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INTRODUCTION 

This Bulletin contains the papers presented during the third 

meeting of our Working Group 11 Integrated Control in Glasshouees", 

held :from 5 to 7 May, 1976, at the INRA "Station de Zoologie et 

de Lutte Biologi;e" at Antibes, i;\rance. Biological control 

plays a major part in developing a\,etter balanoed pest control 

eystem in glasshouse crops. Consequ~ ~ly it is not surprising 
\ 

that the reporte presented here deal almest exclueively with 

various aspects o:f biological control , or that a good ·deal o:f 

attention is given to peeticide selectivity, with the aim o:f avoid­

ing unwanted inter:ference o:f pesticide applications with introduced 

Pßl'8Bites and predators. 

This Bulletin should be seen as a :follow-up to IOBC/wPRS Bulletin 

1973/4, 11Integrated Control in Glasshouses" . Qomparing the two 

documenta will give an excellent idea o:f the progress made in this 

particular :field in the past three years. I would . like to congra­

tulate the various membere o:f the Working Group :for their contribu­

tion to this achievement and thanlc them very much :for their colla­

boration in our organization's activitiee. 

L. Brader 
Secretary General 
Plant Protection Service 
FAO 
Via delle Terme di Caracalla 
00100 - Rome (Italy) 
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S'l'ATUS OF INTmRATED CONTROL IN THE US GREl!JIHOUSE INDUS'l'RY 

by 

R.K. LINDQUIS'l' 
Department of Entomology 

Ohio Agricultural Research Development Center 
Wooster 44691 USA 

G 2. 1 6 

In the United States, progress in achieving integrated control of greenhouse pests 

has been minimal. This is due to a combination of factors, which are outlined below. 

A. The US greenhouse industry is relatively emall and scattered. 

The exact acreage is difficult to detennine, because of the expansion in t he 

number plastic covered structures. According to Cravens ( 1974), ·there were approximately 

2,900 acres (1,180 ha) used for vegetable production. Of this total, about 50 percent was 

plastic covered. In recent years, the glaes acreage has tended to remain the same, while 

that covered with plastic is increasing. 

As a consequence, there are no large centers of greenhouse pest control research 

(as in the UK, The Netherlands, etc.) in the US, because the denand has not been localized. 

B. The relatively large number of peste attacking greenhouse vegetablee. 

In addition to the greenhouse whitefly and two spotted spider mite, other peste 

such as the vegetable leafminer (Liriomyza sativae Blanchard),(Diptera: Agromyzidae) potato 

tuberwonn (Pht horimaea operculella), and tomato pinwonn (Kieferia lycopersicella) (both 

Lepidoptera: Gelechiidae) are serious pest e of tomatoes. 

Tyrophagus sp. have become pests of cucumbers. 

Lea:ftniners and the "French-fly" 

The shipnent of produce across the country (and from Mexico), the proximity of 

many greenhouses to outdoor growing areas, and the fact that many growers have crops i nsane 

stage of growth ins ide t he greenhouse virtually ail year, contribute to rather severe 

outbreaks of one or more of the above peste. 

This has complicated efforts to achieve a practical integrated control progranune. 

Bacillus thuringiensis 1 for e:xample, has no effect on either of the Lepidoptera listed above. 

Naturally, not all bf these pests are always present, but they are there often enough to 

cause ·problems. 
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C. Until recently, insecticides have generally been effective in controlling major 

pests. 

D. Registration of "selective" insecticides on greenhouse crops is difficul t. 

Under the present pesticide registration programme in the US, availability of 

pesticides for "minor" crops (e.g. greenhouse vegetablee and ornamentale), has been severely 

restricted. Therefore, it is -doubtful whether such pesticides as pirimicarb and resmethrin 

will be legally available to US greenhouee .vegetable producers in the near future, even 

though they are able to be used on certain floricultural crops. 

Despite this generally gloomy situation, it is necessary to make an effort to 

develop a practical integrated control plan for producere of greenhouse veget ables in the 

US. As mentioned in "C" above, pesticide .resistance or phytotoxicity was not a problem 

until recently. During the paat few years, growers have bad an increasingly difficult 

taek controlling pests such as white flies and lea:flniners on t omatoee. Although we have 

not conducted any studies to determine whether populations of these insects have developed 

resistance, the experience of other areas of the world suggests that this is the case. 

A more critical problem has been the increasing acreage of cucumbers, with the 

resulting spider mite problem. In grower experience and research trials, i t has been 

difficult to locate the satisfactory combination of an effective acaricide that is not 

phytotoxic to cucumbers. Plictran might be ueeful in this regard, if use on young plante 

can be ayoided. Of course, even if a satisfactory mat erial can be located, registration 

will still be a problem. 

Present Projects and Future Outlook 

A. :Eilcarsia formosa and Phytoseiulus persimilis 

Results from using :Eilcarsia and Phytoseiulus in controlled experiment s on 

vegetables have been similar to thoee obtained in other areas of the world. What is 

necessary now is to provide rearing facilities for natural enemy · supplies and dist ribution, 

plus programmes for grower education. This phase of the system is scheduled t o get started 

in late 1976 and during 1977. 

Studies also have been conducted using Encarsia to control whiteflies on short­

term ornamental crops such as poinsettias (Helgesen and Tauber, 1974, Lindquist , unpublished). 

Helgesen and Tauber achieved control on a poinsettia crop in production, but at temperatures 

that probably were too high for economic and horticultural reasons. During t he summer of 

1975, I . obtained excellent control of whiteflies on poinsettia s t ock plants wit h :Eilcarsia 

(comparable to that obtained with aldicarb), talting advantage of the naturally higher 

temperatures during this period, Use of :Eilcarsia in this manner may allow a grower to go 
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into the main poineet tia production season virtually free of whitefliee, and reduce the 

amount of insecticides needed later in the crop. 

Poe (unpublished) has used Phytoseiulus with some success in trials for two 

spotted spider mite control on roses in Florida. 

B. Resistant cultivars 

Efforts have been made in several locations to evaluat e tomato cul ti vars and 

plant introductions for resistance to whiteflies, spider mites, and leafminers. Reeul ts 

indicated either some mechanical r esistance due to the presence of hairs, or sticky exudate 

on leaves, or, that some cultivars were non-preferred as feeding or oviposition sites. 

However, to-date there does not seen to be anything useful in an acti ve breeding programme. 

C. Selective chenicale 

As is already known from work in several parts of the world, many pest icides 

can be utilized in an integrated programme that are less harmful to Encarsia or Phytoseiulus, 

either in thoos elves, or by applying then in the proper way or at the proper time. 

Part of my work at Wooster is aimed at continuing to locate those materials that 

would control ~· lycopersicella, !!• ~. or !• vaporariorum (adulte) on tomatoes, while 

allowing Encarsia survival. A restriction on those materiale chosen was that only compounds 

which had a possibility of becaning registered were used. 

Insecticides included pennethrin, chlordimefonn, acephate, diazinon, methomyl, 

endosulfan (applied as high-volwne sprays), and pyrethrin (applied as H.V. and U.L.V. spraye). 

Generally, results were evaluated by applying materials at 10-14 day intervals to a growing 

systan containing whitefly scales and introduced Encarsia, and recording percent parasitism. 

No special effort was made to avoid periods of parasite activity. Although all were effective 

against one or more of the above species, only pyr~thrin appeared tobe of use in an integrated 

programme. The other materials were either phytotoxic (chlordimefonn), or did not allow 

s ignificant parasi tism. Harbaugh ( 1975) reported that ni cotine sulfate and/or resmethrin 

could be used to keep a whitefly and Encarsia systen in balance, provided applicat ions 

were made during periods of low parasite activity. Since it is unlikely that resmet hrin 

will receive approval for use on food crops .in the US, this use will be restricted to 

ornamentals. Nicotine sulfate, if registration for greenhouse food crops is allowed to 

renain, may be usef'ul in an integrated programme. 

On cucumbers, s imilar studies have been conduct ed, attanpti:iig to identify materials 

that will cont r ol '.!'.• urticae , '.!'.• vaporariorum, !!• sativae and Bradysia coprophia (Sciaridae), 

while remaining relatively hannless to f• persimilis. Materials used in this phase of the 

programme included plictran, pennethrin, pyrethrin, acephate, methomyl, oxamyl, za.rdex 
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(high-volme sprays), diazinon (E.c. and granules aa soil drench). When !:• pereimilis 

adulte were introduced onto plante o, 24, or 72 hr af'ter treatment, only plictran, pyrethrin, 

and zardex allowed much eurvival. 

Theref'ore, pyrethrin applied as high-volume or ultr&-lo-volume sprays appears 

to be the most eatisfactory material of thoee tested. 

Probably, eeveral other CCIDpounds could be ueed occaaionally, if Encarsia or 

Phytoeeiulus were well-eetablished, if re-introductions could be made, or applications were 

t:iJDed to avoid peak parasite activity. 

The above SUDllll&ry, I believe, reflecte the preeent etatus of integrat ed control 

efforte in the US. We hope to use the info:nnation gathered by other workere and adapt it 

to our cropping practice. Hopef'ully, a praotical· integrated control programme ca.n then be 

develop_ed in a minimum amount of t:iJDe. 
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THE DIWELOPMEm OF BIOLOGICAL CONTROL ON CUCUMBERS AND TOMATOES I1J THE UK 

by 

H,J, GOULD 

Agricultural Developnent and Advisory Service, Bristol 

In the UK much of the early work on biological control in glasshouses had been done 

on cucumber peste where, because of the problem of acaricide resistance in Tetranychus 

~ growers were interested and ready to adopt alternat ive methods of control, 

Following a series of large scale demonstrations of the integrated control of cucumber 

pests and diseases (Gould 1971) organised on a cooperative basis by the Glasshouse Crops 

Research Institute (GCRI) and the .Agricultural Developnent and Advisory Service (ADAS), a 

successful programme for cucumber growers has now been developed in the UK. 

is summarised in Table 1, 

This programme 

Table 1. 

Pest/Disease 

Tyrophagus longior 

Tetranychus urticae 

Trialeurodes vaporariorum 

Thrips tabaci 

Aphis gossypii 

Sphaerotheca fuliginea 

Basic Integrated Control Programme for Cucumbers 

Treatment 

Parathion bed drench 
before planting 

Phytoseiulus persimilis 

Ehcarsia formosa 

Gamma BHC or diazinon 
bed drench 

Pirimicarb spray 

Dimethirimol or benanyl 
root drench 

Control method 

Selective timing 

Biological-predator 

Biological-parasite 

Select ive placement 

Selective aphicide 

Selective fungicide 

Full details of the methods for introducing the biological agents were described by 

Parr & Scopes ( 1971). The most predictable control of red spider mi te ( Tetranychus urticae) 

was obtained when each plant was infested with 10-20 mites soon af_!er planting followed by 

2 predators onto each alternate plant 10-14 days later. This established an even popula.­

tion of the predator before the plante were infested with naturally occurring populations 

of Tetranychus urticae _from the glasshouse structure, lt was also shown that, to obtain 

r-
1 
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the most reliable control of whitefly (Trialeurodes vaporariorum) (Parr 1970) the crop 

should first be infested with wbitefly at a rate of 2 per plant followed 14 days later by 

an introduction of Encarsia fo:nnoea as parasitized scales at a rate of 20 per plant. In 

practice growere have not adopted the technique of introducing peets on to their plan~ 

and Phytoeeiulue pereimilis is being used successfully by an introduction as soon as the 

firet symptans of red spider mite damage are seen on the crop. Similarly ot her techniques 

are being ueed for whitefly control and the parasite is often introduced at regular 

intervals at a rate of one to 2 parasites per plant fran planting until black parasi tised 

scales _are established in the crop ( Gould, Parr, Woodville & Simmonds 1976) . This method 

assumes that whitefly will infest the crop soon after planting but a drawback is the 

uncertain forecast of the number and cost of the introductions which will be necessary 

before the parasite becomes established. 

Since 1973 the main cooperative effort by GCRI and ADAS has been in t he developnent 

of a similar integrated control programme for tanato pests. In the last 3 years the 

control of whitefly has becane more difficult on canmercial nurseries and resist ance to DIil', 

resmethrin and malathion (Table 2) has been confi:nned. 

!!lli..1· Malathion resistance in glasshouse whitefly 
LC50s (ppn) of populations from 5 tanato 
nurse:ries in S. West England 

Nursery 2 3 4 5 Suscept ible 
St rain 

LC50 404 284 241 43 32 25 

Parr, Gould, Jessop and Ludlam (in press) have described different methods of intro­

ducing Encarsia fo:nnoea for the control of whitefly on tomat oes. The GCRI 11Classical11 

method recommends the establishment of a low, even infestation of whitefly on t h~ crop by 

introducing one whitefly on every tenth plant at planting followed by the parasit e 3, 5 and 

9 weeka later, to coincide with the developnent of 3rd inst ar whitefly scales at no:nnal 

growing temperaturee. Typical results are shown in Table 3. 

Ta.ble 3. Biological Control of whit efly on tomatoes 
GCRI "Classical" met hod 

Sampling date 8/4 7/5 22/5 11/!i 

No of scales/leaf 14 21 1 478 1350 

% parasitizeci. 50 5C 83 98 

Plante with •sooty' moulds 0 0 0 0 
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Two alternative methods, avoiding the initial introduction of whitefly are currently 

being used on canmercial nureeries. The first depends on the ability of the grower to 

detect whi tefly infestations at an early stage. Parasites are introduced when the white-

flies are first seen, at a rate of one per plant followed by a second similar introduction 

14 days later. In the second method, of particular value on nurseries where the pest is 

known to be a regular problem, parasi tes ( one per plant) are introduced at fqrtnightly 

intervals after planting until the first black scales are established in the crop. Typical 

results are shown in Table 4. Neither method is canpletely reliable andin the absence of 

an artificially established even infestation of whitefly, patches of heavily infested plante 

can occur where, because of the excessive amounts of honeydew secreted on the leaves, the 

parasite is much less effective (Parr 1972). 

With all methods the parasites were introduced as pupae in situ on pieces of tobacco 

leaf which were distributed throughout the crop on every 50th plant, 

Tgble 4. 

Planting date 
12 January 

Sampling date 

% plants - white scales 

% plants - black scales 

% parasitism 

% plants - sooty moulds 

Biological Control of whitefly on tanatoes 
"Routine introduct ion" method 

No of Encarsia First parasitized scale 
introductions - 8 in crop - 3 March 

23/1 15/2 3/3 20/3 3/4 10/4 23/5 

45 64 72 90 92 100 40 

0 0 52 80 85 100 100 

0 0 5 19 44 61 99 

8 4 

Work at the GCRI (Hussey & Parr - personal canmunication) has shown that the parasite 

is also less effective in the poor light conditions in the early months of the year andin 

1976 a series of trials has canmenced to investigate the use of the pesticides oxamyl, 

pirimiphos-methyl and resmethrin for the control of whitefly i nfestations in January to 

March followed by the parasite later in the season. 

Two met hods have been developed for the biological control of red spider mite on 

tanatoes. The first, based on the introduct ion of the pest , consists of infesting 20 pel'­

cent of plants in the propagating stage with red spider mite about 3 weeks before planting 

followed 10 days later with an introduction of 4 predators per plant. These quickly 

disperse through t he rest of the plants after planting and will protect the crop against 

reinfestation by ex-hibernating mites for up to 3 weeks. An alternative method of 

introducing 5-10 predators on every 5th or 10th plant as soon as the first signs of red 

spider mite damage are seen, has also been used successfully, 
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Parasi tee and predators are now available fran 2 large oanmeroial producers snd 

several 1111aller ones in the UK. l!hoarsia are supplied as pupae, usually on tobacoo leaves 

at a oost of L2,50 per thousezid 8Zld Phytoseiulus persimilis is sent out on bean leaves or 

oooasionally in Blllall gelatine oapsules at a oost of L15 per thousalld. All material is 

dispatched by post and the suppliere do not normally provide a follow up advisory service. 

In an attanpt to obtain quantitative information on the use of biologioal control 

programmes .und.er glase !DAS advisers collected details of growers kno'W!I tobe using these 

techniques on cuCU111bers and tanatoes in 1975, The resulta are summarised in Table 5. 

No er growers 

137 

Table 5. 

Estimated 
acreage 

195 

Survey of nurseries using biological control 
on tanatoes or CUCUlllbers in 1975 

P. persimilis 
acreage 

E. formosa 
aoreage 

138 

% Satisfactory Control 
Red spider mite · Whitefly 

94% 65% 

The results suggest that biological control was being used on at least 10 percen~ 

of the cucumber alld. tanato acreage. However as the data refer only to those growers known , 

to the Advisory Service the result is probably an underestimate of the true position. 

Information received fran the two main suppliere of parasites and predators suggest that they 

produced suffioient material 'to treat a total of 300 acres of tomatoes and cuoumbers. The 

results of the Advisory Service Survey also show that most growers were able to obtain good 

results with P. p~rsimil is but the oontrol of whitefly with the parasit e Encarsia formosa 

was lese satisfactory. 
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PROGRESS OF INTEnRATED CONTROL OF FESTS UNDEJ! GLASS IN NORWAY 

by 

c. S'l'l!llfSE'l'H 

Norwegian Plant Protection Institute, 1432 Aas-lfLH, Norway 

The biological control agents in practical use in Norway are Phytoseiulus persimilis 

to control two-spotted spider mite on CUC\DDber and tomatoes, and Encarsia fonnosa to 

control greenhouse whitefly (Trialeurodes vaporario~) on tomatoes. 

SuccessfUl integrated control is obtained with Phytoseiulus againet epider mite 

combined with diazinon drench against thrips. 

Control experiments of spider mi te on ornaroental plants have been carried out in 

an effort to try to expand the utilization of P. persimilis and the susceptibility of 

P. pereimilis against pesticides for use in greenhouses has been tested. 

P. PERSIMILIS IN SPIDER MITE CONTROL 

Methode 

The experiments with P. persimilis to control spider mite were carried out on mother 

plants of croton (Codiaeum variegatum), 4 experiments and Diffenbachia sp., 2 experiments. 

The temperature varied between 20° and 240c. The predatory mite was introduced at different 

densities of the spider mite (Table 1), 2-4 predators were released at each introduction 

spot. One introduction spot was used per square metre in the experiments 1, 2, 3 and 6. 

Experiment 3 was sprayed with tetradifon before the predator was released. In experiment 4, 

four introductions were used per square metre andin experiment 5, one introduction per 

2 square metres. Each experiment was carried out in three repli·catee. The spider mite 

and P • . persimilis were counted on 100 leaves per replicate. 

Results and discussion 

None of the experiments showed spider mite damage of econanic importance, on the 

mother plants or on the cutti ngs. The results are shown in Table 1. 

The population growth in the spider mite varied between the experiments, but in all 

cases complete control was obtained 50-60 days after introduction of the predator. 
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Experiments with Phytoeei lus persimi lis to control Tetranychus 
~ on motherplants of Codiaeum variegatum & Diffenbachia sp. 

m2 lfO prey/ NO i ntrod. Popul ation increase of prey Complete control 
Experiments mothe:P.. leaf spots 1/ d.e;ys fran rate, max. days aft er intro-

plants bef ore m2 of planfs introduction popul. :popul. duction 
introd. to max. prey at introd. 
of populati on 
predator 

_Q._V_!l'.!_~a!.~ 

1 50 0.12 40-50 8 X 60 

2 41 1.62 20-30 2.6 60 

3 30 3.02 
y 

20 1.2 50 

4 11 12.40 4 50 

~ff.=n}:a.!:_h.!_a_ 

5 64 0.87 0.5 20 1.9 60 

6 35 3,95 20 1. 4 60 

11 One introduction spot represent s 2-4 predators. 

y Sprayed with tetradifon before introduction of predator. 

Experiment 1, which had lower attack of Spider mite at time of introduction but higher 

ratio of predator/prey than experiment 2, gave the longest period of spider mite increase 

and accordingly also the highest population increase of spider mite before the predator was 

able to reduce the prey population. These differences are probably due t o the difficulties 

of the predator in finding the prey at low spider mite popul ation. 

Experi ment 3, which was sprayed with· tetradifon before the introduction ef the predator, 

had only slight increase in the prey population before the population decreased. This shows 

the value of tetradifon in an integrated programme, where it prevents increase in the prey 

population. 

Experiment 4, with four introduction spote per equare metre and the higheet initial 

spider population (1 2.4 mites per leaf), showed no marked increase in the population of the 

spider mite 14 days after i ntroduction of the predator. 

Comparison between experiments 5-6 and 1-2 shows that the spider mit e population di d 

11ot increase at the eame rate on Diffenbachia and C. variegatum . Thie is probably due to 

iifferencee in the reproduction rat e of the spider mite on the two plante. 
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SUSCEPl'IBILITY OF P. PlllSIMILIS TO PE5'l'ICIDES 

Materialsand methods 

Table 2 lists t he pesticides used in the experiments and the dosages or concentrations 

nonnally applied. The normal dosage or concentration will be referred to in the following 

as N. 

Table 2. Pesticides used in experiments with the predatory mite 
Phytoseiulus persimilis 

Pesticides 

~ig~t! 
ChinOl!lethi onat e 

Dichlorvos 

Lindane 

Nicotine 

Sulfotep 

§P!:8.J'. 
Chinom ethi onat e 

Chlorsnilformethan. 

Cyhexatin 

Mevinphos 

Pirimicarb 

Pyrazophos 

Pyrethrum 

Tetradifon 

Triforine 

Normal dosage 
or concentration 

14.4 g/100 m3 

8 g/" 
4 g/" 

10 g/" 
3 g/ .. 

0.0125 % 
0.0100 % 
0.0250 % 
0.0240 '/, 

0.0250 % 
0.0200 'f, 

0.0100 % 
0.0150 % 
0.0200 'f, 

Both the initial snd residual effect of the pesticides on the predatory mite were 

investigated. Test plant was dwarf besn (Phaseolus vulgaris var: ~) 'Sm'. 

Testing of initial effect. Eggs of different ;iges were transferred to bean leaves· snd 

treated immediately. For each pesticide dosage or concentration there were five replicates 

of fifty eggs. The eggs that hatched were considered to have survived. 

The mobile stages of the predatory mite were trsnsferred to bean plants which had 

already been infested with spider mites. There were four replicates of 30 to 100 predatory 

mites for each treatment. Surviving mites were counted after two days. 
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Testing of residual effect. Bean pla.nts were infested with spider mit es and. then treated 

with pesticides. After 24 hours, 30 eggs of the predatory mite were t ransferred to the 

plants. All surviving predatory mites were counted when those on untreated pl a.nt s had 

reached adult stage. There were four replicates of each treatment. 

The results are presented as relative numbers, wit h t he number of predat ory mites on 

untreated plante being set at 100. 

Results and discussion 

The effects of chinanethionate, dichlorvos, linda.ne, nicotine and sulfotep are found 

in Table 3. 

Table 3. Effect against Phytoseiulus persimili s of various pesticides as "smokes" 

Pesticides 

chinanethionat e 

" 
dichlorvos 

lindane 
n 

nicotine 
II 

sulfotep 

untreated 

Dosage 
a.i. 

28.8 g/100 m3 

14.4 g/ " 
10.0 g/ II 

8.0 g/ II 

4.0 g/ " 
20.0 g/ " 
10.0 g/ " 
6. o g/ II 

3.0 g/ " 

( -N) 

( •N) 

( =N) 

( -N) 

( =sN) 

% surviving P. persimilis 

Init ial effect Residual 

Mobile 
F.ggs stages Unt reat ed 

29.7 0 0 

50.4 0 0. 7 

77. 7 0 .7 95 . 0 

90. 0 0 65 . 9 

98 . 5 5. 1 99. 2 

99.0 0 . 9 100 

93.4 16. 1 100 

100 0 100 

0 

99.0 100 

Chinanethionat e was applied in dosages of 14.4 (i . e . N) and 28. 8 g/ 100 m5• 

effect 

= 100 

After t r eatment 

50.4 percent and 29.7 percent of the eggs survived, respect ively • . The mobile st ages did 

not survive either d·osage. On the residue, 0.7 percent of the predat ory mit es survived the 

lower dosage, while none survived the higher dosage. 

Though only half of the eggs are killed ini tially by the normal dosage of chinomethio­

nate, the resi due will st ill greatly r educe ·the populat ion aft er hatching. 
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Dichlorvos was vaporized at the nonnal dosage of 10 g/100 m3, 

cent egg survival and 0,7 percent survival of the mobile stages. 

residual effect. 

The resul t was 77. 7 per­

The treatment had no 

Earlier experiments with dichlorvos spraying (~ 1970, Binns, et al. 1971) at 

nonnal concentration showed 100 percent mortality of both mobile stages and eggs, This 

would indicate that dichlorvos as a smoke, is less hannful to P. persimilis than spraying, 

The relative low toxicity of Dichlorvos vapour in the present experiment and the absence 

of any residual effect , makes it clear that the predatory mite population has considerable 

chances of surviving a treatment. 

Lindane was used in dosages of 4 (i.e, N) or 8 g/100 m3. Canparison with untreated plante 

showed that those dosages had no effect on eggs. After treatment with the lower dosage, 

5 ,1 percent of the mobile stages survived direct treatment, whereas none survived the higher 

dosage, The res idual effect was low as 99,2 percent and 65,9 percent survived on t he two 

dosages. 

The experiments indicat ed that nonnal dosages of lindane smoke spared the eggs but 

killed most larvae and adult mites. As the pesticide is without residual effect , i t will 

only partly reduce the ntunbers of predatorymites. 

Nicotine was t est ed in dosages of 10 g ( i . e, N) and 20 g/100 m3, Both dosages were 

nontoxic to the eggs, whereas 16.1 percent and 0.9 percent of the mobile stages survived 

the lowest and highest dosages, respectively. The treatments had no residual effect. 

Of the ftunigants tested, nicotine was the least toxic to the mobile stages, b·esides 

having no effect on eggs and no residual effect. 

Sulfotep was used in dosages of 3 (i.e. N) and 6 g/100 m3, These treatments had no initial 

effect on eggs, but killed mobile stages . The treatments had no residual effect. The 

r esults showed that one treatment will provide partial reduction of the population of 

P, persimilis, 

Table 4 shows the effect of the pesticides cyhexatin, mevinphos, pirimicarb, pyrethrum 

and tetradifon. 

Cyhexatin was tested in four different concentrations, fran 0.00625 percent to 0.05 percent 

(N. - 0,025 percent), Even the highest concentration was without effect on egge of 

P. persimilis, At t he lowest concentration, 90 percent of the mobile stages survived and 

at the highest, 4,1 percent survived, while N concentration gave 46,3 percent survival of 

the mobile stages. 



- 14 -

Table 4. Effect against PhlJ:oseilus eersimilis 
pesticides after spraying 

of various 

Concentration % surviving P. eersimilis 
Pesticides .,. 

Initial effect Residual effect a.i. 
Mobile 

F.ggs stages Untreat ed • 100 

0.05 99.0 4.1 0 

cyhexatin 0.025 ( =N) 100 46.3 0 

0.0125 100 47,2 5.2 
0.00625 100 90. 0 10,0 

0.024 ( ..Ji) 25 . 6 
mevinphos 0. 012 48.o 0 21. 2 

0.006 43.6 0 65 ,9 
0.003 58.4 0 61.7 

0.1 1. 7 49,4 
pirimicarb 0.05 . 4.0 25.4 83. 3 

0.025 ( ..N) 59.0 64.7 100 

0.0125 91.0 

0.01 (-N) 14.5 0 5.3 
pyrethrum 0.005 85.4 10.5 14.9 

0.0025 97.0 6.5 33,1 

0.00125 100 37,6 

0.06 99,4 91. 7 100 .0 

tetradifone 0.03 98,0 90.4 91 ,3 

0.015 ( ..N) 100 100 

untreated 98.0 98,0 

On the residue there were no survivors at the two highest concentrations , while 

5,0 percent to 10,0 percent of the population survived the t wo lowest concentrat ions. 

There were no two-spotted spider mites on the plants at the end of t he experiment . 

The fact that there were few or no P. eersimilis present should therefore probably be 

attributed to insufficient food supply rather than the toxicity of the pesticide. This is 

supported by earlier studies (McClanahan 1970) showing cyhexatin selective t owards P.eersimili s 
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Cyhexatin can be used to reduce a population of two-spotted spider mites in proportion to 

predatory mites, for which purpose it should not be applied in concentrations higher than 

0.0125 percent. 

Mevinphos was tested in four different concentrations, from 0.003 percent to 0.024 percent 

(i.e. N). At direct application, 58.4 percent of the eggs survived the lowest concentration 

as opposed to 25.6 percent for the _highest. All concentrations gave 100 percent kill of the 

mobile stages. The residue killed 61.7 percent of the population at the lowest concentra.­

tion, and 21.2 percent at 0.012 percent mevinphos. 

In earlier studies (Binns et al. 1971, ~ 1970) mevinphos has been found highly 

toxic to P. persimilis. These findings agree with the present results, where 100 percent 

toxicity against mobile stages occurred with spraying at 1/8th nonnal concentration. The 

eggs were more resistant, but still 75 percent were killed at nonnal concentrat ions. The 

residue, moreover,was also· torlc, sml mevinphos should therefore be oonsidered as ha:rmf'ul 

to P. persimilis at nonnal concentration. 

Pirimicarb was t ested in four concentrations from 0 .01 25 percent to 0.1 percent (N = 0.025 

percent). Direct spraying wi th O.0125 percent spared 91 percent , and spraying wi th O. 05 

percent concentration spared 4.0 percent of the eggs. Mobile stages survived at the rate 

of 64.7 percent at t he 0.025 percent and 1. 7 percent at the 0.1 percent concentration, 

survival of the population was 100 percent and 49.4 percent respectively. 

In earlier studies (Helgesen and Tauber 1974) found t hat 0.015 percent pirimicarb 

was without effect on eggs and mobile stages. Table 4 shows that the nonnal concentration 

( 0.025 percent pirimicarb) was not toxic as residue, but gave about 40 percent kill of eggs 

and mobile stages. 

to P. persimilis. 

Used at this dose, this pesticide may be considered relativel y nontoxic 

Pyrethrum was tested in four concentrat ions, from 0.00125 percent to 0 .01 percent (N). At 
t he lowest concentration, 100 percent of the eggs survived. With increasing concentration, 

percentage of survivors decreased, b eing 14.5 percent at t he highest concentration. The 

highest concentration killed all the mobile st ages, while 10.5 percent and 6. 5 percent of 

t he mobile stages survived at concentrations of 0.05 percent and 0.025 percent, r espectively. 

Survival of t he mite population on pyrethrum residue ranged from 8 7. 6 percent at the lowest 

concentration t o 5. 3 percent at the highest concentration. 

