
IOBC 
WPRS 

OILB 
SROP 

GROUPE D'ETUDE 

" PROGNOSE ET LUTTE INTEGREE CONTRE 

LES NOCTUELLES MIGRANTES • 

COMPTE - RENDU DE LA 2e REUNION A 

PRILEP ( YOUGOSLAVIE ), 5 - 7 Avril 1989 

STUDY GROUP 

• PROGNOSIS AND INTEGRATED CONTROL

AGAINST MIGRANT NOCTUIDS • 

PROCEEDINGS OF THE 2nd MEETING AT 

PRILEP ( JUGOSLAVIA ) , 5 - 7 April 19 8 9 

BULLETIN SROP 
1990 /XIII/ 3 

WPRS BULLETIN 



I 

INTRODUCTION 

Le groupe d'etude "Prognose et Jutte integree contre Jes Noctuelles 

migrantes" a ete agree par le Conseil de l'OILB/SROP en Octobre 1986. 

Des reunions informelles avaient prealablement eu lieu en 1985 (Cordoba, 

Espagne) et en 1986 (A vignon, France). 

Le principal objectif recherche, a l'origine de sa constitution, est 

une cooperation destinee a !'acquisition d'une meilleure connaissance de 

la biologie de trois noctuelles presentant des tendances migratoires diffe

rentes : Agrotis ipsilon Hfn., Agrotis segetum D. et S., Helicoverpa armige

ra Hb., avec pour realisation commune essentielle la mise en place d'un 

reseau international de piegeage sexuel destine a comparer Jes fluctuations 

des populations a differentes latitudes et longitudes. Simultanement, des 

observations biologiques complementaires en differents lieux ont ete envisa

gees. 

La premiere reunion officielle du groupe a eu lieu en 1987 a Evora 

(Portugal). Elle a permis de completer le dispositif de piegeage debute 

en 1986 pour H. armigera, de structurer le reseau pour A. ipsilon dont 

le piegeage a commence cette meme annee, de decider de la realisation 

du piegeage de A. segetum pour 1988. Pour le groupe, l'activite de piegeage 

est prevue jusqu'en 1991 afin d'etre en possession de 4 a 5 annees comple

tes de piegeage selon l'espece consideree. Huit pays (Espagne, France, 

Grece, Italie, Maroc, Portugal, Suisse, Yougoslavie), representant 13 lieux 

de piegeage, toutes especes confondues, participent actuellement a cette 

operation. 

Les communications ici presentees concernent la seconde reunion 

officielle du groupe qui a eu lieu a Prilep (Yougoslavie). 

Elle a rassemble 17 participants (Bulgarie, 2 ; Espagne, 3 ; France, 2 ; 

Grece, I ; Portugal, 2 ; Suisse, 1 ; USA, 1 ; Yougoslavie, 5). 24 communica

tions y ont ete presentees dont 22 sont ici resumees. 

Toutes ces communications concernent Jes 3 especes considerees 

sauf une qui traite du piegeage sexuel de Mythimna unipuncta Haw., espece 

susceptible d'effectuer des migratrions, non prise en consideration dans 

notre action. Quatorze d'entre elles traitent des resultats de piegeage, 
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obtenus ou non dans le cadre du reseau constitue, huit concernent la biolo

gie, les infestations et la Jutte. Les manuscrits qui nous sont parvenus 

alors que leurs auteurs n'ont pu, au dernier moment, participer a la reunion, 

ont fait l'objet d'une presentation succincte en seance et sont inseres 

dans ce bulletin. 

La reunion s'est tenue a l'Institut du Tabac de Prilep. Nous remercions 

M. L.J. VASILEV, Chef du Departernent de Protection du Tabac qui, entou

re d'un cornite place sous sa presidence, a assure la responsabilite de 

!'organisation de cette reunion. 

Nous remercions aussl l' Association des Sciences et d' Art de l'Institut 

du Tabac de Prilep pour sa contribution determinante a l'accueil qui nous 

a ete dispense et egalement tous ceux qui, a titre divers, y ont participe. 

Le Responsable du Groupe 

S.H. POITOUT 
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PHENOLOGY OF Heliothis armigera, Agrotis segetum AND 

Agrotis ipsilon IN THE BADAJOZ AREA (SPAIN). YEARS 1987 & 1988 

SUMMARY 

J.M. BARREIRO-GARCIA and R. ORTIZ-GARCIA

Hispareco S.A., Apartado 435. 06080 Badajoz. Spain

The phenology of H. armigera, A. segetum and A. ipsilon has been 

studied with light traps in 1987 and 1988 in the farming area of "Las 

Vegas Bajas", in the province of Badajoz (Spain). Catches of H, armigera 

with pheromone have also been studied. 

INTRODUCTION 

Studies on phenology of Noctuidae are being carried out in the Badajoz 

area, with the aid of light traps that are continuously working throughout 

the year. The traps are placed in Villafranco de! Guadiana, belonging 

to the farming zone of "Las Vegas Bajas" in the province of Badajoz South 

West of Spain). Field corn and tomatoes for processing are the most represen

tative crops in this area. Following the agreement at the IOBC meeting 

of 1987 in Evora, the efficacy of pheromone traps for Heliothis armigera 

was evaluated as opposed to light traps during 1987 and 1988. Moe rover, 

the flight curves of Agrotis segetum and A. ipsilon are presented in order 

to be considered in conjunction with other research data to establish the 

phenology and migration pattern of both species in the Mediterranean area. 

MATERIALS AND METHODS 

LIGHT TRAPS 

Two light traps, named "2-T" and "M", have been used in this trial. 

The traps were built following the model proposed by FALCON et al. 

(1967), and are situated in the farm of the Nestle Research Center (HISPARECO 

S.A.) at different heights (5 and 2 m respectively) and with obstacles

between them to avoid interferences. Their attractants are a F 18T8/BLB

lamp (300-400 nm) in trap "2-T" and a HQL-250 W lamp (400-700 nm)

in trap "M", and for each species we chose the trap with the most favourable

data. Light trap catches of Heliothis armigera, Agrotis segetum and �

ipsilon have been recorded daily for this study, and these data were totaled

weekly to determine their flight curves.

PHEROMONE TRAPS

A pheromone trap for Heliothis armigera was supplied by Dr. BUES 

in 1987 after the IOBC meeting. As soon as we received this trap, it 
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was placed in a tomato field in our area ; catches were recorded daily 

from 10 July to 27 August and totaled weekly. In 1988 the INRA provided 

us with pheromone capsules and a new trap. Both were placed in tomato 

fields, and counts were made weekly from I 9 May to 5 July (traps were 

lost at this date). At the same time the presence of eggs of H. armigera 

was recorded by removing leaflets from the tomato plants. 

RESULTS ANO DISCUSSION 

Heliothis armigera : The phenology of H. armigera in our area was studied 

with light trap "M". In I 987 (fig. 1) it was flying continously from the 

end of April to the beginning of November, with peaks in the 26th week 

of the year (23 to 29 June), the 28th (7 to 13 July), the 30th (21 to 27 July), 

the 34th (18 to 24 August) and the 38th (15 to 21 September). A few isolated 

moths were caught in the second fortnight of February. In 1988 (Fig. 

2), the trend was similar although a delay in the evolution was noticed, 

due perhaps to an unusual rainfall in the period between June the 6th 

and July the 7th (115.9 mm). The peaks were in the 28 th week (12 to 

18 July), the 31st (2 to 8 August), the 33rd (16 to 22 August) and the 

36th (6 to 12 September). Isolated moths were trapped in the second fortnight 

of February. Cateles from the last weeks of this year are being monitored 

at this moment. 

Pheromone trap data gave us a clearer indication of the status of 

the pest in a given field (Tables n° l & 2). During both years maximum 

flights were recorded at the tomato flowering period, when the greatest 

number of eggs was found. A Jack of correlation was found between pheromone 

trap catches and egg counts at the end of the control period of 1988. 

This could be explained by the heavy rainfall, which clearly disturbed 

trapping but had no influence in delaying oviposition. There was no rain 

in 1987. 

Agrotis segetum p. & S. : Phenology of A. segetum was followed using 

light trap "2-T". In 1987 (fig. 3), A. segetum could be found continuously 

from January to the end of September, with an important peak' in March. 

Some isolated catches were made at the beginning of November and the 

second fortnight of December. In the control period of 1988 (1st of January 

to the beginning of October) the flight intensity was lower than in 1987, 

with no large peaks and with a lack of catches in the first three weeks 

of May (Fig. 4). 

Agrotis ipsilon Hfn. The phenology of A. ipsilon was followed using light 



3 

trap "M". This species was trapped in 1987 from January to the first 

fortnight of May, and from September to December (Fig. 5). 

Continuous flight was detected during the period of capture in 1988 

(January to September), with no interruption during the summer period (Fig. 6). 

Table no. 1. - Phenology of l!e.l ioth is a_rmi ge ra i 11 J <1 n-1 

WEEK 

I 20 
I 29 
I 3o 
I 31 
I � 32 
I 33 
I 34 

----
T

------------
1
�----------------------- ----- ----

1 DAI[ I rr I_ 
lr;ipp•d mn

;"��
ek 

--- -

i l i Light trap 
I 

i'h•, n1n<J11• ,

1 I 1 _ _______ 1 ___________ ----- - --- -

I Ju I y 7 - 13 I F G I I JI, I 
\ 11 11, - 20 I GI - F I 8 111 \ 
I 11 21 - 27 I G - r I 75 I 
\ 28.07 - 03.08 \ G - F I 18 \ I Aug. 8 10 I G n \ IA ri \ 
I 11 11 11 I n G I v, ,, I 
\ 11 18 - 2 4 __ I _ _ri_ ____ �_ __ I ______ }__ 7___ _ 0 I 

,, ... r••'•'· I r11 
I fl'i I I �IJ I', 

11 

II 

IJ 

IJ 

II 

TF: Tomato phenology (F=flower; Gl=small green fruits; 
G=green fruits ; R=red fruits) 

Table no. 2.- Phenology of !L_ armigera in 1988 

WEEK 
I DATE 
I 
I 

21 I May 17-23 
22 I II 24-30 
23 I 31.05- 6.06 
24 I June 7-13 
25 I II 14-20 
26 I II 21-27 
27 I 28.06-4.07 
28 I July 5. 11 

- -i----- ,---
f ![ I O IJO 

I _RAIN I LI Gill 
I (mm) I lRAI' 

I 
I If . I ,., ... I -

1 

I r;j.�: 
I I ( 1 l I I ( 2 l I ( 3 l 
r=-1-1 T os --T-4 --- , 

-
- o -

I 2 I 6 I 0-F I 15 I 3 - I 
I - I 2 I F I 36 I 0 
I 43 I 3 I r I_;[ I 31 I f) 

I 38 I I Gl-f I 10 I 0 

I 13 I I G f I I ? . I 
I g I 12 I G F I (I I II 

I 12 I 78 I G R _ l __ - _I ? . I 

I r 111 " 1: 0 

I 
I 

--
I I II f'lp·r . f"T 

I I (t) I r q -,r- ------i-
11 r 11 

I r GI I I ,, . ? 
\ 1; I f I I I. I 
I "! I I 
\r; I I n I IJ 

I G I I 0 I I.'• 

I r; n I II I -i_ I 
\r; ll I I I. I 

(1) lveekly catches in Light Trc1p

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

TF: Tomato phenology 
(as in Table 1) 
(Di="i" number of 

leaves)·· 

( 2) " " Pheromone Trap 
(3) No. of eggs/100 plants

Pher.= catches in pheromone trap 
Eggs = no. of eggs/100 plants 

REFERENCE 

FALCON, LA., BAUER, W.R., OKUMURA, G.T., BURTON, V.E. and VAN DEN 

BOSCH, R. (1967). Light Traps and Moth Identification. California Agricultural 

Extension Service. Division of Agricultural Sciences. University of California. 

6 pp. 
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PHENOLOGY OF HELIOTHIS ARMIGERA ; AGROTIS IPSILON 

AND A. SEGETUM IN SOUTHERN SPAIN 

T. CABELLO and P. VARGAS

Servicio de lnvestigacion Agraria - Junta de Andalucia - Spain 

SUMMARY 

Male individuals of these Noctuids were caught with pheromone 

traps in Cordoba and Granada (southern Spain). Relationship of flight 

activity and accumulated degree-day value in both locations seems to 

indicate that, in H. armigera and A. ipsilon, first peak of captures is 

due to migratory moths coming from the African continent, rather than 

to autochtonous individuals which appear later and depend on local climatic 

conditions. 

INTRODUCTION 

Heliothis armigera, Agrotis ipsilon and A. segetum, with their polypha

gous habits, migrational capability and ability to develop several generations 

a year, are considered among the major pests of Spanish agriculture. 

The problems caused by these species and particularly by Heliothis 

can be serious in the South of the country where most of the economically 

important crops grow on artificially irrigated lands. High temperature 

and humidity and the availability of bridge crops allow this species to 

cause great losses. 

Biological control seems to be a good alternative or complementary 

measure to chemical methods but, whatever means are used, knowledge 

of population dynamics is regarded as a key factor in control programs. 

In relation to this topic, POITOUT (Cordoba, 1985. Pers. corn.) proposed 

that the first adults of H. armigera observed each year in southern Spain 

might not be a first autochtonous generation but an incoming flight of 

African individuals. To a great extent, the present work has been conducted 

to study this possibility. 

MATERIALS AND METHODS 

In Cordoba, we used pheromone traps as provided by INRA (France). 

There, we placed two traps for Heliothis, one in alfalfa and one between 

cotton and tomato crops. For Agrotis we had two for A. ipsilon, one between 

tomato and cotton and one in alfalfa. For A. segetum we had one between 

tomato and one between cotton. Catches were started in May 1987 for 
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Tab) e I. FLIGIIT-TEMPERATURE RELATIOHSIIIPS FOR II. ARMIGERA. 
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Tabla 2. FLIGHT-TEMPERATURE RELATIDNSIIIPS fOR A. ll'SlLOtl. 

AREA FLIGHT DATE Of PEAK PERCENT. Of CATClt. ACCUH. OF.CREE IMYS( •) 

ber.. March 0.0 c;o 

II mid. May fi.O 27(, 

II l mid. June 6.J 4:10 

IV be1:. July 5.0 5�1(1 

C6rdoba V mid. July 5.8 670 
VI ber,. AuP,. 7.J !170 

VII be,:. Sep. J.7 ll 00 

VIII mid. Oct. 2.J JJr,n 

IX mid. Nov. J.0 1•711 

b,:,�. Fr.b. ]. 7 11 

ll end March 9.6 �)U 

Ill mid. Apri 1 6.1 1•2 

Granada IV end May •.a 2GG 

V mid. June 7.9 '1]0 
Vl bcr.• Sep. 0.7 lQ�,? 
Vil entJ Nov. 0.7 J :ll �) 

(.) Base 1o·c. 
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Heliothis and A. ipsilon and in April 1988 for A. segetum (As pheromones 

became available). 

In Granada, the pheromone traps were of the type and lure sold 

by Aragonesas Co. There we had six traps, two for each species, all placed 

in Alfalfa. Catches were started in April 1986 for Agrotis and two months 

later for Heliothis. 
-----

Traps were visited daily (Except Saturdays and Sundays) and the 

number of caught individuals recorded. The value of the cumulative degree

day records were obtained following formulas (ANONYMOUS, 1983) for 

15° C. in Heliothis (POITOUT and BUES, 1979) and I 0° C. for Agrotis 

segetum (BUES and POITOUT, 1986) and A. ipsilon (FOSTER and GAYLOR, 

1986). 

H. armigera hibernates as a pupa (CAYROL, 1972), and thereby 

may be present as an autochtonous populations, though migration also 

occurs (POITOUT, 1985. Pers. corn.). A period of 34-91 days at 22° is 

considered necessary for these pupae to leave diapause (HACKETT and 

GATEHOUSE, 1982) which means 119-318 degree-days with the 15° base. 

The first peak of catches was obtained in mid-May, with 123 degree-days 

in Cordoba and two weeks earlier, with only 81 in Granada. Since November 

and December have negligible degree-day values at 15° base, we can assu

me that these first adults belong to migratory flights coming from warmer 

areas, possibly the African continent. The first autochtonous generation 

should appear later from hibernating pupae. That H. armigera shows up 

earlier in Granada, which is colder than Cordoba, is probably due to the 

closer position of that province to North Africa or to its lying along the 

path for the moth migration. 

A. ipsilon is considered a migratory species (CAYROL, 1972). According

to our data (Fig. 2), catches started one month earlier in Granada, with 

lower temperatures than in Cordoba. In the field, 142 degree-days are 

necessary for winter-spring pupae to develop adults (CABELLO, 1987. 

unpubl.). With a daily degree-day value of nearly zero in the last two 

months of the year in both provinces and cumulative values of 60 and 

33 for Cordoba and Granada respectively when catches started, we reach 

the conclusion that these first catches are the results of migratory flights 

which (for similar reasons as those expressed for Heliothis) reach Granada 

earlier than Cordoba. 

A. segetum is a sedentary species that hibernates as larvae of different

stages. Fig. 3 shows that the cold climate of Granada negatively affected 
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cur catches which almost finished in August, whereas in .Cordol:,a'\weiliad 
peaks as Jate as in October-. 
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ADULT FLIGHTS OF Helialhis armi.gera IN PORTUGAL 

5Ufll..MAR.Y 

Filomena MAR.TINS 

Centro INlaciona.l de Protecyw da lPRJducao Agricola 

(CINIPPA), INIIA, 2730 Oeiras,, Portugal 

In separated ficlds of tomato for pnx:essing, mtreated f*)ts were 

left during trials designm 1D as.sess effiicacy of insecticides to co,ntroH 

Heliothis armugera. an impoctant pest m P9rtugal. Light (i982-J.9M} and 

llf'leromcme O �85-l ';187) traps were set wp iraearby m onta- to detenmtine 

occwrence of adult flight of 1lllie insect Olll the basis of adult catches. 

Dur-ing the same peri®tl,, data on tomato infe:itatia!J by H. armigera wrer-e 

obtainm iii ·!hose llJ!!11!reatedi plots. A llxie:ff discus5ion points out 1he existen

= of two .mutt flights am!! SOmEtimes 1lhe hegiimuimg of a third !Jliiglhlt 

IN'!R.ODUCTION 

Tomato is m1 �t CTilp iin Portlllgal both as a fie.ud aoo! a p-otected 

aop, and IRliothis amaigera Hb. is surely 1the most import.ault tpestt: iin 

ttne fielcll sms.tion. II.est mmato gromn m 1lllie :fffielkll iis fur processimng,, arool 

pesticide treatments,, are l!IDlfl!lnlaly uJ5ed against 1l!Biis pest. 

Considermg 1he situation in Port1Jlgal,, mum 'lmkik: in rellatMllli m the 

control of H. armigera lhas lbeem <brne (]1111 1tl!ne tu5e of m.ser:tt:iiclicfes. F« �lie 

� in the officiiall serwiices llinlked 'Q'iitl!B 1tl!n.?: biI@�ll ewalhwattm of 

imecticides (Diwiliao Co1!Jrnrollo clLe Fragas e Doencas of CNPPA) be1ttter 

� of lbiiioecollcgiicall ommdlii1t:iioau of the imecU: !has lheaT; clll1 iimpac'"-

1tamtt obj«.tiif m cr-clleir 1llm mnmprowe OMllttlroJl of 1ll!ne gieslt.. Thw5; lkrrr,miv� 

of 1t!lte adult fliight, fiirst: �ittin liiglhl1t 1lrap5 .inll Bater wiitlrn �� lha,s 

IIIec:omme a � tooil iirn 1ll!niis regair«ll.. Fiielkll 1!riialls Jfm- �af e:ialhwatm 

of iime...."1tiiciides lha1ve prowiirlled 1lftne lbasiis of 1tllniis «libljjectiiwe.. 

This pap.er- iis a irew� olf �tmnlS to *1telrmiil1le ;;dwitt � 

of H. am�a.. A1t 1tlhie SiB111111e 11:iime iindfesttatii<mnsi Ill� iim 1tlhie 1tOll!ma� 

will Jbe �� wii1!lhi .mwllt cca1tclhes.. 

Thus; s1tllJldlw 'IWo1l5 carriietll «lll!1t iim ftlieilm\$ lf« l!ffllll!lilJICttiiimm of 1bllm.R� lf« 

pnx:� � ll!m � 1lltne filiellrll 1l!riialis '&)',ere 21t wp � m

«fliij[jfeireimtr <lllb>jjed:iiwes,, l!1lillllllfeil:w fwr � ewalll!llill11:imi ((� 1!41> a ram� 



13 

plot design) ; in any case untreated plots (control) were left within the 

area of the trial. 

Field trials were located at Alvalade-Sado (1982 to 1986), Pegoes 

(1985), Almeirim (1986) and Benavente (1987), south of the river Tagus 

within important areas where tomatos are grown. 

Adults catches - Adults were captured from 1982 to 1984 using a light 

trap. During the 1985-1987 period, sex-lure traps (one per field) were 

used. INRA pheromones were provided and replaced every month. 

Sex-lure traps were especially constructed based on the Noctuidae 

type. The pheromone rubber dispenser was hung under a cover fixed about 

3 cm above a plastic funnel. Adults were collected in a plastic box, containing 

a dichlorvos insecticide bar fixed at the bottom of the funnel. 

