approfondie, couplee avec un plan 
d'echantillonnage precis s'appuyant sur une analyse des 
heterogeneites des distributions Spatial::S des individus dans la 
parcelle, permet de quantifier avec precision les adultes et les 
larves agees de coccinelles. Elle necessite par contre une main 
d'oeuvre nombreuse et qualifiee et doit etre reservee a des etudes 
fines de fonctionnement de la biocenose cerealiere. 

Une correlation lineaire tres signif�cative a pu etre 
mise en evidence entre les resultats des deux rrethodes visuelles, 
rapide et approfondie, dans le cas des adultes de coccinelles. Si la 
precision de la rrethcde visuelle rapide est insuffisante pour que 
l'on puisse l'utiliser pour quantifier valablerrent les predateurs 
presents a l'interieur d'une parcelle, sa simplicite et sa rapidite 
permettent par contre des comparaisons a grande echelle, entre 
parcelles, zones OU regions. 

Bibliograprie: 
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la rrethode des 
des peuplements 
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QUANTIFICATIOJ DE IA PREDATIOJ DES PUCERCNS DES CEREALES 

A PAILLE PAR LES axx:::INELLES E'l' LES SYRPHES 

A. FERRAN, G. IPER'l'I, L. LAPGIIN, J.M. RABASSE, J.P. LYON
INRA, Station de ZCX)LCGIE et de LUTIE BIOLCGIQUE

37 Bd DU CAP, 06602 ANTIBES - FRANCE. 

Le role des ennemis naturels dans la regulation des 
populations de ravageurs est tres souvent evc:que rnais il est 
difficile de le quantifier avec precision. On se contente, le plus 
souvent, de rrettre en parallele les courbes d'evolution des effectifs 
des auxiliaires et des deoredateurs des cultures et d'interpreter les 
unes par rapport aux autres. Lorsque la consormnation des predateurs 
est estirree' on se heurte au probleme de savoir a quoi la comparer. 
Elle est generalerrent rapportee aux effectifs, OU au mieux aux 
biomasses, de pucerons en place. Or, ces pucerons se renouvellent 
constanrnent et le taux de renouvellenent de la biomasse depend des 
structures de population et des conditions exterieures (temperature). 
Par ailleurs, une quantification precise de la consorrmation des 
predateurs est difficile : FRAZER et GILBERT (1976) l'ont tente dans 
le cas des coccinelles predatrices de pucerons du fraisier, mais en 
estimant la consormnation quotidienne du predateur a partir d'une 
valeur maximale theorique, etablie en Laboratoire. 

Il est done necessaire de rrettre au point une 
rrethodologie qui calcule, avec une precision connue, d'une part, la 
nourriture disponible (en tenant cornpte de son taux de 
renouvellerrent) et, d'autre part, la nourriture reellenent consonmee. 
Nous avons aborde le cas de la coccinelle Ccx:::cinella septenpmct:ata 
L. en parcelle de ble.

La biomasse de pucerons consorrrnable cornporte a la fois la 
population en place et la quantite de matiere nouvelle elaboree 
chaque jour (production de reproduction des adultes et surtout 
production de croissance des larves). C'est a cette productivite 
biologique, dont les rrethodes de calcul ant ete presentees par 
LAPCHIN et RABASSE (1980), que doit etre cornparee la consorrrna.tion des 
predateurs. La FIGURE 1 presente les productions quotidiennes des 
trois especes principales de pucerons dans la parcelle experirrentale. 

La consorrrna.tion des coccinelles est calculee differerment 
pour les larves et les adultes. Ence qui concerne les larves, les 
travaux de FERRAN (1983) sur Semi.adalia nndec:inpmctata Schn. ant mis 
en evidence un rapport constant entre le poids d'une larve et la 
biomasse totale de pucerons consormes durant toute sa croissance. Ce 
rapport est independant des facteurs abiotiques et notarment de la 
temperature. Le rapport de 0.35 dans le cas de S. unec:i.npmctata a 
ete etendu a c. sept:e!lplilctata en attendant les resultats d'une 
verification experirrentale en cours. Le passage de la consomnation 
currn.ilee a la consorrmation quotidienne se fait en tenant corrpte de la 
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FIGURE 1- Quantification de la nourriture disponible : production 
biologique des principales especes de pucerons dans la 
parcelle experinentale. 
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duree des stades en fonction de la temperature. 

Pour les adultes de coccinelles, la biomasse ingeree est 
calculee a partir de l'ernission des oeufs: FERRAN (1983) a mis en 
evidence un autre rapport, constant egalerrent, de 0.26 dans le cas de 
S. undecinp.mctata, entre la biomasse des oeufs pondus par une 
femelle et la nourriture ingeree. On calcule done une biomasse
d'oeufs rroyenne par adulte et_par jour, en tenant compte du nombre
d'oeufs par ponte echantillonnee sur le terrain et du poids rroyen
d 'un oeuf. Les consorranations quotidiennes des larves et des adultes
sont representees par la FIGURE 2, en rr.erre temps que la production
des trois especes de pucerons.

En ce qui concerne les larves, le rapport entre la 
consorrrnation et la production de pucerons reste faible, sauf en fin 
de saison, lorsque les effectifs aphidiens chutent brutalerrent, ou 
bien a l'articulation entre les deux pies de pucerons de 1985. Dans 
les deux cas, on peut difficilerrent considerer que la baisse de 
production des pucerons soit imputable principalement aux larves de 
C. septarpmctata.

Pour ce <Jl;_li est des adultes, la part de la consorrmation 
estirree par rappart a la production aphidienne reste tres faible 
durant le deux:Lerre pie de pucerons sauf pour les toutes dernieres 
dates. Par contre, en debut de saison, la consorrmation estirree est 
souvent tres superieure a la production aphidienne et nerce a la 
biomasse en place. Les adultes de coccinelles devraient alors, en 
quelques jours, detruire la totalite des pucerons presents ! En fait, 
il est probable qu'une partie importante de la consormiation 
necessaire a l'elaboration des oeufs ait ete effectuee avant 
l'arrivee des adultes de coccinelles dans la parcelle, voire avant 
leur estivo-hibernation, ou bien que les adultes qui pendent dans le 
champ de ble aillent s'alimenter ailleurs, dans les cultures ou sur 
les adventices environnantes. 11 est done impossible de rresurer avec 
precision l'impact des adultes de coccinelles sur les populations de 
pucerons en debut de saison. c i est pourtant a cette epoque que leur 
role risque d'etre prirrordial en retardant la croissance des 
effectifs aphidiens, ce qui peut limiter d'autant le maximum atteint 
plus tard dans la saison, et done les risques de degats. Aussi, il 
sera necessaire de mettre au point une rrethodologie qui perrrette de 
mesurer la consorrrnation des adultes dans la parcelle en debut de 
periode d'infestation. 

Le role des larves de syrphes peUt s'averer egalerrent 
tres important : leurs effectifs sont souvent de dix a cent fois 
superieurs a ceux des larves de coccinelles. Comte leur voracite est 
du nerce ordre de grandeur, il est probable qu'elles consorrtrent une 
part non negligeable de la production des pucerons. La generalisation 
aux syrphes de la rrethodologie rnise au point pour les larves de 
coccinelles s'avere done j:>articuliererrent souhaitable. 
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FIGURE 2- Efficacite de la predation par Coccinella septestpmctata 
carparaison entre la nourriture disponible et la 
consorrmation des larves et des adultes. 
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Sumrnry 
An accurate rrethod of estimating invertebrate density is 
described which is based on applying a range of sampling 
net.hods to one unit area of cereals. Results are presented 
for predators at thi:-ee sites in the UK. Density varied 
according to taxonanic group, site and c]a te. The capture 
e fficiency of the various sampling rrethods varied more 
between taxonanic groups than between sites. Limitations, 
modifications and improvements of the rre thod are discussed. 

/ / / / 

EVALUA'l'IOtJ PRIX:ISE DE LA DENSITE DES INVERTEBRES SUR LES 

/
Resume 

CERF.ALES�-
-��-

Une rrethode pr�ise rour rresurer la densittl des invert�bres 
est donne"e ici, qui repose sur une se'rie de rrethodes de 
prel�voment sur une unitt de surface de ce"reales. Les 
i.-lsultats .sont donnes !X)Ur des pr&lateurs'c:i trois sites au 
Royaume-Uni. La densite" variai t selon le grour:e taxonanique, 
le site et la d!te. L'efficacite de captur-e selon 
differentes irethocles de pr�l�vement variait plus entre les 
grou;::-es taxona:iiques qu'entre les sites �mes. Les 
linitat.ions de cette methode, les modifications et les 
a1:iel i.oi:-ements rossibles sont discutes. 
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1. It-l!'RODOCTION
1here is often a requirement to obtain accurate

estimates of invertebrate density, for example in studies of 
the impact of predators on pests (Carter & Sotherton 1983). 
All existing sampling methods are subject to various biases, 
being appropriate for some groups of invertebrate but not 
others. '.L'o minimise these biases and to provide a single 
sampling regime suitable for rrost invertebrates a programme 
is suggested here which rrekes use of a range of sampling 
methods all applied to a single area of habitat. Only 
results for predators are presented, but there is every 
reason to believe that the programrre is applicable to the 
najority of invertebrates (other than microfauna and soil 
fauna) belonging to other trophic groups. 

2. SI'fES
�1984 samples 1sere taken frcm the south-eastern

corner of a 2 ha field of win2er barley (variety Panda) at
Rothamsted arrl fr<T.1 six 120 m plots in a field of 
winter wheat (variety Aquila) near !Ere Alston, Plynuuth. 
In 1985 samples 1sere taken fran the middle of each of two 3 
ha plots of winter wheat (varieties Rapier and A quila) in a 
single field on Manor farm, near Littlehampton, ,·lest 
Sussex. 

3. METHODS
'Ihe basic concept is to take a series of sub-samples

frcm the same unit of ground, using a variety of rrethods, in 
an attempt to remove all animals present. 'Ihe fullest 
version of this programme incorporates collection of animals 
with a vacuum insect net, pl�nt search, ground search and 
pitfall traps for each 0.1 m sub-sample; the full 
sample being nade up of at least ten randan sub-samples on 
each sampling occasion (Fig . 1). 'Ihe details of the 
sampling programme varied at each site and are described 
below. 

(i) at Ibthamsted;
A sample of ten seconds duratio'2 .as taken with a vacuum net 
('Ihornhill 1978) having a 0.1 m head. As soon as the 
head 1.as lifted, a heav� steel isolator ring of the same 
size as the head ( 0.1 m -i and 40 cm deep was dropped 
into the p::isition vacated by the head. 'lhe plants within 
the ring »ere excised just above grcund level a�j sealed in 
polythene bags to be examined later for the presence of 
predators. 'me ring .as forced 8 cm into the ground using a 
club ham1rer. Large stones wi1ich impeded progress 1sere 
removed. 'Ihree pitfall traps (plastic cups 6.5 cm diameter, 
9c1� deep) were sunk inside the ring in a triang ular pattern. 
Each pitfall W:IS filled to a clepth of 3 to 4 cm with a 
solution of 1% formaldehyde am 1% d;terqent ("Teepol"). 
'lht? top of the ring was covered with a double layer- of fine 
muslin, S:cured tightly with a rubber band and string tied 
toqether. 'Il1e pitfall trap s 1-.en? emptied after S?ven days. 
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Variation bct.ween sites and taxononic groups in 
,:iercenta']e of the total catch due to each sampling 
'lf?tllod (meark:l and '.J5�, confidence limits of 
p(an'eni:a<Jt.'S dft<:,r <1ngular transformation). 
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2 Each sample consisted of ten 0.1 m sub-samples.

(ii) at Littlehampton;
A Dietrick vacuum insect net (Dvac.) was used (Dietrick
1961). Dvac. arx'. plant searc� procedur�s ..ere as 'f:ove. 20
crn deep, l nun tnicK, plastic isolator rings (O.l m ) 
were used; a curved chisel and mallet v.l?re used to open a 
circular groove in the ground in the exact position ,ihere 
tr'l? Dvac. head rested and the ring was sunk to a depth of 10 
cm. If the soil \.6S hard and dry, the groove 1,0.s rTDistened
with 1,0 ter to fac ili ta te fit ting of the isolator. Both
sides of the ring ..ere p,.cked tightly with soil and also
banked with soii to avoid a breach during heavy rain. An
aspirator 1,0.s used to remove animals on tT soil surface 
(ground t.earch) within the isolated 0.1 m-. heeds, 
stones, cereal stubble and roots were removed and any 
aninals disturbed by this procedure 1.ere also collected in 
the aspirator. 'Ihree pit fall traps (7cm diameter, 8cm deep 
plastic cups) were filled to the top with 1% ptergent 
("Teepol") solution arrl sunk within the 0.1 m area; tw o 
against the inner side of the isolator and one in the 
centre, linked with tl'l? isolator by a rretal guide plate (8cm 
x 20 cm). 'lhe top of the isolator v,05 covered with 
[Xllyester netting (mesh size l x 0.3 mm, thread thickness 
0.1 mm). For the first sample this 1,0.s attached to the 
isolator by an elastic band sown into the netting. However, 
laboratory observations sro..ed that small climbing carabids 
arrl star;:>hylinids (such as Demetrias and Tachyporus) ·�re 
able to enter through small gaps between the elastic and the 
isolator and so, for the oocond sample, strong waterproof 
sticky tape 1,0.s used to secure the netting to the isolator. 
'Ihe pitfalls v.ere empt�ed after seven days. F.ach &,mple 
consisted of ten 0.1 m sub-samples. 

(iii) at Plymouth;
A Dvac. v,0s used and the sampling rrethods were similar
to those used at Littlehampton. Dif ferences were; (i)
plastic isolator rings ..ere 50 cm deep (ii) tw o pitfall
traps ..ere used within each isolator; they were filled with
formalin to a c'Epth of 5 cm. arrl emptied after six days.
( iii) isolators ..ere sealed with elasticated rrn.islin �n all
occasions (iv) each sample consisted of twelve 0.1 m
sub-sample.s. 

4. RESUI:l'S
The c'bnsity of predators varied according to taxonanic

group, site arr] ea te ( 'l'al?_�e l). Total predator density vas 
in the range 64 to 3�� m . Densities of Carabidae 
adults (r,1aximum

,.,
53 m -i arrl Staphylinidae adults 

(r1aximum 101 m -,.) rray have been overesti11ated in caSGs 
\vhere sticky tape ,vas not used to seal isolators (see 3. 
i1ETl-l0DS). 
'ihe percenta<_Je of the total catch that was due to each 
sa;npling r,ethod I.B.S calculated ('l'able 1). After angular 
tr·ansf orrnation, the rreans and 95% conficfonce limits of these 
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'/:niati.on bet.,,een taxoncr.iic <Jroups in percentage 
,,f tile� -total .::atcl"I due to samplin9 rrethod (means 
iln<l confi.lence limits as in Fig. 1) based on 14 
i;,,11nplc,3. 
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percentages �re calculated separately for taxonanic groups, 
sites arrl S:tmpling rre thods (Fig. 2) (results for plant search 
are not figured because very few predators were caught by 
this �ethod). Similar statistics were canputed to show how 
the� total catch for each tax onanic group vas distributed 
between capture by vacuum net and pitfalls plus ground 
search (Fig. 3) • 
Capture efficiency by the different S:tmpling rrethods did not 
vary greatly fran site to site (Fig. 2) but there were large 
differences between taxonanic groups of predators (Fig. 3). 
'.I:he vacuum net was slightly less efficient than other 
methods in s::1mpl ing the predatory fauna as a whole and it 
was very inefficient for adult beetles. It appeared to be 
more efficient than other nethods f or S:tmpling beetle 
lar vae, spiders and the canposite group (Coccinellidae, 
Diptera, earwigs, mites and centipedes). Results may differ 
frcr.i this when analyses are carried out at the species 
level. 

5. DISCUSSION
The results clearly demonstrate that single S:tmpling

methods underest:imate predator density and seriously 
underestimate the density of some taxonanic groups. 
Combining S:tmpling methods gives a rrore accurate estimate of 
density. The approach is, however, very labour-intensive 
(field s::1mpling alone takes nine man hours per ten 
sub-S:tmples) arrl could probably be made rrore efficient. For 
example, very few predators were f ound on the excised plants 
early in the season and, with sufficient inf ormation, the 
plant search stage could sometimes be ani tted. In the 
second sample at Littlehampton, syrphid and Tachyporus 
larvae i,.ere found on the excised plants. Plant search is 
trerefore probably necessary if an accurate estimate of the 
density of these predators is required. It is possible that 
most predators will enter the pitfalls over a period of 
seven days thus allowing the ground search stage to be 
mitted. 'lnere is a suggestion fran the data (Fig. 2) that 
a higher proportion of animals i,.ere caught in pitfalls where 
ground search 1,0s omitted (at Pothamsted). To be certain 
that ground search can be omitted, however, trials are 
needed to canpare simultaneously results for inclusion and 
a1ission of ground search at one site. Possibly, some 
S[Ecies of predator are able to avoid pitfalls. If it is 
desired to assess the abundance of the soil fauna and 
inactive stages of the epigeal fauna in addition to active 
ani.rals on tre soil surface ard vegetation then the ground 
search ard pitfall stages of the �pling programme could be
replaced with removal of the 0.1 m core for later 
extraction of animals in the laboratory using heat and light 
extractors or <,oil-washing ard flotation techniques. 

It srould be noted that the procedure is unsuitable for 
mature rm ize arrl for soils with a hi9h component of stones 
or flints. It will aloo qreatly underestimate the density 
;.,f i'lctive flying invertebrates (such as predatory Diptera) 
which flee at the approach of the Vdcuum net operator. In 
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Table l. 
-2Number of pre dators m (percentage of the 

total ea tch contr ibu tea by e ach sampling rre thod in 
parentheses) • 

Key: 
A - Carabidae B - St aphylinidae C - Coleoptera larvae 
D - Araneae E - Coccinellidae, Diptera, llennaptera, 

Acari, Chilopoda 
- - Group not ide ntified T - 'lbtal 
Vac - Vacuum insect net Pit - Pi tfal 1 tra ps 
PS - Plant search G.S - Ground search 

NB. No G.S samples taken at lbthamsted 
PS samples taken at lbthamsted arrl Plymouth but no 

p redators found 

S ample Predator group 
method 

A B C D E T 

Rothamsted 23 May 1984 
Vac 1.0-14.0 1.0 35.0 51.0 

(50.0) (35.0) (100.0) (58.3) (49.5) 
Pit 1.0 26.0 0.0 25.0 52.0 

(50.0) (65.0) (0.0) (41. 7) (50. 5) 
T 2.0 40.0 1.0 60.0 103.0 

Rot hamsted 15 Jun e 1984 
Vac 1.0 --10.0 105.0 52.0 168.0 

(25.0) ( 21. 7) (45.9) (83.9) (49.3) 
Pit 3.0 36.0 124.0 10.0 173.0 

(75.0) (78.3) (54.1) ( 16.1) (50.7) 
'l' 4.0 46.0 229.0 62.0 341.0 

Plymouth 29 June 1984 
Vac s."8--�8 21. 7 37.5 65.8 

(11.6) (5.1) (78.9) (68.3) (44.4) 
G.S 7.5 l. 7 5.8 9.1 24.1 

(15.0) ( 10.8) ( 21.1) ( 16.6) (16.3) 
Pit 36.7 13.3 0.0 8.3 58.3 

(73.4) (84.1) (O.O) (15.1) (39.3) 
'l' 50.0 15.8 27.5 54.9 148.2 

Plymouth 4 July 1984 
Vac o.�--o.o 13.3 18.3 32.4 

(10. 7) (0.0) (61.3) {62.7) (47.9) 
GS 1.7 4.2 l. 7 9.2 16.8 

(22. 7) (45. 7) (7.8) (31.5) (24.9) 
Pit 5.0 5.0 6.7 1. 7 18.4 

(6 6.6) ( 54.3) (30.9) ( 5.8) (27 .2) 
m 

7.5 9.2 21. 7 29. 2 67.6 .I. 
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Table 1. (continued). 

Sample Preda tor group 
method 

A B C D E 'r 

Plymouth 11 July 1984 
Vac 0:-8-- -"o."o 2.5 9.2 12.5 

(32.0) (O.O) (9.4) (35.5) (19.5) 
GS 1.7 0.8 4.2 10.0 16.7 

(68.0) (8.8) (15.7) (38.6) (26.0) 
Pit o.o 8.3 20.0 6.7 35.0 

(O.O) (91.2) (74.9) ( 25.9) (54.5) 
T 2.5 9.1 26.7 25.9 64.2 

Plymouth 24 July 1984 
Vac 0.8 6.7 7.5 28.3 43.3 

(5.6) (33.5) (29.1) (69.4) (43.0) 
GS 6.7 8.3 13.3 2.5 30.8 

(47.2) (41.5) ( 51.6) (6.1) (30.6) 
Pits 6.7 5.0 5.0 10.0 26.7 

(47 .2) ( 25.0) ( 19.3) ( 24.5) (26.4) 
T 14.2 20.0 25.8 40.8 100.8 

Plymouth 31 July 1984 
Vac 6.-7- -"o."o 9.2 13.3 29. 2

(26.8) (O.O) (46.0) (45.7) (34.4) 
GS 10.0 10.8 10.8 0.8 32.4 

(40.0) (100.0) (54.0) ( 2. 7) ( 38.2) 
Pit 8.3 o.o o.o 15.0 23.3 

( 33. 2) (O.O) (O.O) ( 51.6) (27.4) 
T 25.0 10.8 20.0 29.1 84.9 

Plymouth 8 August 1984 
Vac -1-.7--177 3.3 11.7 18.4 

(5. 2) (16.8) ( 15.3) (23.8) ( 16. 2) 
GS 9.2 6.7 18.3 0.8 35.0 

( 28.2) (66.3) (84.7) (1.6) (30.8) 
Pit 21. 7 1. 7 0.0 36.7 60.l

(66.6) ( 16.8) (O.O) (74.6) (53.0) 
T 32.6 10.1 21.6 49.2 113.5 

Plymouth 14 August 1984 
Vac 0.0 0.8 15.8 21.6 38.2 

(0.0) ( 13.8) (47.4) (60.3) (29.8) 
GS 10.0 3.3 17.5 2.5 33.3 

(18.8) (56.9) (52.6) (7.0) (26.0) 
Pit 43.3 1. 7 0.0 11.7 56.7 

(81.2) (29.3) (O.O) (32. 7) (44.2) 
·i: 53.3 5.B 33.3 35.8 128.2 
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Table 1. (continued) 

Sample Predator group 
irethod 

A B C C E T 

Plymouth 22 August 1984 
Vac -2 -.5-- 1.7 7.5 7.5 19. 2

(10.0) ( 14.5) (69.4) (27.3) ( 25.6) 
GS 19.2 6.7 3.3 0.0 29. 2

(76.8) (57.3) (30.6) (0.0) (38.9) 
Pit 3.3 3.3 0.0 20.0 26.6 

(13.2) ( 28.2) (O.O) (72. 7) {35. 5) 
T 25.0 11.7 10.B 27.5 75.0 

Littlehampton 30 M3.y 1985 Aquila 
Vac 6.0 -22.-0- To.a'" 32.0 15.0 85.0 

( 30. 2) (30.3) (100.0) {88.6) (77.7) (53.8) 
PS 0.0 o.o 0.0 0.0 1.0 1.0 

(0.0) (O.O) (0.0) (O.O) ( 5.2) (0.6) 
GS 5.0 15.0 0.0 3.0 0.0 23.0 

(25.1) (20.7) (O.O) (8.3) ( 0.0) ( 14.6) 
Pit 8.9 35.6 0.0 1.1 3.3 48.9 

(44.7) (49.0) (O.O) ( 3.1) (17.1) {31.0) 
T 19.9 72.6 10.0 36.1 19.3 157.9 

Lit tlehampton 30 M3.y 1985 Fapier 
Vac 3.0 -22.-0- � 27.0 14.0 72.0 

(20.0) (21.8) (100.0) (87.1) (66.7) (41.4) 
PS o.o 0.0 o.o 0.0 0.0 0.0 

(0.0) (O.O) (0.0) (0.0) (O.O) (O.O) 

GS 4.0 13.0 0.0 3.0 2.0 22.0 
( 26. 7) (12.9) (O.O) (9.7) (9.5) ( 12.6) 

Pit 8.0 66.0 0.0 1.0 5.0 80.0 
(53.3) {65.3) (O.O) ( 3. 2) (23.8) (46.0) 

T 15.0 101.0 6.0 31.0 21.0 174.0 

Littlehampton 28 June 1985 Aquila 
Vac 0.0 ----r:o·-- 17.-0- 21.0 42.0 87.0 

(0.0) (25.0) (50.0) (77.8) (85.7) ( 55.1) 
PS 0.0 0.0 1.0 0.0 3.0 4.0 

(O.O) (O.O) (3.(i) (O.O) (6.1) ( 2.5) 
GS 16.0 11.0 0.0 4.0 1.0 32.0 

(80.0) (39.3) (0.0) ( 14.8) ( 2.1) (20.3) 
Pit 4.0 10.0 16.0 2.0 3.0 35.0 

(20.0) (35.7) (47.0) (7 .4) (6.1) (22.1) 
'l.' 20.0 28.0 34.0 27.0 49.0 158.0 
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'.I.able 1. (continued) 

Sample Predator group 
method 

A l:l C D E 

Li ttlehampton 28 June 1985 Rapier 
Vac 4.0 - 14.0-- 4� 13.0 33.0 

(21.1) (63.G) ( 57 .G) (65.0) (61.1) 
PS 0.0 o.o 5.0 o.o 1.0 

(O.O) (O.O) (5.9) (0.0) ( 1.9) 
GS 11.0 2.0 0.0 4.0 2.0 

(57.8) (9.1) (O.O) (20.0) (3.7) 
Pit 4.0 6.0 31.0 3.0 18.0 

(21.1) (27.3) ( 36. 5) ( 15.0) ( 33.3) 
T 19.0 22.0 85.0 20.0 54.0 

spite of these deficiencies the approach of canbining 
sampling nEthods represents an improvement over all 

T 

113.0 
(56.5) 

6.0 
(3.0) 
19.0 
(9.5) 
62.0 

(31.0) 
200.0 

previous single rrethods of assessing invertebrate density in 
cereals. 
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SPIDERS AND CEREAL APHIDS I N  EUROPE 
---- -- ---- ---- - ---

K.D. Sundedand
Glasshouse Crops Research Institute, Littlehampt on, W. 

Sussex , BN17 6LP, UK 

Sumrracy 
In this I)3.per information on the species canp osition, 
distribution, dispersal, density and food of spiders in 
European cereals is reviewed and new data on these topics 
are presented. Priority areas for future work are 
suggested. Spiders are potentially valuable in the c ontr ol 
of cereal aphids and other pests and there is much scope for 
increasing their effectiveness by careful selection of 
cultural and chemical techniques • 

Resume' 

., ,, ,

ARAICNEES ET PO:ERONS DES CERF.ALES D'EUROPE 

Cet article rassemble t oute l'information sur la comp osition 
des especes , la distribution, la dissemination, la densite' 
et les pr oies des araignefes des cer�ales Europe'ennes et de 
nouveaux resultats sur ces sujets sont presentes. Les 
sujets prioritaires sont suggeres. Les araignees sont 
utiles pour leur potentiel vis 'a vis du contr'che des 
pucer ons des cereales et autres rav ageurs et de nanbreuses 
possibilites existent pour augmenter ce potentiel, notamment 
par le ch oix avise' des techniques de culture et chimiques. 
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Table 1. Number of species of spiders in UK cereals based 
on ten years data fran Sussex (Sunderland, 
unpublished) and 26 publications on polyphag ous 
predators in UK cereals. 

Family 

Pisauridae 
Dictynidae 
Salticidae 
Agelenidae 
Te tragna thidae 
Araneidae 
<naphosidae 
'lhomisidae 
'lheridiidae 
Clubionidae 
Lyc osidae 
Linyphiidae 

Total 

Number of species 

1 
1 
2 
2 
4 
6 
8 

10 
10 
10 
13 
84 

151 

Table 2. Numbers of linyphiid individuals as a percentage 
of total spiders (sample size 87,800) in Sussex 
cereals (based on sampling in spring and sumrrer 
over 7 years). 

Minimum (May) 81% 

Minimum 71% 

Months 

Fields 
Maximum (March) 97% 

Maximum 97% 

Sampling Methods 
sweeping 61%, emergence traps 69%, plant search 85%, 

pitfalls 90%, water traps 91%, ground search 92%, suction 
traps 97%, Dvac 98% 
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Spiders are a numerically important component of the
predatory fauna of European cereals. For example they are 
estillated to account for 20 - 30% of predators in the ground 
zone in the USSR ( Titova & Yegorova 1978) and 45% (compared 
with 27% for Carabidae) in &c!lgium (Pietraszko & De Clercq 
1980). Spiders of a single family (Linyphiidae) are as 
abundant as the Carabidae in W:st German cereals (BaS?dow 
1973 ) • Jones ( 1976) found that spiders �re the rrost 
abundant predators caught in emergence traps in winter 
wheat. 

'!he purpose of this paper is to review current 
knowledge of the ecology of spiders in cereals, including 
their predation on cereal aphids, to present some new 
information arrl to suggest productive areas for future 
research. 
'!he nomenclature is that of Merrett et al. ( 1985). 

2. FAMILY AND SPECIES CX>MPOSITION
In the UK, at least 151 species, belonging to 12

families (Table 1), have been recorded in cereals. In 
Sussex, one family, the Linyphiidae is dominant, both in 
terms of number of species (Table 1) and number of 
individuals (Table 2). '.Ihe European spider fauna is 
generally rich in species. Travelling north and east onto 
the European rrainland and USSR the change in the fauna is 
gradual, but it is more abrupt southwards to Spain (Table 
3); this is probably because the dominant family
(Linyphiidae) is basical ly centred on northern and arctic
latitudes (BristoW= 1958).

Over a large part of Europe the dominant species are; 

( i) the aeronautic linyphiids; Erigone atra (Blackwall),
Erigone dentipalpis (Wider), En.gone vagans AudOllin,
Oedothorax fuscus(Blackwal 1) ��d.ot"horaxretusus
(Westring),�horax apicatus (Blackwall), Meioneta
rurestris (C.L. &lch), Iepthyphantes tenuis (Blackwall) and
Bathyphantes gracilis (Blackwall)

---

(ii) the cursorial lyco.'3ids and tetragnathids; Pardosa
agrestis (W:string), Pardosa agricola ('Ihorell), Pardosa
palustris (L.), Pardosa prativaga (L. fuch), Pardosapullata
(Clerck) arrl Pachx_gnatha degeeri Sundevall

----

(iii) the fiel d-layer s�cies; Tutragnatha extensa ( L.),
Larinioides cornutus (Clerck), Araniella cucurbitina
(Clerck) ( Tischler 1965; Raatikainen & Huhta 1968; Huhta &

Raatikainen 1974; Luczak 1975, 1979; Jones 1976; Cottenie &

De Clercq 1977; N{ffeler 1982 ) •

In Finland, Microlinyphia pusilla (Sundevall) appears 
as a dominant fiel d-fayer spfaer (Raatikainen & Huhta 1968; 
Huhta & Raatikainen 1974) and in the USSR Pardosa monticola 
(Clerck) I Troc0_�� ��1::_icoli3:_ 'lhorell and '.S_¥_stlcus kochr--
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M A M J J A s 0 N D 

Mean monthly catches of spiders in 12.2 m 
suction traps (based on two years data from 
traps in Hertfordshire and West Sussex, England) 
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Mean spider density (!'95% CL) 
e ground search, O Dvac (based on 

7 years data). 
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'.Ihorell are the dominant species (Titova & Yegorova 1978). 
In Spain the 'lhomisidae and Gnaphosidae also become 
important with dominant species including '.Ihanatus 
lineatipes C.L. I<och, zelotes carmeli, 2elotes --
circumspectus, Zelotes caucasius and Gnaphosa trigina
(Castanera & DelEstal 1985). 