The results show that pyrethrum is toxic to P. persimilis. At the nonnal dose 

(0.01 percent pyret hrum) most eggs and all mobile mites are killed by spray, and the popula.­

tion was further reduced through r esidual effect. 
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Tetradifone was teste l in three concentrations, from 0,015 percent (N) to 0,06 percent, It 

appears fran Table 4 that tetradifon in the concentrations applied was not toxic to 

P. persimilis, eH:1e1• initially or residually, 

Earlier investigations (~ 1970 and McClanahan 1970) have also shown tetradifon to 

have little effect on P. persimilis, 

The effects of the :f'ungicides chinanethionat e, chloranilfonnethane, pyrazophos and 

triforine are found in Table 5, 

Table 5, Effect against Phytoseiulus persimilis of various fungicides 
after spraying 

Concentration % survi ving P. persimilis 
% Initial effect Residual a,i, 

Mobile 

Pesticides 
effect 

F.ggs stages Untreated a 100 

0.025 31,0 2.0 2.5 
chinanethionate 0.0125 ( =N') 26.0 14,0 9,2 

0.00625 54,4 16.0 38,1 

0,003125 64.5 51.0 67,1 

0.0514 94,8 43,0 12.2 

chloranilfonnethane 0.01285 ( =N') 96.0 63,0 23,5 

0.00642 55, 3 
0,00321 70.0 91.8 

0.0656 96.3 0 17,9 

pyrazophos 0,0328 95.6 1,4 37,6 

0 .0164 (=N) 97,0 1,4 89,3 
0,0082 95,2 10.2 

0.0041 77,1 

0.08 97.0 31, 7 100 

triforine 0.04 98.8 44,2 100 

0.02 (-N) 99,0 41,2 99. 6 
0.01 100 49.9 100 

untreated 98.0 38.0 



- 17 -

Chincrnethionate was applied in four conoentrations, fran 0.03125 percent to 0 . 025 percent 

(N = 0.0125 percent) . With these concentrations, the aurvival rate ra.nged frcrn 64. 5 percent 

to 26.0 percent of the eggs, and fran 51.0 percent to 2.0 percent of the mobile s t ages with 

direct spraying. Survival on the residue ra.nged fran 67.1 percent at the lowest to 2.5 pel'.'-

cent of the population at the highest concentration. At the normal concentration, 26 percen1 

of the eggs and 14 percent of the mob~le stages survived the spray and 9.2 percent of the 

population survived on the residue. 

The results show amarked reduction in the population of P. persimilis at the normal 

concentrati on, which is in agreement with earlier investigations (McClanahan 1970, Binns et 

al. 1971). 

Chloranilformethan was applied in four concentrations, fran 0.00321 percent to 0.0514 percent 

(N = 0.01 percent). The eggs were resistant. Of the mobile stages, 70.0 percent survived 

the lowest concentration and 43.0 percent the highest. On the residue, 91.8 percent of the 

population survived the lowest concentration, and 12.2 percent survived the highest. At 

the concentration of 0.0128 percent, 63 per cent of the mobile stages survived spraying and 

23.5 percent survived the.residual effect . 

The tests revealed that this pes ticide has a canparatively weak initial effect on 

predatory mites, but a rather high residual effect. 

of the population will eurvive the treatment. 

At normal concentration, at least some 

Phyrazophos was applied in five concentrations, from 0.0041 percent to 0.0656 percent 

(N = 0.02 percent). None of thes e had initial effect against eggs. At the lowest concen­

tration, 77.1 percent of the mobile stages survived, while only 1.4 percent survived the 

0.0164 percent concentration. There was 89.3 percent surviving on the residue of 0.0164 

percent and 17.9 percent of the population survived the 0.0656 percent pyrazophos residue. 

The experiments showed that pyrazophos in an integrated programme certainly should 

not be used i n concentrations higher than 0.016 percent. At that concentrat ion it was 

r elatively nontoxic as a residue, however i t killed most larvae and adult mites , but not the 

eggs. 

Triforine was tested in four conoentrations from 0.01 percent to 0.08 percent (N = 0.02 pel'.'­

cent).. The fungicide was without effect on ·eggs, while 31.7 percent to 49 . 9 percent of the 

mobil e stages survived at the des cribed concentration ra.nge. There was no residual effect. 

Of t he pesticides listed in Table 5, triforin r esul ted in the least overall r educti on 

of P. persimi l is . Appli ed at the normal concentration, it will nevertheless result i n a 

certain reduction of the population, as about 60 percent of the mobile stages will be killed. 
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Research on the biologica.l control of peats in glasshouse cu.ltures atar;ted in 

Finland in 1965 when the first experimente were carried out to teat the efficiency of 

the predatory mite (Phytoeeiu.lus persimilie) in the control of the two-apotted spider 

mi"te (Tetrscychus urticae}. The control of thie peat in com,nercial cu.lturea bega.n in 

1970. 

The biological control of the greenhouee whitefly (Trialeurodea vaporsriorum} 

by the parseitic chalcid wasp (Enoarsia fonnoaa} atarted in 1973 after teating research 

reaults obtained in other countries with a few experiments in conunerci&l cu.lturea. 

For aome yeare intensive reaearch haa been ca.rried out in the poaaibilitiea for 

biologica.l control of aphide, eepecially of l",yzua peraioae, MacroaimphU111 euphorbiae and 

M. rosae. In experimente, also in commercial cu.lturea, reaulta on the efficiency have 

been quite promiaing with the ladybeetlea (Coccinella septempunotata and ~ 

bipunctata), the predatory midge (Aphidoletea aphidimyza.) and the laoewing (Chryaopa 

~), however, theee control agents are not yet being used by farmers. 

Research on the biologica.l controi of the onion thripa (Thripa tabaci} started 

thie spring. 

Biologica.l control of the two-apotted spider mite - "pest in firat" or "natural infeatation" 

~ 
When the biologica.l control of the two-apotted apider mite commenced in 1970 22 pe:r-

centof the 500 fanners growing glaeehouee oucwnbera uaed the predatory mite on a total area 

of 11 hectaree. In 1974 and 1975 70 percei.t of the fa:nnera were uaera of the predatory mite, 

and it wa.a uaed on a total area of 31 hectarea. All the famera baaed their control on 

the "natural infeatation" method by introducing one predatory mite-&g&inat eaoh ten 
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two- apotted spider mitea in initial stages of infeetation. Subsequently the stand is 

inspected weekly and predatory mites are tranaferred· if required to euch placee of the 

stand which show too high number of two-spotted epider mites. The fanners have learned 

the method well and almost always a complete control has been obtained. Use of pesticides 

hae been unneceseary. 

The last meeting in Littlehampton in 1973 agreed ~hat an experiment ahould 

be carried out both in Finland and in France to compare resul te obtained by t he "pest 

in fir•t" and the "natural infestation" methods. 

In Finland the experiment was carrie~ out in 1974 during the growing season. 

Two 1000 m3 glasehouses were used, eaoh with 630 plante. The "pest in first " method 

was teeted according to inatructions received from Dr. N.W. Husaey by letter. Eight 

days after planting each plant was infested wi-W,. 20 females of two-spotted spider mite 

or altog~ther 12 600 mites were u~~d. When the stage of damage was 0.4 (Huseey and Parr 

1963) two predatory mites were put on every __ !econd plant, or a -total of 630 mites in all. 

--The "natural infeetation" method was tested by· put~ing one predatory mite 

against 10 two-epotted spider mites as soon as these were s~en, -,When this happened -...._ . 
52 plant• were infeeted by two-spotted epider mitee and 450 predatory m~~es were put 

on the plante accordjngzy, The predators were transferrea five times duri~g· the growing 

season to such places where they were l ow in numbers. 

Both methods resulted in equally good and complete control . The number of 

two-spotted spider mitee and predatory mites was well balanced during the whol e growing 

eeaeon from the beginning of March till the end of September. Th~ "pest in first " .method, 

however, proved more expensive than the "natural infestation" method. The "pest in firet" 

method required more predatory mites and infeatation of plante with two-spotted spider 

mites was more time consuming than the weekly inepection of the stand and transfer of 

predatory mitea in the "natural infestation" method. A summary of the research results 

is in the press (Markkula and Tiittanen 1976). 

Based on this researoh a conclusion was drawn that the "pest in first" niethod 

will not be recommended to Finnish fa:nners as it would not be of any advantage to the 

farmere, which have learned well and become uaed to the "natural infestation" method. The 

Finnish fa:nners purchase the predatory mitee from Kemira Ltd at a cost of 52 mk or about 

63 French france per 100 individual s at present. The fa:nn ers themselves place the 

predatory mites into the stand ae eoon ae t _he first eymptoms of damage by the two-spotted 

spider mite appear. The fannere also know well how to tranefer the predatory mites and 

the two-spotted spidermites into necessary places to maintain the balance. 
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So far the biological control of the two-spotted spider mite is practieed only 

in cucumber cultures, Ite uee has been tested also in ornamental plante, primarily in 

roee and chrysanthemum cultures, Both positive and negative reeulte have been obtained 

in theee teste, During the firet part of the growing eeaeon or from February till mid­

April the temperature is too low for the predatory mite, During the period of the worst 

danage of the two-spotted spider mite or from May through August the predatory mite gete 

on well, however, during this period the regular control of aphide with insecticidee 

also destroye predatory mit es, 

The biological control of the greenhouse whitefly 

The biological control of the greenhouse whitefly was etarted with a few commercial 

tomato and cucumber culturee in 1973, Kemira Ltd already took care of the maes rearing 

of predatory mites and the ealee to farmere, and now the eame firm imported into Finland 

parasitic wasps from England and the Netherlands, The first experiences were eo positive 

that teeting was expanded and in 1975 Kemira Ltd started the mase production of parasitic 

chalcid wasps as well, At thie etage 100 vegetable farrners, half growing tomatoes and 

half cucumbers, obtained parasiti c chalcid wasps through Kemi ra Ltd, According to an 

enquirY sent to t he farrnere on the efficiency of the control, 78 percent of the tomato 

growers had obtained good reeults, 7 percent eatisfactory and 14 percent reported that the 

resulte were poor, Amongst cucumber growers the resulte were somewhat lees eatisfactory 

with 35 percent good, 42 percent satiefactory and 21 percent with poor results, 

From the very beginning the "natural infestation" method has been applied also 

i n t he biological control of the greenho.uee whitefly, The paraei tee are placed into the 

etand as black scales as soon as the farrners obeerve the firet flying greenhouee whitefliee, 

Recommended "dose" is 6 parasites/m2 and the aim is to introduce them in two or three 

l ots at weekly interval s, 

The biological control of aphids 

Control of aphide has been etudi ed by working out the most euitable ration of 

abundance between the control agents and the prey in the beginning of the control, ~ 

bipunctata, C, septempunctata and Aphidoletes aphidimy:,a have been uaed in these etudies, 

Another line of reeearch hae been to eolve problems involved in maes production of these 

organisms. 

lt seeme not tobe possible to establieh a stable and continuously reproducing 

population of ladybeetl es in glaeehouees, The best reeult hae eo far been obtained by 

introducing l arge numbere of l adybeetle egge or larvae into the 'Stand soon after the 

firet aphide have been eeen, and adding more predatore whenever the aphids have appeared 

again, Thus the procedure hae been similar to chemical control, 
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Becauae the tra.nefer of larvae into the plante requires much work it is more 

practical to place egge of ladybeetles into the stand. In cultures the ladybeetles lay 

their egga on the lea.vea of plante or on filter papers. Piecee of lea.ves or paper with 

eggclusters are then placed on the plante to be protected. In the development of mase 

production of ladybeetles the main atudy has been to find out a suitable artificial diet. 

This was considered necessary becauee masa production with live aphid diet doea not seem 

to be economically fea.aible. The development of artificial diet was started already in 

1973. 

Up till now the best suited mixture for ladybeetle diet is compoeed as follows: 

water 220 

whea. t germe 5 g 

brewer I a yea.at 7 g 

aalt mixture 

casein 3 g 

g 

one chicken egg 

french beef liver 50 g 

honey 10 g 

vitaminee B, C and E 

inhibitors of fungi and bacteria 

When the larvae of A. bipunctata were fed on aphide or on artificial diet, 90-95 

percent and 75~0 percent became adulte, reepectively. Adulte grown on artificial ,diet 

did not lay egge if their feeding continued with the same diet as used for larvae. 

However, theee adulte laid fertile egge when fed on aphids (Yariluoto et al. 1976) . Later 

on it has been noticed that the adulte lay egge even if they do not get any aphide at all, 

but a diet coneieting of 70 percent of freeh liver and 30 percent of aucroee which is 

more simple than that given to the l arvae. Egg laying adulte must be fed daily to 

maintain a continuous egg production. Experiments have shown that a high humidity of 

the environment (75-90 percent RH) in t he larval cul tures caused more larvae to become 

adulte. 

The artificial diet was developed especially for A. bipunctata. However four 

other l adybeetles species have been developed into adulte with the same composition of 

artificial diet. The species and percentagee that became adul ts are: Hippodamia 

tredecimpunctata 50-60 percent, Adalia decempunctata 10-30 percent, Coccinella transvereo­

guttata 30-40 percent and C. septempunctata 30-50 percent . 

As to the uee of the predatory midge in the biological control of aphids, a stable 

midge population develops in glasshouses and prevents t he aphids to increase i n numbers. 

We have not been able to eradicat e the midges in all of our gl asshousee irrespective of 

innumerable t r eatments with demethoate, malathi on and mevinfos. They make t beir appearance 

regularly in our aphid cultures during February wben ther e is light enough. 
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A eufficient number of midgee was obtained rapidly in experimental glaeshoueee 

on rosee and green peppere by introducing three predatory rnidge pupae per each ten peach 

aphids on their feeding grounds at a very early stage of aphid infeatation. If lese 

predatory rnidges were distributed the aphide had time to increase and staried to cause 

damsge before the eff ect of midges start ed to be prominent. 

lt has been able to develop such a simple mass production rnethod for predatory 

midges that it is easy to apply for "industrial production". 

The predatory midge is at present the most promising agent in control of aphids 

because it rapidly develope into a etable population in glasshouees and its maes rearing 

is easy. 

The biological control of thrips 

Onion thrips is known to have numerous natural enemies, parasites, predators 

and pathogene. studiee have been made at least on the efficiency of predatore and 

pathogene in the biological control, but the results ha.ve not yet been used in practice 

(e.g. Carl 1972 and 1975)• studies ha.ve etarted this growing season in Finland to 

clear up the role of native predatory species of thrips, how they thrive, and wha.t is 

their efficiency in the control of onion thripe in glaeehouees. 

Concl ueions 

Biological control of the two-epotted epider mite has come to stay in practice. 

Predatory mit es are ueed to control the two-epotted spider mite by 70 percent of the 

fannere growing glasshouse cucumbers. Fannere growing ornamentale are ready to uee 

predatory mites as soon as the biological control of aphids is possible. 

The practical control of greenhouee whitefliee haa etaried. During the last 

growing season 5 percent of the 2000 tomato and cucumber growers ueed paraBitic cha.lcid 

wasps to control greenhouse whiteflies on a total area of 9 hectares. 

The biological control of aphide in comrnercial glasshouee cul tures can be staried 

as soon.as a eufficiently economical solution is available for the mass production of 

control agent s. 

After the good experience in the use of predatory mites the FinniBh glaeshouse 

fanners are ready to experiment with aey new biological control agent and use it in 

commercial scale. They ha.ve learned to believe and trust in biological control. 
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PROGRESS IN BIOLOGICAL CONTROL IN GLASSHOUSES IN SWEDEJl' 

by 

B.G. NILSSON 

The National Swedish Plant Protection Institute 
Laboratory of Horticultural Plants, S-23047, ikarp, Sweden 

• 6 2 2 0 

Swedish growers of glasshouse crops began to discuss biological control of pests about 

ten years ago. Growers of cucumbers had especially great problems with severe attacks of 

red spider mites in their cultures. So, wnen the possibility to control this pest with a 

predatory mite showed a possible solution to the problems, thi·s matter was enthusiastically 

discussed. Sane introductory experiments with the predatory mite Phytoseiulus persimilis 

were made but organised activity in this field was begun first in 1971. The situation then 

was very precarious for many growers. It was .almost impossible to control spider mites 

with pennitted pesticides because of resistance to these canpounds. Also demands from the 

public for vegetables with the smallest possible residues of pesticides and stricter rules 

concerning the use of these chemicals neceesitated united efforts to solve the problems 

with red spider mites on glasshouse cucumbers. For this purpose a canmittee was established 

in 1971 with representatives of the growers, the Advisory Service, the Agricultural College 

of Sweden, Horticultural section and The National Swedisb Plant Protection Institute •. 

As no one was working on biological control of glasshouse pests in" Sweden, this was 

the only way to carry this matter. The canmittee started experiments for control of spider 

mites on cucumbers with the predatory mite Phytoseiulus persimilis in 1972. These experi-

ments were made on a practical scale with the growers. Ten experiments using different 

modes of applying predatory mites in different numbers on the cucumber plante were ma.de. 

The predatorymites for this purpose were reared on bean plants in small glasshouses. The 

results of theseexperiments were very good and a report on this was subnitted by 

Mr. G. Svensson, of The National Swedish Plant Protection Institute at the conference at 

Littlehampton in September 1973. 

The ne:rt step of the canmittee was to arrange for a large scale production of 

Pbytoseiulus persimilis for canmercial use. 
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Everybody concerned agreed on the convenience of having large scale rearing of 

predatory mites within the country. These discussions resulted in the canmissioning of a 

private firm, All Anticimex, to manage the rearing and distribution of Phytoseiulus persimilis 

on the behalf of the Swedish growers of cucumbers. Anticimex is a firm which produces 

pathogen-free mice for medical research at insti tut es mainly in Europe and in the Uni ted 

States. Anticimex is also the only firm in Sweden which executes eradication of pests in 

storehouses and hanes. In 1974, in Stockholm, this firm started rearing predatory mites 

on bean plante in closed chambers illuminated with artificial light and ventilated with 

filtered air. Predatory mites were distributed to about 10 ha of glasshouse cucumbers. 

The results in practice were very good and interest in controlling spider mites wit h 

Phytoseiulus persimilis increased considerably. In 1975, Anticimex .distributed predatory 

mites to 15 ha of glasshouse cucumbers, but results we:renot as good, and sane failures 

occurred. This was partly due to the extranely bot summer, wi th temperat ures of more than 

300 C in the glasshouses for long periods. These temperatures are not suitable for 

Phytoseiulus persimilis which move to the lower parts of the plants leaving the spider mites 

at the top of the plants. Another reason for the poor result in 1975 was t hat ~he firm 

Anticimex bad moved the production of predatory mites to other roans, less suitable for 

that purpose. The result of this was, that sane of the predatory mites produced were in 

bad condition or dead when they reached the growers. A third reason for t he bad result 

could also be insane cases impatience and stinginess on ·part of the growers. Insane 

cases, they were not able to wait long enough for the predatory mites to do their work and 

they also put too few predatory mites on the plants. 

At the prospect of 1976 the canmittee proposed that the firm Anticimex should move 

the production of predatory mites to southern Sweden where t he main growing of cucumbers 

is situated. The firm agreed and now the production of Phytoseiulus persimilis is performed 

by Anticimex in rented glasshouses in South Sweden, not far fran the branch station of the 

National Swedish Plant Protection Institute. 

This year the distribution of predatory mites is entirely handled through the growers 

cooperative in Helsingborg, situated on the west coast of Southern Sweden. The cooperative 

has the sole right of Belling predatory mites and ]ncarsia formosa in Sweden. There are 

two different systems of selling predatory mites for members of the cooperat ive . In both 

systems a basic fee is paid by all members of the cooperative based on the quantity of 

cucumbers delivered. fran respective growers to the cooperative (0.3 Skr per 100 kg _cucumbers 

delivered). For the remaining fee two alt·ernatives are possible. The growers may cane 

to an agreanent called "full service" with Anticimex. This means that the growers are 

&asisted by the firm's adviser when predatory mites are put into the glasshouses for the 

first time. If necessary, the adviser makea two or three further inspections in these 
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glasshouses and at the same time supplies more predatory mites when needed.. The total 

cost for this service, inclµding predatory mites is, besides the basic fee 0.50 Skr per m2 

glasshouse area. 

According to the second alternative of paying_, the growers, besides the basic fee, 

pay 0.25 Skr per unit. 

Growers, who are not members of the cooperative, do not pay the basic fee but are 

charged 0:42 Skr per unit. The smallest number of predatory mites delivered is one thousand. 

Predatory m'ites are put into the glassho;,_ses only when a natural infestation of red 

spider mites. has occu?Ted. An intentional infestation with red spider mites followed by an 

introduction of predatory mites later on has been tried in 1974 with rather good results 

but it is almest impossible to get the growers to intentionally infest their cultures with 

red spider mites. 

Biological control of whiteflies 

Under t he direction of the canmittee, experiments with biological control of white­

flies in tanato growing using the parasite Encarsia formosa were begun in 1974. Six 

experiments were done on a practical scale. In most cases ten bleck scales of Encarsia 

formosa per m2 were put into the glasshouses on two occasions. The first introduction was 

made as soon as a few whi teflies per 100 m2 were observed. In one esse, however·, a heavy 

infestation existed already when t he experiment begun. No fewer than 1,100 whiteflies per 

100 m2 occurre:i in one glasshouse. In spite of three introductions, each of 10 black scales 

per m2, it was not possible to prevent a streng development of the whitefly population 

resulting in heavy occurrence of sooty moulds. The other experiments were, however, on a 

whole successful. A typical development of the populatione of whiteflies and Encarsia 

formosa is illustrated in diagram 1. This illustrates the development in one of the 

successful experiments. Ten black scales on each occasion were introduced in the glass­

house on the 12th and on the 26th of June. On the 12th of June the number of adult white­

flies was 6-7 per 100 m2. 
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Dint~rn:n l. Thc dcvc lopml?nt o.i thc t1.:o inscct populations in onc of the exp.?rimcntal ~lasshousc!:i . 

(Ar.dcrsson, K. & Ekbom, Sarbara 1975. Vixtl:ikyddsnotiur 39, lU-119) 
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As can be seen two pesks in the developnent of whitefly population occurred, one in 

the middle of ,July and the other one month later. Then the whitefly attacks diminiehed 

and were of little consequence until the culture was cleared in October. 

The reason for the aecond peak m~ be · that the number of parasi tes became too large 

in proportion to the number of the fourth larval stsge of the. whiteflies. In such a 

Situation the parasites will also attack the younger larval stages which are not suitable 

for survival. These results in a diminishing number of Encarsia formosa and an increasing 

number of whiteflies. 

The succesaf'ul experiments resulted in a great intereat in control of whiteflies with 

the parasi te Encaraia fo:nnoaa and the canmi ttee CaDllliBBioned the finn Anticimex to rear 

also Encarsia formosa on behalf of the Swediah growera. This production was begun in 1975 

in Stockholm. 

inaufficient. 

Black scales have been imported fran Holland when this production was 

Fran this year, even the production of Encarsia formoaa has been moved to South 

Sweden. For thia purpoae the fi:rm has hired glasahouaea at the Agricultural College at 

Alnarp, near MalmlS. 
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As mentioned before the distribution of black scales is also entirely handled by 

the growers cooperative. Only one pricing of black scales occurs. 

cooperative pay 0.10 Skr per unit and others pay 0.12 Skr per unit. 

of black scales delivered is three thousand. 

Special problems 

Xembers of the 

The smallest number 

Special problems, besides those occurrilgwhen biological and chemical control are 

canbined in an integrated control progr8Dlllle, include first of all the great need of advise 

and information to the growers. This may be difficult to supply. The best solution is 

probably, that those producing predators and parasitee could also supply the advisory work 

concerning the integrated control in question. This is also what the firm Anticimex 

partly has assumed in regard to those growers who make use of the so called "full service" 

agreement. 

Another problem in our country is found. in those glasshouses where cucumbers and 

tanatoes are grown on mineral wool. In this subetrate especially, the plante may be very 

heavily attacked by fungue diseaees which neceeeitates an intensive control-programme with 

fungicides f'urther canplicating the integrated control-programme. 

Being short of scientists working with biological control in glasshouse crops, we 

had to rely on scientists from abroad in the beginning of our work in this field. We are 

especially indebted to Dr. L. Bravenboer and hie colleague Dr. J. Woets of the Glasshouse 

Crops Research and Experiment Station at Naaldwijk. Their help and their ad.vice hae been 

of very great value to us and I herewith wieh to offer the ccmmittee•s thank:e to them for 

this and as well as for the invitation to this conference, 
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BIOLOGICAL AND IllTEGRATED CONTROL IN GIASSHOOSES IN POIAND 

by 

T. KCMALSICA and S. PRUSZINSKI 

Institute of Plant Protection, Miczurina 201 60-318 Poznaii, Poland 

During the last years dynamic development of glasshouse production took p.ace in 

Poland. Several big glasshouse farms have been built, in which the area of glasshouses 

amounts to 6-16 ha. Increasing the area of glasshouse crops needs the elaboration of modern 

methods of protection of these crops against peets and diseases. Among the methods applied 

in Poland for the protection of glasshouse cultures the introduction of biological methods 

to the practice of plant protection is of great importance. The proof of t his is the con­

struction this year of a special glasshouse (300 sqm of area) with additional l aboratory 

spaces, designed for maes rearing of beneficial insects. With the increase of the area of 

glasshouse crops where bi.ological control is applied the construction of further glass­

houses for mass rearing of entomophagous organisms is provided for. 

The activities carried out in Poland concern research upon the biological and 

integrated methods of control of red spider mites (Tetranychus sp.) 1 glasshouse white fly 

(Trialeurodes vaporariorum Westw.) and aphids. 

Biological control of red spider mites (Tetranychus sp.) 

Biological control of red spider mites in glasshouses is based on the use of the 

predatory mite (Phytoseiulus persimilis). This method is applied specially in the produc­

tion of glasshouse cucumbers on many horticultural farms. The recommended practice of 

predator application is a weekly control of all the plants in the glasshouse and ptacing 

the predators on the plante, on which red spider mites are found. This met hod ensures 

effective control of red spider mites, and the number of predators -introduced to the 

glasshouse during vegetative seaeon amounts to 6-10 individuals per 1 sqm. 

The research carried out so far showed lower usefullness in Poland of the method of 

predator application elaborated in England (Hussey and Bravenboer, 1971) . Under Polish 

conditions th~ cucumbers are planted in the glasshouse i n the period from mid January t .ill 

the end of March, and main appea.rance of red spider mite takes place from mid May till the 

end of June, and the protection of the plante aga.inst red spider mit e immediately after 

cucumber1planting is not of significant importance, Moreover the increased amount of man­

power, the unequal development of red spider mite and Phytoseiulus persimilis on the plants 

and the need for repeated introduction of predators after about two months since the 

beginning of control were observed. 
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P. persimilis is more and more used for the control of red spider mites on roses. 

The same method of predator application is used as on cucumber. On roses unfavourable 

conditions for P. persimilis development occur during the period June till August (high 

temperature, low relative humidity) and at that time individual chemical treatments are 

recommended in order to reduce red spider mite populations. For these treatments prepara­

tions of low toxicity for the pred~tor are used: Roztoczol extra 6 (active ingredient 

tetradifon), Milbex 50 WP and Kelthane, 

P. persimilis is also used for the control of red spider mites on tomatoes and 

potted plants : Croton, Diffenbachia, ~ and Anthurium (Pruszyiiski, 1976), 

For aphid control in the presence of P. persimilis the selective aphicide Pirimor, 

and for disease control all the fungicides except Morestan, are r ecommended, 

Biological control of glasshouse white fly (T,vaporariorum) 

Biological control of the glasshouse white fly by using Encarsia formosa Gahan is 

experimentally carried out in production glasshouses, 

Best results i n the control of glasshouse white fly have been obtained on spring 

growing of glasshouse tomatoes, grown in Poland from December till mid July, Permanent 

introduction of the parasite from the moment of glasshouse white fly appearance, during 

thrce months, can stop the development of the pest and reduce its number to initial density. 

~'he r esearch r esults have shownthat for the following factors are of great importance 

for the effective introduction of Encarsia formosa: 1 - initial density of glasshouse white 

fly, 2 - adequate number of Encarsia formosa and 3 - correct timing of introduction and 

length of introduction period, 

The introduction of alults of E.formosa on glasshouse tomatoes has given the most 

satisfactory r esults, This method of introduction was most effective, it ensured immediate 

activity and allowed for effective control . 

The introduction of E.formosa was started at the moment of first appearance of glass­

house white fly, when the mean number of adults amounted to 0,1 1.5 per plant, The number 

of introduced individuals of E,formosa varied according to pest density and amounted to 1-5 

adults of the parasite per one tomato plant, The control effect was positive, when the 

initial ratio of parasite adults to white fly adulte was about 1:2 at the early stage of 

introduction and 1:1 at later stages, The distribution of the parasites at the moment of 

introduction in the glasshouse was very important for effective control, 13est results have 

been obtained in the case of weekly introductions of E.formosa in the glasshouse in the 

following proportions: about 20 percent of total number of individuals in the firet weaks 
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of introduction (March), about 45 percent in next 4-5 weeks (April) and about 35 percent 

in next 4-5 weeks (May and the beginning of June). E.formosa introduced at too low numbers 

in the first period does not ensure good control results even in the case of introductions 

of high numbers of parasites at a later period. In the cases of late and scarce appearance 

of greenhouse white fly on tomato cultures, 1 to 1. 5 E.formosa adults per plant were 

sufficient. The development of parasitization in the glasshouse can be presented by a sim­

plified formula: P • a.bn, where Pa t he degree of parasiti zation, a • initial density of 

introduced parasites, b • coefficient of population development, n • number of generations. 

The number of generations is one of the factors determining the effectiveness of control, 

Maximum parasitization of T,vaporariorum larvae is in most cases observed at 75 days after 

first introduction, when the fourth generation of E.forrnosa starts to ·parasiti ze. Our 

research shows less effectiveness of E.formosa in the control of glasshouse white fly in 

the case of mass appearance of the pest, and also on autumn tomatoes and Gerbera plante , 

when the conditions (temperature and l ight) are unfavourable for the devel opment of 

E.formosa. In these cases chernical or integrated control of glasshouse whi t e f ly is 

recommended (Kowalska and Szczepanska 1969, 1975 , 1976). 

Results of research on the toxicity of chemical pr eparations for E. for rnosa showed 

that some pesticides are practically non-toxic for the development stages of t he parasi te 

inside the host larvae. The fungicides Dithane, Benlat e and Morestan and t he aphi cide 

Pirimor showed selective action. The pesticides belongi ng to the group of pyret hroids : 

Bioresmetrine, Bioresrnetrin PB, ·necis PB and K othrine showed low t oxicity t o the eggs and 

larvae of E.formosa and were non-toxic for the pupae. Bioresrnetrine PB, however, applied 

2, 3 or 4 timee during the cornplete development cycle of the paraeite (at weekl y intervals) 

stopped the development of E.formosa. I neectictdes containing dichlorfos and malathion 

were of medium toxicity to E.formosa , Actellic 50 EC, however , was very toxic. Research 

on the populations of E,formosa which survived chemical treat rnents , as well as r es earch on 

further-generation (F
1

) showed, that characteristics like adults longevity , degree of 

parasitization of T. vaporarior um larvae , dynamics of development of next generation and t he 

emergence of adults are sornewhat r educed but they do not di f f er s ignificantly frorn ·control 

populations. The results obtained wi ll be the basis for the elaboration of integrated 

control of glasshouse white fly. This year the experirnents on biological contr ol of glass­

house white fly on glasshouse cucumbers have begun. 