Traps were in place from May-June until September-October, depending 

on development of the tomato crop. 

Adults were generally collected every day from the light trap, and counted. 

The catches from the sex-lure traps were collected weekly and counted. 

The graphs of adult flights were made on the basis of the weekly 

catches. 

Tomato infestation - The tomato infestation observations during the same 

period (1982-1987) of adult trapping started when the first tomato fruits 

were present on the plants. 

Net plot size for the observations varied from one year to another. 

Usually two to four lines of plants (2 to 26.5 m in length) were observed 

except during 1984 when only one 2 m line was considered. 

In four to six untreated plots, a sample of 100 fruits randomly chosen 

per plot was observed and the number of damaged tomatoes was recorded. 

This type of observations was made throughout the period of development 

of the crop. 

At harvest, when possible, observations were made to assess damage. 

Depending on harvest procedure, one or more observations were carried 

out at different times. Generally, all the tomatoes picked from each plot 

were observed. In the 1983 trial (Alvalade-Sado), only 100 tomatoes per 

plot were considered and in the 1987 trial (Benavente), each plot was 

only represented by the tomatoes collected from 2 x 2 m lines of plants. 

The mean percentages of damages tomatoes were obtained from obser

vation data from the different plots. 
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RESULTS AND DISCUSSION 

Adult catches - Fig. I and 3 show adult flights at the different sites 

and years on the basis of the light and sex-lure trap catches, respectively. 

The first catches generally occurred during June, although some of 

them were later, during the first half of July. The last catches were during 

October. 

During 1986 very low catches were recorded at two different places : 

Alvalade (see Fig. 1) and Almeirim. At this latter trap, almost no catches 

were observed. The relatively isolated tomato field and the treatment 

pressure on it might account for this situation too. 

Tomato infestation - Evolution of the level of tomato infestation given 

by the mean percentages of damaged fruits throughout the development 

of the crop and at harvest is shown in Fig. 2 and 4. 

The first infestations with damage of the fruits were generally recorded 

during July. 

At Alvalade the maximum values of infestation in the tomatoes observed 

on the plants varied between 4.5 % and 7 .5 %. At Pegoes and Benevente 

13 % was recorded. The values observed at harvest varied between 2 % 

(1985) and 11 % (1983) at Alvalade, with 5 % at Benavente (1987). 

This study had two constraints on interpretation and discussion of 

the results and on eventual conclusions. First, the tomato fields were 

generally treated against H. armigera ; second, observations were made in 

comparatively small untreated plots. 

Considering these limitations and incorporating some published data 

on the period of larval development (2, 3) or the whole g�neration (1, 

4) along with other observations outside the scope of my field work, one 

can eventually assume that H. armigera showed two generations at Alvalade. 

In some years with particularly favorable climatic conditions, a third 

flight might start from the middle of September onwards but without 

importance in relation to the crop. From the data shown, it is more diffi

cult to elaborate on the situation at the other places. Nevertheless some 

other observations on egg laying at Benavente (1987), not yet published, 

could indicate the beginning of a third flight. 
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RESULTATS DU PIEGEAGE AU PHEROMONE D' Agrotis ips ilon HUFNAGEL 
ET DE Helicoverpa armlgera HUBNER EN SUISSE ROMANDE DE 1987 A 1988 

J. FREULER
Station federnle de recherches agronomiques 

de Changlns, Cll-1260 Nyon 

1. Agrotis ipsilon 
1.1 Reseau OILB/SROP

Les postes de piegeage rattaches au reseau OILB/SROP concernent les 
trois emplacements suivants : Changins (VD), Yverdon (VD) et Chateauneuf 
{VS) ou deux pieges a eau du type BUES (!NRA), charges d' une capsule de phe
romone de provenance fram;:aise (!NRA) ou Suisse (FAW) renouvelee chaque mois 
et distants de 20-30 m, ont ete releves une fois par semaine. 

La pose des �ots a eu lieu entre le 29 mars et le 5 avril et la fin du 
piegeage entre le 2 et le 30 novembre l Changlns, entre le 28 septembre et 
le 12 octobre a Yverdon et entre le 12 octobre et le 18 novcmbre l Cluitcau· 
neuf. 

Les histogramrnes des vols groupant les captures dans les dcux pieges 
d'un poste apparaissent dans les fig. 1-5. 

A Changins, le vol s' etale en 1987 du ]./1 avril au 2 novembre avec u11 
maximwn le 22 juin (30 papillons). 11 est plus court en 1988 (du 21 avril 
au 25 aout) et beaucoup rnoins intense (maximum 11 papillons le 5 mai). 

A Yverdon, les vols sout plus courts et plus faibles qu'il Chn11gi11s. 011 
note une absence quasi totale de pnpillons aux mols de juin et de juillct 
1988. 

A Chateauneuf, le vol est faible et commence seulement tardivement 
(23 juin). (L' act:ivite du parillon chute en 1988 et devient sporadique: 
5 individus captures clans 2 pieges entre le 5 aout et le 8 septembre). 

1.2 Comparaison de types de piege et de capsules de differentes provenan
ces 

Les types de p1eges testes sont le piege a eau du type BUES ( I t!RA, 
imitation RAC), le piege a glu triangulaire du type ARN (FI\\J) et le piege 
l cone du type TSITSIPIS. Deux capsules, l' une de provenance fraw;aise 
(!NRA) et l' autre suisse (FAW), ont egalement ete cornparees. 

Les resultats de ces experiences, toutes conduites ·a Yverdon, sont re· 
swnes dans le Tab. 1. 1: appreciation a ete faite sur la base du test Chi2 

avec P � 0.05. 

Annee 

1987 

1988 

1987 

1 987 

Tab. : Comparaison des types de pieges et de capsules 

1'ypes de pieges 
. compares 

eau/glu 
eau/glu 
eau/cone 
eau/eau 

Origine des capsules Total des 
comparees captures 

FAW/FAW 67/38 
FAW/FAW 36/36 

INRA/INRA 25/1 6 
IN RA/FAW 43/67 

Chi 2 
calcule 

7,467 
0 

1 , 561 
4,809 
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Fig . 1. Captures de males I:!,. ipsilon dans deux pieges a eau munis de phero
mone, Changins 1987. 
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�- i11silon dans deux pieges a eau munis de phe-

Ces resultats sont quelque peu contredits par lPs observations nu 
Tessin en 1987 et en 1988 et en Savoie en 1988 o� le piege a glu du type 
ARN ou INRA est meilleur que le piege a eau (R. Brunetti et J.-M. Nnvnrro, 
comm. pers.). En France voisine, la capsule INRA semble en outre plus at
tractive que celle de la FAW (Suisse). 

11 semble difficile en l' etat actuel des connaissances de pouvoir .se 
prononcer sur le type de piege a choisir pour un vaste rese-nu de piegC'np,c. 
On peut neamnoins admettre que la surface active de glu serait i11suffisan
te pour une cadence de releve une fois par semaine lors de vols plus impor
tants qu'en 1987. Le piege a eau est de ce fait une solution interessante 
pour les regions temperees et pourrait eventuellement etre remplace pnr le 
piege a c6ne dans les zones arides si davantage de donri6es comparntives 
prouvant l'egalite avec le piege a eau peuvent etre apportees. 

Le piege a glu a toute sa raison d'etre lors de besoin d' i11sectes vi
vants utilises pour des etudes genetiques (c'est-a-dire analyse par electro
phorese). 
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Fig. 3. Captures de miles A. ipsilon dans deux pieges a eau munis de
pheromone, Yverdon 1987. 
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Fig. 4. Captures de miles 6. ipsilon dans deux pieges a eau munis de 
pheromone, Yverdon 1988. 
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Fig. 5. Captures de miles 6. ipsilon dans deux pieges a eau munis de 
pheromone, Chiteauneuf 1987. 
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2. Helicoverpa armigera

Un seul poste se trouve a Changins conduit de la meme maniere que ceux
d' a. ips ilon. 

Les histogranunes des .vols apparaissent dans les fig. 6 et 7. Une tres 
breve apparition s'est produite en 1987 vers fin septernbre et debut octobre. 
Contrairernent a 6_. ipsilon, l'activite se renforce en 1988, ou les premiers 
exernplaires arrivent deja vers fin aout. 
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mai 
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Fig. 6. Captures de males U. armigera dans deux pieges a eau munis de 
pheromone, Changins 1987. 
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Fig. 7. Captures de males U. armieera·dans deux pi-eges a eau munis de 
pheromone, Changins 1988. 
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REPORT ON THE CATCHES OF HELIOTHIS ARMIGERA, AGROTIS IPSILON, 
AND AGROTIS SEGETUH IH PHEROMONE TRAPS IN CATALONIA (SPAIN)
WITHIN THE FRAMEWORK OF THE OILB NETWORK

R. GABARRA
Institut de Recerca i Tecnologia Agroalimentaries (IRTA), 
Centre de Cabrils . Carretera de Cabrils s/n. 08348 Cabrils 
(Barcelona), Spain. 

Summary 

Records of pheromone trap catches were used to monitor popu
lations of Heliothis armigera, Agrotis ipsilon and A. sege
tum during the 1987 and 1988 in the Ebro Delta and-Cabrils 
rn-the region of Catalonia, located in the Northeast portion 
of the Iberian peninsula. 
The captures of H. armigera in the Ebro Delta and Cabrils 
were high in summer and autumn, respectively. The difference 
in captures between the two localities appeares to be rela
ted to different crops grown in both areas. Tomato and lettu
ce are the predominating horticultural crops in the Ebro 
Delta, meanwhile tomato and flowering carnation are the most 
important in Cabrils. 
The highest population increase of�- ipsilon was recorded 
during April in the Ebro Delta which is also the period of 
major damage caused by this moth. In Cabrils, the maximum 
number of adults was captured during March and September. 
Damage by Agrotis sp. was observed during March and April 
in tomatoes recently planted under greenhouse conditions. 

Introduction 

Within the framework of the activities of the OILB/SROP study 
group "Prognosis and integrated control against migrant noctuids" it 
was agreed to set up a series of pheromone traps within the Mediterra
nean habitat of Heliothis armigera, Agrotis ipsilon and Agrotis sege
tum (Lepidoptera, Noctuidae), the first two being insects well-know 
for their migratory capacity. The aim of this network is to study 
(using the same type of trap and pheromone), the phenology of flight 
of the adults along trre-Mediterrarrearr and therefore to clarify the 
possible movements of adults over the different seasons. 
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Material and methods 

Two stations were set up in the north of Spain, one in Cabrils 
in the province of Barcelona and the other in the Ebro Delta (Tarra
gona). 

Each station consisted of two water-traps for H. armigera and 
A. ipsilon, separated by at least 50 m. The traps were located close
to crops sensitive to attack by the moths. The water-traps were
supplied by the INRA-Avignon and the pheromone capsules by INRA
Brouessy. The capsules were changed once a month and the number of
captures monitored weekly. During the summer, monitoring was carried
out twice per week.

The monitoring was undertaken during 1987 and 1988. During 1988, 
A. segetum was also monitored in the Ebro Delta.

Results and discussion 

Once the traps for H. armigera had been set up in 1987 (Cabrils 
during the first week and-the Ebro Delta during the last week of May), 
captures began inmediately (Figures 1 and 2). In the Ebro Delta the· 
first generations were the most significant ones and from October on
wards they were very low or ceased altogether. In the Cabrils the si
tuation was just the reverse. The maximum number of captures took pla
ce during September and October, the captures ceased in the last week 
of November. 

In 1988 the traps were set up earlier and individuals were also 
caught inmediately (Figures 3 and 4). During this year, the captures 
in the Ebro Delta were much more significant than in Cabriis. In the 
Ebro Delta four population peaks were recorded. In the Cabrils sta
tion, as in 1987, the most important captures were recorded for the 
last generations. 

The differences in captures between the two stations might be 
due to the different crops grown in both areas. In the Ebro Delta, 
processing tomatoes are grown during the summer, and after this, lettu
ce, above all, is grown. In Cabrils tomatoes and carnation are grown 
almost the whole year round and the autumn the carnation crop is flo
wering. Therefore, the presence of the carnation is a very atractive 
crop for this moth, which could explain the larger catches obtained 
in autumn in this area. 

Catches of A. ipsilon were continous during the whole period in 
which the traps were installed in both stations (Figures 5, 6, 7 and 
8). Catches were always more abundant in the Ebro Delta than in Ca
brils especially during 1988. The most significant flights were obser
ved in April (Figure 5 and 7). This is also the period during-which 
the most important damages by this moth are recorded. In Cabrils the 
maximum number of adults was captured during March and September 1987. 
In the months of March and April, damage by AgJ..Otis sp. was observed 
in recently planted tomatoes. 

In 1988, an Agrotis segetum station was set up in the Ebro Delta 
(Figure 9). The catches of this moth were generally higher than those 
of�- ipsilon. 

Aknowledgement 
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Resultats de piegeage sexuel de 3 noctuelles 
(H. armigera, S. segetu11i .. S. ipsilon) au Maroc 

HHIHINA H 'hamed 
Institut Agronomique et Veterinaire Hassan II 
Departement de Zoologie, BP 6202 Rabat Maroc 

Les etudes ont ete menees avec les attractifs fournis 
par l'OILB. 
Deux sites ont ete retenus pour cette experimentation: 
Douyet et Tadla. Douyet, situee a pro�imite de Fes, est ur.e 
zone a cultures pluviales: ble et legumineuses alimentaires. 
Les pieges ont ete installes dans un champ de pois-chiches. 
Tadla est une zone irriguee. Le paysage agricole y est 
nettement different: cotonnier, ma1s, luzerne, betterave. 

Les captures font constater une difference 
regionale d'effectifs et de duree de vol chez les 3 
especes. Les cultures pluviales generalement recoltees en 
mai-juin limitent le vol des papillons a une courte perioµe. 

Douyet 

Contrairement a toute attente, H. armigera apparait 
beaucoup plus tot gue prevu. Les premiers individus ont ete 
captures le 15 mars en 1987 et le 17 avril en 1988. Au dela 
de fin juillet les pieges n·attrappent plus rien. Cette 
absence de prise s'explique par !'absence des cultures 
h6tes de la noctuelle ( Fig. la,b). 
Les deux autres lepidopteres manifestent une activite de 
vol beaucoup plus precoce encore. Aux periodes ou nous 
avons installe les pieges les vols sont deja abondants. Les 
captures se rarefient en juin et deviennent nulles par la 
suite (Fig. la,b). 

Tad la 

H. armigera est faiblement attrapee durant les 2 annees
de piegeage (8 individus en 1987 et 26 en 1988). Les releves 
larvaires effectues en meme temps sur les cultures 
expliquent encore la faiblesse constatee. La noctuelle etait 
presente a l'etat de traces (Fig 2a,b). 

S. segetum, plus abondante gue S. ips1lon, presente un 
vol plus etale dans le temps. En 1987, 132 segetum ont ete 
englues contre 32 ipsilon; en 1988 230 segetum et 28 
ipsilon. Signalons toutefois que durant les 2 annees et 
dans les 2 regions la capture parfois abondante de segetum 
dans les pieges a ipsilon. 
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EVALUATION CRITIQUE DES PIEGES LUMINEUX ET A PHEROMONE 

POUR Heliothis armigera EN ALENTEJO, PORTUGAL 

RESUME 

Carola MEIERROSE 

Jorge ARAUJO 

Universidade de Evora 

Depuis 1980, l'equipe d'Entomologie Appliquee de l'Universite d'Evora 

a etudie la presence et !'importance des Noctuelles en Alentejo. Dans 

ce but, des pieges lumineux ont ete implantes dans differentes regions 

du pays, dans des cultures de tomate pour la conserve. 

En Alentejo, plus de I 00 especes de Noctuelles ont ete capturees 

au cours des dernieres dix annees, par piege lumineux U.V. du type Pennsyl�a

nia modifie ARAUJO (ME!ERROSE et ARAUJO, 1985). 

Depuis 1983, nous avons employe trois modeles de pieges a pheromones 

sexuelles pour Heliothis armigera, avec des resultats variables. Le modele 

A s'est revele peu satisfaisant, du probablement a la grande activite des 

oiseaux insectivores. Le modele B n'est plus satisfaisant si l'on tient compte 

des populations qui se trouvent dans la region, comme on peut le constater 

dans nos etudes des annees de 1987 et 1988. Le modele C nous semble 

le plus efficace. 

Nous presentons ici les courbes de vol de H. armigera par piegeage. 

lumineux et a pheromone, ainsi que des estimations des populations de 

H. armigera presentes dans les cultures de tomate, comme element de

comparaison de l'efficacite des pieges.

MATERIEL ET METHODES 

Les courbes de vol de H. armigera relatives aux annees 1980 et 

1982 ont ete obtenues par pieges lumineux "Pennsylvania" branches en 

serie sur deux batteries de 12 V. Le service etait manuel et quotidien 

au cours de la culture de la tomate. Entre 1983 et 1985, on a utilise un 

piege lumineux U. V. alimente par le secteur -electrique--avec· in-rerrupteur 

horaire et bo1te de triage type ARAUJO, a Ferreira do Alentejo. Celui-ci 

a ete visite une fois par semaine. En 1988, ce meme piege a ete installe 

a Mora, au Nord-Est de I' Alentejo pendant toute la periode de la culture 

industrielle de la tomate. 
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Differents pieges a pheromones ont ete utilises depuis 1983 a Ferreira 

do Alentejo, Arraiolos et Mora : A : piege delta avec plaque engluee, 

B : piege a eau (INRA, 1988), C : piege avec plaquette insecticide (S.P .I.). 

Les capsules a pheromones de H. armigera employees en 1983 et 1984 

provenaient de Wageningen. Celles employees Jes annees suivantes ont 

ete produites par le Laboratoire des Mediateurs Chimiques de l'INRA 

(Brouessy). Le releve des pieges a ete fait une fois par semaine tout au 

long de la periode de culture de la tomate. 

Afin de juger de !'efficacite des methodes de piegeage employees, 

nous avons voulu estimer indirectement la population de noctuelles presentes 

dans les cultures. Dans ce but, nous avons precede a des evaluations des 

quantites d'oeufs de H. armigera chaque semaine. Les observations, durant 

toute la saison, des oeufs presents sur un total de mille feuilles de plants 

de tomate choisies selon une methode d'echantillonnage, aussi bien que 

!'observation des differents organes du plant de tomate (feuilles, fleurs, 

fruits et bourgeons) nous ont permis d'estimer le nombre d'oeufs par hectare. 

Prenant comme moyenne d'oviposition d'une femelle 1500 oeufs, 

on peut deduire le niveau de population de femelles de H. armigera presentes 

a chaque moment. Nous avons elabore nos estimations pour I ha bien 

que Jes champs avaient 1.7 et 2.5 ha, respectivement. 

RESULTATS 

Les resultats obtenus par piegeage lumineux de H. armigera obtenus 

au cours des annees 1980 a 1985 sent representes dans les graphiques 

1, 2, 3, 4 et 5. Les piegeages par pheromone sont representes par Jes 

graphiques 6, 7 et 8. Les figures 9 et 10 montrent Jes courbes de vol de 

H. armigera relatives aux annees 1987 et 1988 et permettent de comparer

celles-ci avec Jes resultats obtenus par comptage des oeufs et les estimations

du nombre de femelles correspondantes.

Les captures mensuelles exprimees en pourcentage des captures 

annuelles sont presentees dans la figure I O b et c. La figure 11 montre 

la relation captures/surface de culture et la figure 12, la difference du 

nombre de captures sur des .. champs distants de- seulement· 30 km, mais 

avec des surfaces differentes et des pieges differents. 

DISCUSSION ET CONCLUSIONS 

Des resultats obtenus, on peut conclure : 

I) - Aucun des systemes de piegeage employes revele un synchronisme
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entre les fluctuations de populations d'adultes et les pontes. 

2) - Les captures obtenues par pieges lumineux sont, en moyenne, nette

ment superieures a celles obtenues par pieges a pheromone. Neanmoins, 

ni Jes unes, ni les autres expriment Jes fluctuations de la population ree!le 

estimees par echantillonnage dans la zone de piegeage.

3) - La densite de population reelle dans un champs de plante hote

depend de Ja surface de la culture en question. 11 devrait y avoir une

correlation entre la densite de la population presente et Jes captures

en piege, ce qui ne se verifie pas.

On observe seulement des captures d'autant plus importantes que 

les surfaces sont plus grandes. 

4) - Pour un mei!leur fonctionnement du systeme mediterraneen de 

piegeage, il conviendrait d'uniformiser certains parametres : 

a) Installer Jes pieges pres de champs de plantes hotes de l'espece

etudiee qui auraient des surfaces comparables ou eliminer ce facteur 

en plac;ant les pieges loin de tout champs cultives. 

b) Developper un systeme de protection qui place le piegeage a l'abri 

de !'action des oiseaux nocturnes. 

c) Tester si !'utilisation d'insecticides solides dans le recipient de 

recolte n'ameliore pas l'effet des captures. Les males sejournant une 

semaine dans l'eau (cas des pieges B) peuvent produire des substances 

repulsives. 

d) 11 serait interessant de voir si ces precautions permettraient d'amelio

rer globalement Jes captures et, par consequence, leur interpretation. Des 

comptages d'oeufs sur une surface precise autour des pieges pourraient 

permettre de controler le rayon d'action des pieges. 

e) Finalement, il faudrait estimer la chute d'activite des pieges 

sexuels par evaporation des pheromones sournises a un regime de hautes 

temperatures journalieres. 

