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PREFACE 

La production maraichere et ornementale protegee du Bassin Mediterraneen 
s'est accrue spectaculairement dans les derniers lustres. La croissance de 
la demande de produits maraichers hors-saison et un climat 
exceptionellement doux en hiver ont permis de surpasser les 60.000 ha de 
surface permanente tout au long du litoral mediterraneen. 

L'elargissement du milieu "serre" nous a ammene de nouveaux problemes de 
maladies et ravageurs tout en conservant, et souvent en augmentant, les 
plus traditionels. La technologie classique de protection phytosanitaire, 
basee en bonne mesure en l'utilisation de produits chimiques, s'avere de 
plus en plus inefficace et dangereuse pour les produits de consommation en 
frais. Des solutions dans le cadre de la lutte integree, et specialement 
de la lutte biologique, sont demandes, parfois meme exigees, par les 

consommateurs, et aussi par les agriculteurs! 

En ce qui concerne le R+D sur la lutte biologique et integree, en voila la 

reponse: le present volume avec une trentaine .de contributions qui ont ete 
presentees et discutees a la rencontre du Groupe de Travail de l'OILB/SROP 
sur les Cultures Maraicheres et Ornementales Protegees, Section 
Mediterraneenne, a lesquelles il faudrait en ajouter bien d'autres qui, 
malheureusement, ne pourront pas etre publiees. 

Au lecteur interesse a approfondir la connaissance des solutions de lutte 
biologique et integree pour les problemes de maladies et ravageurs des 
cultures maraicheres et ornementales de la Mediterranee, je lui prie de ne 
pas hesiter a se mettre en contact avec les auteurs de ce volume. Aux 

collegues du Groupe, et specialement au Professeur Garibaldi et au Dr. 
Gullino, mes plus vifs remerciements pour leur effort afin de disposer des 
contributions ecrites avant la rencontre et pour l'organisation de la 
rencontre. Sans l'habituelle efficacite du Dr. Minks, responsable de la 
commission de publications de l' OILB/SROP, il n' aurait pas ete possible 
non plus de publier a temps ce volume. 

Ramon Albajes 
Animateur du Groupe de l'OILB/SROP 
"Cultures Maraicheres et Ornementales, Section Mediterraneenne" 
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FROM ROUTINE TO RATIONAL METHODS IN PHYTIATRY. 

C. Van Assche and Marleen Vangheel,

University Leuven, 

Belgium. 

Since the origin of plant cultivation, and apart from the 

development of the considered identity and culture, unwanted 

flora and fauna identities induced lower quanti tatl ve and 

qualitative yields. The very first attempts to prevent pests 

and diseases manually, evoluated throughout the centuries 

towards an integration of resistance breeding and gen 

technology, including a justified minimal input of chemicals 

into a total integrated constellation. 

This pest control is a rationally based integration and 

combination of all plant protection methods, such as the 

physical, chemical, biological and agricultural technical 

ones (Figure 2). At this moment, there is a strong evolution 

in the appreciation of current production methods. The more 

classical way of thinking as to disease and pest control is 

evolving towards a more integrated mastering of the plant, 

completely focussing on a preventative approach, framing in 

the overall farming hygiene. 
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BIOLOGICAL AND INTEGRATED PEST CONTROL IN PROTECTED CROPS OF 
NORTHERN ITALY'S PO VALLEY: OVERVIEW AND OUTLOOK. 
G. Celli(*), M. Benuzzi(**), s. Maini(*), G.Manzaroli(**), L.
Antoniacci(**), G. Nicoli(*) (1).

(*) Istituto di Entomologia "G. Grandi" Universita di 
Bologna - Via Filippo Re, 6 - 40126 BOLOGNA (Italy). 

( **) BIOLAB - Centrale Ortofrutticola - Via Dismano, 3845 -
47023 CESENA (Italy). 

- StJIUIARY -

The status of Integrated Pest Management (IPM) and biocontrol 
of pests in protected strawberry, tomato, cucumber, sweet 
pepper and poinsettia is reported. 
Key arthropod pests, release techniques of beneficial 
arthropods and integrated control with fungicides are 
discussed. Biocontrol applications in eggplant and lettuce are 
in advanced testing stages. 

- INTRODUCTION -

Protected crops in the Po river valley, are generally 
cultivated in unheated plastic tunnels, a method that in 
effect divides the growing season into spring and summer 
cycles. They start in March and end in .autumn at the first 
frost. Leaf crops such as lettuce, chicory and valerian are 
the only ones grown during the winter. Table 1 reports 
acreages of the main protected crops in the Po valley. 

In light of the successful application of biocontrol 
techniques in greenhouses of northern Europe during the 1960s 
and 1970s, BIOLAB began in 1983 the initial testing of these 
strategies in northern Italy. These trials were first carried 
out on strawberry, an important cash crop in the area, and 
from 1985 on cucumber, sweet pepper, tomato and eggplant. The 
resulting data led to the development of a package of low
impact (soft) control techniques that integrate biological and 
selective fungicide treatments, together with crop management 
practices, designed to limit the spread of pathogens. This 
comprehensive approach had to overcome one major complication. 
For, unlike the situation in northern Europe, the greenhouses 
in the Po valley are usually not heated, and our tests thus 
had to contend with abrupt daily temperature jumps which at 
certain time of the year register differences of 20 to 25 • c 
between minimum and maximum values. The use of any single 
beneficial arthropod had therefore to be evaluated on a crop 
by crop basis at different period over the year. 

(1) Research funded by ENEA - Area Energia e Innovazione and
Emilia Romagna Regional Government
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The present survey is on the one hand a status report of the 
advances recorded by IPM in our area's main protected crops , 
and on the other it provides a short-term outlook of soft 
control strategies currently under development. 

TAB. 1 - ACREAGES OF THE MAIN PROTECTED CROPS IN PO VALLEY 

CROP ACREAGES (HA) % OF ITALY'S AREA 

STRAWBERRRY 1.315,13 41,36 

MELON 1.243,51 80,18 

TOMATO 761,47 13,97 

SWEET PEPPER 389,36 18,82 

LETTUCE 205,43 22,88 

EGGPLANT 77,09 6,17 

CUCUMBER 65,22 15,66 

- STRAWBERRY -

The initial 1983 trials (Celli et al. 1988) progressively led 
to an IPM strategy over an increasingly greater area and 
eventually to the passage from experimental to practical 
application. The major strawberry arthropod pests are aphids 
(Macrosiphum euphorbiae (Thom.), Chaetosiphon fragaefolii 
(Cock.)) and the two-spotted spider mite (Tetranychus urticae 
Koch). M. euphorbiae, a poliphagous species, also attacks 
potato, tomato, pepper and eggplant; c. fragaefolii is 
confined to strawberry. It is to be noted that aphids are more 
dangerous in northern than in southern Italy, and for this 
reason are frequently treated by insecticide sprays. The 
chemicals used in these sprays are usually of long persistence 
when applied in spring or pyrethroids when applied just before 
the harvest. 
Chrysoperla carnea (Steph.), has proved to be effective 
against aphids in strawberry. In the first trials in 1983 were 
released 80 c. carnea eggs/m2

; the eggs were ready to hatch. 
Subsequent trials showed that second instar larvae were easier 
to use. While eggs were easier to store and handle, larvae 
releases were more immediately effective. 
This is explained by the predatory activity of c. carnea 
during its three instars: 2-5% the first, 8-10% the second and 
the rest in the third. The problem regarding larval 
cannibalism and the need for quick releases were solved by a 
special container. Cardboard cylinders (7 cm. diameter, 16 cm. 
height) containing a given number of eggs of both predator and 
Ephestia kuehniella Zell. - as a factitious prey for C. carnea 
larvae up to second instar - were fitted with cardboard strips 
to prevent cannibalism. The containers were stored at 26'C to 
allow embryonic development, hatching and growth to second 
instar ( age of release) . Each container had more than 500 
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larvae which were released directly onto the crop. Aphids 
outbreaks occurred almost exclusively in spring. Sampling 
should be conducted by checking at least 100 leaflets per 500 
m2 tunnel for aphids. When more than 30% of the leaves are 
infested, c. carnea should be released at a rate of 18-20 
second instar larvae/m2

• It takes about 8-10 days from release 
date for the predator to be fully effective. The second instar
c. carnea larvae can withstand some hours of temperatures as 
low as -2·c. Note that the predator returns to activity at 
1o·c but is more effective at temperatures above 2o·c (see the 
article of Nicoli et al., in this volume). Thus c. carnea is
suitable fer tunnel release in spring when temperature can
vary markedly from day to night.

T. urticae can be found on the crop from transplant ( late
July-August) but is usually not harmful until! next spring, as 
harvest approaches. Unlike aphid outbreaks T. urticae 
infestations are less intense in Po valley than in center and 
southern Italy, where environmental conditions are more 
favourable.to the mite. Phytoseiulus persimilis Athias-Henriot 
has shown to be satisfactory in controlling T. urticae with 
releases of 4-6 predatory mites/m2

• Release effectiveness was 
enhanced by developing a reliable system of adult female T. 
urticae sampling based on the percent of infested leaves 
(Benuzzi and Nicoli, in press). 

The application of low impact pest control strategies has made 
it possible to detect, as in other regions of Italy, a wild P. 
persimilis strain around Cesena near the Adriatic coast. It is 
the most northerly wild population to be found so far in 
Italy. It may prove to be suitable for masp rearing because it 
is already well adapted to withstand temperatures below o·c.

Other insect pests of strawberry include leaf-rollers 
(Tortricidae) and noctuid moths, which attack either at post
transplant or close to bloom. The application of Bacillus 
thuringiensis Berl. subs. kurstaki preparations (not yet 
registered for this crop) and of insect-associated nematodes 
has shown promising results. Nematodes can also be applied 
against ground larvae of Othiorrhinchus rugosostriatus Goeze. 

Fungi control is usually handled by selective fungicides 
and/or by crop management practices designed to limit 
pathogens spread. For example wetting sulphur or other 
synthetic active ingredients are usually employed against 
powdery mildew (Oidium fragariae Harz.). An effective approach 
against grey mould (Botrytis cinerea Pers.) is ventilation in 
tunnel so as to eliminate any stagnant humidity that might 
induce infection. Also effective whether in tunnel or in open 
field are such fungicide as Vinclozolin, Procymidone or 
Iprodione which are compatible with the use of beneficial 
arthropods. 

Table 2 summarize these control strategies. 
IPM is already used on a large scale in the Emilia-Romagna 
protected strawberry crops. The region wide IPM program 
currently covers 80-100 ha of tunnel-grown strawberry, i.e. 
one - third of this crop's total acreage in the region. 
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!PM-grown strawberry has already proven to be a domestic
marketing success and its prospects appear promising also for
export markets.

TAB. 2 - STRAWBERRY IPM STRATEGY 

MAJOR CONTROL NOTES 

PESTS STRATEGIES 

APHIDS c. carnea Use of natural pyre-
thrum for very early 

M. euehorbiae 18-20 2nd instar outbreaks 
c. fraqaefolii larvae/m1 

TWO SPOTTED P. eersimilis Release rate related to 
SPIDER MITE presence of wild P. 
T. urticae 4-6/m1 persimilis population 

Different B. thuringiensis In progress of regi-
species of stration for this 

Lepidopteran crop. 
pests 

POWDERY MILDEW 
Oidium fraaariae Wetting sulphur, Do not use Pyrazophos 

Penconazole 

GREY MOULD Ventilation Vinclozolin, Procymido-
ne, Iprodione are harm-

Botrvtis cinerea less to beneficial ar-
thropods. 

- TOMATO

Fresh tomato is another tunnel-grown crop that is highly 
compatible with IPM techniques. The key pest in the Po valley 
is the whitefly Trialeurodes vaporariorum (Westw.) although 
aphids can also be harmful. Protected tomato is usually grown 
in spring and summer seasons. Outbreaks of whitefly may be 
negligible in spring expecially in unheated tunnels, whereas 
its attack is always harmful in summer, from June transplant 
till October. Seasonal inoculative releases of Encarsia 
formosa Gahan can keep whitefly infestation under injury 
levels (Nicoli and Benuzzi, 1989). Unlike the winter and 
spring outbreaks of whitefly in southern Italy, the attacks in 
the Po valley occur in periods when temperature is not a 
conditioning factor of the parasitoid activity. E. formosa is 
usually released twice monthly in spring and weekly in summer, 
when higher infestations occurs, as 4-6 parasitized pupae/m1

• 

The Mirid bug predators Macrolophus caliginosus Wagner and 
Dicyphus errans L. provide in many cases a natural control of 
whitefly in the summer. This because the releases of � 
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formosa instead of treatments with broad-spectrum insecticides 
leaves the Miridae undisturbed and active against whitefly. To 
control the aphids M. euphorbiae and Myzus persicae ( Sulz. ) 
active ingredients that are compatible with E. formosa, i.e. 
Pirimicarb or partially selective i.e. Heptenophos can be 
employed in spring, only when early outbreaks occur. It should 
be noted however that, especially in summer, despite their 
being found on tomato, the aphids can, in many cases, be 
controlled by a number of parasitoid and predator species that 
keep damage below the economic threshold. such other arthropod 
pests as Liriomyza trifolii (Burg.) and L. bryoniae (Kalt.) or 
T. urticae are sporadically found as harmful. Anyway, if
necessary can be effectively controlled by releases of their
respective natural enemies DiglYPhus isaea (Walk.) and P.
persimilis. Selective fungicides should be used as indicated
in table 3. 

TAB. 3 - TOMATO IPM STRATEGY 

MAJOR CONTROL NOTES 
PESTS STRATEGIES 

WHITEFLY E. formosa Number of releases in 
T. vaporariorum 4-6 parasitized relation to crop cycle 

and previous infesta-
per release tions. 

APHIDS Pirimicarb Chemical sprays neces-
(Different Heptenophos or sary.only in early out-
species) natural control break 

LEAFMINERS D. isaea Only in case of attack 
Liriomvza spp. (0.1-0.2/m') (rare in this crop). 

TWO SPOTTED P. persimilis
SPIDER MITE ( 8-10/m' ) 
T. urticae)

LEAF MOULD Chlorthalonil, 
Penconazole 

Cladosporium 
fulvum 

LATE BLIGHT I Chlorthalonil, 
Phytophtora Copper 

infestans oxichloride 

GREY MOULD Crop management 
Botrvtis cinerec practices or 

Vinclozolin, 
Iprodione, 

Procymidone 
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- SWEET PEPPER -

Although IPM is not as wide in this as in the above mentioned 
crops, pepper potentially represent a growth area for IPM 
strategies. In the Po valley the key pest is the european corn 
borer Ostrinia nubilalis (Hb.) which even at low population 
level can cause severe damage as the larvae bore into many 
fruits bringing with them bacterial diseases as well. The 
other more frequent pests in this crop are the T. urticae and 
several species of aphids. Releasing P. persimilis and � 
carnea against the respective targets entails employing a 
strategy that limits o. nubilalis infestations without 
resorting to broad-spectrum insecticides. While satisfactory 
results have been achieved by applying B. thuringiensis (not 
yet registered for pepper) and Trichogramma maidis Pint. and 
Voeg. alone or together (Maini and Burgio, 1990), screens 
covering tunnel openings can, when it is possible to use them, 
completely prevent crop damage by european corn borer larvae. 
P. persimilis is to be released once or twice - within a week
- just when T. urticae is detected for a total of no more than
8-10 predatory mites/m2

• Aphids can be controlled right after
transplant, i.e. before the plants are large enough to touch
one another, by insecticides ( Pirimicarb or Heptenophos). By
contrast C. carnea should be released for aphid control only
when plants touch each other (one or two releases of 10-20 2nd
instar larvae/m2 ) • Note that if the tunnels are fitted with
screens, c. carnea cannot escape and will reproduce inside the
tunnel. This means that apart from its immediate impact as
larvae on the aphids, c. carnea will control the insect pest
throughout the pepper growing season.

The attacks of noctuid moths in northern Italy, unlike in the 
south are often negligible. Outbreaks can be controlled to a 
certain extent by B. thuringiensis. See table 4 for fungicide 
protocols. 

- CUCUMBER -

The main pest or cucumber and such other cucurbitae as 
zucchini, melon and watermelon whether as protected or 
protected only during the first part of the growing season, is 
Aphis gossypii Glover. The increasing development of strains 
resistant to Pirimicarb is a serious drawback to the use of 
beneficials and acts as a check on the widespread application 
of IPM strategies. 

The only other significant cucumber pest is T. urticae. In 
practice P. persimilis (8-10 predatory mites/m') (Nicoli and 
Benuzzi, 1988) can effectively control the two-spotted spider 
mite only if Heptenophos sprays against A. gossypii have not 
been employed at short intervals. 

This active ingredient is still the only one that is effective 
against aphids, has a short waiting period and is one of the 
few insecticides that is partially selective to P. persimilis. 
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TAB. 4 - SWEET PEPPER IPM STRATEGY 

MAJOR CONTROL 

PESTS STRATEGIES 

EUROPEAN CORN Screen cover 
BORER 

o. nubilalis

APHIDS c. carnea
(Different 10-20 2nd instar
species) larvae/m'

TWO SPOTTED P. eersimilis
SPIDER MITE 
T. urticae 8-10/m'

STEM ROT Copper oxichloride 
Phytophtora Propamocarb 

capsici Metalaxyl 
Benalaxyl 

GREY MOULD Vinclozolin 
Botrvtis cinerea Procymidone 

POWDERY MILDEW Wetting sulphur 
Leivellula Propiconazole 

taurica Triadimefon 

TAB. 5 - CUCUMBER IPK STRATEGY 

MAJOR CONTROL 

PESTS STRATEGIES 

APHIDS Heptenophos 

A. gossypii

TWO SPOTTED P. persimilis
SPIDERMITE 
T. urticae 8-12/m'

WHITEFLY E. formosa

T. vaporariorum 4-6 parasitized
pupae/m' per

release 

POWDERY MILDEW Wetting Sulphur 
Erysiphe Traidimefon 

cichoracearum Penconazole 
Triadimenol 

DOWNY MILDEW Chlorthalon1.l 
Pseudoperono- Propamocarb 

ra cubensis 

NOTES 

Early cover (early May) 

Use of Pirimicarb for 
early outbreak 

Difficult to release 
when plant are very 
small. 

Prevention techniques 
and proper management 
methods are important 

NOTES 

Spray carefully to pre-
vent disrupting P. per-
similis 

Outbreaks rare 
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control poses 
of observing 

the already cited 
the legal waiting 

The results of A. gossyP11 control trials using Aphidoletes 
aphidimyza Rand. are still being evaluated. However it would 
appear that this predator is limited in scope by low overnight 
temperatures occuring at the onset of A. gossypii attacks and 
its rapid growth cycle. 

Also on the study is the fungus Verticillium lecanii Viegas. 
It appears to be effective against aphid colonies in Po valley 
greenhouse conditions, al though further testing is needed to 
confirm the preliminary results. Table 5 shows the IPM 
strategies for cucumber pests. 

- POINSETTIA -

This is the first ornamental for which a IPM approach has been 
developed ( Table 6) this crop has two key pest, T. 
vaporariorum and Bemisia tabaci ( Genn. ) ; such other pests as 
thrips and T. urticae may occasionally be found on poinsettia 
but usually cause either negligible damage or can be 
controlled by selective means which do not interfere with the 
use of beneficial arthropods. 

E. formosa is released to control both species of whiteflies.
Trials conducted by Boisclair et al. (1990) and by Benuzzi et
al. (1990) have shown E. formosa also to be effective against
a:- tabaci. It is recommended that E. formosa be employed as
0.5-1.5 parasitized pupae/plant/release in one release per
week for 8-12 weeks. The release rates against B. tabaci are
to be increased proportionally (up to a maximum of 2
parasitized pupae/plant/release) and depending on
parasitization trends. Thus E. formosa is applied on B. tabaci
in poinsettia in a sort of inundative release technique rather
than in seasonal inoculative releases as is the case against
T. vaporariorum. In 1990 E. formosa passed from the 
experimental stage to practical application: it was released 
on over 500, OOO potted plants in the Po valley and other 
regions of the country. The findings of such a large scale 
operation show that E. formosa is at least as effective, if or 
even more, as chemical control. 

- RESEARCH IN PROGRESS -

IPM strategies are currently in various stages of development 
in the following target areas. 

1) Eggplant
The major pests affecting this crop, T. urticae, T.
vaporariorum, aphids and Leptinotarsa decemlineata (Say), 
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TAB. 6 - POINSETTIA IPM STRATEGY 

MAJOR CONTROL 

PESTS STRATEGIES 

WHITEFLIES E. formosa

T. va12orariorum
B. tabaci

APHIDS Do not use 
THRIPS pesticides 

SPIDER MITES 

FUNGUS DISEASES Propamocarb 
Furalaxyl 

Benomyl 

NOTES 

0.5 - 2 parasitized 
pupae/plant/release 
8-12 weekly releases

Generally not economi-
cally harmful 

constitute a complicated situation. The biocontrol of this 
beetle (CPB) would open up new prospects in extending the 
use of beneficial arthropods to this crop given that E. 
formosa and P. 12ersimilis can control the respective target 
pests (Benuzzi and Nicoli, 1989) 
Microbial control of CPB by nematodes has been tested but 
they demand certain environmental conditions that are not 
always possible to achieve with eggplant. B. thuringiensis 
subs. tenebrionis has also been tested: preliminary results 
are very promising (Maini et al. 1991) but it will take a 
long time to get the B. thuringiensi's subs. tenebrionis 
products registered in Italy. Edovum puttleri Grissell a 
CPB egg parasitoid, has also shown encouraging results. 
Field and greenhouse tests have demonstrated its host 
searching capability and satisfactory control effectiveness 
(Maini et al. 1991). Current studies are also aimed at 
economical mass rearing of E. puttleri. 

2) Lettuce

Tests have been under way since 1990 to assess the
effectiveness of C. carnea, released as second instar 
larvae, against aphids. These pests are particularly 
harmful to lettuce in spring, when chemical treatments are 
generally employed. The preliminary findings are 
encouraging: practical application involving a single 
inundative release of the predator ( 20 2nd instar 
larvae/m') is being tested. 

3) Western flower thrip Frankliniella occidentalis (Pergande)

This insect of American origin was reported in Italy in
1989 (Arzone et al., 1989). In the Po valley, unlike
southern Italy, it is almost exclusively harmful to flower
and ornamental crops. Because of F. occidentalis (WFT)
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resistance to chemical insecticides, and because growers 
continue to spray this thrip to no effect save that of 
their disruptive action on the beneficials employed in the 
control of other arthropod pests, it is necessary to 
develop a biological control strategies to limit WFT 
damages. The studies undertaken thus far have focused on 
finding the most suitable natural enemies of WFT. 
Furthermore several species of the genus Orius have proved 
promising in this respect, and further work is in progress. 

Ceranisus menes (Walker) was found wild near Bologna and 
experimental rearing of this parasitoid on F. occidentalis 
is already set up. 

- CONCLUSIONS -

Practical applications of biological control and IPM 
strategies in the Po valley have made consistent advances in 
recent years. Thanks to the results attained by research and 
the subsequent promotional marketing of crops grown under IPM. 
In the wake of advances in IPM and the practical results they 
had achieved, a feasibility study undertaken in 1987 gave rise 
to the establishement of the first biofactory in Italy for the 
mass rearing of beneficial arthropods. This project was a 
joint effort involving ENEA Area Energia e Innovazicne, 
Emilia-Romagna Regional Government, and the biological control 
research unit of the "G. Grandi Institute of Entomology, 
University of Bologna". BIOLAB is an important step forward in 
demonstrating that radical changes in the protection 
strategies of crops in Italy are possible and that these 
methods are indispensable in bringing together ecology and 
economics. It should be noted in closing that further progress 
on nation-wide scale in biological control and IPM would 
depend on efficient extension services throughout the country 
and a more accurate monitoring of chemical residues on 
horticultural crops. 
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BIOLOGICAL PEST CONTROL IN GLASSHOUSE ORNAMENTAL 
CROPS IN TUSCANY. *

G. DEL BENE, S. LANDI
Istituto Sperimentale per la Zoologia Agraria - Firenze 

summary 
This paper gives the results obtained when using natural 

enemies in the control of several insects which are harmful to 
flowering and ornamental plant cultivations. Trialeurodes 
vaporariorum and Bemisia tabaci, whose native entomophagous 
insects are indicated, may be �ontrolled by 4 releases of
Encarsia formosa (6 individuals/m ) starting in February, as 
long as the minimum temperature in the glasshouse is 2 0 ° c. The 
hyperparasitic activity of the Encarsia tricolor males is 
important as it prevents the establishment of a stable E. formosa 
population. 

When considering the Agromyzids Lyriomyza trifolii and 
Chromatomyia spp., whose entomophagous complex is indicated, 
Diglyphus isaea, which appears fuitable for control on gerbera at
a dosage of 3 individuals/m , does not give satisfactory
protection to the chrysanthemum, where the most harmful leafminer
is c. syngenesiae. Neoseiulus barkeri used at the rate of 140
individuals/m2 on gerbera, rose and chrysanthemum to control
mixed populations of Frankliniella occidentalis (predominant) ,
F. intonsa and Thrips tabaci has given negative results.
Finally, entomoparasitic nematodes were able to control
otiorrhynchus spp. on ornamental plants in the nursery, both in
the glasshouse and in the open air.

1. Introduction
Some of the more harmful pests to glasshouse ornamental

crops in Italy include several polyphagous species such as the 
thrips Frankliniella occidentalis (Pergande), which has been 
introduced recently (DEL BENE, GARGANI, 1989), the Aleyrodids 
Trialeurodes vaporariorum (Westw.) and Bemisia tabaci (Gem.), the 
Agromyzids Liriomyza trifolii (Burgess) , Chromatomyia horticola 

* Work carried out with a grant from the Ministry of Agriculture
and Forests (Project: Integrated and biological control;
Subproject: Integrated control in glasshouses).
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(Goureau) and Chromatomyia syngenesiae Hardy, as well as the 
Curculionids of the otiorrhynchus genus. 

Biological methods of control with natural enemies of these 
species, particularly when they attack vegetables, are becoming 
more and more widespread. However, little research has yet been 
done into their possible application with flowering and 
ornamental plants due to: 1) a low tolerance for damage, imposed 
by export regulations and by the particular aesthetic 
characteristics of the top quality; and 2) the high cost of the 
product which makes the cost of chemical treatment irrelevant. 
All the same in the flower-producing sector interest is growing, 
particularly to avoid a rise in pest resistance, and on account 
of 'green' policies in public life. 

Our research into biological control methods has been 
concerned with the principle phytophagous pests of glasshouse 
cultivations of chrysanthemum, gerbera, rose and plants 
originally from the tropics, and potted ornamental plants in the 
nursery (glasshouse and open air). Previous to intervention, 
studies were made of the entomophagous complex of the key pests. 

2. tllbiteflies and their natural enemies.

The most common aleyrodid is T. vaporariorum, even if B.
tabaci appears more and more frequently. In Tuscany the 
following Aphelinids have been isolated (DEL BENE, 1990a) from T. 

vaporariorum: Encarsia formosa Gahan, of Nearctic origin, in use 
in biological control methods, Encarsia tricolor Foerst. and 
Encarsia partenopea Masi. In Italy also Encarsia lutea Masi and 
Encarsia pergandiella Howard have been reported, the latter being 
introduced in Campania in 1979 by VIGGIANI and MAZZONE. 
Furthermore, in Tuscany, E.formosa, E. tricolor, E. lutea and 
Eretmocerus mundus Mercet were isolated from B. tabaci (DEL BENE, 
1990a). 

2.1. Releases of E. formosa. Materials anc Methods.

Research was carried out on a) tropical plants (Cyphomandra 
betacea, Gossipium arboreum, Patagonula americana, Psi di um 
guajava), and b) gerbera. The plants were cultivated in 
glasshouses with minimum temperatures of 20 ° c and 1s•c 
respectively. 

E. formosa was used in inundative releases as it is easily
obtainable, being produced industrially (En-Strip, Koppert): the 
percentages of the Aphelinid emerging from the parasitized pupal 
cases always exceeded 90%. 

The development of the infestation was followed by 
monitoring the adults with chromotropic traps, and estimating the 
presence of pre-imaginal stages with samplings of 100 200 
leaves every two weeks. The percentage of active parasitization
(parasitized Aleyrodids/unparasitized + parasitized Aleyrodids) x 
100 for the different Aphelinid species was calculated by 
isolating the visibly parasitized pupal cases in gelatine 
capsules until emergence of the parasitoid. 

The same sampling method was used in adjacent glasshouses, 
where chemical control methods had been used or no treatment at 
all. 
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In both experimental situations, the first signs of 
infestation were recorded in February and Encarsia was introduced 
at the end of the month at the rate of 6 individuals/m . Between 
February and May, in the glasshouses with tropical plants 4 
releases of E. formosa were made every 25 days; on gerbera 6 
releases at fortnightly intervals. 

2.2. Results
a) In the glasshouses with tropical plants infestation

reached a maximum in May when considering the presence both of 
adults and of preimaginal stages of T. vaporariorum {Table 1.). 
Parasitization also increased following releases of E. formosa,
so that the level of infestation decreased rapidly from June. Up 
till May almost all individuals from the parasitized pupal cases 
isolated in the laboratory were E. formosa females, whila from 
June, E. tricolor males, the hyperparasites, predominated. 

Table 1. Tropical plants: 4 releases E. formosa {6/m2). Average 
number, per dm2 of leaf surface of T. vaporariorum larvae. The 
data for October refer to 1) T. vaporariorum, 2)Bemisia
tabaci, in untreaded adjacent glasshouses. 

Date Un?,li!l.r2si timed Larvae parasitized by % active 
larvae E. formosa E. tricolor parasitization 

F M F M

Feb. 10 
Mar. 504.5 85.5 14.5 
Apr. 641.2 72.8 10.2 

May 765.7 181.4 2,9 19.4 
Jun. 483.1 205.3 3.9 245.7 48.5 
Jul. 107.6 3.8 126.6 54.8 
Aug. 0 1. 2 100.0 

Oct.1 2158.3 2295.9 39 1021. 2 60.8 
Oct.2 46.5 14.5 17.7 40.3 

It should be noted that E. formosa also spread to nearby 
glasshouses where releases had not been made. 

By October T. vaporariorum and B. tabaci had been attacked 
60.8% and 40.3% respectively. When comparing the two white 
flies, on T. vaporariorum,E.formosa predominated over tricolor,
but on B. tabaci the data was almost identical for both 
Aphelinids. 

b) on gerbera (Table 2) the first pupal case parasitized by
E.formosa was recorded in March. In June, after 6 releases of
the Aphelinid, the highest figure was recorded for both
parasitized forms (2.73/leaf) and unparasitized forms (366/
leaf), so that the parasitization percentage was only 0.8%.
consequently chemical treatments were necessary: an insect
growth regulator (flufenoxuron) was used and reduced the T.

vaporariorum population to levels which would not be harmful. As
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a result in July the highest percentage for parasitization was 
recorded, 20%, due for almost half to E. tricolor (female:male = 
1: 3) • 

Table 2. Gerber a: 6 releases E. formosa ( 6 /m2) . Number of T.
vaporariorum larvae on 100 leaves. 

Date 

Mar. 
Apr. 
May 
Jun. 
Jul. 
Aug. 

Unparasitized 
larvae 

941 
1570 

16150 
33660 

220 
2 

Larvae parasitized by 
E. formosa E. tricolor

F H F M 

1. 
92 11. 

6 
205 18 50 

27 7 22 

% active 
parasitization 

0.10 
6.15 
0.03 
0.80 

20.28 

It should be noted that in adjacent glasshouses treated with 
insecticide there was no onset of infestation on the part of T.

vaporariorum. 

2.3. Discussion 
By introducing E. formosa at the first signs of T

vaporariorum infestation through 4 releases of 6 individuals/m� 
from February, satisfactory results were obtained only_when the 
minimum temperature in the glasshouse did not go below 20° c. 
The Aphelinid was also able to contain B. tabaci.

Where E. formosa is successful, the action of E. tricolor
males must not be underestimated, as their preimaginal 
development is as hyperparasi tes and they represent a limiting 
factor of the primary parasite. Consequently the effectiveness of 
E. formosa may be short-lived on account of the difficulty in 
establishing a stable population. This is due to the limiting
action of the males of the native species.

Many researchers, following releases of E. formosa, evaluate 
parasitization of this species by counting the black pupal cases, 
while omitting to isolate them and to determine which Aphelinids 
emerge. In this way the action of E. tricolor goes unnoticed. 

3. Leaf-miners and their native parasitoids.
The most harmful Agromyzid species for glasshouse

cultivations in Tuscany is Liriomyza trifolii, reported for the 
first time in Italy about 10 years ago (ARZONE, 1979). 
Chromatomyia horticola and C. syngenesiae can also cause 
noticeable damage, this latter species particularly on the 
chrysanthemum. 

Numerous entomophagous insects attack the three species (DEL 
BENE, 1984 and 1989). In Tuscany the Eulophids Chrysonotomyia
formosa (Westwood), Cirrospilus vittatus Wlk., Diglyphus isaea
(Wlk.), Hemiptarsenus dropion (Wlk.) and Pnigalio sp. have been 
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obtained from Liriomyza trifolii; the Braconids, Dac:nusa
aerolaris (Nees), Dac:nusa veronic:ae Griffiths, and the Eulophids, 
Chrysoc:haris spp., Chrysonotomyia formosa (Westwood), Cirrospilus
vittatus Wlk., Diglyphus isaea (Wlk.), Hemiptarsenus dropion
(Wlk.) and Pediobius acantha (Wlk.) from Chromatomyia spp •• 

The most widespread, in decreasing order, were D. isaea,
ectoparasite, c. formosa, endoparasite, and H. dropion,
ectoparasite. 

3.1. Releases of D.isaea. Materials and Methods. 
In Tuscany D. isaea is the most naturally found parasitoid; 

it develops on Liriomyza and Chromatomyia spp., and is reared on 
an industrial scale. Consequently it is easily obtainable in 
large quantities. On flower cultivations, it �as been used (DEL 
BENE, 1990b) in releases of o. 2 - 3 adults/m to increase its 
action of control of the Agromyzids. Satisfactory results have 
been obtained on gerbera, as long as intervention was on recently 
established plantations. 

More recent expe5iments have concerned a glasshouse of
chrysanthe!ums of 400 m ,  planted in February, where a release of
3 adults/m was made at the beginning of March. The insects used 
had been reared by Biolab of Cesena. 

At two-weekly intervals, samplings were made of 100 leaves, 
where the number of mines by parasitized and unparasitized 
Agromyzid larvae was recorded. To determine the different 
entomophagous species, their larvae and pupae, and parasi tized 
Agromyzid larvae taken from the mines were reared in gelatine 
capsules. 

3.2. Results 
At the end of February the plants (Figure 1) had been 

attacked by c. syngenesiae larvae (0.7/leaf), a small percentage 
of which were parasitized by D. isaea. Following the release of 
the Eulophid at the beginning of March, the number of mining 
larvae attacked by D. isaea was constant for the whole month and 
increased noticeably in April, without, however, the parasit
ization percentage exceeding 37.7%. In April, in fact, also the 
Agromyzid infestation (C. syngenesiae predominant) reached its 
maximum level. Moreover the aesthetic damage caused by the mines, 
even if they were empty, increased constantly so that at the 
moment of harvesting, in May, there were nearly 7 mines/ leaf. 

The plants were left after flowering to verify the dynamics 
of the phytophagous insect populations. The leafminers were 
controlled only 2.5 months after the release of D. isaea: in fact 
by the end of May 7 6. 8% of parasi tization has been reached, a 
satisfactory result even if it is not the value (90%) that 
WARDLOW (1985) considered necessary. Furthermore, the upper 
foliage of the plants sustained leafminer damage of many more 
than 1 mine, which DE LARA (1981) considers a good result on the 
chrysanthemum, and HEINZ and PARRELLA (1990) on marigolds. 

As well as D. isaea, C.vittatus, an ectoparasite found 
between May and June, Chrysocharis sp. and C. formosa also 
exerted a certain role in control. 
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Figure 1. Number of mines with parasitized and unparasitized 
Agromyzids on 100 chrysanthemum leaves. 
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3.3. Discussion 
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In the past satisfactory results have been obtained on 
gerbera, whose flowers do not suffer direct damage, using D. 
isaea to control L. trifolii (DEL BENE, 1990b). However, the 
chrysanthemum, whose flowers are marketed with the leaves and has 
only a three-month cycle, does not appear to be a suitable 
cultivation to protect with D. isaea, that takes more than two 
months to demonstrate its efficiency. It would be possible to 
let the parasitoid act only in the first vegetative phase, as the 
possible presence of mines on the lower part of the plant, that 
is below the point where the stem is cut, would not affect the 
value of the flower. Following this, chemical treatment is the 
only way of keeping within the accepted low tolerance levels, and 
the use of D. isaea does not appear economically ·worthwhile as 
the cost is 400 Italian lire/individual, and this only for 
partial control. 
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4. Thrips

F. occidentalis, which was first reported in 1987 in
glasshouses in the Pescia area (DEL BENE, GARGANI, 1989), has 
rapidly become the most harmful pest to protected cultivations 
and is the most widespread when compared with the native Thrips 
tabaci Lind. and Frankliniella intonsa (Trybom), this latter 
being frequently found on the rose. As well as causing direct 
damage due to feeding habits and ovidepositing, it is the 
principle carrier of the TSW Virus, which has recently been 
isolated in Italy (LISA et al., 1990). 

4.1. control using predatory mites. 
As many researchers (RAMAKERS, 1978, 1980; HANSEN, 1989; 

LINDQUIST, TIITTANEN, 1S89) have successfully used Amblyseius 
cucumeris (Oud.) and Neoseiulus barkeri (Hughes) with T. tabaci, 
we examined the possibility of controlling F. occidentalis with 
these predators. 

In our laboratory trials, A. cucumeris has shown that it is 
able to reproduce for successive generations by preying on larvae 
of both T. tabaci and F. occidentalis (CASTAGNOLI et al., 1990). 
In the glasshouse where other AA. have obtained positive results 
exclusively on horticultural plants, we have carried out 
experiments on flowering cultivations (chrysanthemum, gerbera and 
rose) which had been attacked by mixed populations of different 
thrips species, but prevalently F. occidental is. N. barkeri, 
supplied by Siapa, was used and was distributed in J�ne at the
onset of infestation at the rate of 140 individuals/m and then 
again 15 days later. 

No rssul ts were obtained: in fact, in the successive 
samplings no differences were observed either in the number of 
F. occidentalis, F. intonsa and T. tabaci, or in the damage found
in differently treated plots.

5. Weevils
The Curculionids of the Otiorrhynchus genus represent the

greatest problem for many ornamental plants grown in the nursery, 
either in the glasshouse or in the open air. Damage from O. 

sulcatus F., o. armadillo Rossi, o. salicicola Heyd., O. 
rugosostriatus Goeze and o. aurifer Boh. on more than 100 
botanical species has been reported (DEL BENE, PARRINI, 1986). 

Damage caused by adults attacking the leaves of the plant is 
essentially aesthetic. On the other hand damage caused by larvae 
on the roots and on the hypogean part of the trunk may have fatal 
results. 

5.1. Hicro�ial control. 
Research was carried out with Nematodes Rhabditida, the 

bacterium Bacillus thuringiensis var. tenebrionis (SAN4181WG) and 
the fungus Verticillium lecanii (Vertalec). By using doses of 250 
mg/1 and 2.5 g/1 of the commercial product respectively for the 
latter two agents, the larval mortality obtained was totally 
insufficient to consider practical applications. 

However, positive results were obtained with Heterorhabditis 
spp. (Terbiot, Scam) and steinernema spp. (Pianbot, Scam) not 
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only at ideal temperatures of the soil in the glasshouse, but 
also at a daily average of 10.7 ° C (1 - 11° c min.; 10 - 20 ° c max) 
in the open air in November. 

Potted yew plants with the soil infested with a fixed number 
of o. sulcatus and o. salcicola larvae were treated with 
applications of about 30, OOO nematodes/dm3 of soil. In the 
glasshouse mortality always exceeded 90%, but it was also 69.5% 
and 90% respectively for Heterorhabditis and Steinernema spp. in 
the open air. Consequently the low temperature of the soil in 
the open air, which is lower than the 12 ° c threshold established 
by KLINGLER (1989), is not a factor that limits nematode activity 
when daytime temperature is sufficiently high, as usually occurs 
in Tuscany, even in winter. 

The research, as well as confirming the effectiveness of the 
insect-parasite nematodes in the glasshouse, suggests good 
prospects for control even in the open air, which is a very 
important practical consideration as a large part of nursery 
cultivations in Tuscany are in the open air. 

6. Conclusions

The result of the experiments reported in this paper are 
satisfactory only in part. They show that there is still a lot 
of work to be done on the protection of flowering plants, 
particularly if the plant has a short vegetative cycle as is the 
case of the chrysanthemum. 

Other problems arise due to the high cost of D. isaea, and 
to the low tolerance level of leafminer damage to the upper 
leaves on the chrysanthemum; and to the thermal requirements of 
E. formosa and the interference of this species with native
parasitoids.

7. References

ARZONE A., 1979 - L' Agromizide 
(Burgess) nuovo nemico di gerbera 
3-6. 

neartico Liriomyza trifolii 
in Italia. - Inf. Fitopatol. 3: 

CASTAGNOLI M., DEL BENE G., GARGANI E., SI1i0NI S., 1990 
Possibilita' di controllo biologico di Thrips tabaci Lind. e 
Frankliniella occidentalis (Pergande) (Thys. Thripidae) con 
Amblyseius cucumeris (Oud.) (Acarina Phytoseiidae) - Redia, 73:53-
61. 
DE LARA M., 1981 - Development of biological methods of pest 
control in the United Kingdom glasshouse industry. - Proc. Br. 
Crop Prat. Conf., Pest Diseases: 599-607. 
DEL BEBE G., 1984 - Osservazioni sul ciclo biologico di Liriomyza 
trifolii (Burgess) (Diptera Agromyzidae) su gerbera e sui suoi 
nemici naturali in Toscana. - Redia, 67: 43 5-448. 
DEL BENE G., 1989 - Nemici naturali di Liriomyza trifolii 
(Burgess) , Chromatomyia horticola (Goureau) e Chromatomyia 
syngenesiae Hardy (Dipt. Agromyzidae) in serre di crisantemo e 
gerbera. - Redia 72 (2): 529-544. 
DEL BENE G., 1990a Controllo biologico di Trialeurodes 
vaporariorum e Bemisia tabaci con Encarsia formosa e parassitoidi 
indigeni. - Riv. Agric. Subtropic. e Tropic. 84 (2): 237-248. 



21 

DEL BENE G., 1990b - Impiego di Diglyphus isaea (Wlk.) (Hym. 
Eulophidaea) per il controllo di Liriomyza trifolii (Burgess), 
Chromatomyia horticola (Goureau) e Chromatomyia syngenesiae Hardy 
(Dipt. Agromyzidae) in serre di crisantemo e gerbera. - Redia 73 
(1): 63-78. 
DEL BENE G., GARGANI E., 1989 - Contributo alla conoscenza di 
Frankliniella occidentalis (Pergande) (Thysanoptera Thripidae). -
Redia 72 (2): 403-420. 
DEL BENE G., PARRINI C., 1986 - Note sulla biologia di specie di 
Otiorrhynchus (Coleoptera curculionidae) dannose a piante 
ornamentali in vivai della Toscana. - Redia 69: 341-359. 
HANSEN L.S., 1988 - Control of Thrips tabaci (Thys. Thripidae) on 
glasshouse cucumber using large introduction of predatory mites 
Amblyseius barkeri (Acarina Phytoseiidae. - Entomophaga 33, 1: 
33-42.
HEINZ K.Mo, PARRELLA M.P., 1990 - Biological control of insect
pests on greenhouse marigolds. - Envirom. Entomol. 19 (4): 825-
835.
KLI�GLER J., 1989 Use of Heterorhabditis sp. against
otiorrhynchus sulcatus in Switzerland. - IOBC-WPRS Bull. XII/4:
7-8.
LINDQUIST I., TIITTANEN R., 1989 - Biological control of Thrips
tabaci (Thys. Thripidae) on greenhouse cucumber. - Acta Entomol.
Fennica, 53: 37-42.
LISA V., VAIRA A.M., MILNE R.G., LUISONI E., RAPETTI S., 1990 -
Tomato spotted wilt virus in cinque specie coltivate in Liguria.
- Inform. Fitopat. 12: 34-91.
RAMAKERS P.M.J., 1978 - Possibilities for biological control of
Thrips tabaci Lind. (Thys. Thripidae) in glasshouses. - Med. fac.
Landbouww. Rijksuniv. Gent 43, 2: 463-469.
RAMAKERS P. M. J. , 1980 - Biological control of Thrips tabaci
(Thys. Thripidae) with Amblyseius spp. (Acari Phytoseiidae}.
IOBC-WPRS Bull., III/3: 203-208.
VIGGIANI G., MAZZONE P., 1980 - Sull' introduzione in Italia di
Encarsia pergandiella Howard (Hym. Aphelinidae}, parassita di
Trialeurodes vaporariorum (Westw.) (Hom. Aleyrodidae}. - Boll.
Lab. ent. Agr. Portici 37: 39-43.



22 
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Co11pure 653, 9000, Ghent, Belgi11m 

In BelgiU!lll, in glassho11se vegetables, 1PM is being
increasingly 11sed, due to the commercial availability of
correcting chemicals (buprofezin, cyromazine) for biological
whitefly and leafminer control, and the widespread 11se of
bumble bees and honey bees, resp. in tomatoes and sweet
peppers.

Nowadays it is possible to control the glasshouse
whi tetly, the lieafminers Li:.'i:l)BJ'sa bll"�oidu.e, L. trifclii and
L. huidobrensia efficiently. The twospotted spider mite,
TetrU17chus urticae, aphids spp. and some �aterpillar spp.
can be controlled with either biocontrol agents, selective
chemicals or Bacillus tbu�illf!ien�is.

Western flower thrips, l'll'-kliaiella occ!c!eatalia, and 
some resistant aphids (Apli!iia gossypli) are more difficult to 
control, as biological control has only recently been 
introduced and still needs to be improved. Resistant 
caterpillnrs 9 antl some bug species in sweet peppers, cannot 
be controlled with chitin inhibitors and oxamyl as the use 
of these products is illegal in Belgi11m. 

In lettuce, the most widely cultivated glasshouse 
vegetable, aphids and leafminers can be controlled with 
selective chemicals (pirimicarb, cyromazine), but true 1PM, 
including biological control, is not applied. 
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1. Introduction.

Pest contTol in glasshouse vegetables has been done tor 
many years since World War II with broadspectrum pesticides, 
They have been very efficient and provided cheap and reliable 
control, Probably they prevented the outbreak of soae 
noxious organisms to become pests, but at the same time they 
probably eliminated numerous beneficial organisms as well. 