Biological aphid control 

For many years research is carried out on the effectiveness and possibilities of une 

in biol ogical aphid control i n glasshous e cultures of t he fo llowing aphidophagous insect s : 

Aphelinus asychis Walker (Hymenoptera, Eulophidae), Diaeretiella rapae Mcint, (~enopt er a, 

Aphidiidae), Aphidoletes sp, (Itonididae) and Chrysopa carnea and other species of golden­

~Jed fly (Neuroptera, Chrysopidae), Experiments are carried out onmparagus, tornatoes and 



- 33-

cur.umbers. Good results have been obtained in the control of green peach aphid {~ 

persicae) using Diaretiella rapae on tomatoes. The parasite maintained itself very well 

in the environment and it parasitized the aphids in considerable degree. On asparagus 

best results were obtained through introduction in the glasshouse of eggs of golden-eyed 

fly, and especially of Chrysopa perla L. 
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PROGRESS REPORr ON THE INl'EGRATED PEsr CONl'ROL IN GLASSHOUSES IN HOLLAND 

by 

J, WOE'l'S 

Glassh, Crops Res, & Exp, Stat, , Naaldwijk (Netherlands) 

Glasshouses in the Netherlands cover an acreage of 7900 ha (4700 ha with vegetables, 

3100 ha with flowers and 100 ha with fruit trees ), I n vegetable growing there is a main 

cropping period (6~ 8 montha) of tomatoee, cucumbers, sweet peppera , followed by autumn 

cropa (3 montha) auch aa cucumbera, tomatoes and lettuce, In winter , the gl asshouse is 

ecologioally an uninhabited island, The windows are premanently· closed and outdoors 

it is cold, Biological control is mainly done in the main crops because of the advantages 

of the isolatEdsituation during several months, 

The main crops of tomatoes, gherkins, oucumbers and sweet peppers cover 

together 80 percent of the glaashouse vegetable acreage (including no~heated tomatoes) , 

The main crop acreage in 1975 covered 2060 ha, Night tenperature in winter is 

15° c, in day time it is 22° C and is allowed to increase proportional to the radiation 

intensity, On 600 ha Encarsia fonnosa controlled the greenhouse white fly successfully, 

i,e, on 30 percent of the acreage of heat_ed tomato houses (table 1 ) , The applicati:on is 

uaually done in four fortnightly introductiona of black scales, at least 1250 acales 

per introduction per 1000 m2 (1 975) , The deciaion factor for succeas is a good timing 

of the first introduction when the first young larvae of the pest are preaent (Van Alphen, 

these proceedinga), The timing is decided upon by the grower and dealer together (Woets, 

1973), These larvae are offspring of the first generation of white flies that usually 

are introduced into the glaashouse as larvae or pupae on the young plante, The introduced 

Encaraia.-scales, delivered on cucumber leavea, ara diapersed through the whole glass­

houae in small numbers of pieces of leaf and put down on the young plante, upside down, 

The results of the aystem are sati sfactory and independent of the month ofintroduction 

(van Lenteren, t hese proceedings), In several cases a fifth introduction or an extra dose 

is given fol!' security reasona, Due to the good i nfonnation and guidance of the grower by 

the producer and hia dealera the number of ,failures is remarkably small, 



1969 

1970 

1971 

1972 

1973 

1974 

1975 

TABLE 1. 
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Acreagee in (ha), on which succeeeful biologica.l control was achieved 
with Pb,Ytoeeiulus in cucwnbera and eweet peppers and with Encarni& in 
tomatoes in dutch glasshouees. 

Cucumber Tomato * Pa12rika 

planted with in planted with in planted with in 
before Phyt. % before Enc. % before Phyt. % 
June ~ June 

860 25 :! 2200 

870 200 25 2380 

750 75 10 2430 4 70 

840 100 12 2290 20 75 

790 150 20 2040 120 5 150 10 7 

785 150 20 2090 400 20 160 20 12 

782 150 20 2060 600 30 160 20 12 

* non-heated houses excluded 

Red spider control by Phytoeeiulus persimilie A.-H. on tomatoea ia not as good as 

on cucumbers, posaibly due to different climatic conditions and different population 

development of red spider. In nearly all cases Encarsia in tomatoes ie integrated with 

dicofol against red spider. 

The control of tomato leaf'lliner (LiriOR1yza bryaniae Kalt.) ca.n be the limiting 

faotor for biological control. From year to yea.r the amount of damage ce.used can vary 

considerably. Several organo-phosphorous compounds are used, but none of them ie 

harmlees to the parasites, neither the adulte nor the ones in the sce.les. Dllring 

propagation eulfotep can be 1111oked, but it ie impossible to apply this inaecticide after 

planting in a glasshouee in which Encarsia ie going tobe introduced, beeause there ie 

an adveree effect on the adulte for at least 3 weeka after the applicationotsulfotep. 

Some growers dust malathion twice a week aa a prevention during the firat 3-4 weeka 

after planting, as ie advised by the producer. Others pick off the leaves with fresh 

mines; this gives good resulte, but is mostly conaidered as too labourioua. The number 

of cases where the leafminer causes troul!le after Encarsia introduction is in=easing which 

canses considerable concern. A -y out on short tema could be a seil drench with an 

OP-canpound to kill the pest in the soil (at population and at hatching). 
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Vae&tea lycoperaici Maaaee (tomato gall mite) haa not been recorded aince ita 

appearance in 1973 (30 holdinga) and 1974 (3 holdinga), 

Integra.ted acheme for tomatoea1 1976 

greenhouae white fly 

red apider 

tomato leaf minor 

* integration impossible 

Cucumber 

Encaraia formosa 

cyhe:xatin (Plictran), dicofol 

(Kelthane), fenbutatinoxide 

(Torque), Pll,ytoseiulua 

malathion dust before Encarsia 

picking off lea.vea wi t h smaller 

minea, (organo-phoaphorus compounds)* 

in nuraer,y: aulfotep (Bladafum) 

The temperature regime in day time ia at l east 23°.c, riaing in proportion to the 

radiation input, and at night 18°c. The applicat ion of Phytoaeiulus ia atable for some 

yeare already amounting to 20% of the main crop acreage (150 ha, tabl e 1 ) , Thie ie 

due to aeveral factore, Till now good acaricidee are available for the control of the 

red spider mite. The new all-female cultivara are more eueceptible to damage of red 

spider mite, aa a consequence the economic damage threshold haa become lower, having lese 

room for population fluctuationa of the red epidermite and thus for biological control, 

During a w&l'III aummer period atronger ventilation ia needed, · Reaulting in a lower humidity 

in the top of the crop which inducea the predator to avoid the upper leavea, It is 

then necesaar,y to apray the topa with aelective chemicala aa cyhexatin (Plictran), 

fenbutatinoxide (Torque) or propargite (Omite), 

The greenhouse .white fly ia controlled by hydrocyanic gaa, Only a few 

growera intrcduce Encaraia, They have long term aucceaa only after timing the introduction 

at ver,y low numbera of white fly larvae, High doaes of Encaraia are required aa in the 

Engliah ayatem after planned pest introduction (Huasey and Bravenboer, 1971), The 

contrcl of Thrips iabaci Lind, by organo-p·hoapho:rois compounda was a limiting factor for 

Pby1;oaeiulua application, Now it ia clear thai the predaior population can aurvive 

applioaiion of aulfotep and dichlorvoa, Thia ia underatandable as reaistance against some 

compounda of ihe OP-goup (parathion, demeton-s-meihyl, mevinfoa, diazinon) bas been found 

(Schulten, Van de Klaahortat and Ruaaell, 1970), Cotton aphid ia controlled by Pirimioarb, 
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The only probl ... e with fungicide integration concern the BCM group. Till now there are 

three mildew-controlling fungicides, which do not bann the predator. Two of th ... are 

OP-compoundsandare expected to interfereif Encareia ie introduced. 

Integra.ted ech ... e for cucumbere1 1976 

red spider 

greenhouse white fly 

mildew 

Thrips tabaci Lind. 

cotton aphid 

Phytoeeiulue, as suppl ... ent: cy­
he:xatin, (Plictran), fenbutatinoxide 
(Torque, propargite (Omite) 

hydrocyanic ga.s 

pyrazofos ( Curamil )t Plondrel 1 

triforine (FunginexJ 

diazinon, nicotinet dicbloorvos * 
eulfotep (BladafumJ* 

pirimicarb, diazinon 

* integration is possible if applicated carefully 

Sweet pepper 

The t ... perature in February-March ie at least 23°c during day time and 18°c at night. 

This crop gives a good e:xample of limiting factors for biological control caused by minor 

peste. Thrips tabaci Lind. and Hemitarsonemus latue Banks (broad mite) are the most 

important ones. The last one is new in vegetable growing. Myzus peraicae is controlled 

by Pirimicarb, other pests which occur f r equently a r e Lygus pabulinus L. and L~ 

tripuetulatue F. and caterpillars (Diataraxia olere.cea L.), which are well cor.trolled by 

tricholorfon (Dipterex) and carbaryl. The lesser suscept ibility of Phytoaeiulu~ for OP's 

is a favourable factor for its increased use. 



Inhgrahd acheme for sweet peppera1 1976 

red apider 

Thripa tabaci Lind. 

Hemitaraonemua latua 
Banks {broad mite) 

Lygu• pabulinue L. 
Diataraxia oleracia L. 

* integration impo••ible 

Gherkins 
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Phytoseiulus, 
as supplement: cyhe:zatin 
(Plictran), fenbutatinoxide 
(Torque) 

diazinon, dichloorvoa, ** 
aulfohp (Bladafum) -

(dicofol) *, cyhexatin (Plictran), 

(trichlorfon (Dipterex)) * 
( carbaryl ) * 

** integration poesible if application 
ie timed carefully 

This crop covere nearly 300 ha and this acreage includea many non-heated glasshouaee. 

Application of Phytoaeiulus atarted in 1974 and 1975 by cooperation of aeveral growers, 

extenaion officers and the producer of natural enemies. The BCM-fungicidea can be 

integrated with Phytoseiulus if the application is carelly planned aa a drench. 
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OF PHYTOSEIULUS PERSTMIL!S 

by 

s. PRUSZYNSKI 

Institute of Plant Protection 
Miczurina 201 60-318 Poznan, Poland 

• 6223 

Among preda.cious species belonging to the family Phytoseiidae Phytoseiulus persimilis 

is distinguished by high prey demands and high voracity, Many factors, however, influence 

on the number of prey consumed by P, persimilis and knowledge about these can be of great 

importance for more effective and economic use of the predator in biological control of red 

spid Pr mi tes . 

Tnfluence of development stage of predator on the number of prey consumed by P, peraimilia 

Based on various obaervations it can be stated1 that the larvae of P, peraimilis 

practically do not feed1 and the trials in the consumption of red spider mite eggs are in 

most cases unsuccessful (Laing 1968), Proto- and deutonymphs of P, persimilia are characteriz­

ed by considerable mobility and the ability of food searching, they feed on the egge and 

larvae of red spider mi te, Laing ( 1968 ) stated1 that the protonymphs of the predator ea.t on 

an average during 24 hours 4,4 and the deutonymphs 6,0 eggs of the red spider mite, 

In our own investigations the number of prey eaten by the adulte of P, persimilis in 

various periods of their life has been determined (Table 1), 

TAllLE 1. 

T. urticae 
stage 

Eees 
Larvae 

The f eeding of fe,nales during various periods of their life-cycle 
and of P, persimilis males on various development atages of 
Tetranychus urticae 

Fema le 
Preoviposi ti on Ovi posi t i on Postoviposi t ion Male 

period period period 
Range Average Range Average Range Average Range 

0-27 13,0 6-41 22,2 2-12 6,, 1-21 
0-23 7,8 1-39 20,9 2-14 6,2 1-16 

Prot onymphs and 
Deutonymphs 3-17 6,9 12-30 17,6 1-10 

Adulte* 2-12 6,0 

'!./ Adults less th,n 24 hr old to avoin egg deposition 

Average 

11.9 
6,1 

4.8 
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The experiments WC!re carried out at 21°0 andin each combination about 140 observe.­

tions were made ( 10 specimens of predator during two weeks, ever,yd~ control and prey 

supplement). 

In these experiments the highest ·number of prey was eaten by P. persimilis femal.es 

during the oviposi tion period1 a lower number of prey was oonsumed by the femal.es during the 

preoviposition period then by the males, and the lowest number - by the females during the 

postoviposition period. 

Similar Observations were made by Laing (1968) 1 who also observed oonsiderable diffe­

rences in female feeding before, during and after the period of egg la,ying. Red spider mite 

eegs were used, as prey and it was stated, that the females ate 7.3, 14.3 and 3.9 egge during 

24 hours, respeoti.vely. 

Influence of temperature and relative humidity on the number of prey consumed by Po persimilie 

An experiment in which female deutonymphe of red spider mi te were ueed as · prey was 

carried out at 17, 21 and 26°0 and at 6 levels of relative humidity. 

The results obtained show, that an increase of temperature and a decreaee of relative 

humidity cause an increase of the number of prey coneumed by the femalee of t he predator 

(Table 2). The difference in the number of prey consumed a t different humidit i es was 

5.7 deutonymphs at 17°0, and 2.8 deutonymphs at 21 and 26°0. The differences in the number 

of prey coneumed at various temperatures fluctuated depending on the relative humidity 

between 1.6 and 5.7 deutonymphs. 

TA.BLE 2. Influence of temperature and relative humidi ty on the numöer 
of deutonymphs consumed by P. peraimilis females 

Relative 11°0 21°0 26°c 
humidity Range Average Range Average f!ange Average 

18% 11-15 12.5 6-15 13.5 10-15 14.6 

45% 8-15 12.6 4-15 13.7 12-16 14.2 
6(11/, 5-13 8.5 4-15 12.1 5-17 13.2 

75% 7-10 8.8 2-14 12.7 9-16 13.5 
85% 6-10 7.5 6-14 11 . 1 4-15 13.2 
95% 0-10 6.8 7-13 10. 7 5-14 11 .8 
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The results presented are confinned in the works of other authors. Mori and Chant 

(1966) in their investigations observed higher number of red spider mite females eaten by the 

predator at low relative humidity. In the Soviet lbi on Plotnikov a.nd Sadkovekij (1972) 

st.ated an increase in the number of red opider mite eggs (f rom 3.2 t o 5.8) eaten by P. pereimilie 

females in the caee of a rise of tem~rature from 21-22°c to 24-25°c. The difference in the 

number of .eggs eaten, at relative air humidities of 601 and 90',Z amounted to 21 egge at 21-22°c 

and 22 ee-es at 24-25°c. Uecelcov and Beglarov (1968) etated that at 25°c and a relative 

humidi ty of 50-7<11,. one fe.'llale of P. persimilis consumes 21-23 specimens of red spider mi te. 

whereas at the eame temperature1 but at a relative humidity of 98% - only 11 epecimene are 

eaten. 

The majority of investigations on the influence of temperature on the number of prey 

coneumed by .P. pereimilie is oarried out at temperaturee varying from ~30°c. No data are 

available about the feeding of the predator at temperatures above 30°c. Our own observations 

show that red epider mi te survivee better a rise of temperat ure above 30°c than P. persimilis 

at about 35°c P. pereimilis femalee etop to feed. 

Influence of the period of etarvation on the number of prey consumed by P. persimilis 

~~ri and Chant (1966) in their investigations found no difference in the number of prey 

consumed by females well fec1. and after a period of etarvation. They observed1 however1 that 

the females after a period of etarvation fed longer and often a second time on t he seme prey. 

The observations made by us confirm the results obtained by Mori and Chant ( 1966). 

In an exper i ment, in which 2 hrs observations were made on the feedine of femalee without 

and after 24 hrs of etarvation no differences in the number of prey consumed have been noted. 

The period over which feedin g occurred changed however consi~erably. Non-starved females 

fed from 5 to 19 mln. on an aver ae·>, whereas t.he period of ff!eding of starved females amounted 

to 45 min. on an averae,"B, 

Thou~, the period of starvation influences the intensity of feeding1 it does not 

cause1 however 1 an increase in the number of prey attacked and consumed by the predator. 

Food searohing by the predator 

In the obeervations marle by us particular patternein predator eearching behaviour 

have not been noted. In order to determine the w~y of food searching by the predator (exoept 

of accidental. contact) an experiment was carried out, in which the females of the predator 

were pla.ced on a leaf-diec (5 cm of diemeter) with egge of the red spider mite. In the 

firs t combination the web hae been l eft 1 in the s econd it was removed (Figure 1). Meantime 
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-- 4 
--- - .2 
-·-·· ~ L'ATHJ 0, 1HE l'fffAUJ 

-·-·· . 
• STAIIT OF l'EEDIIIO 

MIT 01' THE UAI' WITH T.UIITICAE IOOJ 

a.. b. 

Figure 1. Food searching by P. ersimilis females in the case, when the web 
has been left on the leaf a and after its removal (b ). Distances 
covered by 5 females are presented. 

necessar y for egg discovery by the females of P, persimilis was in the case of web leaving 

219 ,6 sec,, and in the case of web removing 432,4 sec,, In t he presence of a web the females 

discovered the eggs in i;eneral aft er their second release on the disc , in the lack of the web 

af·ter the t hird release, The web spun by red spider mites thus seems to facilitate consider-

abl y food searching by the predator, 

Mierations of P, persimilis females from the leaves 

It has often been observed t.hat the predator females mie;rate from the l eaves before 

complete destruction of t he red s pider mit es, Plotnikov and Sadkovskij note (1972), that 

accordi.ng to their observations the femalee start to migrate from tne leaves, when the 

proportion of pred.ator to the prey arnoimte to 1:1,1 and to 1:1,2, 
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Our own experiment was made on bean plante wi th two leaves and on each leaf different 

development stages of the red spider mite were present. The females of predator could easily 

pass from one leaf to another. In all the cases an excess of red spider mites on the leavee 

was observed. 

The results obtained (Figure 2) show1 that the females of P. persimilis preferr ed 

more differentiated stages of the red spider mite. In all cases the females mi.grat ed from 

the leaves, when they found only one development stage of the red spider mite. 

Thus, apart from the number of prey present, the cause of mi gration of P. persimilis 

females from the l eaves and plante seems tobe the early destruction of part of the develop­

ment stages of red spider mite. This migrat ion from t he leaves is at the same time proof of 

a considerable adaptation of the predator to the predacious mod.e of life. Red spider mi te. 

left on the leaves serves as the food for emerging and developing larva.e of the predator. 

The results presented here are part of a larger programme of research on P. persimilis 

in Poland. In other experiments the influence of various plant species on the development of 
0 • persimilis, the behaviour of the predator, and the influence of number of prey on the 

development of the predator (Prus~ski 1973) are studied. 

Final results will be used to develop the best method of predator application. 

r.1111nCAE 5rMIES :l 

i ~o ' 
A//CllrS AIIO EOOS r 30 EOOS AOULT.S* 30 EOOS 

.: 
,20 .. 

.a ' 2 il .2 
D A y 

,o ,o 
EOOS LARVAE AHO EOOS ADll.1S„i.ARVAE ADUI.TS ANO EOOS 

AIID EOOS 

J .2 .2 J l .a 2 l 

-/f Alll/l. TS lESJ THEH 16hr OLD TO A\!010 EOO OEPOSITIOII 

Figure 2. The deve~pment of E• persimilis on bean leaves on which red 
spider mite occurred in various development stages. 
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ETUDE DE LABORATOIRE CONCERNANT LA TOXICITE DES 

PRODUITS PHYTOSANITAIRES POUR PHYTOSEIULUS PERSIMILIS 

par 

J. COULON et P. BARRES 

• 

Laboratoire de Phytopharmacie - CNRA - Route de St-Cyr, 78000 Versailles - France 

Lorsque nous nous sommes preoccupes en 1972 du probleme pose par l'em­

ploi des produits phytosanitaires en presence de Phytoseiulus persimilis, nous 

avons cherche a mettre sur pied une methode dans laquelle les substances, co111De 

dans les conditions naturelles, auraient la possibilite d'agir par les mecanis­

mes les plus divers et dans laquelle le materiel biologique presenterait, avec 

celui de la pratique, le maximum d'analogies. Nous avons de ce fait ete amenes a 
concevoir et ä mettre ä l'epreuve, une methode consistant pour l'essentiel ä ap­

pliquer les produits a tester sur plantes entieres, contaminees par tous les sta­

des de Tetranych!<ß et de Phytoseiulus, et a apprecier les effets avec le maximum 

de recul possible. Jusqu'en 1975 tous les produits ont ete testes sur des popula­

tions maintenues en permanence sur plantes traitees. Depuis cette epoque, et pour 

essayer de repondre a la question de savoir ce qui se passerait pour des preda­

teurs traites ayant, apres traitement , la possibilite de migrer sur des supports 

propres contamin€s par une nourriture non polluee, nous associons syst€rnatiquement 

a la methode ancienne une methode dans laquelle, aussitot apres traitement, cette 

possibilite de quitter les plantes traitees est offerte aux predateurs. 

I - ACTION DES APPLICATIONS DE PRODUITS PHYTOSANITAIRES SUR DES 

POPULATIONS DE PREDATEURS MISES DANS L'IMPOSSIBILITE DE QUITTER 

LES PLANTES TRAITEES 

Cette partie du travail a fait l'objet d'une premiere connnunication lors 

du Congres International de la Protection des Plantes tenu a Koscou en septembre 

1971 (1). Rappelons-en l'essentiel. 

6224 
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METHODE 

La chronologie des principales operations realisees dans ce type d'es­

sai est indiquee dans la figure I. Les plantes destinees a servir de supports 

communs aux proies et predateurs sont des haricots nains cuitives isolement en 

godets de 8 cm de diametre sur du sable sterilise et humidifie, lorsque cela est 

necessaire, par de l'eau du robinet. Un anneau de glu place sur la tige de cha­

que plante au niveau de l'insersion cotyledonnaire empeche la fuite des acariens 

introduits sur le feuillage. 

Pour que l es predateurs puissent disposer d'une nourriture suffisante 

jusqu'ä la fin des essais, il es t conmode de faire multiplier a l'avance les te­
tranyques serva~t de proies : des etudes präliminaires assez longues nous ont 

amenes ä considerer comme correct, dans les conditions de contamination fixäes 

par la figure I, le rapport de 16 femelles de Tetranychus pour 4 femelles de 

Phytoseiulus par plante, rapport que nous avons cru devoir porter a 18/4 au vu 

des r€sultats obtenus dans les premiers essais . Etant donne l'importance quere­

vet l a s uffisance ou l'ins uffisance de nourri ture da ns l a formation e t l e main­

tien d'une population de predateurs sur une surface limitee, il est näcessaire 

d'apporter toute son a ttention a la formation de la population de tetranyques et 

de s 'assurer, par Un contrOle journalier, que les femelles mises ä pondre n'ont 

pas disparu et sont apparemment en bon etat. Les predateurs sont introduits 3 

jours avant traitement parmi les tetranyques ; ils sont alors soumis comme prece­

denment ä des ve rifications journalie r es e t Cventuellement r emplaces en cas de 

manque ou de mortalite. La constitution des populations au moment de l'interven­

tion est ind i quee dans le tableau I . Rappelons que dans les conditions de nos e s­

sais , l a duree du cycle de developpement de Phytoseiul us est d'environ 5 jours et 

que la duree d'incubation des oeufs varie entre 2 jours a 2 1/1 jours. Pour 

Tetranychus UPticae ces de lais sont respectivement d' environ 10 jours et de 4 ä 

5 jours. 

Les traitements sont r ealises par pulvCrisation au moye n d'un pulvCri­

sateur Clec trique , type pulvCrisateur ä peinture, et ce sur-·ta totalitä de chaque 

plante contaminCe, d'une di lution aqueuse de la s ubstance ä essayer. La pulvCri­

sation es t arret ee lorsque le depot liquide parait atteindre 4 a 5 mg par cm2 de 



TA
BL

EA
U 

I 
N

at
ur

e 
e
t 

im
po

rt
an

ce
 d

es
 p

o
p

u
la

ti
o

n
s 

d
'a

ca
ri

en
s 

(p
ro

ie
s 

e
t 

p
re

d
at

eu
rs

) 
pr

ep
ar

ee
s 

po
ur

 l
 'e

tu
d

e 
d

'a
c
ti

v
it

e
 d

es
 

p
es

ti
c

id
es

 s
u

r 
P

h
yt

o
se

iu
iu

s 
p

e
rs

im
ii

is
 

C
as

 
de

 
p

o
p

u
la

ti
o

n
s 

m
ai

nt
en

ue
s 

en
 p

er
m

an
en

ce
 

su
r 

le
s 

m
em

es
 

p
la

n
te

s 

P
o

p
u

la
ti

o
n

 e
x

is
ta

n
t 

s
u

r 
c
h

a
q

u
e 

p
la

n
te

 
ä 

1 
'i

p
o

q
u

e 
d

u
 

F
em

el
 l
e
s 

P
er

io
d

e 
T

ra
it

e
m

e
n

t(
 4

) 
C

on
tr

ö
le

 
Re

fe
re

n
ce

 d
e 

T
y

p
e 

d
e 

A
n

im
a!

 
d

ep
o

se
es

 
p

re
ce

d
an

t 
(6

 
jo

u
rs

 a
pr

E
:s

 
t.
ra

it
e
ra

e
n

t)
 

( l
) 

(2
) 

(3
) 

(4
) la

 
s
e
ri

e
 

p
o

p
u

la
ti

o
n

 
co

n
si

d
e

re
 

in
it

ia
le

m
e
n

t 
la

 d
a
te

 
du

 
d

' e
s
s
a
is

 
fo

rm
ee

 
s
u

r 
c

h
aq

u
e 

tr
a
it

e
m

e
n

t 
F

or
m

es
 

p
o

st
 

O
eu

fs
 

F
o

rr
n

e
s 

p
o

s
t 

O
eu

fs
 

p
la

n
te

 
(j

o
u

rs
) 

em
br

y
o

n
n

a
ir

e
s 

d
' a

p
p

a
re

n
ce

 
em

b
ry

o
n

n
a
ir

e
s
 

d'
ap

pa
re

.Q
ce

 
v

iv
a
n

te
s 

v
ia

b
le

s 
v

iv
an

te
s 

v
ia

b
le

s 

A
c
a
ri

e
n

s 
T

et
ra

n
ya

h
u

s 
I6

(1
) 

2
2

5
5

 
( Z

) 
p

h
y

to
p

h
ag

es
 

1
0

 
7

I3
 

6
5

0
 

-
se

u
ls

 
u:

rt
ic

ae
 

I 
A

c
a
ri

e
n

s 
Te

 t1
,a

ny
ch

u
s 

I6
 

IO
 

5
2

8
 

2
4

0
 

2
2

2
 

(2
) 

-
p

h
y

to
p

h
ag

es
 

u
rt

ic
a

e 
+

 
a
c
a
ri

e
n

s 
P

hy
to

se
iu

lu
s 

4 
3 

I7
 

2
8

 
7

9
 

(2
) 

B
I 

(2
) 

or
eo

a.
 te

u
rs

 
1v

er
si

m
il

is
 

Ac
a
ri

e
n

s 
T

et
ra

n
ya

hu
s 

p
h

y
to

p
h

ag
e
s 

1
8

 
( 
l)

 
1

0
 

II
6

4
 

9
4

0
 

32
86

 
(3

) 
-

se
u

ls
 

u
rt

ia
ae

 

I
I
 

A
c
a
ri

e
n

s 
Te

t1
'0

ny
ch

us
 

1
8

 
IO

 
7

1
2

 
5

1
9

 
5

6
7

 
(3

) 
-

p
h

y
to

p
h

ag
e
s 

U
P

ti
aa

e 
+

 a
c
a
ri

e
n

s 
P

n
yt

o
se

iu
lu

s 
4 

3 
I7

 
3

3
 

9
5

 
( 

3)
 

I
I
I
 

(3
) 

p
l'

e
d

a
te

u
rs

 
ve

rs
im

ii
is

 
. 

d
e
n

si
t€

 r
e
e
ll

e
 

2 
fe

m
e
ll

e
s/

p
la

n
te

 
D

en
s
it

e
 u

n
iq

u
em

en
t 

u
ti

li
s
e
e
 p

o
u

r 
la

 p
t'

e
se

n
ta

ti
ö

n
 d

es
 I

'e
su

lt
a
ts

 
M

oy
en

ne
s 

de
 

11
 e

ss
a

is
.a

v
ec

 
6 

re
p

e
ti

ti
o

n
s 

t'
e
p

a
rt

is
 s

u
r 

6 
m

oi
s 

M
oy

en
ne

s 
de

 
20

 e
ss

a
is

 a
v

ec
 

6 
t'

e
p

e
ti

ti
o

n
s 

!'
e
p

a
rt

is
 s

u
r 

21
 m

o
is

 
M

oy
en

n
e
s 

co
rr

es
p

o
n

d
an

t 
au

x
 n

om
br

es
 
d

' a
c
a
ri

e
n

s 
o

b
se

rv
E!

s 
lo

rs
 

d
es

 
de

te
rm

in
E

!s
 

d
an

s 
4 

e
ss

a
is

 (
sE

!r
ie

 
I)

 
e
t 

9 
e
ss

a
is

 
(s

e
r
ie

ll
)
 

co
n

tI
'O

le
s 

e
t 

c
a
lc

ul
E

!e
s 

d
' a

p
re

s 
le

s 
ra

p
p

o
rt

s 
e
n

tr
e
 p

o
p

u
la

ti
o

n
s 

t,
 



TABLEAU 2 

Activite de divers pesticides sur Phytoseiu lus persimi l i s 
Effet produit par les traitements sur la densite des predateurs 

Reduction (%) du nombre des Dose ramenant 
Concentrations predate urs :::: la densite des 

Substances utilisees d'emploi:: predateurs ä 1, • (g MA/ hl) densite l ors d, 
ä dose moyenne au quart de la traitement 

d'emploi dose moyenne (g MA/ hl) 

Phosphore experimental CIBA 25 ± 5:::::: 100 99 , 98 0 , 8 
Stanneux experimental BAYER 40 ± 10:::::: 100 99 ,70 2 , 2 
Metidathion 60 ± 20 100 99,65 < 0 , 1 
Dichlorvos 100 100 99,33 3 , 8 
Binapacryl 50 100 99 , 28 2,6 
Manco z€be 160 100 98,69 16,l 
Di cofol 50 100 97 ,2 5 , 4 
Bioethanomethrine synergise e 5 , 5 ± o,s"'"" 100 ? < 1 , 6 
Chinome thionate 10 ± 2,5 99 , 93 86,4 2 , 1 
B9nomyl 30 99,91 98 , 2 1 , 3 
Nal ed 100 99 , 62 97,5 3,2 
Chlorfensulfide + chlorfenetol 75 99 , 53 86 , 9 14,0 
Phosalone 60 99,28 97 ,1 1 , 4 
Parathion ethyl e 22 , 5 ± 2,5 99 , 20 80,9 5,2 
Fenbutatin oxyde 50 95 , 8 85, , 8 8 ,6 
Pirimicarbe 37,5 94, 8 44',0 19 , 4 
Cyhexatin 30 94, 5 62\ 7 14 , 7 
Methylthiophanate 59 , 5 ± 24,5 94,2 83,5 14 ,0 
Prcclclnol 45 ± 5:::::: 91 , 2 74,2 18 , 9 
Dienochlore 60 90 , 3 50,0 40 , 6 
Mevinphos 37,5 ± 2 ,5 88 74 , 2 14,0 
Tetradifon 16 85 , 3 80 , 9 5 , 7 
Dodemorphe acetate 100 67 , 3 33 , 5 > 200 
Isolane 8 ± 2 50 ,0 24 , 9 52,4 
Ditalimfos 40 ± 10 43,6 27 ,4 > 200 
Thirame 335 ± 15 < 20 ? > 400 
Drazoxolon 40 < 15 ? > 50 
Folpel 150 # 0 # 0 > 20 

Rapport entre 
dose moyenne 
d'emplo i et 
<lose c i - conir, 

31 , 2 
18 , 2 

> 600 
26;0 
19 , 2 

9 , 9 
9 , 2 

> 3,4 
4 , 9 

23,1 
31 , 2 
5,3 

42 , 9 
4 , 3 
5 , 8 
1,9 
2 ,0 
4 ,2 
2,4 
1 , 5 
2 , 7 
2 , 8 

< 1/ 2 
1/ 6 , 6 

< 1/ 5 
< 1/ 1,2 
< 1/ 1 , 25 
< 1/ 1,3 

Concentrations pr€:vues en appli cations foliaires contre acariens , pucerons , aleurodes, cochenilles , 
oidium et maladies s ' attaquant a ux cultures legumieres , floral es et ornemental es 

::m: 

Reductions du nombre des formes postembryonnaires vivantes constatees 6 j ours apres traitement et 
par rapport aux populations non traitees examinees a la meme date 
Doses probables d'emplo i 

~ 
1 
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surface foliaire, depot verifie par pesee, avant et apres traitement, d'un papier 

filtre expose ä la pulverisation. Chaque dose est essayee sur 4 plantes et chaque 

produit teste ä 4 doses formant entre elles une progression geometrique de raison 

4. La dose la plus forte es.t alors egale au multiple ou au sous-multiple de 100 

le plus proche de la dose moyenne prevue pour les applications pratiques. 