Apres 10 ans de piegeage de Noctuelles en Alentejo, nous concluons 

que jusqu'a present, aucun des systemes utilises se revele representatif 

de la densite des populations de l'espece etudiee. Le piegeage tel qu'il 

se pratique ne perrnet que d'affirrner la presence ou !'absence temporelle 

de l'espece. Pour un systeme global de piegeage comme celui que le groupe 

OILB propose, ii faudrait uniformiser les criteres de placement et de 

protection des degats. 

FITT (1989) distingue trois types de vol chez H. armigera. Le vol 
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de courte portee, destine a l'alimentation, la copulation et l'oviposition. 

Ce vol aurait lieu au niveau meme de la culture ou juste au-dessus et 

concernerait des distances de 100 a 1000 m. Le vol a moyenne portee 

0-10 km) serait destine au deplacement entre cultures, a des altitudes

entre 1 et 10 m au-dessus de la vegetation. Le vol de migration se passerait 

en altitude de l a 2 km et durerait des heures. A la lumiere de ces affirma

tions, nos pieges, places a l m au-dessus de la culture ne pourrait pas 

deceler les mouvements de migration, si ce n'etait occasionnellement. 

11 faudrait done choisir des emplacements en altitude pour certains de 

nos pieges. 
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Courbe de vol de H. armigera au piege lumineux u.v. a

Evora, 1980. 

C ourbe de vol de H. armigera au piege lumineux u.v. a

Evora, 1982. 

Courbe de vol au piege lumineux U.V. et nombre d'oeufs 

sur l 00 feuilles de to mate a Fe rreira do Alentejo, 1983. 

Courbe de vol au piege lumineux U. V. et nombre d'oeufs 

sur 100 feuilles de tomate a Ferreira d o  Alentejo, 1984. 

Courbe de vol au piege lumineux U.V. et nombre d'oeufs 

sur 100 feuilles de tomate a Ferreira do Alentejo, 1985. 

Courbe de vol aux pieges a pheromone et nombre d'oeufs 

sur 100 feuilles de tom ate a Arraiolos, 1986. 

Courbe de vol aux pieges a pheromone et nombre d'oeufs 

sur 100 feuilles de to mate a Mora, 1987. 

Fig. 8 Courbe de vol aux pieges a pheromone et nombre d'oeufs 

sur 100 feuilles de to mates a Mora, 1988. 

Fig. 9 : Co mparaisons entre Jes evaluations du nombre d'oeufs de 

H. armigera par ha, du nombre correspondant de femelles

necessaires pour une telle oviposition et du nombre reel 

de males captures aux pieges a pheromone, Mora, 1987. 

Fig. 10 a - Comparaison entre le nombre d'oeufs quantifies aux champs, 

Fig. 11 

Fig. 12 

le nombre de femelles estimees et le nombre de males 

reellement captures aux pieges a pheromone, Mora, 1988. 

b - Pourcentages de captures de males aux pieges a pheromones, 

relatif au nombre de femelles estimees presentes. 

c - Pourcentages de captures au piege lumineux U.V., relatif 

au nombre de femelles estimees presentes. 

Comparaison du nombre de captures en fonction de la surface 

du champs dans lesquels se trouvaient les pieges a pheromone. 

Captures aux deux types de pieges a pheromone (a sec et 

a l'eau) distant de 30 km sur des champs de surface differen

te (17 ha et 2.5 ha), 1988. 
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LUNAR PERIODICITY OF LIGHT-TRAP CATCHES AND FLIGHT 

ACTIVITY OF THE TURNIP MOTH (Scotia segetum Schiff.) 

AND THE GREASY CUTWORM (Scotia ipsilon Hfn.) 

L. NOWINSZKY and G. TOTH

Berzsenyi Daniel Teachers'Training College, Szombathely, H-9701 

Gothard Astrophysical Observatory of R. Eotvos University, 

Szombathely, H-9707 

SUMMARY 

The light-trap data were corrected with the probability of catch . 

belonging to the same lunar days. Using this method, the maximum activity 

was found during the full moon for the turnip moth, while for the greasy 

cutworm, activity was greatest at the first and last quarters, when the 

moonlight is highly polarized. 

INTRODUCTION AND SURVEY OF LITERATURE 

It has been a matter of controversy in entomological literature for 

a long time, as to whether lunar periodicity in the night activity and 

light-traps catches of insects could be verified. Most authors of papers 

on light-trap measurements reported a decreasing catch in the presence 

of moonlight, especially during the full moon. Several investigators had 

the opposite view. Simultaneously, other authors head the opinion of a 

probable but less justified influence of moonlight. The authors of this 

paper have attempted to detect lunar periodicity in catches and flying 

activity for the two species of Noctuidae. 

MATERIALS 

In Hungary a uniform Jermy-type light-trap network has existed 

for 30 years. These traps are located 2 meters above ground, have 100 

W normal bulbs or l 25 W black light lamps, and chloroform as the killing 

agent. We processed 2841 units of data from black light lamps (6255 indivi

duals) for turnip moth catches and 2504 units of data (2684 individuals) 

for catches of the greasy cutworm. Data examined were collected by 

21 stations for the years 1962-1970. We note under the term "datum" 

a single station's collection for a night. 



41 

METHODS 

The Moon never reaches the zenith in Hungary, consequently its 

published zenith-brightness must be transformed into mean zenith-distances 

(L). Values of moonlight polarization (LP), were calculated from relative 

polarization and mean brightness for a given time and place. The times 

during which the Moon stayed above the horizon (T), were given in percentages 

of time relating to the full moon for the period of lunation. After this, 

we computed the radii of the catching area from photometric parameters 

of the trap and the Moon ; in addition, probability of catches from the 

areas was calculated for each lunar day. For a detailed description of 

this method, see the paper of NOWINSZKY et al. ( 1979). The relative 

catches (RC) were determined from data collected for each generation. 

Using this method. Data of various collecting stations and trapping times 

were compared with one another. The RC indicates a quotient of the 

number of units of sampling time and of the average number of individuals 

to be caught during that time. After this, the sums and means of RCs 

were computed for each period of lunation, giving us the RC values. These 

latter were corrected for catching probabilities to obtain the CRC values 

relating to the uniform catching area. Furthermore, a five-point moving 

average was calculated from corrected values. Using these averages; 

the influence of environmental factors was significantly decreased. Finally, 

we had the coefficients of correlation calculated between the moonlight, 

the positive-polarized moon-light, the staying time and the relative catches, 

and the moving averaged relative catches. 

RESULTS 

Table I contains the values of lunar brightness, the probability of 

catch and the corrected moving averaged relative catches for both species 

associated with the coefficients of correlation calculated, where there 

was strong significance. 

DlSCUSSION 

Catching area and probability, as a rule is at a maximum at new 

moon and a minimum at full moon. The coefficients of correlation verify 

that the corrected catches are more significant in most cases, than the 

uncorrected ones. Our opinion is that the correcting procedure must be 

applied unconditionally to obtain independent results of trap type and 



TAOLE 1 The optical characteristics of the Moon, the relative and corrected catches of 
Scotia seg_�tum Schiff., Scotia ipsilon Hfn. in a function of lunar days 

Lunar 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
days 30 29 20 27 26 25 24 23 22 21 20 19 18 17 16 

Bright (L) -1.3 -1.4 -1.6 -1. 7 -1.9 -2.0 -2.2 -2.3 -2.5 -2.7 -3.0 -3.3 -3.5 -4.0 -4.4
Polarized 0 -3.3 -3.9 -3.4 -3.3 -3.2 -3.3 -3.4 -3.6 -3.8 -4.2 -4.6 -4.9 -5.6 -6.6
light (LP) 0 -3.3 -4.0 -3.tl -3.3 -3.3 -3.0 -3.5 -3.7 -3.9 -4.2 -4.6 -4.9 -5.6 -6.6
Probability .206 .211 .216 .222 .228 .236 .247 .258 ,278 .296 .330 .365 .390 .432 .456 
Staying ti�e (T) 100 97 91 86 00 75 70 64 58 50 42 35 25 15 .05 

RC of the 1.24 1.25 1.17 1.17 1.19 1.12 1.00 1.07 0.95 0.84 0.83 0.80 0.80 0.82 0.07 
Scotia seg. 1.10 1.22 1.17 1.00 1.07 0.94 0.04 0.81 0.05 0.82 0.80 0.89 0.84 0.02 0.02 

CRC of the 5.90 5.90 5.43 5.29 5.22 4.70 4.36 4.14, 3.52 2.85 2.57 2.32 2.11 1.95 2.02 .i:-

Scotia seg. 5.60 5. 73 5.40 4.08 4.67 4.02 3.39 3.11 3.01 2.69 2.71 2.52 2.19 1.96 1.91 
N 

RC of the 0.04 1.01 0.93 1.04 1.13 1.23 1.12 1.25 1.15 1.09 1.07 0.96 0.83 0.82 0.70 
Scotia ips. 0.93 0.96 1.14 1.17 1.26 1.24 1.26 1.16 1.02 0.90 0.90 0.75 0. 72 0.72 0.68 

CRC of the 4.02 4.74 4.65 4.07 5.10 4.48 4.79 4.24 3.64 3.31 2.79 2.19 2.00 1.64 1.57 
Scotia ips. 4.43 4.51 5.21 5.22 5.46 5.26 5.10 4.40 3.73 3.04 2.81 2.16 1.82 1. 75 1.57 

The coefficients of correlation: 

Scotia segetu� Schiff. (L,RC) = 0.844 (L,CRC) = 0.867 (T,RC) = 0.906 (T,CRC) = 0.956 

Scotia ipsilon Hfn. (LP,RC) = 0.882 (LP,CRC) = 0.888 (T,RC) = 0.533 (T,CHC) = 0.809 

t!ote: The values of L and LP are scaled in logarithm of base 10. In the double rm1s the values are belonging 
to lunar days of 1 through 15 and 16 through 30. 
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species investigated. Values of relative catches give us some information 

on lunar periodicity, while corrected ones relate true flying activity and 

response to light stimuli. Looking at our results, it is obvious that the 

turnip moth has the maximum flying activity and light response at full 

moon, while the greasy cutworm show activity at maximum positive polari

zation of moonlight, i.e. during the first and last quarters. In an earlier 

paper, we reported on decreasing activity at the time of negative-polarized 

moonlight (TOTH and NOWINSZKY, 1988). 

The light-traps give us a correct picture at the time of the full 

space moon, only if the date is corrected. In a paper of DANTHANARAYANA 

(1986), one notes three peaks of night activity in insects, occurring during 

the full moon, and the first and last quarters. During the period of the 

full moon, maximum activity was detected using suction-traps of radar, 

but unfortunately the light-traps did not show this effect on account 

of the decreased radii of catching area associated with low efficiency 

of the light-traps. 
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POPULATION DYNAMICS IN Heliothis armigera HB., Agrotis ipsilon 

HFN. AND A. segetum DEN. ET SCHIFF. AS ESTABLISHED WITH 

A LIGHT TRAP AT BUCHAREST-BANEASA DURING 1986-1988 

SUMMARY 

M.A. POPESCU

Research Institute for Plant Protection 

Bucharest - Romania 

Results of captures during a 3-year period were analysed in relation 

to the main climatic factors, having in view the separation of life-cycles 

depending on adult emergence and evolution of flight periods. Estimations 

were made on population levels and outbreak intensities. Thus, H. armigera 

demonstrated a population expansion, showing 3 overlapping larval generations 

and significant attack during September ; A. ipsilon had an intermittent 

flight, sometimes continous from April up to early December (l 987) and 

a scarce but increasing population ; in A. segetum, two and sometimes 

three larval generations were separated (1986). Rather significant damage 

was recorded during May and June after the weak flight of the overwinte

ring generation. 

INTRODUCTION 

Systematic light trap collection of Lepidoptera of agricultural interest 

for population monitoring is widely used in conjunction with forecasts 

and releases of control warnings, and also for predicting infestation areas. 

This procedure was first introduced in Romania in 1971 at Jassy, and 

in 1973 at Bucharest (l) and was subsequently extended throughout the 

country (3). 

Information supplied by analysis of population dynamics of the most 

harmful Noctuids, including the ones in this paper, were published in a 

series of studies (2, 4), helping to clear up some facets of their biology 

and ecology. 

MATERIALS AND METHODS 

A 250 W UV light trap as described in 1976 (l) was used for collecting 

adults. Captures were made daily, from the first week of April to the 

3rd week of October ; as of 1987, this period was prolonged until the 

first week of December. In 1988, a 400 W UV light trap (II) was used 
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simultaneously, this being located 500 m from the former ; the flight 

curves of its captures were not illustrated ; however data obtained were 

evaluated relative to evolution of climatic factors and supplemented by 

crop inspections. 

RESULTS AND DISCUSSION 

Heliothis armigera has recently enjoyed favourable development condi

tions, this species progressively expanding its area, paralell with an increa

sing population, and increasing damage, especially in tomatoes, peppers, 

chickpeas, tobacco, maize and other crops. Ciimatic conditions during 

September and October contributed to favorables conditions, with average 

weekly temperatures between 16.5 and 21.8° C, and 9.4 to 13.8° C, and 

also low rainfall, ranging between 17 mm (1987) and 30 mm (1986) in 

October. Likewise, a mild winter, devoid of long periods of freezing, 

resulted in low mortality of overwintering populations. 

The first captures in this area were recorded in the first and second 

weeks of June (1987, 1988-11), derived from the hibernating generation 

(Fig. l). Their start coincided with an average weekly temperature of 

20.7° C and lack of precipitation. This flight was of low intensity, similar 

to the next which was in July, this latter originating only to a low extent 

from the first larval generation. Mass adult emergence was noted from 

the first week of August in 1986 and in the 2nd in 1988, and a month 

later in 1987, lasting 3 weeks in 1986 and 5 in 1987 and 1988-II. In 1987, 

a heavy outbreak occurred at the beginning of September, concomitantly 

with the increase of captures, allowing possible association of this wave 

with one due to immigrants. During other years, several series of larvae 

occurred from the 2nd week of July until the end of September, producting 

an outbreak towards the autumn. The capture level showed fluctuations 

of 133 in 1986 to 46 in 1988-I and 160-II. We assume these differences 

are not due to some essential changes in population trends, but to interfe

rence by the two light traps used. 

Agrotis ipsilon demonstrated a more or less sporadic flight, starting 

the 2nd week in 1988, though the average weekly temperature was only 

6.5° C, and rainfall rose to 7 5 mm at the beginning of May in 1987 and 

1986, continuing upto the first week of December, in 1987 (Fig. 2). Dissec

tion of moths from these late captures revealed immaturity of ovarioles 

and absence of copulation, these adults having recently emerged. The 

population level increased from 15 specimens in 1986 to 61 and 196 in 
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1988, in traps I et II, respectively. In 1987 and particularly in 1988 the 

flight peak occurred in the 2nd and 3rd weeks of July ; in 1988 some 

42 % of captures occurred within 8 days. 

Agrotis segetum maintained a steady population level during the three 

years, 230 individuals being collected annually on average (Fig. 2). For 

the previous species, the flight started either the end of April or in mid-May, 

during the cold spring of 1987 and did not exceed 23 months at the first 

peak. This flight was generally followed by outbreaks in May and June, 

with economic damage (2). Flight almost stopped the first week of July. 

Subsequently, a mass appearance of adults of the first generation took 

place. This flight peak was recorded during average temperatures of 21.5 

and 22.3° C in 1986 and 1987, respectively, and also in the warm days 

of August 1988. Development of the 2nd larval generation was commonly 

hampered, most egg-batches and early instard larvae dying from high 

temperatures and dryness. Slight attacks occurred at the end of August 

and throughout September in potato, sugarbeet and lettuce crops. In 1986, 

some 2nd generation larvae completed their development, resulting in 

adults which produced another larval generation during September ; never

theless, few of these larvae succeeded on reaching their last instar before 

onset of cold weather. 
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RESULTS OF CAPTURES BY MEANS OF SEX ATTRACTANTS 

FOR THREE LEPIDOPTEROUS SPECIES (AGROTIS SEGETUM D. &: S., 

AGROTIS IPSILON HFN., HELIOTHIS ARMIGERA HB.) AND 

NOTES ON THEIR BIOLOGY IN TOBACCO 

L. SANNINO and A. BALBIANI

Tobacco experimental Institute - Scafati - Italy 

SUMMARY 

During 1988, a sex pheromone trapping experiment was carried out 

in the Institute experimental farm at Scafati (Salerno, southern Italy) 

to monitor the flight activity of three Noctuid species : the Turnip moth 

(Agrotis segetum D. & S.), the Black cutworm (Agrotis ipsilon Hfn.) and 

the Tobacco budworm (Heliothis armigera Hb.). 

Six traps (two for each species) were placed in a tobacco field and 

baited with synthetized pheromone dispensers from January to December 

for the Turnip moth and the Black cutworm, and from March to October 

for the Tobacco budworm. 

A. segetum and A. ipsilon were captured from April to October, 

with frequency peaks in June-July and in August-September for A. segetum, 

and at the end of May and in mid-September for A. ipsilon. H. armigera 

was captured from July to September, peaking in mid-August. 

INTRODUCTION 

In a survey on the lepidopteran tobacco pests, about fifteen species 

were found in Italy (SANNINO, 1982 ; SANNINO and al., 1985 ; SANNINO 

and al., I 988). The most frequent species were Agrotis segetum (D. & 

S.), Agrotis ipsilon (Hfn.) and Heliothis armigera (Hb.). To monitor the 

population densities of these three and other species of Noctuids, a field 

study in 1982 was started in the district of Campania (Salerno, southern 

Italy), where the main areas of Burley and dark tobaccos are located. 

Here some results of the male captures of A. segetum, A. ipsilon 

and H. armigera, by means of traps baited with sex attractants, are presented. 

MATERIALS AND METHODS 

Green plastic traps (provided by OILB/SROP), with a mobile plastic 

roof were used in this study. The traps were filled with water ; pheromone 

dispensers were placed under the roof and replaced monthly. 
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Traps (two for each species) were placed in a tobacco field, l m 

above the soil and spaced ea. I 00 m, apart. They were run to December 

for A. segetum and A. ipsilon and from March to October for H. armigera. 

RESULTS 

AGROTIS SEGETUM (Turnip moth) 

Adults males were captured from April to October. Two peaks were 

registered in both traps : from the last week of June to the first week 

of July and from the last week of August to the first week of September 

(Fig. I). 

During 1988, the highest larval infestation in tobacco occurred in May. 

In Campania, A. segetum completes three generations per year and 

overwinters below ground as a pupa, in an earthen cocoon, or as a full 

grown larva. 

Adults are .active at night. Eggs are laid in clusters (from 10 to 

150 eggs) on lower leaves or on stems at grouAd level. 

A single female may lay up to about 500 eggs on the average. The 

newly-eclosed larvae stay on the underside of tobacco leaves, their feeding 

producing tiny circular holes. After the second ins tar, they take shelter 

in the ground during day and feed only at night or during daytime when 

it is cloudy. In tobacco beds, larvae may feed on stems and leaves at 

the soil surface, cutting off buds or making holes in the leaves. In recently 

transplanted fields, plants are usually cut off just above ground level, 

causing heavy damage. Sometimes, ,larvae make tunnels in the stalks. 

In summer, the larval stage lasts 32-34 days ; pupation occurs in 

an earthen cocoon near the host plant. 

Usually the most destructive attacks by the Turnip moth occur in 

recently transplanted tobacco fields, owing to the fact that larvae are 

very restless and after cutting off a plant will often wander away to 

reach and damage other plants. 

AGROTIS IPSILON (Black cutworm) 

The occurrence of this species in one of the two traps was very 

low (5 captures). Adult males were captured from April to October with 

two frequency peaks : one at the end of May and the other at mid-September 

(Fig. !). 

The Black cutworm population -was quite rare on tobacco during 

1988. 



51 

In Campania there are generally four overlapping generations a year 

ethology and tobacco damages are just like those of A. segetum. 

Eggs and larvae of both species are similar in appearance, and cannot 

be distinguished by unaided eyesight, but it is known that Black cutworm 

attacks usually are sudden and more destructive than those of the Turnip 

moth. 

A single female may lay from 200 to 2000 eggs. 

Compared with the Turnip moth, the Black cutworm shows a highly 

irregular growth pattern. In some cases, overwintered larvae do not grow 

intc adults ur.til the following autumn. 

HELIOTHIS ARMIGERA (Tobacco budworm) 

Captures started at the end of July : an important peak was registered 

in both traps in mid-August. This peak was followed by a sudden decrease 

to zero value toward the beginning of September (Fig. 1). 

Few larvae were observed on tobacco at the end of the growing 

season. In Campania, H. armigera completes three generations per year, 

overwintering in the soil as a pupae. 