However, due to the development of resistance, mainly as 
a consequence of the wrong, useless or f�equent application 
at high doses of the pesticides, insect species like 
whiteflies, leafminers, western flower thrips, noctuid moths 
became real problems for glasshouse growers, 

In the early seventies. biological control methods 
became popular in The Netherlands, as they appeared to be 
very efficient for whitefly control, and had great adYantages 
(van Lenteren, 1989), Furthermore, the methods fitted quite 
well in the gene�al public's concept of i�proving the 
enviroJ1llilental quality, Soon these methods were �lso widely 
r,pplied by tomato �rowei's in Belgium, 

However, it becaae evide11lt that pure biological control 
could not always be used to solve the problems, In The 
Nethe�lands corrections of poor biological control were done 
(cyanide gas to improve bio!ogical control of whiteflies; 
Rocsl dich!orvos treatments to guarantee a clean start of the 
culture; oxamyl treatments, either sprays or drenches, to 
correct poor biocontrol of whiteflies and leafminers), Kn 
�eigiUM, cyanide gas treatments and o:amyl sprays and 
drenches after transplant are not legally allowed, which 
se�iously hampered the us� of biologicai control methods, 
Belgian growers have been reticent to use biological control 
tn the seventies because of the poor reliability of the 
method. The latter was very often caused by insufficient 
guidance and advice to the growers, and th® poor quality or 
the natural enemies, due to greater distances between 
producer and user, 

During the development and improvement of biological 
control methods in the seventies, agrochemical industries 
developed some very efficient broadspectrum insecticides like 
pirimiphos-methyl and the synthetic pyrethroids, �hich 
initially could compete succesfully with biological control, 
However, after some years, resistance against these new 
chemicals was established, so that pure cheaical control 
could not be considered as to offer the solution, 

The long term solution is given by the use of different 
methodi;i and techniques (chemical, biological, physical, 
mechanical), which is called integrated pest aanagement 
( 1PM). (Fougeroux, 1986). 
We believe that the use of selective pesticides is a powerful 
means for the improvement of biological control and the 
further use of the method, as growers want in the first place 
reliable control. The recent introduction of bumble bees for 
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pollinating purposes has stimulated the use of 1PM greatly, 
as most growers, cultivating heated tomatoes, consider the 
bumble bee as a highly reliable and cheap cultural technique. 

i. !Fil in claswhouae vecetablea.

Through paying more attention to cultural practices and 
hygiene, biological control can be made much more efficient, 
so as to be easier accepted by the growers. 

The development of detection and monitoring methods for 
pest organisms and the determination of economic threshold 
levels considerably help towards a more rational pest 
control. Colour attraction based on yellow and blue sticky 
traps is being used by many growers in Belgium and The 
Netherlands for detection of whiteflies, leafminer flies and 
thrips. 

As !PM is a strategy of pest management using ali 
ecological acceptable methods, ch�mical insecticides can be 
used, either as selective compounds, or as selectively used 
broadspectrum compounds (organochlorines, organophosphates, 
carbamates, pyrethroids). The latter may be useful at the 
start or the end of the crop growing, to eradicate the ?est 
organisms. Some conventional broadspectrum pesticides can be 
used in 1PM through application in the drip irrigation 
(oxamyl) system without se�ious interference with the natural 
enemies B. for1110sa, D. sibiri�e9 P. peraiailia. The best 
known example of a chem!cal cofilpatible with biocontrol 
systems is pirimicarb, a selective carbamate aphicide, 
although most beneficials exposed to spray deposits of 
pirimicarb will die soon after exposure. 

Many years ago, the possibilities of selective chemicals 
in pest control were stated by some researchers but 
agrochemical industries were not very interested so that only 
a few products (insect growth regulators) were developed 
(Metcalf, 1980), amongst which diflubenzuron, aethoprene and 
phenoxycarb, interfering with the growth and moult of insect 
larvae. 

3. Sf�nifica!llce of a�i�cttve cb�ice!� in IPU
in gi�as�o�seso 

Fo�tunately, the industries attitude has changed 
a lot, &nd a number of selective chemical insecticides, based 
on specific action sites, are being developed. Some of them 
a�e already registered in Belgian glasshouse vegetables to 
control whiteflies and leafminers (buprofezin, cyromazine). 

Some products are close to or have in the mean time been 
registered in many countries: the chitin inhibitors 
flucycloxuron, diafenthiuron, flufenoxuron 
(insecticide/acaricide) (Anderson et al. 1986; Streibert et 
al. 1988); pyridaben (insecticide/acaricide) (Hirata et al. 
1988); the JH analog pyriproxifen (insecticide)(Yamomoto, 
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et al. 1990). 
Teflubenzuron is not yet legally allowed in Belgium, 

although it is an interesting compound to control several 
Noctuids and exerts some side-effects on the greenhouse 
whitefly. Chlorfluazuron and trifl1111uron also are highly 
toxic to caterpillars; they are not registered in Belgium. 

Finally, a few preparations which might be classified 
either as biocontrol agents or as pesticides are already on 
the market or in the experimental stage. A first group of 
products are the BT preparations (Bacillus thuringiensis). 
These are stomach poisons in worldwide use (Burges et al. 
1976) on more than 4,000 ha of greenhouses in 1985 (van 
Lenteren, 1989). They fit in 1PM schemes quite well. 
However, the susceptibility of caterpillar species differs, 
so that dose rates have to be adapted to the pest insect. 

Another group are the baculoviruses. These substances 
are only found in invertebrates and are very specific, as one 
virus is only active on one or on a very few species. 
Viruses for control of Htlft9atra b�eoaicae, Spodoptera exili'U&o 
s. llttoralla, Belloi�la araicera (Lepidoptera, Noctuidae)
have been found (Mamestrin, Spodopterin). Today, these
substances are not yet registered in Belgium, in contrast
with the U.S. and Germany, but whenever they become
available commercially, they will be of great value in l�M
programs (Smits, 1987; Biache, 1987).

�. Current oituailon ot IPU in protected c�opa in Belcima. 

The glasshouse vegetable area (lettuce, tomatoes, 
cucumbers, sweet peppers, in order of importance) in Belgium 
is almost completely situated in Flanders, spread over the 
provinces Ant�erp, Easi-Flanders, West-Flanders, and to a 
lesser extent Brabant and Limburg. Biological pest control 
is being carried out on large scale in Antwerp, as in this 
�rovince, most vegetable growing is monoculture, done on 
rock�oo}, in heated houses by growers who have had a 
professional education and have a horticultural background; 
the same can be said more or less for the East-Flanders 
growers. Ho�ever, in West-Flanders, less specialized growers 
produce vegetables in unheated houses, with crop rotations, 
so that fewer pest problems occur; as many of these growers 
have no horticultural background, and are now confronted with 
specific glasshouse pest problems, they prefer broadspectrum 
pesticides over biocontrol agents. Efforts have been made to 
promote biological control, however, with poor results. 

Biological control of the greenhouse whitefly iS done by 
80% of the Antwerp and East-Flanders growers, while only 50% 
of the West-Flanders growers use the parasitic wasp. 
However, the registration of buprofezin (in 1988), used as 
correction agent for poor biological control of the 
greenhouse whitefly, or as control agent, has provoked almost 
a general use of this product for 1PM of whiteflies. The 
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treatment dose is 75 g active ingredient per ha, with a 
treatment frequency of 2, or maximum 3. Buprofezin does not 
negatively affect natural enemies used in biological control 
(B. foraoaa, D. sibirica, D. isaea, P. persiailis), 
neither does it affect the bumble bee B. t�rreatris. (Van 
de Veire et al.,1989). 

Cyromazine was registered recently (February 1991) for 
leafminer control in tomatoes, lettuce and ornamentals in 
Belgium. (Van de Veire, 1989; Van de Vein, c\ Bl<·yae1·t, 1990). 

" ,·i"·,·i,·; I' ' •',,.:;,. 1,; (T.iriotu,Yza bryoniac, T,. trifolii, 
L. huldobrensia) may severely damage the aforementioned
crops, particularly L. lriuidobrensis in lettuce, a powerful
chemical control or correction agent is now available for the
growers. Cyromazine can be used to correct poor biological
control (by D�cnusa sibirica) of leafminers , f.i. in spring
tomatoes.

Buprofezin and cyromazine are IGRs, interfering with 
chitin synthesis. Although their chemical structure and 
spectrum of activity is different, they exert some similar 
properties: both products are highly efficient to control 
whitefly and leafminer larvae, resp. at low dosages and they 
have a couple of weeks residual activity. Buprofezin can 
control the whiteflies with 150 g AI/ha in 2 treatments with 
an i9terval of 14 days. Cyromazine can even control 
leafmine� larvae with one single treatment, early in the 
season, a rato of 100 g A!/ha. However, norgaily, 2 
treatments are required ii no D. afbirica wasps spontaneously 
occur in the greenhouse. 

Both products are harmless to the bumble bee, Balllbna 
terreai�im, which is now generally employed'in heated 
tomatoes, for pollinating of the flowers. This is of utmost 
iaportance as the bumble bee has replaced almost completely 
mechanical pollination, due to its efficiency and lowe� cost 
(Dewael & Van de Veire, not published). Moreover, they are 
compatible with D. aibh•ic&, E. foraoaa, D.�gln,huo iaaea, 
and aphid parasites. 

Buprofezin and cyromazine have a low toxicity to m&llllllais 
(LD50. oral rat> 2200, resp 3800) and the safety period is 
short (3 days for buprofezin; 14 days for cyromazine). 
Finally, the products are cheap, taking into consideration 
their compatibility with beneficial organisms, 

In recent years, we have established a number of 
beneficial organisms that spontaneously occured during the 
summer months in commercial glasshouse vegetables in which 
1PM was being carried out. These organisms are summarized in 
table 1. 
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Table 1. 

Beneficial organisms, spontaneously occuring in co1111Bercial 
greenhouse vegetable crops, applying 1PM. 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

Organisaa Crop Predator 
Parasite 

Orlus spp. Sweet pepper Predator 

.Aathocorl• 
spp. 

Sweet pepper Predator 

Bulophidae 
spp. 

Sweet pepper Parasitic wasp 

Chr7sopa spp. Sweet pepper Predator 

Aphlcllua Sweet pepper Parasitic wasp 

spp. 
Aphldole�.tn Sweet pepper Pi'edator 
aphldl!IQ'&& Cucumber 

Sp!cier spp. Tomato Predator 

Dicrl7phus Tomato Parasitic wasp 
ls1oea 

Pr.11.on volucre Tomato Parasitic wasp 
Sweet pepper 

'l'berodlplosls Cucumber Predator 
perslcae 

Prey/Host 

Aphids/Thrips 
Spider mites 

Idea 

Caterpillars 

Numerous preys 
(aphid; 
whitefly) 

Aphids 

Aphids 

Numerous 
preys 

Leafminer 
larvae 

Aphids 

Spider mite 
(nymph/adult) 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx�xxxxxxxxxxxxxxxxxxxxxxx 

It is clear that the aforementioned organisas alone, 
with some exeptions (D. lsaea, Apbldius, Praon), cannot fully 
control the pest insects or mites, but they may be of great 
help to decrease pest population levels. 
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5. Practical IPII schedules in alassbouse •ecetables in
Belclua.

Pest 

Greenhouse whitefly 
(To vaporarlor11ioa11) 

Leafminers 
(L. br:,onlae) 
(L. trifolH) 
(L. bui4obrenais) 
Post-harvest 

Aphids 
(Me peraicae) 

Twospotted spider mite 
(T. urticas.e) 

Caterpillars 
(several species) 

Thrips 
('lhripe tabaci) 
(F. occidentaUis) 

Disease 

Fungal diseases 
(Botrytis) 
(Brlsnhe) 
(Ph7'topbtora) 
( Cladoaporl-) 
(haarl-) 
Soil fungi; nematods 

A, TOMATOES. 

• 

• 

• 

• 

• 

• 

• 

• 

$ 

• 

• 

• 

• 

Control method 

Parasite (B. r�raosa) 
Buprofezin 

Pa�asites (D. alblrlcQ; D. 
is1.11ea) 
Cyll'omazine 

Removal of leafminer pupae from 
the foil 
the foil 

Pirimicarb 
Parasitic wasps 

(A. matrlcariae) 
Gall midges (A. apbidla:,s&) 

Specific acaricides, com
patible with biocontrol agents 
(bromopropyla\e, fenbutatinoxid 
hexythiazox) 

B. tburinaiensia
{bacterial preparations)

Predatory mite (A. cucuaer!s) 

Control method 

Numerous fungicides, compatible 
with biological control 
vinclozolin, bitertanol, ipro
dione, fenarimol, carbendazim 

Oxamyl; steaming 

Detection whiteflies, leafminers, thrips: yellow sticky 
plates 10-15/ha, hung in transplanted young plants. 
------------------------------------------------------------------------------------------------------------------------



Pest 

Whitefly 
(T.vaporariorua) 

w·estern flower thrips 
(P. occidentalia) 

Twospotted spider mite 
(T. Ul!'ticae) 

Aphids 
(II. pel!'alcae) 
(A. IJOH::,Pi i) 

Caterpillars 
(Numerous species) 

Disease 

Fungal diseases 
(Powdery mildew) 
(Botrytis) 

Soil fungi; nematods 
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2, CUCUMBERS, 

Control method 

• Parasitic wasp (B. foraosa)
• Buprofezin

• Predatory mite (Ac cuc1111Eria)
• Physical control: thripstick

• Predatory mite (P. per•i•ili�)
• Specific acaricides:

hexythiazox, fenbutationoxyd,
bromopropylate, clofentezine,

• Parasite wasp (A. raatricariae)
$ Gall midge (A. apbidiarsa) 
• Pirimicarb

• B. thurinsienais (bacterial
preparations)

Control method 

• Fungicides (compatible with
biological control)
imazalil, bitertanol,
fenarimol, vinclozolin,
iprodione

• Oxamyl; steaming, 

Detection whiteflies: yellow sticky pl&tes (10-12/ha) 

===============================--===-===--===----------------
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3. SWEET PEPPER.

-------------------- ,------ .------------------�. ------------

Pest 

Twospotted spider mite 
(T. urticae) 

Western flower thrips 
(P. occ{dentalla) 

Aphids 
(II. perslcae) 

(A.,:osan,H) 

Llocorla tripastul�tua 
(bug) 

Caterpillars 
(several species) 

Greenhouse whitefly 
(T. T&pol'Al'!Ol'llil&-) 

Disease 

Fungi 
(Rhizoctonia, Sclero
tinia, Botrytis, Pow
dery mildew) 

Control •ethod 

o Predatory mite (P. peralalllu)
e Specific acaricides: 

hexythiazox, fenbutatioxyd. 
bromopropylate, dicofol, clofen
tezin.e. 

* Predatory mite (A. cuc1111erla)
Dichlorvos (smoke; up to a couple
of days before introduction of
the predatory mite)

• 

• 

C 

• 

• 

• 

• 

e 

0 

Orias predatory bugs (spontaneous
occurence in the greenhouse)
Thripstick

Pirimicarb
Parasitic wasps (A.
raatrlcariaa)
Gall midge (A.apbidiarza)
Heptenophos (local treatments)

Dichlorvos (spr�y/smoke)

B. thuringiensis
(bacterial preparations)

Parasitic wasp (E. foraosa) 

Buprofezin 

Control method 

• Specific fungicides
vinclozolin, iprodione,
fenarimol.

Detection thrips: blue sticky plates (10-20/ha). 
:::::::::::::::::::::::::-:::::-:::::::: :w::::::::::::::::: 

Some potential chemicals, which fit into 1PM schemes are 
not legally allowed. Oxamyl is only registered as a soil 
drench before planting, al.though it may help a lot to correct 
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poor biological whitefly, thrips, aphid and bugs control. 
Chitin synthesis inhibitors, well known for their toxicity to 
caterpil,lar species, may not be used in glasshouse 
vegetables; they would be ve�y interesting to control the BT
resistant species, Cbr�aodeizia chalcitea and Spocloptora 
ezicua. 

8. Conclusions.

The Belgian glasshouse growers can now efficiently 
cont�o! whitef!ies and 3 species of leafminers •ith 
biological and /or selective chemical control (buprofezin, 
cyroaazine), without affecting honeybees and bumble bees. 

Spider aites, aphids, caterpillars, can be efficiently 
controlled with biocontrol agents and/or selective chemicals. 
(P. peraiaUia, B. tlUlriacienala, pirimicarb). 

Western flower thrips, resistant aphids (A. goaa71tll), 
are much more difficult to control, as the predatory mite A. 
cucuaerlo the wasp, A. aatricariae and the midge A. 
apbidi�za have only been introduced recently (from 1990 
onwar�s) in the classhouses. 

Resistant caterpi liars (S. ezisaa. c. cbalcitea) are 
probleais, as no chitin synthesis inhibitors are registered up 
t i 11 now. 

T. Acbowleqeaent.

Research supported by the IWONL (Instituut tot
Aanaoediging van bet Wetenschappelijk Onderzoek in Nijverheid 
en L&ndbouw). Centre for Integrated Control, section: Ghent. 
Directer: Prof. Dr. C. Pelerents. 

8. Jleferencea.

ANDERSON, M., FISHER, J.P., ROBINSON, J. and DEBRAY, P. 
1986. Flufenoxuron -an acylurea acaricide/insecticide with 
novei properties. Proceedings of the 1986 British Crop 
Protection Conference -Pests and Diseases Vol. 1: 89-96. 

BIACHE, G. 1987. Potentialites insecticides en lutte 
integree de preparations ii. base de Becill'ila tburinsienaia ou 
de Baculovirua contre les noctuelles de la tomate et du 
concombre en cultures protegees. CEC. Integrated Pest 
Management in Protected Vegetable Crops. Joint Expert's 
Meeting, Cabrils, Spain, 27-29 May 1987. 

BURGES, H.D. and JARRETT, P. 1976. Adult behaviour and 
oviposition of five noctuid and torticid moth pests and their 
control in glasshouses. Bull. Ent. Res. 66: 507-510. 
FOUGEROUX, M. 1�86. Principles of integrated pest management. 



32 

Acta, Septembre, 1986. 

HIRATA, K., KUDO, M., MIYAKE, T., KAWA.MURA, Y. and OGURA, T. 
1983. NC-129. A new acaricide. Brighton Crop Protection 
Conference, -Pests and Diseases-1983. 

METCALF, R.L. 1980. The ecology of insecticides and the 
chemical control of insects. In: Ecological theory and 
Integrated Pest Manageaent Practice. M. Kogan (Ed.). John 
Wiley & Sons New York pp. 251-297. 

SMITS, P.H. 1987, Nuclear polyhedrosis virus as biological 
control agent of Spodoptera ezicua. Doctoral Thesis, 

STREIBERT , H.P., DRABEK, J, and RINDLISBACHER, A, 1988. 
CGA-106630- A new type of acaricide/insecticide for the 
control of the sucking pest complex in cotton and other 
crops. Brighton Crop Protection Conference - Pests and 
Diseases. 2-2 25-32, 

VAN DE VEIRE, M. and BLEYAERT, P, 1990. Control of the 
leafainer Liri«-1F•a buidobren•i• (Blanchard) on glasshouse 
lettuce with the IGR cyromazine. 
Med. Fae. Landbouww. RUG, 55(2b), 1990, 661-666, 

VAN DE VEIRE, M, 1989. Control of the leafminer Liri�sa_ 
trifolii in glasshouse tomatoes with the insect growth 
regulator cyromazine and side effect on the wasps Dacnus� 
slblrica and Enc��gia foraoma. 
To be published in the "Proceedings" of the"Joint Expert's 
Group 1PM. Meeting held at Antibes, France, 16-19 October, 
1989. 

VAN DE VEIRE, M. and VACANTE, V. 1989. Buprofezin: a 
powerful help to integrated control in greenhouse vegetables 
and ornmnentals. 
Boletin de Sanidad Vegetal. Fuera de Serie - No. 17 9 1989. 
P�oceedings of a Scientific Congress, Barcelona, Spain, 25-28 
October 1988. Eds. R, Cavallo�o and V. Delucchi. 

van LENTEREN, 1989. Wo�ld 
management in greenhouses, 
"Insect Control Strategies 
Amsterdam. February 17th, 
ICI Agrochemicals, 32-50. 

situation of integrated pest 
Proceedings of a symposium on 

and the Environment" held in 
1989. 

YAMOMOTO, H. and KASAMATSU, K. 1990, Effects of fa juvenile 
hormone mimic, S-71639, on the greenhouse whitefly, 
Trialeurodea vapor11rioi'ua, and the green peach aphid, -sua 
peralcae, in a greenhouse. Advances in Invertebrate 
Reproduction 5. Eds. Hoshi, M. and Yamashita,O., 
Elsevier Science Publishers B.V. 1990. 



33 

CONSERVATION OF NATIVE MIRID BUGS FOR BIOLOGICAL CONTROL IN 
PROTECTED AND OUTDOOR TOMATO CROPS. 

0. ALOMAR1
, C. CASTANE1

, R. GABARRA1
, 

J. ARN62
, J. ARIN02 and R. ALBAJES. 3 

1 IRTA, Centre de Cabrils, 08348 Cabrils (Barcelona). 
2 ADV, Mercat de Flor, N-II, 08340 Vilassar de Mar. 

' Centre UPC-IRTA, Area de Protecci6 de Conreus; Rovira Roure 
177, 25006 LLeida, Spain. 

Summary 
The coexistence of both field and protected crops with similar 
crops may interfere with implementation of IPM due to their 
interrelation. An IPM program for outdoor tomato crops based on 
conservation of native predators has been developed. 
Implementation in commercial fields has reduced pesticide use by 
75%. The same predators are also present in greenhouses under 
IPM. Conservation of these predators to enhance natural control 
in the area deserves consideration. 

1. Introduction. Pest control in vegetable mediterranean crops.

Protected crops in the Mediterranean occupy about 50. OOO ha, 
which represent the most important area in the world with this 
growing system (ea. 30% of the total). 

During the past 15 years, notable progress has been made to 
implement IPM programs in several countries of this area (e.g. 
Nucifora and Michelakis, 1988; Zipori et al., 1988; Carnero et 

al., 1989; Michelakis, 1990; Onillon, 1990). Despite these 
efforts, IPM is only applied in ea. 10% of the surface, which is 
rather low compared with glasshouse crops in cold climates (Van 
Lenteren and Woets, 1988; Onillon, 1990). 

Most efforts of implementation of IPM in Mediterranean 
greenhouses have adapted inoculative Biological Control programs 
based on repeated releases of natural enemies until they are 
established in the crop (e.g. Encarsia formosa Gahan). This 
method has some limitations: ( 1) movement of pests between 
greenhouse and surrounding field crops and/or non-crop areas. 
This brings sudden increases in pest populations which are 
difficult to predict or control by the normal natural-enemy and 
pest dynamics; (2) temperatures and humidities within the 
greenhouse vary more than in heated glasshouses; (3) often, a 
shorter growing period which raises the cost of introductions; 
(4) a high number of fungicide sprays, and (5) a concentration
of large areas of vegetable production (e.g. Almeria and Sicily
with ea. 15000 ha each) with a great variety of crops which
hinders a slow introduction of the new technology.
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Under these circumstances, in order to increase IPM 
implementation in protected vegetable crops in the Mediterranean 
it therefore seems necessary to: (a) assess the elements which 
in the context of field and protected crops and non-crop 
vegetation may impose limits on the amplitude of pest population 
fluctuations; (b) select other species or biotypes of natural 
enemies which may be more adapted to climatic conditions of the 
greenhouse; (c) contribute to the training of growers and 
advisors; and (d) improve preventive measures in order to reduce 
the need for fungicide sprays (e.g. adoption of correct cultural 
practices, solarization and use of resistent cultivars). 

Interrelation between field and protected crops is 
especially important in our area (Alomar et al., 1989). In this 
paper we show how an IPM program for outdoor tomato crops based 
on conservation of native predators can succesfully be applied. 
As the same control agents are also found in the greenhouses, we 
can incorporate them into the movement of insects between crops 
(protected and field) and non-crop environments mentioned 
earlier. 

2. An IPH program for outdoor tomato crops.

2.1 Background. Origin of the decision chart. 
By studying non- or slightly-sprayed vegetable crops, 

several natural enemies have been found in the surroundings of 
Barcelona (Bordas et al., 1985). Among them are Mirids and 
Anthocorids. on tomatoes, Anthocorids are rare, but of the mirids 
two were abundant: Dicyphus tamaninii Wagner and Macrolophus 
caliginosus Wagner. 

D. tamaninii was evaluated as a potential biological control
agent (Gabarra et al., 1988, Salamero et al., 1987). Laboratory 
and cage experiments showed it to be a polyphagous predator. 
However, Dicyphus may also be phytophagous and feeding on fruit 
causes yellow spots. At extreme infestations, individual fruit 
may be malformed. These diminish its commercial value for 
cosmetic reasons. 

studies on feeding preferences revealed that nymphs 
preferred insect prey to tomato fruit, and only when whitefly 
(Trialeurodes vaporariorum Westwood) density was excessively low 
did they switch to fruit feeding. Plant feeding is also known

from other predaceous mirids (Wheeler, 1976; Niemczyk, 1978); in 
some . cases damage to fruit has been related to shortage of 
alternative insect prey (Sanford, 1964; MacPhee, 1976; Coutin et 
al., 1984) but the role of these facultative predators in IPM is 
not well documented. 

With this hypothesis in mind an IPM program was developed 
for outdoor tomato crops, which allows the conservation of native 
mirid bugs up to a level where they may excessively control 
whitefly and start damaging the fruit. In 1987 and 1988 a 
preliminary program was applied. We used nominal action levels 
based on previous results. These action levels were established 
for 1989 and 1990 as shown in Figure 1. 
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1. Inaction Region

0.1 10 
Adult whitefly per plant. 

Figure 1. Decision chart for IPM in outdoor tomato crops (see 
text for explanations). 

2.2 Application. 
Fields are monitored weekly by visual methods. Mirid bugs 

are recorded from plant terminals (top seven leaves) from 20 
plants per field. Whitefly adults are assessed on the top three 
leaves of the same plants. Separate records are made for adults 
of both mirids and for mirid nymphs. For the decisions, adult 
Dicyphus and mirid nymphs are pooled for each plant. 

Counts of both predators and prey are plotted on the axes 
of the graph (Fig. 1) • Decisions are made according to the 
Region. In Region 1, the population of both is small, or mirids 
are sufficient to control whitefly without damaging the fruit; 
no intervention is needed. In Region 2, the number of mirids may 
be too low and a selective insecticide is recommended against 
whitefly (buprofezin or quinomethionate) to aid subsequent 
regulation by predators. In Region 3, whitefly is not a problem 
but the number of mirids may lead to feeding damage on the fruit; 
a short-persistance spray (e.g. pyretroid) is therefore 
recommended to reduce the predator population. 

With this model, it was to be expected that high predator 
and whitefly populations would not be desirable due to great risk 
of both damages appearing. As no field data were available, 
Region 4 was not clearly delimited. 

2.3. Results. 
Of the 10 fields where it was applied in 1989, only in one 

were results insatisfactory due to an erroneous application of 
quinomethionate made while still in Region 1. As a result the 
whitefly dropped and the bugs switched to tomato fruits, causing 
localized damage. A corrective spray against the bugs balanced 
the situation again. 
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In 1990 a sequential decision plan was used in most of the 
35 fields under IPM. Decisions were based on the proportion of 
plants in Region 3. Results in relation to habitual pests 
considered by the program are shown in Figure 2. Pest control of 
habitual pests (whitefly, aphids, leaf-eating moths and 
leafminers) was very satisfactory in 29 (83%) of the fields; nor 
was there damage by bugs. Of those, only corrective sprays 
against mirids had to be applied in 23 (an average of 1.3 per 
field). In 6 fields an additional spray had to be applied for 
whitefly. On average, 1. 9 sprays were applied per field for 
Dicyphus-whitefly management. 

In the other 6 fields damage was recorded, caused either by 
whitefly, Dicyphus or both. All could have been avoided with a 
correct application of proper cultural practices. In four cases, 
the proximity of abandoned tomato fields or greenhouses with high 
and constant sources of either whitefly or Dicyphus made control 
difficult. The other two fields started with very high 
populations of both insects. In spite of a quick increase in the 
mirid, the development of sooty-mold on leaves could not be 
avoided. Whitefly control was quick but damaged fruit was also 
recorded. These results confirmed our suspicions and a spray was 
therefore recomended for both (i.e. pyretroid + buprofezin) to 
return the system back to the inaction region (Fig. 1, Region 4).. 

� sooty-mold 

2 ;--- Dicyphus damage 

• �
2

_.-- both damages 

23. �s -- specific whitefly spray needed

I � Correct Dicyphus & Whitefly control

no whitefly spray needed 

Figure 2. Application of the IPM program in tomato (1990). Black 
sectors show succesful Dicyphus-whitefly management. Dashed and 
crossed sectors indicate 'failures' (see text). Figures indicate 
the number of fields in each case. 

2.4 Other pests not considered in the Decision chart. 
Restricted use of pesticides contributes to natural control 

of other pests. The program has shown its effectiveness in 
maintaining the populations of most pests (whitefly, aphids, 
leafminers and leaf-eating noctuids (Chrysodexis chalcites 
(Esper), Autographa gamma (L.) at tolerable levels. A different 
consideration is deserved by Heliothis armigera (Hilbner). In 
laboratory experiments, D. tamaninii preys on eggs. During 1987-
89 no fruitworm damage was recorded, but in 1990 very high 
populations (ea. 600 males per pheromone trap during 4 weeks) 
were registered. Under these circumstances the mirids are not 
able to exert sufficient control. 
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D. tamaninii also feeds on the western flower thrips
Frankliniella occidentalis (Pergande), but its action under field 
conditions has not been evaluated. Nevertheless, very low WFT 
populations have been observed on tomatoes in our area since its 
introduction two years ago. This is not the same in other crops 
or regions of Spain. 

3. Presence of the mirids in protected crops.

The use of E. formosa and Diglyphus isaea (Walker) in

greenhouses in our area has given very good control of pests 
( Gabarra et al. , 1989). Nevertheless, these mirids have also been 
observed in the greenhouses where IPM is applied. Results from 
the last three years show how between 60 and 100% of IPM
greenhouses have mirid nymphs at the end of the growing season. 
Two samples taken during the cropping period also indicate that 
D. tamaninii and M. caliginosus establish themselves in the 
greenhouses ( Figure 3). It is therefore plausible that they 
contribute to the effectiveness of E. formosa in controlling 
whitefly. 

Although both mirids have been observed feeding on 
parasitized black pupae, in no case was there a failure of 
whitefly control because of mirid presence. Clearly the presence 
of these native predators within the greenhouse has to be 
evaluated. 

februory 

March 
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May 
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July 

trosplonting % greenhouses 
with mirid nymphs 

1 0.1 0,01 0.001 20 40 60 80 100 

Mirid abundance 

Figure 3. Establishment of mirids in greenhouses under IPM 
(1990). Mirid abundance, the average number of insects (D.t, M.c 
or nymphs) per greenhouse ( means of counts on 50 plants per 
greenhouse; n= 16 greenhouses). 
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4. Benefits of the IPM program on outdoor tomato.

In view of the results achieved so far, we can make the 
following assessment of the program: 

4.1 Reduction in spraying intensity. 
Before the implementation of the current IPM program, 

intensive and routine pesticide applications were common in this 
region, regardless of pest numbers. A survey made in 1983 showed 
how farmers sprayed on a calendar.basis, half of them weekly and 
half every fortnight. One or more insecticides may have been used 
in each spray. Sometimes the spraying interval was reduced to 3 
days even during the harvest. Half of them also considered 
necessary to add another insecticide for Heliothis control. All 
farmers also incorporated a fungicide, 65% on a weekly base, the 
rest every fortnight. Many combined broad spectrum pesticides. 
Similar practices are still used by some growers. 

Figure 4 shows estimated average insecticides and fungicides 
applied by growers during 1983 and mean number of sprays made in 
IPM fields during 1989 and 1990. An average of 3 (1989) and 5 
( 1990) insecticide applications were made in IPM fields. Compared 
with the 1983 use of insecticides, the IPM program would 
represent a reduction between 75 and 60% in insecticide 
application. 

Fungicide use has also been reduced by 80%. Fungicides are 
recommended on a preventive basis by technicians, and clearly 
shows how technical advice is profitable for growers. 

number of sprays 

16 
- Insecticides

14 EWll Fungicides 

12 
E3 Dicyphus Whitefly 
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0 ul 
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1963 1969 1990 

Figure 4. Estimated average broad-spectrum insecticide and 
fungicide sprays applied in 1983; and mean number of sprays made 
in IPM fields for disease control and selective Heliothis and 
Dicyphus-whitefly management (1989 and 1990). 
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4.3 Control of other pests. 
The present natural enemies do not seem to control Heliothis 

in years of high populations. The repetitive use of Bacillus 
thuringiensis Berliner is difficult because of high costs and 
little efficacy at advanced larval stages. The use of viral 
preparations ( Biache, 1989) or of resistant varieties which 
incorporate the B.t-protein are some of the alternatives for the 
future which have to be evaluated. More specific natural enemies 
should also be studied. 

4.4 Conservation of -1.rids in t:omato crops: an appraisal. of "the 
future. 

The spontaneous presence of these mirids in IPM greenhouses, 
and the fact that they reproduce, allows us to consider the 
possibility of taking advantage of these polyphagous predators, 
at least during the last phase of the cropping period. In fact 
Malausa et al. (1987) consider the possibility of inoculative 
releases of M. caliginosus in greenhouses. 

This is especially encouraging if we consider that both 
mirids prey upon aphids (unpubl. results; Foglar et al., 1990). 
We must not forget, that at present there are no efficient mass
reared control agents for aphids present in our crops (Myzus 
persicae (Sulzer) and Macrosiphum euphorbiae (Thomas), and the 
increasing difficulty of selectively controlling them with 
pirimicarb. However, we must find out their compatibility with 
other natural enemies. 

Moreover, conservation of these facultative predators in the 
greenhouse allows them to move to field crops and non-crop 
vegetation at the end of the growing season thus contributing to 
Biological Control in the area. 
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4.2 Impiementation of IPH in the area. 
Since 1988 two advisers for IPM are employed, who are 

financed partly by grower's organizations (Associaci6 de Defensa 
Vegetal del Maresme, ADV) and by the government. The program has 
been succesfully applied by growers, thus increasing their 
interest and understanding of IPM. At present 87% of the members 
of the ADV apply IPM in at least one of their outdoor tomato 
fields. 

The use of a sequential decision plan has also lowered the 
sampling time by 60% and allowed advisers to monitor more fields 
(Figure 5). 
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Figure 5. Increase in the number of outdoor tomato fields under 
IPM. 

4.3 The Decision-chart. 
This simple decision-chart based on relative abundances of 

facultative predator and prey has shown its usefulness. 
Nevertheless, further developments should also account for stage 
of plant growth and the complex of mirid bugs present. Mir id 
counts are based on adult Dicyphus spp. and mirid nymphs. 
Macrolophus does not seem to damage the plants (personal 
observations; Malausa and Drescher, 1989) and adults are 
therefore not considered, but nymphs are included due to the 
difficulty of recognizing them in the field. Macrolophus is more 
abundant during the end of the cropping period; in some fields 
it is clearly dominant. Fine-tuning of the counts should be 
considered to avoid over-rating of 'damaging mirids' and under
rating of predatory activity. 

Nesidiocoris tenuis (Reuter) is a pest in other countries 
(El-Dessouki et al., 1976; Raman and Sanjayan, 1984). It is also 
present in field tomato crops in our area (Goula, 1985) but no 
damage has been recorded so far. Modifications of the decision 
chart will have to be made in case this is so. 
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summary 
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The common green lacewing chrysoperla carnea (Steph.) (Neur., 
Chrysopidae) is mass-reared as a predator in Italy for release .. as 
second instar larvae against aphids on protected crops (mainly 
strawberry). Eggs and larvae were reared at 10, 14, 18, 22, 21

°

c 
constant temperatures and two thermoperiods from 6 to 22

°

c and from 
-2 to 26

°

C; UV-sterilized eggs of Ephestia kuehniella (Zell.)
(Lep., Pyralidae) were used to feed larvae. Survival, egg
consumption and development times were recorded. At the lowest
temperature, c.carnea had a high mortality of embryo and first
instar larva, and was unable to pupate. However, in the two
therrnoperiods the survival was very high. The c, carnea larva
consumed about 3% of the E.kuehniella eggs during first instar, 9%
during second instar and 88% during the third; At the same
temperature regime, females consumed more eggs than males and their
cocoon weight was significantly higher. A prediction model was
drawn up to show the rate of development in relation to
temperature.

1. Introduction
Chrysoperla carnea (Steph.) is a very voracious and polyphagous 
predator during the larval period. This chrysopid is widely used 
in biological control also because of its aptitude for rearing 
(Principi, 1983). The Centrale Ortofrutticola of Cesena's Biolab 
has been mass-rearing c.carnea since 1985 for release as second 
instar larvae against aphids mainly in plastic tunnel-grown 
(unheated) strawberry. The larvae (about l8/m 2) are released at 
onset of infestation against the two more common species, 
Macrosiphum euphorbiae (Thom.) and Chaetosiphon fragaefolii (Cock), 
usually during March and April (Celli�., 1988; Benuzzi .and 
Nicoli, 1988). Inside unheated greenhouses the temperature range 
is broad on sunny days, whereas the maximum temperature is lower 
and the range is narrower on cloudy days. 

c. carnea development using aphids, Lepidoptera eggs and mites,
both at constant and fluctuating temperatures were studied by many 
authors. Two reviews deal with preimaginal development in 
laboratory (Canard and Principi, 1984) and prey consumption 



44 

(Principi and Canard, 1984) in some chrysopids. Tauber and Tauber 
(1983) also studied the influence of relative humidity and 
concluded that development time is not affected by RH between 35 
and 75%. 

The experiment was carried out to investigate the temperature 
influence (both constant and fluctuating) on embryonic and larval 
development, particularly on survival, predation and development 
rates. 

2. Materials and methods
Tests were conducted inside climatized incubators, each measuring
0.48 m', with computer-controlled temperature and RH (75 ±15% in
all tests); temperature and RH were continuously registered by
thermohygrographs. Photoperiod was LD 16:8, with a constant light
intensity of 500 lx. The temperature regimes tested were 10, 14,
18, 22 and 27

°

C constant arid two daily thermoperiods TA (from 6 to 
22

°

C) and TB (from -2 to 26
°

C) (fig.!). These latter are analogous 
to real ones registered in tunnel on a cloudy (TA) or a sunny day 
(TB). 
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Fig.1: The two thermoperiod.s tested. 

The C.carnea individuals used in these trials were mass-reared and 
supplied by Biolab where the larvae are fed on Ephestia kuehniella 
(Zell.) frozen eggs and the adults reared on artificial diet 
composed of honey and "Bacto-yeast extract" at 26

°

C, 75% RH and LD 
16:8 photoperiod. E.kuehniella eggs are an optimal prey for 
C.carnea (Pasqualini, 1975; Principi and Canard, 1984) and are
widely used by biofactories.

At the beginning of tests, about 500 C.carnea adults were put 
in a cage for oviposition at 27

°

C for two hours. The eggs were 
isolated in petri-like dishes (3.5 cm diameter and 1.0 cm high) and 
immediately put in climatized incubators. Larvae were fed ad 
libitum on E.kuehniella eggs which were UV-sterilized within 24 
hours of laying. Depending on ins tar and on temperature regime, 60-
600 eggs were glued by gum arabic on 4 cm 2 cardboard squares, which 
were changed every 1-5 days and always immediately after moult. The 
preyed-upon eggs were counted under a binocular microscope. 
Hatching, moulting and cocoon spinning were monitored three times 
a day. 

The experiment was divided in two parts: i) from egg to first 
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moult and ii) from first moult to cocoon spinning. Cocoons were 
kept at 27

°

C, weighed 24 h after spinning and the sex of emerged 
adults was recorded. 

Statistical analysis 
Means and standard deviations were calculated by considering each 
individual as a replication. In order to compare prey consumption 
and the weight of the cocoon in females Y.§!.. males, the Mann
Whitney U test was applied using the large sample formula, wherein 
No.>20 (Siegel, 1956). The predation data at the different 
temperature regimes were analyzed using the Kruskall-Wallis test, 
followed by distribution-free multiple comparison (Hollander and 
Wolfe, 1973). 

3. Results and discussion
Survival
Table 1 shows C.carnea survival rates at different temperature
regimes. The individuals kept at 10

°

c showed low survival and were
unable to spin cocoons and to pupate. Both thermoperiods appear
favourable to embryo and first instars.

Tab.1: Percent survival of Chrysoperla carnea at different 
temperature regimes. 

t Eggs Hatching First 2 .. instar Second Cocoon Adult 
moult larvae moult 

·c No. % % NO. % % % 

10 50 42 14 20 85 0 0 
14 50 44 38 20 100 100 100 
18 50 60 54 20 100 95 95 
22 50 62 54 20 100 100 95 
27 50 68 68 25 100 100 96 

TA(6/22) 50 92 86 25 100 96 92 
TB(-2/26) 50 86 80 25 96 92 84 

Prey consumption 
Table 2 shows egg predation during larval development. c.carnea 
consumed about 3% of E. kuehniella eggs during first instar, 9% 
during the second and 88% during the third. At the same temperature 
regime, the female cocoons were always significantly heavier than 
the male's (p<0.01; Mann-Whitney U test), confirming Canard. and 
Principi (1984). Table 3 shows the total number of preyed-upon eggs 
during second and third instars, separately for males and females. 
At the same temperature regime females showed significantly higher 
predation than males. Figure 2 shows egg predation per day. The 
number of preyed-upon eggs/day at the TA and TB thermoperiods is 
not significantly different than at the 14

°

C constant regime. 
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Tab.2: Ephestia kuehniella eggs preyed-upon by Chrysoperla carnea 
and cocoon weight. 

t ( • C) No Larva 1 No. Larva 2 Larva 3 Cocoon p 

X±SD X±SD X±SD (mg) 

10 7 39.4±11.0 13 53.2±30.5 890.8±179.8 -

14 19 33.6±10.1 599 162.4±19.5 1325.0±181.0 12. 0±1. 0 ** 

15d'd' 105.1±30.2 956.8±140.4 9.3±0.5 

18 27 29.3±7.2 1499 112 .1±14. 5 1019.6±106.8 11. 2±0. 8 ** 

5d'd' 91. 0±12. 4 840.2±80.7 9.2±0.2 

22 27 27.7±9.7 I 999 80.2±10.0 946.4±78.1 10.3±0.5 ** 

lOd'd' 65.9±17.5 799.0±123.6 8.9±0.8 

27 133 24.3±4.8 1199 94.1±28.3 980.4±137.4 10. 9±1.1 ** 

l 3d'd' 89.3±35.8 771.9±78. 8 8.5±0.7 

TA (6/22), 43 31.8±8.1 1099 111.7±20.4 1184. 9±116. 4 10.7±0.6 ** 

13d'd' 91.5±18. 6 1007.2±199.6 9.2±0.6 

TB(-2/26) 40
,

25.3±7.3 599 99.2±26.6 907.4±43.4 10.0±0.4 ** 

16d'd' 83.4±12.7 759.2±127.9 8.6±0.6 

** = Female cocoons were significantly heavier than the male's 
(P<0.01; Mann-Whitney U test). 

Tab.J: Total preyed-upon eggs during 2nd and 3rd instar larvae of 
Chrysoperla carnea, separately for females and males. 

t ( • C) l
99 dd' 

No. x± so No. x ± SD p 

14 5 1487.7 ± 188.5 b 15 1061.9 ± 136.1 C **

18 14 1131. 7 ± 108.9 ab 5 931. 2 ± 76.3 be ** 

22 9 1026.7 ± 81.6 a 10 864.9 ± 127.4 ab ** 

27 11 1074.5 ± 149.6 a 13 861.2 ± 92.2 ab ** 

TA(6/22) 10 1296.6 ± 120.5 b 13 1098.8 ± 205.0 C ** 

TB(-2/26) 5 1006.6 ± 68.5 a 16 842.6 ± 127.9 a ** 

Different letters in the same column indicate significant 
differences; Kruskal-Wallis test, followed by distribution-free 
multiple comparison (a =0.05) (Hollander and Wolfe, 1973). 
- ** = P<0.01 (Mann-Whitney U test) for 99 vs. d'd' data comparison
at the same temperature regime.
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Fig.2: Ephestia kuehniella eggs predation per day by Chrysoperla 
carnea. Females and males data were.analyzed separately. Same bars 
indicated by different letters are statistically different; 
Kruskal-Wallis test, �ollowed by distribution-free multiple 
comparison (a =0.05) (Hollander and Wolfe, 1973). The data at 1o·c 
were not analyzed because C.carnea can not complete development. 

Development 
Table 4 shows the development time of the pre-imaginal instars 
tested. Male and female data were not separated because no 
sianificant difference between sexes was found at the same 
temperature regime. Pasqualini (1975) reported similar findings at 
constant 20 ° c. 

Tab.4: Development time (days) of Chrysoperla carnea at different 
temperature regimes (X ± SD). 

t ( • C) No. Egg Larva 1 No. Larva 2 Larva 3 

10 7 33.9±1.2 35.2±3.0 13 28.8±2.4 36.1±6.8 
14 19 20.2±0,6 14. 4±1. 3 20 11.4±0. 7 11. 9±0.6 
18 27 8.6±0.4 5.7±0.7 1.9 4.8±0.3 5.2±0.4 
22 27 6.2±0.2 4.4±0.3 19 3.5±0.3 4.2±0.6 
27 33 3.9±0.0 2.6±0.3 24 2.3±0.4 2.5±0.4 

TA(6/22) 43 14.9±0.8 10.9±0.9 22 9.8±0.5 11. 3±1.1
TB(-2/26) 40 12.3±0.6 9.3±0.7 21 7.9±0.4 8.1±0.6 
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Figure 3 shows the regression equations 
development at constant temperature from 14 
estimated threshold temperatures. 

for the rate of 
to 27

°

C and the 

100/days 
so�------------ ------ - - ---- -� 
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- Embryo ----B-- Larva 1 -b- Larva 2 -B- Larva 3 

Embryo Y= -16.8939 + 1.55464X (r 2=99.12, 
Larva 1 Y= -25.8600 + 2.33469X (r 2=97.82, 
Larva 2 Y= -27.3811 + 2.60709X (r 2=99.38, 
Larva 3 Y= -24.2772 + 2.32776X (r 2 =97.22, 

P<0.01) 
P<0.05) 
P<0.01) 
P<0.05) 

To=l0.9 
To=ll.1 
To=l0.5 
To=l0.4 

Fig.3: Regression equations for the rate of development (100/daysf 
of Chrysoperla carnea in the 14-27

°

C temperature range. 

These latter were used to calculate effective temperatures for 
all the instars, thus making it possible to calculate the 
regression equations for all six temperature regimes (tab.5). 

Tab.5� Regression equations for the rate oi development (100/days) 
vs. effective temperature above threshold temperature. The 
equations are for 6 thermal regimes (4 costant temperatures and 2 
thermoperiods). 

Embryo y = -14.2427 + 1.44467X (r 2=98.21, P<0.01) 
Larva 1 y = -23.1513 + 2.22263X (r 2=97.85, P<0.01) 
Larva 2 y = -24.9157 + 2.50466X (r 2=99.25, P<0.01) 
Larva 3 y = -21.5311 + 2.21453X (r 2=97.39, P<0.01) 

E��ectlve temperature • L<T ;, To) + To (�or T-To>O) 

T • .. an bourl.y temperature, To • thresbol.d temperatur•. 
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The parallelism test was employ�d to compare the slopes of the 
equations calculated on all regimes and those on the four constant 
temperatures; no significant differences were found. Therefore the 
regression equations calculated on the four constant temperatures 
represent a prediction model for calculating development rates even 
at fluctuating temperatures (for an effective temperature range 
between 14 and 27

°

C). 