Une moitie des plantes est contr6lee apres 5 jours, l'autre moitie apres 

7 jours. Cette maniere d'operer permet d'alleger le travail de verification mais 

permet surtout d'obtenir des informations complementaires concernant en particu­

lier le sens de variation du nombre de predateurs et la viabilite des oeufs obser­

ves lors du !er controle. Taut le travail de verification est fait sous binoculai­

re et consiste ä denombrer les formes vivantes ou mortes de Phytoseiulus ainsi que 

les formes mobiles de Te tranyahus restees vivantes. 

A chaque essai sur Phytoseiulus est associe un essai sur Tetranyahus 

seul (figure I et tableau I) destine ä faire apparaitre l'effet purement acarici­

de de la substance mise en etude. Il faut cependant mentionner que cet effet est 

probablement legerement different de celui qui se manifeste sur les tetranyques 

epargnes par les predateurs, car dans ce cas la popula tion d'acariens phytophages 

se trouve dejä necessairement modifiee quantitativement et qualitativement par la 

presence des Phytoseiulus (tableau I). 

RESULTATS 

Pour simplifier la presentation, nous ne prendrons en consideration que 

la moyenne des resultats obtenus 5 et 7 jours apres l'application e t concernant 

exclusivement les formes postembryonnaires vivantes. Les reductions observees dans 

les densites de populations s~r plantes traitees par comparaison avec les densites 

de popula,tions sur plantes non traitees sont exprimees, en fonction des concentra­

tions essayees , dans les figures 2 et 3. La construction de droites de regression 

n'a en fait d'interet que dans la mesure ou elle offre la possibilite de corriger 

les resultats individuels, mais surtout, dans la mesure ou elle donne le moyen de 

prevoir l'effet des applications ä des concentrations qui ne sont pas celles uti­

lisees dans les essais. Les resultats obtenus dans des conditions qui nous parais­

sent etre celles commun€ment rencontrees dans les traitemellts de cultures saus 

abris et calcules selon le procede qui vient d'etre mentionne sont presentes dans 

le tableau 2. 
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Comme on le voit, la plupart des traitements freinent considerablement 

le deve loppement de Phyt oseiul us persimil is . S'il est vrai que des fongicides 

comme l e thirame, le drazoxolon et le f olpel ou qu'un aphicide dit spec ifique 

comme l'isolane occupent une place qui peut paraitre logique parmi les produits 

les moins nocifs, on retrouve taut aussi bien des fongicides comme le mancozebe 

et le benomyl ou des aphicides comme le pirimicarbe parmi les produits a forte 

toxicite. 11 en est de IDeme pour des acaricides sp€cifiques dont la nocivite res­

te cependant toujours appreciable. Ce tt e forte toxicite apparente de l a quasi to­

tal i te des substances employees tient ev i demment d'abord a la dose utilisee. Une 

reduc tion de la concentration d' emploi pourrait theoriquement am€liorer les r esul­

tat s mais il faudra i t (ta bleau 2) que cette reduction soit dans la plupart des cas 

de plus de moitie pour que la densite des Phytoseiul us soit la meme 6 jours apres 

traitement que le jour meme de l'application. Cette forte toxicite apparente des 

produits tient surtout ä la m€thode d'essai pratiquee et au fait que de nombreux 

fact eurs pouvant jouer contre le predateur, et notamment la suppression plus ou 

moins rapide des pro ies par les traitements, se trouvent reunis . La figure 4 ind i ­

que a ssez b ien qu'une forte action acaricide va de pair avec une fort e regression 

des preda t eurs, ma is e lle montre ägalement que ce fac t e ur n' es t sGrement pas suf­

fisa nt pour expliquer l'activite depressive aux concentrations d'emploi, de trai­

t ements realises avec des fongicides corrune le mancozebe, le benomyl Oll Ie methyl­

thiophanate et avec des insecticides comme l'isolane ou le naled qui font preuve 

vra i s emblablement d' une certaine tox icite directe vis-3-vis de l'espece de preda­

teur cons ide r ee . Pour nous resumer, et utilise r un mode d' expression peut etre 

plus f arnilier pour l e s ama t eurs de dynamique de popula tions , on peut dire que par­

mi l es 28 s ubstances etudiees groupa nt insec t i cides ou f ongic ides a ppartena nt ä 

des groupe s ch i miques varies e t utilises ä des doses consid€rees c omme des doses 

moye nnes d' emploi, les substances apparemment les moins nocive s se r epartissent 

comme suit : cinq pe rmettent a la popula tion de Phytoseiulus de s'accroitre de 

plus du double dans les 6 jours qui suivent le tra itement : l e folpel, l e drazoxo­

lon, l e thirame , l e ditalimfos e t l'isolane; une pe rmet ä la population de s ' ac-

c r oi t re da ns la proport i on de I ä I nombre compris entre et 2 : l e dodemorphe 

ace t a t e ; e t enf in troi s ne perme ttent de r e trouver a u mieux qu' e nv i r on l a moitie 

de La population : le tetradifon, l e mevinphos et le dienochlore. Ra ppelons qu'en 

l' a bsence de traitement l'accrois sement des populations se r€alise dans la propor­

tion de I ä 5- 5,5 . 



Metidathion 

Isolan 

Mancozebe 

Dodemorphe acetate 

Benomyl 

Naled 

Bioethanomethrine syn. 

Methylthiophanate 

Dichlorvos 

Phosphore Ciba 

Pirimicarbe 

Mevinphos 

Stanneux Bayer 

Parath1on ethyle 

Cyhexatin 

Dienochlore 

Fenbutat i noxyde 

Chinomethionate 

Tetradifon 
Chlorfenetol + 
Chlorfensulfide 

Binapacryl 

Phosalone 

Proclonol 

Dicofol 

Reduction (%) des 
populations 
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100 6,7 

5,5 ( 1, 2) 

59 , 5 28 , 7 

100 6,5 

25 1,1 

37,5 28 , 7 

37,5 51,2 

40 2,3 

22,5 8, I 

30 21,8 

60 60, I 

so 19,4 

10 2,7 

16 115 

75 21,8 

so 4 , I 

60 3,4 

45 38,8 

so 7,9 

0 10 10 30 ~O 50 60 lO JIDJO,a 0 10 lO 30 l,O 50 611 ~ fO 90 100 

Resulta ts obtenus ä concentrations Resultats obtenus aux concentrat ions 
moyennes d'emploi reduisant de 90 % les predateurs 

Effets compares de divers traitements sur Phytoseiu lu~~~mili s ~ associe 
ä Tetranychus urt icae et sur Tet ranychus urt icae seul _ (Les concentra-
tions correspondant aux resultats exprimes dans la figure sont indiquees en 

FIGURE 4 -

g MA/hl en face de chacune des substances concernees) 



TABLEAU 3 
Nature et importance des populations d 'acariens (proies et predateurs) prepar~s 

pour !'Hude d'activite des pesticides sur PhytoseiuZus per•oimiZl'.s 
Cas de populations ayant ou non la poss i bilite de migrer sur plantes propres 

a partir de 1 'epoque du traitement 

Population existant sur chaque plant e ä l ' epoque du 

Femelles Periode 

Type Type de Animal dt?poat?es prt?ct?dant 

d' essai population considere initialement la date du 
formee sur chaque traitement 

plante (jours ) 

Acariens Tetranychus Population ne phytophages 22 (1) 10 
pouvant pas seu.ls 

UPticae 

quitter la Acariens Tetranychus 22 10 
pl ante d' origine phytophages ur-ticae 

+ acariens Pnytose~ulus 
4 4 preda t eurs »ersürri Zis 

Population Acari ens Tetranychus 
22 10 

pouvant phytophages urticae 

quitter la -t acariens Phytoseiu Zus 4 4 
plante d'origine predateurs persirrri Zis 

Den~ite uniquement ut.ilisee pour la presentation des resultats 
Moyennes de 6 essais avec 4 I'ept?titions rt?:partis sur 9 mois 

ContrOle Traitement ( 4) (6 jours apre s traitement) 

Formes post Oeufs Formes post Oeufs 
embryonnaires d'apparence embryonnaires d'apparence 
vivantes ( 3 ) viables v i vantes viables 

1502 - 3595 (2) -

2253 - 408 (2) 

27 (2) 37 (2) 118 (2) 120 ( 2) 

1153 - - -

27 (2) 37 (2) I63 (2) 
( 69 + 94) ( 4) 

202 (2) 
(96 + 106)(4) 

(1) 
(2) 
(3) 

(4) 

Les moyennes des populations de Tetranychus sont rapportE!es aux moyennes observees apres 5 jours en tenant compte des variation:3 
de 1densite calculees dans 4 ou 5 essais entre la date du traitement et la date du cont röl e 
Parties de la population sur plante d'origine et sur nouvelle plante contaminee elle - meme 10 jours avant l a date du traitement 
par 16 t e tranyques. 

V, 
V, 

1 
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II - ACTION DES APPLICATIONS DE PRODUITS PHYTOSANITAIRES SUR DES PO ­

PULATIONS DE PREDATEURS AYANT, APRES TRAITEMENT , LA POSSIBILI TE 

DE PASSER SUR PLANTES PROPRES ET D'Y TROUVER UNE NOURRITURE NON 

POLLUEE. COMPARAISON AVEC LE CAS DE POPULATIONS N'AYANT PAS CET­

TE POSSIBILITE 

Nous avons evoque au aebut de cette communication, l'interet d'une me­

thode d ' essai dans laquelle l'effet indirec t provoque sur PhytoseiuZus par l a re­

duction ou la pollution des proies serait limite et qui correspondrait mi eux ä ce 

qui peut se passer en serres ou meme dans la nature, dans le cas de traitements 

localises. 

METHODE 

La figure 5 resume l'ensemble des operations entrant dans le cadre des 

essais comparatifs que nous räalisons maintenant systämatiquement pour toute subs­

tance nouvelle. L'innovation r€side essentiellernent dans le fait que la moiti€ des 

plantes contaminees pat le couple predateurs-proies (serie n° 2 de la figure 5) 

sont, imm€diatement apres t raiteroent, accolees a des plantes propres elles-memes 

infestees par des tetranyques non traites. L'accolement se fait de telle maniere 

que les feuilles primaires des haricots se trouvent superposees, les feuilles 

trait€es ätant toujours au-dessous des feuiJles propre s pour €viter que la conta­

mination des plantes propres ne se produise par simple chute des predateurs. La 

figure 5 montre qu'une amelioration a ete apportee egalement dans la constitution 

des popul ations de PhytoseiuZus persimiZis, l'introduction des predateurs se fai­

sant maintenant 4 jours avant la date d'intervention dans une population de tetra­

nyques que nous avons ete evidemment amenes ä renforcer. Le tableau 3 resume les 

principales donnäes concernant l'ävolution des populations en cours d'essai. 

En raison du volume de chaque experience, 2 c oncentrations sont essayees 

pour chaque substance: la concentration paraissant etre la concentration moyenne 

d'emploi et la concent ration moitie. 
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RESULTATS 

Nous donnons dans le tableau 4, et pour les deux types de methodes ap­

pliques simultanement, les nombres de predateurs vivants observes 6 jours apres 

traitement et correspondant ä 100 individus traites. 

On peut constater d'abord qu'en l'absence de traitement un apport com­

plementaire de nourriture ä des pr€dateurs ayant pourtant une ration suffisante 

pour eliminer l e risque de cannibalisme, am€liore nettement la croissance des po­

pulations, la densitC des animaux vivan~s augmentant en effet dans ce cas dans le 

rapport de I ä 6 au lieu de I ä 4,5 dans l'autre. On peut no t e r egalement qu'un 

traitement apparemment violent c omme celui realis€ au moye n du binapacryl a con­

centration normale, pennet cependant ä un certain nombre de pr€dateurs normale- · 

ment voues ä disparaitre lorsqu'ils sont maintenus sur plantes trait€es, de survi­

vre s'ils peuvent passer sur plantes demeurees propres et y trouver de surplus une 

nourriture demeur€e saine. Cette r €duc tion de la toxicite des traitements pour 

Phytosei ulus dans le cas d'applications "localisees" est d'ailleurs generale mais, 

couune on pouvait le pr€voir, elle es t loin de s e manifester avec la meme importan­

ce pour tous l es produits. 

Si la toxicite de l'endosulfan, du binapacryl et ä un moindre degre du 

bupirimate ne se trouve que peu affectee par le changement de conditions auquel 

est soumis le predateur (figur e 6), la nocivite du dicofol , du produit Fisons et 

du s oufre mouillab l e est en revanche considerablement r eduite par l'appl ication 

des produits sur une partie seulement du feuillage laisse ä la disposition de 

Phytoseiulus . Cec i peut se comprendr e si l'on admet que pour les 3 premier es s ubs­

tances l' essentie l de l a toxicite apparente est pr obablement due ä l a toxicite 

proprement dite a l'egard du predateur alors que pour l es autres produits cet t e 

toxicit€ est modifi€e par l a presence ou l'absence, selon l e cas, d'une toxicite 

indirecte due simpl ement ä l a suppression ou ä l a pollution de la nourriture par 

les traitements chimiques precedemment realises. On peut donc dire que la classi- . 

ficat ion des subStances d' apres l a nocivit€ apparente qu'elle s manifestent a 1 1 e­
gard de Phytoseiulus varie avec la methode util isee . Si l'on ne s ' i n teresse qu'a 

la seule evolution du nombre de predateurs dans l es jours qui sui vent l'applica­

tion chimique, on peut d'ailleurs complete r les informations donnees par le ta­

bleau 4 et la figure 6 en disant qu'en 6 jours, et a la suite d'un tra itement ä 
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la dose d'emploi que nous appellerons traitement "localise", la densite des 

Phytoseiulus se trouve multipliee par un facteur superieur a 2 pour le dicofol, 

voisin de 2 pour le produit Fisons et le soufre mouillable, compris entre 2 et 

1,5 pour le bupirimate et enfin jnferieur a 0,5 pour l' endosulfan et le binapa­

cryl (facteur moyen d'accroissement en l'absence de traitement :' 6,0) ; dans le 

cas d'un traitement applique a la seule surface foliaire mise a la disposition 

du predateur et de · sa proie, les facteurs d'accroissement sont respectivement 

compris entre et 0,5 pour le hupirimate, entre 0,5 et 0,25 pour le soufre et 

le dicofol et inferieur a 0,25 pour les autres produits (facteur moyen d'accrois­

sement en l'absence de traitement : 4,5). 

III - DISCUSSION ET CONCLUSION 

La presentation des travaux sur la toxicite des produits vis-ä-vis des 

populations de Phytoseiulus persimilis fait apparaitre une fois de plus l'impor­

tance que revet la methodologie dans l'appreciation d'un certain type d'activite 

rnanifestee par les substances testees. Ceci doit nous contraindre a demeurer a 
l'ecoute des pratic i e ns de _la lutte integree de maniere que les substances a es­

saye r puissent etre sel ectionnees dans des conditions aussi proches que possible 

des condit i ons normales de leur application. Les methodes que nous utilisons ac­

tuellement presentent l'inconvenient d'etre relativement complexes, longues et 

de mettre en oeuvre un materiel biologique dont les caracteristiques sont neces­

sairement sujettes ä variations. Dans la mesure oll nous souhaitons obtenir au la­

boratoire des resultats traduisant plus l'activite d'un traitement que le mode 

d'action d'un produit, il nous parait difficile sinon risque de simplifier et 

d'alleger la methodologie decrite precedemment . Nous rapportons d 'ailleurs dans 

le tableau 5 les resultats obtenus comparativement dans des tests simples, appli­

ques a des s tades precis du predateur, et permettant d'apprecier l'activite des 

produits par le critere classique de la mortalite, et les resultats obtenus dans 

les experimentations decrites dans cette communication et r€alis€es sur popula­

tions. Comme on peut le constater, la destruction d'un stade particulier du pre­

dateur est loin de refleter l'effet depressif cons tate sur population. Le soufre, 

le chinomethionate ou le produit Fisons ne provoquent par exemple aucune mortali­

te des femelles de Phytoseiulus et pourtant leur effet s ur la densite des preda­

teurs est important, mais il est alors la consequence de t oute-une s€rie de meca­

nismes qui inc luent, pour le soufre notarmnent la destruction des larves ä la nais­

sance. Le benomyl est une des substances qui, a dose normale d'emploi, parait plus 
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nocive dans les applications sur populations qu'elle ne semble l'etre dans les 

applications visant des stades isoles ; mais cette substance a, entre autres 

proprietes, celle d'abaisser considerablement la ponte des femelles traitees 

et par consequent de reduire le developpement des populations, sans pour autant 

paraitre particulierement-meurtriere pour les individus touches . On peut dire 

finalement que les t es ts simplifies sont necessairement insuffisants pour per­

mettre une approche ä notre avis correcte de l'activite des traitements dans 

les conditions normales et qu'ils ne doivent ecre maintenus que comme tests ex­

plicatifs venant completer utilement les tests pratiques sur modeles de popula­

tion. 
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LES POPULATIONS APHIDIJ!NNES EN SERRE EI' L:ruR LIMITATION PAR 
UTILISATION :EXPERD!ENTALE DE DIVERS ENTOMOP!IAGES 

par 

J,P, LYON 

Station de Zoologie et de Lutte biologique, INRA, 
06602-Antibes, France 

• 

L'essai de divers insectes aphidiphages en serre au cours de ces derni~res ann4es A 

Antibes amontr4 que, du fait de la rapidit4 de multiplication des pucerons, l 'on arrivait 

assez difficilement A leur 4radication rapide par lachers inondatifs et dans les cas oa 

cette 4radication 4tait obtenue, la recolonisation par des aphides d'origine ext4r~eure 4tait 

tr~s fr~ente, Quelle que soit lam4thode utilis4e, on reste donc un certain ta;ips avec 

des pucerons et des auriliaires en pr4sence dans la serre, et l' 4volution de l' &ra:fl,ibre 

d4pend en grande partie des caract4ristiques des populations aphidiennes, ext rl!mement 

variables selon les esp~ces de pucerons pr4sentes, du type de v4g4tal et de la vari4t4 cul­

tiv4e, de l'age des plantes, des modalit 4s culturales et de l'utilisation 4ventuelle des 

produits chimiques , 

C'est pourquoi nous exposerons aussi les principaux caract~res des populations aphi­

diennes et les conditions culturales des serres dans lesquelles nous avons travaill4, en 

insistant principalement sur le cas des cultures marafcb~res (essentiellement solan4es). 

En effet, les cultures florales locales sont relativement moins favorables au d4veloppement 

des essais de lut te biologique contre les pucerons, seit que les aphides qu'elles portent 

soient 4limin4s parce que sensibles aux traitements chimiques destin4s A d ' autres ravageurs 

( c'est le cas de Maorosipbum euphorbiae sur oeill et et de Macrosiphum rosae sur rose), seit 

que la floraison soit 4.chelonnh sur une p4riode assez longue ( rosie~) durant laquelle la 

pr4sence de pucerons, meme tr~s limit4e, n'est pas admise sur les boutons floraux. 

La pr4sence de pucerons relativement plus r4sistants aux insecticides (Myzus persicae 

sur Oeillet et Chrysanth~e, Aphis gossipyi sur Chrysanth~e) pourrait cependant favoriser 

dans l'avenir ie d4veloppement de la lutte biologique contre les aphides, dans la mesure ca 

des m4thodes biologiques seraient utilis4es pour les autres ravageurs (Acariens, L4pidopt ~res), 

Il est possible d'utiliser sur Chrysanth?me Aphelinus asychis ou Chrysopa perla avec un 

traitement au pirimicarbe localis4 aux sanmitl!s florales ou avec un traitement trh abondant 

(0,3 1/m2) l concentration r4duite l la moiti~ de Bioresmethrine, 
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CULTURES MARAICHERES 

La tcmate est de toutes les solan~es maraich~res de serre la plante la moins r~cep­

tive pour les pucerons. Les esp~ces dcminantes sont Myzus persicae SULZ, Macrosiphum 

euphorbiae THOS et Aphis gossypii GLOV. Lam6thode de lutte propos~e en 1973 ( SROP/wPRS 

Bull. 73/4), associant la suppresston des feuilles basses infest6es au lacher pr~coce de 

parasites (Diaeretiella rapae + Aphelinus asychis) suffit A maintenir les pullulat ions A 
un niveau tr~s faible ou nul, comme l'ont confirm6 les essais r6alis6s ces trois derni~res 

ann6es., Une infestation tardive d'Aphis gossypii, localis~e A la face inf6rieure des 

feuilles relativement basses,peut intervenir, ccmme en 1976, sans incidence sur la r6colte 

(Aphis gossypii est moins sensible au parasitisme par A. asychis que les deux autres 

esp~ces). Ind~pendsmment du parasitisme les pullulations aphidiennes sont limit6es par 

la pilosit~ de la plante (poils glandulairaanotamment), surtout lorsque les feuilles 

portent du miellat d'aleurodes. Les pucerons, particuli~rement les adultes de Myzus 

persicae SULZ, et surtout de Macrosiphum euphorbiae THOS, se collent aux poils les plus 

longs ou bien accumulent les substances visqueuses A l'extrffilit~ de leurs pattes ou se 

d6veloppent des fum9€ines, Ce phl!ncm~ne limite considl!rablanent les possibilitl!s d'instal-

lation et les d6placanents des pucerons mais il intervient surtout sur des plantes ayant 

atteint un certain d~veloppanent (1 m~tre) et principalement au niveau des tiges 1 ou 

s 1accumulent les cadavres de pucerons ou de parasites. La meme observation peut @tre 

faite sur les aubergines greff6es sur tcmate, au niveau de la tige du port&-greffe. Les 

poudrages au soufre micronis6 augmentent encore la mortalit~ des pucerons, le soufre 

s•accumulant A la base des pattes des adultes. Lorsque la densitl! d'aleurodes est assez 

forte, on observe par ailleurs une certaine concurrence intersp~cifique, les pucerons 

s' installant moins sur les feuilles portant des adultes en cours de ponte ou des larves. 

Cette concurrence est nettanent plus importante que celle r6sultant de l'occupat ion d'une 

partie de la surface disponible par les aleurodes et elle para!t se manifester surtout au 

niveau de l'installation des pucerons, lorsque les aleurodes sont les pr emiers en place. 

Dans nos r6gions, la rapidit6 du d~veloppement de la tomate et la tendance actuelle 

A limiter sa hauteur A 3 ou 4 bouquets pour les cultures de primeurs, pennet souvent 

d 1 6chapper aux d~gats de pucerons en l'absence de tout traitement si on supprime les foyers 

des feuilles basses. Un lacher de parasites d~s le d6but des infestations pennet de freiner 

la multiplication des pucerons et d'~viter A coup sür taut dcmmage sur culture de primeurs 

d 1 autant que la plante ägl!e parait relativement moins rl!ceptive aux infestations tardives. 

Lorsque la population aphidienne est faible et dispers6e, on ne peut descendre au dessous 

d •une certaine densitl! de parasi tes ( de l ' ordre de 10 au m2) et on_a int~r@t A assurer leur 

installation au moyen d'une "unitl! mobile de production permanente", qui assure le maintien 

de la souche en serre selon la ml!thode expos~e en 1973 (Bull. SROP 1973/4). Actuellanent 

nous utilisons des cages de plexiglass rondes de 30 cm de diam~tre et 50 cm de hauteur, 
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dont la face interne est recouverte de "Fluon" ( polytetrafluoroethyUlne ou P,T,F,E,) et dont 

l ' orifice supfirieur est recouvert d'une toile de nylon dont les mailles assurent le passage 

des parasites, mais g@ne celui des ail!s de pucerons. Pr~s de la toile, une rainure circu­

laire profonde de 5 mm et la.rge de 5 mm l sa bordure sup!rieure, dont le fond la.rge de 10 mm 

est garni de glue, emp@che les larves et les apt~res qui ont pu gravir la paroi vertica.le 

malgr! le P,T,F,E, de sortir de la cage 1 tandis qu'une gra.nde partie de pa.rasites peuvent 

sortir en volant ou sautant (A, asychis) par dessus la. rainure, 

Dans ces oages, les v~6taux (jeunes choux ou petits pois) infest6s par Myzus persicae 

assurent le maintien des pa.rasites qui sont progressivement lib6r6s dsns la serre. I1 est 

n!cessaire de plaeer une de ces unitfis mobiles de production permanente pour 100 m2 de serre 

environ, de pr6f!rence l proximit6 des zones o~ on a rep6r6 les premi~res infest a.t ions, la. 

dispersion d'A, asychis se faisant surtout par course ou pet its sa.uts de plante l plante, 

~ 
Le poivron est tr~s favorable l la multiplication des pucerons et tr~s sensible l 

leurs danmages, notamment a.u nivea.u des fleurs et des feui lles (miellat). 

Sur poivron, on retrouve les trois esp~c·es daninantes des solan6es. 

1, M.Yzus persicae, qui colonise les jeunes plante tr~s pr!cocement et dont les 

populations sont tr~s dispers6es sur l'ensemble du feuillage et des fleurs, 

2, Macrosiphum euphorbiae qui s'installe juste apr~s Myzus persicae et dont les 

colonies infestent plus volontiers les organes jeunes (boutons florsnx, jeunes feuilles et 

tiges) bien qu'on les trouve a.ussi canme M, persicae sous les feuilles, Ces deux pucerons 

sont responsables d'une coulure des fleurs. 

3, Aphis gossypii qui s' installe souvent tard.i vement et colonise d' abord les feuilles 

basses et m@me s!nescentes. 

De plus Aulacorthum solani, rencontr6 occasionnellem_ent sur tomat e, s e mult iplie plus 

rapidement sur poivron o~ ~n le trouve souvent en m6lange avec Macrosiphum euphorbiae, 

Dans 1'6tude sur 1'6volution de la population sur poivron, nous avons essay! de voir 

s'il fallait tenir canpte de la densit6 des pucerons par rapport l la surfaee du feuillage 

ou par rapport au nanbre de feuilles. La. surface des feuilles peut @tre exprim6e par la 

formule Sr - o,63 L X 1 (L = longueur, l • la.rgeur de la feuille, sur poivron hll.tif d'Antibes, 

selon lamfithode mise a.u point par J,C, ONILLON sur .AgI'Ullles) . (Fig. 1) 
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FIGURE .1. Relation entre la surfac e reelle 
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d'une feuille de polvron et le produit 
des deux plus grandes dimensions 
du limbe . l 122 echantillons] 

EffectivE!lllent, les deux courbes indiquant la r6partition de la population pour 

diff6rentes strates en nanbre de pucerons par feuilles et en nanbre de pucerons par an2 

montrent que la densit6 r6elle exprim6e en fonction de la surface est beaucoup plus forte 

pour les strates hautes que la denilit6 exprim6e en nombre de pucerons par feuille, (Fig. 2 

et 3) mais le point le plus important concerne la pr6sence de pucerons (M. persicae et 

M. euphorbiae) au moment de la floraison et la localisation de ceux-ci sur les f'leurs ou l 
proximit6 de celles- ci. 

En l'absence d'intervention, une population de plus de 100 pucerons par pied l 

l'apparition des prE!llli~res fleurs se traduit 40 jours plus tard, par une diminution de moiti6 

de la r6colte hebdanadaire effectu6e l cette date. Pour une population initiale de 500 

pucerons par pied, cette r6colte est nulle. Cette perte de r6colte peut 3tre part i ell€1Dent 

canpens 6e ult6rieur€11lent par des rl!coltes plus fort es mais celles-ci n•auront pas la m&le 

valeur marchande que l es fruits de primeurs. 

de 100 p/ pied, en d l!but de f'lorais on. 

Il y a donc n6cessi t6 d'intervent ion au s euil 
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Il erlste des diff&rences vari&tales, le poivron "Hitif d'Antibes" 6tant plus sensible 

que le poivron type "Lamuyo" par exemple. 

Les cultures trait&es chimiquement sont plus souvent infest6es par Myzus persicae qui 

pr6sente souvent une r6sistance plus grande aux insecticides que les autres aphides. 

C'est pourquoi nous avons d'abord tent& d'utiliser un parasite sp6cifique de Myzus 

persicae, Diaeretiella rapae M'INT, qui donne d'excellents r6sul tats en lichers massifs au 

niveau de p&pini~res de poivrons (graph.) 

Des observations similaires ont 6t6 faites avec Aphidius matricariae, qui s'introduit 

spontan(ment en serre plus couramment que Diaeretiella rapae. Les plants de poivrons, A 

feuilles lisses, se pr~tent bien A l'utilisation d'H;ym6nopt~res Aphelinidae du type Aphelinus 

asychis qui courent A la surface des feuilles. Aphelinus asychis est utilis6 en m~lange 

avec Diaeretiella rapae dans nos essais, canme dans le cas des tanates en raison de sa 

polyphagie et de son action pr~atrice, au moins aussi importante en serre que l 1action 

parasitaire. A. asychis s'attaque A l'ensemble des pucerons du poivron bien qu'Aphis 

gossypii seit moins parasit6 que les autres esp~ces, canme c'est le cas sur l a tomate. La 

r~partition spatiale d 'A. asychis est souvent diff~rente de .celle de D. rapae, l'aphelinide 

pr~f~rant des micro-climats plus ohauds et plus humides. Les pucerons parasit~s par 

A, asychis tendent Amigrer A la pointe des feuilles pendantes de poivron ou A la base de 

la tige principale oft les momies noires s'accumulent en grand nanbre. 

L' ut ilisation des unit6s mobiles de production pennanente de parasites a pennis 

l'installation pr6coce de ceux-ci dans nos serres exp6rimental es, mais le t aux de multiplica­

tion des aphides &tant beaucoup plus 6lev6 sur poivron que sur tanate, il est apparu pr6f6rable 

de renforcer les populations de parasites par des l!chers massifs localis6s sur les foyers 

pr~sentant une densit~ de l'ordre de 100 pucerons par plant e d~s leur apparit ion. 