Adults are nocturnal. Eggs are laid on young shoots, suckers, flower

buds and leaves of tobacco, singly or in small clusters {3-6 eggs). A female 

may lay up to 600 eggs on the average. Earlier larval stages make tiny 

circular or oval feeding spots. Later (after the third-fourth instar they 

develop nocturnal habits and produce large irregular holes on th leaves 

and may even bore into stalks. When the tobacco plants reach the flowering 

stage, seed pods are preferred and sometimes larvae hide inside. After 

topping of the plants, the larvae produced irregular holes in the expanded 

leaves. 

In summer, the larval stage lasts 20-25 days ; pupation occurs in 

an earthen cocoon under the host plants. 

In Campania, attacks by H. armigera usually occur on tobacco after 

mid way through the growth of the crop. 

DISCUSSION 

Among the Lepidoptera-Noctuidae tobacco pests, A. segetum, � 

ipsilon and H. armigera are the most injurious species in Italy (SANNINO 

& AVIGLIANO, 1980) and in other parts of the workd (CRUMB, 1929 ; 

SPECHT, 1972 ; BROADLEY, 197 5). However, during the 1988 season, 

attacks were lower than in the other years. 
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In this study 122 adult males were captured. A. segetum was the 

most frequent (77 captures) followed by A. ipsilon (25 captures) and l:!!. 

armigera (20 captures). 

Flight activity of males seemed to increase with warm weather 

for A. segetum and H. armigera and to decrease for A. ipsilon. 

A. segetum showed the longest flight activity (from April to October),

H. armigera, the shortest (from July to September).

These results are only preliminary, owing to the great variability

encountered in the field : wider spatial observation and repetition over 

seasons are needed for validation. 
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�Q�!!Q81�§ HELICOVERPA ARMIGERA, SCOTIA IPSILON B�Q 
SCOTIA SEGETUM BY_PHEROMONE_TRAPS_IN_GREECE. 

COMPARISON_OF_TWO_KINDS_OF_TRAPS. 

J.A. TSITSIPIS and M. ALEXANDRI 
Institute of Biology, "Oemocritos" National Research Center 

P.O. Box 60228, GR-153 10 Aghia Paraskevi, Greece. 

§Y!!!!!!§!C:t:
Population monitoring of Helicoverga §l�ffii9§�2, §£Qti2
ie§i!Qn and §£Qtif §§ggtym, in two areas in Central
Greece, Copais and Istiaea, by pheromone traps in 1987 and
1988, showed that insects were attracted to the blends
used and that a "dry" trap c;_aug.t1t more insects than a '"wa
ter" trap. The dry trap was more efficient than the water
trap almost through the whole trapping period. The compo
sition of the pheromone blends used were as follows:
211-16:Al, Z9-16:Al and 16:Al for �- 2�migg�2; 27-12:Ac, 
29-14:Ac and 211-16:Ac for §.iQ§i!Qn: Z5-10:Ac, 27-12:Ac
and Z9-14:Ac for S. segetum. H.armigera was caught from
May to October, §. iQ§i!Qn from March to December and §. 
§§9§tY!!! throughout the year.

Introduction 
�§!i£QY§�Qe f�!!!i9§�e Hbn., §£Qtie iQ§i!Qn Hfn. and §£Qti2 

§§9§:t!:!!!! Schiff CLepidoptera, Noctuidae> are widely distriwt.ed
harmful species of considerable importance in a variety of 
agricultural crops (3). The development of systems for the
management of the species requires the study of their bioecolo
gy. The monitoring of their populations is an important part of
the process. Pheromones can be useful tools for the monitoring
of the populations and several pheromone blends have been found
for the above species. On many occasions more than one blends
have been reported for the same species. A compilation of the 
recent literature of the pheromones of lepidopterous insects 
has been published recently (2). A pheromone blend of three 
components (1) was tested successfully for population monito
ring of B· 2gg§t!:!!!! in Greece (4). All three species are 
periodically important pests in a variety of crops in Greece. 
It was therefore deemed necessary to investigate the possibi
lity of population monitoring by- pheromone trapping. Through 
the participation in the DILB Subgroup on migratory noctuids, 
monitoring of the three species was undertaken in two areas in 
Greece using two different kinds of traps, since trap design 
contributes in trap efficiency. The purpose of the study was to 
determine whether known pheromone blends could prove active for 
wild polulations of the three above species in Greece,, to study 
their seasonal appearance and to compare the two kinds of 
traps. Through the coordinated OILB program, it would also be 
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possible to compare results with participating members for trap 
efficiency and appearance of the migratory species in neighbo
ring countries. 

Materials_and_Methods 
The three species, �- �rm!g�r�, §. iQ§i!QQ and§. §�g�tYm 

were monitored with pheromone blends impregnated in rubber 
septa, prepared by !NRA, Laboratoire des Mediateurs Chimiques, 
Bruessy, France and provided by the Or. s� Poitout, coordina
tor of the DILB Subgroup on migratory noctuids. The pheromone 
blends used were: 211-16:Al, 29-16:Al, 16:Al for �- �rmig�r�; 
27-12:Ac, 29-14:Ac, 211-16:Ac for §.iQ§i!QQ; 25-10:Ac, 
27-12:Ac, 29-14:Ac for §. §�9�1Yffi• Two different kinds of 
traps were compared: a modified "International Pheromones" 
plastic trap (Phytophyl Co. Ltd., Athens, Greece), using a 
small plaquette of Vapona as killing agent and a "water" trap 
(INRA, Station de Zoologie, Montfavet) using water with a small 
quantity of Teepol, a wetting agent, to trap the insects. The 
pheromone dispensers and the Vapona pl aquettes were e:'.changed 
every month and observations were taken weekly. The traps �ere 
set up in two different areas in Central Greece, Aliartos 
<Copaisl and Istiaea, in 1987 and 1988. 

Results_and_Discussion 
All pheromone blends tested attracted wild males in the 

three insect species. The total number of insects caught is 
shown in Table I. The dry trap caught consistently higher 
numbers of insects compared to the water trap in all species 
during the trapping period. The number of insects caught in 
the dry traps was in most of the cases more than double com
pared with those of the water trap. Analytical weekly captu
res are shown in Figs. 1 and 2. The dry trap in �- 2rmig�r� 
was always better, during the whole trapping period, than the 
water trap in the area of Copais in both years tested. In only 
one period (first part of May of 1988) was it inferior. Simi
lar results were obtained in Istiaea, except in the last part 
of August of 1987. §. iQ§!!QQ males were also caught in higher 
numbers in the dry trap in Copais except in end May-beging July 
and August 1987, when the water trap gave slighlty higher num
bers than the dry trap. §. §�g�iYm males were caught in 
relatively higher numbers only in May in the Water trap, than 
the dry trap. �- 2rmig�r� appeared from May to October. §. 
!Q§!!QQ appeared in Copais throughout the trapping period from
March to October while in Istiaea the last insects were caught
not later than October. §. §�9�1Yffi showed practically activity
in both areas throughout the year.

The superiority of the dry trap, coupled with the easier 
handling and servicing, led to the adoption of this type for 
insect monitoring under the conditions tested. Even in the 
cases that the water trap gave higher captures, the values were 
not much different from the dry trap. The general pattern of 
captures through the time was better in the dry trap. The 
water trap has been found superior to dry trap in SE France, as 
reported by Dr. Bues of the !NRA Station de Zoologie in Montfa
vet. It is deemed therefore necessary to test the two kinds of 
traps under different field conditions. 
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T __ A __ B __ L __ E ____ I 

Insects caught in two kinds of pheromone traps <dry, "Inter
national Pheromones" and water, "INRA" Montfavet type) in two 
areas in Greece during the years 1987 and 1988. 

Species 

Acknowledgments 

Area 

Copais 

Istiaea 

Copais 

Istiaea 

Copais 

Istiaea 

Year Trap type Insects 
(No. traps> per trap 

1987 

!988

1987 

1988 

1987 

1988 

1987 

1988 

1988 

Dry < 1> 
Water (1) 

Dry (U 
Water <1> 
Dry < 1 > 
Water <1> 
Dry < 1 > 
Water (1) 
Dry < 1 > 
Water (1) 
Dry (2) 
Water <2> 
Dry < 1> 
Water < 1 > 
Dry < 1> 
Water <1> 
Dry <4> 
Water (2) 
Dry <4> 
Water < 1 > 

291 
119 

97 
28 

152 
112 

90 
26 

197 
57 

149 

41 

54 
7 

78 
26 

330 
198 
205 

96 

Supply of the pheromone dispensers, the water traps and 
"Teepol" from INRA, Station de Zoologie in Montfavet, France, 
is gratefully acknowledged. 
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AMELIORATION DU PIEGEAGE SEXUEL DE MYTHTMNA UNTPUNCTA Haw. 
AUX A<;ORES EN PRESENCE DU Zl l-16:Ald 

by V. VIEIRA •, R. DUES••, J. TAVARES•, S. POI TOU T ••, 
L. OLIVERA * & J.F TOUBON **

RESUME 

•universidade dos Ai;;ores, Departamento de Biologia.
P.-9500 PONTA DELGADA. 

**INRA, Station de Zoologie & d' Apidologie. 
F.-84140 MONTFAVET 

L'experimentation conduite en 1988 aux Ai;;ores (Portugal) a confirme le rOle 
du Zl l-16:Ald, a la dose d'environ 1%, sur l'augmentation du nombre·de 
captures de Mythimna unipuncta Haw. 

INTRODUCTION 
Les degiits de Mythimna unipuncta Haw. peuvent atre tres importants, 

principalement sur graminees. La mise en place d'une methode de prevision des risques 
necessite l'utilisation d'une technique efficace de piegeage. En 1980, HILL & 
ROELOFS mettent en evidence la presence du Zl l-16:Ac. McDONOUGH & al (1980), 
confirment )'importance de ce compose pour le piegeage de cette espece et indiquent 
que la presence de Zl 1-16:0H n'accroit pas le nombre de captures. FARiNE & al 
(1981), par contre, montrent le rOle d'isolement specifique de faibles quantites de Zl l-
16:0H, vis a vis de Mamestra brassicae L. STECK lk al (1982) observent un 
accroissement du nombre de captures de M. unipuncta, do a la presence de Zl l-16:Ald. 
Toutefois, PRIESNER (1979) avait deja montre la presence de cellules receptrices au 
Zl l-16:Ald. 

Les resultats de piegeages effectues dans le sud de la France, dans la region 
d'Avignon, avec la formulation: 880 µ g de Zl l-16:Ac, 100 µ g 16:Ac, 20 µ g Zl l-16:0H 
ne permettent pas, compares a ceux obtenus a )'aide du piegeage lumineux, le suivi de 
la dynamique des populations. Les hivers rigoureux de 1984 a 1987 ayant entraine une 
diminution importante des populations (BUES & Al, 1986), seules Jes experiences 
conduites aux Ai;;ores ont permis de preciser le rOle de l'aldehyde dans Jes formulations 
utilisees pour le piegeage sexuel de M. unipuncta. 

MATERIEL ET METHODES 
L'experimentation s'est deroulee dans une culture de graminees de Lagoa do 

Congro (550 metres de hauteur), dans l'ile de Sao Miguel du 23 juin au 12 octobre 
1988. Durant l'essai, Jes conditions climatiques se sont maintenues assez constantes: 
temperature moyenne 15"+-2°C. avec des variations journalieres n'excedant pas 12°c. 
L'HR etait de 95%, malgre l'absence de pluie. 

Les pieges sont du type a eau (INRA, 1988), fixes a l metre au dessus du sol. 
Ils sont disposes sur deux rangs et espaces entres eux de 2 metres. La position des 
pieges est permutee chaque 4 semaines, en mame temps que Jes capsules. Quatre 
repetitions dans le temps (de 4 semaines chacune) ont eu lieu. 

Les attractifs sexuels ont ete fournis par le laboratoire des Mediateurs 
Chimiques de Brouessy (INRA, France). 
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RESULT A TS ET DISCUSSION 
Les resultats sont indiques tableau 1. Ils mettent en evidence le rOle du Zl l-

16:Ald sur l'accroissement des captures, aux doses de 0,1 et 1%. Des doses superieures 
(2. S%} presentent une action inhibitrice. L'analyse statistique ne permet cependant pas 
de differencier les formulations avec 0,1 ou 1% d'aldehyde. 

Tableau I: Captures de M. unipuncta aux pieges sexuels du 23/6 au 12/10 1988 
aux A9ores avec differentes proportions de Zl l-16:Ald.(µg} ajoutees a la formulation 
de base: 880 µ g Z 11-16:Ac, 100 µ g 16:Ac, 20 µ g Z 11-16:0H. 

Zl l-16:Ald Repetitions Total 

100 ( 10%} 19 8 8 0 3Sa0 

so ( S%} 23 10 s I 39a 
10 ( 1%} 71 74 33 4 182b 
I (0,1%} 63 49 IS I 128ab 
0 ( 0%} 42 s s 0 S2a 

• Les chiffres suivis par une meme lettre ne sont pas statistiquement differents
(P=0,05) au test de Newman-Keuls. Calculs effectues sur les cumuls hebdomadaires
(donnees transformees .r X+l, F*"'�}.

Ces resultats corroborent ceux obtenus par STECK & l'll (1982} sur une 
population du Canada. Toutefois le pourcentage optimum de ce compose, par rapport 
au compose principal (Zl l-16:Ac} est voisin de 1% dans notre formulation alors qu'il 
n'est que de 0,1% dans la formulation Canadienne. STECK & al (1980} indiquait deja 
que le Zl l-16:Ald a 0,2% etait totalement inhibiteur. 

Ces resultats,- observes sur M. unipuncta, sont a rapprocher- de ceux- publies 
concernant Mamestra suasa Schiff. oil le rOle du Zl l-16:Ald avait ete note (SUBCHEV 
& STOILOV,1984; CAUSSE & !!ii, 1985} et dont la presence, dans les secretions 
pheromonales, n'a ete demontree qu'en 1986 (TO'TH & al) 

Par ailleurs, ii convient peut etre de rapprocher les resultats obtenus par 
SUiJCHEV & STOILOV (1984) qui montraient egalement l'effet de synergie, do a la 
presence de Zl l -16:Ald a 0,1%, sur !'augmentation du nombre de captures de M.

brassicae, de ceux obtenus dans le sud de la France en 1977 et 1979 (non publies) qui 
montraient que !'on capturait beaucoup de M. unipuncta avec Jes femelles vierges de M. 
brassicae. La difficulte, pour mettre en evidence la presence de l'aldehyde, de pratiquer 
aussi bien !'analyse des effluves que des glandes (TOTH & al, 1986), pourrait etre a
l'origine des resultats negatifs, constates lors des recherches de produits secondaires 
pheromonaux entreprises afin d'ameliorer la formulation de l'attractif de M. brassicae. 
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CONTRIBUTION A L'ETUDE QUANTITATIVE DE LA PRESENCE DU STADE 

ADULTE DE AGROTIS IPSILON HFN. ET HELIOTHIS ARMIGERA HBN. 

(LEP., NOCTUIDAE) AUX A<;ORES 

V. VIEIRA, J. TAVARES & L. OLIVEIRA.

Universidade dos A�ores, Departamento de Biologia, P-9500 PONT A DELGADA (A<;:ORES). 

INTRODUCTION 

Dans le cadre du groupe d"etudes OILB/SROP "Prognose et Lutte lntegree Contre les 

Noctuelles Migrantes", la dynamique des populations adultes aux A90res de deux especes 

(Agrotis ipsilon HFN. et Heliothis armigera HBN.) a ete suivie par piegeage sexuel et 

lumineux. 

Les larves de A. ipsilon attaquent les plantes les plus diverses, notamment des 

choux, betterave, chicoree, epinard, carrotte, radis, pommes de terre, salades, ma'is, ble 

et des especes vegetales tropicales, tabac, patate et cacahuete. Les larves de H. armigera 

provoquent des degAts sur tomates, piment, concombre, rosier et chrysantheme 

(CARNEIRO, 1982). 

L'utilisation du piegeage sexuel permet, pour une region donnee, d'etudier la 

dynamique des populations et d'elaborer une prevision des risques. Cette technique est 

aujourd'hui essentielle pour l'avertissement agricole. 

MATERIEL ET METHODES 

La dynamique des populations adultes de ces deux especes a ete suivie en 1988 a

l'aide du piegeage sexuel a Lagoa (80m d'altitude) pour A. ipsilon et au Rabo de Peixe 

(40m d'altitude) pour H. armigera. Un travail similaire a ete effectua la meme annee a

l'aide du piegeage lumineux pour A. ipsilon (Lagoa do Congro - 550m d'altitude, 

Arribanas - 250m d'altitude) et pour H. armigera (Ribeira Grande, 60m d'altitude). 

Le piegeage lumineux a ete realise avec des pieges du type pensylvanien equipes 

d'un tube TLD 18W/08, ir.stale sur les champs de Graminees. Pour le piegeage sexual on a 

utilise le piege a eau (INRA, 1988). Les deux pieges sexuels sont disposes en bordure de la 

culture (betterave et chicoree pour S. ipsilon, tomate pour H. armigera), espaces de 30 a

40 metres. Les capsules de pheromone sont renouvelees tous les quatre semaines. Pour les 

deux types de piegeage, les releves de papillons sont effectues une fois par semaine. 

Les attractifs sei:uels utilises au cours de ces eludes ont ate produits par le 

Laboratoire des Mediateurs Chimiques, INRA, F-Brouessy: A. ipsilon 20 µg 27-12: Ac, 

5 µg Z9-14: Ac, 20 µg Z11-16: Ac; H. armigera 2 mg 211-16: Al, 80 µ.g Z9-16 : Al, 

100 µg 16: Al (BUES et al., 1985). 
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RESULTATS ET DISCUSSION 

A._ lpsllon 

Le nombre d'adultes captures aux pieges lumineux est toujours relativement faible 

(67 adultes en 2 ans compare a 184 adultes en 1 an pour deux pieges sexuels). 

Les captures aux pieges sexuels sont representees figure 1. lls font apparaitre une 

presence continue de l'espece de Mars a Novembre avec un maximum au cours des mois de 

Mars a Juin et une rarefication durant les mois les plus chauds. 

14 

10 

0 
0 

� Pieg• I 

o !'iege- II 

Hois 

Figure 1: Courbes des captures par semaine (1988) de A. ipsi/on aux pieges sexuels a Lagoa. 

La selectivite des capsules pour A. ipsi/on n'est pas satisfaisante (46,04% de 

captures indesirables), d'autres especes de Noctuelles et Pyrales peuvent se capturer, 

elles representent des proportions importantes par rapport a la totatite des captures: 

Noctuelles - Mythimna unipuncta HAW. (36,95%), Chrysodeixes Cha/cites ESP. 

(2,93%), Trichoplusia orichalcea F. (2,35%), Xestia xanthographa DENIS & SCHIFF. 

(2,05%), Peridroma saucia HBN., Galgula partita G., Sesamia nonagrioides LEF., Scotia 

segetum DENIS & SCHIFF. (0,29% chacune); Pyrales - Hymenia recurvalis FAB., Udea 

ferrugalis HBN. (0,29% chacune). 

H. armlgera

Les resultats obtenus au piege sexuel en 1988 a Rabo de Peixe sont indiques figure 

2. Les captures aux pieges lumineux sont tres faibles (14 males et 11 femelles) et ne sont 

pas representees. Le vol debute en Juin, mais la presence de cette espece est sourtout 

importante en Aout-Septembre. C'est durant cette periode que H. Armigera peut devenir 

nuisible sur les cultures de tomates. Toutefois, jusqu'a ce jour, peu de degAts d'importance 

economique ont ate constates. 

La selectivite des capsules est bonne pour H. armigera (absence de captures 

indesirables). 
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Figure 2: Courbe de captures par semaine (1988) de H. armigera au pi6ge sexuel (Rabo de 
Peixe}. 

CONCLUSIONS 

Les resultats preliminaires presentes ci-dessus ne perme�nt pas d'etablir le 

voltinisme de chacune de ces especes. Les etudes doivent lltre poursuivies en etendant le 

reseau de piegeage aux differentes iles et en maintenant, notamment pour A. ipsilon, son 

fonctionnement durant toute l'annee. 

Des etudes paralleles sur la dynamique des populations larvaires et leur 

hivernation sont necessaires pour nous permettre de preciser le cycle evolutif de ces 

especes. La position insulaire des A�res pose l'interessant probleme du caractere migrant 

ou sedentaire, de ces deux especes, dans ces iles. Cet aspect du probleme fera appel a 
d'autres methodes d'investigations (ecophysiologie, caracterisation enzymatique ... ). 
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THE POPULATION OF SCOTIA IPSILON, SCOTIA SEGETUM AND 

HELIOTHIS ARMIGERA IN THE REGION OF PRILEP, 

SR OF MACEDONIA, IN THE COURSE OF 1988 

L.J. V ASILEV

Tobacco Institute - Prilep - Yugoslavia 

SUMMARY 

Investigations on populations of Scotia ipsilon, Scotia segetum and 

Heliothis armigera caught by pheromone traps in 1988 show numbers of 

male individuals of the three species caught, i.e. : S. ipsilon (155 indivi

duals), S. segetum (297 individuals) and H. armigera ( 321 individuals). 

Traps were placed in areas planted with tobacco. Population dynamics 

of the Noctuidae at the Tobacco Institute have been observed using light

traps since 1971. In 1988, pheromone traps were used for the first time 

in this Institute. Traps and pheromones were obtained from !NRA, for 

which we are very grateful. 