-----

3. IMMIGRATION
One rcute of im migration is through the air. Spiders

can fly on silken threads ("ballooning") and can potentially 
cover great distances in this manner. '.Ihis phenanenon is 
well recorded in Europe (Duffey 1956, 1959; Kajak 1959; 
Vugts & Wingerden 1976; Meijer 1977). '.Ihe temporal 
distribution of ballooning activity at 12 .2 m in the UK has 
been monitored using Rothamsted Insect Survey suction traps 
(Fig. 1). Peak activity is in mid-sumner and autumn. '.Ihe 
species involved are alm ost entirely the common aeronautic 
linyphiids which are also the dominant species ( section 2 )  
in cereals (Freeman 1946; Sunderland & Dewar unpublished). 
'.Ihe British Arachnological Society National Spider 
Ball��ning �yrvey for 1985 has recorded deposition rates of 
30 m hour by these species (and especially 
Erigone). 

Another possible route of immigration is by walking in 
from the field boundary over the soil surface. '.Ihere is 
certainly much movement over the soil surface (section 5) 
and some of this could be directed seasonal migration. 

Duffey ( 1978) erected nylon nesh exclusion cages over 
plots of agricultural land one day after ploughing and used 
pitfalls to monitor the spiders inside and outside the cages 
from October to February. He caught 104 spiders belonging 
to 20 species outside the cages and 54 spiders belonging to 
10 secies inside the cages, indicating that half the winter 
populations are survivors of cultivation and half are 
im migrants. 

4. DENSITY
Luczak ( 1979) remarked "there are few precise data on

spider density in crop fields"; this is still true for 
European cereals. Nyffeler ( 19��), using ground search, 
recorded densities of 12 - 53 m in winter ..heat fields 
in .S.i tzerland. 

Mean monthly densities of spiders in Sussex cereals are 
given for total spiders in Fig. 2 and for Linyphiidae in 
Table 4. Densities were estimated by daytime ground search 
arrl daytime Dvac. Ground search involved collection of 
spiders from under weeds arrl stones, around the base of 
cereal plants and from the soil to a2depth of .s:_. 3 cm,
within 10 - 20 randomly placed 0.1 m quadrats. Dvac 
samples consisted of f�ve randomly placed subsamples per 
field, each of 0.092 m ,  taken with a Dietrick vacuum 
insect net. Since ground search does not include spiders on 
the plant arrl the Dvac is a very inefficient sampler of 
ground zone arthropods ( Dewar et al. 1982 ; Sunderland et al. 
this volume) both nethods mustunderestimate spider density. 
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Table 3. Comparison of the european arachnofauna. 

Country Author Number of Number different % of 
species fran UK species 

the same 
Families Genera as UK 

Poland 1 49 0 2 80% 
Switzedand 2 > 28 0 2 68% 
Pelgium 3 55 0 4 65% 
West Cermany 4 70
Finland 5 65 2 7 41% 
Finland 6 49 1 11 41% 
USSR 7 75 ( 24) 0 6 33% 
Spain 8 43 ( 7) 4 14% 

Key to authors; 1 - Luczak 1975, 2 - Nyffeler 1982, Nyffeler 
& Penz 1979, 3 - Cottenie & I:e Clercq 1977, 4 - Brasse 1975, 
5 - Raatikainen & Huhta 1968, 6 - Huhta & Raatikainen 1974, 
7 - Ashikbaev 1973, Titova & Yegorova 1978, 8 - Castanera &

Del Estal 1985. 

In parentheses; number of species named. 
- = data not given

Table 4. Mean number of linyphiids m 
-2 

in Sussex
cereals (based on 7 years' data). 

Month 

Jan Feb Mar Apr May 

Ground search 19 10 5 5 
Dvac 9 4 12 13 

Jul Aug Sep Oct Nov 

Ground search 44 36 39 41 
Dvac 42 75 43 

Jun 

22 
27 

Dec 

162 
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Table 5. Estimated rrean density of spiders m -
2 

based 
on data fran 7 fields where ground search (G) and 

D<Jac (D) samp les .iere taken concurrently. 

Month G + D highest of Mean density 
G,D 

April 13.9 11.0 12.5 
May 18.3 16.6 17.5 
June 69.3 40.8 55.l
July 93.6 79.9 86.8
August 121.1 85.1 103.1 
September 99.4 66.3 82.9 

* Mean density - ( (G + D) + (highest of G,D) )/2

Table 6. 

present on 
ground and 
plant 

Classification of the common spider species 
according to die! activity and stratum occupied 
(based on pitfall trapping and sweep catches, 
April to August, taken separately during day and 
night). 

Number of species 
Ground 

diurnal nocturnal 

10 0 

Plant 
diurnal noctutnal 

5 5 

ground only 12 1 

plant only 2 2 

total 22 1 7 7 
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'!he density of some species is rrore accurately assessed by 
ground search than Dvac, but the reverse is true for other 
species. 'Iherefore a rrore accurate assessment of density is 
to compare, for any given species, the values for ground 
search and Dvac (when both methods are used concurrently) 
and select the higher value. This selection method is an 
improvement over relying on a single sampling technique, but 
will still be an underestimate. Adding together values for 
ground search and Dvac could produce a slight overestimate. 
'!he true density value will therefore be somewhere between 
that produced by the selection method and that produced by 
addition of values for ground search and Dvac. Table 5 
gives estimates of monthly density using the mean of values 
from the selection and addition methods. Den��ties were low 
in the spring and increased to reach c. 100 m in late 
summer. 'Ihese represent mean values of a collection of 
fields and samplin�2occasions; the highest single value
recorded was 176 m for Dvac in spring barley in ��gust 
(and probably represents a true density of > 200 m ) • 

5. DISTRIBUTION AND mVEMENT IN SPACE AND TIME

Spiders in Sussex cereals occupy oneor irore of four
identifyable niches in terms of sp:1ce and time. '!he least 
occupied niche is for nocturnally active spiders on the 
ground (Table 6). Since spider activity on the ground is 
mainly diurnal they have a greater opportunity of 
encountering aphids, which also walk over the ground more by 
day than by night (Fig. 3). '!here may be exceptions to this 
general rule; for exarrple, Thornhill (1983) found that 
Oedothorax species are rrore active at night on the ground in 
sugar beet fields in August. On the plant, more spiders 
were found at night than by day (Table 7): this was also 
reported by Vickerman & Sunderland ( 1975). 

'!he two genera, Erigone and Oedothorax, account for 62% 
of the activity of spiders on the ground and the large 
numbers of these, and other, spiders temporarily present in 
each square metre each day (Table 8) suggests that the 
potential for spider-aphid encounters is high. Most of the 
spiders active on the ground are 110.le ( 4. 2 rrales per female 
in pitfalls ) and females of some linyphiids (eg Erigone) are 
more numerous than males on the plant; <£iler (1963) made 
similar observations for various arable crops in G:!rmany. 
Another indication of the scale of movement over the ground 
comes from a comparison of spider catches in plots 
surrounded by exclusion barriers (which prevent walking 
spiders entering a plot; Sunderland et al. 1980) or 
inclusion barriers (which act as a one-way valve to retain 
walking spiders within a plot; Wright et al. 1960). I f  
spiders arrive only from the air and rrove�nly short 
distances over the ground the numbers caught within the two 
types of plot would be similar. In fact, pitfalls in 
inclusion plots caught nearly twice as many spiders (mainly 
Linyphiidae arrl Lycosidae) as in exclusion plots (Table 9) 
indicating a high degree of rrovement, which is probably a 
combination of random movement and directed migratory 
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Linyphiidae 

others 

- 91 -

Diel activity: ratio of numbers caught per unit 
time {day/night) in pitfalls {ground) and sweep 
net {plant). Sample size 9700, collected fran 
April to August. 

Ground 
male female 

2.7 1.0 

2.1 1.8 

imm. 

1.1 

7.3 

Plant 
male female imm. 

0.3 2.5 1.0 

0.4 0.3 0.2 

total spiders 2.2 0.7 

Table 8. 

Species 

Mean and �ximUI_!!1number of spiders temp orarily
present m day on the ground (base� on 
n�r caught per pitfall (�rea 42 cm ) 
day converted to number m: March -
September, 6 years' data). 

Mean Maximum 

Erigone atra 
Erigone dentiP3-lpis 
Oedothorax spp. 
total spiders 

233 
178 
134 
882 

973 
2249 
1575 
4117 
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novernent. Field layer p::ipula tions, assessed by 
Dvac, ..ere similar in all plots (Table 9). Powell & Bardner 
(1985) also found that spiders were highly rrobile on th,� 
soil surface of winter wheat fields. 'l'hi.s r'.Dvement is not 
restricted to the sum1T12r months; many of the specie�, 
characteristic of arable land are resistant to cold and are 
active in fielcls in early winter ('l'ischler 1965). 

Liny�hiids of the sub-family Erigonbae make small webs 
( c. 4 cm ) over small depressions in the ground but 
those of ..,

the sub-family Linyphiin ae build much larger webs ( 
c. 65 cm "') above the ground; the area and height above 
ground of the latter both increase during the course of the 
season (Sunderland et al. 1986a). Spider distribution in 
the horizontal planecan be regular or contagious depending 
on the sampling rrethod and the group of spiders under 
consideration (Nyf febr & Benz 1980; Fraser 1982). 

In Sussex cereals many species were caU<Jht in greater 
numbers towards the edge of the field than in the middle 
(Table 10). However, the only abundant species with an 
affin ity for the edge were Pardosa amentata (Clerck), 
Pardosa pullata, Pachygnatha degeeri and imrrature Lycosidae. 
'Ihe maJority of abundant species (such as those of the 
genera Erigone and Oedothorax) were caught in equal numbers 
at edge and middle or � re more numerous in the middle. 
'Ihese distributions were !!Eans for the period March to 
September; there are likely to be seasonal variations but 
these are not yet analysed. No sign ificant differences were 
found i:x;?b../'een numbers of spiders at the edge and middle of 
fielcls of winter wheat in Switzerland (Nyffeler & Benz 1980 
) or oats in Finland (Haatikainen & Huhta 1968) but spiders 
tended to concentrate in th<2 outer parts of rye fielcls in 
Poland (Luczak 1975), 

6. FOOD

Spiders have lower resting rtEtabolic rates than nost
other PJikilotherms and many species are able to withstand 
prolonged periods of starvation (Greenstone & Bennett 1980). 

'l'his is true for rrany of the common species in cereals. In 
Sussex cereals, the man ( ±: 95% Confidence Limits) su::vival 
times offemales kept without food at ambient temperatures 
ranged from 34 14 days for Meioneta rurestris to 80 ·!_ 11 
days for Oedothorax species. ,'lhen prey becomes available, 
however, they are mrrediately able to exploit it and rapidly 
increase their �ight (Riechert & Luczak 1981). 

'l'he author ha s observed all the comm::>n species eating 
cereal aphids in the laboratory and they have also been 
shown, by serological techniques, to feed on cereal aphids 
in the field, even when aphid density is very low 
(Sunderland, Chambers et al. 1985 ) • Sopp & Chiverton 
(1986, this volume) reported that c. 70% of spiders were 
eating Sitobion avenae (F.) and c-: 90% were eating 
Ri1opalosiphum [E.di L. cl.Iring the autumn. 

Linyphiids that were observed eating prey ir, "webs in 
Sussex cereal.<:: during the daytime 1.ern col.lec';:.ed together 
with their prey and identified in the laboratory 
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Mean number of spiders caught in a field of 
winter wheat inside plots enclosed by exclusion 
barriers, inclusion barriers and inside plots 
with no barriers (based on

2
two plots per 

treatment: plot size 144 m ) • 

Mean number of spiders 
exclusion contr ol inclusion 

931 

13.9 

(no barriers) 

1451 

15.0 

1743 

12.3 

1 
numbers per 420 trap days; for the period 26 April - 7 

August. 

2 
numbers per m

2
; samples taken on seven occasions

between 1 June an::! 12 August. 

Table 10. Distribution of the common spiders with respect 
to the edge (within 5m of boundary) and middle of 
cereal fields. 

Linyphiidae 
others 
total spiders 

Number of species with e/m values of; 

< 0.8 

7 
2 
9 

0.8 - 1.2 

12 
2 

14 

>1.2

19 
15 
34 

* e = number of individuals caught per unit time in pitfalls
at edge (based on 151 samples over 5 years) 

m = as above, but in middle ( 194 samples over 5 years) 

(NB field sizes vaz:y fran 4.2 ha - 33 ha) 
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(Sunderland et al. 1986a). 60% of prey were 
Syrrphypleona"""""("Coilembola), 12% Arthropleona (Collembola), 
12% aphids and the remaining 1 6% consisted of various small 
Diptera, thrips, spiders, mites, Hynenoptera, Heteroptera 
and larvae of Coleoptera. 

Extensive observations have been made of the prey taken 
by spiders in Siliss cereals. Nyffeler & Benz (1979) found 
that the Argiopidae, Tetragnathidae and 'Iheridiidae ate 
mainly Diptera and aphids but also thrips, beetles, 
Hyrrenoptera, Neurcptera and I.epidoptera. Di pt era and aphids 
also formed the main food of the Linyphiinae and 'Ihomisidae, 
but the latter also ate spiders. Erigoninae on the soil 
surface ate aphids, Sminthuridae (Collembola) and Diptera 
whilst the Lycosidae ate the same, except that their 
collembolan food was mainly Arthropleona (Nyffeler 1982) and 
their aphid prey were entirely Sitobion avenae, 
Metopolophium dirhodum (Wlk.) and RhopalosipFiuin padi 
(Nyffeler & Benz 1982). Ashikbaev (1973) made many 
observations on the food of spiders in wheat in the USSR; 
these are summarised below. 
(i) Araneidae ate Coleoptera, Hetercptera and Diptera.
(ii) 'Iheridiidae ate leafhoppers, aphids, flea beetles and
other Coleoptera.
(iii) Lycosidae ate leafhoppers, Coleoptera and 
lepidopterous larvae.
(iv) 'Ihomisidae ate leafhoppers, flea beetles, Miridae and 
lepidopterous larvae.
(v) salticidae ate grasshoppers, Coleoptera and Miridae.
Ashikbaev stressed that the prey of spiders in wheat
includes many pests and Titova & Yegorova ( 197 8) recorded
that a wide range of spider species attack Eurygaster
integriceps P ut., an important heteropteran pest of northern
European cereals. Additional pests eaten by spiders include
adult frit fly in Ehgland (Jones 1969) and larvae of wheat
blossom midge in vest Germany (Basedow 1973 ). Spiders also
kill "neutral" insects and the natural enemies of pests
(Nyffeler & Benz 1979) and so the determination of the
effect of the arachnofauna on a pest species requires
careful quantitative studies.

7. PREDATION ON CEREAL APHIDS
vhere spider populat'ions have been experimentally

manipulated in fields of winter wheat, numbers of aphids 
were inversely related to numbers of spiders (Sunderland et 
al. 1980; D: Clercq & Pietraszko 1983). 'Ihis does not, 
however, necessarily imply a causal relationship because 
other predators ..ere also affected by the manipulations. 

To quantify predation on cereal aphids by linyphiids 
Sunderland et al. l98Eb) obtained estimates of the 
proportion of ground covered by webs, the falling rate of 
aphids (using sticky traps) and the efficiency of capture of 
various aphid instars by linyphiids ( f�� la��ratory feeding
trials): the number of aphids killed m day = 
proportion of2ground covered by webs x rate of aphid
falling per m x proportion of aphids entering webs 
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Table 11. Effects of agricultural practices on spider 
populations in cereals (+ = augments, 0 = no 
effect, - = depletes). 

Practice Effect 
(numbers refer to authors) 

Insecticides 
permethrin 
deltamethrin 
cyperrnethrin 
methyl parathion 
parathion-€thyl 
fenitrothion 
methoxychlor 
deme ton--S-;ne thy 1 
dimethoate 

pirimicarb 

Herbicides 
MCPA 
metoxuron, simazine 
chlortoluron and 
isoproturon arrl 
mecoprop 

Undersowing 
ryegrass and/ 
or clover 
mustard and 
Phacelia 

Multi-cropping 
oats and peas 

Fertiliser 
manure 

Strawburninc:r_ 

+ 0 

14, 22 

11 

13 

9 

, 6 ., 

1 
1 

5, 6 

5, 6, 
24 

5, 6, 

16 

8 

10 

13 

24 
12 
3, 4, 19 
3. 4, 19
1

25 
2, 15, 23, 
24 

15, 

15 

17 

20 

13 

7, 18, 21 

Key to authors; 1 - fu.sedow et al. 1976, 2 - B3.sedow et al. 
1981, 3 - Bro,.in 1983, 4 - Bro,.in�t al. 1983, 5 - Castanera &

Del Estal 1985, 6 - De Clercq & Pietraszko 1985, 7 - Edwards 
1977, 8 - Grosse- Wichtrup 1984, 9 - Jones 1978, 10 -
Klinger 1984, 11 - Martens 1983, 12 - Matcham & 83.wkes 1985, 
13 - Pietraszko & De Clercq 1985, 14 - Po,;,.,ell et al. 1983, 
15 - Po,;,.,ell, Dean & Bardner 1985 (contd.) 
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that are killed or die. The estimated mortality of Sitobion 
avenae due to_�inyp�iids in a field of winter wheat reacri"ea 
a peak of 31 m day during flowering and then 
declined. '!here was a large amount of aphid movement early 
in the season, but the factor limiting predation at this 
time was the incidence of webs, which covered less than 1% 
of the ground area. Web cover increased rapidly to peak at 
nearly 60% in late summer. It was concluded that linyphiids 
would make a greater contribution to aphid contr ol if web 
cover could be increased in the spring. 

Fraser (1982), using the approach described above, and 
taking account also of alternative prey and the daily 
maximum consumption rate, estimated that linyphiids reduced 
the peak number of Sitobion avenae in a field of winter 
wheat by 37%. Extrapolation to other years suggested that 
linyphiids could potentially reduce peak numbers of aphids 
at higher densities by 25%. 

Nyffeler (1982) estimated that field laye�1spiders in
whea�1 rye and oats catch 0.2 - 1.2 kg prey ha 
year and that Ly£�Sidae_�n the ground of winter wheat 
eat 0.5 kg prey ha year • Prey capture rates 
for other spiders, such as erigonids on the ground, were not 
determined, but Nyffeler considers that they probably kill 
far ITDre prey per year because of their high density. 

There appear to be no other quantitative studies of 
spider predation in Fl!ropean cereals. 

8. CONCLUSIONS AND FUTURE IDRK
There are many -serious gaps in our knowledge of spiders

in cereals. Since it appears, fran the foregoing, that they 
are potentially valuable in pest contr ol, it is worthwhile 
considering which areas of future research might prove 
productive. 

A comparison of the_�utumn_�position rate by 
ballooning spiders (30 m hour ) with the 
densities recorded in cereals (Tables 4 and 5) strongly 
suggests that spiders landing in autumn-sown cereals either 
find the habitat unsuitable and take off again or they 
suffer a high mortality. Any measures that increase the 
retention or survival of spiders through to the spring could 
be of great value because it appears that predation in the 
spring is limited by inadequate web cover, which is directly 
related to spider density (Sunderland et al. 198Eb). 

Very little is known about the biology of spiders in 
cereals. 'Ihe mean num ber ( ±" 95% Confidence Limits) of 
spiderlings emerging per cocoon for the common species in 
S ussex cereals ranged fran 11. 5: O. 5 in Erigone spp. to 24 ± 
2.5 in Lepthyphantes tenuis. However, the number of cocoons 
produced peri:emafe-and the number of generations per year 
are not known. Parasites are recorded fran eggsacs and 
adult spiders (Evans 1969) but the incidence of parasitism 
and its effect on spider populations in cereals is not 
known. 

More work is needed to quantify the effect of spiders 
on cereal aphid populations. Some of the ITDre important 
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Table ll. (contd.) 

16 - Powel l, Dean & Dewar 1985, 17 - Rlatikainen & Huhta 
1968, 18 - Roesgaard & Lindhardt 1979, 19 - Shires 1980, 20 
- Vickerman 1974b, 21 - Vickerman 1974a, 22 - Vickei:rnan
1978, 23 - Vickerman & Sunderland 1977, 24 - Cole & Wikinson
1984, 25 - Inglesfield 1984
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areas requiring attention are (i) capture of alatae in "'=bs 
(ii) factors affecting the falling rate of aphids and their
dispersal over the ground (iii) predation by ground-active
erigonids and tetragnathids outside "'=bs (iv) the effect of 
alternative food: for example, why do polyphagous spiders
feed on aphids at very low aphid density in the spring, when
alternative prey are extremely numerous?

Many agricultural practices have a considerable effect 
on spider populations (Table 11). Fran the above it is 
clear that there is much scope for experimentation to 
develop a p:i.ckage of cultural and chemical practices which 
are agriculturally sound but have minimal impact on spiders 
and other natural enemies. 
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AUTUMN PREDATION OF CEREAL APHIDS BY POLYPHAGOUS 

PREDATORS IN SOUTHERN ENGLAND : A "FIRST LOOK" USING ELISA 

By Paul Sopp 
Glasstx:>use Creps !€search Institute, 

Littlehampton; W.Sussex, BN17 6LP, UK. 
&· 

Philip Chiverton 
Swedish U1iversity of Agricultural Science, Dept. of Plant 

and Fbrest Pr-otection, FO Box 7044, S-750 07, Lppsala, SWeden. 

Sumrrary 
Polyphagous predators collected during October arrl November 

fran fields with large fJOpulations of cereal aphids were tested 
by enzyme-linked immunosorbent assay (ELISA) for the presence of 
aphid remains. Members of the Carabidae, Staphylinidae, 
Linyphiidae and 'letragnathidae were all stx:>wn to have fed on 
aphids. 

Resume 

-----r5es predateurs (JOlyphages recoltes en octobre et novembre 
dans des champs renfermant de larges populations de puceron a 
cereales ont et:e testes i:;er la rrethode "ELISA" ("Enzyme-linked 
imm.mosorbent assay") pour evaluer la persistance des pucerons. 
Il est api:;eru que des rrembres des Carabide'es, Staphylinide'es, 
Linyphiide'es et 'letragnathide'es ont tous utilise des pucerons 
camre nourriture. 

'!he cereal aphids Rhopalosiphum p-1.di (L.) and Si tobion avenae 
( Fabr.) colonise newly emerged cereals in October and November. 
Both species are important vectors of Barley Yellow l)..[arf Virus 
(!3YD'/). During mild winters in southern Ehgland these immigrants 
can reproduce arrl the apterous prcgeny spread BYDV within the 
crop (Kendall  et al, 1982). As a result, many crcps receive an 
almost routinei:!pplication of insecticide, usually a synthetic 
pyrethroid, in late October or early Hovember. 

In recent years, much work has stx:>wn the potential importance 
l)f polyphagous predators in reducing summer cereal aphid numbers
(Edwards et al, 1979; Chiverton, 1982). However the effect of
these predators on autumn populations of cereal aphids has not
been investigated. The work describi.!d here, aims to provide some
preliminary information on whether or not autumn predation docs
occur.
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Table l. Autumn sampling sites, 1984 & 1985. 

D:J.te of Fiel d  Habitat Aphid density/ shoot 
collection R.padi s.avenae

8/11/1984 fum Manor Winter wheat 0.7 0.1
(G.S. 13,21) 

24/10/1985 North Farm Stubble & 0.5 0.3 
50 acres volunteers 

11/11/1985 8:,m Manor Stubble & 1.2 0.7 
volunteers 

Table 2. Mean overall JY-rcentage positive for autumn collected 
predators, 1984 & 1985. 

Carabidae, 
Bembidion larrpros (Herbst) 
B.obtusum Serville 
Nebria brevicollis (Fabr.) larvae 
Notiophilus bigut ta tus ( Fabr. ) 
Trechus quadristriatus (Schrank) 

Staphylinidae, 
Philonthus cognatus Stephens 
Tachyporus chrysomelinus (L.) 
T.hypnorum (Fabr.)

Linyphiidae; 
Ba.thyphantes gracilis (Blackwall) 
Erigone atra (Blackwall) 
E.dentiptlp1s (Wider)
Lepthyphantes tenuis (Blackwall)
Oedothorax apicatus (Blackwall)
o.retusus (Westring)
Lhidentified imrratures

Tu tragna th idae; 
Pachygnatha degeeri Sundevall 

R.padi
% +ve

20 
39 
75 
38 
75 

25 
43 

35 

77  
95 
96 
82 
40 
33 
69 

96 

S.avenae
% +ve 

20 
45 

80 
50 
59 

25 
0 

48 

53 
83 
64 
64 
40 
33 

22 

9 2  

n 

41 
107 

20 
8 

32 

l 
7 

52 

30 
218 
180 

22 
10 
6 

45 

24 
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Materials and Methods. 
Predators 1,ere collected by pooter during day-time ground 

searches in the centre of three fields in \'est Sussex, containing 
either newly emerged winter wheat or stubble with large numbers 
of volunteer wheat plants. The fiel ds were selected because they 
had large numbers of aphids present (Table 1). 

The predators were frozen within 2 hours of collection and then 
stored at -20°c for up to 14 months, before being tested with 
the enzyme-linked irnuunosorbent assay {ELISA) for the presence of 
aphid remains. The technique used follows that of Clark & Adams 
( 1977) a.rl Crook & Sunderlaild ( 1984). Predators 1.,;;,re 
indiviqually homogenised in 450 µl of PBS-Tween using Griffiths' 
tube homogenisers, and two 100 µl volumes were removed for 
testing. One sample vas tested with a S.avenae antiserum ( GCRI 
50/1) an.1 the other with a R.padi antiserum {Up psala GS-851010): 
each antiserum is specific for its own target species with 
negligible cross-reactions to the other. Polystyrene microelisa 
plates (Nunc-imuuno Plate II, batch 1085) were coated for 3 hours 
at 3-fc with a concentration of 4 µg/ml of 't-globulin. After 
washing with PBS-Tween, the predator homogenates were placed in 
the wells and the plate left overnight at 4°C. 100 µl of 
phosphatase labelled f-g lobulin at a dilution of 1 in 1500 vas 
placed in each well following a second .ashing and the plates 
1,ere then incubated for 3 hours at 3-fc. After a third 
washing 200 pl of substrate (0.1% di-sodium p-nitrophenyl 
phosphate (Sigma)in 10% diethanolmine-HCl, pH 9.8) was added to 
each well. �hen the positive control wells (lmg/ml of target 
aphid) reached a colour intensity of 405nm absorption value of 
2.0, 50 µ1 of 3-1 NaO H \..8.S added to each well to halt the 
reaction. The colour intensity was then measured at 405nm with a 
Labsystems Uniskan (blanked on air) linked to a BBC 
microcomputer. A positive result was accepted if an A40 value exceeded 125% of the value of PBS-'l\.Jeen control weils
(after Crook & Sunderland, 1984). 

Results. 
A total of 814 predators of 15 species ..ere collected fran 4 

taxonanic groups;the Carabidae (Coleoptera), the Staphylinidae 
(Coleoptera), the Linyphiidae (Araneae) and the Totragnathidae 
(Araneae). Araneae formed the bulk of the collected predators 
(n=511). All predators were tested for aphid remains and all 
S[::ecies gave some negative results. There ....es no relationship 
between the degree of reaction by individual predators to R.padi 
and the degree of reaction to S.avenae. The results for each 
species are given in Table 2. 

5 sr::ecies of Carabidae 1.1:re collected of which 4 1-ere 
represented by adults and one, Nebria brevicollis by the larval 
stage. Overall, 45% 1,ere positive for R.pad1 and 42% for 
S.avenae. The autumn breeding Trechus cjiiidrTstriatus showed a
very high level of positive results to both aphid species as did
the winter active larvae of N.brevicollis. 71 Staphylinidae fra:1
3 species were tested, most »ere 'l'achyporus hypnorum. Overall,
34% ..ere fX)sitive for R.padi and 39�, for S.avenae with all 3
species showing some positive results.

The Linyphiidae w:ere the largest group tested with 90% of the 
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Fig 1. ELISA percentage positive values for three grrups of polyphaga.is 
predators at various aphid densities in the autl.D'lll1, 1984 and 1985. 
Data for �.padi and �-� plotted seperately. 

G Linyphiidae, • carabidae, + Staphylinidae.
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511 individuals tested being positive for R.padi and 67% for 
S.avenae. The rros t canrron si:;ecies were ErTgorieatra and
E. dentipalpis, both of which were rrore than 90% positive for 
R.padi. Oedothorax apicatus and O.retusus both had low 
percentage positives to both si:;ecies of aphid. Only one si:;ecies 
of 'letragnathidae .as present, Pachygnatha degeeri which was 96%
positive for R.padi and 92% for S.avenae. 

'I.here were iiosrgnificant di f ferences between the sexes in any 
of the species, this may be due to the small sample sizes for 
1ros t srecies. 

A t�lationship is seen for each of the three main taxonanic 
groups between the aphid density and the i:;ercentage of predators 
containing aphid remains (Fig. 1). 'lhe regres sion is significant 
for the Linyphiids only (P<0.05), however the lack of a 
significant relationship for the Carabidae and Staphylinidae may 
be due to the small s,.mple size. 

Dis:us sion. 
'I.lie number of predators found in the fields at this time of 

year vas surprising ly high with the total s,.mple taking les s than 
6 hours to collect, although no quantitative es timate of density 
was attem pted. Sotherton (1984) showed that many polyphagous 
predator si:;ecies ovei:winter in significantly higher densities in 
field bounda ries than in the field itself. However, this study 
indicates that a large number may still present in the field well 
into November. Tachyporus hypnorum was observed flying into the 
field fran the boundary on one sampling day and it maybe that the 
wann weather on al 1 three ramp le days encouraged predator 
activity. Jones (1969) recorded rrany species of Carabidae and 
Araneae in oats between September and October, and Murdoch ( 1967 ) 
and Jones ( 19 76) showed that activity of some si:;ecies continues 
thrcughout the winter. 