Les chrysopes (Chrysopa perla) ont 6t~ utilis6es soit seules (Fig. 2 et 3) ( sur une 

serre de 3.000 m2 notamment) seit en association avec les parasites lorsque l'inst allation 

de ceuJG-ci paraissait trop tardive ou insuffisant e pour maitriser les pucerons, 

Deux techniques sont utilis6es : 

1. Lacher inondatif d'oeufs de chrysopes sur bandelett es de cellophane: lorsque les 

populations aphidiennes sont tr~s faibles (1 oeuf par puceron environ). Les bandelettes 

sont obtenues par massicotage de la cellophane dont sont tapiss6es l es cages d'6levage, 

L'6closion 6chelonn~e des oeufs provenant de 3 A 4 jours de ponte assure le maintien en 

serre de larves pendant une p6riode de 3 A 4 semaines en condition de jeune partiel. Une 

alimentation artificielle d'appoint peut 6ventuellement favoriser la survie des l arves en 

cas d'alimentation aphidienne insuffisante (milieu de VANDERZANT). 
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Dans les serres professionnelles de la Vall~e du Var o~ des essais ont ~t~ effectu~s, 

l'~limination des noctuelles a ~t~ assur~e par les larves de Chrysopes. (Fig. 2 et 3). 

2. Lacher de larves au 2riroe stade a raison de 1 larve pour 10 pucerons environ. 

Cette technique pennet une r~ression rapide des pullulations pr~sentant d~ja un risque pour 

la plante dans un d~lai relativement bref (100 pucerons par plant e en d~but de floraison). 

Si on laisse cette population ~voluer 1 on aboutit a une perte de r~colte qui se manifeste 

3 semaines a 1 mois plus tard (voir plus haut), En 1974 et 1975, des lachers r~p~t~s de 

larves ont pennis de maintenir la population aphidienne a un niveau a peu pr~s nul tout au 

long de la culture. Une telle technique est relativanent peu ~conomique, car la survie des 

larves en serre est de l 'ordre d'une dizaine de jours seulement, et la production de larves 

au stade 12 pour la r~alisation de lachers r~p~t~s exige un ~levage de pucerons plus importa.nt 

que la production d'oeufs (int~ret de l'alimentation artificielle), De plus, l'est imation 

des populations aphidiennes souvent tr~s h~t~rog~nes est relativement longue a r~aliser si 

on veut ~viter un gaspillage excessif de larves (controles effectu~s a raison de 4 feuilles 

de diff~rents niveaux pour un pied sur dix dans nos essais, pour des populations aphidiennes 

relativement homog~nes), Aussi , des essais de t hennoth~rapie ont-ils ~t~ r~alis~s afin de 

voir s'il ~tait possibl e de r~duire les pullulations importantes pr~senta.nt a tenne un risque 

de perte de r~colte (plus de 100 pucerons par pied) afin d'effectuer des lachers sur des 

populations r~uites. 

La f enneture des ouvra.nts de serre par journ~e ensoleill~e pennet da.ns nos r ~ ons 

d'atteindre rapidement }50 a 45o, SOUS r~serve que le toit ne seit pas bla.nchi a la ohaux, 

auquel cas on d~passe difficilement 35°. En l'absence de miellat, l es poivrons r~sistent 

bien a des chocs thenniques de 4 heures a 420-45°. En reva.nche, les pieds infest ~s par 

des populations de 1,000 a 10.000 pucerons par pied et recouverts de miellat pr~sentent des 

signes de brulure pouvant aller jusqu'a la chute totale des feuilles. Les pla.ntes ainsi 

d~pouill~es reconstituent tr~s rapidement leur feuillage (vari~t ~s Hatif d'Antibes et Lamuyo), 

mais l a r~colte peut etre fortement diminu~e de 18 a 13 frui ts par pied en 1972 pour la 

premi~re r~colte sur une serre tr~s fortement infest~e de Hatif d 1Antibes, 

Durant le traitanent une partie des pucerons se r~f'ugient sous les feuilles basses 

qui trainent sur le sol humide et, dans le cas-de M, euphorbiae, a la base du tronc. Ces 

aphides recolonisent progressivement la plante lorsque la temp~rature redevient nonnale (250 C), 

La chute de population enregistr~e a 24 heures d'intervalle varie entre 80 et 90 pour 

cent et est comparable pour Myzus persicae et Macrosiphum euphorbiae except~ da.ns le cas ~ 

cette derni~re esp~ce a pu se r~f'ugier sous des feuilles basses, 
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FIGUAE .2 . ._S_!:RRE __ DE _ _ POIVRONS 

LACHER DE 

CHRYS0PES'lll 

Ch„perte 

28 10 
JUILLET 

EVOLUTION COMPAREE 
des popu latlona de 

MYZUS PERSICAE 

/cM2 a / N1ve• u 

A ---o • 20 Cm 

8 ____ 20.1 40Cm 

C --- --- •o• 60 Cn 

D••••••• oo, 10 Cm 

Somme de• puceran•---­
(Nb de pucero n •/ 4 Cm2 ) 

25 2 
AOIIT 



- 71 -

Par son feuillage lisse, le poivron favorise 1 1utilisation des bassinages (associfi ou 

non au choc thermique) pour r~uire les populations de pucerons et laver le miellat. Une 

vigoureuse aspersion de bas en haut provoque la chute des pucerons et notsmment de M. euphorbiae. 

Cependant, l'int~ret du bassinage r6side surtout dans l'~limination partielle du miellat; 

la diminution de la population aphidienne n•exc6de pas 50 pour cent, les adultes recolonisant 

assez rapidement la plante, l moins de poser un manchen englu~ sur le tronc et d 1 6liminer 

les feuilles trainant l terre pour ies plantes tr~s infest6es constituant des foyers. 

Aubergine 

L'aubergine est, canme le poivron, tr~s favorable l la multiplication des pucerons, 

avec des diff~rences vari6tales, violette longue ~tant plus sensible que New York et llaluroi 

plus sensible que llonica. 

Les esp~ces daninantes sont les m&ies que sur poivron, 1 1ordre d'apparition des esp~ces 

~tant ~alement Myzus persicae, puis Macrosiphlllll euphorbiae et Aulacorthum solani, et enfin 

Aphis gossypii. Les deux premi~res esp~ces sont les plus l craindre, car elles infestent 

pr~cocenent l'ensemble du feuillage (dessous des feuilles) et des organes jeunes (pousses, 

boutons floraux). Chez M. euphorbiae, la tendance A coloniser les jeunes feuilles et les 

fleurs est plus marqu~e que chez M. persicae qui se multiplie fortement sur feuilles basses. 

Les principaux d~ats sont li~s A la colonisation des fleurs (coulure) des jeunes fruits et 

l la production de miellat par les pucerons colonisant les parties sup~rieures de la plante 

(surtout M. euphorbiae). Les fleurs sont plus r~sistantes aux pucerons que celles du 

poivron et la formation du fruit peut s e faire avec plus de 70 pucerons par fleur avant la 

f~condation. Le miellat provoque tr~s rapidement 1 1 appari tion de fumagine qui nui t l la 

pr~sentation des fruits et freine la photosynth~se. Aphis gossypii colonise surtout la face 

inf~rieure des feuilles en commen9ant par les feuilles basses, mais atteint trh rapidement 

une densit~ consid~rable avec· production de miellat intense. 

SUr aubergine les parasites introduits pr~cocement (Diaeretiella rapae M1 INT, Aphelinus 

asychis WALK.) pr~sentent une dispersion moins rapide que sur poi vron ( la pilosi t~ et la 

structure de l a plante ne paraissent pas tr~s favorable~ A l'installat ion d'A. asychis). 

L'introduction naturelle d'Aphidius matricariae aboutit A une colonisation assez 

canparable l celle qu 1 on obtient avec D. rapae. Toutefois, elle intervient g~~ralement 

trop tardivement pour empecher l'infestation des boutons floraux. 

SUr Aphis gossypii, Lysiphlebus testaceipes introduit dans le Sud-Est de la France 

en collaboration avec STARY peut s'installer spontanlment A partir des plantes sauvages des 

maquis voisins (genet d' espagne infest~ par Aphis craccae). Les_ lAchers effectu~s sur cul-

tures de concanbres voisines des plantations d'aubergine ont permis une bonne installation 

des parasites sur aubergine, montrant ainsi le grand pouvoir de dispersion de cette esp~ce. 
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FIGURE.3. SERRE DE POIVRONS 
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Cette ca.ract~ristique pourrait etre mise ! profit pour cornpl6ter l'action de Trioxis sinensis 

utilis6 exp~rimentalement ! Littlehampton et un 6change de parasites a eu lieu dans ce but 

! la demande de cette station de recherches. T. sinensis s 'installe et se multiplie rapide-

ment en serre dans nos condi tions climatiques mais vole sur place au dessus des plant es et 

ne semble passe diffuser tres facilement. 

au sujet de ce parasite. 

Nous n'avons pas encore de donn6es suffisantes 

D'une maniere g6n~rale , l'installation meme pr~coce de parasites au moyen d'unit6s 

mobiles de production ou pa.r lacher massif pr6coce ne fait que freiner la rnultiplication des 

trois especes daninantes (M. persicae, M. euphorbiae et A. gossypii), et la dirninution des 

populations aphidiennes n'intervient que si d'autres facteurs entrent en jeu: 

Introduction spontan6e de pr6dateurs tels que Sc;ymnus spp. Harmonia 14-punct ata, 

Coccinella septempunctata, Scaeva pyrastri 1 Syrphus corollae, Episyrphus balteatus, 

H~t~ropteres pr~dateurs (Dicyphus errans, ~ sp., Deraecoris sp.), Cecidanyidae, Chrysopa 

septempunctata, C. fonnosa, Borianyia sp. 

Ternp~ratures 6lev~es: en pratique, nous avons constat~ chaque ann~e une dirninution 

des populations aphidiennes cotncidant avec l'appa.rition de temp~ratures sup~rieures ! 30° 

en serre, sauf pour A. gossipyi. Cette diminution est beaucoup plus rapide s'il existe des 

insectes aphidiphages dont la proportion r elat ive se trouve brusquernent augment~e sous l'effet 

des prernHres journ~es chaudes qui limi tent la multiplication des aphides. 

Stade des plantes. Les plant es §g~es ayant d~j! subi des pullulations de pucerons 

sont moins favorables ! 11 installation de M. persicae et M. euphorbiae. Ceux-ci colonisent 

plus volontiers les repousses du porte-greffe (tornate) ou l es gounnands et peuvent etre 

6lirnin6s pa.r pinrage. M&ie les jeunes pousses du sornrnet de la plante sont moins infest~es, 

en raison peut-etre de leur exposition au soleil. ... 

I l semble que sur culture jeune, les parasites ne font que freiner la progression des 

pullulations aphidiennes, tant que celle-ci est encore dispers~e et h6t 6rogene, au rnoins 

jusqu'! une densit~ de l'ordre de 100 ! 500 pucerons en rnoyenne par pied, pour d es plantes 

de 5 ! 10 feuilles principales. Par ailleurs, on ne peut trop cornpter sur l'action pr6da.­

trice d ' A. asychis qui pr6sente un maximun, d ' activit6 aux alentours de 25° etqui s 1installe 

et se diffuse beaucoup plus difficilement sur aubergine que sur poivron. 

Les tentatives de lachers massifs d e· parasites sur des populations fa.ibles et 

h6t6rogenes ont abouti ! un gaspillage consid6rable de ceux-ci (sauf sur p6pinieres ou les 

plants sont tres rapproch~s). (Fig. 4). 
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Aussi nous orientons-nous actuellement vers des lllchers r(ip(it(is ·d•·oeufs ou de larves 

de N(ivropt~res pour canpl(iter l'action des parasites susceptibles d 1 3tre install(is d~s 

l'apparition des premiers aphides au moyen d'unit(is mobiles de production. L-e canplexe 

Aphelinus asychis-Diaeretiella rapae convient pour les infestations pr(icoceb de M. persicae 

et ult(irieurement de M. euphorbiae qui constitue un h8te de pr&iilection pour A. asychis. 

Dans le cas de populations dApassant 100 pucerons par pied en moyenne, nous avons 

tentA de limiter l e nanbre d 1 auxiliaires l lacher en effectuant .prAalablement, canme sur 

poivron, des eesait de choce thermiquee et de bassinage. 

D~s 350, on observe pour des chocs thermiques durant 4 heures environ un freinage 

tr~s notable de la multiplication des pucerons. 

L'aubergine r6siste bien l des temp(iratures de 42° l 45°, maint enues pendant 4 heures, 

et nous n•avons pae observ(;, canme sur poivrons, de chute des feuilles couvertes de miellat . 

En revanche, les pucerons ont des possibilit(is d'abri l la base du tronc et sous les larges 

feuilles qui tra!nent l terre et qui constituent d'importants foyers de recolonisation: 
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dans ce cas la chute de population observtie 24 heures aprt,s le dtibut de l'essai est de 

l 'ordre de 60 pour cent seulement alors qu' elle varie de 80 l 90 pour cent sur les pieds 

ne prtisentant pas de feuilles basses infestties. La suppression des feuilles baeeee infeettiee 

et la pose d'un manchon engluti a permis de pitiger une partie des pucerone sur les foyers 

d I infestation. 

Deux essais de bassinage tr~ vigoureux rtialietis sur des cultures infestties essen­

tiellement pa.r Macrosiphum euphorbiae ont eu pour effet une rtid.uction de moititi de la popu­

lation 24 heures aprtls l'essai, avec une diepersion des adultes qui r ·ecolonieent rapidement 

des pieds jusqu'l prtisent non infest tis et notamment les jeunes pousses. La diminution de 

la quantitti de miellat et de mues reoouvrant les feuilles des pieds les plus infeettis prtisente 

oependant un inttiret non ntigligeable, bien que l'aubergine se prete moins bien que le poivron 

l oe traitement du fait de sa pilositli. Au niveau de foyers d'infestation localistis 1 la 

teohnique de suppression des feuilles basses et la pose d'un manchen engluti 81Dtiliore le 

rendement du bassinage et surtout tivite la diss<mination des pucerons en les empeohant de 

reooloniser les plantes. 

Les essais de lutte biologique titaient oonduits sur aubergine aveo difftirentes esptloes 

de chrysopes oar les premiers rtisultats obtenus aveo C, perla titaient moins encourageants et plus 

dtipendants des oonditions oulturales que sur poivron oil un vtiritable "nettoyage" de la plante 

peut etre obtenu lorsque les lichers sont effeotutis en fonction de donnties prtioises sur 

l'importance et surtout la rtipartition spatiale des populations aphidiennes, lee dtiplacements 

des larves titant limittis. 

Indtipendamment de la pilositti et de la surfaoe des plantes (feuilles trt,s la.rges sur 

les plants grefflis sur tanate) 1 certains faoteurs oulturaux peuvent intervenir sur le oanpol'­

tement des larves de Chrysopes: oelles-oi se dtiplaoent plus facilement sur un muloh de 

paille ou sur le film plastique noir du syeUme d'irrigation que sur un sol travaillli. 

Chrysopa formosa paratt prtisenter une activitti suptirieure l c. perla sur aubergine 

et se maintient davantage sur les plantes. Elle est en outre susceptible de se multiplier 

en serre apr~s un l&cher d 1oeufs ou de larves et s'aooanmode des temptiratures tilevties ( 35°). 

C, septempunotata s'introduit spontan€ment en serre et peut s'y multiplier. 

La polyphagie des ohrysopes consti tue un til<ment important dans le choi:z: de oe type 

de prtidateurs, les larves l&chties aveo une· densitti suffisante sur les jeunes plantes (de 

l' ordre de 10 par pied) jouant un role de nettoyage non ntigligeable vis-a.-vis de tous les 

ravageurs l oorps mou (oeufs et jeunes chenilles de ltipidoptt,res, larves, nymphes et adultes 

d 1aleurodes). 
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Sur aubergine, les chrysopes sont impuissantes ä enrayer les pullulations d'aleurodes, 

mais a plusieurs reprises, nous avons constat(i des densit(is moindres d'aleurodes sur les' 

cultures "trait(ies" avec C. perla et C. fonnosa par rapport aux parcelles non t rait(ies. 

Chrysopa carnea, qui paratt extremement polyphage, n'est pas actuellement utilis(ie 

pour les essais a cause du cannibalisme larvaire qui n(icessi te un (ilevage en cages indivi­

duelles, mais nous n'excluons pas son emploi en raison des excellente r(isultats obtenus 

avec FERRAN sur milieu artificiel (55 pour cent de rendement). (Bigler,Ferran et Lyon, 

19761 sous presse). 

Chrysopa perla a (it(i jusqu 1! pr(isent pr(if(ir(i a cause du cannibalisme r§duit en (ilevage 

massif, de sa plus longue dur(ie de vie larvaire qui permet d'espacer les interventions en 

assurant la pr!sence de chrysopes jusqu'a 1 mois apr~s lacher d'oeufs en serre, de la faci­

lit(i de manipulation des adultes en cage ·et des oeufs sur cellophane. 

Chrysopa formosa pr(isente a peu pr~s les memes caract(iristiques que C. perla, pond 

ses oeufs sur v(ig(ital infest~ et non sur cellophane, mais en revanche se maintierit mieux 

que C. perla sur aubergines et peut se multiplier en serre 1 et s' adapter ade hautes 

temp(iratures. C. fonnosa et surtout C. perla font actuellement l'objet d'essais d'alimen­

tation artificielle1 le cycle canplet ayant pu etre obtenu sur milieu de VANDERZANT. 

(Bigler1 Ferran et Lyon, 1976 1 sous presse). 

c. septempunctata pr(isente canme c. perla une longue dur(ie de vie larvaire, une 

tr~s grande taille et une consommation importante de pucerons avec ca.nnibalisme r§ciui t et 

manipulation ais(ie des adultes. Elle a (it(i retenue pour l'exp(irimentation car elle 

s'introduit et se reproduit sponta.nf!nent en serre, mais ne semble passe preter aussi bien 

que C. fonnosa A une multiplioation de masse, dans 1'6tat actuel de nos connaissances. 
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The use of the common green lacewing, Chryaopa carne~ for bioloeical control of peste 

has been studied in many experiments. !,!any pest species, such as aphide1 mealybugs and cut­

worms have been successfully controlled with lacewings. The green lacewing has been studied 

also in 8'lasshouses1 mostly for aphid control. Most of the experiments have been performed 

only on laboratory scale. We started our etudy to examine ,Jhether the green lacewing could 

be ueed in practfcal horticulture. The purpoee of this report is to give an account of some 

important problems that appeared during t he experiments . Results of the aphid control 

experiments on the green pepper are available in TULISALO" :1: TUOV!Nfil! (1975). 

Jof.ass rearing of the green lacewin4 
Maas rea.rine of the green lacewing is qui te easy to the amount of some thousands or 

tens of thousands e egs/da;y (RIDGWAY et al. 1970). The more extensive use of the green 

lacewing supposee the production of millions of e ggs/df3(!• The production must be very 

cheap1 because great numbers of e ggs are needed for successful control. The most di fficult 

problem in mase rea.ri ng seems tobe the feeding of the larvae. A good artificial diet for 

adult lacewings is available but none for the la.rvae. Possibilities of developing a useful 

artificial diet for la.rvae seem limited, due to their cannibalistic habits. Isolation of 

the larvae is very labori. ous, althoue,h a b etter technique of feeding the larvae has been 

developed (M)RJl!SON et al, 1975). 

we have studied the possi bili ty of feeding the la.rvae wi. th adult Si totrop:a cerealella 

moths. First results show that adult moths form a quite useful and cheap biomase for larval 

feedine• The technical arrangements of this method are now under study. 
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Storage and application of the egge 

Storing the egge for two weeke at +10°c does not reduce the hatohing of the eggs very 

much. This is important when the future use and commerce of the eggs is oonsidered. Further­

more, cold reeietance also makee possible the mailing of eggs over long distances in cool 

boxes. The cannibalism of the larvae makes that both storing and mailing as well as 

introducing of the green lacewings is most successful at the egg stage. In the USA a 

technique for dietributing egge in maseee by epra,ying them mixed with a euitable medium has 

been inveetigated (SHANDS et al. 1972)1 end this seeme to be a poseible method to distribute 

egge also in glasehouses. We have introduced the eggs by plaoing paper ·supe containing eggs 

on the plante. It is quite easy to distribute eggs with this method, also greater egß'-lllasees, 

but it requiree a great deal of werk. The larva.e quite readily disperse in the orop1 so the 

paper slips could be placed rather sparsely. 

Number of eggs needed for control 

When the green lacewings are introd.uced in the glasshouses as egge, the number of egge 

oompared to aphids must be quite high. The decrease in egg hatchi.ng percentage, cennibalism 

and egg predators reduce the number of laoewing larva.e in the culture. The h.atohing cf eggs 

takes some da,ys end the aphid population ma;y have increaeed during that time. This means 

that the initial ratio of lacewinge to aphide changes very much during the control period. 

In our experiments wi th green pepper we have got results that suggest to use even a 1: 1 

ratio of egge and aphide. That is why control must be started at the initial. phase of aphid 

infestation. However, we muet remembP.r that the green peach aphid reproducee very quickly 

on the green pepper and the control of other aphid species or aphide on other crops ma,y need 

lese egge. 

The black a:nt preventing control 

The black ant (Lasius niger L.) proved to deetroy the lacewing egge very effectively. 

They found the egß'-paper elipe before the egge hatched end carried, in· eome cases, most of 

the egge from the plante. Spra,ying the egge scattered onto the plante ma;y eave most of the 

egge, but it eeems necessary to us to destroy the blaok ants i n the glasehouee before starting 

the control programme. 

continuity of the control 

In euccessful control the lacewing larvae consumed almest every aphid in the crop and 

so most of the larvae starved to death or disappeai·ed from the glasshouse. That ie why only 

a few adulte hatched in the gla.sshouee, end even they did not la;y enough egge becallse suitable 
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food was laaking. It ma,y be possible, however, to feed adult laoewings with artificial diet 

and- thus inorease egg laying. !n our experiments we had to re-introduoe egge into glass­

houses at intervals of about four weeks. 

Conclusions 

The experiments reported here showed that the larvae of the common green laoewing 

are quite promieing agents for biologioal oontrol of aphids in gla.sehouees. They are poly­

phagous, have a. good abili ty to move on plants, and have a good eearohing oapa.oi ty. Further­

more, they have quite a wide ada.ptability to temperature. The larvae are partly resistant 

against some inseotioidee whioh faoilitates integrated oontrol. Conoerning the use of the 

green laoe,.ii.ng in praotice on,ly a few problems remain to be solved. The mass produotion 

and a.pplioation of the egge still need some improvements. We think that this inseot oan be 

a. usable and eoonomioal agent for aphid oontrol. 
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At the Institute of Plant Protection ~n Pozn~ research on green lace-wing (Chrysopidae) 

is carried out to detennine their possible use in biological and integrated pest control in 

glasshousas both by protection of natural populations of Chrysopidae in the agro-ecosystan 

and by mass rearing and introduction. 

In this report the werk on mass rearing of Chrj'Bopidae and the results obtained after 

the introduction of Chrysopidae in glasshouse crops are presented. 

Research on mass rearing of Chrj'Bopidae 

The research on mass rearing of Chrysopidae presently carried out concerns the develop­

ment of an artificial diet and the mechanization of rearing process. 

A very simple and relatively inexpensive rearing method, based on the modificat ion 

of Finney's (1950) and Hagen's (1950) method has been devel~ped. Chrysopidae are fed with 

the eggs of Sit otroga cerealella 01. that are previously frozen at a tanperat ure of -8 to 

-18° c. lt allows to give the eggs only once, which simplifies the rearing very much. 

The eggs do not lose their nutritive value after freezing1 on the contrary it seans to 

increase. (Table 1). Freshly collected eggs of Sitotroga cerealella stored in the refri­

gerator maintain their.nutritive value for at least a month. 

The quanti ty of food needed for the developnent of one Chrysopa carnea larva is about 

"31) mg; for the larvae of other species of Chrysopidae 50-100 mg of Sitotroga cerealella 

eggs are needed ( Table 2), 
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Influence of freezing of eggs on quality of Chrysopa carnea 

TIME OF FREEZE 

24 h 7 days 30 days 

FROZEN EGOS CHECK FROZEN EDGS CHECK FROZEN IDGS CHECK 

Longevi ty of develo~ 18-23 21-23 19-21 19-23 19-22 19-24 ment cycle in days 

Longevi ty of larval 8-13 10-12 9-11 11-14 10-12 10-12 stage in days 

Mortality in time of 
44,4 55,0 6,7 50,0 16,7 56,7 develoj>llent 

Weight of cocoons 10,0 7,2 8,6 9,0 8 , 5 6, 1 in mg, 6,0--14,0 4,0-12,0 5,0-13,0 4,0--12,0 5,0--12,0 4,0--12, 0 

~. Influence of quantity of food on breeding results 

AMOUNT OF FOOD CONSUMED PER LIFE CYCLE 

INDEX OF 

BREEDING Frozen eggs Frozen eggs Frozen eggs Fresh eggs 

30 mg 50 mg 100 mg 30 mg - check 

Longevity of develo~ 18-23 18-23 19-22 18-24 ment cycle in days 

Longevi ty of larval 
7-9 7-9 7-9 7-10 stage in days 

Mortali ty in time 
15 % 38, 5 % 16 % 33 % of developnent 

Weight of cocoons 
in mf, 10,0 7,5 1,0 7,3 
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Manpower is only needed to place prepared prey egge in rearing vessels, togetber with 

two predator eggs with well visible embryons. Snall test-glasses with perforated stoppe~s 

facilitating the ventilation are used as rearing vessels. Adults are trensferred to glass 

cylinders of about 20 an'of dismeter after emergence. The cylinders contain a small 

vessel filled with water and food consisting of tbe yeast hydrolisate, honey1 sugar and a 

emall number of aphids. In one cylinder, 30-60 insects are placed. Chrysopidae oviposit 

on paper bands placed on the walle of the cylinder. The egge are out out and transferred 

to test-glasses. They are stored in contsiners wi th a high relative bumidity ( Bo-,;90 pei:;­

cent ). Eggs can not be stored for a long time; our average storage period is 1-2 weeks. 

The rearing of Chrysopidae is carried out in air-conditioned chambers, in which 

temperature is msintsined at 25-28° c, relative bumidity at 70-80 percent and 18 hours of 

light are given. 

Using the above described method we have reared without diapause until now the 

following species: 

43 generations of Chrysopa carnea Steph. 

11 generations of c. abbreviata Curtis 

8 generations of c. canma.ta Kis et U J1lelyi 

7 generations of C. fonnosa llrauer 

5 generations of c. ph;i:::llochrana Wesm. 

5 generations of C. septempunctata Wesm. end 

4 generations of C. perla L. ( Table 3-4) 

The method is especially useful for rearing of c. carnea which is characterized 

under these conditions by good biological characteristics such as: high fecundi ty, low 

mortality, predominance of females in t he populations end speedy developnent, 

The material obtained in the rearings has been used. for e:rperiments to study t he 

feasibility of aphid control in glasshouses by introduction of Chrysopidae eggs. 

Trials of biological control of aphids in glasshouses 

Experiments were carried out in glasshouses with asparagus which were heavily 

attacked by green peach aphid (M;i:::zus persicae). The area covered by one glasshouse amount ed 

to about 120 sqm. In tot!3-1 4,800 egge of C. perla have been introduced., i.e. about 40 per 

sqm,, and the ratio of predator to prey amounted. to 1 : 25 , The result s of experiments 

were very favourabie, during 3 months t he culture of asparagus was free of aphids. Green-

houses with chemical control s erved as a canparison, in these treatments with Nogos G 50 EC 

w.ere repeated several times. 



TABLE 3. Biological index of roass rearing of Green Lacewings 

No. of Longevity Percentage of Mortality in 

No. Species 
genera.- of develop- anerged p ercentage 
t ion ment cycle eggs -lbreeded 
wi thout 
diaoauza 

43 18 - 26 F24-25 F313-42 
1. Chr;i::soEa carnea 62,0 - 99,3 19,0 - 82,0 

Steph. F40-41 12, 3 - 61,0 
33 0 - 47 O 

4 26 - 32 F1-3 
2. Ch:!2SOEa Eerla 23,0 - 77, 7 72,8 - 96,5 

L. 
F4 0 

3. Ch:J:BOEa ohyllo- 5 26 - 38 20,0. - 80,o 72,0 - 97,0 
~ WeS!D . 

11 30 - 42 F2 83,3 
4. ChrysoEa 

F 11 13, 7 abbreviata 
Kis et U jhelyi F12 0 82 10 - 96 10 

Ch:J:S0j2a 
8 30 - 46 F1-8 

5. ~Kis 58,6 - 33,0 
Fg 0 70,0 - 82,0 

1 

6. Chrysooa forroosi 
7 22 - 41 25,0 - 63,6 86,0 - 92,0 

Brauer 

Chryso2a 
1. ae2tan2unctata 5 26 - 35- 23,0 - 63,4 92,0 - 96,2 

Wesm. 

Average 
fertili ty 
of fanale 

F23 398 ,0 
F38 141,0 

F2 342,8 
F4 20,0 

121,0-293, 7 

F3-8 

283,0-339 
F11 11CJ 0 

120,0-489,2 

208,0-342,2 

207,0-422,7 

Sex -
Ratio 

0,50-0,69 

0,46-0,50 

0,30-0,50 

0,20-0,50 

0,.30-0,40 

0,50-0,75 

0,20-0,50 

Life 
longevity 
of adults 

86 - 138 

90 - 175 

53 - 85 

86 - 138 

78 - 137 

60 - 104 

55 - 117 

00 .... 
1 
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Another series of experiments was carried out in 4 glasshouses with asparagus, 

In two of than, biological control (introduction of C. carnea eggs) end in the other two, 

integrated control were applied. Integrated control consisted in the introduction of 

Chrysopa canbined with periodical treatments with Pirimor 0 105 percent at 0,5 kg/ha. 

This aphicide is relatively non toxic for the larva.e of Chrysopidae, I t can be used at a 

relative low dosage and allows for a reduction of the quant i ty of introduced entomophagous 

. inseots. During the experiments, carried out fran Septanber t ill the end of October, 

151000 eggs of C. carnea have been introduced in a glasshouse of about 300 sqm. end 2 g. 

of Pirimor has been used. In a glasshouse of the same area, however, in which chanical 

method was applied1 180 g. of Nogos EC and 150 ml. of Pirimor have been used. Thus, the 

integrated control method considerably reduces the amount of pesticides used, while ensuring 

excellent aphid control. 

In the glasshouses, wh~re biological control was applied fran March ti l l t he end of 

June, 241000 of eggs of Chrysopidae have been introduced t o eaoh of them, and good results 

were obtained.1 but with a certain delay. This might be explained by a t oo low number of 

Chrysopidae in relation to the density of the aphid populat ion. 

The detail of the experiments in the t wo glasshouses were as follows: 

Dates of intre>- Number of Number of int roduced 
Glasshouse duction and aphids c.carnea &: C.perla Not es 

observations per 1 sqm. per 1 sqm . per glass-
hause 

1. 7,III,74 286 10 48 2,400 c. carnea 
18.III 332 48 2,400 
27 .III 183,6 26 1,300 
10.IV 158 10 20 1,000 C. pe_rla 
23,IV 218 
2.v 154,4 7, 6 380 

13,V 89,6 10,0 500 
23.V 11 7, 4 160 8,000 c. carnea 
5,VI 61,6 76,o 3,800 in control 

21.VI - 30.VIII 0 0 0 172,5 aphids 
per 1 sqm. 