INTRODUCTION 

Investigations on population dynamics of Noctuidae in tobacco have 

been conducted at the Tobacco Institute in Prilep · since l �71. Insects 

were caught by a special (modified) light-trap in four localities in Macedonia : 

Prilep, Strumiza, Resen and Kumanovo. 

In the locality of Prilep, in 1972, using a modified light-trap, a catch 

of 43.080 Lepidoptera imagos was obtained. Of the total catch, 58,l % 

belonged to the family Noctuidae. 

Of the noctuid species on tobacco, the highest percent was that 

of the genus Scotia (29,59 %), followed by Heliothis (9,61 %), Autographa 

(9,34 %) and others to a lesser extent. 

Six species of the genus Heliothis have so far been caught in Prilep 

by now and they are Heliothis armigera Hubner, Heliothis peltigera D. 

et S., Heliothis dipsacea L., Heliothis maritima Graslin, Heliothis scutoza 

D. et S. and Heliothis incarnata Sp. They made up 9,6-12 % of the total

number of the trap Noctuidae species. 
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MATERIALS AND METHODS 

In 1988, for the first time at the Tobacco Institute, Priiep, a trial 

with pheromone trapping was conducted. Observation was carried out 

in the fields of the Institute in an area of 30 ha. 5 pheromone traps were 

placed about 100 meters apant, two traps for S. ipsilon, two traps for 

S. segetum and one for H. armigera. The traps for S. ipsilon and S. segetum

were supplied with water and wetting agent, in accordance with the enclosed 

instructions from INRA, and the trap for H. armigera was left dry, with 

no addition of water. The traps for S. ipsilon and S. segetum were examined 

from march to the end of november, and the trap for H. armigera from 

may to november. 

The imagos caught were removed and counted each day and identified 

according to their species in colour. 

The climatic conditions in 1988, especially during the period of vege

tation, were unfavorable for insect development, with a very long dry 

period (four months, from may to august) as well as with an extremely 

low relative air humidity (15-18 %). All this resulted in poor development 

of tobacco and other cultures. Damage levels by the pests observed were 

minimum, probably because of climate-induced disturbance of their development. 

RESULTS 

Results of the investigations in 1988 are presented in Tables 1, 2 and 3. 

From the data obtained, it could be seen that the two traps for S. ipsilon 

and S. segetum respectively caught 155 and 297 imagos. In one trap for 

H. armigera, 321 imagos were caught. The greatest number of S. ipsilon

imagos were caught in june (42), of S. segetum in july (73) and of �

armigera in september (214). The first incidence of S. ipsilon, S. segetum

and H. armiera was noticed on march 20, april 20 and may 17, respectively.

The maximum populations of S. ipsilon, S. segetum and H. armigera 

was noted on june 27, june 26 and september 12, respectively. The last 

incidence of S. ipsilon, S. segetum and H. armigera was noted on october 

25, october 20 and october 4, respectively. Data obtained indicate that 

observation of the population dynamics of the three species with pheromone 

sex-lure traps gives good .results, but for final determination of their 

phenology, several years of investigation are needed. 
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TABLE 1.: POPULATION DYNAMICS OF SCOTIA IPSILON-PHEROMONE TRAP 

DECADES 
MONTH I(l-10) II(l0-20) III(20-30/31) TOTAL 

two traps 

MARCH -

APRIL 15 

MAY 6 

JUNE -

JULY 22 

AUGUST 3 

SEPTEMBER 9 

OCTOBER -

First incidence: 29.III. 

Maximum: 27.VI. (20 individuals) 

Last incidence: 25.X. 

two traps 

-

12 

3 

4 

11 

2 

5 

-

two traps 

1 

6 

4 

38 

6 

6 

2 

1 

March-October 

(2 traps) 

Locality: Prilep - Yugoslavia 

Culture: Tobacco 

Crop: 1988 

1 

33 

13 

42 

39 

11 

16 

1 

156 
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TABLE 2.: POPULATION DYNAMICS OF SCOTIA SEGETUM-PHEROMONE TRAP 

MONTH 
1 trap 

MARCH -

APRIL -

MAY 4 

JUNE 1 

JULY 13 

AUGUST 8 

SEPTEMBER 4 

OCTOBER -

First incidence: 20.IV. 
I II 

I 
2 traps 1 

-

-

4 

9 

32 

21 

12 

2 

Maximum: 27.VI. (9 + 17 individuals) 

Last incidence: 20.X. 

DECADES 
II 

trap 2 traps 

- -

- 1 

5 3 

3 2 

7 8 

2 6 

3 10 

- 10 

Locality: Prilep, Yugoslavia 

Culture: Tobacco 

crop: 1988 

1 
III 

trap 2 traps 

- -

1 1 

10 26 

22 35 

4 9 

4 10 

- 5 

- -

April-October 

(2 traps) 

TOTAL 

-

3 

52 

72 

73 

51 

34 

12 

297 
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TABLE: 3.: POPULATION DYNAMICS OF HELIOTHIS ARMIGERA-PHEROMONE TRAP 

MONTH 
DECADES 

(1-10) II (10-20) 

MARCH - -

APRIL - -

MAY - 1 

JUNE - -

JULY - 10 

AUGUST 14 12 

SEPTEMBER 60 118 

OCTOBER 17 -

First incidence: 17.V. 

Maximum: 12.IX. (34 individuals) 

Last incidence: 4.X. 

III (20-30/31) 

-

-

-

3 

3 

47 

36 

-

May-October 

Locality: Prilep-Yugoslavia 

Culture: Tobacco 

Crop: 1988 

TOTAL 

-

-

1 

3 

13 

73 

214 

17 

321 
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LA SCOTIA IPSILON HUFN. DANS L 'IT ALIE NORD-ORIENT ALE 

S. ZANGHERI, L. FURLAN

Institut d'Entomologie Agricole - Unviersite de Padoue 

I - INTRODUCTION 

L 'lnstitut d'Entomologie Agricole de Padoue s'est associe au Groupe 

d'etude OILB car le probleme des Noctuelles migrantes au cours de ces 

derniers temps s'est pose de fac;on pressante dans la Venetie et dans d'au'tres 

regions italiennes et le dommage cause a eu des repercussions economiques 

importantes en 1970 et en 1983 (ZANGHERI & CIAMPOLINI, 1971 ; CIAMPOLINI, 

SUSS, ZANGHERI, I 98�). 

Le programme prevoyait la surveillance des populations d'adultes 

et d'eventuelles observations sur Jes dommages. 

L 'etude a ete effectuee dans !'exploitation de Legnaro de la Faculte 

d' Agriculture de J'Universite de Padoue et dans deux exploitations agrico1es 

de la province de Venise (Stretti di Eraclea et Meolo), toutes essentiellement 

consacrees aux grandes cultures (mais, betterave, etc ... ) en comparant 

Jes pieges a pheromones a eau (capsules OILB) avec Jes pieges lumineux 

situes a une distance opportune afin d'eviter tout risque d' interference. 

II - RESULTATS 

En I 987, la surveillance concernait deux especes : Scotia ipsilon Hfn. 

et Helicoverpa armigera Hbn. 

Aucune capture de Helicoverpa armgiera n'a ete observee, ce qui 

n'est pas surprenant car l'espece, sur la base des connaissances faunis

tiques actuelles, est consideree en Italie du nord comme rare et depourvue 

d'importance economique. 
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En 1987, a Legnaro, Jes captures de S. ipsilon ant ete tres rares : 

- piege a eau : 4 ex. du 16.4 au 27 .4

- piege a eau II : 7 ex. du 13.4 au 18.4

Durant la saison toute entiere, le piege lumineux a capture environ 

80 individus. 

A Stretti di Eraclea et Meola (VE) OU ant ete places Jes autres pieges 

a eau, aucune capture a ete enregistree. 

En 1988, la surveillance a ete renouvelee dans les memes localites 

seulement pour S. ipsilon. 

Aucune capture constatee a Legnaro avec les pieges a eau alors que 

25 individus furent recoltes avec le piege lumineux entre le 18.4 et. le 

16.7 (le piege a fonctionne jusqu'au 22.9). 

Dans toutes Jes localites OU a ete effectue l'etude, aucun dommage 

de Noctuelle n'a ete observe au cours des deux annees. 

Les pieges a eau n'ayant pas fourni de resultats probants et s'etant 

reveles d'une utilisation peu pratique, la methode de piegeage de s. ipsilon 

pour la surveillance des populations adultes de l'espece fut modifiee en 

1988. Les capsules de pheromones OILB ant ete introduites sur des pieges 

englues (type Pherotrap) et le reseau de stations de surveillance a ete 

etendu a toute la plaine de la Venetie. Au printemps, Jes captures ant 

ete plus nombreuses que Jes annees precedentes et on a egaJement constate 

queJques dommages qui pourront etre illustres a la fin de J'annee. 
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ETUDES BIO-ECOLOGIQUES DE Agrotis ipsilon Hufn. 
DANS LE SUD DE LA FRANCE 

DUES R., POITOUT S., TOUBON J.F. 
INRA, Station de Zoologie et d' Apidologie F-84140 MONTF A VET 

RESUME: 
Dans le sud de la France, le vol d'immigration de A. ipsilon a lieu de mars a 
mai. II est constitue d'adultes feconds. Leurs descendants sont a l'origine de la 
dispersion de juin a juillet, des populations dans Jes regions plus 
septentrionales. Le 3eme vol coincide avec le debut du retour vers les zones 
d'hi vernation. 
Afin de preciser les limites thermiques pour l'hivernation de l'espece, des 
etudes ont ete conduites en conditions constantes et naturelles. Ces 
experimentations ont permis de determiner des seuils thermiques minimaux de 
developpement pour Jes stades larvaires et nymphal d'environ 8°-9°C, avec 
une somme de 550 a 600 degres jours et de 8°C. avec 60-62 d0 

/ j pour le 
stade oeuf. 

INTRODUCTION: 
Dans le sud de la France, au sud du 45eme parallele, Jes adultes d'Agrotis 

ipsi/on sont captures, des Ja fin fevrier-debut mars, aux pieges lumineux (POITOUT & 
BUES, 1977) et sexuels (CAUSSE & al, I 985, 1989). Le l er vol annuel se poursuit 
jusqu'a la fin mai. Durant toute cette periode, les femelles deposent des oeufs fertiles. 
Des degats plus ou moins importants peuvent etre observes, en fonction des conditions 
climatiques (faible pluviometrie notamment) et la coincidence entre l'eclosion des larves 
et la germination des semences (mais, tournesol...). Plusieurs generations se succedent 
durant la periode estivale et l'automne, en liaison avec une extension progressive des 
populations vers les regions septentrionales (ONYANGO ODIYO, 1975). 

Une premiere esquisse de !'evolution probable des populations en France a 
deja ete presentee (POITOUT & BUES, 1977). L'etude qui est presentee ici est destinee 
a preciser Jes exigences thermiques de l'espece am, differents stades, la chronologie des 
vols successifs et la possibilite de survie hivernale de l'espece dans le sud de la France. 

MATERIEL ET METHODES: 
Toutes les etudes ont ete conduites sur des descendances de !ere generations 

de populations capturees dans le sud de la France. 
Des elevages ont ete effectues de l'eclosion de la jeune larve jusqu'a 

l'emergence de J'adulte, soit en conditions photoperiodiques et thermiques constantes du 
laboratoire, soit variables, proches de celles rencontrees dans la nature, sous un abri 
insectarium situe a proximite de la station de recherches (Avignon). La technique et 
l'alimentation artificielle utilisees ont deja ete decrites (POITOUT & DUES, 1974). Le 
nombre d'insectes eleves dans chacune des conditions constantes est indique dans 
!'expose des resultats. Pour les elevages sous abri insectarium le nombre est tres variable 
mais jamais inferieur a 50 larves. L'etude de la duree d'incubation des oeufs, dans 
differentes conditions thermiques constantes ou naturelles au printemps, a ete effectuee 
a partir de lots constitues d'environ 100 oeufs places en petites enceintes closes avec 
une hygrometrie voisine de 60%. 
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RESULTATS: 
A) Durees de developpement et seuils thermigues. pour differents stades. a

temperatures constantes. 
-LARVES ET NYMPHES: 

Nous avons resume dans le tableau 1 les durees rnoyennes du developpernent
larvaire et prenymphal regroupees et du developpernent nymphal, A differentes 
temperatures, sous duree d'eclairement longue LO 16:8 ou courte LO 12:12: 

LO 16:8 30° 23• 2s· 21· 18° 1s· 

Developpement larvaire et prenymphal: 
N 490 75 410 JUi I236 473 
X 19,S 23,l 25,8 33,0 48,4 69,7 
a 3,2 1,5 2,S 3,9 S,l 7,S 

Developpement nymphal: 
N 393 S7 S88 264 540 366 
X 7,9 10,3 10,0 17,8 22,6 38,6 
a 2,6 1,4 3,0 4,0 6,0 8,S 

LO 12:12 30° 28° 25° 21" 18° 15° 
. 

Developpement larvaire et prenymphal: 
N 327 767 343 2297 191S 1043 
X 17,S 20,3 27,3 34,0 46,0 69,1 
a 2,8 3,S 3,4 4,9 5,8 10,3 

Developpement nymphal: 
N 286 64S 23S l04S 985 89S 
X 8,2 11,6 10,4 1S,2 22,5 31,7 
a 2,2 3,4 2,3 4,3 6,1 13,3 

Note: La duree de developpement, A une temperature donnee, a ete observee sur des 
lots de larves et de nymphes independants. II n'est done pas possible de calculer la 
mortalite nyrnphale A partir de ces chiffres. 

Dans le tableau 2 sont presentees Jes equations des droites de regression de la 
vitesse de developpement en fonction de la temperature, pour d'une part Jes stades 
larvaire et prenymphal, d'autre part pour le stade nymphal. (Ye Durees de 
developpement, x= temperature d'elevage). 

Stade de 
develop. 

Larvaire• 
Nymphal 
Larvaire• 
Nymphal 

LO 

16:8 
16:8 
12:12 
12:12 

equations 

Y=0,238x- 2,127 
Y=0,692x- 8,056 
Y=0,272x- 2,730 
Y=0,633x- 6,573 

*Stade larvaire et prenymphal regroupes.

r 

0,995 
0,991 
0,991 
0,996 

seuil thermique 
theorique 

s,94°C. 
I I,6S°C. 
10,03•c. 
10,39•c. 
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Les seuils thermiques mrn1maux theoriques de developpement sont 
respectivement pour le stade larvaire et nymphal de 8,94°C. et l l ,65°C. sous LO 16:8, 
ils sont relativement plus proches sous LO 12:12: 10,03° 

a I0,39°C. 
A partir des donnees du tableau I on peut calculer, pour chacune des 

conditions photoperiodiques, la somme des degres jours (d0 /j). Les calculs ont ete 
effectues d'apres la formule de la constante thermique: K= Y(t-a), ou Y= duree de 
developpement en jours, t= temperature d'elevage et a= seuil thermique de 
developpement. Differents auteurs (ARNOLD,1959; DURANT & al,1982; SANBORN & 
al, 1982) considerent que le seuil thermique correct serait celui qui donne la constante 
thermique la moins variable. Selon cette methode Jes calculs indiquent, sous LO 16:8, 
un seuil thermique de l 0°C. avec une somme de 559 d0/j et de 9°C. et 593 d0/j sous 
LO 12:12. Des observations realisees a la suite de transferts de larves et de nymphes, de 
21°C. LO 12:12 a differentes temperatures basses(!!° , 8°, S°C.) durant 1 ou 2 mois 
avant d'etre ramenes a 21°C., confirment bien que Ja nymphose et !'emergence peuvent 
avoir lieu a 11 ·c mais non a 8°C. 

-OEUFS: 

Le tableau 3 indique Jes durees d'incubation des oeufs a differentes 
temperatures constantes: 

Temperatures 30° 28° 25• 21· 18° 15· 11° 8° 

Durees(jours) 3 3 3,5 5 7 12 32 " 

*Pas d'eclosion mais Jes oeufs transferes a 15°C. apres 6, 18 et 24 jours a 8°C. eclosent
respectivement apres 11, 9 et 6 jours.

L'equation de Ja droite de regression de Ja vitesse de developpement en 
fonction de la temperature est: Y=l,846x-18,374 (r=0,998) et le seuil thermique 
theorique de 9,96°C. Le developpement complet de l'oeuf ne peut avoir lieu a 8°C., 
toutefois une fraction du developpement peut s'y effectuer. Si l'on applique, au niveau 
des oeufs, la methode de la constante thermique la moins variable utilisee ci-dessus, le 
seuil thermique, suppose t!tre le plus correct, est de I0°C. avec une somme de 62 d0/j. 

B)-Durees de developpement des stades larvaire et nymphal,sous abri 
insectarium. a differentes periodes de l'annee. 

Afin de permettre des comparaisons nous presentons, figure I, la courbe des 
captures cumulees obtenues au piege lumineux en · fonctionnement dans la region 
d'Avignon de 1964 a 1988. Une autre courbe a ete etablie a !'aide du piegeage sexuel, 
realise dans la meme region de 1984 a 1988, incluant les donnees obtenues dans le 
cadre du reseau OILB. Les deux techniques conduisent au mt!me resultat, pour ce qui 
concerne !'allure generale des deux courbes, par contre des differences quantitatives 
significatives apparaissent selon les vols (CAUSSE & al, 1989) 

P. cent
12

10 

8 

6 

4 

2 

J J A 

� Captures < 1 %
0 

s 0 N D 
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-LARVES ET NYMPHES: 

La figure 2 ci-apres represente la duree de developpement larvaire et nymphal
ainsi que l'echelonnement des emergences pour des insectes mis en elevage sous abri 
insectarium, a des dates echelonnees, au cours des annees 1977 a 1987. 

·• 77

+ 74 + 87 
+ 78 

+ 78 
,e.81 

+s1 
15/8/77 u.........J 

8/8/77 IA-I

s 0 N 

+ 77
+ 85

M 

,(> 

it. 

+ 

0 

D 

+ 

... 77 

J 

+ l'6
+ 77

i· 85 
.... 77 

+ 85 

... 77 
{I-- 85 

+ l'6
V 85 

M A 

,.,

date de debut d'elevage 
ij>Oint .50% Jere et dernicre emergences 
adul tes deformcs 
adultes tres petits 

LA--JQ 
uu+ 

L...A_J. 
• ••

C 

F M A M . I J 

• 77 L-L--J 
+ 77 

LA.J 

8.5 .t. 

8 

� 

I. 

Jt A s 

4 

• 
A 

A 

M J Jt 

Si l'on considere les elevages realises de mars a avril (Fig. 2A),en coincidence 
avec la descendance des adultes du ler vol, on observe que les emergences sont 
regroupees du 10/6 au 10/7, quelle que soit l'annee. 

Pour les elevages conduits du debut mai a 12 fin juillet (Fig.2B), en 
coincidence avec la descendance des adultes du 2eme vol, la periode des emergences 
s'echelonne de juillet a fin septembre. Ces donnees correspondent assez bien avec le 
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voltinisme que l'on peut deduire de Ja courbe de captures (Fig. I): un I er vol de de but 
mars a fin mai, un 2eme vol de debut juin a debut juillet, un 3eme vol de juillet a fin 
septembre. 

L'avenir des populations issues des pontes deposees au cours de ce 3eme vol 
peut etre compare aux elevages realises du 8/8 au 20/10 environ (Fig. 2C). L'emergence 
s'effectue de fa�on tres echelonnee de octobre a janvier, ceci correspond avec le 4eme 
vol observe de octobre a decembre-janvier (Fig. I). 

Toutefois, les elevages commences de la fin septembre a octobre, ont un 
avenir incertain, lie aux conditions thermiques de l'annee. Nous n'avons pu obtenir un 
developpement complet, de la chenille neonate a J'adulte, que certaines annees. La 
resistance des larves au dernier stade est plus elevee. C'est le stade prenymphal qui 
constitue, comme pour d'autres especes egalement a la limite nord de leur aire de 
developpement, telle que Mythimna unipuncta Haw. (BUES & al, 1987), le stade 
critique pour leur survie hivernale. Les adultes obtenus sont soit tres petits soit, plus 
frequemment, deformes. En ('absence de tout mecanisme synchronisateur, le 
developpement larvaire et nymphal de A. ipsilon s'effectue en relation directe avec la 
temperature et des emergences ont lieu de fa�on echelonnees de novembre a fevrier, 
alors que Jes temperatures nocturnes ne permettent pas l'accouplement. 

-OEUFS: 

Comme l'ont montre Jes etudes en temperatures constantes, la duree
d'incubation aux basses temperatures peut etre tres longue. L'exposition d?oeufs, dans 
les conditions naturelles au printemps, confirme ces resultats. Ainsi en 1985, des oeufs 
exposes Jes 2/3, 21/3 et 18/4 eclosent respectivement le 4/4, 8/4 et 30/4, c'est a dire 
apres 33, 18 et 12 jours. 