Sorae individuals of all the species tes ted in this study 
contained aphid remains. 'lhe overall i:;ercentage containing aphid 
rei;iains 1,ias very high and was very much higher than at similiar 
aphid densities in the summer (Sopp, unpub lished, Sunderland, 
pers canm.). One reason for this may be the rruch lower 
temperatures in the autumn causing a reduction in diges tion rates 
leading to an increase in the time over v.nich aphid remains are 
detectable. The 1rean terrperatures over the 10 days preceeding 
the sampling dates were between 7.1°C and 9.3°c, and at 
temperatures below 10

°
c aphid remains are detectable for at 

least 10 days in carabids and 12 days in linyphiids, canpared to 
about 7 d,ys at sumner temperatures. Aphids may also be rrore 
available to predators, especially ground-based predators during 
the autumn, because· the plants are nuch snaller and hence the 
aphids nearer the rJround. 'lhere may also be a lack of 
alternative food so that the aphids form a higher prcportion of 
the available focd than during the sUJTJrrer. 

\·Tne�her the consumption of aphids by precla tors is significant 
frcr1 a pest control point of view is unknown. If a ireasure of 
naturnl control is occurring this uay lx, reduced by the autumn 
arrlica tion of insecticides, wt1 ich ha·,re been sho1m to reduce the 
pn?dator p:,pulation (Mathcham and tlawkes, 1985). This reduction 
in pn�Ja tor numbers :ray also lead to reduced populations the 
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following surn1rer, esi:ecially of the sp:cies ,,ihich overwinter 
exclusively in the field, possibly leading to reduced aphid 
predation in the sumrrer. 
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RECHEACHE DE VARIABLES CLIMATHIUES EXPLICATIVES DANS 
UN BUT DE PREVISION DES PULLULATIONS. D'INSECTES. 

UTILISATION D'UNE METHOOE OE CORRELATION 
INTEGRALE AVEC RETARD. 

EXEMPLE: LE CAS OES PUCERONS DES CEREALES 
OANS L'OUEST DE LA FRANCE 

J.S.PIERRE, 

Laboratoire de recherche associ� i la chaire de zoologie, 
E.N.5.A.R.-I.N.R.A.,65 rue de St Brieuc,35042 Rennes cedex. 

Summary: 

Goldwin's correlcgram [ODLDWIN,1980), is a statistical teal 
which allows to seek fer long term effects of the climate en pcpula-

-tions, and to disclose critical periods, i.e. moments in the year 
where a given meteorological factor has a determining influence on 
the later growth of the population.This method consists in the 
computation of the correlation coefficient between a serie of yearly 
insects observations and the corresponding accumulation of a given 
weather datum over a pe�cd of time varying both in its date of begin
-ning and end.Same theoretical aspects of the method are examined 
here.Under some simplificative assumptions, the theoretical shape of 
this set of correlation coefficients can be guessed.
fer two cereal aphids species, the method allowed us to paint cut same 
winter periods of time during whitch an increase of temperature is 
correlated ta an important spring development of populations.On the 
other hand, the effect of rainfall does net seems to be cumulative.



-110 -

Pour predire les infestations de pucerons, on utilise souvent des 
variables meteorologiques accumulees avec un certain retard.Par exemple, en 
France,nous avons utilise (Pierre & Dedryver 1984) la somme des degres-Jours au 

dessus de D degres pendant le mois de Fevrier pour prevoir l'effectif 
maximal de Sitobion avenae F. 

Au Aoyaume Uni, ce genre de donnees a ete egalement tres utilise 
(J.A.Brooks au pays de Galles, L.A.O.Turl dans le sud de l'Ecosse,Thomas et al. 
a Aothamsted.) 

Ces recherches suggerent qu'il existe dans l'annee des periodes 
critiques pendant lesquellea lea inaeotes sent particulierement sensibles 

G 1'accumu1Gtion de �ertainea condition& glimatiquea .La presente 
communication a pour but d'exposer quelques consequence& theoriques de 
cette hypothese, de montrer comment on peut decouvrir pratiquement ces 
periodes et estimer leure effete. 

1: LE MDDELE SDUS-JACENT: 

On oonsidere deux series chronologiques: L'une, X(t) eat continue au 
mains theoriquement, l'autre Yt est eohantillonnee chaque annee a une date 
fixee (fig 1) 

fig 1: representation graphique 
du modele sous Jacent. 
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La question se pose de savoir Si Am et Dm sont des estimateurs de o<. 
et d.= � -o( 

Nous ne discuterons le probleme,oue dans le cas discret. 
Soit Sab la Somme de la Serie temporelle 1ournaliere Xk sur 

1 'etendue de 1a periode d'essai 1a,b I· 
b 

Sab� L Xij 
1 =a 

la covariance entre cette somme et la serie annuelle des effectifs 
d'insectes Y est : 

Cab= Cov(Sab,Y) 

Le coefficient de correlation correspondant est: 

Cab f ab • ---------�----

..; cr-s:�. � 
Dn peut montrer oue dans tous les cas. a condition de centrer et 

reduire la Serie Y 
ia b 

Cab � � E(XiJ.XiJ') 

.1= o( J'=a 
EIXiJ.Xij') est le moment produit d'ordre 1 !autocorrelation) de la 

serie Xt.Ainsi le comportement de la covariance Cab depend essentiellement du 
s Xt.On peut examiner l'evolution de ce terme de covariance sous 
deux hvpotheses tres �rossieres: 

1: Xt est un bruit blanc centre non oorrele. 
2: Xt est la somme d'un bruit blanc et d'une tendance lineaire 

intra-annuelle (dent de scie). 

Sous la 

Cab = 

premier hypothese, on trouve 
t 

d' 0-
.)( 

et p ab= 

que : 
d'o; 

au d est la duree de la periode d'essai et d' la duree de l'intersection 
entre la periode d'essai et la "vraie" periode critique.Le coefficient de 
correlation est bien maximal si d a d' • � -0( et a =o( et b= � 

Sous la seconde hvpothese, le�erement plus realiste on trouve oue 
la covariance est continuellement oroissante avec d' mais que le coefficient 
de correlation possede un maximum pour les mamas valeurs que oreoedemment. 
On peut deduire de oes formules la forme theorique de ia surfaoef(fii 3} 
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On peut ecrire le modele theorique de deux mdnieres(continue et discrete): 

�· 
11 l continue: Yi = AJ 

< X(t) J.t + t ;_
o( i 

�. 

(21 discrete: Y._:.A.L, X;J +Ci

J:o(; 

Peut on estimer CX�et �t sous les 
O(.;,: O(� modulo p 

� .. = r� modulo p 

2: METHOOE D'ESTIMATION: 

oantraintes: 
(o= 1an � 365 

V.;. 

.lours) 

Goldwvn/19821 oropose de chercher par iteration le meilleur 
coefficient de correlation en essavant un �rand nombre de oeriodes differant 
nar leur debut et leur duree.Il suggere de reoresenter oe coeffinient cnmme 
une surface de reponse, c'est � dire comme une fonction de deux variables: 
a, la date annuelle de debut de la periode d'essai et d. la dur�e de cette 
oeriode (fig 21.0n obtient ainsi de�x valeurs emoiriaues. Am et Om aui 
correspondent au coeffinient de oorrilation maximum observ� fm. 

f 

d. 

fig 2. 

I / 
I / 

I / / _., 

0.. 
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fi� 3: forme theorique de la 
fonction f' a f( a, J representee 
en oourbes de niveau. 

d 

11 aooarait done cue les bornes a et b corresoondant a la oeriode 
d'essai qui fournit le meilleur coefficient de correlation observe dans 
cette aporoche empirique, sont des eStimateurs sans biais des veritables 
bornes et de la periode critique telle qu'elle est definie oar le 
modile (11 ou (21. 

3:0ES MOOELES PLUS REALISTES: 

Les hypDthises sur lesquelles nous nous Semmes fondes Juscu'alors 
he sont evidemment pas realistes: 

1. Paree cue 0( et� ne sent pas fixes de maniere riv.ide chaque 
annee m<1is olutot distribues au hasard auteur de mo11ennes ex et /,.. 

2. Paree cue les series climaticues ne Sant oas des bruits blancs 
meme corri�es oar une tendance lineaire intra-annuelle. Pour la temperature 
par exemple, si l'on ne considere que les movennes 1ournalierP.R, IR RP.riP. 
est de la forme: 

1 X[t) = a.aos[Wt +q>) + C(tl 
a� Ertl est un residu aleatoire autocorrele, Le calaul de Cab et 

fab devient intraitable mathematiquement mais peut etre simuli par un ordina
-teur /fiv. 41.Un trouve alors cue la surface theoricue est Semblable. qubi 
aue li�sie, � la surface de la ·firure 3 . 
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cL. J.,' 

fig 4: Simulation avec des 
bornes et aleatoires. 

4:LES FIGURES OBSERVEES CORRESPONDENT ELLES AU SCHEMA THEORIQUE? 

La reponse a cette question est: 

OUI Pour deux especes de pucerons des cereales: Sitobion avenae et 
Metopolophium dirhodum et une variable olimatique dent l'effet cumulatif 
est b1en connu: la t�mperature observee au dessus d'un certain seuil.On trouve 
des periodes critiques (fig 5) avec dee coefficients de correlation 
positifs. pour Hhopalosiphum padi,par centre la surface est plus ou moins 

"plate ... 
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fi!!; 5 representation en courbes 
de niveau 

NON Pour les enregistrements de precipitation. On trouve parfois des 
extrema, mais les figures sent toujours plus complexes et bruiteuses. On peut 
y reconnaitre les effets individuels de certaines fortes pluies. Les 
coefficients de correlation observes sont le plus souvent negatifs. 

PLUS OU MOINS pour l'humidite relative. dont l'effet 
nevatif i certaines pjriodes se traduit par de laryes "valleesn i fond p�at. 

5:COMMENT EVITER LES CORRELATIONS INOESIRABLES? 

5. 1. Thomas.Goldwin & Thatchell[19B4) suv�irent de tou�ours compa
rer deux stations, Mais on n'a pas tou1ours deux stations de releves disoo
-nibles. et la distance entre elles dait �tre tudicieusement choisie. 

5.2 Nous suvverons: 

5.2.2 O'examiner soir,neusement la forme de la fir,ure 
obtenue et de ne prendre en compte que les pies ou creux suffisemment lisses. 

5.2.3 Oe verifier Id linearite de la relation obtenue entre 
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la densite des insectes et la variable sommee sur l 'etendue de la p-eriode 
trouvee. 

5.2.3 De tester la stabilite de la figure en retirant au 
hasard une ou plusieurs annees d'observations de l'echantillon et en recal
-culant le correlo�ramme. 

5.2.4 D'essayer de trouver une explication biologique pour 
chacune des periodes obtenues. 

5.2.5 De tester l'independance des pies ou des creux lorsque 
l'on en observe plusieurs dans une meme figure. 

5.2.6 Nous pensons possible de divelopper a l'avenir une 
methode du type "bootstrap" pour estimer des regions de confianoe auteur des 
bornes a et b. 

De toutes manieres, seules des itudes a long terme et 
!'explication ecologique des phenomenes pourra assurer une veritable securite_ 

6:QUELQUES RESULTATS: 

Chez Sitobion 
� diverses ''periodes critiques" ant ete trouvees, et testees quant if 
leur stabilite et linearite.Les donnees recueillies portaient sur 64 parcelles 
observees au cours de 9 annees successives. Les comptages aphidiens ant ete 
transformes en logarithmes.Nous donnons ci dessous leur liste et caracteris
-tiques 

DEBUT DUREE COEFF NATURE 
(jours) CORREL. 

103 (22 avril) 13 -0.67 precipitations journalieres 
totales 

26 mars 16 0.70 precipitations diurnes 

4 mars 22 -0.68 precipitations nocturne a 

3 fevrier 22 temperatures trihoraires superi-

I 
eures a 3 degres C 

21 avril 14 -0.69 Hu midi te relativa, 

?:AUTAES PERIDDES TAOUVEES: 

O'a�tres periodes critiques ont ete detectees mais non encore 
eprouvees quanta leur stabilite et linearite. Chez Sitobio� avenae, 
on peut trouver de multiples noyaux de correlation lies a l'automne de 
l'annee precedente: 

OTA 

DR 

NA 

TF 

RH 
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DEBUT DUREE CDEFF NATURE 
{lours) CORREL. 

2U Septembre f 11 22 0.85 temperature >= 3 devres C 

6 Novembre (21 25 0.65 

6 Novembre 131 32 0.66 .. I> 
corre1ees 

6 Novembre r 41 '76 0.55 " 

J20 Novembre (51 100 0.52 .. 

5 Decembre (61 45 0.?5 " 

1 Aout (?1 100 0.95 " corrE!lE!'e a ( 11 

Le nambre eleve de noyaux correles et leur emplacement. suvvere 
Que des temperatures deuces pendant tout l'hiver pourraient etre favorables 
a Sitobion avenae.Par ailleurs, une corrilation positive de valeur ilevee 
aooaralt avec les temoeratures cumulees des mois d'aout.seotembre et 
octobre de l'annee precedente.Oans l'etat actuel de nos connaissances sur 
la methode et des donnees disponibles. ii est tres difficile de decider 
s'il vaut mieux choisir la periode [11 ou la periode (?1 a des fins de 
ore\/iSion. 

Chez Metopolophium dirhodum. ouelques oeriodes interessantes ont 
i�alement ite decelees: 

DEBUT DUREE COEFF NATURE 
( .lours 1 CORREL. 

6 Janvier 70 0.45 Temperatures moyennes >=3· 

25 Octobre 95 0.55 .. 

{annee precedentel .. 

Pour cette espece. les coefficients de correlation sent toujours assez 
faibles, et nous n'avons trouve aucune bonne relation avec les pluies 
ni avec l'humidite relative. Mais il faut si�naler que nous n'avons pas 
d'exemple de pullulation dans notre ensemble de donnees. 

C 

Pour Rhopalosiphum padi, dent les densites ont constamment ete tres 
faibles, on ne trouve ni oreux ni pie par cette methode .Taus les coefficients 
de correlation observes oscillent antre - et + 0.2 

8: UTILISATION PRATIQUE DES RESULTATS: 

Nous nous limiterons l Sitobion avenae, et aux periodes bien itablies 

definies au para�raphe 6. 
A partir des 5 variables possibles ,et en y ajoutant la transformee 

lo�arithmique de la densite des pucerons a l'epiaison (stade 52 de l'echelle 
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de Zadoks], nous avons selectionne un nouveau modele de regression multicle 
et trouve.que le meilleur sous ensemble etait compose des variables 4 [TF]. 

3(NR) et Xe, la densite a l'epiaison. L'equation finale est la suivante: 

Log (Xm + 11 = 0,?2 lo� (Xe + 1) + 0.0001? TF - 0.0014 NA + 0.34 

avec Xm : densite maximale observee dans l'annee. 

Cette equation, etablie a partir de 9 annnees de donnees est tres 
semblable a celle que nous avions trouvee precedemment (Pierre et Oedryver 

1984). 
AVANT AGES: 

Les periodes de temps sent mieux definies et plus stables ce qui 
rend la regression plus robuste. 

- On aborde les algorithmes de choix de variables explicatives avec 
moins de variables a priori (dans notre cas 6 au lieu de 22) 
ce qui rend la selection a la fois plus rapide et plus sure.

9: CONCLUSIONS: 

Cette methode iterative demande a etre testee sur de nombreuses 
especes de pucerons et sur un plus grand nombre d'annees. Ses aspects 
statistiques demandent aussi a etre soigneusement etudies. 

Nous pensons cependant avoir montre que la seule consideration d'un 
extremum de correlation n'est absolument pas suffisante.L'environnement de 
cet extremum, sa forme, sa structure, ses relations avec d'autres extrema ou 
d'autres donnees climatiques doivent etre egalement examines.II en resulte 
que la representation en courbes de niveaux est extremement utile.Il faut 
aussi chercher les eventuels modeles biologiques sous-)acents aux periodes 
critiques trouvees. 

Nous avons pu montrer qu'un pie de correlation observe permet de 
definir les bornes inferieure et superieure d'une periode de l'annee et 
que, au moins sous des hypotheses statistiques assez grossieres. ces bornes 
empiriques peuvent etre des estimateurs sans biais de celles d'une periode 
critique theorique. 

La methode est tres utile pour trouver et tester des variables 
explicatives non correlees et en petit nombre dans une optique de prevision 
par reRression multiple. 

REFERENCES 

GOLOWIN G.K., 1982. A technique-for studying the association between compo
-nents of the weather and hortioul tural param.eters. 
Science Horticulture, 16, 101-10?. 

PIERRE J.S. G OEORYVER C.A., 1984 - Un modele de regression multiple appli 
que a la prevision des pullulations d'un puceron des cereales, 
Sitobion avenae F., sur ble d'hiver. 
Acta Oecologica, Oecol. App(21, 153-1?2. 

THOMAS G.G., GOLDWIN G.K. G THATCHELL G.M., 1983 - Association between 
weather factors and the spring mi�ration of the damson hop aphid 
Phorodon humuli. 
Ann. appl.Biol., 102, ?-1?. 



- 119 -

THE BIRD CHERRY-OAT APHID IN CENTRAL SWEDEN: INCIDENCE AND 

FORECASTING 

S. Wiktelius

Swedish University of Agricultural Sciences, Dept. of Plant 
and Forest Protection, P.O. Box 7044, S-750 07 Uppsala, 

SWEDEN 

Summary 

Rhopalosiphum padi is the most important cereal aphid 
in central Sweden. The incidence is however irregular both 
between years and fields. 

There is a positive correlation between suction trap 
catches during spring migration (from the winter host) and 
the mean level of infestation in spring sown cereals. Thus 
suction trap catches can give an early warning. 

There is a positive correlation between weekly suction 
trap catches during summer migration (from cereals) and the 
corresponding densities of aphids in cereals. These corre
lations can not be used for forecasting due to significant 
differences in the intercepts between years. 

A prognosis system which is based on a combination of 
suction trap catches and an exponential growth model is 
suggested. 

1. Incidence

Rhopalosiphum padi (L.) is an important pest in spring 
sown cereals in the Nordic countries (Rautapaa, 1976; Wikte
lius & Ekbom, 1985). The incidence of R. padi is, however, 
irregular both in time and space, and varies from hundreds 
of aphids per shoot at maximum one year to only a few aphids 
the next. Spatial irregularities can appear not only between 
different parts of Sweden but also between adjacent fields 
or at different sites within the same field (Wiktelius & Ek
bom, 1985). 

R. padi is exclusively holocyclic in Sweden. The eggs
are laid on bird cherry (Prunus padus L.) during autumn. 
Overwintering eggs hatch during April and after 2-3 genera
tions emigrants leave the winter host to colonise cereals 
from the end of May to middle of June (Wiktelius, 1984). 

The aphids are usually found on the lower parts of 
cereal plants in the beginning of population development. A 
large proportion of the aphid population feeds on the plant 
base beneath soil surface (Wiktelius, in prep.) Later in the 
season the aphids feed on the stem or the lower leaves. 
Flag leaves or ears are seldom colonised. 

1985 was an outbreak year in large parts of Sweden with 
maximum densities of more than 200 aphids per shoot in some 
fields. Early insecticide treatments often failed due to a 
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prolonged migration period and, to some extent, to the sub
surface position of the aphids. 

2. Forecasting

The suction trap reffered to in this paper is a 40 cm 
enclosed caned trap. The efficiency of the trap is 3100m3 

/hour and the trapping height is 12.2m. The trap is placed 
at the Agricultural University, Uppsala. The investigated 
cereal fields were situated within 15km of the trap. 

There is a positive correlation between the size of the 
spring migration from the winter host and the level of aphid 
density in cereals (Fig. 1) . Thus suction trap catches can 
give an early warning of possible outbreaks. 
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Fig. 1 . The relationship between maximum aphid den
sity in spring cereals (mean of several 
fields) and suction trap catches during 
spring migration 1977-1983 (y=-0. 3 + 0.77x; 
R2=0.83 p<0.01).
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There is also a positive correlation between the size 
of the summer migration ( from cereals) and the density in 
cereals (Fig. 2). However, due to differences in the inter
cepts between years this relationship is of little value in 
forecasting. Thus, on� hundred R. padi caught in the suction 
trap indicates 2.7 aphids per shoot in 1981 and 58 in 1984. 
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Fig. 2. The relationship between weekly suction 
trap catches and the aphid density in 
spring barley (mean of several fields) 
for the same week during 1981-1984. The 
slope is common but the intercepts 
different (p<0.05) (R2=0.51 p<0.001). 

3.0

As mentioned above there can be great differences in 
aphid densities between fields and to be of real value, pre
dictions should be made for individual fields. A forecasting 
system where both suction trap catches and field counts are 
used have been tested for some years. Outlines of the method 
have been published earlier (Wiktelius, 1982). The suction 
trap is used to determine the date of colonisation and a 
simple population growth model is used to estimate the tim
ing and the magnitude of maximum density in an individual 
field. The method is based on the assumption that R. padi 
colonise the cereal crop, multiply and reach maximum density 
after two generations have been completed (Fig. 3). 
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2 

June July 

Fig. 3. The generalized population development of 
R. padi in spring sown cereals. The circles
mark the first and second adult generation
after migration. Note that the indicated
dates are only approximate and can differ a

few weeks between years.

The method is as follows: 
1. Determine the date of spring migration peak with the 

suction trap.
2. Count the number of aphids in the field after one gene

ration (circle 1 in Fig. 3).
3. Calculate the maximum density using the formula

where N1 is the counted aphid density in the field, Nz is 
the calculated maximum density, r is the intrinsic rate of 
increase, g is the length of one generation and e is the 
base of the natural logarithms. 

The length of a generation and the intrinsic rate of 

increase as functions of temperature are obtained from Dean 
(1974). Temperature is calculated from a sinus function 
through maximum and minimum temperatures each day. 

The accuracy of the predictions is rather good (Fig. 4). 
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Fig. 4. The relationship between predicted and 
observed maximum density in individual 

fields. 77% of the variance is explained. 

Counting aphids can be a rather tedious work. By using this 
method aphid counts are restricted to once per field. 
Furthermore, the method enables the farmer to decide if and 
when to spray at an early stage. 

This simple method works satisfactorily when the spring 
migration is short and if a peak in the migration can be 

distinguished. If the migration is prolonged due to e.g. bad 
weather, the date of colonisation is difficult to estimate 
and the accuracy decreases. Another model in which daily 
suction trap catches are used to estimate the age-distri
bution of the aphid population at any time during population 

growth is being tested. A field count is then divided into 

the estimated age-distribution and the population develop
ment can be calculated. Unfortunately this means that a more 

complicated simulation model has to be used. 
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DATES DE PREMIERE CAPTURE ET NIVEAU DE POPULATIONS DES PUCERONS 

DES CEREALES EN ALSACE. 

Yves BOUCHERY 

I.N.R.A. Station de Zoologie

28, Rue de Herrlisheim - F 68021 COLMAR CEDEX 

SUMMARY 

A Johnson Taylor 12,2 m high succion trap is running in Colmar 

since 1977. The quantity of alates caught during the spring

flight is supposed to be linked with the aphid population level 

in the area surrounding the trap. Comparison between catches 

and time of first flight shows that early flight enables high 

population of Rhopalosiphurn padi to build up according to the 

result found on Aphis fabae. In opposite, late flight gives 

high population for Metopolophium dirhodum and Sitobion avenae. 

This result points out the importance of phenological stage of 

the host plant and the status of aphid colony. 

INTRODUCTION 

Un piege a succion de type Johnson Taylor aspirant a 12,2 m du 

sol fonctionne 

(BOUCHERY,1979). La 

Colmar sans 

rnajorite 

interrupt ion 

des especes 

depuis 

capturees 

1977 

est 

deterrninee et 

R.hopalosiphum 

Metopolophium 

(Fabricius). 

parmi celles-ci 4 especes infeodees aux cereales 

padi (L.), Metopolophium dirhodum (Walker), 

festucae (Theobald) et Si tobion avenae 

Chez le puceron noir de la feve Aphis fabae Scopoli, il y a une 

bonne relation entre la date de colonisation sur feverole et la 

taille maximum des colonies. La figure 1 montre que pour 11 

annees a Colmar, les colonies atteignent de grandes tailles 



- 126 -

pour des colonisations precoces, les colonisations tarrlives ne 

donnant que des colonies cle petite tail.le. l.Jne correlation 

suivant le modele y=a+b/x donne un coefficient de r = 0,88 qui 

est significatif au seuil de l %. Chez la feverole de printemps 

les colonies ne deviennent importantes que si les colonies sont 

fondees tot, c'est-a-dire clebut mai. Ce phenomene existe-t-il 

chez les pucerons des cereales? 

6 .fuin 

°' m,1i 

Date de 1 in 

observation 

• 1975
160 

155 

150 •1973

145 
• 1979

140 

135 • 1985

130 

125 • 1972

Aphis Faboe 

• 1978

1984 •• 1977 1'376 

01983 

�1974
120 

2000 6000 10000 14000 18000 
Tai11e des colonies 

fig. 1 

NATURE DES DONNEES 

Les travaux de TAYLOR (1974) montrent que les effectifs 

echantillonnes sont representatifs cl'une zone de plusieurs 

dizaines de kilometres auteur du piege. Le nombre d'ailes 

captures est une bonne image de la quantite d'ailes produits 

clans la zone, car les pucerons provenant de zones eloignees ne 

representent, en regle generale, qu'une Eaihle proportion des 

captures. Le niveau de population pour les pucerons des 

cereales est estime par la quantit� d'ailes captures au piege a 

succion en cumulant les captures du vol printanier. D'un point 

de vue pratique, il n'est pas possible ,1P, <'listinguer clc1irement 

clans tous les cas les ail�s du vol d'emigration de ceux du vol 
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de dispersion, aussi les deux types sont confondus. Ceci est de 

peu d'importance car le premier vol est quantitativement 

negligeable vis-a-vis du second. Par rapport aux resultats 

presentes pour A. fabae, le nombre d'ailes captures est 

fonction de la taille des colonies et de leur nombre. 

La date de premiere capture peut sembler a priori une 

observation aleatoire peu representative, cependant une etude 

menee sur plusieurs pastes de piegeage, dans des conditions 

ecologiques differentes, montre que la date de premiere capture 

est une donnee representative du vol (BOUCHERY, 1985). Cette 

date de premiere capture est utilisee ici pour evaluer le debut 

de colonisation par les ailes. 

RESULTATS 

REPARTITION DES DATES DE PREMIERES CAPTURES 

La figure 2 montre la repartition des dates de premiere 

captures pour les 4 especes etudiees pendant 9 annees. 

Date de premiere capture au piege a succion de Col mar 

Annees 

1985 

1984 

1983 

1982 

1981 

1980 

1979 

1978 

1977 

100 110 120 

avril 

• Rhopalosiphum padi 

CJ Metopolophium festucae 

130 140 

mai 

150 160 

juin 

11111 Metopolophium dirhodum 

D Sitobion avenae 

f iq. 2 

Date 

170 

En regle generale R. padi est le plus precoce, les premiers 

ail0s en provenance de l'h6te primaire (Prunus padus) sont 

captures dans la premiere decade de mai. A l'oppose, �-�venae, 
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espece monoecique sur graminees, est nettement plus tardive. 

Les deux ont 

intermediaire. 

PREMIERES CAPTURES ET POPULATIONS 

Rhopalosiphum padi 

gen era lernen t une situation 

La figure 3 montre une repartition apparemment non liee des 

dates de premiere capture et de capture totale. Cependant en 

faisant abstraction de l'annee 1979, qui avec un vol tardif le 

14 mai a donne des captures abondantes (10.450 ailes), les 

autres annees se repartissent le long des deux axes de la m@me 

maniere que chez A. fabae. La liaison est inexistante pour les 

8 annees, mais montre que les populations elevees (1977, 1981, 

1984, 1985) ne se developpent que si la colonisation est 

precoce, hormis en 1979. Le cas exceptionnel de l'annee 1979 

pour R. padi s'explique par un maximum du vol en juillet 

anormalement tard if, consecutif a un mois de juin 

particulierement arrose qui a retarde la fructification des 

cereales, suivi d'un mois de juillet sec et frais. 

Dlilte 'i en 
ce(llture 

134 I> 1982

Rh11p11/osipum patli 

•1979

f ::, m.1i 132 

130 

128 1981 
•1980 • 

126 

• 198:5 •1984

4 m.1i 124 1978 
•1977

122 

1983 
120 0-+----t----t----+---+---:-------

0 2000 4000 6000 8000 1 0000 12000 14000 16000 

CapturH vol prinisnier 

f i']. 3 
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Comme chez A, fabae, il sernble que les pucerons aient besoin, 

pour produire des populations irnportantes, d'un delai suffisant 

entre leur arrivee sur leurs h6tes secondaires et !'apparition 

du stade physiologique defavorable de leur hote. 

Sitobion avenae 

Le nuage de points (captures-dates) de la figure 4 se presente 

sous forme d 'un nuage allonge d.ans la direction de la premiere 

bissectrice. L'annee 1977 pour laquelle le vol a ete tres 

precoce et la population tres importante est exceptionnelle. Un 

calcul de correlation fait sur 8 annees, en excluant 1977, 

montre que la liaison est de r = 0,73 (significatif a 5 %) avec 

un modele y=a+b Log(x). Ceci rnontre que le vol tardif des 

premiers ailes fondateurs de nouvelles colonies encourage une 

productivite importante d'ailes. 

L'absence de liaison entre une date de colonisation tardive et 

une forte production d'ailes en 1977 s'explique de la maniere 

suivante: Les rnois de janvier, fevrier et roars ont beneficie de 

temperatures nettement superieures aux moyennes mensuelles 

(respectivement +1,6 +3,3 ; +2,3
°

C). Ceci a pu provoquer un 

developpement precoce des populations. L'examen de la courbe de 

D&te de lire 

capture Slloll/011 ovenue 

f70 • 1979

165 

160 .1984

• 1,es
1977 

.f fuin 155 2eme 0 
vol 

HiO •1981

145 
1980 

140 
• 1982 

15111.Ji 135 t11978 

130 

9 1983 1977 
125 (/,----1 

0 500 1000 1500 2000 2500 3000 3500 

Captures du '1'0U �ri ntHier 

fig. 4
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capture montre gu'un vol significatif (38 pucerons captures) a 

eu lieu entre le 5 mai et le 31 mai. Ce vol peut etre assimile 

a un premier vol de dispersion qui a perm is l' installation 

tardive de nombreuses colonies nouvelles qui ont donne un 

nouveau vol de dispersion (reprise des captures a partir <iu 5 

juin). En tenant compte de cette date comme premier vol (voir 

point 77' sur la figure 4), la relation reste stable en 

incluant l'annee 1977. 

Metopolophium festucae 

Chez cette esp@ce les effectifs captures sont generalement tr@s 

faibles, de l'ordre de guelgues dizaines d'individus par an, ce 

gui ne permet pas de tirer de conclusion. 