2, 18.III 82,3 7,1 850 C, carnea 
27 .III 59, 4 5,0 600 
10,IV 221,7 20,0 2,500 
23,IV 548,3 8,3 1,000 

2.V 243,3 9,2 1,100 
13,V 183,3 12, 5 1,500 
23,V 73,7 66,7 e,ooo 
5,VI 18,8 4 , 2 2,300 

21,VI 0 

The above mentioned results show the effecti veness of Chr;z:sopidae in 

the control of aphids on asparagus. 

' ,, 
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Il'PORTAACE RELATIVE OE DIVERS FACTEURS INTERVENANT DANS LA 

TOXICITE MI\NIFESTEE PAR CERTAINS PESTICIDES A L'EGARD 

DE DIAERETIELLA RAPAE M' INTOSH 

R. DELORME :c 

• 

DiaeretieZZa rapae est un hymenoptere Aphidiidae parasite dont 

les possibilites d'utilisation dans la. lutte contre les pucerons de serre 

(Myaus persicae SULZER en particulier) ont ete explorees par la station de 

Zoologie de l'INRA depuis quelques annees (LYON 1968, 1970, 1971, 1973). 

L'utilisation des Aphidiidae comme moyen biologique de lutte contre 

les pullulations aphidiennes est actuellement etudiee dans de nombreux pays 

a la suite des premiers succes observes en Amerique du . Nord en particulier 

contre Therioaphis maculata BUCKT. 

Cependant, outre les problemes de dynamique des populations et de 

mise au point des methodes d'introduction, se pose l e probleme de leur emploi 

dans le cadre d'une lutte integree aussi bien en serre qu'en plein champ, les 

informations sur la toxicite des pesticides restant tres fragmentaires. 

Nous avons entrepris en 1973 l'etude de la toxicite pour D. rapae 

de quelques pesti cides a l' a ide de t ests de laboratoire de longue duree des­

t ines a mettre en evidence l'action des pesticides sur les differents stades, 

la persistance d'action des residus pour les adultes et la possihilite pour 

ces derniers de se reproduire. 

Dans un premier temps l'etude a porte sur douze pesticides µt ilisa­

bles en serre sur les parties a€riennes des plantes ; parmi ces s ubstances 

f igurent des insecticides (lindane, parathion, phosalone , vamidothion), des 

Avec la collaboration technique de Andree GREDT. 
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aphicides specifiques (isolane, pirimicarbe), des acaricides (dicofol, te­

tradifon, melange chlophenamidine + formetanate) et des fongicides (benomyl, 

mancozebe, dodemorphe acetate). 

Cette etude a ete ~ompletee dans un deuxieme temps par l'examen de 

la toxicite d'un insecticide systemique,le carbofuran,formule en granules 

incorporables au sol . 

PRODUITS UTILISES EN PULVERISATIONS 

Ces essais ayant deja fait l'objet de deux publications (DELORME, 

1975,1976) nous nous bornerons a rappeler les resultats principaux. 

La t oxicite des pesticides pour les stades internes jeunes du 

parasite (pucerons parasites non momifies renfermant des oeufs et larves 

1 et 2 du parasite) est souvent identique a la toxicite pour l'hote. Cepen­

dant dans le cas du mancozebe, du dicofol, du tetradifon et du melange chlor­

phenamidine + formetanate, une proportion non negligeable de parasitespeut 

emerger apres la mor~ de l 'höte, alors que pour le parathion l'effet inverse 

s' observe, le produit pouvant dans certains cas penetrer et detruire les jeu­

nes s tades du paras ite sans detruire le puceron hÖte. 

On retrouve d'ailleurs cet effet de perietration du parathion dans l'ap­

plication en presence de stades internes ages/ du parasite (larves 4, nymphes 

et adultes prets a eclore), a l'interieur des pucerons momifies ; il est le 

seul des produits testes a reduire sens iblement les emergences (85 % a la 

concentration de 25 g MA/hl.). La presence du tegument momifie du puceron cons­

titue une barriere physique a la penetration des produits et explique proba­

blement la remarquable tolerance de ces stades envers la plupart des pes tici­

des. 

En ce. qui 1concern\i 1, toxicite initiale et la persistance d'action pour 
I 

les adultes de D. rapae des depöts formes sur les plantes , aucune action n'est 

relevee pour le benomyl, le mancozebe, le dicof ol et le t e tradifon . Le para­

thion, l e melangechlorphenamidine + formetanate, le vamidothion, le lindane 

et l e pirimicarbe · provoquent une mortalite superieure a 90 % a la concentra­

tion d'emploi, les plus persistants etant le melange chlorphenamidine + for­

metanate, le parathion et le vamidothion. 
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La possibilite d'obtenir une descendance a partir des parasites 

trait8s aux divers stades de developpement rnentionnes est en general li8e 

a la pr8sence de pucerons non parasit8s ayant s urv8cu au traitement. Les 

seuls cas ou D, rapae n'a pu limiter la reprise des populations aphidiennes 

ont 8t8 observ8s dans certaines r8p8titions apr8s des traitement s au vami­

dothion et au parathion. 

ETUDE DE LA TOXICITE D'UN INSECTICIDE SYSTEMIQUE,LE CARBOFURAN,UTILISE SOUS 
FORME DE GRANULES INCORPORES AU SOL. 

1° - Mäthode 

- Insectes mis en oeuvre. 

L'hote choisi pour l 'elevage de D. rapae est Myzus persicae, l ui ­

meme eleve sur un melange pois-feves a 20°C + 10 % d'HR et SOUS une photo­

periode de 16 heures, l 'eclairage etant assure par des rampes de 4 tubes 

fluorescents de 40 W situes a 20 cm environ au-dessus du sommet des cages. 

Dans ces conditions la duree du cycle de D. rapae est de 13 a 17 j ours sui­

vant le stade de l' höte (en accord avec BONNEMAISON, 1970) , la longevite des 

adultes de 6,1 jours en moyenne. 

- Support vegetal utilise. 

Les essais sont conduits sur feves plantees individuellement en 

pots sur du sable, s ubstrat choisi afin d ' eviter les phenomenes d'adsorption 

des pesticides au niveau de la matiere organique du sol . 

Une plaque plastique circulaire laissant passer la tige de la 

plante surmonte,le sol et l'ensemble est recouvert par une housse de mousse­

line selon le schema indique precedemment (DELORME, 1976), 

- Conditionsd'application et schema de l'essai. 

Le carbofuran est applique sous for me de granules a 5 % de MA 

incorpores au sable a une profondeur de 1 cm environ et en 4 points formant 

les sommets d'un carre de 6 cm d~ cote, et equidistants de la tige de l a 

plante. 3 doses ont ete appliquees correspondant a 150, 300 et 600 g MA/ ha, 



-~-

et a des intervalles de temps differes apres le semis. 3 types d'actions 

ont ete etudiees: 

Toxicite pour l'hÖte Myzus persicae 

- Action sur l'evolution conjointe du complexe parasite-puceron 

- Toxici t e directe pour les adultes de D. rapae 

Les differentes Operati ons realisees sont representees dans la 

figure n° 1. 

2° - Resultats. 

- Pucerons non parasites. 

De meme que pour les essais de pulverisation il nous a semble 

important de connaitre d'abord 1 1action du carbofuran sur l'hÖte Myzus 

persicae non parasite . 

Le testest r ealise de la maniere suivante: des feves ägees de 

11 j ours sont contaminees par une centaine de pucerons de tous st~des, la 

populat ion resultante etant contrölee 12 jours plus tard ; l es traitements 

sont executes a raison de 2 repetitions par dose seit au semis , seit au mo­

ment de la contamination, soit 7 jours et 2 jours avant le contröle. 

La toxicite du produit est exprimee par la reduction de population 

vivante par rapport au temoin. Les resultats sont presentes dans le tableau 1, 

d'oll l'on peut tirer les remarques suivantes 

- l e carbof uran est d'autant plus efficace qu'il est appl ique plus 

töt. 

- bien que l'effet se manifest e des le 2eme jour apres traitement, il 

faut attendre un minimum de 12 jours pour approcher de l'efficacite totale. 

- Evolution du complexe parasite-puceron. 

Comme precedemment des feves ägees de 11 j otn'S sont contaminees cha­

cune par une centaine de pucerons sur lesquels on apporte 5 jours plus tard 

5 femelles et 2 mäles du parasite. 

( 
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TABLEAU I 

Reduction des populations de Myzus 

persicae sounµses ä l'action du carbofuran 

Temps entre l e t rai tement et l e contrOle 
des popul ati ons 

Doses e n 23 j 12 j 7 j 2 j 
g M.A. / ha (serie A) ( Serie B) (serie C) (serie D) 

150 

300 

600 

Doses en 

93 , 3 ·30,0 70 , 7 

97 , 5 48 , 3 76 , 4 

100 97 , 3 82 ,7 

TABLEAU II 

Reduction des emergences de D. rapae a 
la suite de l'application de carbofuran 

S€ri e Serie serie 
g M.A./ha A B C 

, 1 50 100 92 , 0 67 , 3 

300 86 ,1 100 72,6 

600 100 100 100 

150 100 80 , 9 82 , 8 

300 100 100 81 , 1 

600 100 

\ 
100 100 

10 , 5 

29,0 

33 , 5 

serie 
D 

69 , 0 

95 , 2 

42 ,7 

92 , 5 

99 ,7 

97 , 8 

S€rie 
E 

67,1 

16 , 6 

66 , 0 

95,5 

75,3 

100 



-~-

Les ernergences de la lere generation (Fl) cornrnencent 14 jours plus 

tard et se poursuivent sur 10 a 12 jours. Ces ernergences sont controlees 

journellernent de rnerne que celles des generations suivantes. Les traiternents 

sont r€alises A raison de 2 repetitions par dose soit au semis, seit au moment 

de l ' apport des pucerons,soit a l'apport des parasites, seit 5 jours plus 

tard ou enfin 2 jours avant les ernergences. 

L'effet du carbofuran sur les ernergences est apprecie par rapport 

aux ernergences se produisant dans les pots ternoins contarnines dans les rnernes 

conditions. 

Les resultats exposes dans le tableau II appellent les rernarques 

suivantes 

- A toutes les doses et quelle que seit la date du traiternent, le 

carbofuran entraine une reduction notable des ernergences des parasites. 

- La prerniere generation est d'autant plus reduite que le produit 

a ete applique plus tot. 

- L'action sur les generations suivantes est encore plus rnarquee 

a la dose de 600 g MA/ha, on n'observe pratiquernent pas de 2eme generation. 

Aux doses rnoitie et quart, la reduction des ernergences par rapport au ternoin 

est en rnoyenne de plus de 90 %. 

Ces reductions d'ernergences sernblent irnputables principalement a 
la mortalite des pucerons hotes. En effet le controle des plantes apres la 

fin des emergences, ne rnontre pas un pourcentage de rnomies non ecloses plus 

eleve dans les traites que dans les temoins ; aucune action sur les stades 

internes n'a pu en consequence 0tre mise en €vi dence . 

- Toxicite directe pour les adultes de D. rapae. 

Des feves sont plantees en pots selon le montage indique precedernrnent. 

Lorsqu'elles ont atteint une hauteur d'environ 15 cm le traiternent est effec­

tue et des cette date on apporte periodiquement sur chaque plante 50 parasites 

adultes, preleves dans l'elevage et ages de O a 24 H· Les rnortalites sont 

relevees apres 24 heures de contact. 

La figure 2 indique les courbes de mortalite obtenues pour les 3 

doses en fonction du ternps laisse entre le traiternent et l a contaminat i on. 
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Ces courbes representent l es moyennes de deux essais comportant chacun 

2 repetitions par dose. 

Contrairement a ce qu'affirment de nombreux auteurs indiquant que 

l'utilisation d'un insecticide systemique applique eh traitement de sol n ' en­

traine aucune action directe pour les entomophages ne se nourrissant pas direc­

tement de la plante, nous mettons ici en evidence qu'un produit comme l e car­

bofuran utilise en granules incorporablesau sol presente une toxicite directe 

tres importante pour les adultes de D. rapae . En effet a la dose de 600 g de 

M.A./ha la toxicite devient mesurable des le 3eme jour apres traitement. Elle 

croit ensuite rapidement, provoquant plus de 90 % de mortalite vers le 15eme 

jour; on observe ensuite un palier legerement decroissant jusque vers le 

55eme jour oü la mortalite est encore d'environ 60 %, puis une chute assez 

rapide, l'activite biologique disparaissant vers l e 80eme jour. 

Les doses moitie et quart montr~nt €galement une activit€ maximum 

vers le 15eme jour (provoquant respectivement 55 et 35 %·de mortalite) ; la 

phase palier est moins marquee et l'activite biologique dispar;,ait totalement 

vers le 60eme jour pour l a dose moitie et vers le ~Oeme jour pour la dose 

quart . 

Les mortalites relev€es sont dues essentiellement a une action directe 

de contact, les adultes ne se nourrissant pas de la plante. L'explication 

semble en etre une exsudation d'une partie de la matiere active ou de certains 

metabolites vehicules par la seve. 

DISCUSSION 

L' etude des pesticides utilises en pulverisation a permis de mettre 

en evidence differents points responsables de la toxicite ou de l'inocuite 

relatives des divers pesticides : 

- Tous les produits testes presentent une toxicite plus ou moins impor­

tante pour l'hote et par consequent pour l es stades jeunes du parasi te se 

trouvant a l'int€rieur du puceron. Cette toxicit € a~issant de concert sur 

l'hote et le parasit e peut etre benefique dans le cas ou les parasites peu­

vent evoluer apres la mort du puceron (mancozebe, dicofol, tetradifon , chlor­

phenamidine + formetanate), nefaste si le produit peut penetrer et detruire 
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le paras ite sans detruire l'höte (parathion), ou indifferente si les morta­

lites des deux especes sont identiques. BONNEMAISON (1962) note l'importance 

du stade de developpement atteint par le parasite au moment du traitement sur 

les possibilites de t erminer son developpement. 

La grande tolerance aux pesti cides du Stade momie, notee par de tres 

nombreux auteurs , a ete mise en evidence pour la plupart des produits tes t es. 

Cependant la generalisation n'est pas possible, comme nous l 'avons montre 

pour l e parathion de ja cite par BARTLETT (1958), SHOREY (1963 ) et BINNS (1967) 

pour son action sur les momies de divers parasites de pucerons. D'autres in­

secticides, pres que tous organo-phosphores sont egalement cites : le malathion 

(BARTLETT 1958 , OBRTEL 1961, BINNS 1967),le demeton (BARTLETT 1958, OBRTEL 

1961),le mevinphos ( BONNEMAISON 1962 , SHJREY i963),l'endothion (BONNEMAISON 

1962), l e diazinon ( SHOREY 1963); le dichlorvos et l e fenitrothion (KOWALSKA 

et a l.1971) ainsi qu'un carbamate, le mexacarbate (SHOREY 1963). 

Cependant les parasites emergeant des momies traitees sont soumis a 
l'action des residus sur l es plantes. FOLSOM des 1927 note lors d'un essai 

de plein champ que l ' arseniate de chaux t ue les adultes de LysiphZebus testa­

ceipes CRESS. apres l ' emergence . La grande sensibilite des adultes des Aphi­

diidae aux pe;ticides (WAY 191;9, BARTLETT 1958, ZELENY 1965, ·BillNS 1967, 

WIACKOWSKI et al. 1968,etc ... ) explique les effets letaux des residus de 

nombreux pesticides apres emergence. La necessite de disposer de produits 

perdant leur activite biologique tres rapidement est discutee entre autres 

par BARTLETT ( 1958) et OBRTEL (1961) . 

En accord avec ces derniers , il semble que le point le plus important 

a prendre en considerati on dans le cas des produits utilises en pulverisation 

soit la persistance d'action des residus et leur toxicite pour les adultes 

emergeant apres traitement. 

Les momies constituent lors de l' appl icati on un veritable reservoir 

de parasites echappant pour la plupart a l' action toxique du pesticide . La 

periode d' ernergence des parasites i ssus des momies traitees ne depassant 

guere une semaine, le choix des pesticides employesdoi t e t-;:;e fait en ·fonction 

de leur toxicite initi ale, mais s urtout de la duree d'activite biologique des 

residus qui ne devrait dans aucun cas depasser une semaine. 
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L'utilisation de pesticides systemiques en traitement de sol est 

par ailleurs tres seduisante . SHOREY e·t HALE (1963) note la grande selec­

tivite des insecticides systemiques appliques de cette fa~on, et l'absence 

de toxicite directe pour les entomophages. Des essais effectues en serre par 

TAMAKI et al. (1969) n'ont montre aucun effet apparent de l'aldicarbe sur 

l'activite d'Aphidi us smithi SHARMA et SUBBA RAO . WAY et al.(1969) pour 

·1 1azidithion, TYLER et al,(1974) pour l'acephate, l'aldicarbe, le carbofu­

ran, le CGA 12658, le disulfoton et le terbufos montrent une reduction mar­

quee du nombre de momies, en relation avec la diminution du nombre d'hötes 

disponibles. 

Nous avons note ce fait pour le carbofuran mais de plus nous avons 

mis en evidence la forte .toxicite directe du produit probablement exsude 

par la plante pour les adultes de D. rapae. La destruction de ceux-ci n'etant 

pas totale et compte tenu de la rarefaction de l'hÖte, il ne semble pas que 

le carbofuran puisse etre considere conrne tres toxique pour les parasites de 

pucerons. 

Cependant il faut insister sur le fait que les prbduits systemiques 

utilises en traitement "de sol ne sont pas forcement sans action directe sur 

les entomophages et que certains pesticides de ce type peuvent eventuellement 

provoquer un desequilibre des populations defavorable aux parasites ou p~e­

dateurs. 
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NOTE PRELIMINAIRE SUR L'l1l'ILISAT10N DES CHOCS THEm!IQUES Eil LU'I'l'E 

INTFDREE CONTRE MYZUS PmSICAE SULZ. EN SFE!E 

par 

J .M. RABASSE 

Station de Zoologie et de Lutte biologique, INRA, Antibes 

.. G 2 2 9J 

Da.ns une perspective de lutte int~6e, il est n6cessaire d 1 envisager les possibilit6~ 

offertes par la r~lation climatique des serres pour d~truire les inseotes. 

Des essais r~alis~s en laboratoire mettent ! notre disposition des donnAes importantes 

sur l'action des fortes tanp6ratures sur la survie et la fAconditA de Myzus persicae SULZ.: 

A tenp~rature consta.nte, 30oc conetitue la limite sup~rieure de l'esp~ce1 en 

effet, la fAcondit~ d'insectes ~levAs A cette tanpArature est nulle (BARLOW, 1962; 

DE REXlGI, 1972); 

- des fanelles virginipares apt~res maintenues 48 heures A 30°c -donnent une 

descendance, qui pr~sente des a.nanalies plus ou moins graves, mais qui n•est pas 

viable. Ces a.nanalies n'existent pas en pr6sence d'une thermopilriode de 

12 heures 30°-10°0 (DE RllXlGI et DELMAS, 1965). 

Pour des raisons pratiques et Aoonaniques, il sanble dif'f'icile de maintenir longtenps 

une temp~rature Alev~e en serre. Par contre, la simple f'ermeture des ouvrants au cours 

d'une journ~e chaude pennet d'atteindre ~conaniquanent une telle tElllpArature associi!e l une 

f'orte hygranAtrie provoquAe par la tra.nspiration des plantes. 11 convient donc d'envisager 

les possibilitl!s of'f'ertes par des chocs thermiques de ce type, dans la mesure o~ leurs 

cons~ences sont nAgligeables pour le vAgl!tal. 

Une tenp~rature de 38,6°c assocUe l une hygrani!trie inf'6rieure A 20 pour cent 

appliqul!e pendent une heure A des fanelles virginipares apt~es isoUes du vilgAtal pendent 

cette pAriode provoque une mortalitl! de: 

78 pour cent, la mortalitl! dura.nt jusqu'au 5~e jour pour une tanp~rature 

post-opl!ratoire de 25°c; 

plus de 95 pour cent le pranier jour et 100 pour cent le second pour une tElllpAr~ 

ture post-opAratoire de 30°C (DE REXlGI, 1968), 
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Travaillent 6galanent sur M. persicae isoU du v6gl!tal pendent un choc themique 

d 1une heure, mais l 60 pour cent d'hlDDiditl! relative et sur des stad.es varUs, :BROADBEJIT et 

HOLLmGs ( 1951) constatent que: 

- pendlmt le choc1 la pranUre mortalitl! apparatt l 38°5c et la mortalitl! totale 

l 41°c; 

- pour des conditions post-opl!ratoires de 15°c et 70 pour cent H.R., la mortalitf 

totale est atteinte en 24 heures pour un choc l ?905 et en 48 heures pour un 

choc l 38°5c. 

Sur Chou, la plupart des pucerons se laissent tanber pendent ,m choc de ':fJ mm l 
42-43°c, mais les individus qui daneurent sur le v6gl!tal survivent et se reproduisent 

nomalement. Contrairanent l 1 1 opinion de :BODENHEIKER et SWIRSICI ( 1957), ces auteurs 

consid,rent que les jeunes stad.es sont '),es plus sensibles. 

Notons enfin que, travaillant sur divers insectes diffl!rents, MELLAlmY ( 1954) conei­

dt!re que l' acclimatation l des tanpl!ratures Uevl!es modifie peu la templ!rature 1:l!tale , 

Les essais de laboratoire ont, pour l'eesentiel, portl! sur des insectes isoll!s. 

Ils ne tiennent donc canpte ni de 1 1 influenoe de 1 1 alimentation de 1 1 insecte et du micro­

climat offert par le v6gl!tal, ni du comportanent du puceron, qui peut, soit rechercher le 

site le moins dl!favorable, soit se laiseer tomber sur le sol. 

Cependant, ces donnl!es l!tant encourageant es, nous avons procl!dl! l un essai prl!limi­

naire en vraie grandeur dans une serre de 100 m2 si tul!e l Valbonne ( A.M.) plantl!e d' aubergines 

var. :Bonica 1 une densitl! de 2 Plants/m2• Lee conditions climatiques l!taient suivies l 
1 'aide de thermo-hygrographes l capt eurs venti,l h dispods l O, 6 et 1m du sol. 

Le choc thermique a eu lieu le 15 avril 1975 l midi au cours d'une pl!riode pendant 

laquelle la templ!rature l!tait trt!s bien r6gull!e jour et nuit aux environs de 230c, l'hygro­

ml!trie l!tent fluctuante entre 60 et 100 pour cent. A la i'ermeture des ·ouvrants, la temp(>... 

rature est passl!e brusquement de 23 l 34°c, puis est montl!e progressivanent l 45°c .pendant 

les deux hsures suivantes, o~ elle s•est maintenue pendent 3 heures. L'hygranl!trie eet 

restl!e l 70-80 pour cent pendent cette pl!riode. Le retour l la normale a ftl! brueque 1 

l' ouverture de la serre. Lee aubergines avaient 11 l!tagee de i'euilles. Ellee ont trt!e 

peu soufi'erts seules quelques nfcroses localisl!es du limbe ont l!tf notl!es. Deux bassina­

ges ont ftf ei'i'ectufs: le soir et le lendanain matin. 

La population .de M. persicae a l!tl! ·prl!levl!e l ·chaque date sur un fchantillon canposl! 

de trente 8° f'euilles de plante r6gu1Uranent r&partis dans la serre. Du 8 au 15 avril, 

la struoture de la populaticn reste stable; le choc thermique a un ef'fet nettanent plus 

marqul! sur les jeunes larves, le pourcentage de oee derni,res tendent l se rl!tablir le 22.4. 

( Tableau 1). 
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. TABLEAU 1. Structure des populations de M. pereicae avant et apr~e choc thennique 

Date L1 - L2 L3 - L4 V.A. N3 - N4 V.L. 

8.4 59 ,6% 31,6 8,1 0,5 0,3 

----- ------ ------ - lo- ~ - - - - - - - - - - - ~------
15.4 57,8 34, 1 7,5 0,3 0,2 · 

-•a•c11:•••••m=•====•===-==••-=•==•••••••1•111•::11aa•m===•== c=•=•==-==••••••• a••===:a•===•=a=:c=s•=; 

18.4 47,9 41,1 9,7 0, 3 
---- ------- -------~------ ~- ------- ---------
22.4 51,9 40,6 

V.A.: Femelles virginipares apt~res 

V .L.: Femelles virginipares ailhs 

Choc thennique: le 16 avril Amidi. 

5,8 1,4 

Nous n'avons constat6 aucune malfonnation sur les individus pr6lev6s l e 18.4. 

0,4 

Ce pr6Htve-

ment a 6t6 effectu6 deux jours apr~s le choc, c'est-ilr-dire qu'il porte sur une population 

stabilis6e apr~B les d6placements occasionn6s par les hautes tE111p6ratures . Si l'on extra,. 

pole les taux d'accroissement observ6s (selon HUGES, 1963, calcul6s pour un seuil de 

d6veloppement ·de 4°c et une dur6e de stade standard de 30 degr6s-jours) pendant l es deux 

p6riodes encadrant le choc thennique1 on constate que la population est pass6e pendent ce 

dernier de 20.916 A 2.056 aphides dans 1'6chantillon (Fig. 1). Enfin, le taux d'accr oisse­

ment observ6 du 18 au 22/4 est 16g~rement inf6rieur A celui du 8 au 15/4 (0,36 contre 

0,43). Dans la mesure 011 notre 6chantillonnage est repr6sentatif, nous avons donc 

constat6 une r6duction de 90 pour cent des populations aphidiennes plus marqu6e sur les 

jeunes stad.es larvaires . 
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10..a. .............................................................................. ~ ... ":'1~ 
Degres-jours. 100 

8.4 15.4 16.A 18.4 22.4 Dates. 

Les exp6riencea de laboratoire canme l'esaai e1. aerre, pe:nnettent d'attendre, sur des 

plantea peu sensibles aux chocs the:nniquee, une rAd.uction appr6ciable des populations de 

M. persicae. Macrosiphum euphorbiae THCX., autre d6prAd.ateur important de l'aubergine, 

para1'.t etre plus sensible que M. persicae 1 ce type de traitement (BROADBmT et HOLUNGS 

1951). Il semble donc possible par ce moyen de diminuer consid6rablement .le coat d'une 

intervention ul Urieure de lutte biologique pour laquelle le nanbre d' entanophages 1 lach er 

eet directanent fonction de la population de phytophages en place. 
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SOME ASPEX:TS OF THE PRACTICAL APPLICATION OF THE PARASITE 

EJfCARSIA FORMOSA FOR COJITROL OF TRIALEURODES VAPORARIORIUM 

by 

C. Sl'EJfSEl'H 

Norwegian Plant Protection Institute,- 1432 is-NLH, lforway 

.. 

Encarsia fonnosa Oahan has been reported as an efficient parasite for control of 

the greenhouae whitefly (Trialeurodes vaporariorum Weatw.) on tcmatoes (Lindquist and 

Spadafora 1971, Parr 1973, Stenseth 1973, Woets 1973). In these earlier experiments, 

the parasite was introduced. into the glasshouses as adult parasite or as parasitised scales. 

The parasites were released. one to six times in the different experiments at 7 to 14 days' 

intervals. 

Burnett (1962) has pointed out the importance of an even age structure in the 

parasite population at the start of the hoat-parasite interaction. Thia counteracta 

fluctuations in abundance of the host or parasite. The age structure in the parasite 

population will depend on the occurrence of the parasites fran the time of the first 

release into the houses until hatching of its offspring. Thus planning for parasite intro-

duction as parasitised scales requires knowledge abcut the time of developnent of the 

parasite. 

This paper reports on studies on the time of developnent of Encarsia fonnosa and 

gives results of control experiments whereby the parasite was introduced. as parasitised. 

scales and released at intervals covering the time of developnent. 

THE TIME OF DEVELOFKEl'lT OF ffiCARSIA FORMOSA 

Methode 

Whiteflies and parasites were cultivated. on tanato plante, variety 'Selandia', at 

21°-22°c. 

Tanato plante were infested. with adult parasites 16 days after oviposition of the 

whiteflies, the parasites were ranoved after 48 hours and the plants placed at constant 

temperatures of 1ao, 21°, 24° and 27° and fluctuating day and night t11Dperatures of 24°,18°c 
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~- Time of developnent of Encarsia·fonnosa at different constant and 
fluctuating day and night temperatures 

Temperatures 
OC 

18 
21 

24 
27 
18/24 ( night/day) 

21/27 ( night/day) 

and 27°/21°c, twelve houre night and twelve hours day. 

under natural light from March 1 to July 1, 

Time of developnent 
in days 

29-39 
25-35 
16-24 

13-17 

22-30 
15-19 

The experiments were conducted 

At each temperature regime 500-1500, parasitised host larvae were used. The time of 

developnent of the parasite is counted from the middle of the oviposition period till 

emergence of the adult parasite. 

Resulte end diecuseion 

The time of developnent of Encarsia fonnosa at different constant and fluctuating 

temperatures is shown in Table 1. 

Curry and Pimente! ( 1971) indicate a developnent time o:f Encarsia :fonnosa of about 

48 days at a constant temperature of 21°c, while Burnett (1949) suggests developnent periods 

of 29.5, 22.9, 15.0 and 11.9 days, respectively, at 18°c, 21°c, 24°c and 27°c. Results 

presented here are largely in correspondence with those o:f the latter author. 

The ·experiments showed the parasite to have a developnent period o:f 22 to 30 days at 

varying day temperaturee, 180c night temp·erature and 24°c day temperature, and an emerging 

period of adults of 8 daye. With the anticipated life span o:f 4 days (Burnett 1949), this 

ensures the presence and oviposition o!' the parasitee during at least 12 days after introduc­

tion of parasitised scales into greenhouses. 

Two introductions under conditions of 18°c night temperature and 24°c day temperature 

at about 12 days•interval should therefore produce a balanced parasite occurrence until the 

new generation emergee. At the temperature combination 210c night and 27°c day temperature, 

the developnent period of the parasite ie 15-19 days. One introduction may poesibly suf:fice 

in this casethough two introductions at 7-8 ·days' interval are more likely to provide an 

even distribution of the parasites. 
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A comparison of the developnent period of the parasite from this invest igat ions with 

that of the greenhouse whitefly (Stenseth 1971) shows const ant temperatures of 21°c end 240c 
to provide almost coinciding developnent periods for host and parasite. Fluctuations in 

the host and parasite populations are likely tobe favoured under such conditions in sul>­

sequent generations. With the temperature combinations 180c night and 24°c day, the parasite 

has a shorter developnent period than the whitefly, This counteracts fluctuat ions in the 

host and parasite populations, and the propagation of the parasite is favoured compared to 

that of the host, This finding is supported by Milliron (1940), who found higher parasitism 

at varying night and day temperatures than at constant temperature. 

lt is well known that the whitefly seeks out the young leaves of sprout ing shoots to 

oviposit (Hussey and Ourney 1960). On the same leaf, the age of the whitefly larvae, there­

fore, ia relatively uniform, As a coneequence, the age distribution of the parasite also 

becomea fairly even, because successful paraei tiem normally occurs in the 3 and t he 4 larval 

instar (Burnett 1960) . By taking into consideration the time of oviposition as well as that 

of developnent as seen in Fig. 1, non-parasi tised whi t efly larvae will s t art emerging 7 days 

before the emergence of the paraeite. Pruning the plante end removing all the waste 

material may thus be of some importence to the parasit e/whitefly ratio, If the l eaves are 

removed , for instance at 18°c night temperature and 24°c day tempe~ature, b efor~ they are 

2 weeks old, the parasite is favoured, If 5-~ weeks old leaves are removed, t he whit efl-y, 

is favoured, On leaves more then 8 weeks old the greater part ·of the parasit es have 

emerged, and their cutting is of no consequence, 

DA Y S (AGE OF LEAVES) 
0 

OVIP­
OSIT. 