4. Conclusions
At a constant temperature close to its thershold c.carnea shows a
high mortality of both embryo and first instar and is unable to
pupate. However, the favourable range for development is expanded
in the lower temperature range when thermoperiods are employed.
This indicates that the predator can be released in greenhouse even
when the temperature drops close to o·c for a few hours. As
temperature increases, c.carnea's predatory activity (expressed as
the number of preyed-upon eggs/day) and its development rate
increase. The data about predation can be used to optimize the
number of E. kuehniel la eggs distributed to the larvae in mass
rearing, whereas the prediction model can be valuable in production
scheduling. The sunny-day thermoperiod resulted in a significantly
more rapid larval development than the cloudy-day's (p<0.001).

The model can indicate when the c.carnea larvae moult to the 
third instar, reaching the meximum of activity. However this fact 
can only be linked to field effectiveness by also studying 
temperature influence on the predator search activity. 
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LOTTE BIOLOGIQUE CONTRE FRANKLINIELLA OCCIDENTALIS 
AVEC ORIUS MAJUSCULUS SUR CONCOMBRE 
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(1) Ctifl Centre de Balandran BP 32 30127 BELLEGARDE - FRANCE
(2) INRA station de Zoologie et de Lutte Biologique

37, Bd du Cap 06606 ANTIBES Cedex - FRANCE

SUMMARY 

The thrips Frankliniella occidentalis identified in France in 
1986 is now present in every crop region on different vegetable, 
horticultural and perennial species. 
As chemical control is difficult, the biological solution seems 
the only possible one with the respect of severe preventive 
measures. 
Predatory mites Amblyseius sp are sold and successfully used only 
on pepper. 
Different species of anthocorid bugs Orius sp are studied. The 
efficiency of Orius majusculus on F. occidentalis in experimental 
insect-proof cucumber glasshouses is described in this paper. 
The strategy of releases with one Orius per 100 thrips on a 
population of 10 individuals per leaf was the most interesting. 
This result has to be confirmed in other greenhouse conditions. 
Observations on the behaviour of F. occidentalis and its predator 
on cucumber are given. 

INTRODUCTION 

Le thrips Frankliniella occidentalis, identifie en France 
depuis 1986 (Bournier et Bournier, 1987), est actuellement 
present dans toutes les regions de production. Tres polyphage et 
vecteur du Tomato Spotted Wilt Virus (TSWV), il provoque des 
degats considerables sur de nombreuses especes maraicheres, 
horticoles et perennes, en cultures sous abri et en plein champ 
dans la zone mediterraneenne (Gebre Selassie et al., 1988). 

La lutte chimique est difficile et non satisfaisante. Les 
nombreux traitements necessaires pour controler le ravageur 
presentent une phytotoxicite non negligeable et perturbent la 
lutte integree utilisee sur le concombre en particulier. 

L'emploi de mesures prophylactiques severes est imperative et 
la solution biologique apparait la seule envisageable a terme. 

Des acariens predateurs sont commercialises, mais ne sont 
utilises avec succes que dans les pays du Nord de l'Europe 
(Ramakers, 1990 ; Altena et al., 1990) et au Canada (Gilkerson et 
al., 1990 ; Steiner et Tellier, 1990), sur poivron seulement. 

Actuellement, la recherche s'oriente vers un autre predateur, 
une punaise du genre Orius. 

Les programmes ant debute au Canada en 1988, aux Pays Bas et 
en France a l'INRA d'Antibes (1) en 1989. Les premieres etudes 
montrent qu'Orius sp est un predateur de thrips interessant. 

(1) INRA Institut National de la Recherche Agronomique
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Grace a l'experience du Ctifl (2) acquise sur Thrips tabaci
et F. occidentalis (Grasselly et al., 1989 ; Trettin-Caudal et 
Grasselly, 1989 ; Trettin-caudal et al., 1990) et suite aux 
travaux de l'INRA sur Orius majusculus (Millot, 1991), un essai a 
ete mis en place sur la station ctifl de Balandran (Gard) pour 
etudier l'efficacite du predateur sur une population de F. 
occidentalis en culture de concombre sous serre verre dans 
differentes conditions definies par le niveau initial de 
population de thrips et le rapport proie-predateur. 

MATERIEL ET METHODES 

1 - Dispositif - Methodologie 

- L'essai s'est deroule au Printemps-ete 1990 dans 5 
compartiments de serre contigues de 61 m2, etanches aux insectes 
(toile de maille 0,2 mm aux ouvrants). La culture de concombre 
est conduite sur pains de laine de roche a raison de 6 lignes de 
11 plants par compartiment (variete Carmen tolerante a l'oidium). 
La plantation a ete effectuee le 22 mars au stade 3-4 feuilles 
des plants. 

n ° 1) 
1 

2 

3 

4 

5 

- 5 traitements ant ete compares, dent 1 temoin (cf. tableau

apport 
thrips 
apport 
thrips 
apport 

de 1 orius 
"faible", 
de 1 orius 
"faible" 
de 1 ori{is 

thrips "forte", 

pour 20 thrips sur une population de 

pour 100 thrips sur une population de 

pour 20 thrips sur une population de 

temoin. Pas d'apport d'orius sur une population de thrips 
"faible", 
apport de 1 orius pour 100 thrips sur une population de 
thrips "forte". 

L'infestation artificielle de thrips F. occidentalis sous 
forme d'adultes et de larves de 2eme stade (origine Hyeres et 
Centre de Balandran) a eu lieu du 2 au 23 avril sous forme de 
lachers repetes, a partir du stade 8 feuilles des plants de 
concombre. 

Elle a ete homogene sur tous les plants des compartiments : 
le nombre moyen d'individus par plante est de 2,2 pour les 
traitements n ° 1, 2, 4 et de 11 individus par plante pour les 
traitements n ° 3 et 5. 

Les adultes d'Orius majusculus ant ete introduits en un seul 
lacher le 7 mai (origine INRA d'Antibes) a raison de 16 points 
d'apport par compartiment. Les populations de thrips atteignent 
alors environ 250 individus par plant dans les traitements 2 et 4 
et 1000 individus par plant dans les traitements 3 et 5. Seul le 
traitement 1 ayant subi le 27/4 un traitement generalise 
Heptenophos (Hostaquick) centre les pucerons a une population de 
thrips plus faible. 

(2) ctifl Centre Technique Interprofessionnel des Fruits et
Legumes
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Tableau n° 1 Nombre d'orius introduits 

: : Population de thrips: Niveau Nombre Nombre 
:Traitement: estimee d'apport d'orius d'orius 

/plante /feuille orius par m2 /point 
(25 /F.o. :d'apport 

feuilles 
/plant) 

1 100 4 1/20 5,5 20 
2 250 10 1/100 2,7 10 
3 1000 40 1/20 55 200 
4 250 10 Temoin 0 0 0 
5 1000 40 1/100 11 40 

- Les conditions climatiques ont ete homogenes dans les 5
compartiments. Les temperatures moyennes journalieres sont de 21 
a 24° d'avril a juillet et l'hygrometrie varie de 60 a 85 %. 

2 - Observations 

Les observations portent sur les 32 plants des 4 parcelles 
definies sur les 4 lignes centrales. 

L'evolution des populations de thrips F. occidentalis et 
d'O. majusculus est suivie par des comptages hebdomadaires du 
nombre de proies et de predateurs observes sur les feuilles 
(faces superieure et inferieure). 

Aucun comptage visuel sur fleur n'a ete effectue. 
Apres controle rapide de l'homogeneite des populations d� 

thrips dans les compartiments, d'un plant et d'une feuille a

l'autre, l'echantillon a porte sur un plant par parcelle et 1 
feuille sur 2 par plant. 

Les 4 plants observes sont tires au sort et sont identiques 
dans les 5 compartiments. Les larves, nymphes et adultes de 
F. occidentalis, de meme que les larves et les adultes 
d'O. majusculus sont comptes in situ sur chaque feuille 
observee : les resultats sont exprimes en nombre d'individus 
calcule par plante. 

RESULTATS 

Evolution des populations de thrips et d'orius en fonction du 
temps (cf. fig. n° 1) . 

. Pour les traitements ayant la meme quantite de thrips 
introduite, les populations evoluent de la meme fa9on jusqu'au 
lacher des orius . 

. Les predateurs se sont bien installes dans 
compartiments. Les resultats du traitement 1 ne 
mentionnes suite a de nouvelles attaques de pucerons. 

tous les 
sont pas 
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Deux types d'efficacite ont ete observes : 

- une efficacite immediate due au predatisme des nombreux
adultes laches (55 par m2) observee dans le traitement 3 
(population initiale de thrips forte, apport d'orius 1/10) : les 
populations de thrips (surtout les larves) chutent rapidement 
apres l'introduction du predateur. Parallelement, les populations 
des orius (surtout les jeunes larves) augmentent jusqu'a 150 par 
plante, puis chutent la semaine suivante : cette chute est liee a 
la reduction des populations de thrips et au cannibalisme des 
larves. 

- une efficacite des larves lorsqu'elles sont en nombre
suffisant, soit environ 3 a 4 semaines apres le lacher, dans le 
traitement 5 (population initiale de thrips forte, apport d'orius 
1/100 thrips) ou dans le traitement 2 (population initiale de 
thrips "faible", apport d'o�ius 1/100 thrips). Toutefois, dans le 
premier cas, les quantites de thrips etant plus fortes, la 
population continue d'augmenter et atteint les 1600 individus par 
plante ; le seuil de nuisibilite est depasse et des degats 
importants sont observes sur les fruits. Dans le traitement 2, 
l'augmentation des thrips est plus lente (maximum de 700 thrips 
par plante) et les degats sont sans importance economique. Dans 
le meme temps, la population du temoin, en l'absence du 
predateur, depasse les 4000 thrips par plante. L'introduction 
accidentelle d'orius a entraine par la suite une reduction des 
populations de thrips. 

En conclusion, la strategie du traitement 2 apparait la plus 
interessante : les degats de thrips ont ete faibles et les 
quantites d'orius apportees, raisonnables (2,7 par m2). 
Cependant, on peut penser qu'en serre de production, si les 
attaques de thrips interviennent sur des plantes jeunes, les 
apports d'orius devront etre realises plus tot avec un rapport 
proies/predateurs plus faible. 

- Comportement de F. occidentalis et o. majusculus

Suite aux comptages effectues et aux nombreuses observations 
realisees en serre, plusieurs elements peuvent etre apportes sur 
le comportement du predateur et de sa proie. 

Localisation sur la plante 

Les orius, larves et adultes, sont rencontres sur l'ensemble 
de la vegetation, sur les feuilles (limbe et petiole), la tige, 
les fleurs, les fruits, voire meme au sol, sur le plastique, a la 
recherche de proies en cas de fortes populations. 

Les orius s'installent souvent entre les nervures, pres du 
petiole, ou dans les plis des feuilles pour muer. La plupart des 
oeufs sont inseres dans ou juste a cote des nervures (sur les 
deux faces de la feuille), principalement dans la zone proche du 
petiole ou la nervure est plus epaisse. Toutefois, des oeufs 
peuvent etre observes dans le limbe, le petiole et les fruits. 

Les thrips sont surtout rencontres sur les deux faces des 
feuilles et dans les fleurs. 

La repartition des thrips et des orius donnee dans le tableau 
n ° 2 montre que les adultes se trouvent autant a la face 
superieure qu'a la face inferieure, alors que les larves sont 
principalement a la face inferieure. 
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Tableau n ° 2 Repartition des thrips et des orius sur les 
feuilles de concombre 

Face superieure Face inferieure 

Thrips adulte 47,4 % 52,6 %

Thrips larve 21,7 % 78,3 %

Orius adulte 44,4 % 55,6 %

Orius larve 8 % 92,0 %

Cycle de developpement de l'orius 

Dans les conditions de l'essai (temperature moyenne d'environ 
22° ), les jeunes larves d'orius sont reperees moins de 7 jours 
apres le lacher des adultes. 

La premiere generation d'adultes est observee 23 jours apres 
le lacher. Ceci confirme les donnees d'ALAUZET (1990) et de 
MILLOT (1991) . 

. Comportement de l'orius vis a vis des proies 

o. majuscul�s �ttaque la plupart des proies rencontrees dans
la culture, a1ns1 que les adultes de F. occidentalis. Face a 
plusieurs ravageurs, il semble ne pas choisir sa proie et capture 
tout ce qu'il rencontre. 

On peut cependant penser que la grosseur et la rapidite de la 
proie ont une incidence sur le nombre d'ind.ividus consommes ou 
tues. 

On a pu noter aussi que, face a un nombre croissant de 
proies, (Aphis gossypii, Tetranychus urticae), o. majusculus perd 
un peu de son efficacite sur le thrips F. occidentalis : les 
toiles tissees par les acariens et peut-etre le miellat peuvent 
gener son deplacement sur les feuilles. 

CONCLUSION 

Dans cet essai de lutte biologique, Orius majusculus s'est 
montre un predateur interessant pour controler les thrips 
F. occidentalis sur concombre.

En conditions de serres etanches aux insectes, avec une
population de thrips et d'orius introduite de fa9on homogene sur 
la culture, le predateur s'est bien installe et a controle les 
populations de thrips memes importantes (en moyenne 40 thrips par 
feuille). 

La strategie d'apport de 1 orius pour 100 
population assez faible (d'environ 10 thrips par 
apparue la plus satisfaisante, mais ceci reste a 
d'autres conditions. 

thrips sur une 
feuille) est 

confirmer dans 

Plusieurs points sont encore a preciser et sont abordes en 
1991 l'etude du comportement en serre de production sur 
concombre, mais aussi sur poivron et fraisier, l'etude du 
comportement en conditions de jours courts, l'etude de la 
toxicite des pesticides sur Orius sp et la mise au point de la 
strategie d'apport. 
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FIGURE n° 1 Evolution des populations de thrips et d'orius dans les 4 traitements 
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LUTTE BIOLOGIQUE CONTRE Frankliniella occidentalis 

AVEC ORIUS laevigatus sur fraisier. 
Marc Villevieille (1) , Pierre Millot (2) 

(1) GRISP,Domaine St Maurice, BP94, 84143 Montfavet, France
(2) INRA, Station de zoologie et de lutte biologique

37, Bd du cap 06006 Antibes, France 

SUMMARY 

Frankliniella occidentalis causes important losses of strawberry in 
southern France. The efficacity of Orius laevigatusas a biological 
control agent of Frankliniealla occidentalis was tested under 
experimental conditions. Results indicated that populations of 
Orius laevigatus establish readily on strawberry and that this 
beneficial insect offers an important possibility for the control 
of thrips. 

I.INTRODUCTION

Depuis !'introduction de Frankliniella occidentalis en France 
d'importants degats ont ete enregistres sur culture de fraisier. 
Au debut les varietes remontantes etaient plus particulierement 
attaquees du rant l 'ete et l 'automne. Depuis 1988 on note des 
ravages de plus en plus precoces sur les varietes de saison. 

C'est en Provence, sur la Cote d'Azur et dans le Sud-ouest de la 
France que les degats les plus importants sont enregistres. 

Avant floraison les thrips peuvent se developper sur les feuilles, 
les plantes attaquees ont alors une vegetation plus redui te. A 
partir de la floraison l 'essentiel de la population se retrouve sur 
les fleurs. Ces insectes provoquent une mauvaise pollinisation des 
ovules engendrant des fruits deformes car sans akenes ,la coulure 
des fleurs, l'aspect grise et crevasse des fruits a maturite. 
La lutte chimique est difficile a mettre en oeuvre : 

- peu de specialites sont efficaces.
- la frequence des recoltes empeche l'emploi de la plupart des
insecticides du fait des delais de carence.

Il est de plus souhaitable que sur une culture comme la fraise on 
utilise le mains possible d'insecticides. 
Des populations indigenes d' Ori us sont regul ierement observees a

partir de mai en culture de fraisier contaminees par les thrips. 11 
est done apparu interessant de test.er I' acti v i te de ce predateur 
pour lutter contr"' Frankl iniellR occidentalis . 
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2.MATERIEL ET METHODE.

21.Dispositif et methodologie.

L'etude a eu lieu dans une exploitation agricole de la region de 
Carpentras ( 84). La culture de fraisier variete Pajaro a ete 
effectuee clans des tunnels plastiques de 8 m (d'une superficie 
voisine de 750 m2 ) •

2 3 4 T B 

Implantation de l'essai. 
T tunnel mene chimiquement 
B tunnel mene en lutte integree 

La culture de fraisier a succede a une courgette cultivee en ete 
89. Apres plantation au mois d'aout elle a voisine alors avec un 
poivron . Ces 3 cultures ont ete tres contaminees par Frankliniella
occidentalis

2 traitements ont ete compares: 
- un tunnel mene en lutte integree avec Orius laevigatus (B).
- un tunnel mene en lutte chimique (T).

Aucune mesure prophylactique n'a ete prise avant la plantation de 
fraises a l'automne. 
Durant 1 'hi ver un trai tement insecticide ( Tamaron) et herbicide 
(Round-up) des abords des tunnels a ete effectue ( les 17 /2 et 
22/2) . Ce traitement a ete renouvele le 4/5. 

22.0bservations realisees. 

Le 28/2 une etude d' echantillonnage a ete menee de maniere a

preciser l'ordre de grandeur de l'echantillon a prelever pour une 
precision acceptable. 

Nous avons choisi 150 fleurs correspondant a une precision voisine 
de 15% avec un niveau de probabilite de 90%, chiffres qui nous ont 
paru acceptables. (Etude effectuee avec le logiciel STAT-ITCF). 

Un suivi hebdomadaire a ete realise. A chaque fois une observation 
visuelle de la culture a ete faite sur les tunnels B puis T suivie 
d'un prelevement de 2 fois 25 feuilles et de 3 fois 50 fleurs . Ces 
prelevements ont ete fai ts sur les 2 rangs centraux de fa.;on 
uniforme sur totite la longueur du tunnel mais par groupe de 5 
echantillons a chaque arret. 
Les observations ont. debulees au 12/2 pour ce t.erminer au 5/6 avec 
la fin de la culture. 
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Chaque prelevement a ete place dans un appareil de Berlese modifie 
par Bournier (extraction a l'essence de terebenthine) de maniere a 
effectuer un inventaire exhaustif de la faune presente. 

23.Realisations des traitements.

231.Lachers d'auxiliaires.

Le Hi/02 : apfort de 2000 Phytosefolus persi:::ilis soit 2,6
predateurs au m 

Le 28/02 : apport de 29 tubes de 40 Orius laevigatus . Ces 
auxiliaires issus des elevages de l'INRA d'Antibes avaient 7 a 8 
jours d' age au stade adul te . Le lac her a ete effectue en debut 
floraison.Les tubes sont deposes le matin dans la vegetation. 

Le rapport theorique R calculee a priori a ete de 186. 
Le rapport calcule a posteriori le 9/03 est de 110. 

232.Traitements chimiques effectues.

2321.Tunnel T. 

le 17/1 Orthene 50 contre pucerons et noctuelles. 
le 18/1 Appolo + Torque contre les tetranyques. 
le 14/2 Rovral contre le botrytis. 
les 17/2 et 22/2 : Tamaron contre les thrips. 
le 17 /3 : Ronilan + Nimrod contre botrytis et oi:dium. 
le 29/3: Sumisclex + Baytan MO contre botrytis et oi:dium. 
le 6/4 : Ronilan + Sabithane contre botrytis et oi:dium. 
les 4/5 et 9/5 : Dedevap contre les thrips. 

2322.Tunnel B. 

le 5/2 : Pirimor contre les pucerons. 
le 14/2: Rovral contre le botrytis. 
le 17/4: Nimrod contre l'oi:dium. 
le 27/4: Rubigan contre l'oidium. 
le 5/5: Sabithane contre l'oidium. 

3,RESULTATS 

31.Evolution des thrips dans le tunnel T.
Les thrips sont presents sur les feuilles des le debut de la
culture (cf graphique n °

2). Les traitements et les mesures
prophylactiques ont permis de preserver la parcelle jusqu' au 
environs du 4/5 (cf graphique n ° 4) A partir de cette date
l 'evolution est tres rapide voire exponentielle . Les 2 trai tements
au Dedevap ne permettent pas d'enrayer la pullulation mais
seulement de la stabiliser pour une semaine. Par la suite les
degats sur la culture s' accentuent rapidement. La fin de culture
voit les populations de thrips baisser du fait de la presence
d'auxillaires provenant du tunnel mene en lutte integree et de 
l'environnement: Orius sp, Aeolothrips intermedius. (cf graphique
n'6)
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32.Evolution des ennemis dans le tunnel B.

321.Le couple Frankliniella occidentalis et Orius laevigatus. 

Frankliniella occidenta.lis est present sur les feuilles des le 
debut de la culture (cf graphique n'l). A partir de la premiere 
fleur ceux-ci vont se deplacer jusque dans les pieces florales pour 
s'y developper plus intensement (cf graphique n'3). La population 
va stagner d'abord puis diminuer alors que le nombre d'adultes et 
larves d'Orius va croissant. (cf graphique n'5) 
Le 11/05 a la suite de traitements chimiques insecticides dans les 
tunnels voisins une migration de thrips repousse par les traite
ments a provoque une remontee de la population qui recommence a, 

chuter vers le 5/06 grace au controle du a Orius ,mais aussi peut 
etre a Aeolothrips intermedius, Amblysei"us californicus. Ce 
dernier auxiliaire participe egalement au controle des populations 
d'acariens. 

322.Autres ennemis.

Les premiers Tetranyques ont ete identifies le 28/05 .Ils n'ont 
commis aucun degat. L' action conjuguee de Phytosei"ulus per:similis 
d' Amblysefus sp et des Aeolothrips predateurs sont certainement la 
raison essentielle de ce resultat. 

Le nombre de puceron dans le tunnel mene en lutte integree a 
toujours ete inferieur a celui du tunnel chimique. Parmi les 
auxiliaires ayant participe au controle des pucerons il y a eu : 
des syrphes, des coccinelles ,des Aphidius ,des Aphelinus et aussi 
peut etre des Orius . 
La lutte integree pratiquee a permis de bien controler la plupart 
des ennemis noctuelle defoliatrice, botrytis. Cependant la 
culture a subi d'importants degats dus a l'o1dium sur les fruits du 
fait de la volonte deliberee de ne pas traiter afin de ne pas gener 
!'installation des auxiliaires. 

4.Discussion.

41.Evolution des auxiliaires apportes.

Les Orius laevigatus se sont parfaitement bien implantes dans le 
tunnel mene en lutte integree. La duree de developpement de la 
premiere generation a ete voisine de 2 mois pour une temperature 
moyenne de 13 ·c. Il semble que cet te premiere generation n 'est pas 
immediatement pondu sur les plantes dont elle etai t issue • En 
effet nous avons observe dans un premier temps une migration des 
femelles (pour la plupart) dans les tunnels voisins (avec tres 
rapidement ponte et apparition de jeunes larves). Ce n'est que un 
mois apres que nous avons pu observer d'assez nombreuses nouvelles 
jeunes larves pour pouvoir penser que les pont.es des adultes de 
premiere generation avaient eu lieu. 
Aucun des pesticide utilise dans le tunnel B ne semble avoir 
profondement perturbe le developpement de ces punaises. 



61 

42.Evolution des populations de thrips.

Dans les deux tunnels les fluctuations de population suivent assez 
bien soit l 'evolution des auxiliaires soi t les differents trai te
ments insecticides. 

5.Conclusion.

L' experimentation menee en 1990 a mis en evidence l' interet de 
l'Orius laevigatus sur le controle de Frankliniella occidentalis. 
Il reste cependant a repondre a un certain nombre de questions (sur 
la biologie du couple ravageur*auxi 1 iaire - sur les pesticides 
compatibles etc ... ) avant de developper cette technique. 
De toute fa<;on il va de soit que les mesures prophylactiques 
demeurent la base de la lutte contre les ravageurs en lutte 
integree . Ainsi le fort inoculum de depart en thrips a ete 
interessant pour le suivi des auxiliaires dans cet essai mais ne 
doit en aucun cas etre donne en exemple comme une bonne base de 
depart pour la lutte integree. 
Il est regrettable que l'essai n'est pas pu etre poursuivi jusqu'a 
la fin juin pour voir d'une part s'il y avait eradication de la 
population de thrips dans la culture par les Orius et si ces 
derniers etaient capables de se maintenir en place . 
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RESEARCHES ON ORIUS LAEVIGATUS (FIEB.}, A PREDATOR OF 
FRANKLINIELLAc5ccIDENTALIS (PERG.} IN GREENHOUSES. 

Summary 

A PRELIMINARY NOTE. (1) 

L. TAVELLA, A. ARZONE and A. ALMA
Istituto di Entomologia agraria e Apicoltura 

via Giuria 15 - 10126 Torino - ITALY 

In the Albenga plain (Savona province, Liguria), in the last year 
Frankliniella occidentalis became a harmful pest of protected 
pepper cultivations. On this plant it caused necrosis on leaves and 
depigmentations on fruits. The pesticides were not sufficient to 
control its populations that appeared uncontainable compromising 
the crop. The autochthonous anthocorid Orius laevigatus resulted to 
be very efficient in controlling the western flower thrips. This 
predator arrived inside pepper greenhouses a short time after f. 
occidentalis and it prevented the multiplication of the thrips in 
the greenhouses with integrated pest management ( IPM). In these 
pepper cultivations the plants did not show any foliar and fruit 
alterations. Researches are in progress to ascertain life history, 
usual victims, and host plants of the above mentioned anthocorid 
with the aim to use it in the biological control of the western 
flower thrips. 

1. Introduction

In Italy, the thrips Frankliniella occidentalis ( Perg.) was
reported at first on saintpaulia (Rampinini, 1987) and 
chrysanthemum (Arzone et al., 1989), and it soon became one of the 
most worrying pest o� vegetable and flower cultivations. This 
widely polyphagous insect is able to infest several plants, both in 
greenhouse and outdoor, on which it causes dechlorophyllations, 
writhings, desiccations, and malformations (Ciampolini et al., 
1990). It is also one of the most efficient vectors of th�tomato 
spotted wilt virus (TSWV), that was found in Liguria on 
cultivations of anemone, lisianthus, pepper, ranunculus, and tomato 
(Lisa et al., 1990). 

Investigations on the possibility to refrain this thrips, above 
all by means of biological control, are carried out all around the 
world. Among the most studied enemies that can be used on the 
attacked plants, the following species have to be remembered: the 
mites Amblyseius barkeri (Hughes) and Neoseiulus cucumeris (OUd.), 
and the anthocorid Orius tristicolor (White) (Castagnoli et al., 
1990; Hessein & Parrella, 1990; Tellier & Steiner, 1990). 

� � 

(1) Studies of the C.N.R. coordinate research unit for Integrated
Control of Plant pests: 294.
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During the surveys that were made within a project of 
integrated pest management (IPM) on protected pepper cultivations, 
an anthocorid in trophic activity on F. occidentalis was constantly 
found. Since the finding seemed very Interesting, this predator was 
immediately investigated in order to ascertain its identity, 
diffusion and role in the control of the western flower thrips. 

2. Materials and methods

These researches were carried out by means of field surveys and
laboratory investigations in the period from April to December 
1990. 

Surveys took place in the Albenga plain, province of Savona, on 
protected pepper cultivations. Among the 14 investigated farms, 9 
used integrated pest management, the remaining 5 employed chemical 
control. The following treatments were suggested to the farms using 
integrated pest management: 1 treatment with endosulfan before 
planting, then possible localized treatments with dicofol against 
tarsonemids, pirimicarb against aphids, Bacillus thuringiensis 
Berl. against moths, 1 or 2 treatments with triadimefon against 
mildew, releases of fil!ytoseiulus persimilis Athias-Henriot against 
tetranychids. In the farms where chemical control was used, 
interventions were made employing acephate, dicofol, endosulfan, 
flucythrinate, heptenophos, methiocarb, methomyl, permethrin, 
pirimicarb, propargite, tau-fluvalinate, tetradifon, triadimefon. 

During the surveys, the infestation dynamics of F. occidentalis 
together with the presence and the trophic behaviour-of the natural 
enemies were observed. In the same time, postembryonic stages of 
the predator and pepper flowers and leaves we�e collected. 

The infestation rate of the western flower thrips and the 
presence of the anthocorid were ascertained at the end of summer by 
means of a sampling in 10 pepper greenhouses, of which 5 using 
integrated pest management, 5 employing chemical control. In every 
greenhouse this sampling was made collecting 90 flowers and 30 
leaves in 3 points along a diagonal in the initial (A), central 
(B), and final (C) positions, i.e. 30 flowers and 10 leaves per 
each point. 

In the laboratory, the field collected material was examined so 
to count the thrips and the Heteroptera and to take note of the 
alterations on the plants. Foliar symptoms were classified as 
slight, moderate, remarkable, and heavy when the depigmentations 
involved the blade respectively up to 20%, 50%, 75%, 100%. 

Anthocorid adults, that were collected during the surveys, had 
so variable size and colour that the specific determination on the 
basis of morphological features was not possible. This 
determination was accomplished by means of the examination of male 
genital paramere and female copulatory tube in comparison with the 
drawings by Pericart (1972). 

3. Results

All the anthocorids that were collected in the different farms
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resulted to belong to the species Orius laevigatus {Fieb.) {Fig.1). 
The adult had a length from vertex to hemelytral tip ranging 

from 1.8 mm to 2.2 mm in � and from 1.8 mm to 2.6 mm in �- Oval
elongated body, fundamentally brown blackish in colour, with thin 

hairs. Head and pronotum bright black in colour. Yellowish antennae 
with 4 segments that were covered with thin whitish hairs; in � the 
segments III and IV more or less darkened. Hemelytrae variable in 

colour from light brownish yellow to dark brown, with brown 

blackish cuneus and transparent membrane. Hyaline hindwings. Legs 
entirely yellowish or light yellow-brown, the metathoracic ones in 

� and mesa- and metathoracic ones in � sometimes darker. 

0.1 mm 

Fig.1 - Orius laevigatus {Fieb.). Male genital paramere. 

In the Albenga plain , on protected cultivated pepper, the first 
attack of F. occidentalis was checked starting f€om lid-May. Adult
thrips appeared when the plants were in the ls -2n floral stage 
and placed themselves above all in floral buds. About 10-15 days 

after the appearance of the western flower thrips, adults of o. 
laevigatus arrived in all greenhouses , but only in those with 
integrated pest management they became more and more abundant 
inside the infested pepper flowers and showed a strong predatory 
activity on the plant-sucking insect. 

Since then, in the 9 investigated greenhouses with integrated 
pest management, the presence of the anthocorid resulted to be 
remarkable and almost constant with at least 1 specimen per floral 
bud during the whole productive cycle. Adults and nymphs of the 
predator were very abundant in the just opened flowers and fed on 
larvae and adults of F. occidentalis. The minute pirate bug laid 
its eggs in flower -peduncles, stalks, and leaves. In these 
greenhouses the thrips were very scarce and remained localized in 

the flowers in such a poor quantity not to arouse any worry and not 
to provoke symptoms on the crops. At the end of the season, even if 
K· occidentalis was very rare, Q. laevigatus was still well 
represented in pepper flowers. 

In the greenhouses where chemical control was made, the thrips 
was continuing to multiply apparently undisturbed and colonized not 
only the flowers but the whole plant. The trophic activity of K· 
occidentalis caused the appearance both of necrotic small spots, 
that could involve the whole foliar blade, and of depigmentations 

on the fruits that were very evident on the red pepper cultivar. In 
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Table 1 - Presence of Ori us laevigatus (Fieb.) and Frankliniella occidentalis 
(Perg.) in pepper flowers 

the end of summer. 

control 

both in greenhouses with 1PM and chemical control at 

Orius laevigatus Frankliniella 
greenhouses 

methods 
samplings 

total neanids nymphs occidentalis ,N n 

1 1PM A 22 2 1 18 1 

B 23 6 3 13 

C 15 3 2 9 

2 1PM A 27 2 3 2 20 

B 12 5 3 1 3 1 

C 8 2 5 

3 1PM A 17 6 4 7 

B 37 10 8 19 

C 27 8 8 11 

4 1PM A 44 6 4 5 29 4 

B 64 2 3 3 56 

C 44 4 2 8 30 2 

5* 1PM A 3 3 102 

B 5 1 2 231 

C 41 

6** chemica 1 A 9 2 4 2 106 

B 4 1 1 . 2 146 

C 1 1 61 

7 chemical A 14 1 13 214 

B 8 3 5 325 

C 9 1 8 284 

8 chemica 1 A 4 3 318 

B 1 1 486 

C 11 2 9 206 

9 chemical A 2 2 370 

B 5 3 2 358 
C 9 3 6 634 

10*** chemica 1 A 2 2 757 
B 2323 

C 1 1108 

* Greenhouse in which 1 treatment with pyrazophos was made
** Greenhouse in which treatments were stop ped 2 months before 

*** Greenhouse in which treatments were continuous 
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Table 2 - Presence of Orius laevi2atus (Fieb.), Frankl iniella occidental is 
(Perg.), and symptoms on pepper leaves both in greerhouses with 1PM and chemical 
control at the end of summer. 

control Frankliniella occidentalis 
greenhouses samplings Orius laevi2atus 

specimens 

* 

** 
*** 

methods no. 

1 1PM A 4 eggs, 1 nymph 
B 2 eggs 
C 

2 1PM A 3 eggs 
B 

C 1 egg 

3 1PM A 4 eggs 
B 

C 

4 1PM A 2 eggs 
B 1 egg 
C 

5* 1PM A 1 egg 5 
B 

C 46 

6** chemical A 15 
B 

C 

7 chemical A 58 

B 31 
C 69 

8 chemical A 3 
B 

C 3 

9 chemical A 36 
B 6 
C 8 

10*** chemical A 12 
B 10 
C 25 

Greenhouse in which 1 treatment with pyrazophos was made 
Greenhouse in which treatments were stopped 2 months before 
Greenhouse in which treatments were continuous 

symptoms 

no 
no 
no 

no 
no 
no 

no 
no 
no 

no 
no 
no 

slight 
no 
slight 

slight 
moderate 
moderate 

remarkable 
moderate 
moderate 

remarkable 
moderate 
moderate 

remarkable 
remarkable 
moderate 

heavy 
moderate 
moderate 
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spite of the many chemical treatments, at the end of the season the 
infestation was uncontainable. 

Population density of both F. occidentalis and O. laevigatus 
and the phytopathological situation inside the greenhouses with 
integrated pest management and in those with chemical control, as 
they were checked at the end of swrnner, are reported in tables 1 
and 2. For the right interpretation of these 2 tables it. is 
necessary to keep in mind that in the greenhouse no.5 a treatment 
with the prohibited fungicide pyrazophos was made, in the 
greenhouse no.6 the treatments were stopped about 2 months before 
sampling, the greenhouse no.10 was continuously submitted to heavy 
chemical treatments. 

4. Discussion

Q. laevigatus is a mediterranean-atlantic species diffused in
nearly all Italian regions ( Servadei, 1967); it does not seem 
particularly linked to any host plant nor specific preys. In France 
it was collected above all on herbaceous and bushy plants, on which 
it feeds on mites, thrips, aleyrodids, aphids, and moths (Pericart, 
1972). In Egypt it is commonly found also on crops, such as cotton, 
maize, and clover; on these plants, together with the other 
anthocorid Q. albidipennis (Reut.), it contributes to control the 
offspring of mites, thrips, aphids, and moths (Tawfik & Ata, 1973; 
Afifi et al., 1976). 

In""th�investigated pepper greenhouses, Q. laevigatus arrived a 
short time after F. occidentalis, indipendently from control 
methods. On the other hand, the presence of this predator on the 
crops and its efficiency in containing the bhrips resulted to be 
strongly affected by phytoiatric interventions. Actually in the 
greenhouses with integrated pest management the density of the 
thrips population remained very low, whereas in the greenhouses 
with chemical control the attacks were so high to compromise the 
final production. Such a population dynamics was observed also in 
trials carried out to test the efficiency of an unidentified Orius 
against Thrips palmi Karny on eggplant in greenhouses: on plants 
sprayed with pesticides, the thrips population quickly increased, 
while on the unsprayed ones, it remained at a low level owing to 
the controlling activity of the anthocorid (Nagai et al., 1988). 

It is worthy to underline that Q. laevigatus colonized 
naturally the infested pepper cultivations, without any artificial 
aid, and multiplied successfully when pesticide sprayings were 
lacking. In the greenhouse with integrated pest management where 
pyrazophos was incorrectly used, the increase of the western flower 
thrips shows how vulnerable is the minute pirate bug. In fact, 
pyrazophos was proved to be highly toxic towards the honeybee 
( Ar zone & Patetta, 1981) and other useful arthropods ( Ponti &

Laffi, 1988). 
The results of these first researches evidenced that o.

laevigatus is very efficient in controlling !".· occidentalis, It 
adapts very well to a protected environment, and it can survive 
even without preys. In the last trait, it seems to behave like o. 
tristicolor, that can feed on nectar (Yokoyama, 1978), but it lives 
longer and is more prolific in the presence of its victims (Stoltz 
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& Stern, 1978). 
In Italy o. laevigatus is an autochthonous species but it is 

actually unknown from the biologic, ethologic and ecologic 
viewpoints. Investigations were started to ascertain the number of 
its generations, overwintering pattern, usual victims and host 
plants, preferred environment, and rearing suitability, so to test 
the possibility to use this species in biologic and integrated pest 
management programmes. 
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COLLECTION AND FIRST EVALUATION OF HYMENOPTEROUS PARASITES OF 
THRIPS AS BIOLOGICAL CONTROL AGENTS OF FRANKllNIEILA OCCIDENTALIS

A.J.M. LOOMANS 
Laboratory of Entomology, Wageningen Agricultural University 

P.O.Box 8031, 6700 EH Wageningen, The Netherlands. 

Summary 
As part of a research program on the ability of hymenopterous parasites to control western 

flower thrips (Frankliniella occidentalis (Pergande)), a number of candidates has been collected 
through correspondence and active search. A collection trip was made to the South of Europe 
during September 1990. Ceranisus menes (Walker) (Hymenoptera: Eulophidae), a larval parasite 
of thrips, was collected as female adults and parasitized hosts from protected cultures and wild 
vegetation sites inhabited by F. occidentalis and closely related species at several locations 
(The Netherlands, France, Italy). Adults and pupae of C. menes were also recieved from Japan. 
Preliminary experimental tests indicated that C. menes was able to attack and develop on F. 
occidentalis and Frankliniella schultzei (Trybom). Rearing methods for thrips and parasites 
are discussed. Development of C. menes took 23-30 days at 25 oC and 28-34 days at 20 oC. 
In rearing units upto 35 -105 hosts were parasitized per female, numbers depending on its origin. 
C. menes reproduced parthenogenitically: only females were produced. Other parasites of thrips
were not able to develop themselves on F. occidentalis in the laboratory. Future topics of research
are outlined.

1. Introduction
Since its introduction in 1983, the western flower thrips, Frankliniella occidentalis, rapidly

has spread throughout Europe and presently is the number one key pest in many greenhouse 
crops. As 1PM programs already developed are often seriously endangered, major efforts are 
put into improvement and development of biological control methods using agents capable 
of controlling thrips. Research on predators and pathogens has not yet resulted in a satisfactory 
solution or are still in an experimental phase. As no attempts have been made using hymenopterous 
parasites as biological control agents of F. occidentalis, we recently have started research on 
this matter (Loomans & Van Lenteren 1990). In order to investigate their potential and starting 
a new biocontrol program, the procedure is followed developed earlier at our laboratory (Van 
Lenteren 1986). Literature information on thrip parasites (Loomans & Van Lenteren 1990) 
pointed out a number of potential candidates. From the 36 species of thrip parasites known 
in literature (ibid, supplemented by Boucek 1988 and Polaszek pers. comm.), only one was 
found in association with F. occidenta/is attacking alfalfa in Alberta-Canada in 1922 (Seamans 
1923). It was found earlier in 1912 in Utah-USA and descibed as Ceranisus americensis Girault 
(Girault 1917). No proof was found however of its ability to attack and develop on western 
flower thrips and it has never been reported since. 12 other parasite species have been recorded 
as parasitizing closely related species (Frank/iniella, Thrips etc.) within the same subfamily 
(Thripidae: Thripinae). This paper deals with the collection, rearing and first evaluation of some 
of these parasites. 

2. Collection of thrip parasites

2.1. Working programme 
As outlined above, research on this topic had to be started almost from scratch. Therefore 

our search for suitable candidates was very general at first, directing our attention to: 
1. the collection of parasites of F. occidentalis itself, in its original area of distribution (southwestern 

USA, northwest Mexico) as well as in newly invaded areas (e.g. Europe);
2. the collection of parasites of closely related species, distributed worldwide.

As only few parasite species of the latter group have been reared in the laboratory, sampling
Frankliniella populations in the field would be an important means to collect candidates. It 
was our strategy to start collection partly by having material sent from different parts of the 
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Table 1: Parasite species (Hymenoptera: Chalcidoidea: Eulophidae) attacking thrips 
(Thysanoptera), their geographical distribution in Europe and host range (situation 1990). 

Parasite species 

Ceranisus lepidotus 
Ceranisus menes 

Ceranisus pacuvius 

C eranisus planitianus 
C eranisus russelli 

Ceranisus sp. 
Thripastichus gentilei 

Entodonastichus albicoxis 
Entedonastichus carbonarius 

Entedonastichus gaussi 

Goetheana sp. 
Megaphragma sp. 
unknown 
unknown 
unknown 
unknown 
(Aphanogmus fumipennis) 

Distribution 

Great Britain 
Great Britain 
Gennany 

France 

Italy 
Spain 
Greece 

Hosts 

? 
? 
Kakothrte_s robustus 
Thrie_s flavus 
Kakothrie_s robustus 
Thrie_s tabaci 
Thrie_s tabaci 
Thrie_s tabaci 
'? 

? 
The Netherlands ? 
USSR: Moldavia ? 

Mordovin ? 
Czechoslovakia ? 
Poland ? 
Hungary ? 
Bulgaria ? 
Great Britain ? 
Denmark ? 
Czechoslovakia ? 
Austria ? 
Switzerland Kakothrie_s robustus 
USSR: Moldavia ? 
The Netherlands Kakothrie_s robustus 
Hungary ? 
Great Britain Thrie_s rz.aluster, T. tabaci, 

Taeniothrirz.s rz.ic1rz.es, 
T. atratus, T. ericae,
Frankliniella intonsa (?) 

Central Europe ? 
Italy Liothrips oleae 
Yougo-Slavia Liothrips oleae 
Spain Gynaikothrips ficorum 
France Gynaikothrips ficorum 
Germany Hoplothrips pedicularius 
Hungary ? 
Czechoslovakia ? 
Hungary ? 
Bulgaria ? 
Germany Liothrips setinodes 

Reference 

Graham 1963 
Walker 1839* 
Buhl 1937 
Buhl 1937 
Vuillet 1914 
D!ssart & Bournier 1971 
Carl (CAB 1971) 
Domenichini pc 
Gijswijt pc 
Gijswijt pc 
Gijswijt pc 
Boucek 1961 * 
Antsiferova et al. 1974 
Boucek 1957* 
Miczulski 1968* 
Erd6s 1971 
Pelov pc 
Walker 1838* 
Bakkendorf 1957* 
Boucek 1957* 
Kirchner 1867* 
Kutter 1936 
Boucek 1961 * 
Franssen 1960 
Erd6s 1966* 
Bagnall 1914 

Graham 1963 
Del Guercio 1911 * 
Tominic 1950* 
Lacasa pc 
Bournier 1967 
Domenichini 1966 
Szelenyi 1982 
Boucek 1957* 
Erd6s 1954* 
Pelov pc 
Ferriere 1958 

USSR: Ukrain Phlaeothrips coriaceus a.o.Dyadechko 1964 (1977) 
Bulgaria 
Bulgaria 
Finland 
Switzerland 
The Netherlands 
Czechoslovakia 
France 

? 
? 
Chirothrirz.s hamatus 
Taeniothrirz.s inconseg_uens 
Kakothrie_s robustus 
Taeniothrirz.s laricivorous 
Thrirz.s tabaci 

Pelov pc 
Kostadinov (Pelov pc) 
Hukkinen 1936 
Carl et al. 1989 
Franssen 1960 
Kratochvil et al. 1942 
D!ssart & Boumier 1971 

underligned: Thripinae, not underligned: Panchaetothripinae (Thripidae); ? : host (species) unknown; 
( .. ): occasional record on thrips host; pc= personal communication; * : in Boucek & Askew (1968) 
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world through correspondence and partly through active searching by ourselves in Europe. 
Specialists working on thrips, parasites or both, taxonomists as well as researchers of biocontrol were 

requested for information on the occurrence and collection of parasites and thrips. At the IOBC meeting 
in Copenhagen a "search letter" was spread, explaining our topic. 

Except regular sampling of Frankliniella populations in The Netherlands, we thought that in Europe 
the Mediterranean Area would be the most appropriate region to search for thrip parasites: 
* this region probably fits best the ecological conditions of glasshouses in northwest Europe and the
original area of distribution of the western flower thrips, California. In this region F. occidentalis rapidly
has become a major pest, in protected as well as outdoor crops (Spain 1986 - Lacasa 1989; Portugal
1989 - Guimaraes & Lopes 1990; France 1986 - Bournier & Bournier 1987; Italy, especially Sardinia
and Sicily 1988 - De Wit pers.comm.).
* twelve parasite species have been described in European literature (table 1) attacking thrip hosts. Most
of them were incidental taxonomic records, collected by sweeping vegetation. Most recent records on
field observations of parasites attacking Thripidae originated from the Mediterranean Area (Carl (CAB
1971 ), 1989, Dessart & Boumier 1971, Domenichini pers. comm., Gijswijt pers. comm.). It was thought
that the chance of finding parasites would be greatest at the end of the season, when F. occidentalis

and crops were still present and there would have been a parasite population build-up during the summer.
We therefore planned the trip for September 1990.

2.2. Methodology 
Collection material & methods 
For the collection of live thrips and parasites we used general devices and advise described in literature 

(Lewis 1973, Boumier l983, Noyes 1982) and those described by Sakimura (1937). No special sampling 
plan was followed. The presence of thrips and parasites on the sampling spot was verified by tapping 
flowers, beating vegetation above a white sutface. Samples of plant material were taken into the laboratory 
and/or hotel room and sorted out. Adult parasites found were aspirated and put into vials supplied with 
honey and stored in a cooling box (about 12 C) and brought into contact with young thrip larvae later, 
using the rearing methods descibed below. Rearing conditions: partly trunk of the car (20-35 C), partly 
laboratories and hotel rooms on the way. Samples of larvae collected were transferred into rearing tubes 
described below. No dissections of larvae were made. At every sampled spot, adult thrips were collected 
and put on alcohol 70 % for identification. 