Metopolophium dirhodum 

Chez ce puceron dioecique, la repartition effectif de captures 

et date des premiers vols ( figure 5) est assez semblable a 

celle de s. avenae. Le coefficient de correlation, en suivant 

une loi 

Date t lire 

capture 
160 

./ .;'uin 155

150 

145 01994 

140 •1978

135 1983 

130 

lfelopo/ophium dirhodum 

•1977

• 1985
•1979

1980 
•• 1982 5 m.1i 125 +--------+------+--------+--------1

0 1000 2000 3000 4000 
Captures vol printanier 

fig. 5 

y=a+b Log(x), do�ne un r de 0,70 significatif au seuil <ie 5 %. 

lei comme pour S. avenae, les captures importantes n'adviennent 
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1ue pour des premiers vols tardifs. Il est remarquable que les 

annees se positionnent de maniere assez voisine chez les deux 

especes. Cependant il faut noter que pour des dates de vol 

tardif, comme en 1984 (25 mail, les captures restent limitees. 

Ceci n'est pas etonnant, en effet, de nombreux autres facteurs 

interviennent sur la regulation de population comme les ennemis 

naturels. 

CONCLUSION 

Une date de premier vol tardif pour S. avenae et M. dirhodum 

permet le developpement de populations importantes si d'autres 

circonstances defavorables n'interviennent pas. Ceci est oppose 

a ce qui se passe chez deux pucerons dioeciques, chez l'un, 

polyphage (A. fabae), d'une fa9on tres nette, et chez l'autre 

infeode aux graminees (R. padi), qui semblent beneficier d'une 

periode de developpement la plus longue possible avant la 

senescence de leurs h6tes. Pour s. avenae et M. dirhodum, 

pucerons qui ont des cycles biologiques differents, l'un etant 

monoecique et l'autre dioecique, une coincidence entre la 

colonisation et le stade de leurs h6tes semble necessaire a la 

bonne expression de possibilites de multiplication de ces 

especes. Cette observation est a rapprocher de celle de 

LATTEUR, OGER et DE PROFT (1986) pour les deux memes especes 

qui montre que la vitesse de developpement des colonies entre 

l'epillaison et le stade grain laiteux est liee negativement a 

la taille des colonies a l'epillaison. 

Cette observation met en evidence !'importance du role, sur la 

croissance des populations, de la nature du developpement 

physiologique de la colonie vis-a-vis de l'etat physiologique 

de l'hote. 
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RESULTATS PRELIMINAIRES CONCERNANT L'ETABLISSEMENT D'UN 

MODELE DE PREVISIONS DES RISQUES DE PULLULATION DE SITOBION 
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LE NORD DE LA FRANCE 
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Summary 

The model of prevision of s. avenae maximal 
populations on wheat, developped since 1981 from data 
collected in Brittany, has given good results from 
1982 to 1984 in the most oceanic part of France (from 
Normandy to the area of Bordeaux). 
Unfortunately the model systematically underestimated 
the risks in the bassin of Paris and the North of 
France and could not be usedin these regions. In 
cooperation with INRA, the french plant protection 
service (SPV) and two technical institutes involvedin 
cereals protection (ITCF, ACTA), data were collected 
in 19 wheat fields of the area of Paris and the North 
of France, since 1980 to 1985 and in 1975-1976. 
The data concerned the number of s. avenae per 20 
tillers at the heading stage, the maximal number of s.

avenae per 20 tillers, monthly accumulations of mean
temperatures above 0°C, monthly rainfall and monthly 
numbers of rain days. They formed the basic sample and 
where computed in multi-linear regression. 
The maximal number of s. avenae on wheat during the 
spring was explained (R=0.85) by two variables : 
the number of S. avenae at the heading stage (r=0,803) 
the mean temperatures of mai (r=-0.451). 
It is assumed that low temperatures in mai reduce the 
speed of growth of the wheat which may remain 
favourable to aphids during a long period and hinder 
more natural ennemies than aphids, providing more 
healthy populations at heading, which can after that 
develop quickly. As a comparison the maximums of 
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populations in Brittany seemed more dependant of the 
winter temperatures, in relation with their ability to 
overwinter anholocyclically. 

Un modele de prevision des maximums de�p9pu�ations 
d'un puceron des cereales, Sitobion avenae F. a ete recem
ment calcule en France (PIERRE et DEDRYVER, 1984). C'est une 
equation de regression lineaire multiple dont l'echantillon 
de base est constitue de donnees de comptage de pucerons 
effectues dans l'Ouest de la France et particulierement dans 
le Bassin de Rennes. Ce modele fournit des previsions conve
nables dans le quart Ouest de la France (PIERRE et DEDRYVER, 
1985). Il donne au contraire une majorite de conseils erro
nes lorsqu'il est applique dans les g�andes zones cerea
lieres du Nord et du Bassin parisien, ou il sous-estime en 
particulier les risques de pullulations. De tels resultats 
ne sont pas etonnants dans la mesure OU ce modele integre 
une situation regionale propre aux regions oceaniques, 
caracterisee par une certaine stabilite interannuelle de 
caracteristiques biologiques originales des pucerons (anho
locyclie) et de leurs relations avec leurs ennemis naturels 
(forte pression parasitaire des entomophthorales et des 
hymenopteres Aphidiides). 

Un travail de cooperation entre l'INRA du Rheu, le 
Service de la Protection des Vegetaux et deux instituts 
techniques s'occupant de protection des cereales (ITCF et 
ACTA) a dont ete entrepris afin de recueillir dans le Bassin 
Parisien et le Nord de la France suffisamment de donnees sur 
l'evolution des populations de pucerons des cereales pour 
calculer un modele propre aces regions. Ce sont les premie
res analyses concernant S. avenae qui font l'objet de cet 
article. 

MATERIEL ET METHODES 

De 1980 a 1985, 12 parcelles de ble d'hiver ont ete 
echantillonnees dans le Bassin parisien et 3 dans le depar
tement du Nord. On a ajoute a l'echantillon 4 series de 
releves effectues en 1975 et 1976, trois dans le Bassin 
parisien et 1 dans le Nord. La figure l indique la localisa
tion des differentes parcelles. 

Dans tous les cas, de 100 al OOO talles de ble sont 
echantillonnees par parcelle, a chaque notation, en fonction 
de !'infestation en pucerons. Ceux-ci sont determines et 
comptes in situ, de meme que les momies et pucerons mycoses. 
Trois especes sont prises en compte : s. avenae, Metopolo
phium dirhodum Wlk, et Rhopalosiphum pad1 L., rnais seules 
les donnees concernant s. avenae sont analysees dans cet 
article. 
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Figure 1 Localisation des champs ayant fait l'objet d'observations 
de 1980 a 1985 ainsi qu'en 1975 et 1976.

BP et NORD 

1 OOO LOG( EFMAX +1) 

3000 

• 

2000 • 
• 

• 

1000 
• • 
• 

• 

• 
• 

• 
• 

• 

• 

• 

• 

• 
• 

r =0.803 

500 +-------�-----1000LOG(EFEP +1) 
0 

Figure 2 

1500 3000 

Relation entre l'ef ectif de S. avenae a l'epiaison (en abscisse) 
et lors de son maximum (en ordonnee). 
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N" Code Description Transformation 

1 EFEP DensitB de Sitobion avenae Log [x + 1 J • 1 OOO 

vivants a l'epiaison (pour 
20 tailes] 

2 FMAX Densit8 maximale de S. Log [x + 1 l . 1 OOO 

� vivants (pour 20 
tallesl 

3 TJAN E des tempeiratures de Neiant 
janvier > 0° C. 

4 TFEV r des temperatures de 
fBvrier 

5 TMAR r. des temperatures de 
mars 

6 TAVR r des temperatures 
d'avril 

7 TMAI r des tempeiratures de 
mal 

8 HJAN Hauteurs des ) janvier 1 000/x 

g HFEV prE:cipitations ) revrier 1 OOO /x 

10 HMAR cumulB:es ) mars 1 000/x 

11 HAVR pour ) avril l 000/x 

12 HMAI ) mai l 000/x 

13 PJAN Nombre de ] janvier l 000/x 

14 PFEV jours de pluie ) F8vrier l 000/x 

15 PMAR dans le mois ) mars 1 000/x 

16 PAVR [H > 1 mm l avril 1 000/x 

17 PMAI de pluie] de ) mai l 000/x 

Tableau 1 : VARIABLES UTILISEES ET TRANSFORMATIONS EFFECTUEES 
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Les donnees climatiques sont fournies par les postes 
de la Meteorologie Nationale (M.N.) et du STEFCE * les plus
proches des parcelles echantillonnees, c'est-a-dire Boigne
ville et Orleans (STEFCE), Lille-Lesquin, Beauvais et Melun
(M.N.).

Les variables prises en compte sont les memes que 
celles du modele calcule eour l'Ouest de la France par 
PIERRE ET DEDRYVER (1984), a l'exception des pucerons myco
ses qui etaient en trop faible nombre pour etre introduits 
dans l'analyse. 

En variable a expliquer, on retient le maximum de s. 
avenae atteint au cours de la saison sur les parcelles con
siderees. 

En variables explicatives, on utilise le nombre de s. 
avenae a l'epiaison ainsi que trois series de variables phy
siques : les sornrnes mensuelles des temperatures moyennes au 
dessus de 0 ° C des 6 premiers mois de l'annee, la pluviome
trie mensuelle des six premiers mois de l'annee et le nombre 
mensuel de jours de pluie au cours de cette meme periode. 
Les variables et transformations utilisees sent repertoriees 
dans le tableau 1. 

Les analyses statistiques effectuees comprennent le 
calcul de la matrice des correlations entre variables ainsi 
que le calcul et le choix de la meilleure equation de 
regression multiple a l'aide des prograrn.�es du logiciel 
AMANCE (BACHACOU et al, 1981) et du programme SELECT (JOHAN
NES, 1983). 

RESULTATS 

Correlations entre variables 

Le tableau 2 met en evidence les principales correla
tions entre la variable a expliquer (Effectif maximum : 
EF�.AX et les variables explicatives. Il y a une forte corre
lation positive entre EFMAX et l'effectif a l'epiaison EFEP 
(r = 0.803), ainsi qu'une correlation negative significative 
entre EFMAX et la somme des temperatures superieures a 0 ° C 
du mois de mai, TMAI (r = 0.451). Deux autres groupes de 
liaisons sent egalement remarquables : la somme des tempera
tures de janvier, TJAN est correlee, d'une part a EFEP, 
d'autre part a EFMAX ; le nombre de jour de pluie du mois 
d'nvril PAVR est, de meme, correle a la fois a EFEP et 
EFMAX. 

Les figures 2 et 3 illustrent les deux premieres cor
relations, qui sent significatives au seuil de 5 %. 

(*) Service tehnique d'etude des facteurs de l'environnement 
(INRA) 
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EFEP f.fl-\o\X TJAN TFEV THAR TAVR Tll,\l TJUI HJAN HFEV Hf1AR 

1000 

� 1000 

! s11 rnl 1000 

-24 -149 -6 1000 

-I -SI -i 7i -ldi iilw 

-22 -112 -350 85 -267 1000 

-131 B -461 108 -5 639 1000 

25 -n 60 -85 -275 .. , 565 IOOO 

JS -1 IO -267 144 -426 898 682 429 IOOO 

292 62 -43 306 -1.09 358 451 -9 681 1000 

57 -46 -176 144 -388 937 593 524 944 467 1000 

105 -14 -119 367 -457 653 446 328 593 361 551 

52 -59 -186 196 -400 933 608 510 949 491 998 

92 13 -86 34 -412 742 469 492 627 235 619 

92 -97 118 -12t. 274 337 455 530 287 JO 341 

364 49 46 193 -180 178 419 -78 476 892 260 

-250 -194 36 -34 -532 565 109 465 426 -58 527 

1 -,51 -J43 I -74 424 -419 310 264 314 148 -•3 188 

-165 -262 -96 553 -546 720 453 411 722 310 SOR 

35 -13 -BI 68 -327 890 473 562 817 239 950 

Tableau 2: MATRICE DES CORRELATIONS ENTRE VARIABLES 

OU NORD ET OU BASSIN PARISIEN 
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Figure 3 Relation entre la somme des temperatures superieures a 0°C
du mois de mai (en abscisse) et le maximum de S. avenae
( en ordonnee) . 

facteur derreur 

10 

3.5 

2 • 

• 
• 

0.5 • 

• 

0.3 

1 

• 

0 

I 

I 

1•.

' 
I 

',I 
1' ' 
I 

0 

5 

• 

• 

• 

.... 

'! 
... 

• 

a 

estim 0 

10 50 100 

Figure 4 : Representation graphique des residus du modele de regression 
multiple en !'onction des estimations. 

• o Bassin parisien 
•c Nord



- 140 •

Calcul d'une equation de regression multiple 

Le programme SELECT met en oeuvre un algorithme de 
recherches des m meilleures equations de regressions parmi 
les (k/p) equations possibles a k variables explications 
prises parmi p variables totales. Les parametres m et k sont 
determines par l'utilisateur. L'evaluation des equations 
s'effectue sur la base de 3 criteres : le coefficient de 
determination multiple, l'ecart type residuel et le Cp de 
Mallows. 

L'equation proprement dite est ensuite calculee par le 
programme REPRG : 

Au pas numero 1 est introduite la population a
l'epiaison et au pas numero 2, la somme des temperatures 
moyennes du mois de mai. Ces deux variables apportent une 
contribution significative et 77 % de la variance totale est. 
expliquee par la regression. L'introduction des variables 
suivantes n'apporte plus de contribution significative. 

On aboutit a l'equation suivante : 
1 OOO Log(EFMAX + 1) = 724 Log(EFEP + 1) - 7,76 T MAI + 4309 

L'analyse des residus (fig. 4) indique que ceux-ci ne 
sont pas tres bien repartis entre les sous et les surestima
tions (12 points dans le premier cas, 7 dans le second) 
essentiellement a cause d'une parcelle de 1983, tres diffe
rente des autres. De plus, le faible nombre de parcelles 
observees chaque annee me permet pas en general de se faire 
une idee sur la variabilite interannuelle des residus. Pour 
1983, cependant, on a une assez bonne repartition des resi
dus entre sous et surestimations. 

DISCUSSION ET CONCLUSION 

On peut tout d'abord se poser la question de la vali
dite biologique des variables retenues la tres forte 
correlation entre l'effectif maximal et l'effectif a
l'epiaison ne nous etonne pas ; c:etait ega!ement la prin
cipale variable explicative du modele calcule pour le grand 
Quest de la France (PIERRE et DEDRYVER, 1984). Elle traduit 
le fait que, dans ces regions comme dans l'Ouest, le devenir 
des colonies parait fixe des la contamination des epis et 
ceci d'autant plus que, dans le Bassin parisien et le Nord 
de la France, l'action des ennemis naturels durant cette 
periode ne parait pas tres forte : on trouve peu de preda
teurs et de momies et encore mains de pucerons tues par les 
entomophthorales. Les populations de pucerons s'y develop
pent sans £rein biologique important a l'exception de la 
maturation de la plante-hote et l'on con9oit que le maximum 
de population qui intervient souvent un mois seulement apres 
l'epiaison soit fonction de l'intensite de la contamination 
ace Stade. 
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L'effet negatif des temperatures de mai est plus 
difficile a expliquer. Dans le modele calcule prec�demment 
(PIERRE et DEDRYVER, 1984), on avait mis en evidence 
l'absence de correlation entre les temperature printanieres 
et les populations de pucerons, que ce SOit a l'epiaison OU 
lors de leur maximum. L'hypothese qu'on peut avancer, est 
que les temperatures du printemps, et en particulier du mois 
de mai d'une �part, joueraient davantage sur les guelques 
auxiliaires presents que sur les pucerons, des temperatures 
faibles etant particulierement defavorables aux premiers 
done favorables "indirectement" aux seconds, et d'autre part 
auraient un role important sur la phenologie de la plante, 
des temperatures froides ralentissant la maturation des 
bles : ceux-ci resteraient ainsi plus longtemps favorables 
aux pucerons qui s'y multiplieraitent davantage. 

Enfin les temperatures de janvier sont correlees a la 
fois aux effectifs a l'epiaison et aux effectifs maximums. 
Elles sont eliminees de la regression car fortement 
autocorrelees mais presentent neanmoins un interet : comme 
pour l'Ouest de la France, il semble que des temperatures 
assez douces p�ndant une partie de l'hiver (ici janvier, 
dans l'Ouest fevrier) soient un gage d'infestation precoce 
des cereales, en permettant la survie de la fraction des 
populations de s. avenae qui, meme dans ces regions, reste 
anholocyclique (DEDRYVER et GELLE, 1982). 

Nous insisterons ensuite sur le caractere tres provi
soire de l'equation etablie. En effet si le modele fonction
ne avec 8 annees differentes de donnees, ce qui peut etre 
considcre comme convenable, le nombre d'echantillons total 
est tres faible (19) et ceux-ci ont ete obtenus dans deux 
zones geographiques restreintes et non contigues, le Sud est 
du Bassin parisien et, secondairement, le departement du 
Nord, qui different profondement entre elles tant par le 
climat que les structures agraires et les systemes cultu
raux. De plus le modele n'est pas valide puisque le faihle 
nombre d'echantillons ne nous a pas permis d'en garder en 
echantillon-test. Seules les observations des prochaines 
annees nous permettront d'en definir l'interet ainsi que 
l'etendue geographique d'application. Cependant, le caracte
re encourageant de ces resultats permet d'envisager des 1987 
une premiere tentative de validation. 
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A COMPUTER-BASED ADVISORY SYSTEM FOR THE CONTROL OF 
SITOBION AVENAE AND METOPOLOPHIUM DIRHODUM. 

B.P. MANN and S.D. WRATTEN. 
Department of Biology, Building 
Southampton S09 5NH, UK. 

Summary 

44, The University, 

The development of a computer based farmer advisory package 
for cereal aphid control is described. It was developed by 
the Agrochemical Evaluation Unit at Southampton University 
and is available for "Farmlink" subscribers on "Prestel", 
British Telecommunications' Viewdata service. The package 
gives advice on the control of the aphids Sitobion avenae 
and Metopolophium dirhodum. It is designed to prevent the 
overuse of chemical spray applications by forecasting aphid 
populations and then calculating the economics of control. 

1 . INTRODUCTION 

Cereal aphids in the U.K. can be an important problem 
on winter wheat. Aphids colonise cereals in May and June and 
may become sufficiently numerous to cause direct feeding 
damage in June and July (M.A.F.F., 1982). 

Southampton University Biology Department has used the 
results of a series of field experiments to produce a 
computer program which predicts the damage that an aphid 
infestation may inflict on the crop. The work leading to the 
development of this model has been described in previous 
papers (Watt, Vickerman and Wratten, 1984; Wratten and 
George, 1985; Wratten, Holt and Watt, 1984). This model has 
now been taken to its natural conclusion with the development 
of a dynamic advisory package for "Farmlink" subscribers on 
"Prestel", British Telecommunications' Viewdata service. It 
takes information about a specific field of wheat at one 
point in time, adds the economics of control and on the basis 
of the predicted aphid population advises the farmer on a 
rational control policy. This paper describes the structure 
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of the model, its implementation and the future development 
of it and similar packages. 

2. DEVELOPMENT OF A SIMULATION MODEL

The model was originally conceived as a simulation
model of Sitobion avenae damage (Lee et al., 1981; 
Lee, Wratten and Kenyi, 1981; Watt, Vickerman an�Wratten, 
1984; Wratten, Holt and Watt, 1984). The model was developed 
from data on aphid damage, control costs, grain prices and 
expected yield (Watt, Vickerman and Wratten, 1984). Aphid 
populations were fed directly in, rather than simulated from 
reproductive and developmental data. The model used data on 
yield loss in relation to growth stage and aphid number and 
aimed to quantify the economic value of control at different 
stages of outbreaks of various intensities. The data on aphid 
damage were obtained from field cage experiments on the 
effects of the size and timing of grain aphid infestations on 
yield loss in winter wheat (Lee, Wratten and Kenyi, 1981; Lee 
et al., 1981; Wratten, Lee and Stevens, 1979). 

The model calculated: the aphid population density (A) 
for each day (j) of the infestation (by interpolation between 
the aphid counts on particular sample dates), the daily and 
cumulative (d

j
) yield losses.

i=j 

d.1 = L Aj_ E.!.

i=1 

together with the amount of damage saved by an insectici_de 
spray (s_j):

sj = (1-dt) - (1-d-)(1-W)
' J 

where q is the proportional yield loss per aphid per day on 
day i, dt, the total calculated yield loss and W the 
proportional wheeling loss incurred during spraying. The 
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latter, set at 3%, is obviously removed if the use of 
tramlines is simulated. The model also calculated the 
cumulative and avoidable damage in monetary terms (Dj and Sj 
respectively): 

D,j = TGdj

sj = TGsj

where T is the expected yield (t/ha) and G the grain price 
(£/t). 

A second model was written for Metopolophium 
dirhodum by simply changing the value of E to allow for 
differences in yield loss between Sitobion � and 
Metopolophium dirhodum. Again, data on aphid damage were 
obtained from field cage experiments (Holt, Griffiths and 
Wratten, 1984). From this, the two models were combined to 
produce a single multi-species model. 

In order to develop the simulation model into an 
advisory package, it was simplified and an element of short 
term (7-day) and . long term (seasonal) aphid population 
forecasting was incorporated. If a forecasting aspect had not 
been introduced the models' use would have been restricted in 
that it would have only been able to indicate that economic 
damage had begun, rather than it was about to begin. 

3. THE ADVISORY MODEL

Cereal aphid populations can rise to economically 
damaging numbers over a short period of time over a range of 
growth stages from booting to grain development. This, 
coupled with the fact that the damage caused varies 
according to the growth stage of the crop, means that the 
economic damage threshold, i.e. the point at which economic 
yield loss begins, is dynamic. Research has aimed to 
establish relationships· between aphid population levels, crop 
growth stage and yield losses (George and Gair, 1979; Lee 
et al., 1981a). These relationships have led to the U .K. 
Agricultural Development and Advisory Service (M.A.F.F.) 
recommending spraying for Sitobion avenae when there are 
five or more aphids per ear at the beginning of flowering and 
the population is higher a few days later. For 
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TABLE 1. Criteria for assessing advice options 

YIELD LOSS THRES
HO LD EXCEEDED? 

Yes, or will be 
within the next 
two days. 

Reached in 3-7 
days. 

Reached in >7 
days. 

FUTURE ECONOMIC LOSS 
> COST OF SPRAY?

no 

yes 

no 

yes 

no 

yes 

ADVICE 

Do not spray, 
do not resample. 
S pray immediately. 

Do not spray, 
do not resample. 
Return in 3-7 days. 

Do not spray, 
do not resample. 
Return in 7 days. 

Metopolophium dirhodum spraying is advised when there are 
30 or more aphids per flag leaf during flowering and up to 
the milky-ripe stage (M.A.F.F. 1984). However this advice is 
static and can be interpreted incorrectly (Wratten et 
al., 1984); this can result in late, ineffective spraying 
after economic damage has already occurred. Also the advice 
does not take into account the economics of applying a crop 
protection chemical spray. 

The program has two intrinsic dynamic thresholds; a 
yield loss threshold i.e. the population at which measurable 
yield loss begins to occur, and an economic injury threshold 
i.e. the population at which the damage, expressed in 
monetary terms, is higher than the costs of a control 
treatment (costs of the chemical, application and possible 
damage by the treatment). The yield loss threshold is set at 
0.25% of the potential economic yield. This is an arbitary 
figure but is equivalent to 3 - 4 aphids per stem at the 
beginning of flowering. Essentially, it is used to prevent 
spraying being advised too early. Once the estimated economic 
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yield loss for both or either aphid species reaches this 
level, the economics of whether or not to apply a spray 
application are calculated (i.e. the economic injury 
threshold). If the costs of any future damage (estimated by 
forecasting the aphid population and future economic damage) 
after this point are higher than the costs of the control 
treatment, then spraying would be advised. The criteria that 
assesses which advice option is chosen is depicted in Table 
i. 

4. FIELD SAMPLING

This requires the farmer to enter his field and sample 
for aphid infestation. A clear relationship has been 
demonstrated between the percentage of stems colonized by 
aphids and the average size of the colonies (Rabbinge and 
Mantel, 1981a, 1981b). Therefore the time-consuming task of 
counting individual aphids is avoided. Instead fifty stems 
are examined in a diagonal across the field for infestation 
and from this the percentage of stems infested can be 
calculated. This procedure is easily and quickly carried out 
and is such more acceptable to the farmers. However there is 
a considerable variation in the relation between the two 
parameters: for example the number of aphids per stem 
corresponding with 80% of the stem infected may vary from 5 
to 15 approximately. This factor would be important if it was 
not for the fact that the number of aphids per stem can 
double in only a few days and that the benefit of control 
depends less on the number of aphids at the time of spraying 
but more on the further increase of the aphids if the crop 
was not sprayed. 

5, THE PROGRAM 

An outline of the model is represented in Table 2. The 
model consists of 3 subroutines: 

1. Information input
2. Calculation and forecasting
3, Advice
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TABLE 2. Cereal aphid control program. 

REM Enter data 
1.1 Expected yield 
1. 2 Selling price
1,3 Spraying cost
i.4 Wheeling losses - Yes/No
1.5 Growth stage of crop
1.6 REM Percentage of stems infested

1.6.1 English grain aphid 
1.6.2 Rose grain aphid 

2 REM Calculate the number of aphids per hectare 
2.1 English grain aphid 
2.2 Rose grain aphid 

3 REM Forecast aphid numbers and damage 
3,1 Repeat the following for each aphid species 

3,1.1 REM Past damage 
3,1.2 n=growth stage 
3,1,3 Repeat the following until aphid number <= 0 

3.1.3.1 Calculate the past damage 
3.1.3.2 Total the past damage 
3.1.3.3 n=n-1 

3.1.4 REM Future damage 
3.1.5 n=growth stage 
3.1. 6 Repeat the following until aphid number <=0 

3.1.6.1 n=n+1 
3.1.6.2 Calculate the future damage 
3.1.6.3 Total the future damage 

4 REM Add up the damage from the two aphid species 
4.1 Total past damage 
4.2 Future damage 

4.2.1 Daily damage 
4.2.2 Total damage 

5 REM Advice code decision 
5.1 If future damage > cost of spray application + 

5. 1. 1 n=growth stage wheeling losses 
5,1.2 Total damage = past damage 
5,1.3 Repeat the following 7 times 

or until total damage >= 0.25% of yield 
5.1,3.1 n=n+1 
5.1.3.2 Total damage = total damage + damage at 

5.1.4 If n<3 then advice code = 1 day n 
otherwise 

5.L5 Advice code = n
otherwise 

5.2 Advice code = 8 
6 REM Print advice 

6; 1 If code = 1 print "spray immediately" 
6 .2 If code = 8 print "do not spray, do not return" 
6.3 If code >2 and <8 print "return in h days' time" 
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5.1. Information input subroutine 

The following details are supplied by the farmer about 
the crop. 

1. Spraying cost. This can be based on the chemical cost
alone or on the application plus chemical costs. Many farmers 
argue that if the spray operator was not spraying he would be 
doing another job; in this case only the cost of the chemical 
would be input. In other cases however the spray operator may 
be working overtime. A large number of sprays are applied 
outside normal working hours, either in the early morning or 
late in the evening, and so application costs would be 
included in these cases. Insecticides are also applied 
cheaply as tank-mixes with fungicides; in this case the 
chemical cost alone would be given. For contract aphicide 
spraying, the total contract spraying cost would be given. 

2. Expected yield. This is the yield that would be
expected to be obtained if there was no aphid damage. It is 
based on the farmer's previous experience of his land and the 
crop. 

3. Selling price. The approximate price that the farmer
will sell his grain at. This will depend on his selling plans 
(milling, feed, seed or intervention). Futures prices can be 
obtained from a variety of sources including the local 
farming press and Farmlink. 

4. Growth stage. The amount of damage per aphid and the
total forecasted damage depends on the growth stage of the 
crop. A simple growth stage key is used based on the Zadoks 
scale (Zadoks, Chang and Konzak, 1974). The farmer inputs the 
present growth stage of his crop. 

5. Percentage infestation. This requires the farmer to 
enter his field and sample for aphid infestation. Fifty stems 
are examined in a diagonal across the field for infestation 
and from this the percentage of stems infested can be 
calculated. This operation is carried out for both species. 

5 .2. Calculation and forecasting subroutine 

This consists of three parts: estimating the damage that 
had occured before the sampling date, short-term forecasting 
of aphid numbers and damage, and long-term forecasting. In 
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each case the change in population is forecasted using growth 
rates and then the damage from this population is calculated. 
There are several stages of this subroutine that need a more 
detailed description. 

5.2.1. Conversion 
aphids/stem 

of % stems infested to number of 

The relationship between the percentage of stems 
infested with aphids and the number of aphids per stem is 
described above. The damage caused per aphid varies according 
to the developmental stage of the aphid. These stages have 
been divided into two groups - instars I, II and III, and 
adult plus IV instar (Watt, Vickerman and Wratten, 1984). 
Damage has been measured according to aphid unit days (i.e. 
damage per aphid per day) where one aphid unit day was one 
adult or IV instar, or three earlier instars (Wratten et 
al., 1984). Therefore the total number of aphids per stem 
needs to be converted to number of adults + IV instar and 
numbers of I-III instars per stem. The ratio between these 
two groups for each growth stage has been calculated from 
field data (e.g. Leather et al., 1984). This facilitated the 
conversion to aphid unit days which could then be used in the 
program. 

5.2.2. Forecasting aphid populations 

There are at least three main approaches to the study 
of forecasting populations. The approaches are: (1) the 
analytic (life table) and related methods; (2) the 
theoretical (usually difference equation model) approach and 
(3) the synthetic (simulation modelling) approach; (Putman
and Wratten, 1984). There is considerable debate about the
value and limitations of each method; all have their
advantages and disadvantages, but no method exists that will 
mimic natural populations of insects due to the number of
variables involved.

The program was designed to be safe. Although it 
prevented prophylactic spraying, it still edged on the side 
of caution. Also weather data could not be incorporated into 
the model due to a lack of comprehensive data on the 
influence of weather on aphid numbers (Dean, 1974; Vickerman 
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and Wratten, 1979) and due to the unreliability of short 
term, small scale weather forecasting systems (N. Thompson, 
London Meterological Office, pers. comm.). Hence the method 
chosen to forecast populations was to adopt a semi-synthetic 
approach by using population growth rates derived from field 
data (e.g. Lee et al., 1981; Holt, Griffiths and Wratten, 
1984; Leather et -al. , 1984; Wra t ten and George, 1985) • 

However, using maximum population growth rates alone 
resulted in the forecasted populations reaching several 
magnitudes above what could ever possibly be found in the 
field. Therefore a density dependent factor was built into 
the model. This was calculated by comparing actual field 
populations with forecasted populations. 

5.2.3. Forecasting aphid damage 

The rates of damage per aphid unit day have been 
calculated for each species from field data (Lee et al., 
1981; Lee, Wratten and Kenyi, 1981; Holt, Griffiths �nd 
Wratten, 1984; Watt and Wratten, 1984). These rates differ 
between the two aphid species and according to the 
developmental stage of the crop. Using the forecasted 
population it was possible to forecast damage. 

5.3. Advice subroutine 

The advice page presented to the farmer offers advice on 
control policy. There are 3 varients of the control policy 
according to the criteria decribed in Table 1. 

1 • The level of aphid infestation is posing 
no threat at present. You are advised to 
reassess the situation in not more than n 
days' time. 