10 20 30 
1 1 

3.-4. L. INSTAR 

P A R A S I T E _. OVIPOSITION 

18° + 24° C 

EMERG . 
ADULT 

40 sq 

._W H I T E "F L Y 

Fig, 1 Development of whitefly and its parasite 
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Large-scale trials were carried out at different places in Norway in 1974 and 1975 

(Table 2). The glasshouses chosen had natural attacks of glasshouse whitefly on tanatoes. 

The plants in the experimental houses were cultivated according to the layering met hod. 

With the exception of experiment 1, all experiments were carried out in canmercial glass­

houses. 

Table 2 shows the tanato variety used, numbers of plants, and the temperature in the 

~xperimental houses. Theromostats were used to regulate the temperature in the houses. 

' tanpe~atures given in Table 2 are not the actual temperatures, but the temperatures to 

w,. ~ the thermostats were adjusted. On sunny days the temperaturee, therefore, may have 

been higher than the data given in Table 2. 

temperature was measured continuously. 

One exception is experiment 1 where t he 

~- Place of experiment, tomato variety, nuinber of plante end 
the temperature in the experimental houses 

Experiment 
No. 

2 

3 

4 

5 
6 

Place 

is, Akershus 

Jaeren, Rogaland 

Slagen, Vestfold 

Jaeren, Rogaland 

Variety 

Extase 

Special 

Extase 
II 

Nunber of 
plante 

72 

5000 

2800 

2800 

1400 

1500 

Temperature 

18°-25°c, average 21°C 

Night: 19°-20°c. Day: 

" 18°c 

" 18°c 

20°c 

16°-1a0 c 

Elcp. 2-6, actual temperature not continuouely measured, but estimated after 
thermostat regulation. 

23a...27°c _ 

ca.24°C 

ca.24°C 

ca.25°c 

20-25°c 

The parasite was introduced into the glasshouses ae _parasitieed ecalee and the parasite 

emerged during the first 5-8 daye after introduction. Percent hatching of the parasi tised 

scales was examined only in sane cases ( Table 3). The parasite material was applied in 

regular portions per 40 plants evenly dietributed throughout each experimental houee. One 

exception is experiment 2 where the parasites were dietributed on the moet heavily attaclted 

spots in the second and third introduction. 
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~. Initial population of greenhouse whitefly (Trialeurodes 
vaporariorum) and introductions of parasitea (Encaraia formosa) 
in the glasshouses used for experiments 

Experiment Whitefly numbers Introductions Number of Percent 
No. larvae adulte per of parasi tes parasi tised. hatching 

per 4 top scales introd. 
leaf' leaves Datea per plmt 

41,2 1,7 22.3 0,83 94, 7 
1, 60.1 5.4 6.4 o.83 94.0 

160 34, 7 18,4 0,83 66.o 

0. 1 2.4 0, 63 
2. 1.2 18.4 0. 31 

4.5 2.5 0.31 

0.94 0.54 3,4 0.89 83,4 
3. 1.55 0.56 16,4 0.89 86.3 

1. 20 0.14 3,4 o. 71 83,4 
4. 0. 39 0.50 16.4 0.89 86.3 

5. 5.24 0.64 4.7 2.85 
6.06 1.04 18, 7 2.85 

6. 1.9 30, 7 2.66 

67.3 7.2 14.8 2,66 

Table 3 shows the time of the introductions of the parasite in each experiment, the 

degree of whitefly attack at the time of introduction, nmbers of parasitised. scales intro­

duced, Blld the percent anerging adult parasite11 i'ran the parasitilled scales. 

The uppennost leaf' of twenty plante in each house was tagged wi th the date onoe a 

week. Number11 of parasi tised and surviving whitefly larvae were recorded eight or nine 

weeks after tsgging. Black host larvae were registered as parasitised. Adult whitefly 

were recorded fran four apical leaves on each of 50 ,Plants selected at randan. 
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Preeentation of' the resul ts 

The whitefliee pref'er yOIUlg upper leaflete f'or ovipoeition. 'l'he time of' develoJ111ent 

from ovipoeition till E111ergence of' the adult whitef'lies takee 30 days et alternating tempe­

raturee1 1aoc by night and 24°c by day (Stenseth 1971), and 3rd and 4th instars are not 

eucceeefully paraeitised (Burnett 1962). To coincide with the instars euitable for paraei­

tim, the real time of' paraeite introduotione were theref'ore adjueted accordingly 1 f'iguree 

.2- 4 illuetrate the reaults inoluding the expected number of' adult paraeites. These numbers 

ref'er to paraaitised larvae 26 ·d~a earlier, aa the time of developnent fran oviposition to 

emergence of' adult parasi-te takea about 26 days at alternating temperatures ( 18°e+24°c). 

..--. = % PARASITISM 
600 0 = PARASITISED ~/HITEFLY LARVA 
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Resulta and diacusaion 

Introduction of the paraaite Encaraia fonnoea, on tanato plante attacked by greenhouse 

whitefly gave four types of aituations. 

Situation 1. Fig. 2 ehows the reeulte fran e%periment 1. The slope of surviving larvae 

population was ·greater than that of the paraaitieed larval population. After eeven weeks 

the plante were oovered with eticky honeydew and sooty moulde and n~t suitable for further 

experimental use. It ia likely that thia developnent was due to low, 5.9 percent to 22.1 

percent initial paraeiti sm . 
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Situation 2. Fig. 3 shows the reeults :t'ran experiment 6. In this oase the total larval 

population of the whitefly was inoreasing the following 9 weeks after the first introduction 

of the pa.rasite, but an initial pa.rasitiem (records only for second introduction) of 65 pe­

cent and 53 peroent and increasing pa.rasite population prevented a corresponding inorease 

in surviving whitefly larvae. The increase in number of whitefly la.rvae seuns to have been 

stopped by the inorease of the pa.rasites. 

For practical reasons the experiment hsd to be tenninated af'ter 9 weeks, but the 

expeot_ed population growth of the pa.rasite and the rather etable population of surviving 

whitefly larvae indicate that the parasite would probably have continued to daninate the host. 

Situation 3. Fig. 4 shows the results frOlll experiment 2. Introduction of parasites here 

reeulted in fluctuations in abundance of host larvae and adult parasites. The regulation 

of the whi tefly population was satisfaotory all through the experimental time of 25 weeks 

and no sooty moulds developed. 

The total number of larvae showed three peaks about 8 weeks apart, but during the 

first twenty weeks the number of survi ving whi tefly larvae was rather constant. The 

expected number of adult parasites showed three grsdually decreaeing pealcs. The first two 

peaks corresponded to the low level of larvae. This pattern indicates the findings of 

Burnett ( 1962) that more host larvae are killed when the parasite number is high. 

When the number of parasites has reached a certain minimum it cannot oope with t he 

whitefly larvae offered and the number cf surviving whit efly larvae will increase, 

The results given in Fig. 4 indicate two types of fluctuations. One short tenn 

fluctuations in number of adult parasites dete:nnined by the time of developnent of t he 

parasi.te and the mortality of host larvae. Seoondly1 a long tenn fluctuation in number of 

whiteflies. This is partly a result of the short tenn fluctuations, but greater longevity 

of adult whiteflies thsn of pa.rasites might be a stabilizing factor snd, in the present case, 

leading to the long tenn fluctuation. 

Situation 4. In thie si tuation there were no marked or regular fluctuations in abundsnce 

of parasite snd host during the experimental time of 13 to 25 weeks. Experiment 3, 4 snd 

5 give the following results: 

In all three experiments the whit efly populations wer e very low when the parasites 

were int roduced. In all cases less thsn 8 whitefly larvae per leaf were present _and lese 

than one adult whitefly per four top leavee. In no experiment did the whitefly population 

exceed two adult whiteflies per plant all through the season. A general feature was also 

the declining percent parasitism in the autumn. Fig, 5 shows the results fran experiment 4. 
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Figure 5. Timing of introduction of parasites and impact on the degree of 
parasitism. Results of experiment 4 (see table 3 for details) . 

Conclusions 

1. By using the parasitised scale technique two introductions of E. fo11Dosa at fortnightly 

intervals are sufficient for good cont rol of greenhouse whitefly on tc:natoes. 

2. Parasites introduced at low populations of whiteflies give the best control results. 

3. At whitefly populations below one adult per plant, t wo parasites per plantare a 

sufficient initiaf parasite nUP1ber. 
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m'UDIES ON THE DISP1'RSAL OF THE WHITEFLY PARASITE ENCARSIA FORMOSA 

by 

N.W. HUSSEY, W,J, PARR, D.L. m'ACEY 

Glasehouse Crops Research Institute, Littlehsmpton, Sussex, UK 

SUMMARY 

Factore affecting the dispereal of Encareia fonnoea are an important feature in 

deeigning methods for use of the parasite to control whitefly (Trialeurodes vaporariorum). 

The results show that adult parasites are capable of detecting quite small foci of whitefly 

scales wi thin a camnercial tanato crop but that once having located then they do not 

readily move on to other plante. The rapidity with which the parasites detected widely 

spaced soale infested plante suggests that they are insane way attracted to soales over 

quite long distances. What this attractant is and how it works is being investigated. 

The effects of different light intensitiee end ecale densities on parasite distri­

bution and subsequent parasitization have also been studied. 

Experiment 1r To test the effectiveness of the parasites to locate whitefly scaiee 

eparcely distributed within a tanato crop, a single tobacco plant infested with about 

4000 black1 parasitized scales was placed i• the centre of a 100' x 24' glasshouee containing 

900 tomato plante ( var. llirocross BB) plented in 8 double rows wi th a single rowalong the 

glase at each side. Planting was on 9 January at nonnal COIIIDercial spacing. Similar 

plante in 9" pots infested only with whitefly scalee were epaced among the crop at dietencee 

varying fran between 4-i' to 50• ft, from the source of paraeite release. In one half of 

the house, the 11target 11 plante coneieted of 11 single, infeeted plants interepereed amonget 

the crop plante while in the other half, larger targets canprieing eix groupe of 4 infeeted 

plante each were used. The target plante were placed in the crop on 16 Jenuary and the 

parasite plant, fran which adult paraeitee had etarted to energe, was introduced on 17 Jan. 

The target plante together with a proportion of the crop plante were exsmined every 3 days 

for the preeence of adult paraeites. After 2 weeke, all targete were renoved end fumigated 

with DDVP etripe to kill-off adult parasites. After a further 2 weeks, during which time 

all parasi tized ecales had turned black, a oanplete aseessment of the scale population end 

degree of parasi tism was made ( Table 1) , 
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~- Dispereal of Encareia fonnoea within a tomato crop 

Target Dietance from Adulte preeent Total no.adulte Total scalee '!, 
parasite release on target on target 2 wies Oll ecales 
eite in ft. daye after after parasite target plante parasi tized 

introduction release 

Single 4.5 1-3 11 523 87 ,6 
plant 

II 8.5 1-3 29 .30 .30 87,6 
II 13.0 1-3 90 NR NR 

" 16.5 3-6 48 4097 57.1 
n 18.5 3-6 , 32 NR NR 
n 27.0 3-6 .30 5718· 42.8 
II 27.5 3-6· 23 NR NR 
II 33.5 1-3 39 8330 35.8 
n 39.0 6-9 33 NR NR 
II 45.0 3-6 31 2101 72.1 
n 50.0 3-6 64 6447 60.3 

Mean/plant 

4 plante 9.0 1-3 116 3120 61.9 
II 25.0 3-6 106 NR NR 
n 27.0 3-6 70 3127 63.1 

" 36.0 3-6 49 NR NR 
II 48.0 6-9 100 NR ~ 
II 48.0 3-6 70 47,52 35.6 

Notei NR • No record 

~: The adult parasitee showed a rElllarkable ability to eearch out whitefly scalee. 

As expected, adult parasites were first recorded on the target plante in cloee proximity 

(up to 13 ft.) to the parasite plant witbin 1-3 days 1 but even the single infest ed plant 

50 ft. away was colonised within 6 days ( Table 1). Nor did the eize of the target area 

appear to influence the parasite's searching ability. Only on 34 (4%) of tbe main, 

uninfeeted crop plante were 1 or 2 adult parasites recorded and most of these plants were 

ne:xt to or in close proximity to an infested target plant. 

The speed with which tbe ecal&-infested plante were colonised by adult Jmcarsia 

and their almoet complete absence f'rom the main crop plante suggests that there ie sane 

attractant by wbich the parasite is capable of detecting scales on plante at quite 
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coneiderable dietancee, By what meane they do eo rEIDai.ne to be inveetigated, Pei,iods of 

sunshine following parasite introduction is thought tobe a stimulus to adult activity end 

good establisbment and it undoubtedly influences its distribution end fecundity. The total 

houre of sunshine in the 2 weeks following the introduction of the parasi tes was 32. 3 hr, 

including over 7 hre on each of the 3rd and 5th days. Thie may aocount for the high degree 

of parasitism acbieved among the large scale populations on the target plants, 

Experiment 21 Effect of light intensity on diepereal and parasitiem of Encareia formosa 

On 10 _February, 20 tomato pot plante ( 1811 high) heavily infested only wi th 2nd and 

3rd instar whitefly scales 1 were placed on the ground of each of two identical glasshouses 

16 1 x 8 1 arranged in 5 rows of 4 plante each, The rows were · 3 ft apart and the plante 15 in, 

apart in the rowe. 

Hau-l)e_. 1 was unshaded and received natural da~light, 

House 2 was lined witb green polythene sheetint which reduced the daylight 

intensity by half, 

Light meter readings tak:en at 10.00 and 15.00 hre dai.ly over the period of the 

experiment gave the mean light intensi ty end range as: 

Unshaded 475 ( 70-1000) lumens per sq, ft, 

Shaded 230 (30 - 470) 11 " n 

The glasshouse tsnperaturee during this period ranged from a night mini.mum of 62°F 

to day maxi.ms of 7~2°F, 

On 12 February1 200 parasitized whitefly scalee were· introduced from a single point 

at the south end of each glasshouee. Adult parasitee etarted to EIDerge on 17 February and 

from the number of EIDpty scalee it was estimated that 160 adult parasitee were active in 

each house, The plante were examined for adult parasitee dai.ly for a period of one week 

after which they were fumigated with DDVP and counte eubsequently made of white and black 

scales on the leaves. 

Results: Many more parasi tee settled on the plante in the shaded than in the unshaded 

house, Of the 160 adulte on the wing i .n each house, the overall maximum recorded in the 

shaded houee was 74 canpared to 33 in the unehaded one (Table 2). Distribution of parasitee 

under both light condit ions was poor, Although the firet row of plante 1 ft. fran the 

source of parasites was well colonieed by adults, particularly in the ehaded houee , there 

was a marked fall-off in numbere progreesively towarde the more distal rows. Thie confims 

the previous findings that once parasites locate a source of scales they do not readily 

move on to other plante. There was also a corresponding fall-off in the number of 
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parasitized scales (Table 3) tbough fair canparisons between sbaded and unshaded plante 

cannot be made owing to the wide differences in the scale populations which occurred between 

the two sets of plants despite being exposed to the same initial whitefly infestation. 

The results of this experiment done at this time of year where even in the unshaded 

house the intensity of natural daylight did not exceed 1000 lumens per sp. ft. aJld then only 

for short periods, tends to confirm the difficulties experienoed on canmercial nurseries of 

establishing a satisfaotory interaction in the early part of the year. The unaccountable 

loss of a large proportion of the anergent adult parasites fran the introduced material eo 

could, if a canmon occurrence, be an important factor in establishing suitable rates of 

parasite introduotion to achieve a satisfactory pest/parasite interaction. 

TAl!LE 2. Effect of light intensity on the dispersal of adult Jlhcarsia formosa 

Row Distance fran parasite No. adult parasites per row 
introduction site 

Date: 21/2 24/2 25/2 26/2 27/2 28/2 

-
A 1 ft. Shaded 12 29 49 48 60 57 

Unshaded 19 19 10 10 9 5 

B 4 ft. Shaded 2 5 4 7 7 6 

Unshaded 0 7 9 0 13 20 

C 7 ft. Shaded 1 2 3 3 3 5 

Unshaded 1 2 2 3 1 3 

D 10 ft. Shaded 1 0 0 0 1 0 

Unshaded 0 0 0 1 3 4 

E 13 ft. Shaded 0 1 1 2 3 2 

Unsbaded . ' ' 0 0 0 1 0 1 

Overall totale Shaded 16 37 57 60 74 70 

Unshaded 20 28 21 15 26 33 
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TAJ!LE 3. Effect of light intensity on pa.rasi tism 

Row 
Distance fran parasite Xean No. scales per plant '1, parasi tism 
introduction site White :Black 

A 1 ft. Shaded 1011 606 37.4 

Unshaded 141 291 67.4 

B 4 ft. Shaded 1186 85 6.7 

Unshaded 1261 115 8.4 

C 7 ft. Shaded 1374 61 4,3 

Unshaded 205 47 18.6 

D 10 ft. Shaded 1322 15 10.9 

Unshaded 442 23 5.0 

E 13 ft . Shaded 932 29 3.0 

Unshaded 501 13 2.5 

Overall mean Shaded 1165 159 12.0 

Unshaded 510 98 16.1 

Experiment 3: To achieve different ecale deneities, four batchee of 10 plante each 

12 in. high) were exposed in the whitefly rearing house for periods of 15 mins., 2 hrs., 

8 hrs., and 24 hrs. On renoval, the plante were :f'umigated with DDVP stripe to kill-off all 

adult whiteflies and then traneferred to a clean glasshouee to await developnent of scales. 

On 10 March, when scales had developed to 2nd inetar, 5 plante from each batch were 

t ransferred to the ehaded and unehaded glasehoueee used in the previous experiment and 

arranged at randan in an oval fashion around the house. On 12 March, 200 adult parasites 

were released fran the centre of each house. The preeence of adult parasites on the plante 

was recorded daily for 12 days after which the parasitee were killed-off with DDVP etripe. 

On 10 April, a canplet e asseeement was made of the scale densi ties and the degree of para,­

si tism on the plante in both houses. Tenperatures ranged fran night min. 62°F to day 

maxima of 75-85°F. 

Results: There was a remarkable similarity in the number of egge laid on the plante for 

each period of exposure to whiteflies which gave a good dif':ferential of scale densities. 

However, owing to the small numbers of adult parasites which colonieed the plante f'ollowing 
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their release on 12 March, the results were inconclusive, The maximum number of pa.rasites 

recorded in either house on any one day was 49 - only 25 percent of the t otal introduced, 

Nevertheless, there was sane indication that, regardless of light intensit y, parasites were 

more attracted to those plante with the larger scale populations ( Table 4) , In this experi­

ment, unlike the previous one 1 more parasites were recorded on the plants in the unshaded 

house than in the shaded one, 

At all scale densities parasitism was extremely low (Table 5) and bore no relation 

ship to the number of adult parasites recorded on the plante. 

T.A:BLE 4, Effect or scale density on dispersal of Encarsia formosa 

Time of Scale densi ty Total no, adulte on 5 plante 
exposure mean/leaf Date 12/.3 13/3 14/ .3 17/3 1ö/.3 19/3 24/3 

15 mins 12 Shaded 2 0 0 0 3 1 , 1 
Unshaded "5 0 3 2 1 1 1 

2 hr, 100-150 Shaded 4 0 1 5 9 6 4 
Unshaded 9 4 8 6 3 3 1 

8 hr, 250-300 . Shaded 3 8 6 9 7 10 7 
Unshaded 10 4 21 12 11 11 2 

4 hr, 570-600 Shaded 7 6 4 5 12 7 5 
Unshaded 11 16 17 1, 22 20 g 

Total in house Shaded 16 14 14 19 31 24 17 
Unshaded 35 24 49 35 37 35 13 

TAJ!LE 5, Degree of parasitism on different scale densities 

Scale density 
mean/leaf '/, parasi tism 

12 Shaded 12,8 
Unshaded 3,0 

; 

100-150 Shaded 7,6 
Unshaded 23,3 

250-300 Shaded 3,7 
Unshaded 13, 4 

570-600 Shaded 2,3 
Unshaded 9.2 
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DISPERSAL OF THE PARASITE E2fCARSIA P'OOMOSA 

AS INFLUENCED BY IT'S HOST, TRIALEXJRODES VAPORARIOOUM 

by 

M;S. Ll!Dilli 

Glasshouse Crops Research Institute, Littlehampton, tK 

Relatively little is known about the factors which influence the dispersal and 

searching capacity of the parasite Encarsia fo:nnosa as it seeks it's host, Trialeurodee 

vaporariorum within a glaeshouee crop. A better understandi ng of such factors might 

enable researchers to devise more effective means of using thie parasite in biological and 

integrated control progralllllles . 

Work at the Glaeshouee Crops Research Institute during the summer of 1975 ( Parr, W.J. 

unpublished) showed that Encarsia fo:nnosa adulte were apparently able to identify, and so 

congregate on, a few plante bearing the host ineect within a crop otherwiee free of the hoet. 

Wi thin the three days between release of the parasi tes and the first sample, the parasi tes 

had dispersed over a distance of 4 m and had reached the moet distant infeeted plant 17 m 

away within 6 days, 

EXPERIMENT 1 

In the autumn of 1975 a further test was made to measure parasite'e diepersal and it'e 

ability to differentiate between plante bearing the host and those not. 

Forty young tanato plante, about 15-20 an tall, were dietributed evenly in a glaee­

houee (area of about 650 m2). Alternate plante had been lightly infested with Trialeurodes 

vaporariorum adulte about two weelcs earlier and so bore 3rd - 4th instar whitefl~ scales. 

About 1,000 adult parasites were released from the centre of the glasshouse at mid-day, 

during sunny weather. 

The number of parasitee on each plant was recorded 2, 4 and 24 h after their release 

(Table 1) and showed that E. fo:nnoea was able to differentiate between infested and clean 

plants despite the low density of whitefly scales . The fact that this was evident only two 

hours after the release of parasitee euggested that eanething other than randan eearch was 

involved. 
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1 No parasites Time elapsed after release 

2 h. 4 h. 24 h. 

On 20 infested plante 51 122 89 

On 20 clean plante 7 10 23 

'!, on infested plante 88 92 79 

The data also showed that J!hcarsia formosa was able to disperse over considerable 

distsnces in a short period, individuals being found up to 15 m. from the release point at 

the f~rst sanple. 

EICPERIMffiT 2 

Three da;ys later a second experil!'ent using Nicotisna seedlings about 15 an. tall was 

conducted in the ssme glasshouse. Twenty four plante were evenly distributed in the glass­

house; alternate plante, having been exposed for the preceding 48 h under large Nicotiana 

plante bearing dense culturee of whitefly ecalee, were covered with fresh honeydew. None 

of the experimental eeedlinge had come into contact with whiteflies. 

Parasite adulte were released fran the centre of the house in early afternoon sunshine 

end the numbers on each plant recorded 1, 2, 3 and 19 h later. 

Encarsia formosa was again able to differentiate between clean plant s and those bearing 

whitefly honeydew (table 2). Thus, the stimulus which guidee the parasite to whitefly 

infeeted plante is apparently also present in the honeydew. 

No parasi tes Time elapsed after release (hours) 

1 2 3 19 

On 12 honeydew plante 9 18 23 29 

On 12 clean plante 2 6 10 8 

'f. on honeydew plants 82 75 70 78 
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EXPERIMENT 3 

Forty eight Nicotiana plante were evenly spaced in a glasshouee 7 x 5 m. The' 

experiment was divided into two seotore, each of twenty one plante, by a line of uninfested 

guard plante running more or less diagonally acroee the houee. One eector contained twelve 

infeeted plante bea.ring 3rd - 5th instar whitefly larvae, alternating with nine clean plante; 

the other sector hsd only four infeeted plante evenly dietributed smongst the remaining 

seventeen clean plante. Thus a high and a low density whitefly eector was created, the high 

deneity sector having three timee as many infested plante as the low. 

About 2,000 paraeites were released fran the centre of the house in bright sunshine. 

RESULTS: 

Parasites flew immediately and within a few minutee were preeent on many of the plante. 

The number on each plant was therefore asseesed within an hour of release (Table 3). 

Guard Low density High density 
plante Infested Clean lnfested Clean 

No plants 6 4 17 12 9 
Parasites/plant 7.5 20.8 2.1 30.9 0.7 

No parasi tes 45 83 35 371 6 

Total p'l!'asi tes - 118 377 

A second asseesment was made 24 h after release (Table 4). 

! 
Guard Low densi ty High density 
plants Infested Clean Infested Clean 

No plante 6 4 17 12 9 

Paraei tes/plant 3,0 70.5 3,5 75.3 1,2 

No parasi t es 18 282 59 903 11 

Total parasi tes - 341 914 
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lfot only was response of the paruite to tli.e host confirmed, but it also appeared to 

be density dependant. 3.1 times more parasites were found in the high deneity eector 

oanpared to the low in the first eample, and 2.7 timee in the later sample. This corresponde 

very cloeely to the ratio of infested plante in the respective ·seotors, namely, 3: 1. 

EXPfflIMlffl 4 
In a similar trial to that of Experiment 3, all the uninf'eeted plante were treated 

with a microniaed fluorescent dust while the infested plante being kept clean. 

24 h after release, paraaites were oollected fran plante, both near the centre of the 

glasehouse and fran i ts edge. 

Jlicroscopic exanination ·under ultra-violet illumination revealed wheter individual 

paraaitea had becane oontaminated by fluoreecent duet. 

Most individuala oollected fran uninfested plante had pick:ed up the dust but few of 

these fran inf'eeted plante · did so ( Table 5). 

Uninf'ested plante Inf'ested plante 

Central uure Central l'llll'8 

Nc.marked 
paraeitee 16 9 1 2 

Total no. 
eanpled 19 10 31 10 

% marked 84 90 3 20 

It appeare that l!ncareia ie able to detect infeeted plante at a dist anoe end that 

it rarely lande to eearoh uninf'ested plante. This suggeste that the aggregation of 

paraeites on infeeted plante is due to an "attraotant" rather than an "arrestant" effeot 

of a volatile canpound in whitefly honeydew. 
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THE PARASITE-HOST RELATIONSHIP BETWEEN ENCARSIA FORMOSA (HYMENOPTERA: 

APHELINIDAE) AND TRIALEURODES VAPORARIORUM (HOMOPTERA : ALEYRODIDAE), 

V. Population dynamics of Trialeurodes vaporariorum and Encarsia formosa 

in a glasshouse. 

J . C. van Lenteren, M_H. Eggenkamp-Rotteveel Mansveld & F.J.M, Ellenbroek 

Department of Animal Ecology, University of Leiden, The Netherlands 

Introduction 

During the last four years the greenhouse white fly is successfully con­

trolled by the chalcid wasp Encarsia formosa Gahan in tomato c rops in The 

Netherlands (Woets, 1976). This was possible only with the following intro­

duction schedule, developed by Woets (1973): A few weeks after the fi rst 

· -6 2 3 3 

white fly adults have been seen, four successive introductions, each with a 

fortnight interval, must be carried out. The number of wasps that have tobe 

introduced per plant are 1.5, 1.5, 1.0 and 1.0 respectively .. The schedule is 

built on the arguments that (a) the wasps should be introduced when young 

larvae are present for hast feeding as weil as older larvae for parasitiza­

tion (see Van Lenteren et al., 1976, and Nell et al., 1976), (b) more than 

one introduction is necessary to prevent strong fluctuations of hast and para­

site, (c) introductions are started after white flies have been observed 

because ehe grower dis likes an arranged i ntroduction of the pest, 

Although in most cases control turned out tobe successful, sometimes bad 

results were obtained {see also Woets and Van Lenteren, 1976). To getan idea 

about the possible causes of the differences in control success we thought 

it would be necessary to know the distribution of the white flies over the 

plants {regular, random or clustered) and the changes in this distribution 

during the growing season. We considered this tobe important since it might 

determine the right places to introduce E. formosa (at patches wich important 
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white fly infestations, or evenly over the glasshouse), Studying the popu­

lation development of both white fly and parasite would give indications 

about the necessary frequency of E. formosa introductions (more or fewer times 

than the four we used up till now). Finally we hoped to answer the question 

at which white fly densities biological control is possible. 

These problems led us to the decision to start a research into the change 

in numbers and distribution of both species in several glasshouses. This 

paper presents the results of an investigation in a glasshouse -in which con­

trol was successful, which is the common situation, 

Material and methods 

We worked in a glasshouse of about 6500 m2, containing c. 18.000 tomato 

plants. The glasshouse was subdivided into 648 plots, each containing 28 

plants. The tomatoes were planted from 2-5 January, 1974. 

culture methods 

After the second week : 

- the side shoots were pruned weekly 

- the plants were vibrated once or twice a week to achieve fertilization· of 

the flowers 

In week 9, 12 and 14 the oldest (lowest) leaves were removed. 

The night temperatures were c. 11°c (January) and c . J6°c (June), the day 

temperatures were c. l8-20°c (January) and c. 25-27°C {June). 

parasite introduction 

In week 4, 6, 8 and 10 parasites were introduced (0,7, 2.1, 4.5 and 2.5 

wasps per plant respectively) , Hence, except for the first introduction, this 

is more than advised, but the producer sells rough/ly estimated minimum numbers, 

so often the actual dose is higher than the adv iced minimum. Th~y were evenly 

spread over the glasshouse. The introduced parasites were counted. The intro­

duction moment was determined by the fact that adult flies were found already 
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in tpe first week, so the first larval generation could be expected 2-3 weeks 

later. 

sampling methods 

!!, During 16 weeks absolute countings were carried out, which consisted out 

of: 

1. Countings an all plants (18.000) in the Ist , 6th and 10th week by a group 

of volunteers, acquainted with searching of white flies and wasps, but not 

knowing the local distribution of the animals. 

2. Countings on each plant on which an infestation was once found. When the 

white flies or wasps disappeared this sampling was still continued until 

a t least 6 weeks after their disappearance. The neighbouring plants were 

also examined for animals, till an animal-free zone of at least 2 m was 

found. 

Till week 8 all infested plants were checked each week. Afterwards coun­

tings were made with a fortnight interval, This change in sampling caused 

no problem because the developmental rate of T. vaporariorum is 24-32 days 

and of E, formosa 15-31 days at the temperatures measured in the glasshouse. 

B. Besides this absolute counting programme, a random sampling programme was 

performed to find out whether it is possible to .obtain a reliable picture of 

host and parasite distribution and abundance by a much less time-consuming 

sampling method, Preliminary Observations gave us the impression that.!, 

vaporariorum and, hence, also E. formosa, are not distributed at random over 

the glasshouse. We therefore used a stratified random sampling method (South­

wood, 1966). The glasshouse was subdivided into 108 plots (each containing 

148 plants). Each week another randomly chosen plant per plot was searched for 

hosts and parasites. In this way 0.6% of the total plant population was checked 

by this sampling method weekly. 

At both sampling methods we counted pupae because they are easy to find. 

Further, it is easy to determine which pupae are parasitized (the unparasitized 
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pupae are white, parasitized pupae are black), and as pupal mortality i s 

very low, the number of pupae gives a proper estimation of the number of 

white flies and parasites, When time permitted adult white flies and larvae 

were counted. 