Area and vegetation searched 
ln t.11.e Netherlands thrip infested field crops (pea, onion. leek, cabbage) and wild vegetation were 

sampled 1egularly. Occasionally protected crops were sampled as well. During our collection trip in 
the South of Europe, we concentrated our search to the major vegetable growing areas: Provence (France), 
Emilia Romagna arid Po Valley (Italy), Maresme, Valencia and Murcia region (Spain). There several 
crops. vegetables as well as ornamentals, field crops as well as protected crops, were searched and sampled 
for th,ip parasites. Special attention was paid to abandoned crop-sites, crops controlled biologically 
or grown biodynamically, field and glasshouse edges. Crops searched were cucumber, sweet pepper, 
egg-plant, piment, strawberry and french bean (vegetables), gladiolus, carnation, chrysanthemum and 
rose (ornamentals), alfalfa, onion and leek. Colleagues working on biocontrol and familiar with the 
local occurrence of thrip infestations and language were our guides. During travelling in between these 
areas we concentrated our search on wild vegetation, especially flowers. 

2.3. Collection results 
Collection results are presented in table 2 and table 3. Only those sites are mentioned were parasites, 

as adults or larvae, were collected. Individuals collected during fieldsampling were all females and all 
belonged to the same species, Ceranisus menes (Walker) (Hyrnenoptera: Eulophidae). Females of different 
origins differed however in colouring of the abdomen, varying from yellow and buff to brown with 
a pale base. 

In field crops in The Netherlands on one occasion only a female of C. menes was found : July 4th 
in a private pea plot at Venzelderheide. In the laboratory it readily attacked first stage larvae of both 
F. occidentalis and F. intonsa, but rearing was not successful. In November 11 females of C. menes

were found inside a glasshouse amongst a mixed population of F. occidentalis and Frankliniella schultzei

(Trybom) inhabiting cactusflowers. In an additional sample of larvae 107 (15 %) parasite pupae were
found.
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Table 2: Collections of the parasite Ceranisus menes (Walker) (Hymenoptera: Eulophidae) at different 
localities, host plants sampled and thrip species (Thysanoptera) present (single occurences omitted). 
Adult parasites producing offspring are given between brackets. + = rearing of larvae failed, - = no 
larvae sampled/found. 

Locality hostplant thri p species date parasite abdomen 
1990 adults pupae colour 

THE NETHERLANDS 
Venzelderheide Pisum sativum Thrips fuscipennis 04.07 1 (0) 0 brown 

Thrips major 
Thrips tabaci 

Reeuwijk Cactaceae F. occidentalis 19.11 11 (9) 110 buff g 
Frankliniella schultzei
ibid. 02.11 3 (0) ga 

ITALY 

Bologna Trifolium repens Frankliniella pallida 13.09 1 (0) 0 brown 
(San Luca) Frankliniella intonsa 

Hieracium sp. Frankliniella pallida 13.09 0 (0) 14 brown 
Frankliniella intonsa 
Thrips hispanicus 
Thrips hukkineni 
F. occidentalis 

Pietra Ligure Centranthus ruber Thrips brevicornis 16.09 16 (0) + brown

FRANCE 
Beausoleil Centranthus ruber Thrips tabaci 11.09 7 (0) + brown

Thrips brevicornis 
F. occidentalis 
Thrips (fuscipennis?)

Pemes les Font. Hieracium sp. Thrips hukkineni 18.09 4 (0) brown 
Taeniothrips hispanicus
F. occidentalis 

Salon de Prov. Centranthus ruber F. occidentalis 29.09 1 (0) 0 brown 
Thrips tabaci 

St. Maximin (A) Centranthus ruber Thrips tabaci 29.09 6 (1) brown 
Thrips brevicornis 

St. Maximin (B) Centranthus ruber Thrips brevicornis 29.09 4 (3) 0 brown 
Thrips tabaci 

Brignoles Medicago sativa Thrips tabaci 29.09 2 (0) brown 
Hyeres Rosa sp. F. occidentalis 17.09 6 (0) 0 brown g 

28.09 66(29) 113 brown g 
Lantana sp. 28.09 1 (0) brown 

Jonquieres- Hieracium sp. Thrips tabaci 18.09 2 (0) brown 
Saint-Vincent Taeniothrips pallidivestis 

Thrips hukkineni 
Taeniothrips hispanicus 

Perpignan Polygonum auberti Thrips major 18.09 20 (2) + brown
gracilicornis yellow

Thrips tabaci 
ibid. 27.09 152(74) lO brown 
(Taeniothrips sp.) yellow 

g: collected inside glasshouses a: leg. K. Maasbach/G. Vierbergen (Plant Protection Service) 
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In the Mediterranean Area collection was most successful in the south of France. At several locations 
adults of C. menes could be collected from flowers of wild vegetation, inhabited by various thrip species 
belonging to the genera Frankliniella, Thrips and Taeniothrips (Thripidae: Thripinae) (fable 2). In samples 
from 2 locations parasitized larvae were found (table 3). Collection of parasites of thrips was less successful 
in cultivated crops in France as well as Italy and Spain. On one occasion adults of C. menes were collected 
from rose flowers inside a glasshouse at Hyeres (France), infested with F. occidentalis: in 93 flowers 
of different varieties 66 adults were present and from an additional 800 larvae sampled 113 pupae were 
collected. 

In Northern Italy, it was difficult to locate thrip infested crops. No recoveries of thrip parasites were 
made there. Only at one location, a natural reserve field near Collina San Luca (Bologna), recoveries 
of C. menes could be made (table 2 and 3) as adult and parasitized larvae. In the same locality this 
parasite was collected earlier in August (Gavazzi pers. comm.). 

In Spain half of September population densities of F. occidentalis already were at its decline after 
severe attacks earlier that year. In the south (Murcia and Valencia region), most of the greenhouse crops 
already had been harvested. F. occidentalis still was present but in low numbers, on crops (piment, 
sweet pepper) as well as wild vegetation. In spite of sampling several crops and wild vegetation no 
thrip parasites were found. F. occidenta/is was more abundant in the north, but here also no parasites 
were found. 

Adult parasites collected, readily attacked first stage larvae of F. occidentalis, when brought into 
contact with them, but while travelling rearing was successful on one occasion only. Therefore adults 
collected at the end of the trip were stored at 12 oC until they arrived at our laboratory. Artificial rearing 
of sampled larvae on pollen and honeysolution was more successful (table 3). However the system used 
( after Murai 1990, see below) was quite vulnerable under travelling conditions and a number of rearings 
failed. Parasites and thrips both reared from a single batch of sampled larvae (table 3) can give an indication 
of the possible relationship between C. menes and the thrip species found. 

Other natural enemies were not actively searched for, but Orius spp. were seen on a number of occasions 
in crops and vegetation inhabited by thrips in Italy, France as well as Spain. Amblyseius californicus 
was found regularly in association with thrips in several crops (cucumber, strawberry) at the Spanish 
east coast, but its relation to thrips still has to be investigated. 

Table 3. Number of parasites (Ceranisus menes) present in batches of thrip larvae collected from host 
plant flowers at different localities, autumn 1990. Thrip larvae were reared to maturity using an artificial 
method on pine pollen and honeysolution 10 %. Only batches containing parasites are listed. 

Locality hostplant thrips parasitized adults 
species number species larvae % emerged 

number % 

Reeuwijk (NI) Cactaceae site I 425 F. occidentalis 107 15 % 83 g 
F. schultzei

site 2 46 ibid. 3 7% 0 g 

Hyeres (Fr) Rosa sp. 800 F. occidentalis 113 14 % 66 g 

Perpignan (Fr) Polygonum auberti 40 T. major grac. 10 25 % 
T. tabaci

St. Maximin (Fr) Centranthus ruber 12 T. tabaci 8% 0 
T. brevicornis

Bologna (I) Hieracium sp. 90 F. pallida 14 15 % 6 
F. intonsa

--------------------

g: collected inside glasshouses 
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3. Laboratory experiments

3.1. Development of a rearing method for thrips and their larval parasites 
In literature several methods of rearing thrips have been desrcibed (see Lewis 1973, Boumier 1983). 

Efforts of rearing thrip parasites during many generations in the laboratory are recorded much less: 
Sakimura (1937) reared C. menes using Thrips tabaci on onion leaves and whole plants, Narayanan 
(CAB 1971) reared the same host-parasite system using bean pods and recently Murai (1990) developed 
an artificial method. For experimental rearing of thrip hosts and C. menes following methods proved 
to be useful: 

1. Artificial rearing.
This method developed by Murai (1990), generally applied for flower inhabiting thrip species, also

proved to be successful for rearing F. occidentalis and C. menes. 
For oviposition and rearing of thrips and parasites, in general the procedure was followed as outlined 

by Murai (1990). Glass and perspex tubes (8 cm diameter and 5 cm depth) were used for oviposition 
and development respectively. Parafilm M was used as covering. Thin streaks of honey were placed 
on the side of the tube for parasite feeding. When parasite prepupae and pupae occurred they were transferred 
onto a piece of moist filterpaper and put into a small glass jar on an agar layer to prevent them from 
drying out. Adult parasites were stored after emergence at 15 oC and supplied with honey until usage. 

2. Rearing on bean pods.
This method for rearing F. occidentalis was first adopted by Bailey & Smith (1956) and has been

used many times since. It also proved to be useful for rearing F. schultzei (Trybom). The method described 
below (after Wijkamp & Peters, pers. comm.) was used for rearing parasites. Glass jars (0.5 liter) covered 
with fine mesh gauze (80 micron), served as rearing units for both thrips and parasites. To give thrips 
and parasites opportunity to pupate, 10-i5 layers of coarse paper (3x4 cm) were placed on the bottom 
of the jar. Fresh french bean pods were put on top, pollen was supplied as an additional food source 
and adults of F. occidentalis were introduced. Units were checked at regular intervals. 

For parasite rearing, bean pods which stayed in the thrip rearing unit for 1-3 days were _used. Bean 
pods were cleaned and transferred into a new unit, similar to that described above. At 25 oC, 3-4 days 
after adults of F. occidentalis had started ovipositing, first larvae emerged. When larvae were 2-4 days 
old, 10 female parasites (varying in numbers from 5-15) were released in a single pot. Pots were checked 
every 2-3 days. 10-14 days after parasite inn·oduction parasitized }311,•ae had pupated in the paperlayer: 
Thrip adults that had emerged by then were removed. The paperlayers containing the parasite pupae 
were transferred into a glass jar and put at 20 or 25 oC. Emerging adults were put at 15 oC, supplied 
with honey, until usage. 

3. Rearing on host plants.
Plants of french bean, Phaseolus vulgaris, reared in cages (40 x 30 x 30 cm), with fine gauze netting

(80 micron) introduced with adults of F. occidentalis only ser,,ed as a back up rearing of thrips and 
were not used for rearing parasites. 

All experimental rearings were performed in climate rooms or incubators at 20 or 25 oC, at 45-55 
% relative humidity and a 16 hour lightperiod. 

3.2. Rearing results 
Some overall results of the laboratory rearing experiments are presented in table 4. Using Frankliniella 

species as hosts, numbers increased during successive generations. In the rearing units adults reproduced 
for 4-5 days at 25 oC. Reproduction of C. menes differed, depending on the origin - yellow lines were 
more difficult to rear - and host species. Reproduction numbers were highest, using larvae of F. schultzei 
as hosts. Using F. occidentalis larvae as hosts reproduction numbers were less: upto 24.5 pupal offspring 
maximum were produced. Development and reproduction of C. menes were estimated from the rearing 
experiments as well. Females from all origins started parasitizing from the day of emergence onwards 
and developed frcm egg to adult within 23-30 days at 25 oC and within 28-34 days at 2.0 oC. Development 
of a female producing line of C. menes obtained from a laboratory culture from Japan (Murai, June 
1990) was somewhat longer: 27-35 days and produced less offspring. Rearing however was not successful: 
within 5 generations this origin became extinct. Application of the bean pod method was more successful 
and less time consuming than the artificial method. 
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Table 4. Rearing results of different origins of C. menes, using both artificial and bean pod method 
and Franklinie/la species (occidentalis, intonsa and schultze1) as hosts at 25 oC, 45-55 %RH and 16L:8D, 
maximum number of offspring per female observed when parasites were reared in groups of 10 (5-15) 
females per unit and rearing success(+++: >1000; ++ : >100 offspring). 

Origin Maximin A Perpignan 
M p 

characteristic 

colour 
abdomen 

adult starters 

brown 

max. offspring 105.0 
(per female) 
numbers +++ 
(rearing success) 

brown & 

76 

102.5 

+++b 
++y 

Hyeres 
H 

brown 
yellow 

95 

89.6 

+++ 

Maximin B Reeuwijk 
B E 

yellow buff 
(bright) 

2 90 

36.8 60.7 

++ +++ 

Japan 
J 

yellow 
(barred) 

127 

9.2 

0 

----------------------------·---------------· 

3.3. Behaviour studies 
Behavioral observations were done in small glass tubes and petri-dishes. First and second instars 

of Frankliniella (occidentalis, intonsa or schultze1) were used as hosts. 
C. menes searched for its hosts very actively: running on smooth parts of the surface, closely antennating

an uneveness of the surface encountered and entering narrow crevices actively. It attacked both larval 
stages, pupal stages were attacked as well but no parasitization was observed. When standing still, it 
attacked larvae walking by within reach of approximately its own bodylength. After the host was contacted 
with the antennae, a short attack followed, the female inserted her ovipositor standing on her hind legs 
and turned around quickly facing away from the host larva. Most of the time the vigorously moving 
host was lifted up in the air, the parasite meanwhile preening its forelegs and/or antennae, sometimes 
the host iarva and parasite stayed tail to tail. After 10-20 seconds a first instar larva became paralysed. 
A single oviposition took 30-50 seconds on average but could last upto 150 seconds. After that the 
host larva was put down, the parasite withdrew its ovipositor and walked away. Hostfeeding occured 
regularly: after the first cycle of attack, the parasite turned around, inserted its ovipositor standing on 
its hind legs, stinging the larva repeatedly, tapping its legs on the motionless larva. After 30-60 seconds 
it started feeding on the stinged spot upto 120 seconds. After that stinging and feeding was repeated 
frequently, until the host larva finally shriveled and died. The total sequence can take upto 12 minutes 
per single host. 

The parasite attacked both stages, but parasitization was most successful in old first or young second 
stage larvae. Newly hatched larvae are killed more often and second stage larvae move vigorously, wagging 
their tail when attacked or dragging the parasite away, thus often preventing or escaping from attack. 
Second stage larvae of F. occidentalis, who are larger and move more vigourously than those of schultzei 
and intonsa, were rarely lifted. When standing tail to tail occasionally a second female simultaneously 
attacked the same larva. Females of all origins studied, Japanese as well as European, showed the same 
kind of behaviour. Similar oviposition behaviour has been described for C. menes originating from India 
(Carl 1971) and Japan (Sakimura 1937) attacking T. tabaci. There are some differences though: lifting 
was not described by Sakimura, whereas this was a constant characteristic in the Indian parasite and 
the average oviposition time was somewhat longer in Sakimura's description. 

3.4. Other parasite species tested 
Parasites from three other origins were introduced into our laboratory and a preliminary study on 

their effectiveness against F. occidentalis was carried out: 
Thripobius semiluteus (Boucek), known as a parasite of leaf inhabiting thrip species belonging to 

the Panchaetothripinae (Thripidae) (Boucek 1976), was received in June 1990 from a laboratory culture 
in Holland, originating from the USA. It readily attacked and developed on first stage larvae of Heliothrips 
haemorrhoidalis (Bouche), but showed no reaction to first and second stage larvae of F. occidentalis 
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during behavioral observations. Rearing on F. occidentalis using both methods described, failed. 
From Taiwan 58 pupae were received from a parasite attacking Rhipiphorothrips cruentatus Hood 

(Thripidae: Panchaetothripinae) in wax apple fields (Chiu 1984). However, only two adults emerged 
and died before testing. Described as C eranisus sp., identification of both adults showed that they were 
similar to T. semiluteus, mentioned above. 

Several hundreds of adults (males as well as females) of an eggparasite (Megaphragma spp. (Polaszek 
pers. comm.)) attacking Megalurothrips sjostedti (Trybom) (Thripinae: Thripidae) in cowpea, were received 
as parasitized eggs from Benin. Preliminary tests on F. occidentalis failed, but a good rearing method 
needs to be developed before final conclusions can be drawn. 

4. General discussion

C. menes is distributed almost worldwide (see Loom ans & Van Lenteren 1990). Most records originate
from eastern Asian countries, where it is abundant (Japan, Korea (a.o. Sakimura 1937), The Philippines 
(Ishii 1933), Taiwan (Chiu 1990), Thailand (Hirose 1990 ), India (Narayanan (CAB 1971)) and Indonesia 
(Van Heum 1923)). Occasionally individuals have been reported from Dominican Republic (Russo 1928), 
Brasil and Argentina (as Ceranisus rosilloi, DeSantis pers. comm.), Australia and New Zealand (after 
revision, Boucek 1988). It has been successfully introduced into Hawaii (Sakimura 1937) and recovered 
later (Yoshimoto 1965). In Europe this species has been recorded on several occasions before (see table 
1). Earlier samplings resulted in fairly low numbers collected (Carl surveying Thrips tabaci, CAB 1971), 
in others (Vuillet 1914 and Buhl 1937, working on Kakothrips robustus) high numbers were found. 
Collection results presented here indicate that C. menes was quite common in wild vegetation in the 
Mediterranean Area of France and Italy in autumn of 1990. Occasionally it was able to invade thrip 
infested cultures in glasshouses as well. Except possible preferences yet unknown of this parasite for 
certain host habitats, intensive chemical spraying practices certainly will have played a role in the low 
frequency of its presence in protected crops. Results published by Hirose (1989) also showed a very 
low % of parasitization by C. menes in sprayed crops in Thailand. 

Sampling populations of F. occidentalis in The Netherlands as well as in the south of Europe during 
1990, revealed that it was attacked by C. menes. By sampling wild vegetation inhabited by populations 
of Frankliniella (intonsa, occidentalis, pallida, schultzei), Thrips (tabaci, major, brevicornis etc.) and 
Taeniothrips, C. menes was also collected. Our rearing results show that it C. menes is able to attack 
and develop on F. occidentalis and F. schultzei in the laboratory as well as in the glasshouse. C. menes 
was found earlier in association with F. occidentalis collected from rose in September 1988 in Cabrils
(Spain) (Bordas, pers. comm.), but at that time its relation was unknown. Autumn 1990 it has been 
collected by sampling roses infested with F. occidentalis in Israel on several occasions (Kuslitzky, pers. 
comm.). C. menes is known to parasitize larvae of many thrip species. Murai (1990) showed that it 
can be reared from F. intonsa in high numbers. It also has been recorded to attack and develop on Thrips 
tabaci (Sakimura 1937, Van Heum 1923, Desart & Bournier 1971, Carl (CAB 1971), Murai 1988, 1990), 
T. subnudula (Narayanan (CAB 1971)), T. pa/mi (Hirose 1989) T. hawaiiensis, T. coloratus, T. setosus
(Murai 1988, 1990), T.flavus, Kakothrips robustus (Buhl 1937), Taeniothrips alliorum (Kurosawa 1931),
Megalurothrips usitatus (Chiu 1990), Microcephalothrips abdominalis (Sakimura 1937) and (probably)
I soneurothrips fullawayi (Yoshimoto 1965). All species mentioned are closely related and all belong
to the same subfamily Thripinae (Thripidae). Daniel (1986) reported Zaniothrips vicini and Retithrips
syriacus (Thripidae: Panchaetothripinae) as hosts.

Only females were collected during sampling and in the laboratory they reproduced partheno
genetically. During collections of C. menes in Europe only females have been found thusfar (e.g. Vuillet 
1914, Buhl 1937). It is of interest to notice that in field collections of C. menes made in several Asian 
countries males are present as well, females mostly predominating (sexratio 0.60: Sakimura 1937 (Japan), 
Daniel 1986 (India); 0.47: Carl 1971 (India); 0.48: Hirose 1989 (Thailand); Van Heum 1923). Murai 
(1990) recorded a gradual change in sex ratio in the laboratory: after several generations females reproduced 
parthenogenitically. This difference in unisexuals and bisexuals between these populations remains unclear. 

Differences in colour of the abdomen of females collected at several origins in the field stayed consistent 
during laboratory rearing. Originally described from a yellow holotype (Vuillet 1914), later records 
of this species in literature refer to different types of colouring of the abdomen (e.g. Van Heum 1923, 
Sakimura 1937). In many records however colouring has not been mentioned. 

Other records (Sakimura 1937, Hirose 1989, CAB 1971, Daniel 1986, Murai 1990) on the biology 
of C. menes on other thrip hosts show similarities as well as differences, compared to our results, which 
might be explained by differences in origin of the parasite and in host species studied. 
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Differences mentioned above could indicate that possibly different biotypes of C. menes exist. Host 
preference and performance remain yet unclear. Results of our experiments are yet to premature to draw 
conclusions on the potential of C. menes to control F. occidentalis. Its ability to to parasitize 25 or more 
larvae per day and its very active searching behaviour seem promising. Its developmental time however 
is long in comparison to that of F. occidentalis. As developmental time of C. menes takes 10 days more 
on average, host and parasite generations will gradually become asynchrone. Its real effectiveness still 
has to be determined. 

5. Future research
As C. menes is able to attack and develop on F. occidentalis in the field and in the laboratory, detailed

studies are planned to evaluate its effectiveness, according to the procedure and selection criteria developed 
earlier at our laboratory (Van Lenteren 1986). Detailed experiments are planned on its biological characteristics 
at different temperatures and its searching efficiency will be studied. Collection of additional origins 
of this species and other potential candidates will continue. 
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Summary 
Examinations were conducted of the following parameters: Long
distance attraction of Bemisia tabaci to melon vs. cotton plants, 
and to infested vs. uninfes ted leaves. Residence time of the 
whiteflies and number of eggs laid on infested and uninfested 
leaves were also monitored. Additionally, movement of emerging 
whiteflies within the plant was followed for the first 6 post 
emergence days and their egg allocation between the leaf of 
emergence and top plant leaf were compared. The results showed 
that no long distance attraction existed in both experiments, and 
that previous ovipositions did not effect the degree of egg 
laying by B. tabaci on the same leaf. Whiteflies remained about 
3 days on the leaf of emergence and, in each case laid some eggs 
before moving to a higher leaf, and ending up on the top leaf of 
the plant. 

1.Introduction

The whiteflyBemisia tabaci (Homoptera: Aleyrodidae} is a 
severe pest of field and vegetable crops both in the greenhouse 
and out of doors (Gerling et al 1986; Cock 1986, Osborne et al 
1990}. In recent years, B. tabaci has invaded the European 
greenhouse culture, where it presently causes extensive damage. 
For lack of better means of control, insecticides are often used 
to' reduce its populations. Recently, also greenhouse screening 
has been employed with considerable success (Berlinger pers. 
comm.}. 

As stated by van Lenteren and Noldus (1990) "The development 
or improvement of non-chemical control methods for whi teflies 
requires a thorough understanding of the interactions of the 
insects and their host plants ... " At present, the basic 
behavioral and ecological information for such an understanding 
is only partially available. In order to improve this situation, 
we ran experiments to elucidate some factors responsible for 
whitefly attraction to plants, whitefly oviposition preferences, 
and post emergence distribution upon the plants. 

The specific questions that we asked were: 1. Is the 
observed preference of whtieflies in the field for melon plants 
over cotton (Or, 1986), based on prelanding whitefly attraction? 
2. Do B. tabaci females prefer to oviposit on cotton leaves that
have already been infested with eggs? 3. What is the post
emergence behavior of B. tabaci adults in relation to feeding and
oviposition- site selection?
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2.Materials and Methods

General: Bemisia "tabaci was cultured on Acala SJ2 cotton 
plants in greenhouses or at 27+1°C in temperature cabinets. All 
whiteflies used were about 24 hrs old. The experiments were 
conducted in a windowless room at 25- 27°c with artificial 
overhead illumination (4x40 Watt, fluorescent lamps) except when 
otherwise stated. The cages used were glass-top sleeve cages 
35x35 x34 cm. Statistical significance was tested for, using a 
Chi Square test (at a 0.05 level of significance) unless 
specified otherwise. 

Details of the experiments: 1. Host plant selection. Three 
procedures were used for testing possible preference between 
long-distance recognition of melon vs. cotton. a. One cotton and 
one melon leaf, each with its petiole in a tube with water, were 
partially covered by pa.,per so that the exposed leaf surface of
both was equal (5.2 cm. ). Both were placed in a sleeve cage with 
100 whitefly females, and direct ovehead illumiation of 25 Watts. 
They were continually observed for 3 hrs and the landing 
whiteflies counted. Every 10 min. all of the whiteflies on the 
leaves were removed with an aspirator. b. The same experiment 
was repeated with whole, uncovered, plants; each of which had 3 
true leaves. c. Experiment b. was repeated but whi teflies were 
counted after 24, 48, 72, 96, 120, and 144 hours. Whiteflies were 
not removed following counts. 

2. Relation of egg presence to landing, time spent on leaf 
(retention), and oviposition. a. Landing. Two cotton plants, 
each having only one leaf (No. 1) were used within a �age. One 
plant was first subject to oviposition (about 1000 eggs), and the 
other was clean. Each leaf was partially covered with paper 
exposing an equal leaf area of about 5.2 cm2 on each leaf. The 
procedure followed was like in la, with 100 whiteflies being 
released, counted and removed every 10 minutes for 3 hours. 
Thereafter, the plants and remaining whiteflies were left for 72 
hours with counts conducted after, 24, 48 and 72 hours. b. 
Retention and oviposition. One pair of whiteflies was released 
on a clean cotton leaf and oviposi tion was counted after four 
days, to serve as a control. In the test, half a leaf was 
covered and the second half exposed to oviposition by whiteflies 
( about 500 eggs) for 24 hours. The leaf was then placed in a 
cage and a pair of whi teflies was released on the leaf. The 
whereabouts of the whiteflies was continually recorded for 3 
hours and their oviposition on the clean half was recorded after 
four days. 

3. Adult dispersal. We used clean cotton plants, with leaf No. 9
from the top infested with 5 whitefly pupae (all other developing
whiteflies were removed at an earlier stage). Observations
started upon first whitefly emergence and the following
parameters were registered: Hour of emergence, No. of adults on
emergence leaf, and on other leaves; and the number of eggs and
their whereabouts.
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Examination of female presence was conducted for 6 days, 
every four hours of the photophase ( 12 hrs) . Oviposi tion was 
examined on the leaf of emergence and on the top leaf of the 
plant. Since the number of eggs laid is contingent upon the 
number of females present, we first calculted the number of 
"female-days" (No. of females X the number of days in which they 
were observed) for each leaf on each plant. The "famale-days" 
for the leaf of emergence were adjusted for the preovipsotion 
period of the emerging females, by substracting one day for each 
female that had emerged on this leaf. The total number of eggs 
that was found on each leaf was then divided by this number to 
obtain the average oviposition per "female-day". 

3.Results and discussion

1. Host plant selection. No difference in landing frequency
and numbers of adult whiteflies were observed between melon and 
cotton leaves (6 replicates) or whole plants (4 replicates) up to 
3 hours from release. The counts conducted on 5 replicates of 
whole cotton vs. melon plants between 24 and 144 hours after 
release showed significantly more insects on the melon plants 
p<0.05 (Fig 1}. 

Van Lenteren and Noldus (1990} concluded that except in 
Aleyrodes proletella , "Whiteflies do not appear to use olfactory 
clues in host-plant selection". Rather, they exhibit preference 
and show attraction to yellow; and for Trialeurodes vaporariorum 
"the more yellow the more landings occurred". Both melon and 
cotton are adversely affected by B. tabaci but the former is 
already heavily covered with the pest under field conditions 
early in the season, when the latter hardly has any whiteflies on 
it (Or, 1986). Our present experiment ruled out the possibility 
that this difference is due to long distance attraction which may 
be related to color or shade differences between the more 
yellowish melon and the darker-green cotton leaves. The observed 
differences are, therefore, probably due to past-landing 
discrimination. 

2. Response to previous whitefly oviposition. No significant
differences were found in the landing preference tests (3 
replicates) on leaf portions that were infested with eggs vs.
ones that were not. Likewise, two replicates in which the
whiteflies were counted on each leaf portion 24, 4 8, and 72 hours 
following release did not show significant differences between 
the numbers of whiteflies in the test and control.

The presence of eggs on the leaf did not change the amount 
of time spent on infested or clean half-leaf (except for 1 
replicate where, after 24 hours more were on the infested half, 
37 vs. 21 p<0.05), Oviposition on the clean leaf-half amounted 
to an average of 6.5 eggs/female during 4 days. By comparison, 
the number of eggs on the control leaf amounted to 14. 9 per 
female for the same period of time. Considering that the 
experimental females spent about half their time on the infested 
side of the leaf, where they might have laid about half of their 
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egg complement, no difference in oviposition seemed to have been 
induced by the presence of eggs on the leaf (T test for 
independent measurements f'ollowing a square-root transfomation, 
t=.935). 

The clumped distribution of many whitefly species may be 
significant in the whitefly's capacity to overcome plant 
resistance or in its probability to survive predation. The mode 
by which this distribution is created is both interesting and of 
practical importance, since its consequences have a bearing on 
the sampling methods and determination of infestation levels and 
control strategies. The present findings, that oviposition is not 
affected by previous presence of eggs upon the leaf, indicates 
that other factors, like particular leaf selection and preference 
are responsible for whitefly clumping. 

3. Post emergence movement. Adult whiteflies emerged mainly
between 0600-1200 with about 70% emerging between 0600-0900 (Fig
2). On the average, they lef't the ninth leaf, on which they
emerged, and started moving upwards, on the 3rd post-emergence
day. Nearly all concentrated on the top two leaves within 6 days
(Fig 3).

Out of the 9 replicates, females deposited eggs on the 
emergence leaf (No. 9) in 8 cases, and arrived and laid eggs on 
the top leaf of the plant, in 6 cases. No significant 
differences were observed in the nember of eggd laid per "female
day" between the top leaf and the leaf of emergence. 

The pattern of upward movement by B. tabaci resembles that 
found for T. vaporariorum by Noldus et al (1985) who used 
somewhat different methods (a greenhouse with 24 tomato plants 
observed al at once ) . The main difference was the speed of 
whitefly movement which was considerably faster in their 
experiment (departure from the leaf of emergence started at 8.9 
light hours and arrival at the top stabilized at the age of 40 
LH). Since the two experiments were conducted with different 
plants and under different consdtions, it is impossible to 
conclude if the differences in movement are due to specific 
characteristics. 

Our results, that showed consistant oviposition on the leaf 
of emergence support the common observation that whiteflies may 
have more than one generation on the same leaf. This occurs in 
spite of the fact that the quality of the leaf on which emergence 
took place is often inferior to that of younger leaves. 
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Fig 2. Hour of emergence of 
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OBSERVATIONS PAELIMINAIAES SUH LA OYNAMIQUE DES POPULATIONS OE 
UE:MISIA. T ABACI ( GENN - ) ( HOMOPTEAA., ALEYROOIOAE) SUR UN£ 

CULrURE PROTEGEE O'AUBERGIN£_ 

CHEAMITI Brahim 
Laboratoire de Zoologie, Ecole Superieure d'Horticulture de 

Chott Mariem, 4042 Sousse Tunisie_ 

RESUME 

L 'etude de la dynamique des populations de l!�!!!J.�.:i.,-�- !;.�-t;,�_c.:J .. (GENN.) effectuee sur une culture protegee d'aubergine du mois 
de decembre jusqu'a la fin mai, revele le developpement de 
quatre generations successives et chevauchantes du ravageur. 
La duree du developpement post-embryonnaire est longue pendant 
l'hiver et relativement courte au printemps_ En outre, la 
repartition horizontale des populations imaginales de 
l'aleurode est negative alors que leur distribution verticale 
est etroitement liee a la phenologie de la plante-hote. 

INTAOOUC TION 

L 'aleurode Bemi_sia_ t.a.ba_c_i ( GENN) est un ravageur 
d'importance mondiale vue sa grande polyphagie et son 
potentiel biotique eleve SHARAF et ALLAWI , 1980; OELATTHE, 
1982; MUSUNA, 1983; VON ARX �J:. .. !,�J.-, 1983) - En Tunisie, et 
surtout au sud du pays, ce ravageur occasionne de grands 
dommages sur les cultures protegees d'aubergine, de tomate, de 
piment et d'haricot ainsi que sur les cultures de plein champs 
( cucurbitacees ). 

La femelle de B .. • tab_ac_i_ depose ses oeufs sur la face 
inferieure des jeunes feuilles terminales de la plante hote 
(KHALIFA et EL KHIDIR, 1964; EL HELALY, 19?1). Tous les stades 
de l'insecte vivent fixes au vegetal a part la larve neonate 
(durant les premieres heures de sa vie) et l'adulte qui 
constituent les seuls stades de dissemination de l'espece. La 
premiere au niveau de la feuille et le second au niveau de la 
plante-hote ou de la parcelle_ 

Etant piqueur suceur de seve, B ..... tab_ac_i_ aux stades 
larvaires et adulte entraine le fletrissement temporaire ou 
permanent de la plante (GAMEEL, 19?2) voire m�me !'abscission 
foliaire (POLLARO, 1955) _ En outre, le miellat rejete par les 
larves sur la face superieure des feuilles se trouvant au 
dessous du support des aleurodes ainsi que sur les fruits 
favorise !'installation de la fumagine qui peut nuire a la 
photosynthese et par consequent au metabolisme interne de la 
plante. B ___ tab_a_c_i .. est egalement reconnu comme espece vectrice 
de viroses ( Mc LEAN, 1940; WOLF � .t .. .a.1-, 1949) -

Dans une optique de recherche des elements necessaires a 
la prevision des pullulations de f:l _,.Ja_t_,a __ c., ___ :i,__, l 'etude de la 
dynamique des populations du ravageur ainsi que la 
distribution spatio-lemporelle des populations imaginales du 
phytophage s'av�rent indispensables 
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MATERIEL ET METHDDES 

L'etude a ete menee sous un tunnel plastique de 480m2 

situe au domaine de !'exploitation agricole de !'Ecole 
Superieure d'Horticulture de Chott Mariem sur des plants 
d'aubergine de la variate Fabina. La plantation a ete 
effectuee le 22 octobre 1989 sur six lignes avec un espacement 
de 0,5 m entre les plants et 1 m entre les lignes. La culture 
a ete conduite normalement mais sans aucun traitement 
pesticide. 

Le principe de la taille a consiste a laisser la tige 
principale monter et a eliminer completement les rameaux 
secondaires partant a l'aisselle des feuilles. Cette operation 
a ete renouvelee chaque fois que necessaire. 

L'evolution de la temperature et de 
suivie a l'aide d'un thermohygrographe 
tunnel. 

l'humidite 
installe 

a 

sous 

ete 
le 

L'etude de la dynamique des populations de 
necessite des comptages !.!!. ..... _s..iJ .. 1,1.. et des 
d'echantillons hebdomadaires. Selon ONILLON 

B._tabaci a 
prelevements 
C 19?8), la 

manipulation d'un plant toutes les semaines lui permet d'etre 
graduellement abandonne de ses "occupants", perdant ainsi 
toute signification. De ce fait, on a du proceder a un tirage 
au sort de trente plants qui sont renouveles chaque semaine 
pour le comptage !.!L .. situ_ des adultes. Le denombrement des 
oeufs a ete realise par des prelevements de deux feuifles 
apicales sur chaque plant d'un deuxieme echantillon de trente 
pieds tires au sort de la meme maniere que precedemment 

RESULTATS ET DISCUSSION 

1-0istribution spatio-tempor�lle des adultes de l'aleurode

a- Evolution temporelle de la population imaginale de 
!L ... t.�Q-�_£.!. C figure 1) 

Durant tout le mois de decembre et la premiere quinzaine 
du mois de janvier, l'echantillonnage n'a revele que des 
adultes. Cette periode est certainement necessaire a la 
contamination et a !'installation des aleurodes sur la 
culture. En outre les temperatures n'etaient pas favorables a 
la ponte, celle ci n'a d'ailleurs debute que vers le 18 
janvier. Ce retard accuse dans !'apparition des formes fixes 
(oeufs) a ete egalement observe par BOUBOU (1986) au Mali, 
GERLING �.t .... �.J ... ( 1980) et par OREN et GERLING ( 1983) en Israel. 

La population des adultes s'est maintenue faible du ? 
decembre jusqu'au 18 fevrier et ce n'est qu'a partir du 2S 
janvier que les eft'ectifs des adultes de B_,_tabac_i ont commence 
reellement a augmenter pour atteindre un premier pie de 25,2 
adultes par plant le 25 fevrier.Cette augmentation de la 
population resulte d'une part de la sortie de nouveaux adultes 
en provenance des larves du quatrieme stade (L .4) de la 
derniere semaine de janvier et d'eventuelles arrivees 
d'adultes de l'exterieur. 
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Fig.1: Evolution lempor-elle des adulles 
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Un second pie d'adultes est note le ,2 avril avec 258,23 
adultes par plant suivi d'un troisieme sommet le 1? mai avec 
266 adultes par plant, les deux maxima d'adultes correspondent 
en fait aux deux sommets des {L.4) enregistres respectivement 
du 22 au 29 mars et du 3 au 10 mai. 

Au cours de cette phase printaniere, on peut constater que 
le developpement du ravageur est devenu plus rapide. En effet, 
35 jours seulement separent les pies printaniers d'adultes, 
alors que S? jours separent le pie hivernal du premier pie 
printanier. En outre, le niveau des populations a augmente 
d'une fa�on considerable et s'est multiplie par dix. 

Cette evolution favorable a la population imaginale de 
B.�abac� est certainement le result at des conditions 
climatiques favorables et notamment la temperature qui ont 
permis une bonne croissance de !'aubergine et par consequent 
une forte multiplication du ravageur dont le developpement est 
etroitement liee a la croissance de sa plant-h6te 

b- Repartition horizontale des adultes de B.tabaci

L'examen des denombrements, plant par plant, a permis 
d'observer l'existance de foyers et de verifier le 
comportement agregatif des adultes de l'aleurode. Le rapport 
"variance/moyenne d'adultes par plant" est nettement superieur 
a l'unite. L'augmentation du coefficient d'agregation en 
fonction du temps traduit au travers d'une mortalite naturelle 
reduite mais qui affecte toute l'etendue du tunnel, la 
localisation preferentielle des adultes sur certains plants 
d'aubergine. Ces plants d'aubergine davantaBe contamines par 
les adultes de l'aleurode se trouvent preferentiellement dans 
le premier tiers de l'abri serre, proche de l'entree sud. Un 
gradient d'infestation de l'entree vers le fond du tunnel 
ayant ete mis en evidence dans l'abri serre. 

c- Repartition verticale des aleurodes adultes sur un 
plant 

Le suivi regulier de la population imaginale par les 
comptages d'adultes feuille par feuille a permis de verifier 
que les adultes de !=LJ:o'!Q.o'!.9.t suivaient etroitement la 
phenologie du vegetal en se portant sur les feuilles jeunes au 
fur et a mesure de leur croissance et de leur etalement. De 
fa�on a relier la presence des adultes de l'aleurode a un 
Stade phenologique precis OU a une feuille de rang determine, 
le niveau zero a ete attribue a la feuille situee 
immediatement sous le premier bouquet floral, des indices 
negatifs allant jusqu'a -6 etant affectes aux feuilles 
inferieures les feuilles superieures ayant des indices 
positifs jusqu'a la feuille de randg 10 ou 1,. 

La figure 2 donne une bonne representation de la 
distribution des adultes sur les feuilles de rang determine. 
Le 22 fevrier 1990 le maximum d'adulte est observe sur la 
_feuille de rang 4 avec 5,8 adultes en moyenne et les feuilles 
contaminees vont de la feuille -4 a la feuille 8. La semaine 
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suivante (1er mars} la population imaginale s'est rassemblee 

et recouvre 10 feuilles seulement (-5 a 6) avec un maximum 
d'adultes au niveau 4 de 6,5 adultes de B .... tab.aci. par plant. Le 

8 et le 15 mars les maximum d'adultes sont observes sur les 
feuilles de rang 5 (? adultes) et 6 (15,5 adultes). Enfin le 

29 mars et le 5 avril, la population imaginale a augmente et 

s'est distribuee sur les nouvelles feuilles apparues avec 

respectivement 31,5 adu1tes sur la feuille du rang ? et 41 
adultes au niveau de la feuille du rang 8. 

Cette occupation preferencielle d'un ensemble de feuilles 

par les adultes nous a permis ainsi de caracteriser des 

"niveaux foliaires d'infestation" correspendant, pour une date 

donnee, a !'ensemble des feuilles d'un plant presentant a 
cette meme date un ensemble de caracterisations physiologiques 
qui determinent preferentiellement la presence d'un stade du 

ravageur. Les niveaux d'infestation, definis pour les adultes, 

se retrouveront avec quelques semaines de retard, 

identiquement definis pour les larves du dernier stade sur 

lesquelles pourront etre appreciees parasitisme et predatisme. 
Ces niveaux foliaires d'infestation representent a l'interieur 

du plant d'aubergine les sites privilegies d'observation de la 
population imaginale et de la quantification de !'action 
parasitaire et predatrice des entomophages. 

AVIOOV et HAAPAZ ( 1969) et GAMEEL (19??) ant indique que 

les feme11es de B��abaci preferent pondre sur les feuilles 
jeunes situees au sommet de la tige. O'apres THOMPSON e_t_al ... 

(19?6) cette preference peut etre expliquee par la qualite 
alimentaire des feuilles. En effet, le taux de substance 
azotee diminue avec la senescence des feuilles, et il est 
decroissant de l'extremite vers la base des organes 

vegetatifs. En outre, nos resultats concordant avec ceux 
trouves par ONILLON e_t ___ .a.1.( 198ri) qui a travaille sur 
T.r.i_a_leu.rodes va_pora.ri.orum ..

2-Evolution temporelle des larves du quatrieme stade (L.4)

La courbe d'evolution des effectifs des (L.4) (figure 3) 
revelent egalement !'existence de trois sommets bien 
individualises; le premier est apparu durant la derniere 

semaine de janvier avec des effectifs de 22,36 et 31,9 (L.4) 

par plant. Le second est apparu pendant la derniere semaine de 
mars avec 121,13 et 108,96 (L.4) par plant. Quant au troiseme 
et dernier sommet, son apparition a ete releve le 3 mai avec 
813,33 (L.4) par plant. 

Le premier pie des (L.4) correspond trois semaines plus 

tard a la premiere sortie massive des adultes. Cependant, les 
deuxieme et troisieme sommets des larves du quatrieme stade 
correspondent respectivement a deux semaines et a une semaine 
plus tard a la deuxieme et troisieme sortie massive des 

adultes de 8. __ t_abaci. 

3-Evolution temporelle des oeufs de l'aleurode

Le premier echantillonnage a ete effectu6 le 11 janvier 
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et a revele une ponte nulle (figure 4). Ce n'est qu'a partir 
du prelevement suivant que les femelles de B.tabaci ont 
commence a pondre. Cependant, cette ponte est restee a un 
niveau relativement bas jusqu'au 22 mars. Les densites des 
oeufs sont maitenues faibles et n'ont depasse guere 0,6 oeuf 
par cm2. 

OHNESOAGE 1!! .t ..... c.'!.-C 1981) rapporte que la ponte de B ... tabac.i. 
peut etre alteree par les basses temperatures. De meme AVIOOV

et HAAPAZ (1969) precisent que la ponte s'arrete completement 
au dessous d'une temperature moyenne de 14 ° C. Au cours de 
cette periode qui va du 1, janvier au 22 rnars la temperature 
minimale varie de 6 a 11,5 ° C et la temperature moyenne oscille 
entre 14 et 20° C sans toutefois presenter une evolution 
reguliere. Cette ponte faible correspond probablement a 
!'installation de B_.tabac.i dans l'abri serre. 

A cette periode de ponte faible succede une deuxieme phase 
ou l'oviposition est relativement importante. Cette phase 
commence le 29 mars pour atteindre son maximum le 12 avril 
avec 4,85 oeufs par cm 2 . 

Une autre phase de ponte plus importante a ete signalee au 
cours des prelevements du 10 et du 1? mai avec un maximum a 
cette derniere date de 10,8 oeufs par cm2 . 

4- Evolution globale des populations de l'aleurode 

L'etude de la dynamique des populations de 8.tabaci menee 
parallelement dans l'abri serre a l'aide des comptages :i.c.!! ..... situ. 
sur des plants entiers d'aubergine et par le denombrement des 
oeufs au laboratoire depuis le ? decembre jusqu'au 24 mai 1990 
revele le developpement de 4 generations. 

En effet, la premiere generation est representee 
faible population des (l.4) de la derniere semaine du 
Janvier. Ces larves proviennent probablement d'une 
anterieure qui s'est apparemment produite au niveau 
pepiniere ou bien juste apres la plantation. 

par la 
mois de 

ponte 
de la 

La deuxieme generation de l'aleurode est materialisee par 
les pontesdu mois de fevrier, la forte population des (L.4) 
qui s'est produite durant la derniere semaine du mois de mars 
et par la sortie massive des adultes du 12 avril. 

Quant a la troisieme generation qui est de loin la plus 
importante, elle est signalee par les fortes pontes de la 
troisieme semaine du mois d'avril qui ont engendre une 
importante population des (L.4) durant la premiere semaine du 
mois de mai, suivie d'une nouvelle sortie des adultes du 10 au 
1? mai. 

La quatrieme generation est representee par les densites 
importantes d'oeufs du 1? mai, qui resultent certainement de 
la ponte des femelles apparues a cette meme date. Cette 
generation va continuer son developpement durant la premiere 
quinzaine de juin. 
CONCLUSION 

L'evolution des populations 
par une periode d'installation 

de B.tabaci est caracterisee 
et de contamination de la 
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culture suivie d'une phase de multiplication importante dont 
l'intensite est fonction de !'elevation de la temperature. 

L'aleurode a pu se reproduire et se multiplier d'une fa�on 
continue du mois de decembre jusqu'au dernier prelevement que 
nous avons effectue le 24 mai 1990. Pendant cette periode tous 
les stades du ravageur etaient presents. 

Les generations de B.tabacj sont chevauchantes. En effet, 
on a pu mettre en evidence quatre generations dont le 
developpement partiel ou total s'est deroule pendant la duree 
de l'etude. La premiere generation est faible et provenant 
probablement d'une infestation au niveau de la pepiniere, les 
deuxieme et troisieme generations ant fait leur apparition 
pendant le printemps et sont plus importantes que la premiere. 
Quant a la quatrieme generation qui a debute vers le 1? mai, 

elle va continuer son developpement durant la premiere 
quinzaine du mois de juin. 

La duree du developpement larvaire est longue 
l'hiver (40 jours) et est relativement courte au 
printemps (4 semaines). 

pendant 
cours du 

Si la repartition horizontale des adultes est negative, 
leur distribution verticale est etroitement liee a la 
phenologie de la plante-hote. En effet, les adultes et les 
oeufs sont toujours localises au niveau des feuilles apicales 
des plants d'aubergine. Cependant, l2s larves du quatrieme 
stade (L.4) sont souvent fixees sur les feuilles agees ou 
relativement mains jeunes. 