This means that at present the number of 
enough to cause economic losses; however 
reached, if the aphids reproduce at 
earlier than n days' time. The value of 
days. The maximum level is set at 7 due 
in forecasting populations. 

aphids is not high 
such a level may be 
maximum rates, not 

n varies from 3 to 7 
to the inaccuracies 
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Spray immediately. There is an imminent 
danger of X% yield loss. If you spray 
immediately, you will save at least Y£/ha. 

This advice will be given if the value of n is less than 3 
and the estimated economic yield loss for the future is 
greater than the cost of spraying. The information includes 
the possible yield loss if spraying does not take place (X%) 
and the possible gain in monetary terms from spraying (Y 
£/ha). 

3. It is uneconomic to spray your crop. Take
no action. If you spray you will lose a
minimum of Z £/ha. There is no need to
sample again because the crop growth stage
is too advanced for economic loss to
occur.

As the crop matures it eventually becomes uneconomic to spray 
(i.e. even if the population was to rise at its maximum 
possible growth rate, the economic threshold level would not 
be reached) and hence this advice page is given. The economic 
benef'i ts from not spraying are given. 

6. MARKETING OF THE ADVICE SYSTEM AND THE FARMERS' REACTION

A single-species version of the model, incorporating
only Sitobi.on �, has been on-line and available free 
to subscribers of British Telecommunications' Prestel 
"Farmlink" since June 1985. As such the model has the 
advantages of independent and almost instantaneous advice. A 
new version of the model, combining advice on both Sitobion 
avenae and Metopolophium dirhodum, will be on-line by 
May 1986. 

During 1985 the model was evaluated with the cooperation 
of farmers. Field work was carried out on a farm near 
Stockbridge, Hampshire, to compare the yield response from 
spraying according to the M.A.F.F. thresholds with the advice 
given by the single-species model. However, numbers never 
rose above 4 aphids/stem (or 65% of stems infested) and 
spraying was never advised by either the M.A.F.F. threshold 
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or the model. Data from other sources was run on the model 
and although the model did advise spraying in a small number 
of cases when spraying should not have been carried out, it 
would have prevented a great deal of uneconomic spraying if a 
prophylactic treatment had been applied and in no cases did 
economic losses occur when spraying was not advised. The 
importance of the model was shown greatest with a late aphid 
infestation when economic loss did occur but spraying was not 
advised by the M.A.F.F. threshold. 

In August 1985 a reply-paid card questionnaire was sent 
to a small number of Farmlink subscribers in south-west 
England (at the time Farmlink covered only the south-west, 
going nationwide to cover the U.K. in mid-October). Of the 26 
farmers that replied, 15 had used the program and 13 had 
found it useful. The model first became available to Farmlink 
subscribers on June 17th. Between that date and December 
31st, a total of nearly 1200 entries were made to the 
program, averaging at 6 per day. During this time Farmlink 
had an average of about 800 subscribers, so during the aphid 
season (June-July), there were c.28 uses/day. 

7. FUTURE DEVELOPMENT OF ADVISORY PACKAGES

The multi-species cereal aphid control package is merely 
the first stage in the development of a series of advisory 
packages which are being developed at Southampton University 
for Farmlink. The type of packages depend on the farming 
industry and on what research information is available; all 
such new packages will be tailored to the needs of the 
farming industry and changed or developed as the need arises. 
At present work is being carried out on a sugar beet foliage 
and soil pests package and on a winter oilseed rape package. 
At a time when pesticide inputs are being critically 
re-examined because profit margins are reducing and 
environmental pressures on the farmer are increasing, such 
packages should prove invaluable to the modern farmer. 
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INTERPRETATION STATISTIQUE DE 13 ANNEES D'OBSERVATIONS 

RELATIVES A LA DYNAMIQUE DES POPULATIONS APHIDIENNES DES 

FROMENTS EN BELGIQUE ET PRATIQUE DE LA PREVISION 

G. LATTEUR ( I ) , R. OGER (2) et M. DE PROFT (3) 

RESUME (4) 

De 1971 a 1983, l'evolution des populations des pucerons des cereales 

a ete suivie dans 70 champs de froment d'hiver repartis dans toute la 

Moyenne Belgique. Les comptages de pucerons ont ete effectues une a deux 

fois par semaine durant toute la duree des infestations. Les organismes 

aphidiphages presents sur les talles ont egalement ete repertories. 

L'analyse de ces observations a permis de mettre en evidence les 

relations qui existent entre le developpement des populatins aphidiennes, 

les conditions climatiques et la presence d'ennemis naturels. Ces resul

tats sont a la base de la technique de prevision qui a ete mise au point 

pour estimer l' imi:>ortance des populations au maximum de leur developpement. 

Comme dans beaucoup d'autres etudes sur le sujet, la croissance des 

populations de pucerons s'est revelee etre etroitement liee a la pheno

logie des plantes. En Belgique, les premieres infestations commencent 

au debut du mois de mai, au stade derniere feuille, atteignent leur 

maximum au stade grain laiteux, au debut juillet, pour ensuite chuter 

tres rapidement a la suite des modifications qui interviennent dans l'etat 

physiologique des plantes-hotes. Les parasites et les mycoses se deve

loppent surtout a partir de la mi-juin. 

Pendant ces deux mois, les populations aphidiennes s'accroissent de 

maniere exponentielle avec un taux relativement constant. En moyenne, 

(I) Station de Zoologie appliquee, 8, Chemin de Liroux, 5800 GEMBLOUX,
Belgium.

(2) Bureau d'Informatique et de Statistique appliquees, Avenue de la
Faculte d'Agronomie, 5.800 GEMBLOUX, Belgium.

(3) Station de Phytopharmacie, 11, rue du Bordia, 5800 GEMBLOUX (Belgium).
(4) Cette communication fera l'objet d'un article qui sera publie

prochainement.
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le nombre de pucerons par talle est multiplie par 2,64 chaque semaine 

pour S. avenae et par 2,25 pour M. dirhodum. 

Les conditi:'Otls climatiques hivernales influencent le niveau des popu

lations au moment de l'epiaison. Des temperatures basses pendant l'hiver 

ou un nombre eleve de jours de gel ont tendance a reduire le nombre de 

pucerons a l'epiaison. Un hiver doux semble egalement accroitre la 

vitesse de developpement des parasites et des mycoses entre l'epiaison et 

le moment ou le maximum est atteint. 

La vitesse de developpement entre l'epiaison et ce maximum depend 

aussi du niveau atteint a l'epiaison. Les populations peu elevees ace 

stade ant tendance a se developper plus rapidement etI vice versa. 

Le nombre de pucerons au maximum est correle negativement avec la 

somrne des degres jour du mois de juin. Meme si la litterature souligne 

le role positif de la temperature sur la vitesse de developpernent des 

populations de pucerons, l'effet negatif de ce parametre qui a ete mis en 

evidence dans ce tte etude peut s 'expliquer par le fai t que la temperature 

influence egalement le developpement de la plante et que les populations 

de pucerons arrivent toujours a leur maximum au stade grain laiteux. Si 

les temperatures sont basses en juin, ce stade est retarde, de sorte que 

les pucerons disposent de plus de temps pour continuer leur developpernent. 

La correlation (0,61) qui a ete trouvee entre la duree de la periode qui 

va de l'epiaison ace dernier stade et l'irnportance du maximum, confirme 

cette hypothese. 

L'etude des relations entre le nombre de pucerons observes aux diffe

rents stades phenologiques et le nombre de pucerons au maximum a montre 

qu'un systeme d'avertissement base sur le qenombrement des populations 

avant la floraison etait peu realiste. 

Par contre, une procedure de controle basee sur un modele lineaire de 

regression multiple et faisant intervenir le nombre moyen de pucerons par 

talle et la proportion de pucerons parasites et mycoses peu apres 1·a 

floraison donne qes resultats satisfaisants. 
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D'autre part, cette periode convient bien pour d'fventuels traite

tements anti-pucerons car, en general, les populations sont encore crop 

faibles pour nuire significativement au rendement et le froment est 

proche du stade phenologique oil les risques de recolonisation par des 

pucerons ailes deviennent faibles. 

De 1971 a 1983, une quarantaine d'essais ont epalement etc effectucs 

en champ pour mesurer la nuisance des pucerons sur le froment. La combi

naison du systeme de prevision de l'evolution des populations aphidiennes 

avec la connaissance de leur nuisance a permis d' elaborer une methode cle 

lutte rentable contre ces depredateurs. On ne decide d'entreprendre la 

lutte que contre des populations qui sont susceptibles d'atteindre au 

cours de leur evolution future un developpement occasionnant une perte 

au mains egale au cout total du traitement. 

Dans le contexte economique actuel, on estime que le cout total du 

traitement, exprime en equivalent froment, est de l'ordre de 170 kg/ha. 

On estime que cette perte de rendement est occasionnee par des populations 

qui, au cours de leur sejour sur le froment, atteignent un maximum de 

JO pucerons par talle, larve et adultes, pucerons des feuilles et des 

epis compris. 

La methode n'est valable que pour chaque champ en particulier. Toute 

extrapolation peut entrainer des erreurs. Cependant, j usqu' a present, 

peu d'agriculteurs ont la formation requise pour effectuer eux-memes des 

observations dans leurs champs; aussi la lutte economique contre ces 

ravageurs s'effectue-t-elle sur base d'avis emis par un petit groupe de 

specialistes. Leur travail consiste a suivre, de semaine en semaine, 

dans des champs de reference disperses sur tout le territoire a proteger, 

l'evolution des populations aphidiennes des la colonisation des froments 

et a evaluer l'importance de l'action des auxiliaires (hymenopteres 

parasites, mycoses, coccinelles, syrphes). 

Peu apres la floraison, s i a part i r des donnfes recuei 11 i es dans les 

champs de reference, on estime grace au systeme de prevision que les 
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populations atteindront dans la plupart des cas le seuil economique de 

nuisance, alors il est conseille de traiter. Dans le cas contraire, 

la situation est l'objet d'un nouveau et dernier controle la semaine 

suivante. Les avis sont, si necessaire, modules en fonction des regions. 

Lorsque le doute subsiste quanta !'evolution des populations, alors on 

estime preferable de recommander un traitement pour eviter de faire 

courir aux agriculteurs un trop grand risque de ne pas traiter alors que 

le developpement des populations l'aurait justifie. 

Afin d'amener progressivement les agriculteurs a prendre eux-memes 

la decision adequate, il leur est, a chaque avertissement, recommande 

d' effectuer au moins une observation sommaire du type presence-absence 

sur un certain nornbre de talles afin qu'ils apprennent a evaluer la 

densite aphidienne et a traiter en connaissance de cause. 
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WORK ON PLANT RESISTANCE TD RHDPALDSIPHUM PADI (L,) IN OATS AND 
BARLEY - PRESENT STATUS. 

J, WEIBULL 

Dept. of Plant and Forest Protection, 
P.O. Box 7044, S-750 07 Uppsala, SWEDEN 

Since the last report from this project (Weibull,1985) the 
activities have concentrated on three major areas: the verifica
tion in the field of previously found differences in resistance 
between spring barley lines 9 the extended study of particularly 
interesting wild oat and barley species and, finally, the deve
lopment of the technique for obtaining phloem sap samples and 
analysing them with respect to amino acidso 
The differences between barley lines obtained in the laboratory 
have shown to persist under field conditions. The Yugoslavian 
line Cl 16145 was consistently more resistant than other 
lines/cultivars, and a 30-40Y. reduction in aphid peak numbers 
was observed. 
Among the wild species screened a few have been selected for 
more intense study. The tetraploid perennial oat species Avena 
macrost�chya was found to possess remarkable antibiotic charac
teristics (population growth only 15-20% of the control, cv. 
Selma) and one accession of A. barb&ta did also show resistance 
characteristics (Weibull, in press). In barley the overall 
population growth was around 20Y. compared to the control (cv. 
Tellus>. Of the barley accessions the diploid species showed 
highest levels of ,esistance 9 although no such pattern could be 
seen in oats. 
Finally, the method of amino acid analysis of nl-samples of 
cereal phloem sap has been improved <Weibull et ala, in press). 
So far the analyses have concerned sap samples from susceptible 
oats Ccv. Selma) and barley (cv. Tellus) and the differences be
tween these two cereals are negligible, as regards both content 
and composition of amino acids. Aspartic acid and glutamic acid 
were the dominating acids in the sap, together with serine. Me
thionine content was low. The work is now being concentrated 
upon sap from the most interesting lines/species. 
This study is supportsd by the Swedish Council for Forestry and 
Agricultural Research and the Plant Breeding Board. 
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SCREENING OAT VARIETIES FOR CEREAL APHID RESISTANCE 

IN THE FIELD AND IN THE LABORATORY: 

Summary 

A COMP ARISON OF RESULTS 

Th. BASEDOW 

Institute of Phytopathology and Applied Zoology, 

University of Giessen, FRG 

When trying in the lab, with seedlings, to reproduce results obtained in the 

field, with ripening plants, findings concerning the susceptibility of 3 oat va

rieties to the attack by the aphid Rhopalosiphum padi (L.) were partly con

tradictory. 

On seedlings in the lab, the number of progeny per exule was significantly 

lower in 'Selma' (partly resistant in the field) than on 'Leanda' (very suscep

tible in the field). 

But in the variety 'Marino', being partly resistant to R. padi in the field, the 

number of progeny per exule on seedlings in the lab was significantly higher 

than in 'Selma'. So-no Antibiosis was observed in the lab in 'Marino', in con

trast to 'Selma'. 

It is stressed, that screening cereals for varietal resistance to cereal aphids 

in the lab does not always give the same results as field tests do. 

1. INTRODUCTION 

Field screening for cereal aphid resistance is very much dependent on the 

very variable occurrence of the aphids. Due to this uncertainty, which may delay 

the finding of results very often, methods are wanted, which allow a more conti

nuous work. Through being laborious, screening of seedlings in the lab or in the 

greenhouse is often performed (e.g. LOWE 1980). 

Screening oat varieties for their susceptibility to cereal aphid attack was 

performed in the field in Northern Germany from 1976 to 1981, but only in 3 of 
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10 cases only one aphid species was abundant enough to obtain results (BASEDOW 

et al. 1983). 

It was found out, that the oat variety 'Leanda' was very susceptible to the 

attack by the birdcherry-oat-aphid Rhopalosiphum padi (L.), while the varieties 

'Selma' and 'Marino' proved to be partial resistant (see BASEDOW 198.5). 

The 3 varieties were taken to the lab in order to try and find out, on what 

mechanism of ,esistance the observed differences might be basing, and to see 

whether screening might also be conducted in the lab, gaining time. 

Concerning the possible mechanism of the partial resistance observed in the 

field not plenty of information was obtained. But the results seem to be impor

tant, when refering to the methods of screening. Particularly to give a contribu

tion to the methodology, the results of the laboratory experiments are presented 

here. 

2. MATERIAL AND METHODS

The aphids for the experiments, Rhopalosiphum padi, were taken from a la

boratory strain, which ten years prior to the experiments had been taken from a 

cereal field near Kiel (FR G) and had been kept under artificial light (ea. 2000 

Lux) and long day conditions on cereal seedlings continuously. 

Oat seedlings were allowed to grow through a peace of foam rubber, which 

then was fitted into the bottom of a glass tube (10 mm wide and 10 mm long). 

One newborn aphid was placed on each seedling and the glass tube was closed 

subsequently at the top with a peace of foam rubber. 

The seedlings were placed into a light chamber with 16 h light (2000 Lux)/8 

h dark and 12 h 22 °C/12 h 12 °C. Mortality and reproduction of the aphids were 

recorded daily until their death, progeny being removed daily. Three experiments 

were performed in early 1980, with 20 aphids per variety, i.e. in all 60 aphids 

per variety were tested. 

3. RESULTS AND DISCUSSION

The data obtained are summarized in the table together with the degree of

susceptibility to Rhopalosiphum padi obtained in the field tests earlier. 
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Oat 
Variety 

field results: 
susceptibility 

laboratory experiments witt\',seedlings 
Oig!)t cham9e�1 ,. 

2QOq l,.}'x)

'Leanda' 

'Selma' 

'Marino' 

to R. padi in 
ripening plants 
(BASEDOW 1985) 

high* 

low 

low 

number of 
progeny 
per exule 

31,7 

22,l** 

34,0 

** difference to the other 2 varieties at p = 0,0 l 
* at p = 0,05 (BASEDOW 1985).

days fo 
first 
repro

duction 

8,6 

8,7 

8,5 

>dead
t>efore
'repro
duction

(%) 

45,6 

55,2 

32,2 

If first the varieties 'Leanda' and 'Selma' are regarded, the results of tests 
in the field and in the lab are in agreement: on the susceptible variety the 

aphids produced a significant higher number of progeny and had a slightly lower 

mortality than on the partial resistant variety. SO the variety 'Selma' seems to 

exert 'Antibiosis' on R. padi. 

But, if only the results obtained in the lab would be regarded, one would ex
pect the variety 'Marino' to be very susceptible in the field, which is not !true: in 
the lab the number of progeny was highest and the mortality was least, as com

pared with the other 2 varieties. So the results obtained in the lab are contradic
tory to the observations in the field, in this variety. 

From the experiments and observations performed so far, neither the discre
pancy found here can be explained, nor can the mechanism be namedf which is 

responsable for the low susceptibility of 'Marino' to attack by R. padi l:n 1!be field. 

It could be stated only, that with seedlings in the lab, no 'AntH;iosis,cpuld be 
found. 

It seems important, however, to stress the fact, that tests with seedlings in 
the lab do not always give the same results as field tests, concerruhg 'the ·suscep
tibility of cereal varieties to cereal aphid attack. 
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EFFET DES FACTEURS VARIETAL ET PHENOLOGIQUE DE DIFFERENTS CULTIVARS DE 

BLE D'HIVER SUR LE POTEN'I'IEL BIOTIQUE DE SITOBION AVENAE (F.) 

EN CONDITIONS CONTROLEES. 

Jean-Paul DI PIETRO & Madjid AKLI 

I.N.R.A.- Laboratoire de Recherches de la Chaire de Zoologie de l'E.N.S.A.R,

Centre de Recherche Agronomique de Rennes, 

F. 35650 Le Rheu

SUMMARY. 

The intrinsic rate of naturel increase (r ) of 
m 

S. avenae was evaluated under controlled conditions at 5 growth 

stages on 6 cv of winter wheat. R is increasing all along the 

vegetative stages, reaches its rnaxinrum at the beginning of head-

ing and is low again af'ter milky ripe stage, for 5 the cvs. On 

the opposite, cv "Fidel" induces at beginning of heading a lower 

r
m 

than at the former vegetative growth stages. Consequently, it 

seems that evaluation of resistance of cvs to S. avenae must be 

undertaken at 2 different growth stages : non-vernalized seed

lings and heading to milky ripe stage. 

Le taux d'accroissement (r ) de S. avenae a ete evalue en condi-

tions controlees (20 ! 1° C ; 16 h de photophase et 50-70 % H.R.) sur 6 

cultivars de ble d'hiver : "Maris Huntsman", "Champlein", "Capitole" "Roa

zon", "Fidel" et "Mironovskaia 808". 

Pour chaque cultivar, on a evalue ce parametre a 5 stades pheno

logiques determines selon l'echelle de ZADOKS : 

- Plantule non vernalisee (Pnv)

- Plantule vernalisee 

- Tallage-Montaison

(Pv) 

(T-M) 

stade 10-15 
II n 

stade 21-39 

- Debut epiaison a debut maturite laiteuse (Eml) stade 55-70 



-167 -

- Maturite laiteuse a plteuse (Emp) : stade 75-85 

L'evolution du r
m

' tout cultivar confondu, est la suivante : il 

augrnente au cours des differents stades vegetatifs etudies, atteint sa 

valeur maxima.le au stade Eml et prend sa valeur la plus faible au stade 

Emp. 

Cependant, l'evolution de ce parametre presente des differences 

selon le culti var etudie : "Cbamplein", "Maris Huntsman", "Roazon" et "Ca

pi tole" permettent l'expression d'un r eleve a tous les stades et dont 
m 

l'evolution est approximativement comparable a celle, moyenne, de l'ensem-

ble des cultivars, avec un r maximal au debut de l'epiaison. "Mironovskaia 
m 

808" presente ce meme type d'evolution mais le r est significativement 
m 

plus faible, aux stades vegetatifs, que celui des autres cultivars. Enfin, 

"Fidel" presente une particularite a partir de 1 1 epiaison OU le r est plus 
m 

faible qu'aux stades precedents, avec des valeurs proches de celles obte-

nues pour "Mironovskaia 808". 

De plus, sur d'autres cultivars etudies par nous meme (DIPIETRO 

& DEDRYVER, 1986), comme 11 Iljitchevka 11

, "Jubilejna" et "PI 94571", le r m
exprime par S. avenae au debut de l'epiaison est remarquablement faible 

alors que celui exprime au stade plantule non vernalisee sur ces cultivars 

est proche de celui obtenu pour "Maris Huntsman". 

Une consequence pour la recherche de cultivars resistants par 

antibiosis a S. avenae, est que les etudes doivent a notre avis etre effec

tuees a deux stades phenologiques du ble : 

- le stade plantule non vernalisee, facile a obtenir, qui semble 

indiquer le caractere relativement favorable ou non du cultivar pour l'en

semble des stades vegetatifs. 

- le epiaison-maturite laiteuse auquel le caractere de resistance

de certains cultivars peut s'attenuer (cas de "Mironovskaia 808") ou se re

veler, alors qu'il n'apparaissait pas au stade plantule ( cas de "Fidel", 

rnais surtout de "Iljitchevka", Jubilejna" et "PI 94571"). Les experimen

tations ace stade, bien que longues et difficiles a realiser, presentent 

de plus un interet de verification pratique dans la mesure ou des leur 

emergence, les epis sont dans la nature rapidement colonises par S. avenae

qui y atteint le maximum de ces effectifs. 
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PREMIERS RESULTATS SUR L'EPIDEMIOLOGIE DE LA JAUNISSE 

NANISANTE DE L'ORGE (J.N.O.) EN BRETAGNE. 

* ** *** 
Monique HENRY, H. GILLET et C.A. DEDRYVER. 

Summary : First results on the epidemiology of Barley yellow dwarf virus 
(B.Y.D.V) in Brittany. 

For the last few year, B.Y.D.V causes economic losses in winter 
cereals (barley, wheat, oat) in Brittany. All species of grasses are 
potential hosts for this virus. Five species have been tested during 
autumn 1984 and spring 1985 : Brooms sp, Dactylis glomerata, Festuca sp, 
Loli um i talicum and Loli um perenne. All these grasses are reservoirs 
of aphids in autumn. The most common aphid is Rhopalosiphum padi L. Three 
grasses are infected by B.Y.D.V (strain P.A.V.) : Bromus, Festuca and 
Lolium italicum). 60% of Bromus' samples harbore virus. Because of their 
occurence during the whole year, these cultivated grasses are very impor
tant in the epidemiology of B.Y.D.V. in Britanny. 

INTR0DUCT10N 

La jaunisse nanisa.nte de l 'orge est une nialadie dont 1 'extension 
est Croissante dans l'Ouest de la France. En 1985, elle a cause des degats 
importants en Bretagne, eh_particulier sur des semis precoces d'escourgedn. 
cette region parait propice a 1; installation de la iiialadie pour les 
raisons suivantes: 

-La douceur du climat permet aux pucerons des cerea.les de survivre
et de se multiplier tout l'hiver, leUrs populations y etant partiellement 
anholocycliqties (DEDRYVER et GELLE 1982). 

-Les systemes culturaux regiohaux sont tels qu'il existe eh perma
nence au cours de 1' an.nee, des plantes hotes ndnibreuses pour ces pucerons. 
Leurs populations se developpent au cours des saisons stir diverses grami
hees ( cereales a paiile' mats' graminees prairiales et repousses de cerea· 
-les) qui se Succedent darts le temps.

Nous avons etuci.ie le role de certains de ces hotes dans 1' epide
lliiologie de la inaladie, et eh particulier celui des graminees prairiales, 
encore peU connU eh France. Ce sont des cultures pour ia plupart p1Uri
annuelles qui peuveht, en tant que reservoirs permanents _de virus, avoir 
une importance considerable dans l'epidemiologie de la J.N.O. 

* Laboratoire d'Entomologie fondamentale et appliquee-Campus de Beaulieu
Universite de Rennes 1 - 35042 RENNES cedex.
** GR!SP - Domaine de la Motte au Vicomte - 35650 LE RHEU 
*** INRA - Laboratoire de recherches de la chaire de ZoOlogie ci.e l'ENSA 
de Rennes - 35650 LE RHEU. 
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MATERIELS et METHODES 

Cinq graminees cul ti vees sont etudiees: le brome ( Bromus sp), le 
dactyle (Dactylis glomerata), la fetuque (Festuca sp), le raygrass d'Ita
lie ( Loli um i talicum) et le ray grass anglais ( Loli um perenne). Pour ces 
cinq especes, 21 parcelles sont echantillonne� l' automne 1984 ( du 
27/11 au 21/12) et 37 au printemps 1985 (du 4/4 au 31/5). L'etude s'est 
limitee au departement d'Ille et Vilaine (fig.1). 

O Brome 

I::,, Oactyle 

c Feruque 

• 

" 

Raygrass 
anglais 
italien 

D 

Ille et Vilaine 

fig 1: Localisation des parcelles. 

Dans chaque parcelle, on determine le nombre et l'espece des pucerons 
presents sur 100 talles (10 stations de 10 talles chacune). Par ailleurs, 
cinq echantillons de plantes sont recoltes au hasard dans chaque champ. 
On preleve trois grammes de feuilles de chaque echantillon, qui sont 
ensui te conserves au congelateur a -20 ° C Ceux-ci sont eprouves par 
le test immunoenzymatique Elisa selon la methode decri te par CLARKS et 
ADAMS (1977). La seule souche de J.N.O. detectee est la souche PAV decrite 
comme souche non specifique transmise par Rhopalosiphum padi L. et Sitobion 
avenae F. ( ROCHOW 1970). Elle est egalement appellee NS2 par LAPIERRE 
et MAROQUIN (1986). 

RESULTATS 

Inrestation par les Pucerons 

Trois especes de pucerons ant ete observees: R. padi S. avenae 
et Metopolophium dirhodum Wlk. Le tableau 1 montre le nombre ( n) et 
les pourcentages relatifs(%) des trois especes de pucerons trouvees sur 
les differentes graminees. 
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Automne 1984 Printemps 1985 

Plantes hotes 
n $ $ $ n $ $ $ 

R. padi S.avenae M.dirhodum R. padi S.avenae M.dirhodum 

Brome 277 89 11 0 1 0 100 0 

Dactyle 28 93 0 7 1 0 100 0 

Fetuque 21 100 0 0 0 - - -

Raygrass anglais 6 100 0 0 0 - - -

Raygrass d'ltalie 53 94 0 6 1 0 100 0 

Tableau 1: Pourcentages relatifs des trois especes de pucerons 

R.padi constitue l 'essentiel des populations en automne 1984 (plus
de 90% des effectifs). Par contre, au printemps on rencontre tres peu 
d'individus, ce sont tous des S.avenae. 

Le tableau 2 indique les valeurs minimales ( 1) et maximales ( 2) 
des pourcentages de talles infestees pour chaque graminee et par parcelle. 

Automne 1984 Printemps 1985 
Plantes hotes 

$ min. ( 1) 'I, max. (2) $min. ( 1) $ max. (2) 

Brome 1 60 0 1 

Oactyle 2 14 0 1 

Fetuque 2 11 0 0 

Raygrass anglais 0 3 0 0 

Raygrass d'ltalie 0 19 0 1 

Tableau 2: Taux d'infestation par les pucerons 
On observe une variabilite des taux d'infestation par les pucerons 

d'une part entre les parcelles d'une meme culture (1 a 60% pour le brome), 
d'autre part entre les deux saisons. Au printemps les infestations sont 
tres fai bles, al ors qu' en automne elles sont parfois tres importantes, 
notament dans le cas du brome. Les cultures de ray grass anglais sont 
toujours tres peu infestees par les pucerons . 

Detection de la J.N.O. 

Le tableau 3 montre la presence de J. N. 0. ( souche PAV) dans trois 
des graminees etudiees: le brome, la fetuque et le raygrass d' Italie. 
Le brome et la fetuque sont tres contamines puisqu' on observe des taux 
d'infection de 60% pour le brome en automne et de 40 et 49% pour la fetu
·,ue. Toutefois on observe une baisse du nombre d' echantillons viroses
entre les deux saisons dans le cas du brome et du ray grass d' Italie.
La J.N.O. n'a pu etre detectee dans le raygrass anglais ni dans le dactyle.
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Automne 1984 Printemps 1985 

Plantes 

nombre nombre pourcentage nombre nombre pourcentage 

tests infects d'infection tests infects d'infection 

Brome 35 21 60 55 9 16 

Dactyle 10 0 0 29 0 0 

Fetuque 20 8 40 41 20 49 

Raygrass anglais 5 0 0 39 0 0 

Raygrass d' Itali.e 25 4 16 25 1 4 I 

Tableau 3: Infection des differentes graminees par la J.N.O. 
(un echantillon est considere comme infecte lorsque la Do est superieure 
a 0,100) 

La figure 2 represente les histogrammes des densi tes optiques (Do) 
obtenues au test Elisa pour les trois graminees infectees. Par comparaison 
nous avons ajoute un histogramme des Do obtenues dans le cas de quelques 
parcelles d'orge en automne 1984. 
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2 0, 250'-Do<..O, 500 
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40 

20 
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fig 2: Repartition des Do obtenues au test Elisa. 

Les Do obtenues avec les graminees appartiennent en majorite auic 
classe,o, 1 et 2 (Do faibles). Celles obtenues pour l'orge se repartissent 
dans

,
l�s classe� 0, �· 3 et 4 (Do elevees). Ceci indiquerait done que les

graminees sont infectees par des quantites plus faibles de virus.
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DISCUSSION 

Cette etude preliminaire a permis de mettre en evidence la presence 
de pucerons sur les graminees prairiales, ainsi que la grande variabilite 
de leurs effectifs. En automne 1984, ceux-ci sont tres importants, alors 
qu'au printemps 1985, ils sont quasirnent nuls. Une des causes principales 
de ces taux d' infestation fai bles est probablement le climat. L 'hiver 
1984 a ete rigoureux, entrainant une recolonisation des parcelles lente 
et tardive. 

La J .N. O. a ete detectee dans trois des graminees etudiees. Les 
deux autres ( le dactyle et le raygrass anglais) n'ont pas reagi au test 
Elisa. Plusieurs explications sont envisageables: 

- d'une part, ces deux graminees ne sont pas infectees par la J.N.O.
soi t par abscence de pucerons vecteurs sur celles-ci ( seulement O a 3% 
de plantes infestees dans le cas du raygrass anglais-tableau 2), soit 
parce qu'elles sont resistantes a la J.N.O .. Cette hypothese est a rejeter 
car plusieurs auteurs ont detecte le virus de la J.N.O. dans ces plantes. 
(LATCH 1977, BAYON 1983 et PANAYOTOU 1985). 