CONCLUSIONS ET DISCUSSION 

Les resultats obtenus en temperatures constantes montrent que la temperature 
seuil du developpement larvaire et nymphal varie entre 9• et I0°C. et la somme des 
degres jours entre 559 et 593 selon que l'elevage est realise respectivement sous LO 
16:8 ou LO 12:12. Toutefois, les differences de durees de developpement, selon les 
conditions photoperiodiques, sont relativement faibles et peuvent etre does aux 
conditions experimentales. BECK (1986), conclut egalement a !'absence de differences 
entre durees de developpement larvaire en fonction de la photoperiode. Par contre, 
GORYSHIN & AKHMEDOV (1971), AYRAPETYAN (1983), concluent quant a eux a

!'action de la photoperiode sur la duree de developpement de A. ipsi/011. BECK (1988), 
determine un seuil thermique moyen de 8,5°C. pour le developpement larvaire et 
nymphal. RIVNAY (1964) indique, pour Jes memes stades, un seuil de 7-9°C. avec une 
somme de degres jours de 660-668 et LUCKMAN & al (1976) un seuil de J 0,4°C et 
555 a 638 d0 /j. Ces resultats, quelques peu differents selon Jes auteurs, montrent la 
difficulte d'etablir un seuil precis. II convient aussi de differencier la temperature seuil, 
a partir de laquelle l'insecte peut effectuer le developpement complet du stade 
concerne, du seuil thermique auquel l'insecte peut, en alternance avec une temperature 
plus elevee, effectuer une fraction de son developpement. 

Afin de preciser cette notion de seuil nous avons calcule, pour differents 
elevages conduits en conditions naturelles, la somme des degres jours cumules au dessus 
du seuil de J0°C.(temperatures moyennes de 1980 a 1984, prises sous abri). On constate 
que pour Jes elevages realises du 6/3 au 25/4, la somme thermique varie de 440 a 491 
d0/j, pour ceux realises du 9/5 au 28/7 de 545 a 560 d0/J et pour ceux conduits 
durant l'hiver du 4/9 au 14/10, la somme varie de 215 a 360 d0/J. Ces memes calculs 
theoriques effectues avec un seuil de 8°C., au lieu de io·c., donnent respectivement 
618-627, 641-684 et 419-507 d0/J, ce qui nous rapproche davantage des donnees
obtenues, en moyenne, en conditions constantes (559-593). Ces calculs ne sont pas 
exempts de risques d'erreurs dont le plus important est la difference entre la 
temperature prise en compte pour les calculs et la temperature reellement per�ue par
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l'insecte dans les conditions d'elevages. Il est egalement possible que des differences 
puissent exister entre populations Europeennes et Nord Americaines. Neanmoins, en 
accord avec BECK (1988), ii semble qu'un seuil de 8°-9°C. doit !tre considere comme 
le plus probable. 

Au niveau de la duree d'incubation des oeufs, HASEGAWA & TAKEKATSU 
(1969), indiquent une somme de 56,5 d0/j et LUCKMAN & al (1976) une moyenne de 
52 d0 

/ j. Les m!mes calculs que ceux realises au niveau larvaire sous abri insectarium 
nous conduisent a considerer le seuil de 8°C. avec une somme de 60-62 d0 

/ j, comme 
le plus probable. BECK (1988) indique que le stade oeuf est le plus resistant aux basses 
temperatures et qu'il peut survivre jusqu'a 3 semaines a -5°C. et 2 semaines a -I0°C., 
alors que les larves au 6eme stade ne peuvent supporter une temperature negative de -
I0°C. plus de quelques jours. 

Nos etudes conduites en conditions naturelles, durant l'hiver sous abri 
insectarium, confirment que l'espece ne peut hiverner aux stades immatures, dans le 
sud de la France, que certains hivers dans des zones priviligiees du littoral 
mediterraneen. Les emergences ont alors lieu de fa�on echelonnees, l'accouplement est 
aleatoire et l'on peut considerer que tous les oeufs eclos a partir de fin septembre 
constitue une population sans devenir biologique. 

En resume, le l er vol observe de roars a mai est constitue d'adultes feconds, 
generalement de grande dimension alaire, provenant de regions plus au sud 
(probablement a partir du 40eme parallele (GABARRA comm. pers.). II est 
remarquable que leur arrivee en grand nombre coincide generalement avec des periodes 
prolongees de vent de direction sud-nord. Les etudes actuellement en cours montrent 
que la plus grande partie de cette population semble se disperser sur la bordure 
littorale, une faible partie seulement penetre a l'interieur des terres et quelques 
individus isoles peuvent m!me atteindre, des avril, Jes cotes du nord. Les resultats 
encore fragmentaires en notre possession permettent d'envisager, le long du littoral 
atlantique, un processus d'invasion semblable. 

Le 2eme vol, issu de cette lere generation larvaire, potentiellement tres 
nuisible, constitue la phase de dispersion sur l'ensemble du territoire, avec une 
rarefaction des populations dans le sud, au cours des deux mois les plus chauds de 
l'annee (juillet-aOut). Une observation similaire a ete faite en Israel (RIVNAY, 1964), 
dans des conditions de temperatures plus drastiques. 

Les 3eme et 4eme vols se chevauchent de juillet a octobre-novembre. Ils sont 
constitues d'adultes appartenant en majorite aux populations qui se sont developpees 
dans toute les regions plus septentrionales en France et en Europe et qui se deplacent 
de fa�on massive vers le sud pour la reproduction. La preuve la plus frappante de ce 
vol sont les quantites, parfois enormes (plusieurs milliers, par heure de capture, a un 
piege lumineux), qui sont captures dans certains cols Alpins (POITOUT & al, 1974). 
Malgre les quantiles importantes d'adultes parvenant sur le littoral mediterraneen, seuls 
quelques degi\ts sont parfois observes dans des zones microclimatiques, telle que la 
region de Hyeres (notamment sur cultures florales et d'artichauts) qui representent en 
fait les zones priviligiees citees ci-dessus. 

Une explication plus complete de la dynamique des populations 
de A. ipsilo11, a l'echelle du Bassin mediterraneen et de !'Europe, ne pourra etre 
elaboree que lorsque l'on connaitra avec plus de precision les zones geographiques oil 
s'effectue la reproduction de l'espece, de octobre a mars, et la dynamique des 
populations dans ces regions 
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LES EMERGENCES PRINT ANIERES DE Heliothis armigera Hb. DANS LE SUD DE 
LA FRANCE EN RELATION AVEC LES DIFFERENTS ETATS DE DIAPAUSE 

NYMPHALE ET LA MIGRATION. 

BUES R.•, TOUBON J.F.0
, POITOUT S. •, VILLEVIELLE M.** 

t< INRA Station de Zoologie & d'Apidologie F-MONTFAVET 
I)* Service de la Protection des Vegetaux F-84140 MONTFAVET 

RESUME: 
A l'automne, chez Heliothis armigera, deux types de diapause nymphale 
peuvent efre induit: l'un sous la seule action de la photoperiode sur Les larves, 
i'autre par la seule action des temperatures basses sur les nymphes 
nouvellement formees. Les premiers resultats obtenus montrent que le taux de 
survie des nymphes avec une diapause induite par la temperature est inferieur 
a celui des nymphes avec une diapause induite par la photoperiode. Par contre, 
les dates des emergences au printemps, sont sensiblement identiques pour les 
deux types de diapause. 
Le seuil thermique de developpement post-diapause varie entre 18° et 20°c, 
pour les deux types de nymphes. A 21 •c, les adultes issus des deux types 
nymphes emergent de fa1,on homogene. Les emergences au printemps, des 
adultes issus de nymphes disposees dans des cages implantees dans trois 
localites, s'effectuent en coincidence avec le premier vol, de fin mai a juin. Si 
differentes observations mettent en evidence l'existence a l'automne, d'un vol 
d'emigration du sud ouest de la France vers l'Espagne, rien ne permet pour le 
momment de supposer un rnouvement inverse au printemps. 

INTRODUCTiON 
Nous avons recemrnent decrit deux etats -de- diapause nymphale, etudies en 

conditions constantes (BUES & al, 1989). Si l'on transpose ces resultats dans les 
conditions naturelles, on peut supposer qu'a l'automne, trois types de nymphes se 
deterrninent en proportions variables selon les conditions thermiques de l'annee: 

a) Des nymphes non diapausantes dont le seuil de developpement est
relativernent bas (11 • - I 2°C.). 

b) Des nymphes avec une diapause induite au niveau tarvaire par Jes
photoperiodes courtes. Nous l'avons appelee "diapause photoperiodique" (Dph}. 

c) Des nymphes issues de chenilles, qui ont echappe a l'action des jours courts.
La diapause est alors induite par l'action des temperatures basses auxquelles sont soumis 
les insectes de ta fin du devetoppement larvaire au debut du developpement nymphal. 
Nous l'avons appele "diapause thermique" (Dth). 

Dans les conditions experimentales constantes, quelles que soient les 
interactions, on obtient tres rarement 100% de nymphes diapausantes, plus souvent 60 a
80%. Par contre, a l'automne sous abri insectarium, on obtient assez facilement 100% de 
nymphes en diapause. Phenomene que l'on peut contr6ler par transfert de ces nymphes 
aux conditions constantes de 18° LO 12:12. ii parait done vraisemblable, qu'i'l 
l'automne, !'action des temperatures basses sur Jes nymphes se cumule avec celle de Ja 
photoperiode sur les tarves, pour determiner une population naturelle entierement 
diapausante. 

Les objectifs des experimentations decrites ci-apres sont de deux ordres: 
a) Comparer, dans les conditions hivernales naturelles, la capacite de survie et 

les seuils thermiques minimaux de post-diapause des nymphes avec Dth et Dph. 
b) Mettre en evidence !'existence eventuelle de mouvements migratoires au

printemps dans le sud de la France, entre differentes zones geographiques, s'integrant 
dans le contexte plus general des vols d'immigration en provenance de regions situees 
plus au sud. 
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TECHNIQUES ET METHODES 
Tous les elevages sont realises sur alimentation artificielle et suivant une 

technique deja decrite (POITOUT & BUES, 1974). 
La determination des nymphes avec diapause est faite par !'observation de la 

presence de 4 points pigmentes, situes dans la region post-genale des stemmates 
(SHUMAKOV & YAKHIMOVICH, 1955; PHILLIPS & NEWSOM, 1966). 

Les nymphes avec Dph sont obtenues en conditions artificielles a 21°C LO 
12:12. L'elevage est realise de fa1,on a obtenir des nymphes en coincidence avec l'entree 
en diapause des populations nature lies. Apres I O jours passes a cette temperature, Jes 
nymphes avec ou sans diapause peuvent etre discriminees, la Dth ne peut alors plus 
etre induite (BUES & al, 1989). Les nymphes sont alors transferees sous abri 
insectarium. 

Les nymphes avec Dth sont obtenues a 21°C LO 16:8, conditions non 
inductrices de Dph. Les nymphes formees dans les 24 heures precedant !'observation 
sont transferees a des dates echelonnees sous abri insectarium, de fin octobre a fin 
novembre. Seton la date de transfert, 7 lots d'insectes de plus de 100 individus chacun, 
ont ete constitues. La proportion de nymphes diapausantes, sera alors fonction des 
temperatures naturelles subies par les nymphes dans les jours qui suivent le transfert 
(BUES & al, 1989). Le contr6le de la retention des points dans Jes stemmates est 
effectue environ 2 mois apres le transfert. 

Les nymphes avec 0th ou Dph sont exposees sous insectarium durant tout 
l'hiver, en comparaison avec des nymphes issues d'elevages conduits en totalite sous 
abri insectarium durant la meme periode. 

Pour l'etude des seuils thermiques de developpement post-diapause, des lots de 
40 nymphes avec Dph ou Dth, sont transferes, apres levee de l'etat de diapause, a 
differentes dates aux temperatures constantes de 21 • et l 8°C. 

Au cours du printemps 1988, des nymphes en diapause issues d'elevages 
effectues a l'automne sous abri insectarium, ont ete disposees dans des cages, dans 3 
localites situees suivant un gradiant sud-nord (Camargue, Avignon, Valreas). Ces 
nymphes hivernent dans des boites en matiere plastique opaque fermees, de 
25xl0xl0cm, remplies de tourbe. Chaque boite contient une cinquantaine de nymphes 
elles memes disposees dans une cage grillagee de 40x40x50cm, enterree sur Jes 2/3 de 
sa hauteur. Chaque cage contient deux boites, qui sont disposees de telle fa1,on que les 
nymphes soient dans la couche superficielle du sol, entre 2 et 5 cm de profondeur. 
Cette technique a ete rendue necessaire par le tres fort predatisme, do essentiellement 
aux Carabes et Fourmis. Differentes comparaisons, realisees soit avec des nymphes 
formees directement dans Jes boites et conservees dans le cocon nymphal, soit avec des 
nymphes disposees directement dans la cage grillagee, mais alors assez fortement 
predatees, n'ont pas fait apparaitre de differences appreciables entre Jes techniques. 

Les donnees obtenues sous cages sont comparees avec la courbe de captures 
obtenue avec deux pieges sexuels (!NRA, 1988), espaces d'une cinquantaine de metres, 
situes dans la localite la plus au sud (Camargue), a proximite d'une culture de tomate. 
L 'attractif sexuel (2 mg Z 11-16:AI, 80 µ g 29-16:AL, I 00-i g 16:AI) est produit par le 
Iaboratolre des Mediateurs chimique, INRA, F-Brouessy. Les capsules sont renouvelees 
toutes les 4 semaines. 

RESULTATS 
A) Taux d'induction de la Dth sous abri insectarium
La figure I represente les pourcentages de·Dth induite lorsque l'on transfere,

sous abri insectarium a differentes dates, des nymphes Agees de I jour, issues 
d'elevages realises a 21°c. LO 16:8: 
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On observe un accroissement des pourcentages, en relation avec la baisse des 
temperatures moyennes prises a 2,5m sous abri. On remarque que la Dth ne peut etre 
induite que lorsque Jes temperatures moyennes sont inferieures a 15°C. Cette 
experience confirme bien la possibilite d'induire une diapause nymphale, dans Jes 
conditions naturelles, par la seule action des temperatures basses sur le stade nymphal. 

B) Survie hivernale des nymohes diaoausantes
La figure 2 resume les taux de mortalite hivernale de H. armigera en diapause

sous abri insectarium, en fonction des conditions thermiques au cours de differents 
hivers. 

% de surv1e 

100 

75 

50 

' 
' 

83/84 

' 

' 

' 

84/85 

.... •---
, 

--- ., 

85/'IJ:, 86/87 

" 

, 

, 

Temperature 
8 

,, 

87/88 

4 

0 

- 4 

- 8

-12

H1vers 

D 

II 

Oi,;1pause 
photoper iodique 
D1apause 
therm1que 

La mortalite est tres importante (superieure a 80%) durant trois hivers 
consecutifs (1984 a 1987). Ceci en coincidence avec des hivers exceptionnellement 
rigoureux dans le sud de la France, comme J'indique assez bien la temperature 
minimale absolue a 2,5m sous abri. La comparaison de la mortalite hivernale entre Jes 
deux types de nymphes en diapause n'a ete realisee qu'a partir de l'hiver 1987/1988. 
On observe un taux de survie de 25% superieur pour Jes nymphes avec Dph, compare a
celles avec Dth, ceci au cours d'un hiver relativement clement. Notons que Jes nymphes 
non diapausantes, issues d'elevages a 21°c soit LO 12:12 soit LO 16:8, transferees sous 
abri insectarium dans les memes conditions que Jes nymphes diapausantes, meurent 
toutes au cours de l'hiver. 

Parallelement a la baisse des taux de survie, au cours des differents hivers 
rigoureux, on a constate une chute importante du total des captures realisees dans deux 
pieges sexuels, disposes dans la meme localite, au cours de l'annee suivant l'hiver 
considere, respectivement de 1984 a 1988: 2348, 1171, 722, 659 et 1389 captures. Au 
cours de cette derniere annee, le nombre de captures a double, sans atteindre cependant 
le niveau d'avant Jes hivers rigoureux. 
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C) Seuils thermigues pour les emergences
Les eclosions des nymphes issues d'elevages a 21•c LO 12:12 et LO 16:8,

transferees en octobre 1987 sous abri insectarium, respectivement a l'iige de 10 jours 
(Dth) et de I jour (Dph), sont representees figure 3. 
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Un debut des emergences plus precoce pour les adultes issus de nymphes 
avec Dth 

- Le pie principal des eclosions, des deux types de nymphes en diapause, est
observe lorsque Jes temperatures moyennes s'elevent au dessus de 2o•c. 

-La fin des emergences a lieu en meme temps, pour les adultes issus des
nymphes avec Dph ou avec Dth. 

Ces resultats sont corrobores par ceux obtenus lorsque l'on transfere a 21° et 
l8°C., a differentes dates (5/1, 5/2, 2/3, 1/4), des nymphes avec Dph ou Dth, issues 
d'elevages sous abri insectarium. La synthese des resultats obtenus peut etre resumee 
ainsi: 

a) Au niveau du taux des emergences
-A 21 °C., tous Jes adultes emergent, quel que soit le type de diapause.
-A l 8°C., 4 aduJtes (5%) seulement emergent, issus de nymphes avec Dph

contre 14 adultes (17,5%) pour celles avec Dth. 
b)La duree moyenne de developpement a 21•c., necessaire pour obtenir Jes

emergences d'adultes issus de nymphes avec Dth (30 a 41 jours), est nettement 
inferieure celle necessaire pour les nymphes avec Dph (54 a 83 jours). A l 8°C., cette 
comparaison n'est pas possible a cause du trop faible nombre d'adultes eclos. Notons 
que !ors d'essais effectues a 15°C., aucune emergence n'a ete obtenue quel que soit le 
type de diapause. 

D) Emergences printanieres et piegeage sexuel
La comparaison de la courbe des emergences sous cages, au printemps 1988 

(262 adultes), avec celle des captures aux pieges sexuels, cumulees de 1985 a 1987 
(3300 captures), est representee figure 4: 
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On constate que les emergences sous cages ont lieu en coincidence avec un ! er 
vol de tres faible importance, de fin mai a juin. Les quelques emergences observees en 
deb�t juillet sont issues de la cage disposee a Valreas. Deux autres vols peuvent etre 
distingues au cours- de la periode estivale: de juillet a mi-al>ut puis de fin a6ut a

octobre (BUES & al, 1988). 

DISCUSSION ET CONCLUSIONS 
Ces premiers resultats permettent de repondre a quelques unes des questions 

posees dans !'introduction: 
- On peut induire une diapause par la seule action des temperatures basses de

l'automne, en coincidence temporelle avec !'induction de la diapause dans les 
populations naturelles. Dans nos experiences, !'induction est obteaue en exposant des 
nymphes a.gees de I jour, mais nous avons montre, en conditions artificielles, que 
!'induction peut egalement etre obtenue en exposant des larves au dernier stade ou des 
prenymphes (BUES & al, 1989). 

- Les observations montrent que le taux de survie hivemal est etroitement
dependant des conditions thermiques et qu'une mortalite importante est toujours 
observee. Au cours de l'hiver 1987/1988, le taux de survie des nymphes avec QJb 
(60,7%) a ete inferieur de 25% a celui des nymphes avec Dph. D'autres auteurs ont 
constate qu'une cause importante de l'accroissement de la mortalite peut etre liee a un 
taux eleve d'humidite du sol (EGER, 1981). 

- Les dates des emergences sous abri insectarium, au cours de l'hiver
1987 / I 988, ont ete semblables quel que soit le type de diapause. Toutefois, un faible 
pourcentage de nymphes avec Dth emerge, en moyenne une semaine avant celles avec 
Dph. Cette observation est etayee par des experiences de transfert de nymphes de 
l'insectarium a I8°C, qui montrent qu'une partie des nymphes (5% pour les nymphes 
avec Dph et 17,5% pour celles avec Dth) ont un seuil thermique plus bas et peuvent 
donner des adultes a cette temperature. 

- Les nymphes avec Dth, transferees de l'insectarium a 21•c, ont une duree
de developpement plus courte que celles des nymphes avec Dph. 

- Le seuil .thermique de developpement post-diapause des nymphes avec Dth
ou Dph se situe autour de 2·-21•c. 

Ces resultats permettent d'expliquer l'echelonnement parfois important des 
emergences, notamment lorsque les temperatures ,estent Jongtemps voisine du seuil 
thermique. Seules les temperatures egales ou superieures au seuil de developpement 
post-diapause sont prises en compte pour le developpement des nymphes. Cette 
fourchette thermique (18°-21°C.) co'incide avec celle c!efinie par HOLTZER & al 
(1976) pour Heliothis zea Boddie. Cet auteur indique qu'a l 8°C. beaucoup d'individus 
n'ont pas emerges apres 201 jours. Elle est par contre nettement superieure a celle de 
J6°C. indiquee par HivllMINA (1983), pour des nymphes diapausantes. 
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- Les premiers resultats de la comparaison entre les dates des emergences sous
cages dans trois localites et la courbe de captures aux pieges sexuels, montrent une 
bonne coincidence si l'on excepte quelques emergences legerement plus tardives dans la 
localite situee la plus au nord. Les captures realisees au cours du I er vol sont toujours 
tres faibles sans que !'on puisse encore indiquer si elles correspondent reellement a de 
tres basses populations survivantes a l'hiver ou a un etat physiologique particulier des 
adultes. 