Si d'ore et deja on connait le cycle de developpement de 
B.tabaci., plusieurs elements de sa biologie restent a elucider
et notamment la caracterisation de l'actio� de ses ennemis
naturels. Il sera egalement interessant de pouvoir definir une
densite-seuil qui justifie les interventions chimiques.
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ETUDE PRELIMINAIRE DE LA BIOECOLOGIE DE BEMISIA TABACI GEN. 
(HOMOPTERA - ALEYRODIDAE) EN"'MITIDJA 

Summary 

(ALGERIE) 

H. BENMESSAOUD - BOUKHALFA
DEPARTEMENT DE ZOOLOGIE AGRICOLE ET FORESTIERE 

INSTITUT NATIONAL AGRONOMIQUE 
EL-HARRACH - ALGER 

( ALGERIE) 

Bemisia tabaci Gen. is a new depredator of Aleyrodidae in 
Algeria. A preliminary studie of bioecology on tomato and 
eggplant has be�n effectuated. 
We have infested 70 plants of eggplant and 70 plants of to
mato, every one with 600 adults. 
We have found four generations of 'l'lemisia tabaci on eggplant 
and two generations on tomato. 

1 - Introduction 

L'Algerie de part sa situation geographique et son cilmat 
est un pays ou de nombreux insectes depredateurs sevissent no 
tamment sur les cultures maraicheres sous abri ··· et en plein 
champ. La surface occupee par les cultures maraicheres est 
passee de 86.000 ha en 1964 a 300.000 ha vers les annees 1990 
dont pres de 6 OOO ha sous abri plastique. 

L'augmentation des surfaces a permi une evolution de la 
production maraichere sans. toutefois l'ameliorer,4es faibles 
rendements sont dus principalement a des problemes techniques 
economiques et sociaux. 

A ces derniers s'ajoutent les problemes phytosanitaires. 
En effet, il apparait que les cultures maraicheres sont 

pour de nombreux ravageurs un milieu ideal de proliferation. 
Parmi ces ravageurs, nous citons principalement les acariens 
(Tetranychus urticae), les pucerons (Aphis fabae, Myzus 
persicae ...... )et les aleurodes (Trialeur�val5'orariorum 
et Bemisia tabaci). 
A la suite des recommandations faites par ONILLON J.C en 
Octobre 1989 lors de la reunion CCE - OILB/SROP a Antibes, 
nous avons procede a des prospections de cette espece en 
Algerie. En effet durant cette meme annee des echantillons 
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de tomates et de poivrons recoltes dans le sud du pays 
montraient la presence d'aleurodes et un jaunissement du 
feuillage au niveau des nervures. 

En 1990, B. tabaci (ident;i.fie par GERIA A. et ONILLON 
J.C de L'I.N.R.A d'Antibes) s'est implante dans tout v 

l' Algerois.
Vu le probleme important que cause actuellement et de 

fa9on croissante B. tabaci dans notre pays, nous avons juge 
utile d'apporter notre contribution a l'etablissement des 
caracteristiques biologiques et ecologiques de cet insecte 
pour pouvoir determiner le cycle et la dynamique des popula
tions sur deux plantes hates, en l'o ccurence la tomate et 
l'aubergine sous abri plastique. 

2 - Generalites 

Bemisia tabaci GEN. est un Insecte, Homoptere de la fa� 
mille des Aleyrodidae. Cette es.pece se rencontre presque par
tout dans le monde (MOUND et al, 1978). A la faveur d'echan
ges internationaux et particulierement depuis une dizaine 
d'annees B. tabaci a ete introduit dans de nombreux pays de 
la communaute Europeenne (GIUSTINA et al, 1989) a l'exception 
du Danemark qui a pris des mesures particulieres pour s'en 
proteger. 

Comme chez tous les aleurodes, le cycle evolutif passe 
par un stade embryonnaire, quatre stades larvaires et un sta
de imaginal. 

Les plantes hotes favorables au developpement de B. 
tabaci sont nombreuses et variees. MOUND et al (1978)� 
APPERT et al (1982) ; HULDEN (1986), BOUDIER (1989) et MUSARD 
et al (1990) donnent une liste exhaustive de plantes hates 
de B. tabaci parmi lesquelles un grand nombre de cultures 
maraicheres, de plantes ornementales et adventices sauvages 
ou florales. 

En plus des degats specifiques aux homopteres et parti
culierement aux aleurodes, (absorption de seve, rejet de 
miellat, installation d'un champignon saprophyte qui recou
vre la plante et les fruits d'une moisissure noire de suie), 
B. tabaci est de loin·l'espece la plus redoutable. En effet
sur 70 viroses recences par NUNIYAPA (1980) et transmises
par les aleurodes aux plantes cultivee� ainsi qu'aux mauvaises 
herbes, une soixantaine d 'entre elles peuvent etre transmises 
par B. tabaci.
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3 - Materiel et methodes 

A travers les prospections realisees dans l'algerois, 
l'aubergine et la tomate semblaient etre plus sensibles aux 
attaques de B. tabaci que d'autres cultures maraicheres.En 
outre ces deux legumes sont largement repandus_dans notre 
pays et tres apprecies. Parmi les varietes adaptees et re
pandue�,en Algerie nous avons retenu pour l'aubergine : 
Sola,'1.um melongena L. variete "Black beauty" et pour la to
mate : Lycopersicum esculentum variete "Saint pierre". 

L'etude a porte sur 70 plants d'aubergine et 70 plants 
de tomate cultives sous abri plastique. Les plants sont re
partis en 7 lignes a raison de 10 plants par ligne. 

L'infestation a ete realisee par des lachers d'adultes 
de B. tabaci eleves sur tabac en serre controlee (600 adul
tes par parcelle ont ete laches, soit environ 8 adultes 
par plant d'aubergine ou de tomate}. 

Les notations ont ete effectuees sur toutes les feuil
les de 10 plants pris au hasard au niveau de chaque parcel
le. Les comptages ont portes sur les seuls stades visibles 
a l'oeil nu, soit les larves de 4 eme stade (L4) et le sta_ 
de imaginal (males et femelles confondus). 

4 - Resultats : 

4.1 - Evolution dans le temps des populations de 
Bemisiatabaci Gen.sur la tomate (Fig. N ° 1) 

Une semaine apres l'infestation, nous avons precede a 
un premier comptage, vers la fin mai qui a ete evalue a 3, 
adultes par plant concernant la generation infestante cet1e 
densite se maintient pendant quatre semaines environ et 
vers la fin juin, nous ne trouvons plus d'adultes sur les 
feuilles de tomates. 

A partir du debut juillet nous assistons a un accrois
sement de la courbe qui atteint son maximum le 11 Juillet 
avec une densite de 123 adultes par plant. Au dela de cet
te date la courbe representant les sensites d'adultes par 
plant de tomate diminue progressivement pour atteindre 3 
adultes par plant le 8 aout. 

Les premieres larves de 4eme stade ont ete decelees le 
27 juin. Ces larves issues de la generation infestante ap
paraissent avec un nombre de 5L4 par plant et atteignent un 
maximum de 319 L4 par plant la semaine suivante. A partir 
du 5 juillet, il ya une diminution des larves de la gene
ration infestante qui ne compte que 0,7 L4 par plant le 
8 aout, date au dela de laqu,ell"e les larves de 4eme stade ne 
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sont plus presentes sur les feuilkes. 
Pour cette speculation nous avons assiste a deux gene

rations d'adultes : 

- al= generation infestante du 29 mai au 2 juin.

- a2 Deuxieme generation du 11 juillet au 8 aoGt avec
un pie de 123 adultes par plant le 11 juillet et une gene
ration de larves de 4eme stade. 

- Ll = generation infestante du 27 juin au 8 aoGt avec
un maximum de 319 14 par plant le 5 Juillet . 

. ndi vi du3 -,;:;.r 
plant I 
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0 
31/05 

Fig N ° 1 
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Acl.-----

14. . --
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Evolution dans le temps des populat.ions de l;lemisia 
tabaci Gen. sur la tomate. 

date 
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·4.2 - Evolution dans le tern s des po ulations de Bemisia
tabaci Gen. sur aubergines Fig. N ° 2 

Apres un lacher de 600 adultes effectue le 3 Ju1n, nous 
remarquons que la densite reste relativement constante soit 

environ une cinquantaine d'adultes par plant sur les dix 
plants echantillonnes jusqu'a la fin juin: 

Apres cette date, la courbe montre une partie ascendarite 
et atteint un maximum de 1400 adultes par plant le 11 juH:.let 
pour diminuerune semaine apres a 700 adultes par plant. 

A partir de la fin juilet, le nombre d'adulte-s par plant 
aug·mente progressivement et nous notons- un maximum de 2300 
aduit�� par plant le 8 aoGt . La courbe representant les 
densites d'adultes decroit jusqu'a la fin aoGt puis augmen'
te a nouveau pour atteindre a la fin de nos echantillonna -
ges une densite de 1300 adultes par plant. 

En parallele les larves de 4eme stade apparaissent sur 
les feuilles d'aubergine deux semaines environ apres l'in-. 
festation par les adultes de Bemisia tabaci. 

La densi te la plus importante est relevee a la p.rem1ere 
decade de juillet avec un pie atteignant approximativement 
les 3300 L4 par plant. 

La courbe va continuer a s'accroitre progressivement 
pour atteindre un deuxieme sommet le ler aoGt avec 6500 L4 
par plant et diminuer quinze jours apres.Le troisieme som
met est note a la fin du mois d'aoGt avec un maximum de 
2000 L4 par plant. 

Au niveau de cette specultation nous pouvons resumer la 
dynamique des populations de B. tabaci comme suit 

.\dul tes - W -Ll - L2 - L·3 - L4 � Adul tes 
0 Generation infestante Juillet 1 W 

r4 (hivernations 

L3 sur plantes 
I 

L2 ornementales) 
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Adul tes -E--

I 

Ll 
I 
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L3 
I 
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Fig N ° 2 Evolution dans le temps des populations de 
Bemisia tabaci Gen. sur l'aubergine. 

::, - Conclusion : 

Avec l'extension des surfaces maraicheress cultivees -
sous abri plastique pour l'augmentation de la production, 
Bemisia tabaci Gen. se retrouve actuellement en pleine ex
pansion en Algerie. 

Avec ses quatre generations sor aubergine et deux gene
rations sur tomate, l'existance de plantes ornementales au
tour des surfaces cultivees en maraichage, l'on con9oit la 
diminution de production pour les annees a venir.
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APPLICATION OF SCREENS TO PREVENT WHITEFLY PENETRATION 

INTO GREENHOUSES IN THE MEDITERRANEAN BASIN 

Berlinger M .J ., Sarah Mordechi, A Leeper 
Entomology Laboratory 

Summary 

Gi lat Regional Experiment Station 
Mobile Post Negev 85-280, Israel 

Different screens were tested in three series o f  experiments: in the 
laboratory, in the field under low tunnels, and in commercial greenhouses. In 
the laboratory experiments - a good correlation was found between the 
density of the screen mesh, and the percent pBnetration of the whiteflies. In 
the expc,rirr,ents .:onducted under the tunnels and in commercial greenhouses, 
the number of trapped whiteflies was significantly lower than of those 
trapped outdoors, and it was below the acceptable economic damage 
threshold. In both field tests, in the tunnels and in the greenhouses, the 
number trapped was rn 1Jcli less than what would be expected, based on the 
laboratory results. 

I. Introduction
In Israel, as well as in many countries of the Mediterranean Basin,

•.omatoes and other vegetables are grown year round; outdoors in summer and 
in greenhouses in winter. At the end of the summer when the outdoor crops 
are harvested the pests which have devtc oped on them take off in search of 
new host plants. These pest populations penetrate into the greenhouses and 
attack the newly planted crops (Berlinger et al 1988). 

The tobacco whitefly, Bemisia tabaci, and the torr,ato yellow leaf curl 
vir s (TYLCV) which it transmits, are the most notorious pest problem of 
tomatoes in Israel and many Middle East countries (Berlinger et al. 1989). 
This insect-virus complex has become a limiting factor in tomato growing. 
The damage intensity depends on the whitefly population density and on the 
efficiency of the applied control methods. Any reduction in the number of 
whiteflies that reach the plants will reduce the damage significanUy 
(Berlinger et al. 1988). Growers invest a great deal of effort, time and 
money, in controlling the whiteflies, and their success is usually very poor. 
The spread of the virus has not been prevented, not even by daily spraying, 
especially in recent years (Berlinger et al. 1987). Covering the plants with 
"Agryl ". an unwoven polypropylene sheet, was found to be very effective in 
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grow tomatoes organically (Berlinger et al. 1988). 
The use of screens is a mechanical control method, based on a physical 

barrier to prevent pest penetration of greenhouses. "Agryl" is suitable for 
tomatoes planted in late September or early October. But for earlier planting 
"Agryl" caused damage due to the high temperatures that built up under it 
(Rilski et al., 1984). It was therefore necessary to test alternative coverings. 
With the collaboration of our laboratory. the industry, the Agricultural 
Extension Service advisers, and the growers, a concerted effort has been 
undertaken to develop screens that will prevent whitefly penetration to a 
reasonable e"tent and also permit enough ventilation for the plants (Zipori et 
al., 1988). As a result of this effort, there are today three companies each 
manufacturing or supplying screens differing from each other in aspects of 
mesh density and thread gauge. These variations provide differing rates of 
ventilation but also different rates of whitefly penetration. 

The purpose of this study was to compare the effects of the different 
screen mesh parameters on the rate of whitefly penetration. 

2. Materials and methods

2.1. Materials 
Samples of screens of various mesh were received from the suppliers 

(Table 1 ). A 17?. shade screen ( 14/ 16 Mesh) was used as a control. The 
screens supplied by Klayman-Meteor Ltd., by Ben Tsur-Drouianoff Ltd. and by 
Tama Ltd., are their own products. The screens supplied by Gil-Gad 1982 Ltd. 
are produced by Artes Ltd., Cshio, Italy. "Agryl" is an unwoven porous 
polypropylene sheet, produced by Sodoca, France, and supplied by A. Steinberg 
Ltd. 

2 .2. Laboratory experiments 
Each screen was tested in the laboratory as a barrier between two 

chambers: cell (i), a clear 220 ml plastic cup; and cell (ii), a 90 mm diameter 
plastic petri-dish, with an opening 5 cm in diameter cut from its base. The 
inner surface of the pelri-dish cover was made sticky with tanglefoot, to 
prevent the whiteflies from returning to cell (i). For each replicate, about 
120 adult whiteflies were introduced into cell (i) . The whiteflies were 
attracted to pass through the screen into cell (ii) by a yellow light, while 
cell (i) was darkened. All laboratory tests were performed at fixed 
temperature (28°C), humidity (RH 50-60r.). and illumination, and a duratic-, 
of 24 hr. 
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2.3. Field experiments 
Screened greenhouses (0.5 ha) and low tunnels (45 cm high, 3 m long) 

were investigated for whitefly penetration. The whitefly population density 
indoors was compared with that prevailing outdoors, using yellow sticky 
traps (Berlinger, 1980). 10 traps per replicate were used in the greenhouse 
experiments and 4 per replicate in the tunnel experiment. At the Ranen site-
10 commercial greenhouses covered with different screens were chosen at 
random and investigated weekly during 8 weeks (26/9-20/ 11 ).  At the Sede 
Nitzan site- 4 greenhouses covered with "Agryl" were investigated weekly 
during 8 weeks (15/10-11/12 ). Low tunnels, covered with 5 different 
coverings and arranged in a randomized block system, with 6 replicates for 
each treatment, were investigated twice weekly, from 11/9 to 30/9. At each 
site uncovered, outdoor traps were used as controls. 

Table 1. The qualifications of the tested screens 

Thread 
Screen Producer or Supplier 
No_._ �in�l=s�ra=e�l ____ _ 

gauge Thread 
Mesh*) (mrnL =co=l�o�r ___ Notes 

1 K I ayman-Meteor L ld. 14/16 0.22 
2 Klayman-Meteor Ltd. 22 /50 0.22 
3. * *) Klayman-Meteor Ltd. 25/50 0.22 
4. **) Klayman-Meteor Ltd. 25/50 0.24 
5 ... *) Ben Tsur-Drouianoff Ltd. 25/54 0.22 
6. Gil-Gad 1982 Ltd. 27/58 0.20 
7. * *) Gil-Gad 1982 Ltd. 28/58 0.20 
8. Gil-Gad 1982 Ltd. 29/58 0.20 
9. Tama Ltd. 26/53 0.28 
10.**) A Steinberg Ltd. --!--

*l = Number of holes per Inch, in each direction,
"'*l = commercial coverings

2.5 Evaluation of the results 

Transparent control screen 
Transparent 
Transparent 
T ra nspa rent 
Transparent 
Cristal-White 
Cristal-White 
Cristal-White 

White "Agryl" unwoven 
sheet 

The whitefly penet.ralion was evaluated in two ways: ( 1) Number of 
whileflies/trap/day; (2) Percent penetration. which was calculated by 
dividing the number of whiteflies which passed through the screen. by the 
total number of potentially available whiteflies. 
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In lhe laboratory experiments significant differences were found in 
lhe ability of whileflies to penelrale through lhe various screens. The 
differences ranged from 99.3% (Table 2, screen No. 1) in lhe control, lo 0.1 % 
in lhe mosl dense mesh screen (screen No. 8). Investigation of lhe screens 
which are in commercial use (Table 1) shows lhal the whitefly penetration 
rate ranged between 8.8% and 0.5r. (8.8%, 6.8%, 6.2%, and 0.5% for screens 5, 
4, 3, 10, and 7 respectively). 

Table 2. Whileflies/trap/day and percent (%) penetration through 
the tes led sere ens 

No. Laboratory tests 
of Whitefly penetration 
Screen tr"l _L ± S.D. 

30 99 3 09 

2 40 23 2 15.6 

3 12 6 2 6 I 
4 28 68 ':, 8 

5 44 8.8 7 ,g 
6 6 12 19 

36 05 0.7 

8 6 0.1 '.)3 

9 12 2.1 2 1 

10 11 58 55 
•Hfl 

----

Greenhouse tests Low-tunnel tests 
Whi teflies W ��h�i t=e�fl�i e�s� ----

0.*J /trap/ day r. penetr. O.*l /trap/ day r. penetr. 

6 30 4 24 2 

6 06 05 

4 0.8 I 9

2 0.8 i 9 5 0.3 03 

4 0.4 1.0 6 0.7 08 

6 0.4 0.5 

4 40.? ( 1 ro O) 6 88 5 (1000) 

n i.J = number of experirnenls 
**) = outdoor control. 

In the tunnel experiments the catches were extremely low, and it did 
not exceed 0.7 whiteflies/trap/day. Their whitefly penetrate rates, compared 
with the uncovered control traps, were also very low (0.3-0.8�0 For screen 
No. 2, through which 23.2!'1- of the whiteflies passed in the laboratory tests. 
only 0.6 whiteflies/trap/day and a 0.5% penetration rate were found under 
the tunnels. Even more surprising was the result obtained in the tunnels 
covered with screen No. 1. through ,1hich 99.3% of the whiteflies passed in 
lhe laboratory test. but only 24.2!'1- in the field. It seems that in the field 
there are additional factors influencing whitefly penetration behavior. Under 
lhe tunnels and in the commercial greenhouses. the number of trapped 
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whiteflies was significantly lower compared with those trapped outdoors, 
and bellow the accepted economic threshold (Berlinger, unpublished data). 

The commercial greenhouses were sprayed twice a week to prevent the 
development of indoor populations, whereas the organically grown tomatoes 
under "Agryl" were not sprayed. Accordingly, in the sprayed greenhouses no 
increase in whitefly population density was noticed with time, in contrast 
with the organic - unsprayed - greenhouses covered with "Agryl". Therefore, 
the "Agryl" covered greenhouses can not be compared with the conventionally 
screened greenhouses. 

In the tests performed in greenhouses and under low-tunnels, the 
penetration of whitenies was usually lower than expected, based on the 
laboratory tests where the same screens were used. 

In addition to whiteflies other insects were trapped by the same 
yellow sticky traps. All the screens used in the commercial greenhouses 
prevented penetration of insects which are larger in size than whiteflies, 
e.g. aphids, leafhoppers, leaf miner flies, and psyllids. The oenetration of
Thrips, mainly Thrips tabaci, which is smaller than the whitefly, was
reduced.

In conclusion: screening the greenhouses with a suitable screen is a 
very efficient way to prevent primary pest penetration. Still, some pest 
individuals succeed in penetrating, despite all efforts, and it is necessary to 
apply complimentary control measures, which would be useless without the 
screens. 
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LES PUCERONS DES CULTURES MARAICHERES SOUS ABRIS 

UN SERIEUX PROBLEME EN ALGERIE. 

Vers une lutte inti! gree en serres. 

GUENAOUI Y '! et AI T CHAABANE A.** 

Institut de Technologie Agricole 

BP. 120 - MOSTAGANEM ( ALGERIE). 

* Enseignant:E I.T. A.

**Stagiaire 5e A.

En Algerie, les cultures m araicheres sous abris representent pres 
d'un demi-millier d'hectares qui sont, en majoriti!, repartis sur les zones 
cotieres. Les cultures les plus im portantes sont : la tom ate, le poi vron, 
le piment et le concombre qui occupent 90 % des superficies globales. 

Ces cultures sont regulierement attaquees par les pucerons dont 
les principales especes sont /tly.Ju-d peA,1u.ae SULZ.et Ap� f;O(,(Jy.p.u. GLOV. 
Les traitements chimiques classiques n'empechent pas les populations 
aphidiennes d' atteindre des niveaux spectaculaires. 

Des investigations menees dans la region de MOSTAGANEM laissent 
penser a la possiblliti! d'utiliser des ennemis naturels, en l'occurence les 
Hymenopreres parasi.toides Deux especes du genre Aphidius semblent, en 
raison de leur abondance dans les prelevements, presenter des avantages. 
I1 s'agit d'Apfw:iu.Lr1 matn.u.aJU..ae HALIDAY et d'Aphuftu,-, col.emaru.. VIERECK, 
deux souches dont il faut etudier les potentialires surtout a des tempera
tures elevees. 

Des experimentations sont en cours. Elles auront pour inreret de 
poursui vre dans cette voie ou alors de s 'orienter vers d' autres moyens 
biologiques ; car il existe dans la region, un correge tres riche en auxi
liaires dont l' action est tres certainement limiree par l' abus des traite
ments phytosanitaires polyvalents et mal cibles. La protection phymsani
taire des cultures sous abris ne peut etre eff'icace que si l'on met en place 
une stGaregie de lutte inti!gree comme dans les pays riverains. 

1. IMPORTANCE ET REPARTITION DES CULTURES PROTEGEES EN ALGERIE

Les cultures maraicheres proti!gees n'ont reellement commence a

se developper qu' a partir de 1980 ou les superficies occupaient 164,5 ha 
( BENHAM OU, 1984). La superficie des abris a connu un accroissement rapide 
et important jusqu'en 1985 atteignant 3602 ha. En cinq ans les surfaces 
n'ont augmenre que de 1200 ha mtalisant en 1990, 4850 ha (BENHAMOU,1990). 
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Actuellement, la m aj:)rite des abris sont en forme de 
tunnels hemicylindriques dont la charpentE est constituee de tubes en 
metal galvanise. Ils sont recouverts d' un film en plastique dont la 
resistance varie de 1 a 3 ans selon l'epaisseur. Pres de 77 % des ins
tallations sont implantees pres du littoral qui offre des conditions agro
climatiques appreciables 20 % sont situes dans les plaines interieures 
le reste concerne le Sud. 

Les principales cultures maraicheres sont pour les solana
cees : la tomatE, le poivron et le piment qui occupent respectivement 
30, 30 et 15 % (source : IDCM * - ALGER). Pour les cucurbitacees : le 
concombre (15 %) et le melon (5 %) • 

2. LES PROBLEMES DE RAVAGEURS DES CULTURES MARAICHERES SOUS ABRIS

Le climat du littoral algerien presentE, certEs, des avan
tages parce qu' il permet une installation precoce des cultures a des 
couts relativement interessants par rapport aux productions sous abris 
chauffes, mais sur le plan phytosanitaire, les problemes se compliquent 
a cause des tEmperatures qui evoluent tnuj:)urs en faveur des ravageurs 
majeurs comme les t.etranyques, l'aleurode et surtnut les pucerons. Grace 
a la douceur du climat, ces arthropodes sont maintEnus en activite 
tnutE l' annee, soit sur les cultures de plein champ, soit sur les plantEs 
hotes spontanees. Cette situation favorise les echanges entre l'exterieur 
et le milieu serre , a partir d' infestations precoces. 

Dans la region de MOSTAGA.i'JEM, situee sur la cotE Ouest, 
les superficies reservees aux cultures protegees sont de l'ordre de 
160 ha. La tomate et le poivron occupent chacune 58 ha, tandis que le 
concombre et le melon tntalisent 33 ha (Sourte : INPV* - ALGER). Ces 
productions sont regulierement attaquees par les pucerons au point 
de provoquer la reduction des superficies. 

C'est sur poivron et concombre que les degats des puce
rons sont les plus spectaculaires. Les especes en cause sont M. persicae 
et A. gossypii. La premiere espece attaque le poivron tandis que la 2eme 
pullule aussi bien sur concom bre, sa plantE hotE pre:feree, que sur poi
vron. Ceci tient du fait que le poivron est plus receptif aux pucerons 
que les autres solanacees.Contre ces ravageurs, les agriculteurs reali
sent des traitements insecticides a partir de directives emanant des ser
vices de la protection des vegetaux de la region. Mais il semble que la 
lutte chimique sott devenue de moins en moins effi.cace contre les puce
rons. Toutefois cette "ineffi.cacite" des traitEments peut avoir des expli
cations differentes. Il n'est pas exclu qu' a la suitE des traitEments in3-
ecticides repetes et mal cibles, on ait favorise l' apparition de souches 
resistantEs chez les pucerons, comme l'ont souligne de nombreux autEurs 
(DELORME, 1984 ; DELORME et al 1987 ; NEEDHAM et SAWICKI, 1971); 
mais en meme tEmps l'ont peut penser qu'il peut s' agir d'une mauvaise 
utilisation des produits phytnsanitaires, soit par meconnaissance des 
periodes d' intervention par rapport a la biologie des especes considerees 
soit par l'emploi de produits perimes. Touj:)urs est-il que les degats 
enregistres incitent les productEurs a reduire les superficies des cultu
res concernees, au profit de productions moins contraignantEs et plus 
rentables. 

*INPV
*IDCM

Institut National de la ProtEction des Vegetaux 
Institut de Developpement des Cultures Maraicheres 
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3. LES POSSIBILITES DE DEVELOPPEMENT DE LA LUTTE INTEGREE

Afin de reduire les contaminations precoces des cultures sous 
abris, dans des conditions aussi favorables aux ravageurs, il est indis
pensable que les agriculteurs prennent plus conscience de l' interet que 
representent les mesures prophylactiques,  comme le desherbage des abris 
et de leurs abords, l'utilisation de plants non contamines etc ... . 

Dans le cadre de notre travail de recherches a l'Institut, 
nous essayons de trouver des moyens biologiques qui permettent de limi
ter. les traitements insecticides , et reguler les populations de pucerons. 
Nous avons commence par dresser un inventaire des d:ifierents ennemis 
naturel.s des Aphides (predateurs et parasitoides) dans la region de 
MOSTAGANEM. Nos prospections ont debute au printemps dernier dans des 
zones non traitees de fa9on reguliere. Il.s ont permis de realiser un nom
bre important de prelevements sur d:ifierentes plantes hotes de M.persicae 
et A. gossypii. Curieusement ce sont les Hymenopteres parasites ijui sont 
les plus representes. Mais nous avons egalement remarque dans de nom
breuses colonies une presence importante de larves de cecidomyie preda
trice et de syrphes. Cependant d' autres auxiliaires ont ete observes. 
Les pucerons parasites sont preleves au stade "momie". Le nombre recolte 
jusqu' a present 538 momies. Elles sont rapportees au laboratoire, et mises 
en eclosoir a.fin de suivre les emergences. Les parasites sont ensuite sepa
res en fonction de leur hote et de leur espece, puis determines avec 
l' aide de specialistes. Pres de 70 % des parasites ont emerge. Il.s appar
tiennent en maj)rite au genre Aphidius dont A. matricariae est le plus 
represente numeriquement.Cette espece a deja fait l'objet de nombreux 
travaux en FRANCE ( RABASSE et. Si-lALABY, 1980 ; LAFONT, 1982). La deu
xieme espece rencontree est A. colemani. Cette espece qui a deja ete 
identL.-'lee par RABASSE en 1987 sur Hyalopterus prunicae preleve sur 
pecher a MOSTAGANEM, presente l' avantage de parasiter a la fois 
M. persicae et A. gossypii. Une souche de la meme espece, d' origine
bresllienne a fait l'objet de nombreux travaux ( TARDIEUX, 1987 ; GUENAOUI
1988 ; TARDIEUX et RABASSE, 1988 ; RABASSE et al 1989; GUENAOUI, 1990
GUENAOUI, 1991) ; mais il faut esperer que la souche algerienne n' ait
pas son pouvoir parasitaire altere par les temperatures elevees que nous
connaissons dans la region d' autant qu' Aphis gossypii conserve un poten
tiel biotique non negligeable dans ces conditions ( GUENAOUI, 1988).

4. CONCLUSION

Il semble maintenant etabli que seule la lutte integree au 
sens le plus large, peut resoudre le probleme de protection phytosani
taire en serre. De nombreuses erreurs de conouite des cultures sont pro
bablement la cause d' un mauvais etat sanitaire des prcductions . 
Pour y remedi er il faut que les agriculteurs soient en mesure de ccmpren
dre !'importance de tous les facteurs du milieu, qu'ils soient biotiques 
ou abiotiques. La vulgarisation des d:i.fferentes techniques devraient done 
permettre aux serristes de comprendre certains mecanismes qui pour l' ins
tant, leur echappent totalement. Avec des seances de vulgarisation et 
un appui technique continu, peut etre opteront-ils pour la lutte integree? 
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sol sur la reproduction du puceron Macrosiphum euphorbiae THOMAS 
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Summary 

The reproduction rate of Macrosiphum euphorbiae on eggplant 

growing on nutrient solutions with different anions and cations ratios was studied. No difference was 
found between solutions containing 5, 8, and 10 meq. NOf / I., but fecundity was significantly higher 

with 16 meq .. No difference was found when 10 NOf meq. / I. was replaced by 8 N03- meq. + 2 NH4 + 

meq. Finally, when the ratio K+/Mg++ was 1.5, the fecundity of the aphid was not different than with a 

ratio of 5.5, the concentration of N03- being 12 meq. / I.. 

Introduction 

Le potentiel biotique des insectes phytophages depend de l'etat 

physiologique de la plante hate et par consequent de son alimentation. On peut done penser qu'une 

modification de la fertilisation minerale peut aussi bien Stre utilisee pour limiter la croissance des 

populations d'insectes nuisibles en culture, que pour la stimuler �s des elevages destines a la 

production d'entomophages. 

L'influence de la fertilisation azotk sur le potentiel biotique des 

aphides a ete montree par plusieurs auteurs. JANSSON et SMILOVITZ (1986) ant montre que le taux 

d'accroissement potentiel de Myv.,s perskae SULZER eleve sur pomme de terre est positivement 

correle avec la concentration de l'azote total, des amides, et des nitrates contenus dans la plante. 

BONIN et al.(1986) ont montre que Jes varietes de Medu:ago spp. sensibles a Acyrthosiphon pisum 

HARRIS sont Jes plus riches en produits azotes.Le potassium fourni en exces a des plantes de radis 

entraine une diminution tres significative de la fecondite de M. persicae, alors qu'un exces de 

magnesium produit un effet oppose (QUOILIN, 1967). 
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Tableau 1: Traitements et protocole d'essais 

Mise en place Nutritions N03·

des essais 

a s 

b 8 
Essai 1: 10/2/89 

C 10 

d 8 

C 10 
Essai 2: 7/3/90 

f 16 

Es.�ai 3: 13/11/90 
g 12 

h 12 

H2P04

I 

I 

I 

I 

I 

I 

1.5 

1.5 

S04• E K• 

6.5 12.5 4 

6.5 15.5 4.9 

6.5 17.5 5.5 

6.5 15.5 4.3 

6.5 17.5 6 

6.5 23.5 8.4 

4.9 18.4 6 

4.9 18.4 5.5 

Ca++ Mg++ NH4• E K• /(Ca+++Mg++) K•/Mg++ 

-
-· 

5.1 1.4 0 10.5 0.61 2.86 

6.6 2 0 13.5 0.57 2.45 

7.6 2.4 0 15.5 0.55 2.29 

5.6 1.6 2 13.5 0.59 2.69 

6.75 2.25 0 15 0.66 2.67 

9.45 3.15 0 21 0.66 2.67 

5 4 2 17 0.66 I.S 

7.1 I 2.9 16.5 0.67 s.s 
·-

---- ·----- --·-· 
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Nous avons etudie le role de la fertilisation minerale apportee dans la 

solution d'irrigation des plantes d'aubergine cultivees hors sol en serre sur le potentiel biotique du 

puceron Macrosiphum euphorbiae THOMAS. A cet effet, differentes concentrations d'azote nitrique 

(N0-3), un apport ammoniacal (NH4•), differents rapports K•JMg++ ont ete testes. 

Materiel et methodes 

La plante et l'insecte 

Laplante hote choisie est !'aubergine cv. "BONICA" (hybride FI), sur 

laquelle le potentiel biotique des pucerons est eleve ( RABASSE, 1980). 

Le puceron M. euphorbiae est represente par one population 

parthenogenetique issue d'one seule femelle et elevee au laboratoire sur aubergine a one temperature de 

20 a 22 C'et one photoperiode de 16 h depuis le 1/10/88. 

Conduite de la culture 

Tous Jes essais sont realises en serre. Pendant leur elevage, les jeones 

plants sont irrigues a l'aide d'une solution standard dont la composition en meq./1 (*) esc 

NOf =11 HzP04·=2 S04- =2 K·=S ea++:g Mg++=2 

Les plants sont repiques dans des cubes de laine de roche deposes sur 

one portion de pain de laine de roche d'one capacite de retention de 1.5 l. Le passage aux solutions 

experimentales a lieu au stade 3 feuilles vraies (essai I) et au stade cotfledons (essais 2 et 3); les plants 

sont alors places dans la serre d'experimentation. A partir de ce moment la, !'irrigation se fait 

manuellement 3 fois par jour. La quantile apportee est conditionnee par la quantile de drainage d'une 

plante lemoin. Le drainage doit etre superieur a 30 % du volume apporte. 

Mesure de la fecondi� 

Des femelles adultes de pucerons sont placees individuellement dans des 

"clip-cages" sur chaque plante en experience, puis prelevees apres qu'elles aient depose ttois larves. 

(*) I meq. ou milliequivalent est le millieme de la masse molaire d'on element ou d'on radical divise 

par sa valence. 
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Lorsque les larves sont arrivees au 4 • stade, deux d'entre elles sont tliminees. L'observation de 

fecondite est realisee sur la femelle restante. La descendance,dans tous les essais, a tie suivie pendant 

trois gtntrations, la deuxieme et la troisieme gtntrations ttant constitutes par la dixieme fille de la 

gtntration prectdente. Les jeunes larves ttaient comptees et supprimtes chaque jour. Les essais ont 

dtbute a la floraison du I' bouqueL 

Traitements et protocole d'essais 

Les difftrents traitements et les dates de misc en place des essais sont 

representes dans le tableau I. 

E.fflii 1. EITet de difrereotes cooceotratioos d'azote oitrique et d'uo apport ammooiacal. 

Chaque traitement portait sur une plante sur laquelle trois larves du 

4 • stade ttaient individualistes. Pour la I' gtntration, elles ttaient dtposees sur les feuille -1, -2 et -3 

("*), et pour la 2' et la 3' gtntrations sur les feuilles +1, +2, +3. La misc en place des larves a eu lieu 

le 19/2/89. 

4 traitements: a, b, c, d, 

1 plante par traitement, 

3 niveaux par plante corre.�1xmdant a 3 pucerons. 

E.fflii 2. EITet de dem: concentrations elevees eo azote oitrique (10 et 16 meqJI) 

Chaque traitement portait sur deux plantes. Sur chaque plante, 5 larves 

du 4 • stade etaient individualisees sur la feuille -1 le 4/4/90. 

2 traitements e et f, 

2 plantes par traitement, 

1 niveau foliaire par plante correspondant a 5 pucerons. 

----------------------------·····-····--··--···--·--····--···-,---

(**) Feuille -1= feuille se trouvant en dessous de la premiere inflorescence. 

Feuille + l= feuille se trouvant en dessus de la premiere inflorescence. 
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Es.ui 3. Effet du rapport K +/Mg++ 

Chaque traitement portait sur 5 plantes. Sur chaque plante, 4 larves du 

4• stade individuali�s ont ete placees sur la feuille -1 le 16/1/'Jl. 

2 traitements g, h, 

5 plantes par traitement, 

1 niveau par plante, 

4 pucerons par niveau. 

Resultats 

Effet des differentes concentrations d'azote nitrique et d'un apport ammoniacal 

Les resultats sont consignes dans le tableau 2. Ils ont ete soumis a un 

test de KRUSKALL et WALLIS , qui n'a pas montre de difference significative au seuil 0.05. 

Tableau 2 : Nombre total moyen des naissances de M. euphorbiae vivant sur des aubergines hors 

sol irriguees avec Jes solutions a,b,c,d (7 jours de reproduction par generation) 

solution a solution b solution c solutiond Periode 

Generation 1 43 49 46.7 53 du 22/2 au 29/2 

Generation 2 33 42.3 35 45 du 6/3 au 13/3 

Generation 3 64.3 63.3 66.7 63.7 du 17/3 au 24/3 

Nous avons, toutefois, constate une augmentation tres significative du 

nombre de larves nees de la troisieme generation par rapport aux deux premieres gaieralions. 

Effet de deux concentrations elevees en awte nitrique (10 et 16 meq/1) 

Les resultats sont consignes dans le tableau 3 (comparaison des 

moyennes) 
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Tableau 3: Comparaison des moyennes du nombre de naissances des traitements e et f 

(8 jows de reproduction pour la 1 • et la 2· g6nmtions et 6 jours pour la 3• g6n6ration). 

solution e 

Generation 1 55.5 

Generation 2 55.6 

Generation 3 18.8 

solution r 

62.5 

57.5 

48.8 

• 

•• 

periode 

du 7/4 au 14/4 

du 17/4 au 24/4 

du 28/4 au 4/5 

• diff6rence significative au seuil 0.05 

•• difftrence significative au seuil 0.01 

L'analyse de la variance montre qu'il y a un effet significatif de !'action 

de la concenttation en azote nittique de la solution fertilisante sur le potentiel biotique des pucerons. Le 

test de NEWMAN et KEULS revele qu'une concenttation de 16 meq. de NOf augmente le nombre de 

naissances (au seui1 0.05 pour la premiere g6n&ation au seui1 0.01 pour la ttoisieme g6n6ration). Ceue 

augmentation est de 13% dans la premiere g6n6ration, et de 159% dans la ttoisieme gtnmtion. 

Cependant aucune diff&ence n'a 6te observte dans la deuxieme g6n6ration 

Effet de la variation du rapport K+/Mg++ 

Les resultats sont consignts dans le tableau 4. Ils sont soumis ll une 

analyse de la variance qui n'a pas rev616 d'effet significatif des diff6rents rapport K+/Mg++ sur le 

potentiel biotique des pucerons. Le test a 6te realist pour chacune des 3 ttois g6n6rations cons6cutives. 

Tableau 4: Comparaison des moyennes du nombre de naissances des ttaitements g et h ( durant 

toute la p6riode de reproduction des pucerons). 

solution g solution b periode 

Generation 1 70.7 72 du 18/1 au 4/2 

Generation 2 84.3 85.4 du 30/1 au 15/2 

Generation 3 84.3 85 du 9/2 au 25/2 
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Discusmon 

Il a ete frequemment montre que l'apport d'azote au soi augmente les 

populations d'aphides sur les plantes. Cela a ete observe au champ pour Mitopolophium dlrhodum et 

Sitobion aver.at sur ble (CARRll.LO et MELLADO, 1975; CARRll.LO et MUNDACA, 1976; 

HANISCH, 1980) ou pour Aphis gossypil sur coton (RASMY et HASSIB, 1974). Sur plantes en pot, la 

fertilisation azotee augmente le taux d'accroissement de Myzus p,rskat sur pomme de terre 

(JANSSON et SMILTOVITZ, 1986) ou la reproduction de Brt111il:oryne brassil:ae et de M. persil:ae sur 

choux de Bruxelles (VAN EMDEN et BASHFORD, 1969). 

Les Aphididae se nourrissent, en general, de la seve elaboree, qui 

vehicule des acides amines et i! n'est pas etonnant qu'une relation apparaisse entre la nutrition azotee du 

vegetal et le potentiel biotique de ces insectes. L'essai realise a montre que dans le cas de !'aubergine 

(Solanum melongena L.) produite en hors sol, la fecondite de M. euphorbiae n'augmentait qu'entre 

10 et 16 meq. de No3•• II est interessant de rapprocher ce resultat de celui obtenu par DE LA METTRIE 

(1976) sur la meme variete et dans les memes conditions de culture: lorsque !'on passe de 8 a 12 meq 

de NOf le rendement en fruits diminue et leur teneur en nitrates augmente fortement. 10 meq. de 

N 03- constitue done une limite a ne pas depasser en alimentation stable. 

On pouvait par ailleurs faire l'hypoth� que l'apport d'une 1_1artie de 

l'azote sous fonne ammoniacale augmentait la proteosyn� dans nos conditions experimentales 

-comme cela a ete montre dans d'autres cas (BLANC, 1963 a et b)- avec des co�uences 

eventuelles sur la composition de la seve elaboree et sur la nutrition des pucerons. La comparaison de 

10 meq. NOf a 8 meq. NOf + 2 meq. NI4+ n'a pas revele de differences significatives au niveau de

la fecondite de M. euphorbilu. 

Nous avons teste !'influence du rapport K+ / Mg++ en donnant des 

valeurs extremes a la concentration en Mg++, sans observer de difference significative. Sur 

M.euphorbiae eleve sur des plants de pomme de terre en solution nutritive, HARREWIJIN (1970)

avait obtenu le meme resulta:. 11 faut rappeler que les differences importantes de recondite 

observees par QUOILIN (1967) sur M. persil:ae sur radis etaient dues a des solutions 

completement carencees en K+ ou en Mg++. 



123 

Cet ensemble de resultats montre done pour !'association M. euphorbial 

JS. melongena, qui nous interesse, que: 

• one forte fertilisation nitrique permet de maximiser la production de pucerons en elevage. 

• des modifications agronomiquement realistes de la fertilisation minerale semblent pouvoir 

difficilement constituer on moyen efficace de limitation des populations aphidiennes. 

L'etude des relations fertilisation-fecondM constitue simplement one 

premi�re approche des relations culture-pucerons. Il est clair que la fertilisation n'agit pas que par son 

influence sur la valeur alimentaire de la plante-hote. La phagostimulation (RAHBE et al. 1988, 

FEBVAY et al. 1988) joue on role sans doute aussi important, de mamc quc l'attractivite du vegetal, 

son appetencc ou son incidence qualitative sur la population qui se traduit par la formation d'ailes de 

dissemination. 
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EPICLERUS NOMOCERUS (MASI) (HYM., TETRACAMPIDAE), NOUVEAU 
PARASITOIDE DE LIRIOMYZA TRIFOLII BURGESS (DIP., AGROMYZIDAE) 

EN CULTURE SOUS SERRE 

E. FRANCO* ET A. PANIS**
• I.N.R.A., Laboratoire de Biologie des Invertebres, B.P.2078
06606 ANTIBES Cedex ** I.N.R.A., Laboratoire de Biologie des

Invertebres, 1382 Route de Biot 06560 VALBONNE -FRANCE.

Summary 

EPICLERUS NOMOCERUS (MASI) (HYM., TETRACAMPIDAE), A NEW 
PARASITOID OF LIRIOMYZA TRIFOLII BURGESS (DIP., AGROMYZIDAE) 
IN GLASSHOUSE CULTURE. 

A thelytokous line of Epiclerus nomocerus is sometimes 
entering tomato glasshouses of Southeastern France, where it 
parasitizes Liriomyza trifolii. Tetracampidae is a poorly 
known family. So, biology of this species is partially 
established. Some behavioural and reproductive features are 
described or quantitatively assessed, more specially fertility 
and successive times of adult life, frorn this strain perfectly 
stable under culture. Alone it proves to be unable to control 
L. trifolii, but it would be coupled with an effective
beneficial insect, such as Diglyphus isaea.

1. Introduction

La biologie des Tetracampidae est a peine connue. On nP. 
sait rien de leurs exigences ecologiques et l'utilisation 
eventuelle de ces chalcidiens en Jutte biologique ou en lutte 
integree n'a jamais ete envisagee. 

Plusieurs Tetracampides ont ete recoltes comme 
parasitoides de Dipteres dont les larves vivent en mineuses 
des feuilles, notamment des mouches mineuses de la famille des 
Agromyzidae. Depuis une dizaine d'annees environ, nous 
observons la presence occasionnelle d'une espece de cette 
famille, dans les serres et sous tunnel plastique, en culture 
de tomate hebergeant Liriomyza trifolii Burgess 1Diptere, 
Agromyzidae). Cet hymenoptere a ete trouve dans le Sud-Est de 
la France, dans Jes cultures de tomate du departement des 
:\lpes-Marit iines (Antibes, Grdsse) essentiel. lement, mais aussi 
dans celles du bard de l'Etang de Berre ldepartement des 
Bouches-du-Rh6ne). Les quelques observations concernant ce 
chalcidien dans cette culture protegee, revelent son action 
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parasitaire sur L, trifolii au cours de deux periodes de 
l'annee : en fin de printemps et durant l'automne. 

Depuis quelques annees, la souche en provenance d'une 
serre de tomate situee � Grasse, est �]ev�e en insectarium, 
sur L. trifolii multiplie sur haricot (Phaseolus vulgaris L.). 

Nous avons voulu etablir trois categories de donnees sur 
cet insecte. 

Premierement, connaitre si les populations de cet 
entomophage en culture sous abri, resultent d'une importation 
fortuite en France, vers 1980. Dans ce cas, il s'agirait d'une 
acclimatation effectuee en dehors du programme de mise au 
point de la lutte biologique centre la Mouche serpentine des 
serres (L. trifolii), programme qui avait debute vers 1980, 
avec des chalcidiens differents de celui-ci. 

Deuxiemement, nous avians la possibilite d'etudier 
quelques caracteres biologiques du parasitoide. Comme il n'y a 
pas d'etude biologique sur les Tetracampides, c'etait une 
occasion de s'interesser A cette famille de chalcidiens, 
quelle que soit son utilite economique ou scientifique. 

Troisiemement, ces caracteres donnent une premiere 
information sur !'importance agronomique eventuelle du 
Tetracampide. Actuellement, la protection biologique en serre 
de tomate est pratiquee chez les maraichers, par l�cher· de 
Diglyphus isaea Walker (Hymenoptere, Eulophidae). Est-ce que 
ce Tetracampide peut avoir quelque avantage economique, 
complementaire de l'intervention biologique contre L. 
trifolii? II se trouve spontanement en serre A deux periodes 
de l'annee (mentionnees plus haut). Vers 1985 dans le Sud-Est, 
la production de tomate sous tunnel plastique, a ete remplacee 
par celle en serre vitree, avec la plantation au mois de 
novembre et culture jusqu'en juillet de l'annee suivante. 