- d'autre part, ces graminees peuvent etre infectees par une souche
de J.N.O. autre que la PAV (ex: MAV ou RPV). En effet, FARGETTE (1982), 
aux Etats-Unis rencontre dans les graminees infectees par la J.N.O. plus 
de 95% de souche RPV. 11 est done necessaire de realiser le test Elisa 
avec d' autres serums de type RPV ou MAV, ou d' effectuer des tests de 
transmission a l'aide de pucerons. 

La variabilite intersaisonniere observee entre les taux d'infesta
tion par les pucerons est egalement observee entre les pourcentages de 
plantes virosees. Elle peut etre due a differents facteurs 

-climatiques (temperatures)
-biologiques (etat physiologique de la plante)
-cul turaux ( conditions d' exploitation de la parcelle fenaison,

ensilage, patUrage),
Les graminees prairiales cul ti vees en Bretagne sont done pour la 

plupart reservoirs de pucerons et de virus. Elles sont en majorite pluri
annuelles. Lorsque les conditions de developpement du virus et de ses 
vecteurs sur les cereales a paille sent defavorables, elles peuvent pren
dre le relais de celles-ci et maintenir une quantite suffisante de virus 
pour une nouvelle infection. 
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Summary 

During the autumns of 1983, 1984 and 1985, the transmission of 
the Barley Yellow Dwarf virus to barley plants was studied in the 
(�istrict of Rennes. The experiments showed that the rate of virus 
transmission could be forecasted by knowing the suction trap catches 
of R. padi and the weekly mean temperature. These two variables 
ex�lain 80 % of the variance of the percentage of infection of the 
samnles. This resuLt has to be tested in the next years and in 
differents places. 

1 - INTRODUCTION 

Les r�gions de l'Ouest de la France constituent une zone a

risaues importants de degits de la Jaunisse nanisante de l'orge sur 
�(r�ales a paille : d'une part, le climat, de type oceanique, y au
t.orise fre�uemrnent l'activite des pucerons vecteurs pendant toute 
l'anne2 ; d'antre rart, les systemes cnlturaux a base de ma:is, gra
�inies fourrag�res et cereales a paille y permettent un entretien 
,)erc,,anent de l' .i.noc11lum viral. 

De ce fait, plusieurs graves epirtemies de cette maladie ont 
affect� les orges et bl�s en 1982, 1984 et 1985 dans le Bassin de 
Rennes. Ceci a justifie la mise en place depuis 1983 d'une experi
Gentation ayant pour but d'estimer l'�volution au cours du temps de 
l'inoculurn viral susce11tible d'�tre transrnis aux cereales. Ses rela
i:i0ns avec des l")ara·netres n',ysiques et biologiques aisement mesura
bles ont �t� �tudi�es afin �·�lahorer un systeme d'avertissements 
aqricoles cont.re la Jaunisse nanisante rle l'orge. 
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2 - MATERIELS ET METHODES 

L'intensite et la dur�e des denlacernents de pucerons ailes 
sent mesurees nar capture des princip�les esneces µotentiellement 
vectrices (Rhonalosiphum padi L., Metopolophium rlirhodum Wlk, Sito
bion avenae F.) ai:1 piege a succion du Rheu. Ce piege de 12, 2�de 
haut, type "Rotharnsted", fait partie du reseau "AGRAPHID". On prenC 
en compte les cumuls hebdomadalres de captures d'octobre a decembre 
1983, 1984 et 1985. 

La contamination des orges d'hiver rar_les pucerons est esti
mee en disposant chaque sernaine d'octobre a decembre 1983, 84 et 85, 
sur une zone de terre nue, une s�rie de 100 pots d'orge (cv capri) 
comportant chacun 5 a 6 plantules au stade 2 feuilles. Au bout de 7 
jours, les differentes especes et formes de pucerons presents sur 
les plantules sont comptees puis tri�es a l'aide d'un traitement au 
pyrimicarbe. La serie de pots est ensuite enlevee et remplacee par 
une nouvelle. 

La contamination des orges par le virus de JNO est suivie de 
la maniere suivante : les series de pots d'or.ge traitee sont placees 
pendant une semaine dans un local a 20 ° C de maniere a per.mettre la 
multiplication dans les plantes du virus transmis. Ensuite, les 
echantillons vegetaux sent testes par la methode ELISA a l'aide du 
serum INO'rECH tvne B. Ce serum nermet la detection de la souche PAV 
(ROCHOW, 1970), egalement appelee NS2 (LAPIERRE et MAROQUIN, 1986). 
Un echantillon est considere comme virose si sa densite optique 
(D.O.) en ELISA est superieure a 0.1. 

3 - RESULTATS 

R. padi constitue plus de YS % des pucerons pieges au cours
des trois�tomnes d'experimentation. C'est egalement le puceron le 
plus frequemment trouve sur les plantules d'orge, quelle que soit 
l'annee OU la periode (au minimum 85 % du total des COmptages). 

Une analyse statistique portant sur. 
hebdomadaires (7 en 83, 9 en 84, 8 en 85) 
variables suivantes : 

24 series de resultats 
a ete realisee sur les 

a
� captures hebdomadaires de �_yadi ( non compris les males)

piege succion 
- pourcentages de pots d'orge contamines par R. padi.
- nombre total de R. padi ailes sur les 100 pot-s-.��
- pourcentage de pots viroses.
- te�per.ature moyenne de la semaine consideree.

au 

On trouve nne excellente correlation entre les captures hebdo
madaires de R. padi et le pourcentage de pots d'orge contamines par 
ce m�me puceron (r = 0,90) ainsi qu'avec le nombre total d'ail�s de 
R. padi snr 100 pots (r = 0,92). Ceci montre la capacite du piegeage
j)ar aspiration a 12.2 m de haut, a refleter les niveaux d'infesta
tion des plantules ci'orge a l'autonne, au rnoins dans les conditions
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de !'experience. 

Le pourcentage de pots viroses est tres correle aux variables 
suivantes : pourcentages de pots infestes par R. padi (r = 0,87), 
captures hebdomadaires de R. padi au piege a succion (r = 0,85), 
temperatures m?yennes hebdomadaires (r 0,82). Le calcul d'une 
equation de regression multiple a permis d'etablir que 80 % de la 
variance du pourcentage de pots porteurs du virus de la J.N.O. 
etaient expliques par !'association des deux variables suivantes : 
captures hebdomadaires de R. padi au piege a succion et temperatures 
hebdomadaires moyennes. 

3 - CONCLUSION 

L'exnerimentation, mise en oeuvre depuis 1983, montre qu'il 
existe dan� le Bassin de Rennes une tres forte liaison entre les 
flux du virus de la J.N.O. transmis a l'orge et l'activite aerienne 
de son principal vecteur. Ce resultat sembie indiquer qu'il v a peu 
de variation au cours de l'automne dans le pouvoir virulif�re des 
pucerons, c'est a dire que l'inoculum viral n'y est pas un facteur 
limitant. Dans ces conditions, il apparait possible d'etablir, pour 
le Bassin de Rennes, un schema de prevision des risques dus a la 
J.N.O., fonction de la date de levee des cereales, des vols de puce
rons et de la temperature moyenne. Il sera cependant necessaire de 
s'assurer que les relations virus-vecteur, apparemment stables sur 3 
ans, ne se destabilisent pas sur une plus longue periode, en fonc
tion de facteurs climatiques et culturaux (modifications de systemes 
agraires ou de pratiques agricoles). 

De nlus, il y 
d'autres souches de 
systeme de "plantes 
culturale "normale". 

aura lieu de tester l'eventuelle transmission 
la J.N.O., et d'estimer la representativite du 
pieges" employees par rappo�t a une pratique 

En tout etat de cause, le systeme crevisionnel ainsi obtenu 
n'a nu'une vale�r regionale et il conviendra de le reetalonner pour 
d'autres zones geographiques. Dans ce but, !'experimentation decrite 
ici, a ete effectuee en 1985 dans 3 autres regions cerealieres fran
c;:aises. 
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SUMMARY. (Role of maize aphids in the BYDV cycle and damages) 

The aphids RhopaZosiphwn padi L., Sitobion avenae F. and 
MetopoZophiwn dirhodwn WZk. vectors of the barley yellow dwarf virus (BYDW) to 
small grain cereals, can also transmit the virus to maize. The latter crop can 
be considered as a "relay" crop (summer and autumn), as the virus effect on 
maize in the field has not been clearly established, or, at last, not clearly 
separated from the other yield limiting factors, including the direct effect 
of aphids. Current investigations are devoted to the flight of aphids, to the 
frequency of the viruliferous winged aphids which invade maize and of those 
which leave maize in autumn, as well as to the frequency of infested plants. 
These frequencies vary with aphid species, type of maize crop (lines or 
hybrids) and sowing time. In 1985, comparative trial with R. padi and 
M. dirhodwn used for maize contamination showed that only R. padi had caused 
BYDV to multiply on plants, and thus leading to loss in yield. In natural 
contamination, aphid flights were reduced, and included a low percentage of 
viruliferous insects, so that only the late sown crops (June) were clearly 
infested. However, low yields could not be related in this trial to presence 
or absence of BYDV. 

La nuisibilite des pucerons observes sur mais reside principalement 
dans le fait que la plupart des especes transmettent le VJNO (BYDV). En 
consequence, toute etude de la multiplication et de la dispersion des pucerons 
vivant sur graminees cultivees, et particulierement de leur pass?ge des 
cereales a pail le vers le mais et reciproquement, merite d'etre associee a 
des programmes d'epidemiologie du VJNO. 
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En Ile de France, Centre et regions limitrophes, les deux especes 

d'aphides qui ant cause jusqu'a present des degats directs au mais quand 

elles s'y installent ou s'y multiplient en abondance sont Metopolophium 

dirhodum Wlk. et Rhopalosiphum padi L. (MOREAU et LAPIERRE, 1983). 

Les populations de pucerons ailes qui se posent sur les cultures de 

mais a partir de la fin juin, et surtout en juillet, sont constituees presque 

uniquement de M. dirhodwn, Sitobion avenae F. et R. padi. Celles qui s'en

volent des mais en automne sont essentiellement formees de R. padi, avec 

parfois un certain nombre des. avenae. Ces trois especes sont done obliga

toirement a retenir dans l'etude du cycle du VJNO des cereales a paille vers 

le mais et inversement. Pour un examen plus detail le, il serait utile de 

considerer aussi d'autres especes, telles M. festucae et R. maidis, dont les 

effectifs restent toujours faibles mais dont 1 'importance peut etre augmentee 

par la monoecie. En effet, comme pours. avenae, lui aussi monoecique sur 

graminees, l'hote primaire n'etant pas une dicotyledone, peut servir de 

reservoir de VJNO. 

Les techniques utilisees sont les suivantes : 

captures des pucerons ailes au piege a succion (piege n°12 du reseau 

AGRAPHID), qui fonctionne a La Verriere depuis 1984 (12 km de l'INRA 

Versailles) 

- collecte des ailes qui se posent sur les cultures de mais, pour les instal

ler sur des jeunes orges test, sous cagette individuelle

analyse par tests immunoenzymatique (ELISA) des mais contamines experimen

talement ou naturellement au champ.

RESULTATS 

Autour de Paris,les pucerons des cereales volent pour la plupart 

surtout en juillet (voir tableau n°l). En dehors de cette periode, on note 

un vol d'automne, ou 1 'espece la plus abondante est R. padi. Ce vol de 

"retour" vers les cereales a paille se produit precocement si le mois de 

septembre est chaud (1985) ou, tardivement en octobre-novembre (1984). L'annee 

1985, qui a fait suite a un hiver a forts gelees, pourra etre prise comme 

reference a l'avenir. 

Pour comparer plus facilement les annees, on a recours a une repre

sentation graphique en coordonnees logarithmiques {fig.1 ). Les traces cor

respondent aux captures hebdomadaires cumulees des principales especes. On 

peut constater que s. avenae a predomine en 1984, alors que M. dirhodum et 
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- s. avenae
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+ ... � ... R. padi

25, 26, semaines normalisees 
ex 27 = 2 au 8/7 
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Fig.1 Principales 
especes�ucerons 
des cereales (captures hebdo
madaires cumulees) en 1984 et 
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R. padi ont ete plus nombreux en 1985, a partir de la 27eme semaine norma

lisee.

Tableau l : Captures des pucerons des gram,nees en 1984 et 1985. 

(Numbers of cereal aphids caught in 1984 and 1985 years) (Agraphid n°12) 

Especes 
Total Jul 84 (%) 

Total Jul 85 (%) 1984 1985 

Metopolophium dirhodum 3.272 2. 7i8 ( 83, 1 ) 6.239 5 . 983 ( 9 5, 9) 

M. festucae 47 37 (78,7) 173 159 (91,9) 

RhopaZosiphum insertum 271 142 (52,4) 394 140 (35,5) 

R. mai.dis 225 192 (85,8) 69 32 (46,4) 

R. padi 3.467 1.469 (42,4) 7.570 4.234 (55,9) 

Schizaphis graminum 0 0 ( - ) 2 l (50) 

Sitobion avenae 8.897 8.564 (96,2) 3.950 3.798 (96,2) 

S. fragariae 249 198 (79,5) 81 68 (83,9) 

Anoecia sp. 73 1 ( l ,4) 360 12 (3,3) 

Tetraneura sp. 21 2 (9,5) I 47 0 ( 0 ) 
I 

La recolte quotidienne, sur les plantes, des pucerons ailes qui se 

posent en champs de mais, et leur installation en petites cages sur des 

plantules d'orge au stade 2 feuilles, permettent de suivre le pourcentage 

d'individus viruliferes. Pendant les mois de juin et juillet 1985, les tests 

ELISA effectues une semaine plus tard sur les orges utilises dans cette 

experimentation ont prouve que le taux etait reste tres bas, pour augmenter 

seulement en fin de periode, sans depasser 2 ou 3%. Une parcelle de mais 

semee a la mi-mai (variete LG 11) a ete, en consequence, tres peu contaminee 

par le virus, alors que la parcelle voisine (LG 1), semee un mois plus tard, 

s'est revelee fortement atteinte (30% de plantes virosees en septembre). 

Etant donne la rarete des publications concernant l 'effet du 

VJNO sur le mais, et leur interpretation parfois difficile, il importe de 

poursuivre les experimentations en conditions variees. En 1985, nous avons 

procede a une contamination artificielle avec un inoculum bien plus eleve 

que ceux rencontres normalement dans nos regions. L'experience a eu lieu dans 

un champ cultive normalement, sans irrigation, en Eure et Loir (variete 

Dea). Des pucerons eleves sur orge d'hiver atteint de JNO ont ete places le 

25 juin, au stade 9 feuillesaumais;a.-f'cti�orn:le10--� 20 individus par 
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plante. Cent plantes ont ete ainsi contaminees par R. padi, et 100 par 
M. dirhodwn. En septembre, les tests ELISA (effectues sur la 2e feuille en 
partant du haut) ont fourni un fort pourcentage de reponses positives pour 
les mais ayant re�u R. padi (49 sur 92 mais testes), alors que ceux ayant 
re�u M. dirhodwn ne conduisaient qu'a une reponse faiblement positive sur 30 
(0 sur 30 chez les temoins). La recolte individuelle des plantes a permis 
de noter une baisse de rendement de 16,5% avec R. padi(Tableau 2) (les masses 
sont en grammes de matiere seche). 

Tableau 2: Effets d'une infestation artificielle de pucerons et de VJNO 
sur mais - Broue (28) - variete Dea (Exploitation de M. F. PELLETIER). 

Infested Normal Harvested
! 

Grain Mass of Mass of
plants plants ears mass/ear 10 grains rachis

! Nb de Nb de Epi I Masse de Masse de Masse du
plantes plantes grain/epi l O grains rachis 

infestees normales recoltes 
le 25.6.85 7 /8 

77,52 2,37 10,99 
R. padi 100 85 95 ± 4,51 ! 0,06 ± 0,63

93,38 2,64 12,54 
M.dirhodwn l 00 98 100 ± 3,65 ± 0,06 ± 0,57 

92,87 2,63 13,46 
Temoin ( 50 ) 46 47 ± 6,47 � 0, 11 + 1,07

A Versailles, la contamination naturelle sur le semis tardif de LG l 
nous a permis d'etudier l'effet du VJNO dans ces conditions particulieres, 
d'autant plus que de tres nets symptomes foliaires sont apparus en septembre. 
Des plantes proches de la maturite ont ete classees en deux groupes : les 
unes presentaient a la fois des symptomes et un ELISA positif, les autres 
sans symptomes et avec ELISA negatif. La comparaison de leurs epis (sechage 
jusqu'a poids constant) est relatee dans le tableau n °3. 
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Tableau 3 Contamination naturelle de VJNO - Versailles (78) - Variete LG l 

( INRA-CNRA). 

Investigated Grain Mass of Mass of 
plants mass/plant 10 grains rachis 

Nombre de Masse de Masse de Masse de 
plantes grain par 10 grains rachis 
etudiees plante 

45,45 1,68 10,00 
ELISA negatif 35 ± 6,76 + 0,17 � l, 19 

ELISA positif 44,68 1,75 8,78 
et symptomes 30 ± 8,86 ± 0,26 ± l ,43 
fol a ires 

Meme si les plantes souffrent du virus, comme l 'indique la legere 

diminution des poids des rachis, on ne note pas de flechissement de la 

recolte de grain, par ailleurs plutot modeste. A noter que la variabilite 

est plus elevee chez les plantes virosees. (LG l, tout comme Dea, est un 

hybride simple, chez qui les individus sont normalement homogenes, d'oQ 

l 'interet de leur choix dans ce type d'essais). 

En_conclusion , une forte contamination par R. padi porteur de VJNO 

a conduit a une baisse de rendement sans symptomes visibles sur feuilles. 

Inversement une contamination naturelle sur un semis tardif, malgre l 'appa

rition de roug i ssements lies a la presence de virus, ne s' est traduite que 

par une augmentation de l'heterogeneite individuelle des plantes. 

Dans nos deux experiences, en conditions du champ, le VJNO n'a pas 

affecte le ma1s aussi nettement que lorsque l 'inoculation se fait en chambre 

climatique avant le repiquage al 'exterieur (PEARSON et ROBB, 1984). 

Cependant, nous n'avons pas etudie certains facteurs tres impor

tants : la variete, le stade du ma1s al 'arrivee des pucerons vecteurs, le 

type de souche virale utilise. Une experimentation complementaire doit done 

etre envisagee pour mieux rendre compte des nuisibilites potentielle et 

reelle du VJNO sur le ma1s. 
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EFFECTS OF REDUCED DOSE RATES OF PIRIMICARB AND FENVALERATE 

ON APHIDS AND BENEFICIAL ARTHROPODS IN WINTER WHEAT. 

H.M.Poehling

Institut fur Pflanzenkrankheiten und Pflanzenschutz 

Universitat Hannover 

Herrenhauserstr. 2, 3000 Hannover 21, BRD 

Sullllnary 

The influence of various insecticides on cereal aphids and some natural 

enemies was investigated in field experiments in winter wheat (1983-1985). 

Insecticide applications were normally carried out at the end of flowering, 

when aphid density had reached 3-5 aphids/ ear or flag leaf. Pirimicarb in 

the registrated dose rate of 150 g a.i./ha had no initial toxicity to 

coccinellid larvae but distinct negative effects on syrphid larvae and 

adult parasitoids could be observed. But as a result of the complete eli

mination of aphids a pronounced long term reduction of all investigated 

aphid specific antagonists occurred.When dose rates were reduced to 50g 

or even 25 g a.i./ha the efficiency towards aphids but also the initial 

toxicity to syrphid larvae and parasitoids decreased. The surviving small 

aphid populations had no detrimental effects on yield but provided an im

portant food source for predators or hosts for parasitoids. After treat

ments with Fenvalerate small colonies of M.dirhodum remained under flag 

leafs which were attacked mainly by syrphid larvae and parasitoids to 

which the pyrethroid had surprisingly low direct side effects, especially 

at low dose rates. 

Introduction 

The increasing abundance of grain aphids especially in regions of 

intensive culture of winter wheat and winter barley in northern parts of 

Germany has resulted in almost regular insecticide treatments of winter 

wheat to prevent severe yield loss. 

Naturally occurring aphid antagonists, predators and parasitoids have 

a strong influence on aphid population dynamics ( Carter et al. 1982; 

Chambers et al. 1983) but under normal conditions they cannot prevent 
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aphid population growth from exceeding the very low "official" threshold 

of 1 aphid per ear and flag leaf at flowering (Basedow et al. 1983). 

So an early effective control of grain aphids can only be achieved by in

secticide application. Since integrated pest management should be more than 

optimized chemical control, it is desirable to use also the potential of 

natural enemies in combination with chemical control. 

So moderate chemical control methods have to be developed with negative 

side effects on non target organism being as low as possible.Development 

and application of selective aphicides is often the "magic formula", the 

key to solve all antagonists problems, to guarantee their survival and 

further development. But normally by using the registrated dose rates the 

efficiency of selective aphicides (e.g. Pirimicarb) is so high that the 

complete elimination of aphids causes severe indirect side effects on the 

antagonists by starvation (predators) or by absence of hosts (parasitoids) 

( Cavallaro, 1983 ; Poehling et al. 1985 ; Powell et al. 1985 ). This 

effect has often been discussed, but without any consequence for practical 

pest management. 

Therefore we investigated whether a reduction in insecticide efficiency 

by either using reduced dose rates or by using insecticides with already 

reduced efficiency (e.g. contact insecticides) could help to maintain 

limited, small aphid populations in the field. This could improve con

ditions for survival and development of aphid antagonists especially for� 

the more or less stenophagous species of limited mobility. 

Material and Methods 

The experiments described below were done in a winter wheat field of 

4 ha (cv. "Kanzler") which was divided into plots of 36 x 75 m .  Fungi<:ide 

and herbicide treatments and fertilisation were carried out according to 

common practice. For grain aphid control 3 plots were treated with 

Pirimicarb (Pirimor) using dose rates of 150, 50 and 25 g a.i./ha, 3 with 

Fenvalerate (Sumicidin) at dose rates of 30, 24 and 12 g a.i./ha, 2 plots 

were untreated control plots. The same experiments were replicated in 

two more different fields. Insecticide applications were carried out at 

growth stage 69 (Zadoks et al. 1974). At this time the threshold of l 

aphid per ear and/or flag leaf had been exceeded for about 7 days, but 

according to the aim of these investigations this threshold is much too 



15 

IJ 

11 

2Jl 

u 

1.6 

P1r1D1carb 

-�
-. 

- 186 -

15 

IJ 

11 

• 

2.0 

1,8 

Fenvalerate 

./�
·--

j 1.4 

:-
\2 

1.0 

= 1,6 

1 ,., 

j 1,2 

IJ) 

... 

0,6 

0.4 

0,2 

o.• 

0.6 

0 ,4 

02 

I. s 

:l/\ 
15 

10 

11. IJ. I. 5. 

:t/\ 
"\ 

! 
10 . . 

ll 11 

days p.a. 

4-, 

:;: 

' 

I 
i 5 � 

� ----·�\ �8 
5. 11. IJ. I. 5. 11. IJ. 

Untreated daJ• p .a. 

Dose rates Ao--o Bo_.., Co-a 

Fig.I Influence of Pirimicarb and Fenvalerate at different dose 

rates on cereal aphids on ears (�.avenae) and flag leaves (:t:!_.dirhodum) 

of winter wheat. Dose rates: Pirimicarb 150 (A), 50 (B) and 25 (C) 

g a.i./ha ; Fenvalerate 30 (A), 24 (B) and 12 (C) g a.i./ha. 
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low and not convenient for a control system which should include the use 

of natural occuring antagonists. 

Aphids: Aphid density was recorded continously from the middle of June 

until population breakdown at the end of July. Aphids were counted on ears 

and flag leafs on 4 x 100 plants per plot. 

Aphid antagonists: Insects on the upper parts of wheat plants (ear, 

upper leafs and stem) were collected using a vacuum net sampler (sampling 

head covering 0.1 m' was held for 10 sec. above the crop, 10 replicates) 

or a sweep net (10 strokes going 5m ahead, 10 replicates). The vacuum net 

sampler was very suitable for diptera and adult parasitoids, the sweep 

net for coccinellid larvae and syrphid larvae. A visuell control (insects 

per plant ) was the most accurate counting technique but this time con

suming method is not appropriate for comparison of high numbers of plots 

during short time periods. 

Results 

Cereal aphids: The aphid population exceeded the threshold of 5-6 

aphids per ear or flag leaf in the here described investigations of 1985 

at the 10. July at growth 69. At this time the ear was colonized by 

S. avenae, whereas about 95% of aphid flag leaf population consisted of

Ji.dirhodum.

Pirimicarb at dose rates of 150 and 50 g a.i./ha reduced aphid den

sity very efficiently on ears and flag leafs. Only at rates of 25 g a.i./ 

ha limited populations survived on both wheat organs (Fig.l). 

Fenvalerate removed aphids nearly completely from the ear, but at all 

tested dose rates small aphid colonies remained underneath the flag leaves. 

In contrast to Pirimicarb the efficiency of Fenvalerate rose continuosly 

until population breakdown. 

Coccinellidae: The two dominant coccinellid species were Propylea 

guatuordecimpunctata and Coccinella septempunctata. The numbers of adult 

Coccinellidae were very low so that only the influence of insecticide 

treatment on larval populations was investigated.About one week after 

insecticide application a peak in the larval population , at this time 

in the developmental stages 13 - 14, could be observed (Fig.2). It was not 

possible to registrate an initial effect of the insecticides, because it 

is very difficult to count the small 11 and L2 stages exactly. But, 
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assuming that Pirimicarb has no direct initial toxicity to coccinellid 

larvae ( well known from laboratory experiments),it is obvious from Fig.2 

that the abundance of coccinellid larvae decreased with decreasing aphid 

density. Only in the Pirimicarb plots with low dose rates many coccinellid 

larvae survived and completed their development to the pupal stage. 

In contrast to the Pirimicarb plots only very few coccinellid larvae 

could be observed in ali Fenvalerate plots, althouth here always aphids 

survived ( compare Fig. 1 and 2 ). 
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Fig. 2 Influence of Pirimicarb and Fenvalerate at different dose rates 

on coccinellid larvae. Dose rates: Pirimicarb 150 (A), 50 (B) and 25 (C) 

g a.i./ha ; Fenvalerate 30 (A), 24 (B) and 12 (C) g a.i./ha. 

Syrphidae: Syrphidae (different species) were very abundant in winter 

wheat fields in 1985 and their larvae were one of the most efficient 

aphid antagonists. Their larval population increased simultanously with 

aphid population so that at the time of insecticide application relatively 

high numbers of larvae could be found on the wheat plants. So initial and 

long time effects could be studied. Both insecticides reduced the density 

of syrphid larvae within one day but only to a limited extend with distinct 

graduations according to the different dose rates (Fig. 3). 
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Fig; 3 Influence of Pirimicarb and Fenvalerate at different dose 

rates on syrphid larvae. Dose rates: Pirimicarb 150 (A), 50 (B) and 

25 (C) g a.i./ha ; Fenvalerate 30 (A), 24 (B) and 12 (C) g a.i./ha, 

Again ( see Coccinellidae) the abundance of syrphid larvae showed a 

strong co�relation with aphid density (Fig. 4). 
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Fig. 4 Correlation of aphid density with abundance of syrphid larvae 

1, 5 and 11 days after application of Pirimicarb and Fenvalerate at 

different dose rates.(Linear regression analysis). 
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Staphylinid larvae: As already shown in 1985 (Poehling et al. 1985) 

a lot of staphylinid larvae could be captured with sweep nets from wheat 

leaves and ears, especially during night time. Peaks of abundance could 

be observe� at flowering ( pollen eaters) and at high aphid densities. 

Feeding experiments and determinations of gut contents showed that aphids 

were often components of the diet of these larvae. Pirimicarb has almost 

no initial effect on these larvae (Fig. 5), but again one week after 

treatment a population decrease could be observed in all plots with low 

aphid densities. Fenvalerate on the other hand showed a strong initial 

effect lasting for about one week, after which a sudden invasion of 

staphylinid larvae could be observed mainly in plots with reduced dose 

rates (Fig. 5 ). 

g 1 

,. 

untreated 

dose rate 

Fig. 5 

5 

··----

,. 

·-

Fenvaterate 

,,. 13. 
days A.O. 

Influence of Pirimicarb and Fenvalerate at different dose 

rates on staphylinid larvae captured on leaves and ears of winter wheat. 

Dose rates: Pirimicarb 150 (A), 50 (B) and 25 (C) g a.i./ha ; Fenvalerate 

30 (A), 24 (B) and 12 (C) g a.i./ ha. 

Parasitoids: Pirimicarb at the normal dose rate of 150 g a.i./ha 

showed a distinct initial effect on adult parasitoids. This negativein

fluence decreased with dose rate reduction (Fig.6). The initial toxicity 

of Fenvalerate was lower compared to Pirimicarb and and no clear grad

uation could be observed when the amount of this aphicide was reduced. 
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The long time studies showed that both insecticides had detrimental effects 

on the parasitoid population only in the high dose rate plots. 
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Fig'. 6 Influence of Pirimicarb and Fenvalerate at different dose 

rates on adult parasitoids (different species) captured with a vacuum 

net sampler from leaves and ears of winter wheat plants. Dose rates: 

Pirimicarb 150 (A), 50 (B) and 25 (C) g a.i./ha ; Fenvalerate 30 (A), 

24 (B) and 12 (C) g a.i./ha. 

Discussion 

The use of selective aphicides in winter wheat for cereal aphid control 

only reduces the direct initial toxic effects for different species of 

beneficial arthropods. This is desirable but it must also be taken into 

account that the application of these a:phicides at the recommended 

dose rates normally guarantees a very high efficiency for aphid control 

and therefore also a long term removal of prey/ host populations. This 

indirect side effects are very pronounced in the case of specialisised 

aphid antagonists like coccinellid and syrphid larvae or parasitoids 
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and will contribute to long term reductions of these important aphid 

antagonists. Such effects are difficult to quantify and therefore often 

neglected in test systems for evaluation of side effects of pesticides 

on beneficial organism ( Hassan 1985). 

So it is important to investigate not only the initial toxicity of 

insecticides against non target organism in laboratory or semi-field tests 

and to produce more selective agents but also to evaluate the indirect 

effects above explained to modify application recommadations. In the case 

of Pirimicarb it is possible by reduction of the dose rate to maintain 

limited aphid populations in the field which provide a sufficient food 

source for parts of the specialised antagonists. On the other hand the 

direct toxicity effect, which can be roughly estimated in the field by the 

rapidity of reduction of different species immidiately (12-24 hours) after 

aphicide application, can be lowered too, particularly in the case of 

sensitive syrphid larvae and adult parasitoids. Fenvalerate shows dose 

rate depend effects against aphids and some beneficial arthropods only 

immidiately ( initial toxicity) after spraying. Interesting is the in

crease in efficiency of these aphicide during the period some time after 

spraying in contrast to Pirimicarb. This phenomena may be resulting from 

repellent effects (Poehling et al. 1985) interferi�g with the direct 

toxicity. In the case of aphids this causes on one side complete long 

term elimination of_§_. avenae from the ears, which are normally covered 

nearly completely by the aphicide residue. But on the other side always 

some colonies of .t!_. dirhodum remained under the flag leaves on areas 

which were not covered with insecticide residue. These aphids also serve 

as hosts and prey for parasitoids or predators, particularly for syrphid 

larvae and parasitoids to which the direct toxicity of Fenvalerate was 

surprisingly low. The experiments show ( e.g. Fenvalerate) that under 

field conditions the initial toxicity of special insecticides on bene

ficial arthropods could be much lower than in a standard laboratory test 

procedure. 