Dans le sud de la France, H. armigera se trouve a la limite nord de son aire de 
developpement permanent. Plusieurs auteurs, PEDGLEY (1986), FARROW & DALY 
(1987) indiquent !'existence de mouvements migratoires, plus ou moins lies aux 
courants d'air aeriens. Des campagnes de piegeage lumineux, realises dans un col 
Pyreneen a l'automne (ANGLADE, 1969) montrent que d'importantes populations sont 
capturees dans un biotope oil !'espece ne peut pas se developper. En 1988, du 5 au 8 
octobre dans les Pyrenees, sur 1800 captures de Noctuelles, effectuees par run de nous, 
12% appartenait a l'espece H. armigera. Par contre, le piegeage lumineux effectue 
pendant plusieurs annees (1967-1972) dans le sud ouest (ANGLADE com.pers.), 
confirme !'absence d'un vol d'emigration au printemps, a l'exemple de celui de Agrotis 
ipsi/011 Hufn., venant renforcer les populations du sud de Ja France, survivantes a

l'hiver. 
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DAMAGE LEVELS BY BLACK CUTWORM LARVAE, Agrotis ipsilon 

(HUfNAGEL) (LEP. : NOCTUIDAE) ON MAIZE AND 

TOBACCO IN SOUTHERN SPAIN 

T.CABELLO

Junda de Andalucia, Servicio de Investigaciones Agrarias, 
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SUMMARY 

The cutting potential of black cutworm larvae (Agrotis ipsilon) has 

been studied on maize and tobacco in plots enclosed by wooden barriers. 

Infestations were done manually using fourth instar larvae at four levels 

(0.25, 0,50, 1.00 and 2.00 larvae per plan) and four plant growth stages 

of the crops {l-, 3-, 5- and 7-leaf maize plant or 3-, 5-, 7- and 9-leaf 

tobacco plant). Percentages of cut plants at each infestc!,tion level on 

maize were : 15.5 %, 18.7 %, 24.9 % and 52.3 % for the !-leaf plant ; 

1.1 %, 3.1 %, 5.8 % and 12.6 % for the 3-leaf plant ; 0 %, 1.7 %, 2,8 % 

and 3.3 % for the 5-Jeqf plant ; and O % at all infestation levels for the 

7-leaf plant. Percentages for tobacco were : 3.1 %, 10.7 %, 11.1 % and

14.2 % for the 3-leaf plant; 0 %; 3.1 %, 5.9 % and 10.7 %·for the 5-leaf 

plant ; and O % at all infestation levels for the 7- and 9-leaf plant. 

INTRODUCTION 

Larvae of Agrotis segetum (Denis and SchiffermOller) and A. ipsilon 

(HOfnagel) are cutworm species that cause serious damage to maize, tobacco, 

potato, sugar-beet c!,nd other crops in souther Spain (GOMEZ-BUSTILLO 

et al., 1984, 1985 ; MORILLO-VELARDE, 1984 ; CABELLO, 1986, 1987). 

Larval feeding activities of these species have been previously studied 

on maize in the climatic conditions of southern Spain (CABELLO and 

HERNANDEZ, 1988). 

The present study was conducted to add to our knowledge of the 

feeding and cutting activities of A. ipsilon larvae in two of the most 

important crops of southern Spain : maize and tobacco. 

MATERIAL AND METHODS 

The study was conducted in maize and tobacco fields (800 m2 .each 

field) at the Centro de Investigacion y Desarrollo Agrario de Granada 

(Spain) from May to July (1988). 
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Black cutworm larvae, A. ipsilon, used in this work were taken from 

laboratory cultures. Larvae were reared on artificial diet (composition : 

agar 20 g., powdered maize kernels 50 g., wheat germ 50 g., brewers 

yeast 50 g., ascorbic acid 4.5 g., benzoic acid J.8 g., M-nipagine 1.8 g, 

chloramphenicol 0.5 g, vitamine additive 12 g., and distilled water 880 ml.) 

and under controlled conditions (25 1° C, 70 10 % R.H., and 16 : 8 hours 

of light : darkness) following the methodology described by CABELLO

et al. (1984a, b). 

The methodology used in the field plots was similar to that described 

by SECHRIEST and YORK (1967) except where we used wodden barriers 

to encircle completely 2 rows (2 m. long) of maize or tobacco (3 m2
• 

each plot). 

Maize FUNK'S 4727, was sown on April 22nd. and infested when plants 

were in the 1-, 3-, 5- or 7-leaf growth stage. Tobacco TENNESSEE 86, 

was transplanted on May 28th. and infested when plants were in the 3-, 

5-, 7 or 9-leaf growth stage. Infestations were done manually with fourth 

instar larvae at four levels : l larva/4 plants, l larva/2 plants, l larva/plant 

and 2 larvae/plant. The number of replications was four in each crop, 

infestation level and growth stage of the crop. 

Recorded. were the number of plants damaged or cut by black cutworm 

larvae. These data were analyzed by the BMDO 2R "step-wise regression" 

program. 

RESULTS AND DISCUSSION 

Percentages of plants damaged or cut by A. ipsilon larvae as influenced 

by infestation level and plant age are shown in table l for tobacco and maize. 

Percentages of cut plants were much higher in tobacco than in maize 

when the plants had similar leaf numbers. However, the hight percentage 

of cut plants was found on I-leaf maize plants, with more than 50 % 

of plants cuts. 

Results reported here are similar to those found by CABELLO and 

HERNANDEZ (1988) for A. ipsilon and A. segetum on maize, but SCHRIEST

and YORK (1967) found a slightly higher value for A. ipsilon in 3-leaf 

maize plants. 

From our results we could determine a susceptibility period of cutting 

for these crops. This period would cover from 1- to 4-leaf plants for 

maize and from transplantation to 5-leaf plants for tobacco. 



90 

TABLE 1.: PERCENTAGES OF M'AIZE AND TOBACCO PLANTS CUT Oil lll\MI\GEU BY

AGROTIS IPSILON i,.\RVAE AS INFLUENCED BY INFESTATION LEVEL Arm 
PLANT AGE. 

PLANT GROWTH STAGES PERCENTAGES OF PLANT(*) 
CROP no.leaf/plant plant heigh PEST DENSITY 

(cm.) (no.larvae/plant) Damaged Cut 

0.25 29.7 efg 15.5 

1 12.6 
0.50 50.4 cd 18.7 be 
1.00 64.2 abc 24.9 b 
2.00 73o4 ab 52.3 a 

0.25 31.1 ef 1.1 g 

3 22.1 
0.50 40.0 de 3.1 fg 
1.00 61. 7 be 5.8 ef 

'· · 2.00 77.5 a 12.6 de MAIZE 

0.25 33.3 fgh o.o g

5 42.4 
0.50 40.4 de 1. 7 g
1.00 67.0 ab 2.8 fg
2.00 72.9 ab 3.3 fg

0.25 8.9 i o.o g 

7 67.5 
0.50 10.7 i o.o g
1.00 9.5 i o.o g 

2.00 16.5 ghi o.o g

0.25 42.0 bcde 3.1 be 

3 7.6 
0.50 60.8 abcd 10.7 abc 
1.00 79.8 a 11.1 ab 
2.00 63.9 abcd 14.2 a 

0.25 38.2 cde 0.0 C 

8.1 
0.50 01.3 nbcd 3.1 be 

5 
1.00 66.1 abc 5.9 abc 
2.00 71.4 ab 10.7 ab 

TOBACCO 
0.25 21.4 efg 0.0 C 

8.7 
0.50 45.0 bcde 0.0 C 

7 
1.00 34.4 def 2.1 be 
2.00 47.8 bcde 4.8 abc 

0.25 10.3 g 0.0 C 

9 9.8 
0.50 12.5 fg 0.0 C 

1.00 14.2 fg 0.0 C 

2.00 43.3 bcde 0.0 C 

(*) Values on columns for each crop followed for the same letter do not 
show significant differences (P = 0.05). 
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*TOBACCO:

Z = - 0.447 + 0.581 X - 0.065 Y3 
+ 0.014 x

2 
Y + 0.014 X Y2 

R = 0.9966 ; F = 1604,454 ; df = 4 and 60 

*MAIZE:

Z = 0.253 - 0.736 X 0.001 Y
3 

+ 0.005 x
2 

Y + 0.004 X Y
2 

R = 0.9838 ; F = 631,526 ; df = 4 and 60 

With : Z = percentage of cut plants. 

X = no. larvae per m2
• 

Y = no. leaves per plant. 
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EVALUATION OF THE METHODS FOR THE PROGNOSIS OF HELIOTHIS 

ARHIGERA POPULATIONS 

R. GABARRA
Institut de Recerca i Tecnologia Agroalimentaries (IRTA) , 
Centre de Cabrils . Carretera de Cabrils s/n. 08348 Cabrils 
(Barcelona), Spain. 

Summary 

Different types of pheromone and light traps were evaluated 
for monitoring Heliothis armigera populations in Cabrils, 
Barcelona. The number of adults caught were generally higher 
in the water pheromone traps. In contrast, catches with 
light traps were always lower than with pheromone traps. 
Differences in the degree of attack and number of captures 
in relation to the phenological stage was observed in toma
to and carnation. At bloom in autumn, carnation resulted 
much more attractive to the insect than tomato. 
The overwintering of H. armigera was also studied. The sur
vival rate of the pupae was less than 20% when they were 
buried in the first 5 cm of soil. However, in the insectary, 
the survival rate was higher. The emergence of adults in the 
years in which the pupae were buried in the soil, ocurred 
roughly 45 days before as compared to the years in which 
the insects were kept in the insectary. The differences 
between the ambient and ground, temperature are important. 
This temperature variation would partly explain the 45 day 
difference found in the emergence of adults. 
The results obtained suggest that the adults caught in 
traps between the end of April and the beginning of May do 
not originate from migrant populations but from insects that 
have emerged from local populations of H. armigera. 

Introduction 

In Catalonia Heliothis armigera attacks vegetable and ornamental 
crops, in particularly tomatoes and carnations. Field tomatoes are ge
nerally planted in May and June. Attacks on this crop take place espe
cially during the summer and are low in autumn, although they are still 
in full production. Carnations are planted in the months of April-May 
and do not flower until September-October, when the most important 
attacks by the moth take place, up to ten eggs per flower can be found. 

An IPM program based on the use of natural populations of preda
tory/phytophagous bugs (Salamero et al.1987), Gabarra et al. 1988) has 
been developed in the last few years""""t"or field tomato crops by our 
team. This program is aimed especially at controlling the main pests, 
which are greenhouse whitefly and the American leafminer. These preda
tors only attack the moth at the egg stage. Therefore, it is necessa
ry to know the development of the populations of H. armigera in order 
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to control it by means of products which do not significantly distort 
the control program. In order to know the development of the adult po
pulations of this moth, the use of different types of pheromone traps, 
as well as a light trap, was studied. the catches of H. armigera in the 
two crops most damaged by this moth in our area, tomato and carnation, 
were also monitored. The overwintering of this pupae in field condi
tions was also studied in order to carry out the monitoring of the first 
annual generation. 

Material and methods 

a) Monitoring the flight of the adults.
In 1983 and 1984, Zoecon-R traps were compared with water traps, 

which consisted of plastic mineral water bottles with lateral apertures 
full of water (Bues, personal communication). In 1985, the above-mentio
ned water traps were compared with !NRA traps (Bues, in press) and from 
1986 onwards populations were monitored only with the latter. 

1) Types of traps
In the first three years, there were two traps of each one of the 

types tested and they were always located beside a tomato crop. The 
pheromone capsules used were always prepared by INRA-Brouessy. 

During the years 1983-1986, a light trap monitoring the number 
of adult_!!. armigera caught was kept during the whole year. 

2) Crps
In 198.4., . water traps in tomato and carnation crops, and ii") 1987 

Ifilffl water traps, were set up in both crops. 

b) Overwintering
From 1984 to 1988 the entry in diapause of the latest generation 

of_!!. armigera and the emergence of adults in the following spring were 
studied. In the years 1984-1986 the diapausing pupae were kept in an -

field insectary until they hatched. In 1986-1988 the diapausing pupae 
were buried in the ground in the month of February in order to simula
te more natural conditions at a depth of about 3 ems and were .kept in 
these conditions until the adults emerged. The dates uf the formation 
of the pupae and the emergence of the adults, as well their death rate, 
were monitored. 

Results and discussion 

a) Monitoring the adult populations

1) Types of Traps
Figures 1, 2 and 3 display the number of males of H, armigera 

caught per trap per week in each one of the three types of traps in 
1983, 1984 and1985 respectively. Table 1 indicates the total number of 
males caught at different periods of the year in each type of trap, 
according to the crop in which the latter was located. 

The number of individuals caught is generally superior in the wa-' 
ter traps, especially with the lNRA model. Similar results were obser
ved by Rothschild et al. (1981) and Bourdaouxhe (1982). Comparison of 
the rhytm of capture in the water and sticky traps for the years 1983 
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and 1984 reveals that their behaviour over the year is variable, espe
cially during 1984; the Zoecon-type traps caught a higher number of ma
les during the month of August, yet during 1983 the reverse was true 
for this period. The high variability of captures between traps in the 
same week makes it difficult to compare them on a weekly basis. As can 
be seen in Figures 1, 2 and 3, catches with light traps were always 
lower than with pheromone traps. 

Given the ease of maintenance of water traps and the fact that, 
in general, the catches were higher, from 1986 onwards monitoring of 
adult populations was only continued with !NRA water traps. 

2) Crops
Table 1 and figure 4 show the influence of the crop in which 

the pheromone traps were located on the number of males caught. During 
the autumn, the carnation crop proves much more attractive than the 
tomato crop, although both are in bloom. The same behaviour is obser
ved for damage, as in this period each flower has an average of 5 to 6 
moth eggs, with no damage found in tomatoes. Wardhaugh et al.(1980) for 
H. armigera and H. punctigera and Slosser et al.(1987) for-il. zea also
"Indicate differences in the degree of attack and the number-of�ptures
according to the crop and its phenological stage.

b) Overwintering
The survival rate of the pupae of H. armigera during the winter 

is less than 20% when they are buried in-,the ground. However, in the 
insectary the survival rate was higher, especially in the winter of 
1985-1986, Table 2. In the first case, significant populations of ants, 
which even killed recently emerged adults, were observed. These results 
indicate the high death rate for the overwintering pupae in conditions 
in our area. 

In October-November in the north of Barcelona, 100% of the pupae 
enter diapause. During the winters of 1984-1985 and 1985-1986, in which 
the pupae remained in the insectary, the emergence of 50% of adults was 
observed on the 26th and 17th June, respectively. Poitout and Sues 
(1979) indicate similar dates in the south of France. During the win
ters of 1986-1987 and 1987-1988, in which the pupae were located in the 
ground, 50% emergence of adults was observed on the 24th and 26th April, 
respectively. There was, therefore, a difference of roughly one month 
and a half between the years in which the pupae remained in the insec
tary and the years in which they were located in the ground. 

In May 1985, adults were caught in this same period in pheromone 
traps. This would indicate that in order to find the emergence of the 
first generation of adults, it is necessary to monitor the emergence 
of pupae located in the ground. One of the reasons that might explain 
these differences would be the temperature variation existing between 
the air and the ground. Table 3 displays the mean monthly temperatures 
(February-June) at three different levels (air, ground and subsoil 
-20 cm). It also gives the monthly units in terms of heat, considering
102C as the thermal threshold for the pupae. The differences between
the heat units are important, especially between the air and the ground.
However, this temperature variation would not totally explain the
month and a half difference found in the emergence of adults. It would
therefore be necessary to consider that the reactivation of the diapau
sing pupae is different in the insectary and in the ground or consider
other causes that. should be more closely studied.
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These results obtained for the winters of 1986-1988 allow us to 
consider that the adults caught in traps between the end of April and 
the beginning of May do not proceed from migrant insects but are the 
insects that have emerged from the native populations of H. armigera. 
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Table 1. Nuaber of H. araigera aales caught during 1983-1988 in different types of traps 
and crops.-T) Toaato, C) Carnation. 

Males/trap Adults/trap 

Sticky Water !NRA Water Light 

YEAR C C 

1983(1) 76.0 282.0 67 
1984 27.0 32.5 14 
1984(2) 16.5 60.5 
1985 36.5 66.5 14 
1986 31.5 5 
1987(3) 58.5 655.0 

(1) August-Noveaber, (2) Septeaber-October, (3) July-Noveaber

Table 2. Overwintering and spring emergence of Heliothis araigera. 

••••••••••••••••••••m••••••••••••••••••••==••••••••••••••B•=•••••••••••••••••••••••••••••• 

Year Nuaber % Date 50% Date 50% adults Emergence 
pupae survival pupation emergence period 

84-85* 372 36.6 5/11 26/6 6/6-12/7 
85-86* 411 65.5 14/10 17/6 6/6-14/7 
86-87 433 18.0 20/10 24/4 . 21/4- 7 /5 
87�88 418 17.2 15/10 26/4 12/4-23/5 

(*) Insectary 

Table 3. Teaperatures and heat units accuculations in A) air, B) soil, C) soil 20 ea. 
depth, during February-June 1988. 

Average H.U. 

Month UC Threshold 102c 

A B C A B C 
•••••••=••••••=a===•====••==•••••••••••••=••==•••••=••••=•=•=•••••••••••••••=••=•==••=•••• 

February 9.5 10.2 9.4 16.8 25.1 1.6 
March 10.7 11. 9 11.4 44.4 72.0 58.2 
April 12.7 14.4 14.9 82.2 132.6 151.3 
May 15.8 18.3 18.3 182.4 258.7 258.1 
June 19.3 21.8 21.3 279.7 354.7 351.0 
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INFESTATION LEVELS OF Heliothis armigera IN TOMATO IN PORTUGAL 

SUMMARY 

M. GONCALVES, FILOMENA MARTINS,

A.M.P. LAVADINHO and J.B. SOBREIRO

Centro Nacional de Protec�ao da Produ�ao Agricola 

(CNPPA), INIA, 2780 Oeiras, Portugal 

Heliothis armigera Hb. is an important pest of tomato in Portugai, 

and treatments are usually made in the fields. A review of the level of 

infestation by H. armigera, based on observations in untreated plots and 

expressed as the maximum mean percentages of damaged tomatoes, is 

presented. Data from several places and years obtained during the develop

ment of the crop and at fruit harvest show variable levels of infestation. 

INTRODUCTION 

Heliothis armigera Hb. is the most important pest in tomato for 

processing in Portugal, and treatments are carried out in the fields. Generally 

one to three treatments with insecticides are made (6). 

A program of trials for biological evaluation of insecticides to control 

this pest is carried out every year in the country, both by official services 

and the pesticide companies. 

There is not much data on the damage level and losses. The official 

services, namely the Division responsible for the biological evaluation 

of insecticides, has published some information in this subject (3, 4). The 

present paper is a brief review of available information based mainly 

on assessments made by the authors in untreated plots of efficacy trials. 

MATERIALS AND METHODS 

The tomato fields were located at different places of Alantejo and 

Ribatejo, two important regions of tomato production for processing 

purposes. Different cultivars in the trials coming from different years 

and places were used. 

The observations were carried out in untreated plots of different 

trials. Generally the trials for the biological evaluation of pesticides were 

designed according to a randomized lay-out with four replicates (three 

replicates in Alvalade 2-1975). The design included untreated plots (control) 

except in 1974 and 197 5 (3 trials) when the control was excluded and 
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untreated plots were excluded. Some other trials were set up to study 

pest damage by comparison of treated and untreated plots ; four to six 

untreated plots were included according to a randomized design. The plot 

size varied (one to five lines of plants, 12 to 26.5 m long). 

Observations during crop development were made on 100 tomatoes 

randomly chosen in each plot, and pest damage on the fruit was assessed. 

A minimum of two observations (except in 1983 with only one observation) 

was made ; from 1980 onwards, evolution of the infestation was determined 

by way of several observations. 

Observations at tomato harvest were also carried out in some trials. 

All the fruits picked up in each plot were counted and observed. In the 

1987 trial, the tomatoes were picked up in part of each plot (2 x 2 m 

of plants) and in the 1983 trial only 4 x l 00 tomatoes were observed. 

Harvest was made on one or several occasions. 

For the objectif of the present paper, only the maximum values, 

expressed in mean percentages, of the damage tomatoes were considered. 

RESULTS AND DISCUSSION 

Table l shows the maximum values of percentages of tomatoes damaged 

by H. armigera, as observed in the field during development of the crop 

during different trials. Table 2 gives the same kind of results obtained 

at harvest. 

At two near sites, Alvalade-Sado and Monte dos Alhos (Alentejo), 

results are very similar. Monte dos Al hos ( 197 3 to 1984) gave percentages 

of damaged tomatoes, varying between l % and 23 % with a mean for 

all the trials (and years) of 12 %. At Alvalade this mean was 12 %, with 

values between 2 % and 34 %.At Fataca (Alentejo), with only three trials 

in two years, the mean value of damaged tomatoes was 20 %. 

In relation to the results obtained at the other places, Vila Franca 

(with four trials in three years) showed a very different result from the 

others. 

Although there were not many results at harvest, eventually there 

was some tendency for less variation of damaged tomatoes than those 

assessed in the field during the development of the crop. 

Generally one can state that every year there is some degree of 

infestation and damage to tomatoes. Although treatments with insecticides 

were made in the fields and untreated plots were small within the whole 

area, sometimes damage reached high levels. 
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Table 1-Maximum mean perc<>ntages of damaged tomatoes observed during 
the development of the crop in different trials (E-efficacy tri 
al; D-trial to assess pest damage). 