2. Identification et gamme d'h6tes du nouveau parasitoide

Cette espece a ete identifiee comme etant Epiclerus 
nomocerus (Masi). Le genre Epiclerus est represente dans de 
nombreuses regions du globe et ses especes sont mentionnees 
comme parasitoides d'Agromyzides (BOUCEK, 1988). Les especes -
h6tes sont precisees pour certains Epiclerus seulement. On ne 
dispose pas d'autres donnees biologiques, en particulier sur 
le milieu environnant ob subsistent ces Hymenopteres et sur le 
stade de mouche-h6te dans leque] ils se developpent. Aucun 
elevage de Tetracampide ne semble avoir ete entrepris. Par 
consequent, c'est le potentiel biotigue de toute une famille 
d'insectes auxiljaires qui reste non evalue, en tant 
qu'auxiliaire de !'agriculture ou dans l'optique de 
l'amenagement d'un agrosyst�me pour conserver des insectes 
intervenant spontanement en protection des plantes. 

BOUCEK (19581 donne une description precise des deux 
sexes d'E, nomocerus. En se basant sur cette diagnose de 
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l'espece, nous avons voulu verifier si les individus recoltes 
sur tomate en serre correspondent morphologiquement, aux 
individus vivant en plein air dans notre pays. 

En effet, les populations naturelles presentent des 
males, alors que celles en condition artificielle (culture 
protegee) n'en ont jamais. En serre de tomate, elles sont 
parthenogenetiques (thelytoquie), Ne disposant pas d'individus 
du milieu naturel, vivants, nous n'avons pas essaye de croiser 
les males avec les femelles d'elevage. 

Ainsi, E. nomocerus pose un probleme de biosystematique, 
qu'on ne peut pas considerer comme resolu par les observations 
biologiques que nous avons entreprises. Toujours est-il que le 
changement de mode de reproduction en fonction du milieu ou 
vit le stade adulte ou larvaire, est plus ou moins connu chez 
les chalcidiens. Nous citerons deux cas qui ont pu etre mis en 
evidence chez un certain nombre d'especes de chalcidiens. 
Premier cas : par exemple, Aphycus apicalis (Dalman) (Aphycus 
albicornis) bisexue au Japon (MURAKAMI, 1960, 1961) quand il 
parasite Phenacoccus aceris Signoret (Phenacoccus pergandei), 
parthenogenetique en France quand il parasite la meme 
cochenille (PANIS, 1969). Cette modification du mode 
reproducteur peut survenir meme dans des populations 
sympatri.ques. C'est le deuxieme cas. Par exemple, Anaphes
diana Glrault, avec coexistence dans les pays medi.terraneens, 
d'une lignee parthenogeneti.que et de populations bi.sexuees qui 
ne peuvent plus se croiser avec cette lignee (AESCHLIMANN, 
1990). 

Nous n'avons pas compare les femelles d'elevage a celles 
de collections. L'analyse morphologique et numerique de 
microstructures d'E. nomocerus venant de diverses regions ne 
peut done pas venir completer nos observations. Apres avoir 
verifie la conformite des individus au statut de l'espece, 
l'etude bi.ologique a ete orientee vers !'acquisition de 
donnees utilisables en lutte biologique. 

BOUCEK et al. (1968) confirment l'identite taxonomique du 
Tetracampide"t::°rouve auparavant par differents entomologistes. 
Par consequent, les quelques donnees recueillies avant 1968, 
se rapportent bi.en a E. nomocerus. MASI (1934) a decouvert cet 
Hymenoptere sous climat mediterraneen aride (Maroc: Ksar-es
Souk) ou il parasite l'Agromyzide Phytomyza horticola Goureau 
sur pois (Pisum sativum L. §.§E• sativum) [l'hote n'est pas 
Phytomyza atricornis Mei.gen comme mentionne par MASI, mais Ph, 
horticola (SPENCER, 1973)]. Dans ce milieu ecologique, 
l'espece est bisexuee. CAMERON (1939) a obtenu E, nomocerus de 
Phytomyza ilicis Curtis, une mouche mineuse des feuilles de 
houx (Ilex aquifolium L,) en Grande-Bretagne. BOUCEK (1958) 
mentionne son existence dans plusieurs pays d'Europe 
Continentale, notamment en France (departements de l'Isere et 
du Var: hote inconnu). 

Nous avons obtenu E. nomocerus bisexue, de pupes 
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d'Agromyzide sur feuille de luzerne en arbre (Medicago arborea 
L.), plante subspontanee et de jardin ornemental. Le 
Tetracampide s'y trouve dans un milieu urbanise (Antibes, 
Alpes-Maritimes) (Les Issambres, Var). L'h6te est Liriomyza 
strigata (Meigen). Son identification est basee sur les mines 
foliaires des larves (SPENCER, 1973) [cet auteur mentionne la 
difficulte de distinguer sur les adultes, L. strigata de 
Liriomyza bryonae (Kaltenbach)]. 

Le male obtenu de L. strigata est identique a l'unique 
exemplaire d'E. nomocerus de la collection du Service 
Faunistique du c.I.R.A.D. a Montpellier (departement de 
l'Herault: Grabels, 3 aout 1984, G. DELVARE coll., 
determination 1990). Enfin, la femelle disponible et issue de 
L. strigata correspond a la description de BOUCEK (1958).

Des commentaires precedents, il resulte que, malgre cette 
diversite d'h6tes et une large repartition sous climat 
mediterraneen, toutes ces populations se rapportent a la meme 
espece. 

En conclusion, les populations parthenogentiques qui 
parasitent L. trifolii en sePre de tomate, sont issues tres 
probablement des populations indigenes et bisexuees de plein 
air. 

3. Caracteres biologigues d'E. nomocerus en elevage

3a. Caracteres gualitatifs 

Ce Tetracampide est un parasitoide de pupes. En fin de 
developpement, la larve de L. trifolii sort de sa galerie pour 
se pupifier sur la feuille qui lui a donne naissance. La pupe 
est legerement collee a la face superieure du limbe foliaire 
qu'E. nomocerus va explorer avec ses antennes, a la recherche 
de son h6te. Les pupes sont receptives au chalcidien, des 
qu'elles sont formees. 

En prenant possession d'une pupe, un comportement de 
predation precede toujours la ponte. La femelle du parasitoide 
se met a cheval sur la pupe et la perfore avec sa tariere, 
comme si elle pondait. Puis elle se retourne pour absorber de 
l'hemolymphe au niveau du point de piqfire. Ensuite, elle se 
met en posture de ponte, a cheval sur la pupe exactement comme 
precedemment. Elle enfonce sa tariere au meme point de piqure, 
mais plus doucement que la premiere fois. L'oeuf est depose 
dans le corps de la pupe. 

L'ensemble des trois sequences (exploration antennaire 
d'une pupe, predatisme, ponte) dure environ 55 minutes dans 
les conditions d'etude mentionnees au paragraphe 3b. 

Ce comportement est lent, tout comme les deplacements du 
parasitoide a la recherche des pupes dans une cage d'elevage. 
Cela pourrait etre un indice de faible aptitude a la recherche 
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de l'h6te et une cause de diversification vers le parasitisme 
de plusienrs especes d'Agromyzides. Cependant, le chalcidien 
quitte facilement le feuillage, pour aller parasiter des pupes 
tonhies par terre. D'autre part, Jes dissections montrent que 
la souche etudiee est celle d'un parasitoide solitaire: la 
femelle depose toujours un seul oeuf par pupe de L. trifolii. 
L'absence de superparasitisme, liee a la localisation de pupes 
situees a des niveaux differents, pourrait etr2 un indice 
d'utilisation maximale des ressources pour assurer la 
descendance de l'espece. Ceci pourrait compenser le manque de 
rapidite du chalcidien. 

D'apres ces caracteres qualitatifs et sous reserve 
d'essais concluants, cet auxiliaire pourrait nettoyer les 
plants de tomate et le sol, des pupes de mouche mineuse 
restant apres l'action d'un parasite larvaire. 

3b. Caracteres guantitatifs 

Cinq caracteres de la biologie parasitaire sont mesures. 
Ce sont la fecondite, la longevite ainsi que chacune des trois 
parties de la longevite ou duree de la vie imaginale. Ces 
trois parties sont la duree de la pre-oviposition 
correspondant au temps de maturation ovarienne (mesuree comme 
le nombre de jours precedant celui de la ponte du premier 
oeuf), la duree de la ponte, la duree de la post-oviposition 
(nombre de jours suivant celui de la ponte du dernier oeuf 
jusqu'au jour de la mort de la femelle). Fecondite, duree de 
la pre-oviposition et duree de la ponte sont des criteres 
interessant la pratique d'un elevage et de lachers de 
l'auxiliaire. 

L'etude est faite dans les memes conditions que l'elevage 
de la souche d'E. nomocerus en insectarium: temperature 
constante de 25"C ; hygrometrie relative de l'air de 70-80 % ; 
eclairement de 16 heures par jour, avec 4 tubes au neon (2 de 
type "lumiere blanche", 2 de type Rlumiere du jour"I places a

un metre environ au dessus des enceintes d'observation du 
T�tracampide ; pupes issues de feuilles cotyledonaires de 
haricot (ces deux feuilles, les premieres developpees apres 
germination, sont les plus receptives pour la ponte de L. 
trifoliil ; ces feuilles portent 30 a 40 pupes. 

La tige de haricot est sectionnee et elle passe a travers 
un trou perce dans le bouchon d'un pillulier en mati�re 
plastiqne. La tige est plantee dans du sable humide contenu 
ddns le pillulier. L'enceinte d'observation est une boite en 
pL:;stiqnf., t:r:ansparent ( longueur 27 crn, largeur 13 cm, hauteur 
B �ml, a�r�e par: des fen�tres de toile fine de nylon et dent 
lr couvercle constitue le plancher de l'enceinte. 

Quelgues gouttes de miel sont d�pos�es sur la paroi. Le 



130 

DL SCE CM F 
FEC 
LOT 4 23236 5809 2,405 
RES 36 86909 2414 INS) 
TOT 40 110145 2754 
LON 
LOT 4 418,0 104,5 0,263 
RES 36 14322,2 397,8 (NS) 
TOT 40 14740,2 368,5 
PRE 
LOT 4 15,846 3,962 0,973 
RES 36 146,642 4,073 (NS) 

TOT 40 162,488 4,062 
PON 
LOT 4 271,9 68,0 0,233 
RES 35* 10229,2 292,3 (NS) 

TOT 39 10501,2 269,3 
POS 
LOT 4 453,6 113 ,4 1,021 
RES 35* 3887,6 111,1 (NS) 

TOT 39 4341, 2 111, 3 

TABLEAU 1. Analyse de variance de chacun des 5 caracter�s pour 
les 5 lots d'Epiclerus nomocerus (Masi) (8,3,10,10 femelles). 
Signification des abreviations: CM=carre moyen, DL=degres de 
liberte, F=rapport des variances RES/LOT� FEC= fecondite, 
LON=longevite, LOT=source de variation entre lots, (NS)=F non 
significatif au seuil 1% ; durees de: PRE=la pre-oviposition, 
PON=la ponte, POS=la post-oviposition ; RES=source de 
variation residuelle, SCE=somme des carres des ecarts, 
TOT=total, *=l donnee manguante, non corrigee. 

N MOY MIN MAX EM 

FEC 41 74,9268 0 208 8,1952 
LON 41 39,5122 9 91 2,9980 
PRE 41 3,2927 1 9 0,3148 
PON 40* 30,2250 2,5627 
POS 40* 6,9000 0 62 1, 6425 

TABLEAU 2. Analyse statistigue des 5 caracteres biologigues 
d'Epiclerus nomocerus (Masi). FEC=fecondite, duree de la 
LON=longevite, PRE=pre-oviposition, PON=ponte, POS=post
oviposition, N=nombre de femelles observees, *=1 femelle 
manguante, -=donnee manguante, MOY=moyenne, MIN=minimum, MAX= 
maximum, EM=ecart-type. 



131 

vegetal avec son pillulier est pose sur le couvercle. Une 
femelle de l'hymenoptere est introduite dans l'enceinte, avant 
de la fermer. Toutes les pupes sont formees depuis plusieurs 
heures, un jour au maximum. La femelle de chalcidien vient 
d'emerger d'une pupe prelevee dans l'elevage en insectarium. 
L'exposition au parasitoide dure 24 heures. Le haricot avec 
ses pupes est enleve et remplace chaque jour. Toutes les pupes 
enlevees de l'enceinte sont dissequees pour denombrer les 
oeufs endoparasites. 

Les cinq caracteres biologiques sont quantifies a partir 
de 41 femelles d'E, nomocerus. Toutefois, pour des raisons 
pratiques, l'observation est echelonnee dans le temps, suivant 
5 lots (ou series) totalisant les 41 femelles. Il y a 
successivement un lot de 8, puis 10, 3 et 10 femelles (ou 
repetitions). Il faut done verifier qu'il n'y a pas de 
variation biologique d'un lot a un autre, induite par cet 
echelonnernent de l'etude. Le tableau 1 donne le resultat de 
!'analyse de variance: pas de difference significative entre 
lots, Par consequent, cet echelonnement n'a pas introduit de 
biais numerique: c'est comme si les 41 femelles avaient ete 
observees en rneme temps. Le tableau 2 donne le resultat de 
l'analyse statistique des cinq caracteres biologiques. 

Cette etude quantitative arnene trois remarques. 
Premierement, le Tetracarnpide presente une grande variabilite 
de la fecondite (0-208 oeufs), comme beaucoup de chalcidiens 
en elevage. La moyenne (75 oeufs) n'est pas elevee mais 
normale pour une longevite de 39,5 jours, compte tenu du temps 
que met le chalcidien pour rechercher et prendre possession de 
son h6te, meme avec des pupes en abondance (30-40 pupes 
immediatement disponibles). 

Deuxiemement, l'echelonnement de la ponte sur 30 jours 
est assez long pour eliminer des pupes eparses dans une serre 
(reliquat de L, trifolii apres traitement biologique), 

Troisiemement, pour son elevage et son utilisation, on 
dispose d'un delai de pre-oviposition de 3 jours (1-9), C'est 
relativement pratique pour recycler des adultes en insectarium 
et pour les lachers dans un delai qui n'affecte pas le 
potentiel biotique de l'insecte auxiliaire, 

4, Conclusion 

E, nomocerus contraste avec les autres parasitoides 
utilises a travers le monde contre L. trifolii, par la lenteur 
de ses deplacements a 2s•c et le temps consacre a la prise de 
possession d'une pupe. Il ne reagit pas au facteur densite de 
l'hote. Cette ahsence de reaction a la densite de l'h6te et 
son parasitisme pupal rendent incertaines, ses chances de 
juguler des pullulations de mouches mineuses, malgre son 
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exploration assez complete du milieu ou subsistent des pupes. 
Au contraire, il economise celles-ci, en pondant au point de 
piqure alimentaire. Sa gamme d'h6tes s'etend probablement 
a d'autres Agromyzides que ceux qui sont connus (L. trifolii, 
L. strigata, Ph. horticola, Ph. ilicis). Il reste a determiner
s'il s'agit de la biologie de l'ensemble de l'espece ou
uniquement, d'une lignee adaptee aux serres de tomate et
faiblement receptive a L. trifolii. Cette lignee n'est peut
etre pas isolee definitivement des populations naturelles. La
possibilite de retour a la bisexualite a ete prouvee pour la
premiere fois chez un chalcidien parasitoide de mouches,
Muscidifurax raptor Girault & Sanders (LEGNER, 1987).

D'un point de vue pratique, sa repartition climatique 
(climats temperes chauds, pre-saharien et mediterraneen; 
climats temperes froids) peut suggerer des essais 
d'utilisation en culture maraichere, dans plusieurs zones 
du globe ou sevissent des Liriomyza et Phytomyza. 
L'experimentation en condition de laboratoire montre que la 
femelle de D. isaea detruit 74% (73-82%) des larves de L. 
trifolii par predatisme et parasitisme (FRANCO et al, sous 
presse). L'association de D. isaea avec E. nomocerus, 
renforcerait le contr6le biologique de la Mouche serpentine. 
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LUTTE BIOL061QUE : -1-. Essai d"utilisotion de Phgtoseiulus 
persimi/isATHlAS-HDlRIOT (Acurino,. Phgtoseiidui!J contre 
Tetrungchus urticueKOCH (Acarina� Telrangchido,JJ sur une 

RESUME 

culture protegee d"oubergine. 

CHERMITI Brohim 
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Chott-Mariem. 4042 Sousse Tunisie 

Dens le cadre d'un programme de Jutte integree en cultures 
protegees, un essai d'utilisation de Phytoseiulus persimiHs pour lutter 
contre Tetranychl.!s urticoe a ete realise en serre d'aubergine fortement 
attaQuee par Jes tetranyQues. La multiplication des populat1ons du ravageur 
o ete controlee 5 semaines apres la deuxieme introduction du predateur

INTRODUCTION 

Les tetranyques et notamment Tetranychus urticoe KOCH trovvent 
dans les conditions de la serre un micoclimat tres favorable e leur 
multiplication Leurs deg&ts observes essentiellement sur cucurbitacees 
(concombre, melon, courgette) mais egalement sur a�bergine, haricot, voire 
fraisier sont spectaculaires : apres apparition puis generalisation de 
petites taches blanchatres sur le limbe foliaire, ii ya envahissement 
progressif des parties jeunes du vegetal avec ralentissement de la 
croissance du vegetal. Tres rapidement les feuilles sont recouvertes de 
toiles tissees par les acariens et se dessechent. Au stade ultime, les 
toiles envalissent toute la plante et des amas de jeunes aduites 
s·appretent e quitter le vegetal desseche apparaissent aux extremites des 
feuilles et tiges (PRALAVORIO et 81., 1975 -1983 ). 

La Jutte chimiQue preconisee das son origine contre ces ravageurs en 
serre s·est heurtee a de nombreux problernes et, particulierement, e 
!'apparition de souches resistantes aux pesticides. Peu de produits restent 
efficaces et utilisables en serre du fait de ce phenomene de resistance et 
des accidents phytotoxiQues. Aucun acaricide n·est utilisable contre les 
t.etranyQues en periode de recolte dans les cultures maraicheres. 

L'acuite du probleme pose par la pullulation de ces ravageurs en serre 
a amene Jes chercheurs, des t 96 t, a s·interesser a la Jutte biologiQue. Un 
acorien predateur Phytosei1.1h1s pers�mms ATHIAS-HENRIOT, 
appartenant a la famille des PhytoseHdGe, a ete experimente en serre des 
cette epoQue en Europe et s·est avere etre un agent de lutte tres efficace. 
(CHANT, 1961 ; BRAVENBOER et DOSSE, 1962 ; VOGEL, 1965 ; BOHM, 1966 ; 
GOULD, et al., 1967; BRAVENBOER, 1957; BEGLIAROV, 1967). 
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L'acarien predateur Phytoseiu1us persimiH s  ATHIAS-HENRIOT 
presente des caracteristQues tres favorables a son utilisation en serre: 
son developpement plus rapide QUe celui des tetranyques (BEGLIAROV, 1967) 
peut avoir lieu dans une large gamme de temperatures {DOSSE, 1958; 
PRALAVORIO et n1., 19BO) ; le taux intrinseque d'accroissement du 
predateur (0,219 individus par jour et par remelle) est nettement plus 
eleve que celui de sa proie (0, 143) a une temperature moyenne de 20,3°C 
(LAING, 1968 - 1969). Par ameurs, i1 est doue d'une excellenta efficacHe 
predatrice vis-a-vis de tous les stades des tetranyques. 

Le developpement de la Jutte biologique contre les tetranyques en 
Europe a J'aide de J'acarien predateur Phytoseiulus persimilis nous a 
amene a effectuer des lachers en serre d'aubergine en Tunisie {E.S.H. Chott
Mariem) et a elaborer un programme de Jutte integree sur cette culture. Par 
cet essai nous avons voulu tester la capacite de racarien predateur 
P.persimilis a controler une forte attaQue de l'acarien: T. urticoe sur
une culture d'aubergine.

MAlERIEL ET METHODES 

L'experimentation a eu lieu au domaine de l'Ecole Superieure 
d'Horticulture de Chott-Mariem clans un tunnel plastique de 585 m2. Deux 
variates c1·aubergine (F 1 BONI CA et FABINA) ont ete plantees le 26 
septembre 1967 sur 6 rangees a raison de 3 pour cheque variete. 
L'ecartement est de 1 metre entre Jes lignes et de 0,5 metre entre Jes 
plants. La culture a ete menee normalement mais sons aucune intervention 
chimique. 

Les conditions climatiques ont ete suivies a !'aide d'un 
t.hermohygrographe place au milieu du tunnel plastique. 

L'evolution des populations de T. Ui"th:02 et ulterieurement celle de 
P. persimilis a ete suivie sur 40 pi eds (20 de chaque Yariete) repartis
regulierement clans le tunnel plastique, le denombrement a ete effectue
chaque semaine et n·a conserne que les femelles des deux especes
d'acariens ..

Les lechers de P. persimHis ont ete effectues le 5 janvier 1988 a
tres iaible dose et le 10 fevrier clans la proportion du 1/10 du nombre 
,j'ad1Jltes de T. urticoe observes !ors du plus recent comptege. 

RESULTATS ET DISCUSSION 

Le premier comptege a ete effectue le 24 novembre 1987 et a revele 
que le ravageur Tetranychus urticoe e ete bien installe sur la culture 
avec une moyenne de 46,23 individus par plant. Au cours des semaines 
suivan!.es et suite a des conditions climatiques favorables, notamment une 
ternperature rnoyenne de J'ordre de 19° C, Jes populations de revageur ont 
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Fig. I: Evolution hebdomadaire des temperatures 
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Fig.2: Evolution temporelle des populations de!- !!:!!f.!!_ (T) 

et de son predateur .!! . persimilis (P) 
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auqmente consideraolement pour atteindre leur maximum le 5 janvier 1988 
avec une moyenne de 843,65 individus par plant (figure 2). A- cette meme 
date le premier lacher du predateur Phytoseiulus persimrns a ete 
effect.us a une tres faible dose en raison de la petite quantile d'acariens 
predateurs recue de la Station de Zoologie et de Lutte Biologique d'Antibes. 

A partir de la semaine suivante (le 12 janvier), la population de T. 
urt1cae a accuse une baisse specteculeire suite certainement eux 
operations repetees d'effeuillage operees en raison des attaques 
irnportantes de la culture par VerticHHum dahHae. En plus du 3 l 
decembre au 19 janvier la temperature moyenne etait de 16°C accusant une 
baisse de 3°C par rapport aux semaines precedentes (figure 1 ). Quant a
!'action du predateur Phytoseiulus persimilis, elle est restee sans 
doute reduite en raison du faible niveau des populations lachees le 5 
janvier 1988. 

Le chute de la population du ravageur va continuer jusqu·au 2 fevrier 
ou nous avons note 364,65 individus de T. urticoe par plant. Profitant 
ct·une elevation de la temperature, la population de tetranyques a 
augmente sensiblement des le 9 fevrier ( 427, 15 individus par plant). Cette 
reprise, coincide avec le deuxieme J§cher du predateur realise a la dose de 
1 Phytoseiulus persimilis pour 10 Tetronychus urticoe.

A partir de la semaine suivante, on note un declin net des populations 
de T. urticae qui chutent a 25,35 individus par plant le 22 mars. soit 5 
semaines apres le deuxieme lacher du predateur. correlativement la 
population de Phytoseiulus d'abord apparamment stationnaire s·est 
developpee a partir du premier mars (34, 11 individus par plant) et atteint 
son maximum le 22 du meme mois avec 84,85 individus par plant pour 
decroitre par la suite. 11 est interessant de noter a ce sujet que la 
population de T. �rticae elevee eu moment du lacher a necessite 5 
semaines pour e.tre controlee par le predateur et des lors i1 etait 
pratiquement impossible d'assister a une subite recrudescence de la 
population de T. urticea.

Le niveau tres eleve de la population du ravageur au moment du 
premier lacher et l'insuffisance de la quantile du predateur distribuee 
explique le temps relativement long ( 9 semaines) mis par P. persimilis
pour controler Jes populations de T. urticoe. Le contole de la population 
,ju ravageur aurait surement ete meilleur et plus rapide si Jes lechers 
f.!11aient ete effectues des les premieres semaines de rattaQue comme ra 
fleja conseille PRALAVORIO et al .. (1960). Les likhers precoces sont 
necessaires car ii faut 15 a 20 jours a P. persimHis pour bloquer une 
attaque de T. urticoe temps pendant lequel les degets continuent 
d'augmenter. 

En tenant compte seulement du deuxieme lecher, les resultats obtenus 
·�ont proches de ceux trouves par PRALAVORIO et oL. ( 1975). En effet, en
realisant des lechers de P. persimilis a la dose d'un predateur pour 10
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ravageurs. lls ont obtenu un blocage des populations de tetrnnyques en 2

semaines et Jeur elimination totale en 5 a 6 semaines. 

CONCLUSION 

Cet essai qui n·etait q1.fune premiere approche, a permis de tester la 
capacite predatrice de Phytosetutus persimilis a controler une attaque 
de Tetnmychus urticoe en milieu protege. Le predateur a pleinement 
joue son role. surtout lorQu'il a ete lache avec un rapport predateur-proie 
de 1 sur 10. Rien QUe deux introductions ont suffit pour controler Jes 
populations du ravageur qui etait deja a un niveau eleve et d'eviter de 
nouve JI es recrudescences ma I gre le retour des le 8 mars 1988 des 
conditions de temperature et d'humidite plus favorables au ravageur qu·au 
predateur. 11 faut remarquer egalernent que cet essai a ete volontairement 
effectue qu·and les populations de T. urticGe avaient atteint un 
developpement important. 

Cet essai permet de penser QUe dans un proche avenir, cette methode 
de Jutte dont l'efficacite et l'inocuite ne sont plus a demontrer en Europe, 
pourra prendre une extension importante dens les cultures sous abri en 
Tunisie. Toute fois, cela ne sere possible que lorque l'efficacite du 
predateur sera mise a l'epreuve sur d'autres cultures protegees et ·avec 
i:lifferentes modalites ct·emploi. 
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TETRANYCHUS URTICAE (KOCH) CONTROL IN A ROSEBUSH GLASSHOUSE BY 

USING THE STIRRUP-M PHEROMONE 

Summary 

PAGONA PAPAIOANNOU-SOULIOTI 
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145 61 Kiphissia (Athens) - GREECE 

The results obtained from the treatments are the following: 

fluvilinate has shown a remarkable acaricide action and a higher 

efficacy on the moving forms of mites, 91.551 when applied with 

the pheromone over 80.351. Dinochlor combined with the pheromone 

has had a reduced action efficiency (83.77, for the moving forms 

and 79.881 for the eggs), probably due to the particularities of 

the formulation that alone, without the pheromone has had a 

higher action efficiency, 97.08, for the moving forms an� 93.84' 

for the eggs. The combination of the mixture clofentezine + 

fenbutatin-oxide and the pheromone gave excellent results in 

both the moving forms of mites 97.28' and the eggs 97.971. 

These encouraging results indicate that stirrup-M pheromone, 

always in combination with an acaricide formulation, posseses a 

lot of possibilities for· practical application on culture 

protection against T. urticae 

grated control programmes. 

1. Introduction 

infestation in selected and inte-

Among various animal enemies able to cause serious problems

in floriculture and horticulture by qualitative and quantitative 

crop degradation Red Spider Mites Tetranychus urticae (Koch) 

and T. cinnabarinus (Bois.) are almost at the first place. 

Concerning the problems caused by the above species in 

orchards, these have been faced for years on the basis of the 

"economic damage threshold", which varies from 451 to 601 of 

infested plants independently of the number of moving forms per 

leaf Furthermore the utilization of selective formulations of 

. �toxicity for beneficial population as well as the recomen-



141 

dation or reminding (by experts of phytopathology programmes) 

for limitation or rejection of formulations that excite the 

Red Spider Mites' fertility have been met positively by the 

growers, resulting in a quite limited number of treatments. 

In 

chosen 

glasshouses situation is 

floricultural varieties 

entirely different, as the 

as well as the horticultural 

plants undergo a lot of pesticides and treatments in order to 

be protected from the large number of animal enemies and 

diseases that infest them. That results in the kno�n incidences 

both of developing resistant tribes and disturbing the biological 

equilibrium. 

The Red Spider Mites control in glasshouses is difficult 

enough, as the large number of generations developping there in 

addition to the fast development of resistant to acaricides 

tribes do not allow its control easily. 

A research on other techniques for the control of these 

mites is needed. The utilization of new selective bioacaricide 

f�rmulations, attractive food substances and beneficial organisms 

(predators) in the frame of selective or integrated control 

programmes seems to be the best solution in the case of glass

houses. 

Releases of predator PhytoseiuLus persimiLis (Athias -

Henriot) fro three consecutive years 1988-1990 in a glasshouse 

containing rosebushes var. baccara for the control of T. urticae 

populations did not give the expected results. The predator's 

both establishment and development has been limited. We think 

that's due more 

the glasshouse and 

to the sulphur saturated atmosphere within 

less to the pesticides being used for the 

control of enemies and diseases. 

Finally in order to estimate the various biotechnological 

means for T. urticae control and their application possibilities 

we carried out a research in a resebush glasshouse in Attica area. 

The results obtained are cited briefly in this paper (1, 2, 3, 4, 5). 

2. Material and Methods

A glasshouse of 1000 m
2 

planted with' rosebushes var. baccara 

situated in Marathon, Attica, has been used as an experimental 

plot. The new formulations used for efficiency tests on the popu-
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lation of mites were: fluvalinate (MavrikJ, clofendezine (Apollo), 

dinochlor (Pentac) in its new form (emulsive liquid) and the 

mixture fenbutatid-oxide + clofendezine (Ventex + Apollo) and 

the attractive food substance (pheromone) stirrup-M (Fernesol 

and Nerolidol). Some of the above tested formulations have been 

put in the market �ecently, others are under registration. 

Spray applications were effected during the mites' population 

high density period. Table 1 shows treatment dates and doses rate 

of acaricide formulations used. 

For each acaricide and the control were utilized 4 experimental 

plots (replicates) according to a plan of thoroughly casua1 

groups. Every experimental plot comprised 6 plants. The spray 

application was effected on a hand-operated spayer and it ffas a 

full cover spray until all spray liquid pourred out. 

Estimates of acaricide formulations were effected by counting 

the mites' population on samples of 100 leaves (25 X 4), taken 

at random throughout the plants foliage a day before and in 

different periods of time after treatment. 

3 .  Results - Discussion 

The results of evaluation tests on the ef�icacy of various 

formulations applied against the mites (Table 1) are the following: 

At the first test �ith fluvalinate, 8 days after the spray, 

the reduction of moving forms has been statistically significant 

for both cases compared with the control. In 20 days the efficiency 

of this formulation in combination with the stirrup-M pheromone 

has shown a remarkable acaricide action on the moving forms �ith 

a statistically important differene compared both to the control 

and the formulation applied alone, of ¥hich groups presented an 

increased infestation on a level statistically not differing 

from the control. 

Fulvalinate in combination with the attractive substance 

stirrup-M presented a quite satisfactory efficacy on the moving 

forms of phytophaga. The mites' first infestation concerned 100% 

of leaves with 13.84 individuals/leaf, that after treatment ffas 

reduced to 6.12 individuals/leaf, while the moving forms population 

level was reduced to 8.44%, and the efficacy of the mixture 

attained 91 ,55% over 80.35% when it was applied alone. In both 



.ABLE 1. Results obtained from application of pheromone stirrup-a in combination with other acaricides for 

Tetranychus urticae (Koch) control 

Counts of eggs and moving forms of aut�s/100 leaves before and 

:l,emical formulations 

l'EST A 

II Fluvalinate E.C. 

.!J Fluvalinate + Stirrup-!! 

l) Control 

!'EST B 

I) Dinochlor E.C. 

!.) Dinochlor + Stirrup-M 

3) Control 

'!'EST C 

I) Fenbutatin-OXide E.C. + 

Clofendezine 

2) Fenbutatin-OXide+Stirrup-M + 

Clofendezine 

l) Control 

Treatment 
days 

24/5/88 

27/6/88 

28/7/88 

28/7/88 

g or ml of 
formulation 

in 100 lit. 

of water 

60 

50 + 40 

125 

115 + 40 

40 

3o+4o+20 

after treatment 
before 

treatment 

Eggs 

504.00 a 

527,25 a 

811.00 a 

512.25 a 

587.75 a 

581.05 a 

767.75 a 

705.75 a 

867.00 a 

1 

Mov.Forms 

346.00 a 

485,75 a 

399.05 a 

715.25 a 

762.00 a 

697.00 a 

820.25 a 

962.00 a 

1269. 75 a 

8 days after 

treatment 

Eggs 

869.25 a 

877,25 a 

972.05 a 

132.00 b 

330.25 b 

2227.25 a 

59.00 b 

36.00 b 

21187.75 a 

Mov.forms 

15.3.00 b 

107,25 b 

1348.5 a 

51.75 C 

235.00 b 

1829.75 a 

218.5 b 

3'!1.00 C 

1841. 75 a 

20 days after 

treatment 

Eggs 

1767.25 a 

1324.00 a 

2191.05 a 

199.25 C 

473.25 b 

766.00 a 

22.0 b 

23.5 b 

2331.00 a 

Nov.forms 

490.75 a 

77.00 b 

718.05 a 

27.25 C 

457.00 b 

1682.75 a 

26.75 b 

22.25 b 

1574.25 a 

For each column average values marked with the same letter statistically do not differ from each other for P=0.05 
according to Duncan's method 

w 
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cases ovicide action of Fluvalinate has been almost trivial to 

negative (20.16 eggs/leaf before treatment, 34.77 eggs/leaf 

after treatment). 

Concerning dinochlor, its application without the pheromone 

presented a remarkable efficacy with a statistically signifi

cant difference both in 8 and 20 days after the spray over the 

mixture and the control of the moving forms and the live eggs. 

The efficiency of the formulation reduced the level of the 

moving fozm populations and the live eggs to 2.91% and 6.15% 

respectively, while the formulations efficacy went up to 97.08% 

for the moving forms and 93.84% for the live eggs. The reduced 

efficiency of this formulation in relation with the pheromone 

stirrup-M on the moving forms and the eggs, statistically 

different compared with the first case, is propably due to 

particularities (way of action) of this formulation on the 

phytophaga. The efficacy of mixture ·'!dinochlor + stirrup-M did 

not exceed 83.77% for the moving forms nor 79.88% for the eggs. 

At the third test the combination of formulations 

chlofentezine + fenbutatin-oxide + stirrup-M gave excellent 

results on both moving forms and eggs in 8 and 20 days after 

spray with a significant defference compared to the control. 

Furthermore the mixture showed a remarkable efficiency over 

the formulation fenbutatin-oxide + chlofentezine as well, 

particularly in 8 days after the spray with a statistically 

significant difference on the moving forms. The level of moving 

form populations and live eggs was reduced to 4.71% and 2.02% 

respectively, while the formulation efficacy attained 95.28% 

for the moving forms and 97.97% for the eggs. 

The above results obtained from tests finally show that 

pheromone stirrup-M always in combination with an acaricide 

formulation increases the efficiency of the formulation and 

makes it efficacious at doses lower than those recommended by 

manufacturers making thus their application possible in selective 

and integrated control programmes too. 

Concerning Fluvalinate in combination with the pheromone, it 

appears to be fairly efficacious, especially when applied on not 

particularly high populations. 
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ESSAI DE LUTTE CONTRE LES Meloidogyne SOUS-ABRIS 
r:

,.,
• 

SERRES PLASTIQUE PAR L ' EMPLOI DE VARIETES DFlE> •;'JJO,i\TE 

RESISTANTES. 

S. SELLAMI et A. EDOOUD

Departement de Zoologie Agricole 

Institut national Agronomique. 

EL-HARRACCT ALGER ALGERIE. 

A study of the use of resistant tomate cultivars (Tresor, Carpy : 
Hybrids) against Meloidogyne in the green houses was conducted in 
the experimental station of institut of Agronomic El-Harrach during 
the year 1988/1989. Resistant tomate cultivars decrease population 
of Meloidogyne in the soil and roots • the weight of samples indi
cated an increase of two at four higher than susceptible cultivars 
(Tango, Fandongo). The observation of females of Meloidogyne in 1i; 
the roots of resistant cultivars revealed the presence of agres
sive souche of Meloidogyne. The weeds as host plant were.be noted. 

1. Introduction

En Algerie, les cultures maraicheres ont connu ces derniere·s
decennies un developpement spectaculaire particulierement sous 
abris-serres plastique. En effet, les superficies qui etaient de 
quelques hectares au debut des annees 1970 ont atteint plus de 
5000 Ha en 1988. Parallelement, nous assist ons a une recrudescen
ce de parasites parmi lesquels, les nematodes du genre Meloidogyne 
representent le principal probleme sur cultures maraicheres aussi 
bien en plein champ que sous-abris serres plastique (LAMBERTI et 
al., 1975). 
A titre d'exemple,'..MOKABLI (1988) rapporte que plus de 65 % des 
abris serres plastique sont infestes par ces nematodes suite a une 
prospection menee dans certaines regions d'Alger. 
Ces dans ce contexte que, nous a�ons entrepris une etude en 1989 
portant sur l'utilisation de varietes de tomate resistantes qui 
constitue un moyen de lutte efficace et economique (FA SSULIOTIS, 
1976). 

2. Materiels et Methodes

Notre etude a ete menee a la station experimentale de l 'Insti
tut National Agronomique d' El-Harrach (Alger) durant la campagne 
1988/1989 dans 2 abris-serres plastique : l 'une (A) avec precedent 
cultural de variete de tomate sensible (degre d'infestation en fin 
de culture 2,6) et l'autre (B) avec un precedent de variete resis
tante (saine). 
L'essai a ete realise selon un dispositif en bloc aleatoire eornµ
Jei avec 5 repetitions. 
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Chaque bloc est constitue de 4 parcelles elementaires et chaque 
micro-parcelle renferme une variete et comprend au total 20 
plants. Le materiel vegetal utilise comprend 4 varietes : 2 sen
sibles (Tongo et Fandango) et 2 resistantes (Carpy et T resor : 
Hybrides). L'analyse granulometrique a montre que le sol des 2 
abris�serres plastique a une texture limono-argileuse avec un pH 
de 7,2. Au cours de cette experimentation, des releves de tempe
rature de l'air et du sol ont ete notes. 
Les principaux parametres experimentaux retenus pour apprecier 
1 'influence des varietes resistantes dans la lutte cont re les 
Meloidog yne sont lies d'une part a la culture (production, indice 
de vigueur, indice de galle) et d'autre part a l'effectif des 
populations du parasite dans le sol et dans les racines. 

3. Resultats et Discussion

3.1 . I nfluence des differents traitements sur la reaction de la plante 

1. Sur la vigueur de la plante. 

Les resul tats representes dans le tableau n° l montrent qu 'en cours de cu 1-
tutu re, l'indice de vigueur ne varie pas pour l 'ensemble des trai
tements. E n  revanche en fin de culture, la vigueur des plants des 
traitements resistants sur sensibles ou resistants sur resistants 
est nettement superieur a celui des traitements sensibles sur 
sensible s. 

'$.2. Sur l'indice de galle 

D'apres B'CHIR et HORRIGUE (1983) l'indice de galle est un 
excelent parametre pour evaluer le degre d'infestation reel du·.,.-,l 
�J .. 11: t".l'em:etd'apprecier le role des varietes resistantes dans la 
lutte contre les Meloidogyne. Les valeurs consignees dans le tab
leau n' 1 montrent que l 'indice de galle des varietes resistantes 
est nettement inferieur (0,21 et 0,28) par rapport a celui des 
varietes sensibles avec precedent sensible (2,19 et 3,45). 

L 

Tableau n° 1 : Influence des differents traitements sur la 
reaction de la plante. 

SERRE A SERRE 
-

T C To F T C 

Indice de vigueur 
3,73 2,56 2,49 2,83 2,83 2,45 en cours de culture 

Ind ice de vigueur 
3,32 3, 11 0, 77 0,77 3,63 fin de culture 3, 11 

Indi ce de galle 
0,01 0,05 3,45 2, 19 0,00 fin de culture 0,02 

T Tresor C Carpy To Tongo F Fandango 

B 

To F 

2,64 2,88 

2, 15 2,72 

0,28 0,20 
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1.3. Sur la production 

Les resultats ponderaux des fruits indiquent que la production 
des varietes resistantes est largement superieure a celle des va-
rietes sensibles, particulierement pour la variete tresor : 
F.ig. ll Les varietes resistantes restent productives jusqu'a la
derniere recolte ce qui tl.'est pas•,le cas pour les_ variltes sen
sibl es.
De meme, nous avons releve que le calibre des fruits des varietes
resistantes depasse celui des varietes sensibles ; il est respec
tivement de 7 a 7,4cm pour Tresor et Carpy (sensibles) et de 6 a
6,8cm pour T onge et Fandongo (resistantes).

3--,2, Sur les populations de Meloidogyne dans le sol et les racines 

I 
I 
I 

Les analyses nematologiques au niveau du sol et des racines 
montrent la presence des Meloidogyne aussi bien dans les varietes 
sensibles que resistantes. Cependant, chez ces dernieres le niveau 
de population releve est plus faible en comparaison avec les va
rietes sensibles (Tableau n ° 2). 

Tableau n°2 Effect ifs des populations de Meloidogyne dans les 
racines et dans le sol. 

S E R R E A S E R R E B 

Meloidogyne T C To F T C To 

par lOOg/sol en 1,79 2,22 2,21 2,27 ;l, 61 : 1,81 ·1,82fin de culture 
log (x+ 1) 

Meloidogyne 

par g/racines en 
fin de culture 1,93 1, 91 3, 15 3,03 1,66 1,82 1,98 
log (x+ 1) 

T. Trese>r, C : Carpy. ; To ; Tonge ; F : Fandongo 

F 

.1,91 

1,88 

Les analyses statistiques par le test de student ont montre des dif
ferences significatives pour les facteurs variete et precedent. 
Les observations occasionnelles des galles au niveau du systeme 
racines de quelques plants des varietes resistantes dans les 2 
abris serres peuvent etre attribuees soit a la presene d'un bio
type. A ce titre, PROT (1984) signale qu'une population spontanee 
de M. areharia est capable de briser la resistance des varietes 
de tomate au Senegal, soit a une elevation de temperature. En 
effet, dans notre etude, la temperature du sol a atteint 30 ° a 
partir de fin Mai. 
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Neanmoins, ceci reste a confirmer par d'autres travaux. D'apres 
DROPKIN 51969) la temperature constitue un facteur limitant pour 
la resistance des plants. De meme, plusieurs travaux ont montre 
que la resistance est brisee ave� l 'augmentation de la tempera
ture : cas de la tomate qui perd sa resistance vis a vis de 
M.incognita a des temperatures superieures a 30 ° C (HOLTSMAN, 
196�, PAULSON? 1976. ZACHEO & ZACHEO, 1984). 
Toutefois, nous rapportons qu'aucilJlurs de notre essai plusieurs 
espe ces d'a dventices presentant des galles ont ete resencees 
(Tableau n ° 3). 

I 
I 

Tableau n°3 : Liste des especes d'adventices presentant des 
galles. 

Fami lles Especes Familles Especes 

Graminees Setaria Chenopodiacees C henopodium album 
verticilata 

Setaria vi ridi s Armranthacees Arra ran thus angustifol ius 
Arra ran thus hybridus 

Portulacacees Portulaca Funnriacees Furrn.ria capryolata 
oleracea 

Legumineuses Vicia sativa Prirrulacees Anagalis arvensis 
Melilothus indica 
Tri fol ium spp 

Convolvulacees Convol volus Solanacees Salpicroa origanifolia 
arvensis SofanuriL nigwm 

5. Conclusion 

L'etude comparee des varietes de tomate sensibles et resistan
tes dans la lutte centre des Meloidogyne montrent que ces den+ 
ni eres contribuent a diminuer les effectifs des populations de 
ces parasites aussi bien dans le sol que dans les racines. Ces 
resultats concordent avec ceux obtenus par certains auteurs ayant 
entrepnis les memes etudes dans ce domaine (FASSULIOTIS, 1979; 
HORRIGUE, 1983 & ROHINI et al 1984�. De meme, l 'exuerimentation 
a montre que l 'installation d'une culture sensible·, apres une 
autre resistante donne une recolte nettement superieure a celle 
dont le precedent est une culture sensible. Vu les li�it�s d� 
1 'emploi des varietes resistantes, une intervention complementai
re (utilisation de c hampignons nematophages, lutte chimique etc •.. ) 
est a envisager dans un systeme de lutte integree. 
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"SOIL SOLARIZATION" AND METHYL-BROMIDE 
ALTERNATED TREATMENTS AS NEW METHOD IN THE 
DISINFESTATION OF SOIL IN PROTECTED. CROPS 

C. CALABRETTA (1), A. COLOMBO (1), S. NUCIFORA (1), S. PRIVITERA (2)

(1) Istituto di Entomologia agraria dell'Universita di Catania
Via Valdisavoia, 5, 95123 - CATANIA - ITALY

(2) Osservatorio per le malattie delle piante
Corso Umberto, 144, 95024 - ACIREALE (CT) - ITALY

Summary 

The experimental results obtained on tomato "Vemar Fl" protected 
crop grown on solarizated soil with or without treatment with phenami
phos, employed at different quantities, are reported. Precedently in 
the same soil, treated at rate of g 80/m2 methyl-bromide, a tomato 
crop was grown. The variation on the presence of root-knot nematodes 
in the untreated and variously treated soil was tested. In all thesis 
the occurrence of nematode galls was limited only in the bordering 
plants, without significant differences between chemically treated 
and untreated thesis. The possibility to alternate the methyl-bromide 
and solarization methods without to apply other chemicals has confirmed. 

1. Introduction

Solarization has been studied as alternative method to soil 
fumigation with chemical substances (KATAN, 1980; KATAN, 1981; CARTIA, 
1984) against pathogenic fungi in the soil and against root-knot 
nematodes. Against the last ones a partial success (CARTIA �-, 1989) 
was obtained by it. From the recent studies on the effect of soil 
solarization on root-knot nematodes very different results risen due 
to the differences in several important factors such as the duration of 
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the physical treatment, the amount of solar energy, the physical 
characteristics of the soil, the humidity level of the soil during 
the treatment, the time and duration of the coltural cycle, the influen
ce that the varying climatic condition can have on plants activity 
and on the activity of their animal and vegetal parasites (c�RTIA, 
1989 a); Some cases are known, in which the attack of Meloidogyne spp. 
has not stopped by solarization and has not slowed down, appearing in 
an unsatisfactory way. 