First estimations of yield show no signifi.cant losses due to such a 

"limited'' aphid control. Data of two years available up to now, both of 

years with relative late aphid invasions, are not sufficient for a final 

conclusion, yet, but demonstrate some interesting aspects for a modifi

cation of cereal aphid pest management. 



- 193 -

References 

Basedow, T., C. Bauers und G. Lauenstein (1983). Zur Bekiimpfungsschwelle 

der Getreideblattliiuse an Winterweizen. Nachrichtenblatt. Deut. 

Pflanzenschutzd. 35, 141-142. 

Carter, N., S. Gardner, A.M. Fraser and T.H. Adams (1982). The role of 

natural enemies in cereal aphid population dynamics. Ann. appl. 

Biol. 101, 190 - 195. 

Chambers,R.J., K.D. Sunderland, J.J. Wyatt and G.P. Vickerman (1983). The 

effects of predator exclusion and caging on cereal aphids in 

winter wheat. J.appl. Ecol. 20, 209 - 224. 

Cavallaro, R. (Ed) (1983). Aphid antagonists. Proc. Meeting EC Experts' 

Group. Portici 23 - 24 Nov. 1982. A.A. Balkema, Rotterdam. 

Hassan, S.(1985 ). Standard methods to test the side-effects of pesticides 

on natural enemies of insects and mites. Bulletin OEPP/EPPO 

Bulletin 15, 214 - 255 • 

Poehling, H.M., H.W. Dehne und P. Sprick (1985). Untersuchungen zur Be

deutung von Carabiden undStaphyliniden als Blattlausantagonisten 

in Winterweizen und deren Beeintriichtigung durch insektizide 

Wirkstoffe. Med. Fae. Landbouww. Rijksuniv. Gent 50/2b 

Poehling , H.M., H.W. Dehne und K.Picard (1985). Untersuchungen zum Ein

satz von Fenvalerate zur Bekiimpfung von Getreideblattliiusen in 

Winterweizen unter besonderer Berilcksichtigung von Nebenwirkungen 

auf Nutzarthropoden. Med. Fae. Landbouww. Rijksuniv. Gent 

539 - 554. 

Powell, W., G.J. Dean and R. Bardner (1985). Effects of Pirimicarb, 

Dimethoate and Benomyl on natural enemies of cereal aphids in 

winter Wheat. Ann. appl. Biol. 106, 235 - 242. 

Zadoks, J:c:, T:T: Chang and C.F. Konzak� (1974). A decimal code for the growth 

stages of cereals. Weed Research..!!!_, 415 421. 



- 194 -
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A. PETERS, A. PULLEN, R. THACKER, D. THACKRAY, C. THOMAS & C. SMITH

Depts. of Biology and Chemistry, The University, Southampton, S09 5NH, U.K. 

Introduction 

A rationale for the quantitative evaluation of pesticide effects on 

non-target organisms has been outlined by Jepson, (1986). The most 

important features of the rationale were the inclusion of sub-lethal and 

indirect effects as well as direct lethal effects on insects and quanti-

fication of the exposure of insects to pesticides. The rationale pro-

posed the development of a flexible programme of laboratory, field and 

semi-field methods to supplement the suite of standard tests developed 

by Hassan, (1985) to offer a more ecologically orientated approach to 

pesticide evaluation. This paper summarises some initial findings from 

an investigation which aims to develop components of this new methodology. 

Autumn applied synthetic pyrethroids in U.K. winter cereals were 

chosen as the initial subject for investigation because of a current 

debate concerning the environmental effects of their widespread, pro-

phylactic use. In addition there is considerable interest in the 

variable toxicity of pyrethroid insecticides within different predatory 

groups (Croft & Whalon, 1982). The non-target, beneficial insects 

selected were the epigeal, polyphagous predatory arthropods which are 

active in the early Autumn but which also contribute to spring cereal

aphid control (Wratten et al., 1984). The species chosen for investi

gation were amongst those that were ranked highest by a battery of 

evaluation methods devised by Wratten and his colleagues. 

The project falls into three interacting areas, based in the 

laboratory, the open field and within large barriered areas (semi-
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field ). New techniques are being developed to quantify predator 

exposure to pesticides, generate predictive models of their lethal 

effects and to evaluate the role of sub-lethal and indirect effects 

(Jepson, 1986 ). 

The project was initiated in Autumn 1985 and will continue until 

1988. A review of the full programme with results from the laboratory, 

semi-field and field studies will be given elsewhere. The summary below 

gives a brief outline of methods and results from the components of the 

investigation concerned with the measurement of exposure to pesticides 

in the field, the effects of post treatment conditions on mortality and 

the effects 'of treatment on activity. All of these components were part 

of a group research project being carried out by participants in an IPM 

Masters' course at Southampton University in 1985/6. 

Materials and Methods 

Measurement of the distribution of pesticides in the 
field and the exposure of non-target organisms 

For the precise measurement of the likely exposure of insects to 

pesticides in the field, techniques are required that can record the 

distribution of pesticide droplets in the crop canopy, on the soil and 

on the insects themselves. In the present study, image analysis tech

niques have been developed to resolve individual pesticide droplets, on 

natural and artificial surfaces, using fluorescent tracers and sensitive 

media. Infra-red photography and image analysis have also been used to 

measure canopy density. Figure 1 summarises the operations of an image 

analysis programme which measures the numbers and size range of 

visualised droplets on an edited video image of a treated surface. The 

advantagesof this system over those previously developed are that it can 

integrate spread factors (for droplet images on different surfaces) with 

droplet size measurements, images can be edited (removing coalesced 
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Fig. 1. A flow chart illustrating the operations of an image analysis 
programme which measures the size and distribution of pesticide 
droplets. 
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dropletsand the areas that they occupy)and finally, a rapid throughput 

of areas to be assessed is possible. As an example of the power 

of this technique, results ar<:l given which estimate the maximum potential 

pesticide mass deposited on a variety of insect species by direct contact 

at the time of spraying. 

Modelling the toxicological effects of 
pyrethroids 

Pyrethroid insecticides have complex neurophysiological and neuro

pharmacological effects including temporary paralysis (or knockdown). 

In addition, they exhibit a negative temperature coefficient and treated 

insects are sensitive to post-treatment conditions such as relative 

humidity. These complexities render the results of standard laboratory 

bioassays meaningless with regard to forecasting field effects. 

Techniques have therefore been developed within the investigation 

whereby dose, temperature, relative humidity and route of exposure to 

pesticides are all controlled within iaboratory conditions. Technical 

grade Cypermethrin was used throughout these investigations and the 

extent of knockdown and subsequent mortality in all the tests was 

carefully measured. An example of the results from an experiment 

designed to determine the effects of relative humidity and topical dose 

rate on mortality of the carabid beetle Demetrias atricapillus is given, 

to illustrate the significance and predictive potential of this approach. 

Sub-lethal, behavioural effects of pyrethroids 

Pyrethroid insecticides have been shown to affect rates of activity 

of insects via unknown neuropharmacological effects. These phenomena 

can only be analysed by direct observation of the behaviour of treated 

individuals. In the present study, time-lapse video techniques are 

being used to investigate behavioural responses to treatment. Those 

aspects of behaviour that might affect reproductive success or dispersal 
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are being investigated to aid interpretation of the field and semi-

field investigations. Three separate investigations are being carried 

out. 

a) The interaction between low temperature, topical dose applied and

foraging rate.

b) The effects of topical dosing on foraging behaviour and responses

to patchily distributed prey.

c) The effects of topical dose on diel activity patterns.

An example of the results from the latter investigation is given,

where the effects of topical treatment with a range of doses on the 

activity patterns of Nebria brevicollis are being recorded in a laboratory 

arena with a patch of uniformly distributed prey items. 

Results and Discussion 

Pesticide distribution and insect exposure 

The results from a simple analysis of maximum potential chemical 

deposition rates on carabids of different sizes ace given in Fig. 2. 

These can be used to determine maximum direct contact dose rates for 

laboratory testing. A similar technique has also been used to estimate 

the deposition rates of foliar sprays on coccinellids at different 

heights within a crop canopy and used to explain differences in 

mortality amongst groups foraging in the ground zone and on leaves 

(Langley, 1985). The image analysis technique can also be used to 

record the distribution of fluorescent tracer droplets throughout the 

crop canopy and can therefore be used to estimate the effects of 

spraying at different stages in crop development and of sprays applied 

by different methods. 



Fig. 2. The maximum direct topical deposition rates of cypermethrin on selected carabid species 
calculated from average beetle area, and pesticide droplet density calculated from MgO slides 
placed on the ground surface at the time of spraying. Calculation assumes beetles were on 
the soil surface on open ground. 

species x area (m�) 

Bembidrom 3.26 
lampros 

Demetrias 6.07 
atricapillus 

Agonum 12.40 
dorsale 

Pterostichus 90.55 
melanarius 

Nebria 39.31 brevicollis 

: SD 

: 0.78 

! 1.11

: 3.12 

:10.28 

: 4.82 

N 

41 

214 

27 

131 

29 

Droplet size distribution 
NMD VMD No. drop

lets analysed 

168 595 4893 

II II II 

II II II 

II II II 

II II II 

max 
volume 
deposited 

per beetle 
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4.24 X 10 -8

7.89 X 10 
-8

1.61 X 10 -7

1.18 X 10 -6

5.11 X 10 -7

max 
mass a.i. 
deposited 

per beetle 

(ng) 

5.0 

10.0 

20.0 

148.0 

64.0 

.... 

<C 

<C 

I 
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Modelling toxic effects 

Figures 3, 4 & 5 illustrate profiles of mortality in response to a 

range of topical dose rates of cypermethrin applied in different relative 

humidities. These experiments have also been carried out at different 

temperatures and with residual, as opposed to topical applications. 

The Figures show an increase in relative mortality with decreasing 

humidity. Mortality was carefully distinguished from knockdown paralysis, 

which was also recorded. These data form the basis for a simple model 

which can predict post-treatment mortality in natural, field conditions. 

These predictions can be tested within the semi-fieid plots by spraying 

and recapturing marked insects. 

The toxicology experiments are intended to provide feedback to the 

field experiments which may, in turn, suggest further tests in controlled 

laboratory conditions. The aim is to quantify lethal and short-term sub

lethal effects as accurately as possible so that individual species 

tolerances can be compared and more selective pesticide usage tactics 

developed. 

Behavioural effects of chemical treatment 

Figure 6 summarises the overall activity patterns of three groups of 

Nebria brevicoilis, at different levels of treatment with topically 

applied sub-lethal doses of cypermethrin. There is a consistent trend 

for insects treated with low doses to become more active than untreated 

insects or those that have received high doses. This effect. is indepen

dent of predation and following more detailed analysis of video recordings 

of movement tracks, appears also to comprise greater rates of turning and 

walking during bouts of activity. Other components of the investigation 

have suggested that the onset of foraging post-treatment, can be further 

delayed by low temperatures. The ecological significance of these 
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FIG. 3. 20% r.h. 

Figures 3,4 & 5 illustrate the interaction between topical dose applied, 

humidity and mortality in Demetrias atricapillus. Fig. 3, 20%; Fig. 4, 50%; 

Fig. 5, 100% r.h. 
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FIG. 4. 50% r.h. 
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FIG. 5. 100% r.h. 
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FIG. 6. Bar charts illustrating the activity patterns of Nebria brevicollis treated with a. 1 µl cypermethrin @ 10 µg/ml. 
b. no i .nsecticide. c. 1 µl cypermethrin @�µg/ml. Periods illustrated are for two activity peaks

1. 6-8 p.m. 2. 1-2, 3-4 a.m. Shaded areas indicate active periods, cross-hatched areas feeding, open areas
no activity. Results obtained by analysis of time-lapse infra-red sensitive video recordings of insects in
controlled environment conditions.
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findings can be tested in the field and semi-field experiments. They 

illustrate the importance of direct observations of the behaviour of 

treated insects and reveal that direct physiological effects may have 

an effect on predation rate and apparent dispersal. These initial 

findings may question the hypothesis of Chiverton,(1984) concerning 

hunger mediated activity increases by carabids in treated field plots. 

Conclusions 

These findings represent the current status of an investigation 

which was still in progress at the time of writing. The methods reviewed 

are intended to contribute to the revised testing methodology proposed 

by Jepson, (1986). The results reveal that subtle and complex effects 

can be detected in simple experiments and feedback between laboratory 

and field testing programmes may facilitate advances in an area of 

research that currently lags behind other areas of cereal crop pest 

management. This approach offers an opportunity to improve the degree 

of precision in the interpretation of field and laboratory toxicological 

research and also the prospect of improved repeatability and comparability 

between research programmes. 

The tentative conclusions of the study to date, including the field 

programme are 

(1) There is little or no evidence for mortality at field application

rates of cypermethrin amongst predatory carabids.

(2) There is evidence from field experimental results that population

densities of certain species are affected and it is therefore

probable that reductions in numbers are explained by a combination

of sub-lethal and indirect effects.

(3) The environmental conditions at and following treatment are

critical in determining mortality and sub-lethal effects.

(4) Thebehavioural and ecological effects so far described are complex

and it is not possible to say yet if these will have long-term

effects on population dynamics and predation.



- 205-

Acknowledgements 

P.C., M.D., S.O'M. & R.T. were funded by the Southampton University

Committee for Advanced Studies. D.T. was funded by a M.A.F.F., Advanced 

Course Studentship and A. Pullen by a M.A.F.F. C.A.S.E. Studentship. 

C.S. was supported by the Agrochemical Evaluation Unit, Southampton

University. D.N. by Shell (UK) Ltd., ahd A. Peters by the GTZ, Germany/ 

Westerh Samoa. We are grateful to Dr. N. Sotherton of the Game Conservancy, 

Cereals arid Gamebirds Research Project for his advice and support and to 

Dr. R. Brown; iCI (Plant Protection) Ltd. for the supply of technical 

grade and formulated cypermethrih. The projects summarised in this 

report were a formal component of training withiri the M.Sc. iirisect Pest 

Management' at Southampton Uhiversity. 

Referehces 

1. CHIVERTON, P.A. (1984). Pitfali trap catches of the carabid beetle

Pterostichus melariarius, ih reiation to gut contents ahd prey 

densities; in insecticide treated arid untreated sprihg barley. 

Entomol. Exp. appi. 36, 23-30. 

2. CROFT; B.A.; WHALON, M.E. (1982). Selective toxicity of pyrethroid

insecticides to arthropod natural enemies and pests of 

agricultural crops. Entomophaga, 27, 3-21. 

3. HASSAN, S.A; (1985). Standard methods to test the side-effects bf

pesticides on natural enemies of ihsects ahd mites developed 

by the IOBC/WPRS Working Group pesticides arid beneficiai 

organisms. EPPO Builetin i5, 2i4-55. 

4. JEPSON, P.C. (1986). An experimental rationale for the quantitative

evaluation of pesticide side effects on beneficial insects in 

cereal crops. (This volume). 

5. LANGLEY, M,G. (1985). The efrects of a foliar :fungicide on beneficial

arthropods fbuhd in cereal crops. Unpublished M.Sc. thesis. 

Southampton Univer§ity. 



- 206 -

AN EXPERIMENTAL RATIONALE FOR THE QUANTITATIVE EVALUATION OF PESTICIDE SIDE 

EFFECTS ON BENEFICIAL INSECTS IN CEREAL CROPS 

P.C. JEPSON

Depts. of Biology and Chemistry, The University , Southampton , S09 5NH 

Introduction 

There is an increasing potential for the inclusion of information 

concerning natural enemies in pest (especially aphid) control decision 

making in cereal crops. The reasons for this include recent improvements 

in the precision of evaluation and ranking of natural enemies (Wratten 

et al. 1984, Chambers et al. 1986) and the current level of technological 

advancement , in aphid pest control, whereby growers have the option of 

making decisions based on field specific economic and biological variables 

(Mann et al. in press). 

In comparison with the scientific advances cited above, there is a 

considerable lag in the availability of guidelines for the selective use 

of pesticides , especially with respect to methods of application and the 

selection of compounds. The major reason for this is the absence of a 

satisfactory methodological framework for the investigation of pesticide 

side effects that can be used to guide commercial, government (advisory 

or regulatory) or research scientists. 

Current Methodology 

The variety of experimental approaches and methods of interpretation 

currently employed , prevents any attempt to compare the findings of 

different investigations in detail. For example , in three recent field 

investigations of the effects of pyrethroids on carabid beetles (Matcham 

and Hawkes, 1985, Basedow, 1985 and Chiverton, 1984) pitfall traps were used 

to assess the effects of chemical sprays within plots (barriered and open) 

which varied in size from 0.01 to 5.0 ha. The interpretation of 

differences in numbers trapped between treated and control plots included 
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the assumptions that lower numbers indicated direct mortality (Matcham and 

Hawkes, 1985), higher numbers indicated an indirect effect on prey which 

caused a hunger mediated activity increase (Chiverton, 1984) and that no 

differences indicated the absence of any effects (Basedow, 1985). No 

records of direct mortality, behaviour or physiological effects were made. 

Recognizing the need for a more rigorous approach, Hassan (1985) has 

developed a methodology for the evaluation of pesticide effects on bene-

ficial insects (Fig. 1). The basic principle of this methodology is 

that pesticide testing progresses, in a stepwise manner, from the 

laboratory to the field, each step being determined by the level of 

toxicity of the compound being investigated. The underlying assumptions 

are that all import pesticide effects will act through direct mortality 

and that intrinsic toxicity, measured in the laboratory, can be used to 

predict the comparative effects of pesticides on beneficial insects, 

when applied in the field. 

Harmless (-< 50%) Harmless ( < 25%) 

Lab�"Y Semi� 
(in\l�\pccsistence 

Harmful Harmful 
(initial) 

Slightly harmful (50-79%) (25-50%) 

Moderately harmful (80-99%) (51-75%) 

Harmful ( > 99%) ( > 75%) 

"/' 
Field 

\ 
Harmful 

(25-50%) 

(51-75%) 

(>'75%) 

(< 25%) 

Figure 1. (Modified from Hassan, 1985). Proposed stepwise testing for 

the effects of pesticides on beneficial insects. Progress to the next 

stage depends upon a threshold of mortality being exceeded (indicated 

in brackets) . 
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This methodology has considerable advantages, especially the standard

isation of testi.ng procedures, which will ensure that data collected in 

a variety of crops and conditions will be directly comparable. The 

choice of fixed thresholds of 'harmfulness' also provides a simple set 

of criteria by which pesticide development scientists, regulatory 

bodies or advisers can evaluate and compare a series of compounds. The 

approach does have some disadvantages however. The most important of 

these is that direct mortality is the major index by which a compound 

is assessed (although some measures of predation are suggested, 

mortality determines progression through the series of tests); sub

lethal or indirect effects are not recorded and there is no route by 

which information from the field can be fed back to the laboratory. 

The three stages are seen as independent steps and there is no flexi

bility for using the advantages of one to offset the disadvantages of 

another. The framework may not therefore be compatible with a research 

oriented approach, which would investigate indirect and sub-lethal 

effects so that the long-term consequences of pesticide impact on bene

ficial insects could be forecasted. 

The assumption that the progression from laboratory testing to field 

experimentatj_on is one of increasing complexity and difficulty of inter

pret;3.tion is certainly correct as far as data analysis is concerned. 

It i.s not however correct if more ecological questions are considered. 

For example, initial laboratory tests require decisions to be made con

cerning the method, level and route of exposure of the insect to pesti

cides, the physiological status of the insect.and the conditions prior 

to, during and following treatment. Just as importantly, the choice of 

species to be tested will require at least some understanding of its 

relative contribution as a natural enemy at the time of applying the 
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chemical concerned. Considering questions such as these, it might be 

considered that a field evaluation programme would be more appropriate 

as a first stage in some circumstances. One of the reasons why this has 

not occurred is that field testing programmes have been treated as a 

larger scale, more complex version of the original laboratory experiment 

rather than being seen as an opportunity for quantifying various para

meters that could be fed back to the laboratory for controlled testing. 

These parameters include some of the ecological factors referred to above 

for example, the level and route of exposure of particular species to 

pesticides, and the environmental conditions at and following treatment. 

It is therefore proposed that a more flexible approach to testing be 

developed that can be adapted to meet the requirements of commercial, 

government and research scientists by offering the possibility of 

including a broader range of effects and which uses feedback between the 

stages of the testing programme. 

Revised Methodology 

Any revised methodology should be designed to be flexible in 

approach and recognize that, for pesticides to be fully integrated 

within an insect pest management programme, their effects on natural 

enemy efficacy in the long term must be quantified. To achieve this, 

indirect and sub-lethal effects must be measured, as well as direct 

mortality. The revised methodology should also recognize that chemical 

selectivity can be supplemented by ecological selectivity (i.e. the use 

of a harmful compound in a way that minimises its effects on natural 

enemy effectiveness); it should therefore include the quantification of 

natural enemy exposure to pesticides as one of the major factors to be 

recorded. The revised methodology should also serve the secondary 

objective of elaborating the limitations of any particular experimental 
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procedure; this may encourage a more cautious analysis and inter

pretation of results. 

By quantifying exposure and recording environmental variables in 

more detail, the methodology may offer a greater potential for comparison 

between different treatments. It may therefore facilitate more rapid 

progress in the development of ecologically selective application tech

niques and other novel practices which aim to maximise natural enemy 

survival. 

The main constraint on development of a revised framework, for 

pesticide testing on beneficial insects, is the lack of standard pro

cedures for the evaluation of exposure and sub-lethal effects. Table 1 

lists the main components of pesticide impact to be recorded following 

the selection of the natural enemy species and life stage that is to be 

tested. These components are "exposure", "direct effects" and "indirect 

effects". The sub-components of 'exposure' include spray distribution 

following application, the persistence of chemical residues (measured 

chemically or toxicologically) the route by which the insect takes up 

the chemical and finally, the environmental conditions that may modify 

chemical behaviour or toxic effects. The sub-components of 'direct 

effects' include mortality, which may be modified by route of exposure 

or environmental conditions and occur within or between generations, and 

sub-lethal effects which can be measured by physiological, ecological 

or behavioural methods. The sub-component 'indirect effects' includes 

reproduction which may be influenced by the quality and quantity of the 

available diet and which contributes to population growth and dispersal, 

mediated by ecological effects. Table 1 also indicates the location 

(laboratory, semi-field or field (see Hassan, 1985)) where these major 

components can be measured and shows whether or not a standard technique 
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is available or has been previously applied to pesticide evaluation. It 

illustrates the requirement for new, standardised, procedures in several 

important areas including the route of pesticide exposure, the physio

logical, ecological and behavioural components of sub-lethal effects and 

indirect effects on population growth and dispersal. These factors are 

frequently referred to in discussions of simple, laboratory or field, 

pesticide evaluations. They are rarely, if ever, quantified directly. 

The development of new standard methods 

A group research project has been established at Southampton 

University (1985-1988) to develop new techniques for the assessment of 

pesticide side-effects on beneficial insects (Jepson et al., 1986). The 

pathways chosen through the list of parameters given in Table 1 are shown 

in Fig. 2. The most important feature of this experimental programme is 

that there is a considerable level of feedback between the laboratory, 

field and semi-field experiments. For example, detailed laboratory 

bioassays have been carried out in conditions and via routes of exposure, 

recorded from the field. This data is then used to interpret the results 

of field experiments and to generate hypotheses concerning post-treatment 

mortality for testing in the semi-field experiments. Further studies are 

being carried out which exploit the advantages of laboratory, field and 

semi-field situations. For example, the behaviour of treated insects is 

being recorded in the laboratory, reproductive rate and dispersal are 

being estimated from the field and the spatial distribution and activity 

of marked insects is being recorded in the semi-field barriers. Some 

initial results from this study are presented by Jepson et al. (1986). 
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Fig. 2. The pathway chosen, through the list provided in Table 1, to evaluate the 
impact of pesticides on benef'icial insects by Jepson et al, ( 1986). Asterisks 
indicate areas where new techniqu�s are beina deve�oped. 
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Summary 

1. The development of chemically and ecologically selective tactics of

pesticide use requires a more quantitative approach to the evaluation

of effects on natural enemy efficiency.

2. A methodological framework is proposed to achieve this goal. The 

two major features are

(a) That field, semi-field and laboratory tests are integrated in a

more flexible way with feedback between them and the development

of testable hypotheses.

(b) That standard techniques for the evaluation of insect exposure

to pesticides, sub-lethal effects and indirect effects are

developed to supplement the suite of tests for direct effects,

already available.

3. The objective is to formulate experimental pathways through these

tests to satisfy the contrasting requirements of commercial, regulatory, 

advisory and research scientists. 
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THE BOXWORTH PROJECT 

Cereal Pest/Predator Interactions 

A .J. BURN 

Department of Applied Biology, University of Cambridge 

The aims of this study within the Boxworth Project (described more 

fully in the SROP/WPRS Report for 1985) are to investigate the long-term 

effects of intensive pesticide use in winter wheat, on the interactions 

between cereal pests (principally cereal aphids and slugs) and their 

predators (principally polyphagous predators). This is a long-term study, 

with the experimental phase due to run from 1983 to 1988, and the 

following abstract summarises the principal findings arising from the 

first two years of this part of the Study only, consequently these should 

be treated as very preliminary findings. 

Over the first two years of treatments, pesticide applications in the 

"supervised" and "integrated" areas were very much lower than those in the 

"insurance" area (Table 1), although there were no major differences in 

pesticide treatments between "integrated" and "supervised" areas. At this 

stage, the following trends are already apparent (fuller details are to be 

published elsewhere). 

There have been population reductions in a number of predatory 

species, these have been most marked in those species in which most or all 

of the adult population overwinters actively on the soil surface and is 

not at that time restricted to the field boundary. In contrast, there are 

no clear changes in the populations of species overwintering principally 

in field boundaries. However, there have been significant changes in the 

diet of some of these species, and the possible long-term consequences of 

this are being investigated. 
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At present, there are no clear consistent differences in predation 

rates - measured using both artificial prey, and the effects of predator 

exclusion on natural prey numbers - or in pest status between the 

treatment areas. However, it should be emphasised that the experimental 

phase of the project is still at an early stage, and these should 

therefore be regarded only as provisional conclusions. 

REFERENCE 

SROP/WPRS Bulletin 1985/VIII/3: Integrated Control of Cereal Pests. 

pp . 118. 

Table 1 

INSURANCE 

SUPERVISED 

INTEGRATED 

PE STICIDE USAGE IN THE BOXWORTH STUDY SITE 

Mean no. pesticides applied per field 

1983 / 4 

Total pesticides 

18.8 

8.0 

8.3 

Insecticides only 

6.0 

2.0 

2.0 

1984/5 

Insecticides only 

5,0 

0 

0 
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ON THE INFLUENCE OF PHOSALONE AND FENVALERATE ON 

THE EPIGEAL ARTHROPOD FAUNA IN WINTER WHEAT 

CASTEELS H. and DE CLERCQ R. 

State Nematology and Entomology 

Research Station 

Merelbeke, Belgium 

In 1984 and 1985 the influence of the insecticides phosalone 

and fenvalerate has been investigated on the soil predators 

(Carabidae, Staphylinidae and Araneae) in winter wheat. 

Our field experiments were carried out in 3 replicates on

square barriered plots of 25 m2
• The predators fauna was

examined by means of pitfall traps.

From these field experiments it can be concluded that the

insecticides phosalone and fenvalerate, applied half June,

have no or little toxic effect on the soil predators in

winter wheat.

I. INTRODUCTION

In 1980, 1981 and 1982 the influence of the insecticides

parathion, dimethoate and pirimicarb, and of the fungici

de benomyl has been investigated on the epigeal predator

fauna(Carabidae, Staphylinidae and Araneae) in winter

wheat fields. From these experiments it can be concluded

that the insecticides dimethoate and parathion are very

toxic for the dominant Carabidae- and Staphylinidae spp.,

but only little for the spiders, whereas pirimicarb and

the fungicide benomyl had no influence on this fauna (3).

Analogous results are obtained by BASEDOW et al. (1) and

VICKERMAN and SUNDERLAND (4).

This paper describes field experiments carried out in or

der to investigate the possible influence of phosalone and

fenvalerate on the epigeal arthropod fauna in winter wheat.
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2. METHODS

The experiments were carried out in 1984 and 1985 in 3 re

plicates on square plots of 25 m2
• Winter wheat was sown 

in November, using seed cultivar, seed rate, fertilizer

treatment and herbicides typical of locality.

All the plots were barriered half June with 50 cm high

corrugated plastic sheets which were buried 20 cm into

the soil to delineate the plots and to prevent movement

of the various predators from one treatment area to

another.

The following objects were compared.

- untreated

- phosalone at 900 g a.i./ha, crop treatment

- phosalone at 900 g a.i./ha, ground treatment

- fenvalerate at 25 g a.i./ha, crop treatment

- fenvalerate at 25 g a.i./ha, ground treatment

Four days after the application of the pesticides 8 plas

tic beakers with a diameter of 10 cm were buried within 

each plot with their open end level to the soil. 

The beakers filled with a formol solution 1 % to which 

a spreading agent was added, were weekly emptied, begin

ning a week after the application of the pesticides until 

the end of July. 

The effect of these applications on carabids, staphylinids 

and spiders and on the dominant subfamilies of carabids 

and staphylinids is dealt with separately. 
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3. RESULTS

The total number of predators caught in 1984 and 1985

within the different plots is given in table 1. The

spiders and the rove beetles were the most abundant

groups.

The Araneae consisted mainly of : Erigone atra (Blackwall),

Oedothorax apicatus (Blackwall), Bathyphantes gracilis

(Blackwall) and Leptyphantes tenuis (Blackwall) (Linyphii

dae). The results demonstrate that fenvalerate caused a

reduction of the number of spiders by 16 % to 25 % during

the observed post-treatment period, whereas phosalone de

creased the number very little by 1 % to 5 %.

The most numerous occurring rove beetles were : Aloconota

gregaria (Er.) from the Aleocharinae and Tachyporus hyp

norum (L.) from the Tachyporinae. The results indicate

that both insecticides (ground- and crop treatment) had

no effect on the rove beetles population.

The Carabidae were less abundant than the former predator

groups; the dominant species were ; Bembidion lampros

Herbst, B. ustulatum L. (Bembidiinae), Pterostichus mela

narius (Illiger), Platynus dorsalis Pont. (Pterostichinae),

Lorocera pilicornis F. (Loricerinae), Clivina fossor L.

(Scaritinae) and Trechus 4-striatus Schrk. (Trechinae).

Phosalone and fenvalerate had no or little effect on the

carabids.