-

Trial 
Place 

Monte dos Alhos 
II 

II 

II 

" 

II 

II 

II 

Alvalado-Sado 

Fataca 
II 

II 

II 

" 

II 

II 

Coruche 
Vila Franca 

II 

Pegoes 
II 

Almeirim 
Benavente 

Year 

1-1973
2- II 

3- II 

1-1974
2- II 

1975 
1976 
1977 
1983 
1984 
1974 

1-1975
2- II 

1980 
1981 
1982 
1983 
1984 
1985 
1986 

1-1974
2- II 

1975 
1976 
1977 

1-1978
2-1978

1979
1979
1985
1986
1987

Date 
of 

·observations

9/8 
9/8 
9/8 
4/9 
4/9 
3/9 

11/8 
26/8 
29/7 
12/9 

6/9 
3/9 

15/9 
13/8 
10/9 
30/7 

2/8 
20/8 
26/7 
27/8 
28/8 
28/8 
15/9 

7/10 
30/8 

3/10 
3/10 

29/8 
14/8 
31/7 
26/8 

8/9 

Damaged 
tomatoes 

(%) 

13 
23 
12 
17 
16 

7 
l 
8 

14 
14 
27 
10 

9 
8 

34 
5 
6 
7 
8 
2 

22 
25 
12 

6 
3 
4 
5 

40 
3 

13 
2 
9 

Remarks 

E 

E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
E 
D 
E 

D 
E 
D 
D 
E 
E 
E 
D 
E 

E 
D 
E 

E 
E 
D 
E 

Table 2-Maximum mean percentages of damaged tomatoes observed at harv
est (E-efficacy trial; D-trial to assess pest damage). 

Trial 
Place 

Monte dos Alhos 
Alvalade 

Benavente 

Year 

'1984 
1981 
1982 
1983 
1984 
1985 
1987 

Date 
of 

observations 

11/10 
23/10 
29/ 9 

7/10 
20/ 9 
18/ 9

30/ 9

Damaged 
tomatoes Remarks 

(%) 

10 E 
19 D 

7 E 
11 D 

6 E 
2 D 
5 E 

--··---·-·- ----- -·----- -----·-



103 

For Portugal, there was an indication of low infestation in general 

with only high values en 1965 (Ribatejo) and 1973 at Caia (Alantejo) (3). 

AU the data of the present paper and the above information are in agreement 

with POITOUT & BUES (5), for France, who stated that damage on the 

whole is not important, although sometimes it can reach a high level. 

Thus we are in a situation different from others, such as in Senegal, 

where it is considered not uncommon to have up to 85 % of the fruit 

damage (2) or l O to 90 % of crop loss (1). 
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TOWARDS A BIOLOGICAL CONTROL STRATEGY 

FOR MIGRATORY NOCTUIDS 

B. David Perkins
U.S. Department of Agriculture 
Agricultural Research Service 

A strategy is suggested, using biological control agents to limit 
populations of migratory noctuid moths. Points of attack by 
agents include the area of origin (source), the displacement phase 
(movement), and the destination. If certain noctuid populations 
could be reduced at the source before onset of migration, perhaps 
fewer numbers would migrate and maybe it would even prevent 
migration. Agents of choice at the source would be autochthonous 
parasites (applied by inoculation or"""Tmiiidation), perhaps applied 
as pathogens or parasitic larvae inside alternate hosts. During 
actual migration or the movement phase, the population en route 
might be depleted by abiotic factors and by certain vertebrates 
(birds), but no application by man at this point is practicable. 
At the destination, biological control agents of choice might be 
rapidly acting pathogens such as Bacillus thuringiensis Berl., and 
inundative releases of egg and larval parasites and predators. 
Monitoring, reporting, and regional and international cooperation 
are important and essential elements of such a program. 

1.1 Introduction 
If one considers cropland an island in nature, all insects which 

invade it are "migrants" (7.). For purposes of this paper, however, 
migrants will be considered those species which cover a long distance, 
embarking as a group on air currents (12.), moving in a single 
direction and settling together (8.). Crop-protection problems posed 
by migratory locusts (2.) and by migratory birds in Africa (6.) are 
well known. Also important are attacks by migratory noctuids, where 
damaging populations may develop far from the point of origin of the 
parent population. This ability to escape natural enemies, harsh 
climate, and food scarcity is a definite advantage. A number of 
investigations are already underway to enhance monitoring of migratory 
noctuid species and develop a means to combat them (3.). 

Due to the outbreak nature of arrival of these pests, the control 
method generally used has involved pesticide application, especially 
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where the need is fast and local. With growing concern for reducing 
pesticides in the environment and need to reduce control costs, 
alternate approaches may be warranted. 

This paper will suggest a possible control approach, using 
biological agents. It presents the view of the author, not the USDA, 
and is intended to stimulate discussions during this meeting, 
regarding biological control methodology for reduction of migratory 
noctuid damage. Many of you here are already practicing biological 
control of the noctuid species of concern at home. The missing 
element might be international cooperation to find a way to combat 
these pests as they move across borders into new areas. Perhaps 
future control planning will take such ideas into consideration. 

1.2 The problem 
Many noctuids are migratory. Examples of such moths include 

Heliothis spp. Agrotis spp., and Mythimna spp. [Lep: Noctuidae]. 
They are among the most destructive crop pests, escaping natural 
enemies at home and developing their populations in friendlier new 
areas. Unlike the case of migratory locust or bird damage, however, 
it is not the migrating individuals, per se, which cause the damage 
but their offspring. 

Losses can be great. In the United States, Heliothis spp. cause a 
loss of about 2 billion U.S. dollars annually, and in Australia, 
chemical control costs more than 50 million Australian dollars 
annually (3). Though much of this control is to combat the 
non-migratory phase of the moth, losses and costs of these magnitudes 
justify a more intense offensive effort against the migratory phase, 
as well. 

1.3 Biological Control Program 
Populations of the migratory species should be reduced at any point 

of weakness. It might be at the locality where the adults originate 
(source), at a point while they are migrating (movement), or in the 
locality or region where they colonize and build up a damaging 
population {destination). Each of these three points and the types of 
biological control organisms, possible methods of application, and 
advantages and disadvantages are considered here. Such an approach, 
of course, requires international or regional cooperation and 
reporting. Examples of such cooperation in bird and locust control in 
Africa already exist (2.), and other examples could be given for weed 
control. 

SOURCE: Cooperation is essential to monitor populations of the pest 
(even if only on weedy plants) and predict the precise moment of 
flight initiation. Direct observation and specialized equipment may 
be required, since usually the ""take off"" is at dusk (3.). Monitoring 
via phermone traps may be useful. Developmental progress of the 
species and population density should be monitored. Reporting to the 
destination of general weather and wind condition and temperature 
could help them prepare for arrival of the pest. 

Of interest would be preventing migration from taking place. 
Certainly, such efforts would reduce the problem at the destination 
point. If migration were initiated by population pressure, control 
efforts at the source could stop it. Migratory species are inherently 
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r-selected species (high population production in unstable
environment) (4.), however, and migration might occur regardless of
efforts to stop it. Still, smaller numbers migrating would help.

Since migrants would originate over a widespread region, 
biological control could be useful, especially in reducing pest 
populations developing on weed plants, where pest density might be 
relatively low and other forms of control impracticable or expensive. 
Non-specific autochthenous parasites (Compsilura concinnata Meig., 
Exorista larvarum L., Ctenophoracera sp. [Dip: Tachinidae] or Pimpla 
examinator F.,!'...!_ instigator F., Theronia atalantae Poda., Hypoii'o'ter 
spp. [Hymenop.: Ichneumonidae] etc.) in either inoculative or 
inundative release would attack the young larvae. Adults of these 
parasites would emerge from older larvae or pupae, thereby further 
reducing a population already somewhat depleted by abiotic and other 
biotic stresses. In a<ldition, the noctuid host would be attacked even 
on non-crop plants or where it might occur at lower levels of density 
on certain crops. Use of alternate weed-feeding noctuid hosts bearing 
parasites could assure the presence of parasites at the propitious 
time of noctuid larval occurrence. Egg parasites, such as Patasson 
spp. [Hymenop.: Encyrtidae] and Trichogramma spp. [Hymenop: 
Trichogrammatidae], while useful in inundative control of pests 
concentrated in crops, would be less useful at the source to combat' 
pests spread over a wide area. Predators, likewise, would be less 
useful, since in inundative control practice they would normally be 
applied to be concentrated in crops and their non-specific (to 
noctuids) nature would limit their ranging and searching more widely, 
thereby sparing noctuids spread over the wider area. Pathogens 
applied early could be effective since time and increasing population 
density would favor development of some of them. 

MOVEMENT: Cooperative monitoring of migrating moths would be 
desirable to anticipate dates of departure and of arrival at the 
destination. Light trapping could be more useful than pheromone 
trapping, since the females would also be attracted. Comparison of 
actual numbers of males vs. numbers of females migrating would be 
useful in order to judge the effectiveness of pheromone traps for "en 
route" monitoring. Control en route would be fortuitous, perhaps by. 
birds and other vertebrates and by abiotic stresses upon the adult 
moths. No application by man, even of pesticides such as used against 
locusts, would be practicable due to the nocturnal and widespread 
individual noctuid flight habit. Monitoring en route would give a 
view of numbers of arriving moths surviving to oviposit in crops at 
the destination. 

DESTINATION: Cooperation is less essential once the moths arrive and 
begin oviposition, and the larvae start to feed. The problem then 
becomes a local one, and solutions are the conventional local ones. 
To assist with anticipation of the arrival time and to allow 
preparation for control efforts, reports from the source area are 
useful. Also trap crops, as well as light traps and pheromone traps 
at the destination could be useful. Use of trap crops needs further 
development, however (3.). Monitoring via egg counts in the crop 
field would be useful. A plan of attack could then.be implemented, if 
warranted, including inundative use of egg parasites (Trichogramma 
spp" and others), use of fast-kill pathogens (1, 9.), inundative use 
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of parasites (9.), and (via prior inoculation) residual parasite 
populations in alternate noctuid hosts. Noctuid larvae might also be 
applied in advance to existing weeds to harbor parasites and reduce 
more widespread build-up of the pest. Inundative use in crops of 
predators, such as Geocoris sp., (Heterop.: Lygaeidae), Nabis sp. and 
Tropiconabis sp. (Heterop.: Nabidae), Hippodamia sp., ancf"coieomegilla 
sp. (Col.: Cocinellidae) (11.), Chrysopa sp. (Neurop.: Chrysopidae) 
(9) and even spiders (8.), could be effective.

Inoculation using larval parasites in crops would probably be of
little use, since population buildup of parasites would occur mainly 
on the second generation caterpillar population; there may be no time 
for a second generation on the short-lived invading pests in the 
destination area (4.). 

Likewise, unless pathogens such as B. thuringiensis or Baculovirus 
spp. are used in the manner of a pesticide or mixed with a bait, an 
epizootic may take too long to develop and be relatively ineffective, 
occurring after damage is done. 

Of interest might be "fingerprinting" the arriving moths (3.) via 
an elemental profile (wavelength dispersive X-ray spectroscopy (SRF]), 
which allows identification of the crop origin of the moth, 
irrespective of area of origin. It could give a clue as to whether. 
the migrating population is largely coming from a specific crop in the 
source area or from weeds and help in controlling it at the source in 
the future. 

1.4 Conclusions 
Since noctuid moth migration is uni-directional*, incentive may 

be lacking for persons in the source area to control the noctuids if 
not causing appreciable damage in their area. This also holds true 
for cooperation in monitoring the moths en route. Thus a mechanism 
for this cooperation, probably initiated by persons at the destination 
should be developed, perhaps with reciprocal considerations or even 
payment by interested parties in the destination area. The question 
of "responsibility" in the source area for generation of the damaging 
moth population may also be raised, and a political solution may be 
required. 

Elements of cooperation, choice of the correct biological control 
agent(s), effective monitoring and reporting, and judgment as to 
whether (potential) loss due the pest warrants control effort, all 
enter into the concept of a biological control program for migratory 
noctuids. This last point is particularly difficult if losses are 
sporadic, which may often be the case. Sometimes long-range noctuid 
migration may produce inconsequential losses (5.). It also may still 
be tempting, easier and cost-effective simply to spray pesticide and 
not be concerned with choices of agents or monitoring. This decision 
will depend on losses, enviromnental concerns, and administrative 
costs, and perhaps scientific and administrative volition. 

* This point may be disputed, since one may ask how the migratory
habit evolved if germ plasm were not returned to the source.
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OBSERVATIONS SUR Heliothis armigera HB. EN CUL TURES DE 

TOMATES DANS LES "VEGAS DEL GUADIANA", BADAJOZ (ESPAGNE) 

J.A. RODRIGUEZ BERNABE, A. ARIAS GIRALDA, 

F. GARCIA CONCELLON, A. CHACON ORTEGA, C. ALVEZ GOMEZ

RESUME 

Servicio de Proteccion de los Vegetales 

Junta de Extremadura. Badajoz 

Pendant Jes annees 197 5-1978, la biologie d'Heliothis armigera sur 

plantations de tomate a ete etudiee : emergences des papillons a partir 

de chrysalides hivernantes, captures avec pieges lumineux, lieux de preference 

de ponte et organes attaques par les differents stades larvaires. Entre 

1986 et 1988, on a ajoute !'utilisation des pheromones sexuelles. 

On observe jusqu'a quatre generations, avec des vols de la mi-avril 

a la mi-novembre. Les chenilles provoquent des degats surtout en juin, 

juillet et aoGt, qui sent plus importants dans les cultures precoces, et 

dans Jes cultures tardives. On a trouve un Hymenoptere parasite des larves 

et un autre des oeufs. 

INTRODUCTION 

Heliothis armigera est sans doute le ravageur principal dans la culture 

de tomate a les "Vegas de! Guadiana", ou il y a environ 10.000 ha pour 

approvisionner principalement les onze industries installees dans la region 

qui fabriquent principalement de la pulpe concentree de tomate. 

Dans la Station d'Avertissement Agricoles de Badajoz entre 1971 

et 1978, on a etudie Jes donnees biologiques de ce parasite, dans le cadre 

de la protection phytosanitaire des cultures. 

Ce travail a ete repris a partir de 1986, afin de completer certains 

aspects de la biologie encore peu connus. 

MATERIEL ET METHODES 

De l 971 a 1978 ont ete realisees Jes observations biologiques suivantes : 

a) Dates d'emergences des papillons a partir des chrysalides hivernantes

sous abri insectarium
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b) Piegeage lumineux.

c) Echantillonnage de plantes entieres pour observer Jes preferences

de ponte.

d) Echantillonnage des fruits sains et attaques, avec notation de leur

taille ainsi que celle des larves trouvees.

e) Phenologie des plantes.

A partir de 1986, on a continue Jes observations d) et e) et on y

a ajoute les suivantes : 

f) · Piegeage avec pheromones sexue!les de synthese, en employant des

pieges du type "funnel". 

g) Echantillonnage des pontes sur Jes jeunes feuilles en developpement.

RE5UL TATS ET DISCUSSION 

Courbes de vol : 

La sortie sous abri-insectarium des papillons de la generation hivernante 

en 1976 s'est efectuee de mai a la premiere dizaine de juin ; 80 % du 

vol etait concentre dans les derniers vingt jours du mois de mai. 

En 1971-1978, Jes. captures aux pieges lumineux ant ete pratiquement 

nulles de mai a juln. Par contre, en juillet, aoQt et septembre, on enregistra 

des captures nombreuses et regulieres qui se sont poursuivies a un niveau 

plus bas, pendant octobre et la premiere dizaine de novembre. 

Les maxima des vols eurent lieu de mi-juillet a la fin aoOt, ce qui 

correspond respectivement avec la premiere et la deuxieme generation. 

A vec Jes pieges sexuels (pheromones de "Control Systems") places 

au debut avril, les premieres captures de males ant lieu le 22 avril en 

1988 de fa<;on similaire aux premieres emergences de papillons observees 

sous insectarium en 1976. En juillet et aoOt, Jes captures sont toujours 

tres elevees. On emploie des pieges du type "funnel" (entonnoir) avec 

du DDPV comme insecticide, mais Jes pieges du type "delta", avec des 

plaques engluees utilisees avec la meme capsule de pheromone sexuelle, 

ne sont pas efficaces. 

Le nombre de captures diminue a partir de la fin aoOt, le vol se 

prolonge pendant septembre, octobre et debut novembre ; la derniere 

capture a eu lieu le 16 novembre 1988. 

Pontes : 

En 1988, les premiers Oeufs ont ete observes le 28 avril puis de 

fa<;on reguliere a partir du 9 rnai. 
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Les pontes maxima se produisent dans la derniere semaine de juillet 

et a la fin aout, celles-ci 3.5 fois plus nombreuses qu'en juillet, bien que 

les oeufs aient alors une moindre viabilite. 

La preference du site de ponte se produit dans chaque parcelle, 

en fonction de la phase de croissance vegetative. 

Autour de 90 % des pontes sont deposees sur les feuilles et 10 % 

sur le calice des fleurs et la tige. 

Entre 60 et 75 % des pontes sur les feuilles se situent a la face 

inferieure. 

Larves : 

En 1988, les premieres larves neonates ont ete observees le 19 mai. 

Le rapport oeufs/petites larves ( < l O mm) a ete etudie au cours 

des annees 197 5 et 1976. Il nous donne une indication sur la viabilite des 

pontes. Ce rapport a ete de 3 a l a la fin de juillet, et se reduit considera� 

blement dans les derniers jours d'aout, OU il a ete de 26 a l pour les 

parcelles precoces et de 10 a l pour les plus tardives, qui sont les plus 

attractives pour les papillons a cause de leur plus forte croissance durant 

ces periodes. 

La moitie environ des larves se trouvent sur des fruits de diametre 

d'environ 0,5 a 3 cm, 23 % sur les feuilles, 17 % sur les fruits verts de 

diametre superieur a 3 cm, et 13 % sur les fruits, soit en formation, 

soit en fin de developpement. 

Les plus petites larves ( < 5 mm) se localisent surtout dans les feuilles 

(58 %) ou elles s'alimentent du parenchyme superieur. Les larves de grandeur 

intermediaire se trouvent dans les fruits moyens. 

Dans les fruits rouges, on observe seulement 8 % de larves qui sont 

normalement entre le 3eme et le dernier stade. 

Insectes auxiliaires : 

On a constate la presence de deux Hymenopteres parasites de Heliothis, 

un Ichneumon parasite des chenilles et un Chalcidien parasite d'oeufs. 

Quelquefois dans la galerie de la larve, on trouve un cocon soyeux, 

de couleur blanche, long d'environ 5 a 7 mm et large de 2 a parfois 3 mm; 

qui donne lieu plus tard a un adulte d'Ichneumon. Parfois, a proximite, 

on peut observer la chenille morte parvenue a un stade qui lui a deja 

permis de produire des degats. 

Par ailleurs, on a pu observer des oeufs parasites, probablement 
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par des Trichogrammes, surtout en fin de saison. 

Malgre que l'on n'ait pas note Jes taux de parasitisme, on estime 

que leur importance est faible. 

CONCLUSIONS 

- Les premieres sorties des papillons sous abri insectarium, a partir

des chrysalides hivernantes, ont lieu a la fin d'avril, ce qui correspond 

avec Jes premieres captures aux pieges a pheromones sexuelles qui detectent 

les premiers adultes, plutot que Jes pieges lumineux. 

- La coincidence entre emergences et captures ne permet pas de

supposer des vols d'emigratlons, tel que cela a ete indique dans le sud 

de ia France (POITOUT in BALACHOWSKY, 1972). 

- En 1988, Jes captures avec pheromones de synthese ont debute

le 22 avril. 

- De la fin mai a ium se produit la premiere generation larvaire,

qui provoque des degats uniquement dans les parcelles de tomate tres 

precoces. 

- La deuxieme generation larvaire provoque des degats principalement

sur les plantations precoces de tomate et la troisieme sur les plantations 

tardives. 

- Au cours de cette troisieme generation, Jes oeufs sont rnoins viables

qu'au cours de la deuxieme, surtout sur tomates precoces. 

- Les vols se poursuivant jusqu'a mi-novembre, il est probable qu'il

y ait une quatrieme generation. 

- 11 existe une preference de ponte pour la face inferieure des jeunes

feuilles en croissance. 

- Les chenilles neonates s'alimentent des feuilles et penetrent peu

apres dans Jes petites tomates au niveau du pedoncule. 

- L 'attaque des larves moyennes se produit surtout dans Jes fruits

verts de faible grosseur (0,5 a 2 cm de diametre). 

- Les chenilles plus grandes peuvent attaquer des fruits plus developpes,

preferablement les verts. 

- Deux hymenopteres parasites de Heliothis ont ete trouves, un Ich

neumon sur les chenilles et un Chalcidien qui parasite les pontes, surtout 

a la fin de la culture. 
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Fig.1. Captures d'adultes avec piiges sexuelles, pontes d'oeufs sur 300 feuilles 
nombre de larves dans 100 fruits et pourcentage de fruits attaquees par 
H. armi�era dans 1.988. Moyenne de 6 plantations tardives de tomates.
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