Recent trials (NUCIFORA, 1989) show how in solarized sctl 
both production and plants growth are highly correlated to the degree of 
attack of root-knot nematodes against them. By soj_l solarization 
different efficacy, even in the same place, in different years has 
been obtained, due to differences in the above mentioned factors. Due 
to early infestations of roots nematodes some produ�tions of Vemone Fl 
in solarized greenhouses have been slightly bigger than the on_es 
recorded from non solarized soil and sensibly smaller of productions 
coming from greenhouses fumigated with methyl-bromide (NUCIFORA, 

l.c.).
For such cases it could be usefull to effect complementary chemical 

treatments to stop or slow down the development of root-knots nematodes, 
which solarization would not be able to stop. In this way the employme�t 
of phenamiphos in small and localized rates, applied after transplant, 
has been sperimented without success (NUCIFORA et al., 1989), 

The possibility of employing soil solari�ation, alternating 
in with the employment of methyl-bromide, has been suggested by Garibal
di and Gullino ( 1988) and by Cartia et al. , ( 1988). 

To verify such 
or adding phenamiphos 

possibility, applying the solarization by itself 
on soil previously fumigated with methyl-bromide, 

the trials reported in this paper were carried out. 

2, Materials and methods 

we· employed the hybrid "Vemar Fl", known for its weakness against 
root-knot nematodes. As control the crop grown on solarized soil 
without the use of nematocide was used. The other thesis had been 
solarized and treated after the transplant with phenamiphos, The 
quantity employed of the chemical varied f rom thesis to thesis crop, 

The experiment wanted to rivaluate both the efficacy of solariza
tion to avoid root-knot nematodes infestation and the possible integra
tive action of phenamiphos for such a purpose. Solarization was applied 
on soil fumigated with methyl-bromide before applying the previous crop. 

Pratically we wanted to see what possibility there was to employ 
in an alternate way fumigation and soil solarization and in what ways 
the post-transplant adding of phenamiphos can improve both its disinfe-
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stant effect and the productive capability of the crop. 
Therefore 10 thesis with various doses of phenamiphos was set 

out to compare with the control crop. 
The experiment took place during 1988 in a cold greenhouse of 

1200 m2 , in the area of Ragusa. The greenhouse was covered with a 
plastic film of P.E., which is changed every year. 

The soil had 93% of sand, 5,8% of lime, 1,2% of clay and 0,78% 
of organic matter. 

The greenhouse had previously been used for a spring-summer 
cycle of tomato "Arlette", transplanted on soil fumigated with methyl
bromide (g 80/m2 ) • The production of the "Arlette" crop was good 
and at the end of the cycle the roots of all the plants did not show 
the presence of Meloidogyne knots. After the plant extirpaticn the 
soil was solarized for 50 days, from the 10th of july to the 30th of 
august. Previous to the "Arlette" crop, there had been a crop of 
tomato "Vemone Fl" in an autumn-winter cycle, during which there 
had been a considerable development of root-knot nematodes and it 
had therefore been necessary to fumigate the soil (methyl-bromide 
g 80/m2 ) before the new Arlette spring-summer crop.

The solarization was effected inside a closed greenhouse, following 

the procedures suggested for the success of the practice itself (CARTIA, 
1989 b). The "Vemar Fl" was transplanted in the greenhouse on the 1th 
of october 1988. The transplant was effected in double rows, leaving 
a distance of 50 cm between the double rows, a distance of 100 cm 
between each of the pair rows and a distance of 33 cm between the 
plants in each row. In total there were 3 plants per square meter. 

fertilization processes were effected with hose 
The fertilization of base was done using mineral 

without making use of dung. During the cycle both 
all other agronomical practices were done following 

Irrigation and 
a drip delivery. 
fertilizers only 
fertilization and 
the local practice. 

We followed a simple randomized scheme, with three repetitions 
of 34 plants each. Ten thesis and the control was formed. The control 
was repeated eleven times, in order to verify the main hypothesis of 
the experiment: to check whether soil solarization, applied under the 
above mentioned circumstances, would have been able by itself to 
control the infestation level of Meloidogyne. In order to confront 
the results together with the other ten thesis, we only considered 
three test succession, closen for this purpose. The ten thesis crops 
differed between thera in the amount of phenamiphos applied or, for 
the some amount, in the technique with which the phenamiphos was 

applied. In such a way we employed an application inside a superficial 
furrow for the thesis 1 to 5 with the doses of 2.3, 3.5, 4.6, 7.0, 
10.5 g/plant of commercial product at 4.8� of a.i. respectively; 
for the thesis 6 to 10 we employed a plant localized distribution 
with the same ratios as the first five thesis. 

We effected a soil sample 36 days after transplant. This was 



done in 
in the 

order to 
11 thesis. 
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check the eventual presence of root-knot nematodes 
An hundred days after transplant a macroscopic 

and microscopic analysis of the roots was effected, pulling up some 
randomly chosen plants from each ripetition and analysing their root 
system in the laboratory. The microscopic analysis has been effected 
with the Cobb's method for extration of nematodes from soil (THORNE , 
1961), and incubation's technique (ZANGHERI and PELLIZZARI SCALTRITI, 
1981) for the extration of nematodes from vegetables tissue. At the 
end of the cycle we preceded to the evaluation of the production, 
counting and weighing the fruits, once they were picked. 

3. Results and discussion

In the planimetrical map (fig.l) the level of attack to the 
roots at 
unitary 
unitary 

the cycle 
yield, .the 
weight of 

analysis reporting 
the various thesis. 

end was emphasized. The tables 2-4 show the average 
average number of fruits/per plant and the average 

the fruits. Table 1 shows the results of the soil 
the relative quantity- of nematodes present in 
It clearly shows how-at 36 days from the transplant 

the quantity of nematodes was not very consistent, and it was similarly 
present in all the thesis without direct proportionality to the doses 
of nematocide employed. Over all it was higher in the control even if 
there was no significant difference between the control and some 
of the thesis where the application inside the fur°row had been used. 
Significant was the difference between the control and the thesis 
where the localized applications had been used. Never the less in 
both cases the presence in the soil of root-knots nematodes did not 
lead to the presence of knots in the roots of any of the plants of 
the 11 thesis. 

The presence of root-knots appears only on some of the plants 
close to the sides of the greenhouse, where the solarization effect 
had been smaller due to the well known heat dispersions. High levels 
of attack, reaching the top level of the figurative scale 0-5 (CALABRET
TA�·• 1989), are pointed out. As shown in the planimetry of fig.l, 
there was no behavioural difference in the 11 thesis with regard to 
this attack, which shows the inefficacy of phenamiphos, when used 
with the above distribution techniques. As well, there was no negative 
difference in the cumulative yield (tab.2), or in the number of fruits 
per plant (tab.3), or in the average unitary weight of the fruits 
(tab,4). In all the cases and for all the thesis the results we achieved 
did not show statistically significant differences. The presence 
of root-knots in the plants shows what was the potentiality of the 
attack and what levels of infestations would have been reached if 
the soil solarization would not have been effective, as indeed wasn't 
in the peripheric areas of the greenhouse, due to the well known 
edge effects. The results of the microscopic analysis of the roots, 
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effected 100 days after transplant, did not show a significant presence 
of root-knot nematode larvae in any of the thesis. 

4. Conclusions

We can draw the following conclusions from what has been said
up to now: 
1 the employment of phenamiphos 
administered after transplant inside 
distributions, neither improves the 
the appeareance of root-knots; 

as integrative to solarization, 
a furrow or in plant localized 

yield of the crop, nor it stops 

2 the employment of solarization inside a closed greenhouse, on 
soil which had 
crop, was able 

been fumigated with methyl-bromide before the previous 
by itself to avoid the formation of root-knots except 

in the peripheric zone of the solarized area; 
3 at least in Sicily, there is a real possibility to successfully 
alternative soil solarization in summer time with soil fumigation 
employing methyl-bromide in winter time. This means that we are at 
the moment able to half the impact of this chemical with the enviroment, 
in such a way to achieve the results which the law of the italian 
M.A.F. is expecting to achieve in this and in many other sectors
of integrated pest management.
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Table 1 Number of nematodes (Meloidogyne spp.) for 100 g-1 of dry 
earth recorded at 36 days from the transplant on soil sola
rized and treated with Nemacur at 4,8% of phenamiphos 
in the quantities reported in table, variously distributed 
(•) (**), 7 days after transplant (Donnalucata, 1988). 

II Number of Meloidogyne spp. 
Nemacur 

11 
(g/plant) 

0 

2.3 

3.5 II 

4.6 

7.0 

10.5 II 

Mean 

Significant effects 

Method of distribution 
Dose 

for 

(*) 

97.1 

27.6 

82.7 

85.9 

67.5 

21.4 

58.1 

Dose x Method of distr. 

(*) (**) see table 4 

lOOg-1 of soil 

(**) 

92.4 

27.5 

52.3 

21.4 

55.3 

42.9 

50.9 

P= 0.05 

27.6 
39.06 

Mean 

94.75 

27.55 

67.5 

53.65 

61.4 

32.15 

DMS 

P= 0.01 

37.4 
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Table 2 Mean yield/plant {g), cumulated at the end of production 

cycle, of tomato crop "Vemar Fl" on soil solarized 

and treated with Nemacur at 4,8% of phenamiphos in the 

quantities reported in table variously distributed {*) 

{**), 7 days after transplant (Oonnalucata, 1988). 

II 
Mean yield/plant (g} 

Nemacur 

{g/plant) 

0 

2.3 

3.5 

4.6 

7.0 

10.5 

Mean 

II 

11 

II 

Significant effects 

Method of distribution 

Dose 

(*) 

2759.9 

2945.1 

2746.9 

2846.4 

2530.9 

2610.6 

2711.1 

Dose x Method of distr. 

(*) (**) see table 4 

{**) 

2720.l 

2701.8 

2367.0 

2567.5 

2649.7 

2596.2 

2587.0 

P= 0.05 

OMS 

Mean 

2740.0 

2823.4 

2556.9 

2706.9 

2590.3 

2603.4 

P= 0.01 
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Table 3 - Mean number of fruit/plant, cumulated at the end of production 

cycle, on tomato crop "Vemar Fl", on soil solarized and 
treated with Nemacur at 4,8% of phenamiphos in the quantities 

reported in table, variously distributed (*) (**), 7 days 

after transplant (Donnalucata, 1988). 

II 
Nemacur 

(g/plant) II 

0 11 

2.3 

3.5 11 

4.6 

7.0 

10.5 II 

Mean 

Significant effects 

Method of distribution 
Dose 

Mean 

(*) 

16.0 

17.1 

15.7 

17.1 

15.4 

15.5 

16.0 

Dose x Method of distr. 

(*) (**) see table 4 

number of fruit/plant 
Mean 

(**) 

16.5 16.25 

15.5 16.3 

13.9 14.8 

15.3 16.2 

15.3 15.35 

15.2 15.35 

15.2 

DMS 

P= 0.05 P= 0.01 
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Table 4 Unitary mean weight of the fruits (g) on tomato crop "Vemar 
Fl" grown on soil solarized and treated 
at 4,8% of phenamiphos in the quantities 
table, variously distributed (*) (**), 7 
transplant (Donnalucata, 1988). 

11 Unitary 
Nemacur 

(g/plant) II 

0 

2.3 II 

3.5 

4.6 II 

7.0 

10.5 II 

Mean 

Significant effects 

Method of distribution 
Dose 

(*) 

172.1 

172.6 

174.7 

166.3 

163.8 

167.9 

169.2 

Dose x Method of distr. 

mean weght of the fruit! 
( ) 

I (**) 

165.0 

174.1 

170.0 

168.2 

173.3 

170.2 

170.4 

DMS 

P= 0.05 

with Nemacur 
reported in 
days after 

Mean 

168.55 

173.35 

172.35 

167.25 

168.55 

169.05 

P= 0.01 

Tables 1-4 (*) Distribution of Nemacur along the row. 
(**) Distribution of Nemacur concentrated in three si

tes around the plant. 
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Figu re I - Plan of p lant d i st r ibution and Heloi dogyne spp. attack. 
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EFFECTS OF SOIL SOLARIZATION ON LARVAE OF MELOIDOGYNE SPP. IN SOIL AND 
ROOT OF TOMATO "NOVI Fl" IN COLD GREENHOUSE 

C. CALABRE'ITA (1), A. COLOMBO (1), S. COSENTINO (2), E. SCHILIRO' (3), 
O. S0RTIN0(4)
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Catania - Via Valdisavoia 5 - 95123, CATANIA (ITALY) 

(2) Centro di Studio sulle Colture Precoci Ortive in Sicilia del
C.N.R. c/o Istituto di Agronomia Generale e Coltivazioni erbacee -
Universita degli Studi di Catania
Via Valdisavoia 5 - 95123, CATANIA (ITALY) 
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Corso Umberto 144 - 95024, Acireale (CT) ITALY 

(4) Istituto di Agronomia Generale e Coltivazioni erbacee - Universita
degli Studi di Catania - Via Valdisavoia 5, 95123 CATANIA (ITALY) 

Summary 

To verify the validity of the introduction of soil solarization 
among. the agronomic practices in protected cultivation, in 1988 a. 
research has been carried out in cold greenhouse in Sicily (S. Croce 
Camerina - RG - 36°48' N, Lat 2°55' E Long) applying a solarization 
treatment, in compartson to a treatment with methyl bromide and to an 
untreated control, on tomato 'Novi Fl' nematode resistant. The amount 
of nematodes (Meloidogyne spp.) in soil resulted, in the average,
higher in control (2.9 nematodes g

-l 
of soil) compared to the other

-1 
two treatments (0.9 and 0.6 nematodes g of soil in the solarization 
and bromide treatments respectively). The number of nematodes in root 
was, irrespective of the date of analysis much higher in control than
in bromide and solarization treatments (486, 70 and 16 nematodes g-

l

d.m. of root, respectively). At the t�ird harvest -ihe solarization
treatment gave an accumula!

f
d production of 13. 7 t ha which resulted

hi!�er than control (t ha 6.2) and lower than bromide treatment (t
ha 22.0). At the end of c ycle the accumulated production of the
sterilised treatments (the methyl bromide and the solarization), were
not significantly different (61.3 and 58.4 t ha -

l 
respectively) but

gave a higher production than control (50.5 t ha
-1

) 

1 • Introduction 

Soil disinfestation by means of methyl bromide is at present the 
most widely used practice in greenhouses along the coastal region of 
Ragusa province to control the impoverishment of fertility of the 
substrates especially from the phi tosani tary point of view ( ICALABRETTA 
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and PRIVITERA, 1985). Its favourable action which is carried on 
especially on the control of the activity of fungal parasites and of 
the root-knot nematodes (Meloidogyne spp.), arouse, however, some 
uncertainty in relation to the environmental risks and the possible 
residues of bromine in the products of plants cultivated on treated 
soil (FOTI and LA M4.Li;-4., 1989). 

In order to limit the envirorunental damages caused by the use of 
·chis type of' fumigants some alternatives were indicc1ted like the use
of resistant tomato varieties (CALABRETTA et al., 1989), the
introduction in crop rotation of species other than solanaceae (FOTI 
et al., 1989; MAUROMICALE et al., 1989) and not last the use of soil
solarization (KATAN, 1981; CARTIA, 1984; 1989). This latter practice
assumes particular interest in the medi terranean environment since,
connected to simple techniques, represents one of the possible use of
the solar energy in agriculture.

In this context is placed the present research which has the aim 
to study the effects of soil solarization on the dynamics of the 
larvae of nematodes in soil and in root of tomato hybrid 'Novi Fl' 
resistant to nematodes. 

2. Materials and methods

The research was carried out in a typical greenhouse area of 
Sicily (Italy) near to S.Croce Camerina - Ragusa - (36 °48' N Lat 2°55' 
E Long) in cold greenhouse on an almost totally sandy soil. On tomato 
cv. 'Novi' hybrid, resistant to nematodes, two types of soil
treatments were studied. Compared to an untreated control, a
solarization treatment (50 days) and a treatment with methyl bromide
(80 g m-2) were applied. The plants were transplanted on October 10th,
1988, with a plant density of 3 plants m-

2 
(m 1 x 0,33); the crop

technique was the one routinely adopted in the surrounding 
Togheter with the soil temperature during the 

treatment the following data were collected: 
the temperature of the internal air (fig,l); 

- height of the plant at 90 days after transplanting;
- weight and number of fruits in the subsequent harvests; 

areas. 
solarization 

The harvest started the 8th of JIBI'Ch 1989 and gone ahead until the 
22/5/1989 regarding the first four trusses. 

The number of larvae of nematodes was measured on soil samples, 
close to the plants and between the rows (25 cm depth), according to 
the Cobb is method (THORNE, 1961) and on root samples with the 
incubation technique (ZANGHERI and PELLIZZARI SCALTRITI, 1981), in the 
following dates: 7/11/1988 (only soil samples), 5/12/1988, 8/2/1989 
and 13/6/1989 (soil and root samples). 

Data were subjected to the analysis of variance. Where the F was 
significant an LSD (p=0.05) was calculated. 



166 

3. Results

During the solarization treatment which lasted 50 days (1200 
hours), the soil temperature raised, in the average, by 10°C than the 
control both at 15 cm and 30 cm of deepness (fig.2). In the 
solarization treatment the five-day mean temperature, at 15 cm of 
deepness ranged between 44 •c { 5-10 July) and 37. 6 •c ( 15-20 September) ; 
at 30 cm between 39.7°C (10-15 July) and 36.1 °C (5-10 September). 

The number of larvae of nematodes in soil, resulted in the 

average of sampling dates and positions, higher in control (2.9 
-1 -1 

nematodes g of soil) followed by methyl bromide (0.9 nematodes g ) 
-1 

and solarization {0.6 nematodes g ) treatments, while in the average 
of sampling dates the amount of nematodes was higher near the plants
than between rows (1,95 vs. 1.06 nematodes g

-
l of soil, respectively) 

(tab.l). 

-1 
Tab.1 - Number of nematodes (number g ) in the soil in relation to 
the studied treatments and to the sampling site 

Treatments 

Control 
Solarization 
Bromide 

Mean 

Along Between 
the rows the rows 

3.7 
0.9 
1.2 

1.95 

2.3 
0.3 
0.6 

1.06 

Mean 

2.88 
0.62 
0.88 

treatment (t) 
site •{s) 
( t) X (s) 

LSD 
p=0.05 

0.71 

0.50 

However, the significance of the interaction "sampling date x 
treatment" testifies that from the third soil sampling ahead 
(5/12/1988) there where not statistical difference between the control 
and the two soil treatments (fig.3). 

The number of larvae of nematodes in the root was, in the 
average of sampling dates, significantly higher in control than in the
bromide and solarization treatments (476, 70 and 16 nematodes g-

l 
of

dry matter of root, respectively) (fig.4). The significance of the 
"treatment x sampling date" interaction, shows a different behaviour 
of the treatments in the subsequent sampling dates. In the last 
sampling date {13/6) the control resulted much more higher than the 
other two treatments (fig.5). 

Plant height at 90 days after transplanting was significantly 
higher in the bromide treatment than solarization treatment and 
control (216.2 cm, 196.5 and 197.7 cm respectively) (fig.6). 

A� the third harvest t�l solarization treatment gave an 
accumula�f production of 14 t ha which resulted high!f than control 
(6.2 t ha ) and lower than bromide treatment (22 t ha ). The number 
of fruit per plant accounted for this difference in the yield (7 .5, 
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5.1 and 2.3 respectively for bromide, solarization and control) 
(tab.3). 

At the end of cycle the accumulated production of the 
sterilisation treatments (methyl bromide and solarization) were not 
significantly different (61 and 58 t ha-1 

respectively) but produced
more than the control (50 t ha-

1
). Also in this case the difference is 

to ascribed to the different number of fruit per plant (18.9, lY.4 a:,d 

16 for the three treatments) than to the fruit weight. 

Tab. 3 - Cwnulated production, number of fruit per plant and fruit 
weight at the third harvest and at the end of cycle 

Treatments 

Control 
Solarization 
Bromide 

Mean 
LSD (p=0.05) 

Control 
Solarization 
Bromide 

Mean 
LSD (p=0.05) 

4. Conclusions

Yield 
(t ha-1) 

-1
fruit plant 

(n.) 

At the third harvest 

6.2 

13.7 

22.0 

13.97 

5.30 

End of cycle 

50.5 

58.4 

61.3 

56.73 

6.97 

2.3 
5.1 

7.5 

4.96 
2.80 

16.0 

19.4 
18.9 

18.1 
2.7 

fruit weight 

(g) 

92.2 

89.6 
97.9 

93.2 

105.2 

100.2 

108.0 

104.5 

The a."lalysis of the results of the present research, even if 
limited t o  a one-year trial, allowed to ascertain the following 
indications: 
- the number of larvae of nematodes in soil and in root of the tomato 

'Novi' . hybrid was significantly lower in the sterilisation
treatme.nts (methyl bromide and solarization) than in untreated 
control; 

- the untreated control produced significantly less than the other two
treatments both at the third harvest and at the end of cycle.. This
differences could not be ascribed to the action of nematodes also
for the specific resistance of the tomato h ybrid. That could be 
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probably explained by the action of the sterilization treatments 
(methyl bromide and solarization) on the microrganism responsible 
for the nitrogen cycle in the soil. 

In conclusion, the soil solarization treatment, at least at the 
condition of this trial, was able to control the larvae of nematodes 
in soil and allowed to give a productive result similar to that of the 
methyl bromide treatment. 
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Fig. 1 - Maximum and minimum temperature 
of the air in the greenhouse (ten-day 

value) 
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Fig.3 - Dynamics of larvae of nematodes 

in soil in relation to the studied 

treatments 
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Fig.5 - Dynamics of larvae of nematodes 
in root in relation to the studied soil 

treatments 
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Fig.6 - Plant height at 90 days after 
transplanting (Values with equal letters 

do not differ at p=0.05) 
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LUTrE CONTRE LA POURRITURE BRUNE DES RACINES 
DE TOMATE EN SERRE PAR LA SOLARISATION DU SOL 

BOURBOS V.A. et M.T. SKOUDRIDAKIS 
Institut des Plantes Subtropicales et de !'Olivier 
Laboratoire de Pathologie Vegetale 
Chania 73100, Crete, Grece 

I I Resume 

La po11rriture brune des racines de tomate en serre due au 
complexe parasitaire Colletotrichum coccodes (Wallr.) 
Hyghes, Fusarium oxysporum Schlecht. f. sp. 
radicis-lycopersici Jarvis et Shoemaker, E. solani (Mart.) 
Sacc .. Pyrenochaeta lycopersici Gerlach. Pythium debaryanum 
Hess et Rhizoctonia solani Kuhn, provoque a l'heure actuelle 
des d�gats importants. La possibilite de la lutte contre 
cette maladie a ete etudiee en utilisant la solarisation du 
sol. Pour 1 'application de cette technique le sol te�te a 
ete couvert pendant 10 semaines a l'aide d'une feuille 
plastique transparent de 0,05 mm epaisseur. Dans le sol 
solarise on a constate une forte diminution de 83.5 - 100% 
de la presence quantitative des composants parasitaires par 
rapport au temoin. Cette diminution du potentiel infectieux 
du sol a ete exteriorisee par une augmentation de la 
production de l'ordre de 126.2% pour le sol solaris�. 

Introduction 

La culture de tomate en serre elle-meme suivie pendant 
plusieurs annees. la desinfection du sol par. les fumigants 
et la fertilisation chimique parfois demesuree ont 
profondement desequilibre la synthese de la microflore 
tellurique. Des phenomenes ecologiques desagreables comme la 
fatigue du sol cultive (Bouhot. 1980) et � 1 'echange des 
maladies (Davet. 1981) commencent a paraitre dans les 
regions serricoles. 

Cette modification profonde de la biocenose du sol de 
serre a augmente dernierement en Crete les degSts causes par

la pourriture de racines de tomate (Bourbos, 1983). En Crete 
on a constate que les champignons Pyrenochaeta lycopersici 
Gerlach. Fusarium solani (Mart.) Sacc., E. oxysporum 
Schlecht f.sp. radicis-lycopersici Jarvis et Shoemaker, 
Rhizoctonia solani Kuhn. Colletotrichum coccodes (Wallr.) 
Hyghes et Pythium debaryanum Hess sont les principaux 
composants du complexe parasitaire (Bourbos et Skoudridakis, 
1988). 

La lutte chimique contre cette maladie par utilisation 
des fumigants. au dela des consequences defavorables deja 
refer�es, ne peut plus contr�ler efficacement le 
Pyrenochaeta lycopersici et E- solani qui se developpent en 
dehors du spectre d'action de ces produits. De plus, la 
lutte chimique a l'aide des bioctones a ete demontree 
inefficace contre le[. oxysporum f.sp. radicis-lycopersici. 
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La solarisation du sol, une methode physicobiologigue, 
est largement utilisee pour !utter contre les maladies 
tellurigues des plantes cultivees <Bourbos et Skoudridakis. 
1988; Drame. 1985; Stapleton et DeVay, 1986). Cette methode 
est basee sur la modification physique. chimique et 
biologique qui 7ubit le sol couvert par une feuille 
plastique en polyethylene transparente pendant 4-10 semaines 
en periode estivale sous !'action de l'energie solaire. 

En effet a ete constate 
Permanente tue ou inhibe le 
champignons pathogenes et 
antagoniste. 

que l'action hygrothermique 
developpement de nombreux 
favorise la microflore 

La dite methode a ete utilisJe dans divers pays du 
monde pour lutter contre la pourriture brune des racines de 
tomate (Bourbos et Skoudridakis. 1988: Bourbos et 
Skoudridakis. 1989; Garibaldi et Tamietti, 1983: Katan.

1984: Tzamos. 1983). 

Materiel et Methodes 

Les essais pour lutter contre la pourriture brune des 
racines ont ete effectues pendant deux periodes culturales 
consecutives. Des sols gravement infestes par cette maladie 
ont ete utilises pour la r�alisation de ces essais. Le 
dispositif experimental comprenait deux traitements (sol 
temoin, sol solarise) en 10 repetitions. La surface de 
1 'unite d'essai etait presque 25 m2

• On a utilise la variete 
de tomate Early Pack 7 sensible aux pathogJnes responsables 
de la maladie. 

La solarisation du sol a ete appliquee en periode 
estivale pendant 10 semaines. Pour la couverture du sol on a 
utilise des feuilles plastiques en polyethylene transparent 
d'une epaisseur de 0,05 mm. Le sol teste etait bien labore 
et arrose avant sa couverture par le plastique. Un 
nivellement attentif de la surface du sol etait necessaire 
pour un fin contact des feuilles plastiques a la surface 
edaphique. Pour les m�mes raisons les films ont ete 
periferiquement enterres jusqu' a une profondeur de 15 cm. 
Le contact du film avec la surface edaphique facilite la 
transmission de la plupart de radiations solaires chauffant 
le sol. 

L'evaluation de 1 'efficacit� de la solarisation contre 
la maladie a ete bas�e sur: 

* L'analyse quantitative et qualitative des composants du
complexe parasitaire. Pour cette analyse on a preleve a 
l'aide d'une sonde pedologique 5 �chantillons par 
parcelle-serre d'une profondeur de 2-30 cm. Deux 
prelevements ont ete effectues. L'un avant la couverture 
du sol par le film plastique et l'autre apres la 
solarisation. L'etude de la presence quantitative et 
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qualitative de� champignons responsables de la maladie a 
et� realisee a l'aide de la technique "suspensions 
dilutions" (Waksman. 1927). 

• L'application du test biologique decrit par Bouhot (1980).
Pour ce bioessai on a utilise des plantules de tomate de
5 cm de longeur.

• L'estimation de la production totale obtenue.

• L'estimation apres la recolte des plantes dont le systeme
racinaire etait infeste par la maladie.

Resultats 

Dans les parcelles non solarisees on a constate une 
augmentation de la pr�sence quantitative des composants du 
complexe parasitaire Colletotrichwn coccodes (10.1%). 
Fusariwn oxysporum f.sp. radicis-lycopersici (34.6%). f. 
solani (31.3%) et Rhizoctonia solani (74.6%). Au contraire 
les champignons Pyrenochaeta lycopersici et Pythiwn 
debaryanwn ont presente une diminution de 0.7% et 9.5% 
respectivement. Chez Les sols solarises on n'a pas pu isoler 
les �speces Colletotrichum coccodes. Pyrenochaeta 
lycopersici. Pythium debaryanum et Rhizoctonia solani. Les 
champignons Fusarium oxysporum f.sp. radicis - lycopersici. 
et F. solani ont �te representes par un taux de colonies/gr 
tres faible (Table ll. 

Table 1. Evolution quantitative des composant's du complexe 
parasitaire de la pourriture brune des racines de 
tomate dans le sol 

Especes 

Colletotrichum 
coccodes 

Fusarium oxysporum 
f.sp. radicis-
lycopersici

Fusarium solani 

Pyrenochaeta 
lycopersici 

Pythium debaryanum 

Rhizoctonia solani 

Sol 
temoin 

1. 28

1. 56 

2.11 

1.40 

0.42 

0,63 

Sol temoin 
apres 10 semaines 

1. 41

2.10 

2.77 

1.39 

0.34 

1.10 

Sol 
solarise 

0 

0.32 

0,34 

0 

0 

0 
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En examinant le potentiel infectieux du sol temoin on a 
observe un pourcentage tres eleve de plantes infestees par

la maladie arrivant a 96.3% <Table 2l pour le test 
biologique,et 98.6% pour les plantes agees (Table 3). 

Table 2. Resultats obtenus par utilisation du test biologique 
chez le sol teste. 

Cas 

Sol temoin avant solarisation 

Sol temoin 10 semaines apres 

Sol solaris� 

% plantes avec les sympto'mes 
de la pourriture brune 

96,6 

96.3 

0.4 

Table 3. Efficacite de la solarisation contre la pourriture 
brune des racines de tomate en serre 

Cas 

Sol temoin 

Sol solarise 

% plantes avec des symptomes 

98.6 

0,9 

La production par plante dans le cas du sol solaris� a 
presente une augmentation de l'ordre de 126.2% par rapport 
au sol-temoin (Table 4). 

Table 4. Production (kg/plante) obtenue dans les parcelles 
d'essai 

Cas 

Sol temoin 
I 

Sol solarise 

Production 

2,437 

5,513 
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Discussion 

L'application de la solarisation du sol infeste par la 
pourriture brune de tomate en serre a !'aide des feuilles 
plastiques en polyethylene transparent de 0,05 mm epaisseur 
et pendant la periode estivale para1t qu'elle peut contrbler 
efficacement la dite maladie. 

L'analyse quantitative du complexe parasitaire demontre 
une forte diminution de la presence de ces composants dans 
le sol solarise. Cette diminution s'exteriorise par un taux 
des plantes infestees tres bas et une production totale 
considerablement elevee. 

On peut done penser que l'action hygrothermique 
permanente dans le sol solarise exerce une action lethale OU 
sous-l�thale sur les parasites, favorise les antagonistes 
thermophiles et ameliore les proprietes physicochimiques du 
sol. 
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SOILS SUPPRESSIVE TO PHYTOPHTHORA CRYPTOGEA IN ITALY: 
PRELIMINARY RESULTS (*) 

C.PASINI (1), M.CASSINI (1), F.D'AQUILA (1) and A.GARIBALDI (2).

(1) Istituto Sperimentale per la Floricoltura, Sanremo - ITALY.
(2) DI.VA.P.R.A., sezione di Patologia Vegetale, Universita di

Torino - ITALY.

Summary 
Among 62 soil samples collected on the Western Riviera coast, a 
few are suppressive against Phytophthora cryptogea, agent of foot 
rot of Gerbera. The suppressiveness is correlated with the 
presence of antagonistic microorganisms in these soils. 

1. Introduction

Foot rot, incited by Phytophthora cryptogea, is the most 
severe disease in gerbera cultivations in Italy. Serious economic 
losses are commonly observed, despite application of control 
measures. Conventional control measures include soil disinfection 
and chemical soil drenches after planting. Although these 
treatments decrease incidence, often the level of control 
achieved is not satisfactory (Pasini et al., 1984). Moreover, 
varieties resistant to P,cryptogea are not known: this 
complicates breeding programmes aimed at obtaining resistant 
varieties and is also interesting from· a commercial point · of 
view. 
The availability of alternative control measures therefore looks 
promising. Soils suppressive to several species of Phytophthora 
have been described (Ko and Nishijima, 1985; Ko and Shiroma, 
1989). In these soils, suppressiveness has been related to the 
presence of antagonists and/or to physical/chemical properties 
of the soil (Kao and Ko, 1986). 
The aim of the present work was to investigate the presence on 
the Italian Riviera of soils suppressive to Phytophthora 
cryptogea. 

2.Materials and methods

The experiments were carried out in a glasshouse located at 
the Istituto Sperimentale per la Floricoltura of Sanremo (Im), 
under conditions favorable to the development of the disease. In 
1990, 62 soils samples (listed under tables 1 and 2) were tested 

(*) Work supported by grants from Regione Liguria and C.N.R. 
(Malattie delle piante da fiore ed ornamentali). 
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Table 1 - Incidence of foot rot on Gerbera in tested soils 
(first trial). 

SOIL DISEASE INDEX (0-100) SOIL DISEASE INDEX (0-100) 
n· 1st crop 2nd crop n• 1st crop 2nd crop 

1 100 a (*) 100 a 16 30 eg 50 de 
2 90 ab 100 a 17 0 g 0 
3 70 ad 100 a 18 80 ac 90 ab 
4 40 df 90 ab 19 50 bf 100 a 
5 100 a 100 a 20 20 fg 100 a 
6 100 a 90 b 21 70 ad 100 a 
7 80 ac 70 bd 22 40 df 100 a 
8 90 ab 100 a 23 40 df 100 a 
9 60 ae 100 a 24 20 fg 90 ab 

10 20 fg 10 fg 25 100 a 100 a 
11 90 ab 80 ac 26 60 ae 80 ac 
12 60 ae 100 a 27 40 df 100 a 
13 100 a 80 ac 28 90 ab 100 a 
14 20 fg 30 ef 29 90 ab 100 a 
15 100 a 100 a 30 60 ae 100 a 

(*) Ths means followed by the same letter are not significantly 
different, according to Duncan's test (P=0,05). 

Tabla 2 - Incidence of foot rot on Gerbera in tested soils 
(second trial). 

SOIL DISEASE INDEX (0-100) SOIL DISEASE INDEX (0-100) 
n• n• 

31 60 ad (*) 47 50 ad 
32 40 bd 48 50 ad 
33 70 ad 49 40 bd 
34 20 d 50 70 ad 
35 30 cd 51 80 ac 
36 100 a 52 70 ad 
37 50 ad 53 60 ad 
38 80 ac 54 60 ad 
39 70 ad 55 60 ad 
40 60 ad 56 80 ac 
41 80 ac 57 90 ab 
42 50 ad 58 70 ad 
43 70 ad 59 30 cd 
44 70 ad 60 80 ac 
45 60 ad 61 100 a 
46 50 ad 62 30 cd 
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in order to test their potential suppressiveness against 
Phytophthora cryptogea. The soils were collected from various 
fields, cultivated or not. Ten pots (20 cm diameter) were filled 
with each soil: pots were artificially inoculated by mixing 0.5 
g/pot of the pathogen, grown on autoclaved hemp grains and wheat 
kernels. Each pot was then planted, two weeks after the 
inoculation with the pathogens, with one gerbera plant (cv 
Terrafame). Observations on disease severity were carried out, at 
fortnight intervals, by using a disease index from O (heal thy 
plant) to 100 (dead plant). Isolations from diseased plants were 
carried out in order to confirm that diagnosis was correct. In 
trial 1, a second crop was planted in the same soil. 

3. Results

The development of P.cryptogea was different in the various 
soils (tables 1 and 2). A low incidence of foot rot was observed 
in the case of soils 10-14-17-34-35-59-62 (table 1 and 2). 
Particulary, in the soil 17 all plants were healthy at the end 
of the experiment. On the contrary, in the case of some soils (5-
6-13-15-25-28-29-36-61) disease index was very high (table 1 and
2) • Isolations carried out from infected plants grown in these
soils confirmed the presence of P.cryptogea.

The investigation permitted to detect the presence of soils 
suppressive to P.cryptogea on the Western Riviera Coast. The 
microbiological origin of this suppressiveness .has been 
demonstrated (Garibaldi and Gandolfo, under press): isolates of 
Trichoderrna obtained from soil 17, when introduced in a conducive 
soil , are able to induce suppressiveness

.
to this soil. 
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ANTAGONISTIC ACTIVITY OF SOME MICRORGANISMS AGAINST POWDERY MILDEW 
(SPHAEROTHECA FULIGINEA) OF ZUCCHINI: PRELIMINARY RESULTS * 

GIOVANNI MINUTO, ANGELO GARIBALDI and M.LODOVICA GULLINO 

Dipartimento di Valorizzazione e Protezione 
agroforestali - Sezione di Patologia vegetale, 
10126 Torino, Italy 

summary 

delle Risorse 
Via Giuria 15, 

Some fungal and yeast isolates obtained from zucchini leaves 
infected by powdery mildew (Sphaerotheca fuliginea), showed a good 
antagonistic activity against this pathogen when tested on potted 
cucumber plants. In greenhouse trials carried out on the Riviera 
Ligure (Northern Italy), the positive effect of an isolate, 
identified as Cladosporium sp., was confirmed on zucchini plants: 
weekly applications of this antagonist at the concentration of 107 

- 10B CFU/ml protected zucchini plants, reducing disease incidence
by 60-90%.

1. Introduction

Powdery mildew, incited by Sphaerotheca fuliginea, is an
important disease of zucchini grown under greenhouse conditions in 
Northern Italy (Matta and Garibaldi, 1981). Control of this 
pathogen often requires a high number of chemical sprays, reaching 
ten/season. Although highly effective fungicides against powdery 
mildew are currently available, the exclusive use of chemical 
control measures cannot be recommended for several reasons. 
First of all, a reduction of chemical input is particularly needed 
in the case of crops such as zucchini where harvest lasts several 
months: under these conditions, respecting the required intervals 
between treatment and harvest is very difficult. Secondly, 
repeated use of some fungicides, especially sterol demethylation 
inhibitors (DMI), can lead to selection of resistant populations 
of the pathogen. This phenomenon has already been observed under 
greenhouse conditions, where populations of S.fuliginea resistant 
to some DMis developed after intensive use of some fungicides 
belonging to this group (Schepers, 1985). 

* Work supported by grants from Ministero Agricoltura e Foreste
(Progetto finalizzato: Lotta biologica e integrata, sottopro
getto: Colture protette) and from Regione Liguria.
The first author carried out the experiments, the second and
third planned the work and wrote the text.
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Biological control has long been attempted against S.fuliginea: 
Ampelomyces quisqualis, known since a long time as hyperparasite 
of powdery mildews (Blumer, 1967), has been tested against 
cucumber powdery mildew (Sundheim, 1982; Malathrakis, 1985; 
sztejnberg et al., 1989). Moreover, parasitism of cucurbit 
powdery mildews by other fungi (i.e. Tilletiopsis minor, 
Cladobotryum varium, Paecilomyces farinosus, Acremonium 
alternatum, Scopulariopsis brevicaulis) has been reported 
(Hijwegen, 1988). 

The use as biocontrol agents of microrganisms already adapted 
to the environment where they need to be active is frequently 
preferred to introduction of organisms originating from other 
areas. our work was aimed to evaluate the presence of possible 
antagonists of powdery mildew and to test their antagonistic 
activity against S.fuliginea, under the cultural and environmental 
conditions of the Riviera ligure (Northern Italy). 

2. Materials and methods

a) Isolation of microrganisms. Zucchini leaves infected with 
powdery mildew were collected and examined for the presence of 
darlc areas. Isolations were carried out from these areas, which 
are generally characterized by the presence of hyperparasites of 
the pathoge�. Possible antagonists were obtained with a needle 
from brown areas of leaves within 24 hours of collection and 
transferred onto PDA containing 50 mg/1 of terramycin in order to 
reduce development of bacteria. The possible antagonists were 
transferred on PDA, coded and kept at 5 oc. 

b) screening of potential antagonists. Antagonistic activity of 
the microrganisms isolated was evaluated on cucumber plants (cv.
Marketer, 2 plants/pot) grown in climatic cells at 2soc, 12 hour 
light/day (5,000 lux). Plants were inoculated at the two leaf
stage with S.fuliginea by spraying with a conidial suspension (103 

- 104 conidia/ml) prepared by scraping naturally infected cucumber
leaves.
Potential antagonists were grown on Petri dishes at 2sOc; then
conidial or cell suspensions (107 - 108 CFU/ml) were prepared by
scraping agar surfaces with a needle, then diluting conidia and
yeast cells to the desired concentration in distilled water after
filtration with cheese-cloth and sprayed on leaves 72 hours after
inoculation with the pathogen. Twenty pots (40 plants) were used 
for each potential antagonist. All experiments were repeated at 
least twice.
Disease incidence was evaluated by using McKinney index after
5-8 days.
Microrganisms showing the best activity were chosen for further
trials.
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Table 1 - Activity of different antagonists against s.

fuliginea evaluated on potted cucumber plants':-

Isolate 
1 

100 

1 (yeast) 30 

2 (Cladoseorium) 58 

4 78 

% infected leaf area 
in trial 

2 3 

(38) * 100 (30) 100

52 66

75 75 

50 78 

(28) 

7 55 77 n.t.**
8 (yeast) 62 22 64

9 43 50 64

10 58 62 72

* Between brackets actual attack in control plants
*"' n.t. = not tested

Table 2 - Influence of four antagonists on 
fuliginea attacks, evaluated on 
under greenhouse. Treatments were 
weekly intervals. 

severity of s.

zucchini grown 
carried out at 

Treatment * 
% infected leaf area 

in tunnel 

Isolate 1 (Yeast) 
Isolate 2 (Cladoseorium) 
Isolate 8 (Yeast) 
Isolate 9 

* Number of treatments: eight

3 

22 C ** 
22 C 

2 a 
5 a 

11 b 

4 

50 C 

42 be 
4 a 

31 be 
29 b 

** Values of the same column followed by the same letter are
not significantly different, following Duncan's Multiple 
Range test (P = 0.05).
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Figure 1 - Development of S. fuliginea infections on 

zucchini plants treated with different antagonists. 
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c) Greenhouse trials. Two trials were carried out in 1990 under
plastic tunnels at the Centro orticolo sperimentale belonging to
the Chamber of Commerce of Savona, located at Albenga (Riviera
coast). Zucchini plants ( cv Ibis, 30 plants/plot) were grown by
using the techniques adopted by local growers. Starting at
appearance of the first symptoms of powdery mildew on leaves,
plants were sprayed at weekly intervals with a suspension of
conidia (strains n.2 and 9) or of yeast cells (strain n. 1 and 8)
at the concentration of 107 - 108 CFU/ml.
The effectiveness of the biocontrol agents was evaluated by
counting the percentage of infected leaf area of plants sprayed or
not with antagonists at fortnightly intervals.

3. Results and discussion

Hundreds of microrganisms where obtained from dark lesions of 
zucchini leaves. Twelve of them, chosen among those showing a 
good growth and/or sporulation, were screened for their 
antagonistic activity against S.fuliginea on cucumber. This 
screening led to seven isolates characterized by a good activity. 
The results obtained in the trials carried out in growth chambers 
on cucumber plants show that treatments with some fungi and yeasts 
significantly reduced disease severity of powdery mildew (table 
1). Some of these microrganisms, sprayed on greenhouse grown 
zucchini plants, significantly reduce S. fuliginea incidence 
(figure 1). The positive effect of some antagonists, 
particularly of isolate n. 2, identified as Cladosporium sp., was 
confirmed on zucchini in two trials carried out under tunnels 
during the spring 1990 (table 2). This isolate showed a good 
activity also in the presence of a high disease incidence, as 
observed in tunnel 4 (50% of infected leaf area in control plots) 
(table 2). Also two other isolates (n. 8 and 9) partially 
controlled zucchini powdery mildew (table 2). 

The present work shows that some microrganisms, isolated from 
zucchini leaves infected by powdery mildew, show antagonistic 
activity against S.fuliginea. Particularly, an isolate of 
Cladosporium sp. looks a promising biocontrol agent against the 
pathogen. The ability of this fungal genus to sporulate profusely 
is a positive feature. Conditions which can favor the 
antagonistic activity of Cladosporium sp. are at present under 
investigation, as well as compatibility of this antagonist with 
different pesticides used on zucchini grown under protection. 
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LU'l'l'E nrrFGREE CONTRE LES MALADIES CRYPTOGAMIQUES 
DE LA TOMATE AU MAROC 

M. BESRI 
Institut Agronomique et Veterinaire Hassan II 

B.P. 6202 Rabat-Instituts - Maroc -

l'm Mr1roc, la tomi\te est cultivee sous t11nnel plastique et "" plein air. Elle 
const i.tue la denxieme culture exportee apres les agrur•ies. L' incidence de plusieurs 
agents pathogenes tels que F. oxyspol"W77 f.sp.lycopersici, V. dahliae, L. taurica, 
B. c1:nerea, D. Zycopers1'.ci, P. infeBtans, A. soZani, C. michiganense etc ••• , 
peut etre, dans certaines conditions, tres elevee. Differentes me-
thodes de lutte (resistance vad.etale, lutte chimique, solarisation du sol et 
des tuteurs, pratiques culturales etc .•• )sont utilisees. Cependant, de nombreu
ses maladies continuent encore a poser de serieux problemes a cause de l'appa
tion de nouvelles races d'agents pathogenes, de souches resistantes aux pestici
des, de la non disponibilite de varietes resistantes, de l'utilisation irraison
nee des pesticides etc ..

1. Introduction. 

La tomate est l'une des cultures les plus largement distribuee au Maroc. 
Elle est atteinte par de nombreuses maladies qui peuvent, lorsque les conditions 
d'environnement sont favorables, entrainer des perte,i considerables. A cause de 
sa haute rentabilit.e, la protection phytosan.i.t.aire est tres intense. 

La culture recoit 20 a 25 traitemPnts phytosan.itaires pendant les 6 mois de 
vegetation. De nombreux hybrides resist.ants ainsi qup de nombreuses techniques 
c1.1.lt.11rales visant a reduire J. 'jncidence des maladies sont utilises. Cependant, 
malgre cette intense protection, de nombreuses maladies continuent a sevir tres 
seri.eusement (BESRI, 1988); 

2. Fusariose et Verticilliose vasculaires.

La Fusariose (Fusarium oxyBporwn f. sp. lycoperBici) et l;i Verticilliose 
(Verh:e1'.l-Uum dahZ1:ae) vasculaires sont. largement distribuees. Dans certaines 
regions, la culture de la tomate est devenue impossible a pratiquer a cause de 
la forte infestation des sols due a !'absence de rotations culturales (BESRI 
1975). 

Fusarium et Veri:ie1:Uium se rencontrent tous les deux sous abris plastiques. 
Cependant., !'incidence du deuxieme agent pathogene est plus importante que celle 
du premier. Dans pres de 95% des cas, le fletrissement est du au Verticillium 
(BESRI 1980). Cette situation est-la consequence des temperatures prevalent pen
dant la saison de culture. Les temperatures moyennes de l'air et du sol varient 
entre 12 et 20°C. Ces temperatures sent plus favorables au developpement de 
Vertfoi'. lUum qu' a celui de FUBorium (BESIU et ZROURI 1982). 

Pour controler ces deux oqents pathogenes, plusieurs methodes de lutte 
sent utilisees: 
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a. Resistance varietale

Tous les hybrides de tomate actuellement utilises au Maroc sont resistants
a la fois au Fwrnriion et au Verticillium. Cependant, malgre cette resistance, 
les deux parasites continuent a provoquer des degats importants. Il a ete demon
tre que des facteurs de nature biotique et abiotique sont responsables de la cas
sure de la resistance. 