The total number of carabids and staphylinids, divided in

the different subfamilies, is given in table 2 and J.

It can be concluded from these tables the insecticides

phosalone and fenvalerate do not make any distinction

in toxicity for the different subfamilies.



Table 1 

Influence of phosalone and fenvalerate on the predators. 

Total catches in 3 x 8 pitfalls from half June to the end of July. 

Treatment 
CARAB IDAE STAPHYLINIDAE ARANEAE 

1984 1985 1984 1985 1984 1985 

Untreatment 430 1998 2338 3871 2565 5520 

Phosalone 

(crop treatment) 512 1743 2539 4186 2404 5500 "" 

"" 

I 

Phosalone 

(ground treatment) 446 1883 2982 3926 2476 5015 
--

Fenvalerate 

(crop treatment) 442 1974 2709 4445 1943 4753 
-

Fenvalerate 

(ground treatment) 44 5 2146 2828 4437 2103 4564 



Table 2 

Influence of the pesticides on the subfamilies of the Staphylinidae. 

Total catches in 3 x 8 pitfalls from half June to the end of July. 

Treatment Aleocharinae Tachyporinae Remaining subfam.(*) 

1984 1985 1984 1985 1984 1985 

Untreatment 1709 1859 437 1553 192 459 

Phosalone 

(crop treatment) 1919 1857 425 1785 195 544 

Phosalone 

(ground treatment) 2252 1812 529 15 5 2 201 562 
--

Fenvalerate 

(crop treatment) 2152 2006 361 1770 196 669 
-

Fenvalerate 

(ground treatment) 2192 1993 447 1841 189 603 
-

( *) Remaining subfamilies : Staphyl ininae, Steninae, Paederinae, Oxytelinae and 

Micropepl inae. 

"" 

"" 

I 
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Table 3 

Influence of the pestici des o n  the subfamilies of the Carabi

dae. To tal catches in 3 x 8 pitfalls fro m  half June  to the 

end of July. 

Untreat- Phosalone Phosalone Fenvalerate Fenvalerate 

ment crop ground crop ground 

treatment treatment treatment treatment 

1984 52 83 72 77 67 
Scaritinae --------------------------------------------------------------

1985 37 30 27 33 31 

1984 10 6 8 2 6 
Loricerinae--------------------------------------------------------------

1985 254 250 276 256 342 

1984 197 206 142 197 192 
Bembidiinae--------------------------------------------------------------

1985 1050 

Trechinae 

Pterosti

chinae 

Remaining 

1984 

1985 

1984 

1985 

1984 

Sufami lies 1985 

(*) 

72 

14 

51 

562 

48 

81 

873 

125 

12 

36 

489 

56 

89 

1086 

102 

9 

55 

414 

67 

71 

1059 

83 

11 

46 

523 

37 

92 

1209 

93 

19 

37 

476 

50 

69 

(*) Remaining subfamilies : Nebriinae, Notiophilinae, Demetriinae, 

Badistrinae, Zabrinae, Stenolophinae, Harpalinae and Aniso

dactylinae. 
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4. CONCLUSION

These experiments have shown that phosalone and fenvale

rate are little toxic for carabids, staphylinids and spi

ders. Our results are analogous to those obtained by

CHEROUX et DEBRAY (
2 ).

Because of their low detrimental effect on the soil pre

dators, these broader spectrum insecticides can be used

for cereal aphid control in winter wheat, but even these

insecticides should only be applied when the aphid infes

tation exceeds the economic treshold level.
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INCIDENCES D'UN TRAITEMENT INSECTICIDE PRECOCE 

SUR LES ARTHROPODES PRESENTS EN BLE TENORE D'HIVER 

J.P. Chambon***, Ch. Cocquempot***, A. Fougeroux*, P. Taupin** 

RESUME 

L 'es,sai realise en 1984, conjointement entre l' ITCF, l' INRA et 
l'ACTA, a permis !'observation de plus de 80 OOO arthropodes 
eritre le 10.05 et le 12,67, A l'aide de cinq techniques 
controles visuels, pots-pieges, pieges colores, filet fauchoir 
et aspirateur"D-Vac". Le nombre d'individus collectes aux 
pots-pieges �et aux pieges colores depasse 71 OOO. Seuls 
qUelques resultats des pots-pieges et des contr�les visuels 
sont discutes. 

L'essai relate dans cette communication donne des indications 
assez completessiJr !'incidence des traitements sur !'evolution 
des populationS.d'arthropodes. Dans ce cas precis, on s'aper
�oit que, sur ia plupart des groupes, la deltamethrine semble 
plus toxique que la phosalone. L'incidence des traitements se 
traduit par une modification nette de !'evolution des niveaux 
de populations de pucerons qui sont plus eleves dans le temoin. 
Si dans la plupart des cas, cette action depressive des pro
duits est fugace (2-3 semaines), pour certaines especes (Coc
cihelles A sept points) elle sembie se traduire par la sup
pression d'urie generation. 

* ACTA - Association de coordination technique agricole -
149 Rue de Berey - 75575 Paris cedex 12.

** ITCF - ±nstitut technique des cereales et des fourrages -
Station experimentaie de Bdigheviile - 91720 Maisse. 

***INRA - Institut national de la recherche agronomique -
Laboratoire de faunistique ecologique - Route de Saint-Cyr -
78000 Versailles� 
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I- INTRODUCTION

Le raisonnement de l'emploi d'insecticides sur de grandes 
surfaces cerealieres passe par une meilleure connaissance de 
l'action de ces produits, a la fois sur les ravageurs vises, 
mais aussi sur l'ensemble de la faune avec laquelle ils sont 
en relation. 
Les travaux de Charnbon (1982) ont montre des reductions impor
tantes de l'entomofaune consecutives aux traitements en cours 
de vegetation a l'epiaison (stade 10 - 5 - 2). 
Ces etudes portant sur !'application d'organophosphores met
tent en effet, en evidence des chutes temporaires de l'ordre 
de 70 a 80 %. 
La tendance actuelle, visant a intervenir au gonflement, a

pour but de lutter a la fois contre la Tordeuse des cereales 
(Cnephasia pumicana Zeller) et les pucerons presents sur le. 
feuillage (essentiellement Sitobion avenae F. et Metopolophium 
dirhodurn Walk). 

On estime, pour l'annee 1984, que deux millions d'hectares de 
ble tendre d'hiver (sur un total de plus de 4,5 millions) ont 
ete traites avec un insecticide au printemps. Environ 50 % de 
ces traitements ont ete faits de fa9on systematique en asso
'ciation avec des fongicides et 18 % des surfaces concernees 
ont re9u des insecticides a large spectre d'activite. 

Cette evolution des pratiques agricoles nous a conduit a 
entreprendre, en 1984, des investigations visant a mettre en 
evidence !'incidence des traitements precoces (mi-mai) appli
ques contre la Tordeuse des cereales sur l'entomofaune, en 
compa_rant les effets d'un produit connu pour sa faible agres
sivite vis a vis des arthropodes utiles (phosalone) a ceux 
d'un produit a plus large spectre d'action (deltarnethrine). 
Un des objectifs particu·liers de cette etude a ete, en outre, 
de suivre le devenir des populations de pucerons a la suite de 
ces interventions. 

Cette recherche complete les travaux realises par l'INRA et 
par certaines firmes agrochimiques. Parallelement, elle appor
te des informations quant aux methodes d'estimation des popu
lations d'arthropodes. 

II- EXPERIMENTATION

L'essai est implante dans le Bassin parisien (Amponville, 
Seine et Marne). 
La parcelle se situe dans un secteur de grandes cultures 
cerealieres. 

Le site d'essai, en zone ouverte, d'environ 5 ha, a ete subdi
vise en trois parcelles equivalentes de 1,6 ha chacune : 
- une parcelle temoin (notee parcelle T),
- une parcelle traitee avec de la deltamethrine (7,5 g/ha)
(notee parcelle D),
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- une parcelle traitee avec de la phosalone (600 g/ha) (notee 
parcelle P). 

Les traiternents sont effectues le 25 mai (stade 10 du ble). 

Materiel et methodes 

Sur chaque parcelle, sont effectues : 

- Des controles visuels (50 par parcelle) selon le protocole
etabli par Dedryver - Ladeveze (corn. personnelle).
Avant traitement, ces controles n'ont ete realises que sur
la parcelle temoin, considerant que celle-ci etait representa
tive de !'ensemble du champ d'experirnentation. Apres traiternent
ils sont effectues sur les trois parcelles.

- Des piegeages (pots-pieges) (Chambon 1982).

Le protocole des techniques d'echantillonnage est resume dans 
le tableau 1. 

Tableau 1. Techniques d'echantillonnage. 

r-ETHOOES SJIVI des PELf'LEJ.cNTS FROTOCCLE FREUI\CE des RELEVES 

Pucerons : Protocole etabli par 

c�tage sur feuilles et Dedryver-Ladeveze 1981 

epis - 50 stations/parcelle 

- Sitobicn as.e.ae - exarnen de 20 a 2 talles 1 fois par semaine 

- Meto[DloJi,il.7TI dfttrdl;n par station selon 

- Roopalosi;tun pidi l' infestation 

controle (e!chantillonnage sequentiel) 

visuel 

Auxiliaires : predateurs A chaque station •c�tages 

speci fiques de pucerons pucerons", observation des 
- Oxcinellidae (O.L.A.) predateurs speci fiques sur 

- Ch:cysopitiae (L.A.) 111e surface de 1 tf par 

- HenErObidae (L.A.) station 1 fois par se,r,aine 

- Aiadmdae (A) 

- CanJiaridae (A) 

- 3,JI,ilidae (L) 

Entomofaune ayant une 5 pots-pieges disposes au 

activite de surface centre de chaQue zone et 1 fois par se,r,aine 
- predateurs speci fiques distants les ins des autres Duree de piegeage : 

Pots pieges - predateurs polyphages de : 7 jours 
- especes phytophages - 20 m dans la parcelle T 

- especes detr i tiphages - 29 m dans les parcelles P et D 

- especes indi fferentes Les pots contiement ine solution 

saturee d' acide picriQue 

Legende 0 oeuf L larve A adulte 
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Determination des arthropodes 

Tous les arthropodes captures sont conserves dans l'alcool a 
70 %, puis identifes au laboratoire de faunistique ecologigue 
de l'INRA de Versailles. Les individus sont determines jusgu'a 
la famille, le genre, voire l'espece, en tenant compte de leur 
abohdance. 

Resu1tats 

a) Evolution des populations de pucerons (Figure 1.)

- Parcelle temoin
Les donnees rapportees concernent essentiellement s. avehae
qui etait 1'espece la plus representee sur l'essai.

Ho• b re de 
pucerons par 

ta I I e 

0 , 5 
0,4 

0,2 

0, I 

f i .Q u r e l , E v. o l u t i o n. d e 1 a p o p u 1 a t i o n d e 
Sitobion avenae cooptage visueJ )-A�PONVILLE 1984 

Parcellt t6aoin 

Parcelle traitl!e a 
la phosalone 

Parcell, traitEe 

la deltaaEthrine 

I I .� 
14 17 2425 2�,-4--2�2-2���� ... 

1
-

iJ

,._·5
--

,i
�-------,, .... 

MAI ! JU!N JUILLET 
Traitemmt 

t•examen de la figure 1. fait apparaitre trois phases : 
- une phase se prolongeant jusgu'au 7 juin ou l'on note
des �opulations tres faibles (moins de 0,1 puceron par talle)
- une phase de croissance de la population (atteignant au
maximum 3,3 pucerons par talle) : du 7 juin au 5 juiliet
(stade phenologigue •grain laiteux•),
- une phase de regression des populations de pucerons au-dela
du 5 juillet (stade phenologigue du ble �grain pateux�) qui
corrobore les observations de Latteur (1976).
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- Parcelles traitees 
La figure 1. montre netternent que les traiternents retardent 
d'environ 15 jours le developpernent des populations par rap
port a la parcelle ternoin (18 rnai - 14 juin}. Par la suite le 
profil des courbes est identique rnais il faut rernarquer que 
jusqu'au 5 juillet les niveaux de population de pucerons des 
parcelles traitees sont tres largernent inferieurs a ceux de la 
parcelle ternoin (environ 1,8 - 1,9 pucerons par talle centre 
3,3 dans le ternoin au 5 juillet). 

Il est vraisemblable que l'ecart aurait pu etre plus grand 
s'il n'etait pas tornbe 2,9 mm de pluie six heures apres les 
applications de la deltarnethrine et de la phosalone. 

Dans les trois cas, les niveaux atteints par les populations 
de pucerons sont assez bas et toujours inferieurs au seuil de 
nuisibilite (10 pucerons par epis). Ceci peut s'expliquer en 
grande partie par les conditions clirnatiques defavorables qui 
ont regne en rnai (temperature journaliere rnoyenne entre O et 
15 ° C et seulernent deux jours sans pluie}. 

A la fin de l'etude (12 juillet) les populations 
parcelles traitees sont legerernent superieures (D = 

1,7 pucerons par talle) a celles observees dans les 
ternoins (T = 1,3 pucerons par talle). 

dans les 
1,5 et P = 

parcelles 

Ces differences minirnes, de l'ordre de 0,2 a 0,4 puceron par 
talle, interviennent environ 1,5 mois apres les interventions, 
on peut avec reserve les relier, soit a une action regulatrice 
moindre de la part des auxiliaires aphidiphages dans les 
parcelles P et D, soit a une maturation plus precoce de la 
parcelle temoin la plus infestee. 

b) Ennemis naturels des pucerons

- Les hyrnenopteres aphidiides

Le parasitisme a ete evalue par denombrement de rnomies sur les 
plantes. Le pourcentage de pucerons parasites calcule corres
pond au nombre de momies (rnoyenne par talle} a la sernaine n + 
1 sur le nombre de pucerons sains (rnoyenne par talle} a la 
sernaine n. Cette methode indique un taux de parasitisrne fai
ble, aussi bien dans le ternoin que dans les parcelles trai
tees. En effet, le pourcentage le plus eleve est obtenu dans 
la parcelle deltamethrine le 12.07 et atteint 12 % seulernent. 

Cornplementairement, le 22.06, le taux de parasitisrne a ete 
evalue par dissection de 100 pucerons preleves au filet fau
choir sur la parcelle temoin. Il apparait que le parasitisrne 
mesure par cette rnethode s'eleve a 8 %, alors que par observa
tion directe de rnomies au champ, aucun parasitisrne n'avait ete 
releve. 
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Bien que l'echantillonnage soit insuffisant, il semble que 
cette methode de dissection soit plus precise que les comp
tages de momies sur la parcelle. Notons gue le parasitisme par 
microhymenopteres reste tres faible dans le Bassin parisien et 
semble insuffisant pour assurer seul, une bonne regulation des 
populations de pucerons. 

- Les predateurs essentiellement aphidiphages

Cette categorie regroupe principalement les Coccinellides, 
les Syrphides, les Chrysopides. 
Au cours de cet essai, seules les Coccinellides ont ete pre
sents en nombre suffisant pour permettre une interpretation. 

Deux especes ont ete observees sur les parcelles : surtout 
Coccinella septernpunctata L. et, dans une moindre mesure, 
Propylea quatuordecirnpunctata L. 

La figure 2. represente l'evolution de c.

comptage sur les stations de 1 m2. 
septempunctata par 

I O 0 

30 

20 

I 0 
1 
• 

1 

6 

s 

Q 

Effect if (N + I) �!.E!.!.3. 
Larves + adultes + l 

E v o I u t ion de I a pop u I at ion de Coec ine i la 
septempunctata (coaptages visuels) -
AMPONVILLE 1984 

• 
I 

I 
I 

-

Coccinella 7. punctata 
(Adultes) 

Coccinella 7. punctata 
(larves) 

Parcel le tfaoin 

� Parcelle traitfe la 
phosalone 

..__ P a r c e I I e t r a i t E e l ·1 a 
deltaoethrint 
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Les faibles populations printanieres de pucerons, deja men
tionnees, n'ont pas permis le developpement important des 
coccinelles sur les parcelles. Dans ces conditions, il s'en 
suit que les traitements , appliques le 25 mai, n'ont eu une 
incidence que sur des populations de coccinelles faibles. 
Les premiers adultes (generation hivernante) ont ete observes 
le 17 mai. 
Les deux premiers stades larvaires n'ont pu etre denombres par 
un controle visuel et il apparait que seule la parcelle non 
traitee presente une population importante de larves agees a 
la mi-juillet (118 larves/50 m 2 ). 

Cette derniere remarque peut s'expliquer par le fait que dans 
les parcelles traitees, les pucerons n'ont commence a se 
multiplier que vers la mi-juin, alors qu'ils etaient deja en 
place dans le temoin avec des populations doubles de celles 
des parcelles traitees, permettant ainsi le maintien des coc
cinelles. 

On comprend alors qu'au 12 juillet les larves de coccinelles 
ont joue un plus grand role dans la regression des populations 
de S. avenae dans le temoin. 

- Les predateurs polyphages

Cette categorie regroupe les Carabiques, les Staphylinides et 
les Araignees. Pour la plupart, les representants de ces 
groupes ont ete repertories dans les captures aux pots-pieges. 

- Evolution des captures de Carabiques
1 215 individus ont ete recoltes sur les trois parcelles de
l'essai durant la periode de suivi. Les pots-pieges ont cap
ture la majorite de l'effectif piege (pieges colores + pots
pieges) soit 99 % qui se repartit en 15 especes dont les plus
importantes sont les suivantes

- Platysma vulgare L.
- Poecilus cupreus L.

- Anchomenus dorsalis Pontpp
- Trechus quadristriatus Sehr.
- Asaphidion stierlini L.
- Metallina lampros Herbst
- Agonum mulleri Herbst

70 % 
12,5 % 

4,2 % 
3,6 % 
2,8 %

2,1 % 
1,6 % 

Ces captures correspondent aux especes communement rencontrees 
en systeme cerealier (Potts&Vickerman, 1974, Chambon, 1982, 
Chambon, 1985). 

Le traitement a la deltamethrine entraine une chute sensible, 
mais momentanee, des captures de Carabiques (Figure 3.), alors 
que la phosalone a une action moins marquee. 
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Fig 3: Evolution des populations. des 
----- Carab idae ( pot• pie g e s ) -1 A�PONVILLE 1984 
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Ces chutes traduisent avant tout la baisse des niveaux de 
population enregistree pour!'....:;_ cupreus (Figure 4o), d'A. dor
salis (Figure 5.) et d'A. stierlini (Figure 6.). En revanche, 
sur ces especes, la phosalone ne se differencie pas du. temoin. 
Les adultes de!'...:._ vulgare (Figure 7.) Bt de� quadristriatus 
(Figure 8.), quanta eux sont restes peu sensibles aux appli
cations inseticides en raison probablement d.e leur :faible 
activite lors du traitement (reproducteurs d'ete). Par ail
leurs, !'...:._ vulgare semble assez peu sensible aux insecticides 
(Emile, 1980). 



30 

... 

I 0 
• 

• 

1 
• 

• 

30 

20 

I 0 

- 233

E•ol11tio11 dt 11 populatiot1 d,Poecitus cupreue 
(col fop t, r • ,. Carabidae } (pot, pi f 9 e 1 ) -
AlltPOIVJLL£ 1184 

e--eParctllt tf•oin 

._.,P•rt�lle trait6t l lt 
pho11lont 

�parttllt tr1lt61 l la 
dtlt••fthrlnt 

'!-���-,,,.__��.._-..,""f-��,,.__-,�.�-., ..... n�n4-�,�-,-,�---· 
UI 

I 
JUU JUILLET 

traitaatnt 

[ff t C t if ( N + 1) 
total 5 pots pil911 

Evolution d, 11 posiulatlon d 1 Anchomenus dol'salis 
( Co 1, opt l rt ,Carabidoe) (pots pi i Qt s) - AltPOIY I L l( 
1984 

20 

UI I JUII 
t r Ii t tc:1 t n t 

� parctllt tt11dn 

�parcellt traitf, la 
p ho a al o t1,

a---41 ptrttllt traitft � la 
dt l taaf thf' h,t 

JUILL£T 

(ff e c t i F ( 1 + l} 
t Ota l 5 pot I pi f CJlt I 

FiJ 15: Evolution dt le population d 1 Aeaphidion 
-- - etierl.ini (Col6optlrts, Carabidae) -

ltlPOUILll 1984 

- PI r C t l) I t f I O i fl 

- P If' C e 11 t trait f I I 11 

pt! o 11 l On t 

- Par�tlle traitft li 11 
11tlt••'thrint 

't-----,,ct,--=:'l-:�-�-:--c�-,O!w---<,.__-<i:1>---- ••• 

01 JUILL[l 

trait••• n .t 



- 234 -

fig 7:Evolution de la population dePlatysma 
---- vu tgare (Co le op te re s, Carabidae) 

(pots pieges) -AMPONVILLE 1984 

�o Effectif(N+ l) 

JOO 

200 

1 0 0 
91) 
.. 

70 
'° 

50 

20 

I 0 
9 
I 
7 
6 
' 

• 

30 

20 

I 09 
I 
1 

' 

' 

• 

J 

total 5 pots piege1 

traite1ent 

�Parcel le tf1oin 

'i'---t'Parcelle traitEe 
la phosalone 

.___.Parcel le traitie 
la delta,ethrine 

21 22 21 6 12 

JUILLET 

�!.!!..! Ewlution de la population de T:r>,,chus 
quadristriatus �,lEoptoresCarabidae) 
(pots pieges) - ANPONV!LLE 1984 

Effectif (N • I) 
total 5 pots piege, 

....._.parcelle tfaoin 

+--ifpartelle traiUe 
phosalone 

I a 

-parcel le traiUe la 

21 22 Z11 

traite1ent 

delta1fthrine 

6 U 
JUILLET 

date 



- 235

- Evolution des Staphylinides
La aussi, parmi les deux techniques (pots-pieges + pieges
colores), les pots-pieges capturent la majorite de l'effectif
des Staphylinides au cours de l'essai (80 I).

Cet effectif se 
- Aleocharinae

Tachyporinae
- Oxytelinae
- Oxyporinae
- Staphylininae

repartit de 
51,5 
17,7 
14,9 

6,4 

3,3 

la maniere suivante : 
I 

SA 

I 

I 

I 

L'application de la deltamethrine a un leger effet depressif 
sur les populations globales de Staphylinides. Toutefois, 
cette difference, par rapport aux autres parcelles, s'estompe 
trois semaines apres traitement (Figure 9.) 

Evolution des populations de Staphytinidae 
(pots pdges) - UPONVJLlE 1984 
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Au niveau specifique, seules les donnees concernant Tachyporus 
hypnoruin rnontrent une chute sensible, mais mornentanee, des 
captures apres traiternent a la deltarnethrine (Figure 10.). 
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11 faut noter que ces chutes de populations liees a la delta
rnethrine durent 28 jours environ. Il est vraisernblable que ce 
temps est lie a la surface traitee et au pouvoir de recoloni
sation des especes concernees. 

- Evolution des captures d'Araignees
Les pots-pieges ont permis de capturer 97 I de l'effectif
total piege des Araignees sur l'essai.
34 especes ont ete denombrees, appartenant a 11 families dont
les Erigonidae et les Lyniphiidae constituent les deux farnil
les preponderantes.
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Cinq especes ont ete capturees en nombre important 
captures totales des pots-pieges du temoin) 
- Erigonidae:

Erigone atra (Blackwall)
Oedothorax apicatus (Blackwall)

- Lyniphiidae :
Leptyphantes tenuis (Blackwall)
Porrhorruna microphthalmum (O.P. Cambridge)

- Lycosidae
Pardosa prativaga (L. Koch)

11,26 % 
44,63 % 

9,40 % 
2,38 % 

7,15 % 

( 74 % des 

Les seules especes en nombre important au moment des traite
ments sont Q...:._ apicatus et� atra. 
Les captures ont chute dans les trois parcelles apres la date 
de traitement. Toutefois, un effet frein sur les population� 
globales est observe suite a !'application de la deltamethrine 
( Figure 11.). 

5 0 

40 

30 

20 

1 0 

s 

4 

3 

�i.L.!..!. :Evolution des populations d'Araignees 

(pots pieges) - AHPONVILLE 1984 

effectif {N+l) 
Araig.nee·s: adultes + 
i;m-atures total 
5 p O t s 

-- parcel le temoin 

� parcel le traitee a la 
phosalone 

�parcel le traitee a la 
deltamethrine 

ti-����-,'-7
�-2.J4

+--:30��--:,�-:,;;4;'-�--:2;;;,�2;;-z--:2;!a-t"�-:.6��,;-2��-+ c1.te 

MA I JU I N JUILLET 
traitement 



50 

llJ 

211 

I 0 
9 
8 
1 

' 

• 

J 

so 

"° 

llJ 

20 

I 0 

' 

I 
1 

' 

i 

• 

I 

- 238 -

Evolution de la population d 'Oedot horax 
apicatus (Arai gne es Erigonidae) ( pot. 
pieges) - UPONVILLE 1984 
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Evolution de la population de Pa1'dosap1'ativaga 
(�raignees, Lycosidae)( p ots pieges) ANPONYILLE 
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III - CONCLUSION 

En France, les surfaces de cereales traitees avec un insecti
cide a l'automne et au printemps ont quintuple en quatre ans, 
passant de 600 OOO a 2 700 OOO ha. 

Cette augmentation ne s'explique pas seulement par une recru
descence des ravageurs existants ou nouveaux, mais aussi par 
de nombreux traitements dits •d 1 assurance". Ceux-ci sont sou
vent appliques tot par rapport au developpement des ravageurs 
et, des lors, on peut s'interroger sur la perturbation de la 
regulation naturelle qu'il peuvent induire. 
Il apparait done necessaire de mieux connaitre l'incidence de 
ces applications d'insecticides sur la biocenose, particulie
rement au printemps, periode d'activite importante pour bon 
nombre d'insectes. 

Cette experimentation lourde, necessitant le concours de spe
cialistes pour les determinations, confirme la richesse de la 
biocenose cerealiere, deja etablie par des travaux concernant 
le meme theme (Chambon, 1982). 
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Les resultats, obtenus par comparaison des parcelles, permet
tent de conclure sur certains effets marques de la deltarne
thrine, en particulier sur les Carabiques : Poecilus cupreus, 
Anchomenus dorsalis, Asaphidion stierlini ; les Staphylinides 
Tachyporus hypnorum: et les Arachnides : Oedothorax apicatus, 
Erigone atra, Pardosa prativaga. 

Ces donnees confirment les conclusions de Basedow et al. 
(1985) qui mettent en avant, pour des traitements a l'epiai
son, l'incidence de la deltarnethrine sur les staphylinides et 
les Lyniphides et les completent en ce qui concerne diverses 
especes de Carabiques. 

L'action de la deltarnethrine , dans cet essai, reste peu marquee et 
toujours au-dessus de celle de la phosalone pour la plupart 
des groupes consideres. 
Dans tous les cas, les chutes de populations observees sont de 
courte duree (au maximum un mois). Il reste a determiner la 
cause de ces diminutions d'activite de certains taxons. En 
effet, celles-ci peuvent etre dues � soit a une mortalite ? 
soit a un effet de fuite ou de repulsion 7 

En ce qui concerne les pucerons, il apparait que les deux pro
duits, en application precoce, montrent une efficacite a peu 
pres equivalente. 

Il faut encore signaler, qu'au cours de cette etude, malgre 
l'incidence des traitements avec la phosalone et surtout la 
deltamethrine sur les Carabiques, les Staphylinides et les 
Araignees, nous n'avons pas constate la pullulation des puce
rons des cereales dans les parcelles traitees. 
En effet, les populations de s. avenae, en particulier, y sont 
restees inferieures a celles�otees dans la parcelle temoin. 
Rappelons encore que dans toutes les parcelles, les popula
tions ont toujours ete largement en dessous des seuils de 
nuisibilite. 

Il reste enfin, que pour un bon nombre d'especes d'arthropodes 
l'absence de repetition, l'imprecision liee a certaines tech
niques d'observations ou de prelevements ou encore les varia
tions d'activite inherentes aux variations climatiques ou au 
rythme nycthemeral de certaines especes ne permettent d'avan
cer que des hypotheses a confirmer. Dans cette presentation, 
seuls les groupes ou les especes ayant ete fortement marques 
par les traitements ou etant en nombre suffisant, ont fait 
l'objet de discussions. 

Les methodologies doivent etre precisees, notamment pour defi
nir les tailles d'echantillons, limiter les o·bservations a 
quelques taxons indicateurs, determiner avec precision les 
periodes et les sites d'activite de certains arthropodes. 
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SUMMARY 

The trial set up in 1984, in collaboration between ITCF, INRA 
and ACTA, permitted the catches of 80 OOO arthropods. Four 
technics were used : pitfall traps, coloured traps, sweeping 
net and vacuum •o-vac•. The number of arthropods collected 
with pitfall and coloured traps was higher than 71 OOO. Only 
some results of pitfall traps and visual control are discussed 
in this paper. 

This trial, give us good indications on the effects of treat
ments on arthropods (deltamethrin, phosalone). Deltamethrin 
seems to be more toxic than phosalone. The treatments induce 
changes on the evolution of aphids populations levels which 
are higher in control plot. On a great number of group of 
arthropods this toxicity has a short term effect (2-3 weeks). 
Meanwhile for Coccinella septempunctata, this toxicity seems 
to suppress, a whole generation. 

BIBLIOGRAPHIE 

BASEDOW T., RZEHAK M. et VOSS K., 1985 : Studies on the effect 
of deltamethrin sprays on the numbers of epigeal predatory 
arhtropods occuring in arable fields. Pesticides science, 
1985, 16, 325-331. 

CHAMBON J.P., 1982 : Recherches sur les biocenoses cerealieres 
I. Incidence a long terme des rotations ma1s-ble sur les
niveaux des populations d'insectes ravageurs. Agronomie, 1982,
2 (4), 373-378.

CHAMBON J.P., 1982 : Recherches sur les biocenoses cerealieres 
II. Incidence des interventions insecticides sur les compo
sants de l'entomofaune. Agronomie, 1982, 2 (5), 405-416.

CHAMBON J.P., 1985 : Recherches sur les biocenoses cerealieres 
IV. Les predateurs polyphages dans la region parisienne.
Def. des vegetaux N ° 236 (Nov. Dec.) 1-10.



- 242 -

EMILE J.C., 1981 : La faune carabique des terres agricoles de 
Lorraine. Cas particulier d'Amara ovata F. et Amara simila
ta G. These Institut national polytechnique de Lorraine, 158 
pages. 

LATTEUR G., 1971 : Evolution des populations aphidiennes sur 
froment d'hiver. Med. fakulteit. Landbouweterochappen Gent, 
36, 3/4, 928-939. 

LATTEUR G. 1976 : Les pucerons des cereales : biologie, nuis
ance, ennemis. Memoire n ° 3, Centre de recherches agronomiques 
de l'Etat. Station de Zoologie appliquee Gembloux, fascicule 
1 74, fascicule 2. 

POTTS G.R., VICKERMAN G.P., 1974 : Studies on the cereals 
ecosystem. Advances in ecological research, 8, 107-197. 