- Apparition de nouvelles races de Fusariwn et de
VerticiUiwn

Tous les hybrides de tomate utilises sont resistants au Verticilliwn . 
Cependant, dans certains tunnels, l'incidence de cet agent pathogene peut attein
dre l.es 100% . Une nouvelle race de l'agent pathogene, la race 2, a ete identi
fiee dans nos conditions (BESRI et al. 1984). Pr�s de 60% des isolats obtenus 
a partir d'hybrides resistants appartiennent a cette race. Actuellement, aucun 
hybride resistant a cette nouvelle race n'est disponible sur le marche. 

Quelques hybrides de tomate sont resistants a la fois a la race 1 et a la 
race 2 de Fusarium. Ces deux races existent au Maroc. La race 3, rapportee dans 
certains pays (USA, Australie etc ••. ) n'a pas encore ete rencontree au Maroc. 

- Salinite du sol et des eaux d'irrigation.

La salinite de l'eau d'irrigation varie entre 0,2 et 6g/l. Il a et� demontre 
que l'augm"?ntation de la salinite de l'eau augmente la sensibilite des plantes 
au F1.1Barhon et au Vertieilliwn. Les hybrides de tomate resistant a la race 1 de 
Vertic1:ZUum deviennent sensibles a cet agent pathogene lorsque la teneur en sel 
des eaux d'irrigation est elevee (BESRI 1981). � 

- Interactions avec les nematodes

Dans les parcelles fortement infestees par les nematodes, les hyb�ides re
sistants au Fusarium et au Verticillium deviennent sensibles (ABBAD �ALOUSSI 
1982). 

b. Utilisation de semences saines.

T0utes les semences utilisees en culture de tomate sous abris sont certi
fiees et done theoriquement indemnes de tout agent pathogene. Cependant, l'ana
lyse de plusieurs lots de semences importees a revele la presence, dans des 
proportions importantes de Corynebaaterium michiganense (FATMI 1981). 

Pour la culture de plein air, certains agriculteurs continuent a utiliser 
leur propre semence. Il a ete dtmontre que ces semences sent fortement infectee� 
par plusieurs agents pathoglmes dont F. oxysporum f. sp. lycopersiai (BESRI 1978). 

c. Rotation des cultures.

Les tunnels plastiques sent deplaces tous les 2-3ans. Apres le deplacement
de l'armature metallique, l'agriculteur change la couverture plastique. Par con
sequent, la tomate revient sur elle-meme pendant au moins 2 a 3 annees consecu

tives. Le taux d'inoculum de plusieurs agents pathogenes augmente done dans le 
sol, et l'incidence des maladies augmente egalement d'annee en annee. 

Apres le deplacement du tunnel, la parcelle est cultivee avec des cereales 
(orge, ble). Ces plantes, immunes au Fusarium et au VertiaiZZ.ium, sont recom-
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mendees dans la rotation pour reduire le tawc d'inoculum dans le sol.Cependant, 
les champs de cereales sent infestees par plusieurs mauvaises herbes qui sent 
hotes de V. dahliae. Par consequent, la rotation ne peut avoir d'effet que si 
elle est accompagnee de traitements herbicides (ZEDDOUK 1986). 

d- Solarisation du sol.

La solarisation du sol pendant les mois chauds de l'annee avec un film en
polyethylene transparent reduit considerablement la severite et !'incidence de 
F'usarium et de Vertiai llium • augmente la vigueur et le rendement des plantes 
(BESRI 1988). 

3. Oidium

L'Oidium de la tomate du a Leveillula tauriar est l'un des parasites les
plus importants sur tomate au Maroc. Cette maladie etait peu frequente avant 
1978. Apres cette date, de nombreux hybrides performants mais sensibles a l'Oi
dium ont ete introduits. L'introduction de ces hybrides a coincide avec une lon
gue periode de secheresse, ce qui a favorise le developpement de la maladie 
(HORMATALLAH 1984). 

La maladie est plus severe en plein air que sous abris. Seu1J la lutte chi
mique avec des produits tels que le triadimefon et le propiconazole peut etre 
utilisee (BESRI et HORMATALLAH 1985). 

4. Pourriture grise.

La pourriture grise due a Botrytis ainerea est particulierement severe sur 
tomate cultivee sous abris plastiques. La maladie est controlee par application 
de fongicides tels que la procymidone et la vinchlozoline. Le Benomyl, le methyl
thiophanate ne sont pas efficaces a cause de !'apparition de souches resistantes 
aces produits (BESRI et DIATTA 1984). Certaines pratiques culturales telles que 
!'aeration des tunnels, la protection des blessures causees par les operations 
d'effeuillage et d'ebourgeonnage, et !'elimination des restes des cultures sont 
largement appliquees (DIATTA 1984). 

5. Mildiou

Il est tres difficile de controler le developpement du Mildiou
(Phytophthora infestans) une fois la maladie installee. Par consequent !'utilisa
tion de fongicides tels que Metalaxyl + Manebe, Metalaxyl + Mancozebe, Cymoxanil, 
Mancozebe etc ••• doit etre preventive. 

P. infestans attaque egalement la pomme de terre. Cette culture ne doit pas
entrer dans la rotation. 

Les tunnels plastiques doivent etre aeres et les feuilles basales enlevees 
(STIKI 1983) • 

6. Chancre a Didymella.

Didymella lyaopersiai est particulierement severe sur les cultures de plein
air . L'agent pathogene se conserve dans les roseawc (Arundo donax) et les pi
quets d'Euaalyptus utilises comme tuteurs. Le chancre a.. Didymella apparait 
d'abord au point de contact entre la tige et le tuteur. La lutte chimique centre 
cet agent pathogene ne donne pas de resultats satisfaisants (BESRI 1982). 

Une excellente desinfection des tuteurs a ete obtenue par solarisation. 
Les tuteurs de tomate sent places pendant les mois chauds de l'annee dans des 
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tunnels plasti.ques ne portant pas de cultures. Les temperatures elevees (supe
rieures a 50°C) eliminent l'agent pathogene conserve dans les tuteurs. Cette 
nouvelle technique d'application de la solarisation est largement utilisee au 
Maroc (BESRI 1982, BESRI et DIOP 1985). 

7. Conclusion :

Laconnaissance approfondie de la biologie des parasites de la tomate a ete 
indispensable pour la mise en place d'un programme de lutte integree contre les 
maladies de la tomate au Maroc. L'utilisation rationnelle des pesticides, des 
techniques culturales (type de tunnel, aeration, effeuillage, ebourgeonnage, 
rotation des cultures, utilisation de semences indemnes de maladie, choix des 
varietes en fonction de la salinite des eaux d'irrigation, solarisation du sol 
et du materiel agricole etc ••• ) sont parmi les Jjlrincipales methodes de lutte 
visant a reduire l'incidence des maladies de la t�mate de plein air et sous 
tunnels plastiques. 
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Effectiveness of several antagonists agents against Botrytis cinerea 
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Abstract 

O.E. Kritsotaki and E.J. Klironomou 
Plant Protection Institute, Heraklio
Crete, Greece 

Laboratory and greenhouse experiments were conducted to test Trichoderma, Acremonium 
alternatum and Penicillium sp. against Botrytis cinerea. laboratory experiments were conducted on 
PDA, cucumber discs and young bean plants. All antagonists were very effective in laboratory tests, 
when applied at least one day before the application of B. cinerea. Their effectiveness was higher at 25 
C and reduced gradually at 20, 15 and 10 C. Greenhouse experiments were conducted on tomato 
plants in a plastic greenhouse where the frequency of applications and the con centration of the spore 
of the antagonists were tested. Neither Trichoderma nor & altematum were effective in greenhouse 
experiments. 

--- -- --- 1. Introduction 
Because of the predomination of resistant strains of Botrytis cinerea to the most effective 

fungicides, grey maid nowadays has been the most destructive disease for crops grown in plastic 
greenhouses. As experience so far acquired indicates that fungicides sooner or later fail to control gray 
maid, an alternative control method should be considered. 

Greenhouse environment provides some advantages in applying biological control for some 
diseases and several authors have tried to apply biological control against grey maid in greenhouse 
crops ( MacCain et al, 1984; Elad, 1991). 

In this paper we present data from experiments using Trichoderma, Acremonium alternatum and 
Penicillium sp. for controlling grey maid. 

2. Materials and methods 
Experiments were conducted in the laboratory as well as in the greenhouses. 

2.1. Laboratory experiments. 
Petri dish inoculation: Four Petri dishes with PDA were seeded with 0.5 ml each of a spore 

suspension of the antagonist, containing 1. 1 o6 spores /ml, for five suocessive days. The fourth day all 
Petri dishes, already seeded and another four which should be seeded the following day, were centrally 
inoculated with 0.5cm plugs of fast growing mycelium of B. cinerea. Four Petri dishes without 
antagonists were inoculated the same day. The same procedure was followed with each antagonist at 
the same time. The test was replicated at 10, 15, 20 and 25 C. 

Three days after artificial inoculation the diameter of the mycelial growth was recorded and the 
percent inhibition by each antagonist, for each day of application and at each temperature was 
calculated. 

Cucumber disc inoculation: Petri dishes 15 cm large containing seven cucumber discs of a 
diameter 30-35mm, were used. The discs of one Petri dish for each of seven suocessive days were 
seeded with 0.04ml each of a spore suspension of the antagonist containing 1.1o6 spores/ml. The 
sixth day the discs of all Petri dishes already seeded and the discs of one more Petri dish which should 
be seeded the following day were centrally inoculated with 0.5 cm plugs of fast growing mycelium of� 
cinerea. The same procedure was followed with each antagonist at the same time. One Petri dish 
without antagonist was inoculated the same day. The experiment was replicated at 10, 15, 20 and 25 C. 
Two days later the diameter of the affected tissue of each cucumber disc was recorded and the percent 
inhibition by each antagonist, for each day and at each temperature was calculated. 

Young bean plant inoculation: For five successive days seven bean plants ( Phaseolus vulgaris) 
with two fully developed leaves were punctured at five places in each leaf. Two hours later they were 
sprayed to run off with a spore suspension containing 1.1 o6 spores /ml of the antagonist tested. The 
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fifth day the plants sprayed with the antagonist, were artificially inoculated with a spore suspension of.!!,_ 
cinerea containing 1.106 spores /ml. Seven additional plants not treated with antagonist, were similarly 
inoculated by _!!. cinerea, while seven more plants were not treated either with antagonist or with _!!. : 
cinerea. The experiment was replicated at 10, 15, 20 and 25 C. During the experiment plants were kept 
in growth chambers set at 100°k r.h, 12/12 photoperiod and about 5000 lux light intensity. A separate 
test was conducted for each antagonist. 

Records of the infection of each puncture were taken four days after the artificial inoculation, using 
a 0-5 scale ( O = no infection, 5 = infection with a diameter of about 1 cm). On the basis of the score of 
each treatment and the control the percent protection was calculated. 

2.2. Greenhouse experiments. 
First experiment: The effectiveness of Trichoderma and 8- alternatum at four or seven day 

intervals, using spore concentrations containing 1.1o6/ml was evaluated against grey mold of tomato. 
lprodione was included as a reference treatment. 

Second experiment: The effectiveness of 8- alternatum at four and seven day intervals at 
concentrations containing 1.1o5, 1.1o6 and 1.107 spores/ml were evaluated against gray mold of 
tomato. 

Both experiments were conducted in a plastic greenhouse on tomatoes grown from early 
September to the end of May. Plots were arranged in a complete randomized block design with four 
replicates. In each plot 15 plants were grown. Spore suspensions were applied with a knapsack sprayer 
until run off. 

3. Results 
Results obtained by the laboratory experiments can be summarised as follows: 

- All antagonists were more effective when tested on young bean plants followed by the test on PDA 
and then by the test on cucumber discs. 
-The effectiveness of the antagonists was higher at 25 C and decreased gradually at 20 , 15 and 10 C.
A 100% effectiveness was obtained when antagonists were applied at least one day before the artificial 
inoculation with .!!,_ cinerea in the test on PDA or three days before in the test on cucumber discs. In 
both these tests applications made the day of the artificial inoculations or the following day had either 
negligible effectiveness or were not at all effective. In the tests on bean plants the effectiveness was 
nearly 1 OO°k even if antagonists were applied the day of the artificial inoculation. 

Some of the results obtained in the greenhouse experiments appear on Table 1. They indicate 
that there was no significant statistical difference, with respect of tomato fruit infection, between any 
treatment and the control. 

Table 1.-Effectiveness of Acremonium alternatum and Trichoderma sp. on gray mold of tomato 
(Botrytis cinerea) in commercial greenhouses. 

First experiment Second experiment 

T r e a t m e n t s  inf.fruit T r e a t m e n t s  inf.fruit 
/plant /plant 

Trichoderma 1.1o6/ 4days 7 a Acremonium 1.105/4 days Bab 
1.106/ 7 Sa 1.1o5 /7 • 14a 

Acremonium 1.106/ 4 ' 7a 1.106/4 ' 7 ab 
1.106/1" Sa 1.1o6;1 • Bab 

lprodione 0.05%/15' 5a 1.107;4 ' Bab 
Control (water) / 4. 5a 1.107/7 ' 6 b 

Control (water) /4 • 12 ab 

Means followed by the same letter are not significantly different by Duncan's Multiple Range 
Test (0.05). 



194 

4. Discussion 

The data obtained during this research indicate that the antagonists tested behaved in different 

way in laboratory and greenhouse exper iments. This is a common phenomenon in biological control 

with antagonists ( Dubos 1986). Several reasons have been mentioned. In the present case the most 

reasonable explanation is the low temperature ( < 20 C) which prevailed in the greenhouses during the 

period of infection by � cinerea Even in the laboratory experiments all antagonists tested showed 

reduced effectiveness at temperature lower than 20 C. At such temperatures antagonists are probably 

not well established on the petals of the flow ers of tomato through which B. cinerea enter the fruit. That 

might be true for Trichoderma and A. alternatum but it could be rather difficult to apply for Penicillium 

sp .. This is easily isolated from senescent tomato flowers during the winter period from any greenhouse 

in our area. 
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EXPERIENCE IN INTEGRATED CHEMICAL - BIOLOGICAL CONTROL OF GREY MOULD (BOTRYTIS 
CINEREA) 

Y. ELAD and G. ZIMAND

Dept. of Plant Pathology, Agricultural Research Organization, The Volcani 
Center, Bet Dagan 50250, Israel. 

Summary 
An isolate of Trichoderma harzianum capable of controlling grey mould (Botrytis 
cinerea) was tested under commercial conditions in vegetable greenhouses and 
grape vineyards. The biocontrol agent was sprayed alone, in tank mix with 
iprodione, or alternated with iprodione or diethofencarb + carbendazim. Up to 
84% disease reduction was obtained by the biocontrol agent, which was at least 
as effective as iprodione or vinclozolin. 1he tank mix of T. harzianum with 
iprodione tended to be more effective than either of the agents alone. 
Alternating the biocontrol agent with a fungicide was also effective. It is thus 
possible to reduce the exposure of!!.,_ cinerea populations to fungicides, to 
reduce fungicides use, and potentially to minimize pesticide residues in the 
treated agricultural products. 

1. I:1troduction
Grey mould caused by· Botrytis cinerea is a damaging disease of table grapes

and various protected crops in Israel (ELAD et al., 1988; KATAN, 1982a,b; YUNIS 
et al., 1990). For the control of grey mould�growers have relied heavily on 
fungicides, mainly benzimidazoles and dicarboximides. However, the sp�ead of g.,_ 
cinerea strains resistant to either or both groups of fungicides greatly reduced 
the latter's effectiveness. Thus, control of grey mould continues to be a 
problem {GULLINO & GARIBALDI, 1986; POMER & LORENZ, 1982)., 

The need for efficient agents to replace the non-effective fungicides and 
th,:i increased demand by the consumer for agricultural products with lower 
residues of pesticides have encouraged us to develop a biocontrol fungicide for 
grey mould (ELAD, 1990). 

Sample results from experiments which were carried out under commercial 
conditions are described in this paper in order to elaborate on the possibility 
of controlling the disease by the biocontrol agent alone or in combination with 
reduced spra;:'S of conventional fungicides, thus allowing limited exposure of the 
pathogen population to the chemical agents. 

2. Materials and Methods
Trials with cucumber: Experiments were carried out in greenhouses

(25 x 60 m} located in central and northern Israel, and covered with 
0.15-mm-thick polyethylene, Infrasol 266 ultraviolet absorbing (UVA) + infrared 
repellent (IR), (Ginnegar, Israel). The soils (alluvial vertisol or sandy loam) 
were fumigated with methyl bromide (Bromine Compounds, Be'er Sheva, Israel) 
prior to planting. Plants were placed 0.5 m apart, with 1.25 m between rows. 
Planting was usually done around 20 October. Each plot contained 10-20 cucumber 
plants (Cucumis sativus, parthenocarpic cv. Kasem 292, Hazera Ltd., Haifa, 
Israel}. Experiments were laid out in randomized blocks with five replicates. 
Disease was evaluated on the senescing female flowers {fruits) or stem nodes. 
Crop treatments were given according to the usual commercial practice in each 
region. Fungicides and the biocontrol agent aimed against grey mould were 
sprayed to runoff with a backpack motor spray�l (Echo SHR 200E, Kioriez Corp., 
Japan) at a calculated volume of 100 L 0.1 ha . The spray nozzle type used was 

Contribution from the Agricultural Research Organization, The Volcani Center, 
Bet Dagan, Israel. No. 3274-E, 1991 series. 
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a conejet Dx6. 
Trials on grapes: A vineyard in central Israel (Judean mountains) was 

selected for the experiments because of the history there of grey mould in 
previous years (ELAD et al., 1988). Plots of 5-10 vines (Vitis vinifera L. cv. 
Barlinka or cv. Shami) were arranged in randomized blocks, with five replicates. 
As soon as the first infected berries were observed in the vineyard, treatments 
against grey mould were started. The grape bunches were sprayed until runoff 
with the same equipment described above for cucumber plants. 

Fungicides: The fungicides sprayed were iprodione (Rovral 50 WP, Rhone 
Poulenc, France), vinclozolin (Ronilan 50 WP BASF, AG, Ludwigshafen, FRG), a 
factory-prepared mixture of diethofencarb (25%) and carbendazim (25%) (Resec, 
WP, Sumitomo Chemical Co., Japan) or Folpet (Folpan, 50 WP, Makhteshim Chemical 
Works Ltd., Israel). An isolate of Trichoderma harzianum from cucumber fruits 
was grown and formulated by Makhteshim Chemical Works Ltd. and sprayed with the 
above mentioned equipment. 

3. Results
The biocontrol agent chosen for wide scale experiments, T. harzianum, was

sprayed with regular equipment in plots treated as usual unde;;-commercial 
conditions. Some of the field experiments carried out since 1987 are reported in 
Tables 1 and 2. 

Experiments in cucumber greenhouses: Trichoderma preparation was effective 
in controlling fruit or stem infections (Table 1). 

TABLE 1: Effect of Trichoderma harzianum on infections of cucumber fruits and 
stems at five locations in Israel. 

Disease incidence (number of infections/10 plants) 

Treatment1 
Ara Herut Gadish Ibtan Ahituv 

Fruit Stem Fruit Fruit Stem Fruit Stem Stem 

None (control) 33.3 12.3 174.7a 15.7a 12.0a 34.3a 48.0a 3.75a 
Vinclozolin (0.5g/L) 18.3 4.3 
Iprodione (0.5g/L) 88.0ab 5.5b 4.8b 13.4b 16.8b 1 .5ab 
T-39 (2g/L) 10.8 2.0 
T-39 (4g/L) 14.lb 3.8b 5.5b 15.0b 24.0b 2.0ab 
T-39 (4g/L) 15.0b 2.8b 1.5c 15.4b 15.3b 0.2b 

mixed with iprodione (0.5g/L)
T-39 (4g/L) 12.5b 22.0b 

alternated with iprodione (0.5g/L)

1Sprayed at a volume of 1000 L/ha. 2Numbers of each experiment followed by a
common letter are significantly not different (P=0.05) according to Duncan's 
Multiple Range Test. 

-

Up to 84% reduction in disease incidence was achieved by 0.2-0.4% of the 
T. harziarum preparation. Results were positive when low or high inoculum
pressure of B. cinerea was present in the greenhouses. Tank mixtures of
Trichoderma with iprodione sometimes improved the performance of the agents as
compared with either of them alone. Alternating the biocontrol agent with
iprodione resulted in control similar to either of the agents alone (Table 1). 

Similar results were obtained with the same agents in tomato greenhouses 
and in strawberry fields (data not presented). 

Experiments in grape vineyards: Examples of the results of experiments with 
table grapes are presented in Table 2. The control achieved by each of the 
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tested agents did not differ significantly. A tank mix of Trichoderma with 
iprodione was slightly better than iprodione alone. Alternating Trichoderma with 
the fungicide mixture diethofencarb + carbendazim was as effective as the 
chemical agent alone. Effectiveness of treatments was also extended to post 
harvest storage (Table 2). 

TABLE 2: Effect of Trichoderma harzianum sprayed in the vineyard on grey mould 
of table grapes. 

Treatment1 
Disease incidence (number of infections/lo vines) 

None (control) 
T-39 (4g/L)
Folpet (0.5g/L)
Iprodione (0.5g/L)
Diethofencarb +

carbendazim (0.25g/L each) 
T-39 + iprodione
T-39 alternated with a mixture

of diethofencarb + carbendazim

=· 
2 Barlinka 

80.oa4 

31.0b

32.0b 

16.0b 

1 Sprayed
harvest. 
(r=o.o5J 

nt a volume of 1000 L/ha. 2Tested in
Numbers followed by a common letter 

according to Duncan's Multiple Range 

=· 
2 Barlinka 

6.2 
2.8 
1.8 

CV. 

Shami2 

20.3a 
13.3ab 

8.6ab 

11.3 
3.0b 

11.0ab 

CV. 

Shami3 

5.6 
2.7 

2.3 

0.3 
1.3 

3.0 

the vineyard. Tested 7 days after 
are significantly not different 
Test. 

Similar results were obtained in various experiments carried out in 
vineyards in several countries (data not presented). 

4. Discussion
The results presented here point to the fact that a T. harzianum

preparation is an excellent alternative to fungicides for the control of grey 
mould. Biological control of grey mould has been tested for at least 45 years 
(BLAKEMAN, 1985; BLAKEMAN & FOKKEMA, 1982; DUBOS & BULIT, 1981; FOKKEMA, 1976). 
NEWHOOK (1957) sprayed tomato plants with isolates of Cladosporium herbarium and 
Penicillium spp. and reduced the amount of decayed fruits. REDMOND et al. (1987) 
controlled grey mould on rose flowers and WOOD (1950) controlled the disease on 
lettuce leaves, each with epiphytic microorganisms. TRONSMO & DENNIS (1974) and 
TRONSMO & YSTAAS (1980) reported the control of� cinerea on strawberry and 
apple fruits by Trichoderma. Trichoderma was also tested for its ability to 
control grey mould by various researchers (DUBOS et al., 1 982; GULLING et al., 
1985; McCAIN et al., 1985) and others, but report;-o;-the commercial us�or""a 
biocontrol agent against this disease were limited to Bulgaria and the Soviet 
Union (LYNCH, 1988). 

There has been an increase in awareness of the negative side effects of 
fungicides on the ecosystem, and growing interest in pesticide-free agricultural 
products. Biocontrol and fungicidal treatments should be considered in terms of 
the most effective means of disease control in relation to the ecological damage 
which may result from their use. 

An increasingly strict legislative and environmental climate has raised 
substantially the cost and the time-scale of development of new fungicides. In 
fact, many agrochemical and biotechnology companies are investing in R&D of 
disease biocontrol, with the intention of incorporating it into integrated crop 
management programs. However, another major justification for development of 
disease agents is to extend the crop protection weaponry where no chemical agent 
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exists. There are also possibilities for minor uses, where industry has found it 
difficult to justify the cost of R&D and registration of a fungicide. 

Biological methods are a realistic aim for control of foliar diseases, but 
their success will depend on a thorough understanding of their behaviour and 
interactions in the microenvironment of the host surface, together with a 
detailed knowledge of the properties of the pathogen and its physiology (ELAD, 
1990). 

The side effects and toxicology of biological products must also be tested. 
In this regard microorganisms producing antibiotics, toxic compounds or lytic 
enzymes will probably be unacceptable. The toxicological tests customarily used 
for chemical products should be applied for such biological products. If simple 
competitition is the sole mode of action, the requirements for registration 
should perhaps be more lenient, provided that the antagonist of choice does not 
present any health risk and is not a genetically modified microorganism. 

Finally, our results show that the biocontrol agent Trichoderma is useful 
for controlling grey mould and for reducing the use of fungicides against the 
disease. Thus, pressure towards development of resistance against fungicides in 
the pathogen can be reduced and pesticide residues in the agricultural products 
can probably be elimintated. 
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GREY MOLD OF GREENHOUSE-GROWN TOMATOES: 

DISEASE CONTROL BY CLIMATE MANAGEMENT ? 

P. NICOT and D. ALLEX.
I.N.R.A., Station de Pathologie Vegetale,

Domaine Saint Maurice, B.P. 94, 
F-84143 MONTFAVET Cedex, FRANCE 

As conventional methods are becoming increasingly inefficient in 
controling grey mold of tomato in greenhouses, more and more growers 
are resorting to costly dehumidification schemes to avoid conditions 
favorable to the disease. In order to propose a "climate management 
strategy" that would limit the dehumidification interventions, a 
study was undertaken to determine the precise water requirements for 
Botrytis cinerea Pers. to induce disease on tomato plants. 
Preliminary results are presented in this report on the effect of 
wetness duration and wounding on the germination of B. cinerea 
spores on the surface of tomato leaves. On intact leaflets, conidia 
failed to germinate in absence of free water and germination 
remained very low for leaf wetness durations of up to 24 hours. In 
the presence of wounds created with a scouring pad, dry conidia 
germinated without addition of free water. However, in presence of 
water, the germination rates increased sharply with wetness duration 
up to 7 hours, above which they remained stable. Lesions developed 
after inoculation on leaves wounded with a scouring pad and 
maintained wet for 24 hrs, but not on inta�t or on carborundum:
wounded leaves incubated in similar conditions. 

1. Tntroduction

Grey mold, caused by the ubiquitous fungus Botrytis cinerea 
Pers., is a very serious disease of protected vegetable crops. On 
greenhouse-grown tomatoes, the fungus can attack all aerial parts of 
the plant and is often responsible for catastrophic yield losses 
(Messiaen et al., 1991). None of the commonly-grown varieties of 
tomatoes are resistant to the disease, and although biological 
control methods have been sought and certain potential biocontrol 
agents identified (Dubos, 1987, Gullino & Garibaldi, 1990, Gullino 
et al., 1990), no commercial formulation has been released to this 
date. The control of this disease, which has relied heavily on the 
use of benzimidazoles and dicarboximides, has become increasingly 
difficult with the increasing prevalence of strains of B. cinerea 
that are resistant or tolerant to both groups of fungicides (Gullino 
& Garibaldi, 1986, Northover & Matteoni, 1986, Messiaen et al., 
1991) 

In southern France, the disease is particularly prevalent 
during the late winter and early spring months, when weather 
conditions and cultural practices may result in high relative 
humidity inside the shelters and the presence of free water on plant 
surfaces. Such conditions have long been recognized as favorable to 
the development of grey mold, and recommendations to growers for 
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avoidance of the disease include ventilation and heating of the 
greenhouses to reduce relative humidity and to avoid condensation 
(Jarvis, 1989, 1990). In a pre-oil crisis study, Winspear et al. 
(1970) showed that dehumidification of a tomato greenhouse with a 

humidistat set at 75% relative humidity (RH) resulted in an 
incidence of fruit blemishes less than 5% of that in a control 
greenhouse without dehumidification. In the current economic 
context, however, such systematic dehumidification of a greenhouse 
is a costly endeavor and more information is needed on the water 
requirements of the fungus to determine precisely what humidity 
conditions should be avoided. 

In several host-fungus systems with B. cinerea or B. squamosa, 
it has been shown that high relative humidities may not be 
sufficient to result in infection and lesion development. In 
several cases, a wetness period was necessary, and the frequency of 
infections increased with the duration of the wetness period (Bulger 
et al., 1987, Ramsey & Lorbeer, 1986, Salinas et al., 1989). In 
1990, a study was undertaken to determine the precise water 
requirements for B. cinerea to induce disease on tomato plants. 
This report presents preliminary results on the effect of wetness 
duration and wounding on the germination of B. cinerea spores on the 
surface of tomato leaves. Part of these results have been presented 
elsewhere (Allex & Nicot, 1990). 

2. Materials and methods

Isolate BC8 of B. cinerea, maintained on malt agar (MA) medium 
(Difeo), was used throughout this study. Spores obtained from 12-15 
day old colonies on MA medium were used as inoculum. Their 
germination rates determined after 24 hours incubation at 20°C on 
water agar medium and MA medium were 0.0% and 97.5%, respectively. 

The upper sides of tomato leaflets 
were inoculated either with dry spores 
colony, or with a 4xlQ 5 cell/ml water 
CF2Cl2 Desaga sprayer (Heidelberg) 
Monalbo unless otherwise indicated. 

from ea 6-week old plants 
blown from a sporulating 

suspension sprayed with a 
The plants were cultivar 

To study the effect of wounding of the host on the germination 
of the spores, wounds were created by gently rubbing the leaves with 
carborundum ("microwounds") or with a scouring pad ("macrowounds") 
15-30 minutes before the inoculation. The carborundum-wounded 
leaflets were rinsed with distilled water to remove the abrasive 
particles. 

Inoculated plants were placed inside a small growth chamber 
with temperatures of 22°C (16 hours light) and 18°C (8 hours
darkness). A layer of free water (ea 3 cm deep) was maintained on 
the floor of the chamber to ensure that relative humidity remained 
near saturation throughout the duration of the experiments. Actual 
RH, mesured with a hair hygrothermograph, was 95-98% during the 
night and 85-90% during the day. 

In an attempt to reduce the growth chamber space and plant material 
needed for these experiments, similar tests were conducted on 
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leaflets cut off from the plants: Inoculated leaflets were detached 
from the plants and placed in 9cm diameter Petri plate covers. To 
ensure nearly saturated RH, the covers were placed inside 14cm 
diameter Petri dishes containing a layer of free water. The large 
Petri plates themselves were placed in a small growth chamber as 
described above. 

To obtain wetness periods of desired durations on the leaflets, 
plant material was removed from the humid chambers at appropriate 
times and allowed to dry. The leaflets were dry after ea 1 hour and 
the plants were again placed in the humid chamber for the rest of 
the incubation period. 

To monitor the germination of spores on the leaves, clear 
adhesive tape was applied on the surface of the leaflets and peeled 
carefully. The tape was then mounted on a microscope slide and 
observed under phase contrast. For each leaflet, a minimum of 100 
spores were observed. Results were expressed as proportions of 
germinated spores. The transformation Y = Arcsine (x- 1 12) was 
applied to the data prior to statistical analysis. Throughout the 
study, a minimum of 3 replicate leaflets were examined for each 
treatment. 

3. Results

Comparison of germination frequencies on detached and 
non-detached leaflets. In absence of free moisture, virtually no 
germination occurred on the surface of non-�etached leaves, evep 
after 96 hours, while over 35% germination was observed after 72 
hours on detached and non-detached leaflets (Fig. 1). Large 
differences between germination on detached and non-detached 
leaflets were also observed with wetness duration ranging from 4 to 
24 hours and in the presence or absence of wounds (Tables 1 and 2). 

In view of these results, the following experiments were 
conducted on whole plants and the data presented herafter will 
concern non-detached leaflets unless otherwise stated. 

Effect of �etness on spore germination on the leaf 
surfac3. On intact and micro-wounded leaflets, the presence of 
free water for several hours was necessary to observe germination 
(Table 2). In the presence or absence of wounds, the frequency of 
germination increased with increasing wetness duration. However, 
the increases in germination frequency were not statistically 
significant for more than 7 hours of wetness (Table 2). 

While free water on the leaf surface was necessary to observe 
germination in absence of wounds, it may not always be sufficient: 
in a second experiment, germination rates remained below 6% after 96 
hours incubation, even on leaves maintained wet for 24 hours (Fig. 
2). 

Effect of the presence of wounds on spore germination 
on the leaf surface. The presnece of wounds on the surface of 
the leaves had significant effects on the frequency of spore 
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Figura 1: Evolution over time of the frequency of germination of 
dry spores of Botrytis cinerea on the surface of tomato leaflets 
detached (0) or not detached (0) from the plants and incubated in 
nearly saturated relative humidity. 
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TABLE 1: Effect of leaf wetness duration and presence of 
wounds on the frequency of germination of Botrytis cinerea 
spores 24 hrs after inoculation on tomato leaflets detached 
from the plants. 

Leaf wetness duration (hours) 

0 4 24 

intact leaflets 6.4 a 15.0 a 8.9 a 

micro-wounded 3.8 a 47.3 b 44.1 b 

Numbers shown are percentages of germinated spores, averaged 
over 3 leaflets per treatment. Averages followed by diffe
rent letters are significantly different (p<0.05) based on 
the Newman-Keuls multiple comparison procedure 

TABLE 2: Effect of leaf wetness duration and presence of 
wounds on the frequency of germination of Botrytis cinerea 
spores after 24 inoculation on tomato leaflets not detached 
from the plants. 

Leaf wetness duration (hours) 

0 4 7 24 

intact leaflets 0.0 a 0.0 a 14.6 b 18.1 b 

micro-wounded 0.5 a 11.0 b 16.9 b 22.3 b 

macro-wounded 24.2 b 55.3 C 78.1 d 8 4.8 d 

Numbers shown are percentages of germinated spores, averaged 
over 5 leaflets per treatment. Averages followed by diffe
rent letters are significantly different (p<0.05) based on 
the Newman-Keuls multiple comparison procedure 
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Figure 2: Evolution over time of the frequency of germination of 
dry spores of Botrytis cinerea on the surface of tomato leaves 
maintained dry (•l, wet for 4 hours (8)or wet for 24 hours (A). 

The leaflets were not detached from the plants and were intact (A) 
or microwounded (B) with carborundum prior to inoculation. 
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germination. Dry spores were able to germinate in large numbers on 
the surface of macro-wounded leaves and the germination frequency 
increased significantly with increasing degree of wounding for any 
given leaf wetness regime (Table 2, Fig.2, Fig. 3). 

When observations were made beyond 24 hours after inoculation, 
the germination rates remained stable over time (Fig. 3), with 
plateaus at ea 6%, 15% and 58% germination for unwounded, micro
wounded and macro-wounded leaflets, respectively. These results 
suggest that spores that had not germinated by 24 hours after 
inoculation did not germinate in the following 3 days of the 
experiment. 

Effect of host variety. In addition to cultivar Monalbo, 
germination tests were conducted on three tomato cultivars commonly 
grown in southern France. On macro-wounded leaflets maintained wet 
for 24 hours, germination rates were not statistically different 24 
hours after inoculation, with averages (5 replicate leaflets 
examined per cultivar) of 90.1%, 83.7%, 86.3% and 89.1% for 
cultivars Monalbo, Larma, Prisca and Rondello, respectively. 
Similarly, no statistical differences were detected when the tests 
were conducted on leaflets detached from the plants, microwounded, 
and maintained wet for 6 hours after inoculation (Fig. 4) 

Symptom exprassion. Following observation of spore 
germination, plants were kept in the growth chambers up tq 7 days 
after inoculation. On leaves maintained wet for 24 hours after 
inoculation·, lesions developed on 93. 8% of the macrowounded leaflets 
and none of the microwounded or intact leaflets. Similar 
observations were made on plants maintained dry and on plants 
maintained wet for 4 hours after inoculation. 

4. ll.i.scussion

From the time a spore of B. einerea lands on the surface of a
tomato leaf, the process leading to the development of a detectable 
lesion includes spore germination, growth of the germ tube into an 
infection hypha, penetration of the host, colonization of host 
tissue and symptom expression. The completion of the whole process 
necessitates that conditions be met for the successful conclusion of 
each successive step. The results obtained by previous researchers 
for B. einerea on strawberry and gerbera (Bulger et al., 1987, 
Salinas et al., 1989) and for B. squamosa on onion (Ramsey & 
Lorbeer, 1986) suggest that one or more of these steps require the 
presence, for an appropriate length of time, of free water on the 
host surface. The work presented here constitutes a first trial in 
a projet to characterize the water requirements of the fungus for 
each of the stages of the infection process. 

Although preliminary, our results clearly showed that the 
presence of free water for a duration of ea 7 hours on the surface 
of intact tomato leaves was necessary for germination to proceed. 
These results merit confirmation as they suggest that Botrytis 
attacks on intact tomato leaves could be avoided by preventing the 
occurence in shelters of 4 to 7 hours of wetness on the foliage - a 
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Figure 3: Evolution over time of the frequency of germination of 
dry spores of Botrytis cinerea on the surface of tomato leaves 
maintained wet for 24 hours. The leaves were not detached from the 
plants and were intact (0), microwounded with carborundum (A) or 
macrowounded with a scouring pad (0) prior to inoculation. Points 
followed by different letters indicate a significant difference 
(p<0.05) based on the Newman-Keuls multiple comparison procedure. 
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Figura 4: Evolution over time of the frequency of germination of 
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condition much less difficult and costly to attain than 75% relative 
humidity. 

A complicating factor in commercial greenhouses may be the 
presence of wounds on the leaves: superficial wounds caused by 
pests such as white flies, aphids and mites, or deep wounds, cuts 
and bruises caused by leaf miners or the frequent handling of the 
plants. In our study, the presence of wounds on the leaves had two 
distinct consequences: (1) a reduction in the duration of the 
wetness period required for the onset of spore germination and (2), 
an increase in the proportion of germinating spores (Table 2). 

The very low germination rates observed on intact leaves, even 
in the presence of 24 hours of wetness, are in agreement with 
reports on the strict nutrient requirements for the germination of 
B. cinerea spores (Blakeman, 1980) and their limited availability in
tomato leaf leachates (Chou, 1972). These phenomena also suggest 
that the observed effect of wounds on spore g_ermination could result 
from additional moisture and nutrients leached from the bruised 
cells. This hypothesis is supported by the parallel increase in 
wound severity and germination rates obserbed in the present study 
(Table 2). It is also compatible with the correlation noted in 

somes shelters between the presence of honeydew due white fly 
infestations and the presence of Botrytis lesions on the leaves. 

The present study provides encouraging information in view of 
our objective to develop a climate management strategy to control 
grey mold in tomato greenhouses. It clearly needs to be repeated, 
with consideration given to the possible role of parameters such as 
the age of the leaves (rather than that of the plants), the age of 
the spores and possible differences among strains of the fungus. 
Other plant organs such as flowers, stems and young fruit, that are 
commonly attacked by the fungus, should also be taken into account. 
Fianlly, other steps in the infection process may have requirements 
even more constraining for the fungus than germination as 
suggested by the lack of lesion development on intact and micro
wounded leaflets in our study - and the possibility of preventing 
the disease by blocking these stages will need to be explored. 
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INTEGRATED CONTROL OF GREY MOULD OF TOMATO 
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Summary 

The integration of cultural, biological and chemical control 
measures was attempted for controlling grey mould (Botrytis 
cinerea Pers.) of tomato grown under greenhouse in Northern Italy. 
In the presence of higher amount of nitrogen fertilization and 
reduced ventilation, disease incidence was higher: under such 
conditions, only chemical sprays, carried out with the mixture 
procymidone + thiram, used alone or in alternation with 
carbendazim + diethofencarb, satisfactorily controlled grey mould. 
In ventilated greenhouse, in the presence of a lower amount of 
nitrogen fertilization, also the alternation of chemical and 
biological treatments (carried out with Trichoderma spp.) did 
offer a good control of grey mould. Also the use of formulated 
Trichoderma preparations alone resulted in partial disease 
control. The results obtained show that the integration of 
different control measures permits a good control of B.cinerea 
and reduces the number of chemical sprays. 

l. Introduction

Grey mould, incited by Botrytis cinerea Pers., is the most 
serious foliar disease of tomato grown under protection. Under 
favorable environmental conditions, the number of sprays normally 
carried out in commercial greenhouses can be more than six/season. 
In Italy, as well as in many other countries, management of this 
disease is complicated by the presence of populations of the 
pathogen resistant to benzimidazoles and dicarboximides (Bazzano 
et al., 1990) and by restrictions in the number of effective 
available fungicides. Under these conditions, availability of 

* Work supported by grants from Ministero Agricoltura e Foresta
(Progetto Finalizzato: Lotta biologica e integrata. Sottoproget
to: Colture protette) and from Regione Liguria.
First and last authors planned the experiments and wrote the
manuscript, the second carried out the experimental work.
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alternative control strategies, environmentally safer, looks very 
promising. Unfortunately, the biocontrol agents (mostly 
Trichoderma spp.) up to now investigated (Elad, 1990) and the 
cultural methods, especially in the case of protected crops, used 
separately do not always satisfactorily control the pathogen. 

The results obtained by integrating cultural, biological and 
chemical measures in order to effectively manage grey mould on 
tomato grown under greenhouse on the Riviera Coast will be 
described in this paper. 

2. Materials and methods

The two trials described were carried out during the spring
1990 at the Centro orticolo sperimentale of the Chamber of 
ColllJllerce of Savona, located at Albenga (Northern Italy). Tomato 
plants (cv Candela) were grown under two polyethylene tunnels 
equipped with overhead irrigation. The level of nitrogen 
fertilization was different in the two tunnels: in tunnel 1, a 
fertilizer containing N:P2 o5:K2 O at a ratio of 1:2:3 was used, 
while in tunnel 2 the ratio of N:P205:K20 was 4:1:1. Moreover, 
tunnel 1 was ventilated during the day and left open during the 
night if the temperature was higher than 70c. Tunnel 2, on the 
contrary, was ventilated only when temperature was higher than 20 

Oc and kept always close overnight. All other cultural practices 
were those followed by local growers. 

Plants were artificially inoculated twice at flowering with 
conidial suspensions (10 6 conidia/ml) of B.cinerea, containing 90% 
sensitive (S) and 10% benzimidazole and dicarboximide resistant 
(RBD) spores, as previously described (Garibaldi et al., 1989). 

Treatments were carried out at 7 day intervals, starting at 
first open flowers. Fungicides and Trichoderma (at dosages 
reported under table 1) were applied by means of a hand-operated 
knapsack sprayer. Trichoderma IPV (Gullino et al., 1990) was 
applied as spore suspension (10 10 /1); Trichoderma IPV F (T 5/2 RDB 
11, SIAPA, Bologna, Italy) and MTR 39 (Makhteshim, Beersheva, 
Israel) were used respectively at the dosages of l.6xlo10and 4xlo10 

cfu/1 as formulations. Each treatment was applied to three 
replicate plots (16 plants/plot) in a randomised block layout. 
At harvest, rotted and healthy fruit were counted and weighed. 

3. Results and conclusions

Disease severity resulted high in both tunnels, with attacks
being, however, higher in tunnel 2, due to the higher amount of 
nitrogen and to the reduced ventilation (table 1). The effect of 
the tested treatments was different in the two tunnels. In tunnel 
2, in which environmental conditions and fertilization were 
favourable to grey mould, only chemical sprays, carried out with 
the mixture procymidone+thiram, used alone or in alternation with 
carbendazim+diethofencarb, satisfactorily controlled grey mould 
(table 1). Also in tunnel 1 the best results were shown by the 
same chemical sprays, but, in this case, also the alternation of 
chemical and biological treatments and the use of formulated 
biocontrol agents alone offered a partial control of B.cinerea 
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Table 1 - Effectiveness of different treatments against grey mould 
of tomato (cv. Candela). 

Number 
Treatment* g or cfu/1 

1) Control

2) Procymidone+thiram/*** 0.25+1
Trichoderma IPV 1010 

3) Trichoderma IPV 1010 

4) Trichoderma IPV F 1. 6x1010

5) Trichoderma MTR 39 4x1010 

6) Procymidone+thiram 0.25+1 

7) Carbend.+diethof./*** 0.25+0.25
procymidone+thiram o. 25+1

* Total number of sprays carried out: 5

rotted fruit/plot 

Tunnel 
1 2 

34 d ** 41 b 

12 be 34 b 

34 d 50 b 

17 C 44 b 

19 C 48 b 

5 ab 9 a 

1 a 4 a 

** Values of the same column, followed by the same letter, do not
significantly differ, following Duncan's Multiple Range Test 
(P = 0.05). 

*** Treatments carried out in alternation. 

(table 1). Number of healthy/',fruit/plot, considered as 
cumulative data of different harvests, was not significantly 
affected in tunnel 1 by the different treatments, while in tunnel 
2 treatments carried out with Trichoderma IPV did show a positive 
effect. From a general point of view, yield did not resulted 
severely affected by disease (table 2). 

By considering the evolution of grey mould attacks at different 
harvests (figure 1), it is possible to observe that the disease in 
tunnel 1 spread slowly in comparison with tunnel 2. This 
phenomenon might have practical consequences, since it lead to a 
much lower disease incidence during the first harvests, 
corresponding to higher tomato prices. 

Reduced amount of nitrogen fertilization and adoption of simple 
cultural practices such as increased ventilation, in order to 
reduce the persistence of water films on leaves, complemented 
well the other control measures. Under conditions less favorable 
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Table 2 - Effectiveness of different treatments carried out 
against grey mould of tomato on yield, evaluated 
as number and weight of healthy fruit (the data 
reported are the total of different harvests). 

Treatment * 

1) Control

2) Procyrnidone+thiram/***
Trichoderma IPV

3) Trichoderma IPV

4) Trichoderma IPV F

5) Trichoderma MTR 39

6) Procyrnidone+thiram

7) Carbendaz.+diethof./***
procyrnidone+thiram

Healthy fruit/plot 
Number Kg 

Tunnel Tunnel 
1 2 1 2 

218 a** 221 be 34.4 a 34.6 a 

236 a 252 ab 39.3 a 38.8 a 

195 a 261 a 31.9 a 37.6 a 

198 a 237 abc 32.4 a 38.9 a 

218 a 218 cd 35.1 a 33.1 a 

205 a 208 d 35.3 a 38.0 a 

235 a 207 d 38.3 a 37.1 a 

* Treatments carried out as reported under table 1
** and *** see table 1.

to disease development, also biocontrol agents partially 
controlled the pathogen. It is interesting to observe that the 
best results were obtained with formulations of Trichoderma 
(treatments 4 and 5): this is probably due to a better survival of 
formulated Trichoderma due to substances present as coformulants. 
The alternation of fungicides and biocontrol agents, in 
combination with cultural measures, did permit further reduction 
of disease incidence (table 1). This result is particularly 
interesting, because it permits an overall reduction of the number 
of chemical sprays. 

In conclusion, although needing further confirmation, the 
results obtained show that the integration of different control 
measures permits a good control of grey mould and reduces the 
number of chemical sprays. In the future probably biocontrol 
agents might play a major role but, at present, fungicides are 
still necessary for management of tomato grey mould. 
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Figure 1 - Evolution of grey mould attacks at different harvests 
(for explanation of treatments 1-7, see table 1). 
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