Change in T. vaporariorum numbers 

The first adult white flies (121 adults) were found at the very first day 

we started with our observations, so apparently some white flies were trans­

ferred with the tomato plants from the nursery. 

The first white pupae were found in week 4. Afterwards the number of pupae 

increased till week 6 and fluctuated later on (range: from a minimum of 0.008 

white pupae per plant (week 4) to a maximum of 0.033 white pupae per plant 

(week 6)). The total number of pupae during the 16 weeks of this study is 

presented in Fig. 1. 

Change in E. formosa numbers 

The first introduction of E. formosa (parasitized black pupae of -the host 

on cucumber leaves) took place in week 4. The wasps which emerged from these 

pupae bad parasitized their first hosts in week 4 and 5, since the first 

black pupae on tomato plants were found in week 6. The number of black pupae 

increased rather fast afterwards and fluctuated later on (range: from a mini­

mum of 0.002 black pupae per plant (week 6) to a maximum of 0.112 black pupse 

per plant (week 10-11)). See for the total number of black pupae Fig. 1. Th~ 

percent.age parasitism was rather high (about 50%, Fig. 2), the parasite caused 

a decrease in white fly numbers and prevented a serious increase of T. vapora­

riorum after the 6th week. 

Distribution pattern of T. vaporariorum 

Immediately after planting adult white flies were found at several plots 

in the glassbouse. The highest number of adults was present in the soutb-east 
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corner of the glasshouse, being the place where all young plants bad been 

cultured for some weeks. From this place they were distributed over the 

whole glasshouse and planted an their definite place. When the grower removed 

the plants, we saw the white flies fly up and land rather frequently on an 

adjacent plant. The first white fly concentration is probably caused in this 

way. 

In the second week fewer adult white flies were found. The highest number 

was found again in the south-east corner. The same holds for the 3rd and 4th 

week. 

The first white pupae were found in week 4, once more in the south-east 

corner. One week afterwards we found white pupae in some other plots. In the 

south-east corner the first foci develop. A focus is defined as a spot with a 

consistent and isolated white fly infestation. 

From then onwards we see the development and temporary disappearance of 

foci (Fig. 3); other foci do not disappear but increase slowly (Fig. 4). In 

focus 8 (see also Fig. 6) pupae wer e not found during five weeks, which means 

that the pupae found in week 12 originated from eggs l a id by a female white 

fly migrated from another focus. The number of white pupae per plant first 

increases and then decreases strongly. The total number of infested plante 

increases when the decrease of pupae per plant sets in (Fig. 5) . 

From the distribution pattern of T. vaporariorum we may conclude the 

following : 

1. The distribution of the white flies over the glasshouse is clustered 

(Fig. 6). 

2. The white fly foci are mostly permanent - only some of them temporarily 

disappear (Fig. 3) . 

3. First, an increase of white pupae per infested plant is found (till the 

6th week), afterwards the number per plant decreases. However, the tota l 

number of white pupae does not decrease since the total number of infested 

plants increases (Fig. 7). This occurs without exception in all foci and we 
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called it "oil-stain effect". Due to this oil-stain effect some foci fuse. 

The cause of this phenomenon is unknown. It may be brought about by vi­

brating the plants which occurs some times a week by the grower and causes 

migration of the flies. 

4. Sometimes never larvae were found on a place where for some weeks adult 

white flies were found (Fig. 6, focus No. 2), We are very certain about this 

because spots where a fly was once seen were controlled intensively for six 

succeeding weeks, This may be explained by the fact that tomato is a rather 

bad host plant for T. vaporariorum. (Fora comparison how several host plants 

differ in quality to T, vaporadorum see Woets and Van Lenteren, 1976.) 

Distribution pattern of E., formosa 

E. formosa pupae were uniformly introduced over the glasshouse. The first 

black pupae parasitized by the introduced wasps were found at a spot with a 

high white fly density in the 6th week. In the succeeding week black pupae 

were found in all foci~ and a rather high percentage parasitism was measured. 

This could only be caused by the wasps that were introduced in the 6th week. 

The percentage parasitism remained high afterwards, and most of the new foci 

th.at developed were found by the wasps rather quickly, 

From these data we may conclude the following: 

. 1. The ~umber of wasps introduced was sufficient to control the white fly 

population; the economic threshold was never crossed during the growing 

period . 

2. The introduction of wasps in a regular· pattern is sufficient, since all 

white fly infested spots were found . by the wasps. 

3. Multiple introductions are requir.!!d to stabilize population fluctuations. 
\ 

One introduction is certainly insufficient . 

4. E. formosa has a very good hast searching ability because even at very low 

white fly densities (areas with I pupa per 28 plants or even fewer) a high 

percentage parasitism was reached. 
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5. E. formosa has a very good dispersal ability beca~se after the last intro­

duction, newly infested plots with flies were discovered. In these cases 

the wasps bad to cover at least distances of 10-20 meters (Fig. 8). 

6. Locally, E. formosa may parasitize all T. vaporariorum larvae present and 

so cause extinction of parts of a focus (Fig. 9). 

7. The fluctuations in host and parasite numbers and the occurrence and dis­

appearance of foci with and without E. formosa confirms the description given 

by Huffaker (1958) about appearance and extinction of foci pf prey and pre­

dator mites living on oranges. 

8. At the borders of a large focus the percentage parasitism 

was often lower than in the centre of that focus, especially in expanding 

foci. We made cross-sections through a focus, counted white fly and parasite 

numbers per plot, calculated ·percentage parasitism and found that at the 

borders of expanding foci a significant lower percentage parasitism was 

reached. Two simplified examples are given in Fig. 10. This may be cause.d by 

the fact that, after wasp introductions bad finished, E. formosa only could 

survive at places where hosts are present. (They may survive for only a few 

days if no hosts are available.) When there are sufficient numbers of hosts 

they will not migrate, but stay at the spot where they emerged. However, as 

soon as all hosts have been parasitized and, hence, become unsuitable, the 

parasite's tendency to migrate increases. (E. formosa is perfectly able to 

discriminate between parasitized and unparasitized hosts, see Van Lenteren 

et al., 1976).) T. vaporariorum has the possibility to escape from the para­

site at the borders of a focus as long as the focus centre contains suffi­

cient unparasitized hosts. This again agrees with Huffaker's findings. 

Results of the random sampling 

Compared with the absolute countings, which asked 5 days of two observers 

per weekly check, the random sampling was less time-consuming and lastalonly 

6 hours by 1 ·observer. 
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The picture of the number and distribution of both species studied was, 

however, much worse than that of the absolute countings. 

- the fluctuations are not synchronous with those found in the countings and 

they show much greater amplitudes (Fig. 11) 

- the percentage parasitism is not in agreement with that of the countings 

(Fig. 12) 

the distribution maps constructed on the random sampling prograume differ 

strongly from those found with the countings 

This was, of course, tobe expected, but the results were so bad that this 

sampling method was useless. lt appeared that at the end of the season more 

agreement between the data obtained by both methods is found, due to the fact 

that parasites and hosts are more evenly spread over the glasshouse. There 

remain, however, large differences. 

Conclusion: to obtain an impression about degree and sites of infestation a 

random sampling progr8111111e of this size is not sufficient. The grower will get 

more precise data if he is alert on finding white flies patches when he is 

planting the young tomatoes, tying them up and twisting them in, and especially 

at vibrating the plants. 
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Fig. 1. Change in numbers of Trialeurodes vaporariorum (white pupae) and 

Encarsia formosa (black pupae)-. 

Fig. 2. The percentage parasitism of Trialeurodes vaporariorum by Encarsia 

formosa. 

Fig. 3. Temporary disappearance of focus 8. 
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Fig. 4. Development of focus 4 and 5 s hown by the number of infeste d spots 

(dotted). The numbers on the ordinate and abcissa stand for the plot 

number in the glasshouse (see Fig. 6). 
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50 

Fig. 5. Relation between the number of infested plants and the mean number of 

pupae per infested plant in focus 4 and 5. 

Fig. 6. Position of the foci in the glasshouse at the 16th week of sampling. The 

numbers in the white circles stand for the focus numbers, the numbers 

beside the circles give the week numbers in which the first white flies 

were found. On the ordinate and abcissa plot numbers are given. 
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Fig. 7. Relation between the total number of infested plants and the mean number· 

of pupae per infested plants. 
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Fig. 8. Plots with unparasitized 

pupae (white) and plots with unpara.­

sitized (white squares) and/or para,­

sitized pupse (white squares with 

shaded areas) in week 13 and 15 from 

-f oci 91 10 and 13. At the upper 

abcissa plot DWDbers are gi van, at 

the abcissa below, the foci IIUlllber 

and the DWDber of black: and white pu­

pse. 

11 

.j. white fly dispersal 
* focus disappeared 

13 15 

Fig. 9. Development of focus 3. White squares show plots with unparasitized 

pupae, dotted squares plots with unparasitized and parasitized pupae. 

The size of the shaded areas gives the percentage parasitism per plot. 

Example: week 6: only one plot with unparasitized pupae . Week 7: one plot 

with about 75% parasitized pupae . At the ordinate and abcissa plot numbers 

are given. 
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Fig, 10, Total number of pupae and percentage parasitism during two or three 

successive weeks in ·a focus with low total numbers (A) and one with high 

total numbers of animals (B), {Simplified examples). 
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5 

Fig. II. Total no. of pupae estimated with the aid of the random sampling data 

(t;riangles) and total no . of pupae from the absolute countings (circles). 

25 
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15 

Fig. 12. Percentage parasitism estimated with the aid of the random sampling data 

(triangles) and percentage parasitism ca.iculated from the absolute countings 

(circles). 
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RESULTATS PRELIMINAIRES DU CONTROLE BIOLOGIQUE DE L1ALEUR0DE 

DES SERRES, . .!• VAPORARIORUM WEST. (HOMOPT., ALEURODIDAE) PAR 

f• FORMOSA G. (HYMENOPT., APHELINIDAE) EN SERRES D'AUBERGINE. 

Mots-cles 

par 

ONILLON J.c., ONILLON J. et DI PIETRO J.P. 

Station de Zoologie et de Lutte Biologique 

C.R.A. de Provence - 06602 ANTIBES.-

oOo 

aub~rgine, surface fol'iaire, T. vaporariorum, E. formosa, 

controle bio_logique. 

62 

Lorsque l'on examine la litterature concernant l'utilisation d'Encarsia 

formosa pour le controle de l'aleurode des serres, Trialeurodes vaporariorum, l'on 

est assez etonne de lire que dans la partie relative aux donnees pratiques d'emploi 

de l'entomophage, l'inoculum, ou la quantite d'auxiliaires ä liberer, n'est reliee 

qu'aux parametres "plant" ou "unite de surface de plantation" sans que le vegetal 

support biologique normal du ravageur, soit pris en consideration. C' est ainsi que 

des 1938, MAC LEOD proposait un lacher de 10 parasites/~2. Plus recemment HUSS~Y et 

al. (1969) estiment que 20 parasites/m2 suffisent ä maintenir 'les populations 

d'aleurodes en dessous d'un seuil co~rcialement acceptable. 

Or sans conteste la plante hote, tant par les alterations possibles du 

potentiel biotique du ravageur (augmentation de la fecondite, mortalite differen­

tielle, reduction de la duree de developpement, ... ). que par les modifications 

offertes en ressources disponibles, joue un role fondamental dans l'evolution du 

couple aleurode-parasite. Si les perturbations apportees par le vegetal sur la 

physiologie du ravageur restent encore ä preciser, l'on peut penser que la plante 

hote, et par l'evolution de la surface foliaire globale et par le nombre de feuilles 

presentes ä la plantation, de 2-3 pour la tomate ä 6-8 pour l'aubergine, et ulterieu­

rement durant toute la periode d'evolution de la culture, es t responsable d'une 

grande variabilite dans les densites observees ä partir d'une meme population de 

l'hote. 

1 
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Deux observations majeures peuvent d'ailleurs etre faites concernant 

les dispositifs associes a l'utilisation d'!· formosa dans les serres de cultures 

maraicheres. En premier lieu ii semble delicat pour ne pas dire impossible de faire 

admettre, au niveau du praticien, la notion de "pest in first", difficulte deja 

signalee par WOETS (1973) sur le plan de l'adaptation psychologique d'une telle 

methode dans le domaine de l'application et de la vulgarisation, l'amplitude des 

temperatures observees dans nos regions meridionales etant .d'ailleurs par trop 

favorables au developpement de ce ravageur. 

Enfin l'on peut se demander la signification et 1a portee d'introductions 

suivies pendant plusieurs generations du ravageur. S'il est sounne toute logique 

de proceder a une cascade d'introductions d'!· formosa a l'interieur d'une meme 

generation de!· vaporariorum de fa~on a maintenir la presence de l'entomophage en 

face des differents stades sensibles du phytophage, l'on peut se demander quel sera 

l'impact des introductions d'Encarsia lors des generations ulterieures de l'aleurode 

alors que le parasite est deja largement present et efficace dans la culture. Le 

fait d'apporter de nouveau le parasite dans un rapport de 1/50 ou 1/100 vis- a- vis 

de la populati on parasitaire presente, represente-t-il un acquit si important? 

Ces divers points precedemment souleves nous ont amene a tenter une 

approche differente du probleme pose par le controle de Trialeurodes vaporariorum 

au moyen d'Encarsia formosa en tenant campte de l'etat phenologique, de la recepti­

vite et de la croissance de la plante hote d'une part et du rapport des forces des. 

deux antagonistes en presence d'autre part. ' . 

C' est ainsi qu'est esquissee la definition du nombre optimum de parasites 

a liberer en fonction d'une population imaginale (stade reconnaissable par le 

praticien) connue, les larves sensibles au parasite etant par ailleurs correlees 

aux adultes presents trois semaines plus tot sur la culture . 
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I - METHODES UTILISEES 

Elles dependent tout a la fois du choix de la plante et de son type de 

culture et des caracteristiques du developpement du couple phytophage - entomophage. 

1. Choix de la plante-hote 

Des essais preliminaires, realises en 1974 dans les serres de la Station 

d'Antibes, joints a des observations effectuees chez des serristes, avaient montre 

que dans la liste des plantes maraicheres cultivees en serre (concombre, tomate, 

poivron, aubergine, ••. ) et susceptibles de subir des dommages imputables a 
!· vaporariorum, l'on pouvait retenir dans un premier classement, · et sans que 

soient connues les raisons profondes dependant de l'impact de la physiologie et de 

la biochimie du vegetal sur l'expression du potentiel biotique de l'aleurode 

Aubergine 

Concombre 

Tomate 

Poivron 

tres sensible. 

sensible. 

sensible a tolerante selon la variete 

peu sensible a resistant. 

L' aubergine (Solanum melongena) a donc ete choisie en tant que plante 

test susceptible de presenter une exacerbation des degats imputables a l 'aleur.ode. 

La variete "Bonica", hybride Fl d'obtention I.N.R.A. est une plante demi-haute, a 
port legerement retombant. 

2. Type de culture et mode de conduite 

·Hormis le poivron qui en serre est maintenu par la taille avec la forme 

grassiere d'un gabelet , tomate et concombre sont palisses et conduits sur un bras. 

11 etait donc interessant de tester sur aubergine un type de conduite mis au point 

par l'I.N.V.U.F.L.E.C. x (ODET, 1973) et qui permettait de relier l'evol ution 

phenologique classique des plantes les plus couramment attaquees par l'aleurode 

(tomate, concombre) a la contamination de ce dernier qui se realise par niveaux 

regroupant de 4 a 6 feuilles. 

Le principe de la conduite a 1 bras est schematise dans le graphique n° 1, 

chaque rameau secondaire etant pince apres la premiere feuille suivant le second 

bouquet floral . Le bras principal est ecime a 1,80 m. 

x I.N.V.U.F. L.E.C. Institut National de Vulgarisation pour les Fruits, Legumes 

et Champignons 30. BALANDRAN. 
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Les 200 plants d'aubergine ont ete plantes le 18/3/1975 dans une serre 

vitree de 120 m2 sur 4 lignes espacees de 1,10 meta 0,37 m sur la ligne donnant 

une densite de 2,5 plant au m2, soit la densite commerciale usuelle. 

3. Mode de contamination par le ravageur 

Le plus souvent les jeunes plants sont contamines par l'aleurode en 

pepiniere. Afin de pouvoir disposer d'une population imaginale connue et definie 

du ravageur, la contamination a ete realisee artificiellell)ent le 8 avril a raison 

de 16 adultes par plant soit 8 femelles (le sex-ratio etant presume etre de 1: 1) 

Cette densite, d'adultes de T. vaporariorum, elevee, est superieure a ce que l'on 

p.eut observer couramment en avril-mai dans les serres d' aubergine et de concombre 

dans le Sud-Est de la France. 

4. Mode d'utilisation d'Encarsia formosa 

Le rapport hote-parasite defini pour cette etude etant de 1 adulte du 

parasite pour 1 adulte de l'aleurode, 3.500 Encarsia ont ete liberes en 3 fois les 

2,6 et 13 mai, la population de l'aleurode etant representee essentiellement par 

les larves du troisieme et quatrieme stades. 

5. Estimation des populations de T. vaporariorum et d'!.:._ formosa 

Nous avons defini co11111e niveau foliaire d'infestation a une date do~nee, 

l'ensemble des feuilles presentant a cette date les memes caracteristiques physio­

logiques qui determinent preferentiellement la presence d'un Stade de developpement 

du ravageur (fig. 2). 

En effet les adultes de l'aleurode s'installent preferentiellement sur 

les jeunes feuilles . On peut donc considerer l'ensemble de ces feuilles coume un 

niveau spatial d' infestation parfaitement defini et portant par 1-a. suite et a une 

date donnee, sensiblement le meme stade du ravageur. 

Les comptages hebdomadaires sur les 8 plants d'echantillonnage ont permis 

de regrouper les t ·euilles oii 1 'apparition des larves du quatrieme stade a ete cons­

tatee pour une semaine donnee, en niveau foliaire defini pour cette semaine. Sur les 

feuilles constitutives du niveau foliaire ont ete notes les adultes, les larves du 

quatrieme stade non parasitees et celles presentant visuellement une trace du para­

s i tisme (larves noires et trous de sortie). 



AUIIIIGINI EN KIIRI: 
- ,r1nc1pe de a. , .. 11. i un l:lrH 
-Notation IIU fiM,IU•• 

Figure 1 Schema du principe de 
taille a un bras. 

- 142 -

EVOLUTtON O'UN PLANT MOYEN O'AUBEAGINE 
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Figure 3: Evolution de la surface 
foliaire d ' un plant moyen 
de Bonica. 

.,. 

Figure 2 Evolution d'un plant moyen de Bonica et determination des 
niveaux d'implantation. 
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II - RESULTATS 

1. Estimation de la croissance du vegetal 

Afin de pouvoir etudier simultanement l'evolution des populations de 

l'aleurode et de son parasite, soit par feuille, soit par densite sur les niveaux 

foliaires determines, la formule de la surface foliaire de 1' aubergine, variete 

"Bonica" a ete etablie suivant une methode precedemment definie (ONILLON et al, 1971) 

pour des feuilles de Citrus . Les donnees relatives aux mesures de 200 feuilles 

d'aubergine prises.au hasard, ont ete soumises a une analyse de regression loga­

rithmique et ont donne les resultats suivants 

S = 0,64379 a 1,2246 b o, 7739 

ou S est la surface calculee en cm2, a et b respectivement les plus grandes lon­

gueur et largeur du limbe exprimees en cm (ecart type residuel (Jr • 0,207 coeffi­

cient de correlation multiple R = 0,981). 

Pour chacun des 8 plants d'aubergine reserves a l'etude ~omplete de la 

dynamique de la croissance de la plante-hote, toutes les feuilles ont ete mesurees 

chaque semaine, permettant outre l'estimation de la loi de croissance de l a surface 

contaminable en relation avec la temperature qui fera l'objet d'une publication 

ulterieure, la determination de la surface foliaire de chaque niveau et l'evolution 

de la surface moyenne d'un plant moyen d'aubergine. 

Le tableau I permet de suivre l' evolution de la surface foliaire de ·chaque 

niveau considere et la surface moyenne d'une feuille: 

Dates 29/4 6/5 13/5 2 1/5 27/5 2/6 9/6 

Surface foliaire du 2400 1270 1634 2 189 1829 1295 786 
niveau (cm2) 

Nbre de 
niveau 

Surface 
feuille 

feuilles/ 
4 4 5 6 6 5 3 

moyenne d'une 600 317,5 326,8 364,8 304,8 259 262 
(cm2) 

Tableau I: Evolution des surfaces moyennes d'un niveau foliaire et d'une feuille. 

L'on peut r emarquer qu'a l a fin avril, l es feuilles constitutives du 

premier niveau foliaire sont grandes (600 cm2 en moyenne) et sont localisees sur 

le rameau principal de part et d'autre de la premiere fleur (feuille -2 , - 1, 0 et l 

du graphique n° 1). 
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EVOLUTION DES POPULATIONS DES DEUX 
ANTAGONISTES PAR NIVEAUX 

Milllers 
d'lndividua 
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Figure 4 Evolution des populations des deux antagonistes 
par niveaux . 
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Pendant toute la duree du mois de mai, la surface moyenne des feuilles 

constitutives des niveaux successifs reste constante et comprend sur les 4,5 ou 

6 feuilles presentes, deux feui lles portees par le rameau principal, les autres 

etant portees par les rameaux secondaires. En fin debut juin et pendant le reste 

de (a culture, la surface des feuilles demeure plus faible et se stabilise aux 

environs de 240 a 260 cm2. 

Le graphique n° 3 representant l'evolution de la surface foliaire globale 

d'un plant moyen de "Bonica" montre un schema de croissance classique ayant l'allure 

d'une sigmoide jusqu'au debut juin. A cette date une decroissance rapide est observee 

imputable au fait que les plants sont eclaircis et que les feuilles de la base du 

plant sont eliminees. Parallele~ent a nombre egal de feuilles formees, la surface 

moyenne des jeunes feuilles diminue ayant pour consequence, non plus une conservation 

du stock foliaire mais une diminution de la surface totale. Nous verrons plus loin 

l'importance de cette diminution de la surface contaminable, donc des ressources 

disponibles, sur l'exteriorisation des degats de T. vaporariorum. 

2. Evolution des populations de!· vaporariorum 

Nous ne mentionnerons ici que les resultats relatifs aux larves du dernier 

stade du ravageur susceptibles de presenter, a l'observation visuelle, l'activite 

du parasite. La distribution spatio-temporelle des adultes de.!'.· vaporariorum en 

relation avec leur localisation preferentielle et l'evolution des plants d'aubergine 

fera l'objet d'une note ulterieure (ONILLON et al., 1976). 

Cependant il est bon de noter pour la determination ulterieure du niveau 

des feuilles susceptibles d'abriter des larves receptives pour Encarsia, que 2 jours 

apres la contamination homogene par les 3.200 adultes de.!'.· vaporariorum, 86 % des 

adultes etaient presents sur les feuilles de rang -1, 0 et 1. Le 15 avril 83,3 % 

de la population imaginale etait retrouvee sur les feuilles O, 1 et 2 du rameau 

principal et sur les feuilles 01 et 02 du premier rameau secondaire. Enfin le 22 

avril, soit quinze jours apres le lacher initial du ravageur, 76,1 % de la populaticn 

adulte de l'aleu~ode etaient presents sur les feuilles 3,4,5 et 6 du rameau principal 

et 03, 04 du meme premier rameau secondaire. 
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Ainsi donc pendant la duree du premier vol d'adultes qui a dure deux 

semaines, le ravageur, en colonisant les jeunes feuilles constituant les sites 

preferentiels de ponte, s'est adapte a la dynamique de la plante-hote creant 

ainsi ses niveaux d'infestation. Aux adultes observes le 10 avril sur les feuilles 

- 1,0 et 1 du premier niveau foliaire correspondent les larves du quatrieme stade 

(L4) de l'aleurode notees le 29 avril. Les totaux des L4/plant moyen, pour une 

semaine doDI1ee, tels qu'ils sont figures dans le tableau 2 out ete calcules en 

effectuant la soume du maximum des L4 comptees sur les feuilles appartenant au 

niveau foliaire determine pour cette semaine sur 8 plants du 29/4 a" 13/5 et sur 

4 plants ulterieurement. L'augmentation du temps de comptage ·sur place en relation 

a~ec la croissance des populations· presentes a conduit a une reduction du nombre de 

pieds d'echantillonnage. 

L'ex8)1l!!n des donnees incluses dans le tableau 2 et le graphique 4 montre 

une certaine stabilite du nombre de larves sur les deux premiers niveaux avant 

l'augmentation spectaculaire qui deb~te . le 13 mai. 

Dates 29/4 6/5 13/5 20/5 27/5 3/6 9/6 

de L4/niveau 926 464 1073 5619 8402 12.569 13.690 plant moyen 

Densit.es de L4/dm2 38,05 23,8 67 270,8 457,7 970,3 1. 754 

Tableau II Evolution du nombre total de L4 (parasitees et non parasitees) 

par niveau. 

Cette croissance exponentielle des populations de l'aleurode qui s'amorc;ait 

se ralentit a la mi-juin du fait de la reduction de la surface foliaire disponible 

conduisant a une surpopulation et une· mortalite preferentielle des jeunes stades 

de l'aleurode pour la possession de l'espace vital. 

Parallel~nt si l'on se refere aux consequences logiques que de telles 

infestations sont susceptibles d'amener sur l'aspect sanitaire de la culture et 

sur une alteration qualitative de la r ecolte, l'on s'aperc;oit que l'apparition de 

miellat sur les feuilies le 20 mai correspond a des densites de l'ordre de 250 

· L4/dm2 et que l'apparition de miellat et de fumagine sur fruits est notee le 3 juin 

avec 950 L4/dm2 lorsque l'arret de la croissance de la surface foliaire ne permet 

plus de compenser la croissance exponentielle des populations du ravageur. 
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3. Evolution des populations d'Encarsia et du controle exerce sur 

l'aleurode . 

Nous avons vu precedenment que le parasite Encarsia formosa avait ete 

libere sur les larves receptives dans un rapport tres voisin de 1: l vis-ä-vis 

de la population imaginale du ravageur observe trois semaines plus tot. 

Les premieres pupes noires apparaissent fin avril avec un taux de para­

sitisme tres faible de l'ordre de 4 %. Puis sur les niveaux successifs, il se 

stabilise aux alentours de 20 % pendant deux semaines. Par la suite jusqu'au 

debut juin, les taux de parasitisme observes oscillent (tableau III) aux environs 

de 30 %. 11 est bon de remarquer que pendant taute la duree du maintien du para­

sitisme a un taux constant, soit deux semaines a 20 % et trois semaines a 30 %, 

le nombre de pupes noires a ete multiplie par 2,5 attestant d'une presence et 

d'une multiplication notables de l'entomophage sur chacun des niveaux successifs. 

Dates 29/4 6/ 5 13/5 20/5 27/5 3/6 9/6 

de L4 para- . 
sitees par niveau/ 36 100 254 1778 2540 3910 6775 
plant moyen 

% de parasitisme 3,90 21,55 22,86 31,64 30,23 31,12 49,5 

Tableau III Evolution du taux de parasitisme et du nombre de L4 parasitees sur un 

plant moyen. 

Jusqu'au niveau foliaire defini pour la semaine du 27/5, le parasitisme 

maximal a ete observe environ 2 a 3 semaines apres l'apparition des larves du 

quatrieme stade de l'aleurode. 

Par contre au 9 juin, le taux de parasitisme atteint 50 % alors que le 

nombre de 14 par niveau sur un plant moyen ne semble plus evoluer (tableau II) 

L' evolution des populations (telle qu'elle est presentee sur le graphique ~ est 

symptomatique a cet egard. La population d'Encarsia formosa presente dans la culture 

est importante mais elle ne suffit pas a controler les populations de l'aleurode 

dont le principal facteur de regulation est represente en l'occurence par la limi­

tation de la surface contaminable. 
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A partir de l'instant ou le stock foliaire tend a rester constant, 

voire a diminuer, la population d'Encarsia formosa est susceptible de controler 

le ravageur con:me le temoigne la chute du nombre de L4 amorcee des le debut juin. 

III - DISCUSSIONS ET CONCLUSIONS 

Dans l'optique ou nous nous etions places d'essayer de definir un 

rapport optimal entre une population d'adultes de.!_. vaporariorum presente sur 

aubergine et la population d'!· formosa a liberer deux a trois semaines plus tard, 

un certain nombre de faits peuvent etre avances: 

- le rapport des forces en presence des deux antagonistes (1: 1) campte 

tenu de la dose de l'inoculum du ravageur, n'a pas permis d'obtenir un controle 

complet des populations de l'aleurode, 4·recoltes sur 13 ayant presente sur fruits 

des depots plus ou moins importants de fumagine. En face d'une population elevee 

du ravageur, le rapport 1: 1 n'est pas suffisant pour une culture d'aubergine, 

- campte tenu de l'evolubion et de l'importance de la population parasi­

taire presente des la finde la premiere generation de l ' entomophage, des lachers 

ulterieurs d'!· ~ ne semblent passe justifier . 

- la plante-hote joue un role essentiel dans l'ev.olution du couple 

aleurode-parasite. Des densites relativement elevees de larves du ravageur peuvent 

etre supportees par le vegetal sans impact immediat sur l'evolution phenologique 

de l'aubergine et sur la recolte. D'autre part l'exteriorisation des degats, depot 

de miellat et developpement de la fumagine, ne se realise que lorsqu'il y a un 

ralentissement ou une diminution de la surface foliaire contaminable par le ravageur. 

Si les techniques utilisees, tant dans la condui t e de la culture que 

dans la definition des niveaux d'infestation, ont donne taute satisfaction et sont 

susceptibles d'etre etendues a d'autres cultures marai~heres, il semble que l e taux 

de parasitisme tel qu'il a ete calcule et observe dans les differents niveaux 

ne soit pas un reflet exact de l'activite d'!· formosa, En effet, il s'agit du taux 

de parasitisme apparent, c'est-a-di re de la prise en consideration des pupes noires 

parasitees . Du fait de l'heterogeneite de la population en stades sensibles a 

Encarsia, il n'a pas ete tenu campte des larves des divers stades de l'aleurode 

susceptibles d'abriter des oeufs ou des larves de l'auxiliaire . Le taux de para­

sitisme observe l'est donc par defaut. 
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Du fait de ces remarques et des resultats acquis dans l'etude de la 

dynamique des trois elements de l'ecosysteme, aubergine - aleurode - parasite, 

il semble que des resultats interessants soient susceptibles d'etre obtenus . 
dans le controle de T. vaporariorum par !· formosa en definissant un rapport 

du nombre de parasites a liberer en fonction d'une population connue du ravageur. 

Ce rapport, dans notre esprit, devrait etre fonction de la densite initiale du 

ravageur et de la nature de la culture ä proteger et c'est dans cette voie que 

s'orientent a l'heure actuelle nos recherches. 
''-'1 

RESUME 

Pour controler les populations de T. vaporariorum sur aubergine 

l' ut ilisation d '!· formosa est envisagee en liberant l'auxiliaire sur les stades 

sensibles du ravageur dans un rapport defini, fonction de la population imaginale 

du ravageur. Le rapport d'un adulte du parasite pour un adulte de l'aleurode est 

insuffisant pour assurer un controle biologique complet sur aubergine compte tenu 

de l'infestation initiale. 

Les seuils de nuisibilite de l'aleurode, avec apparition des degats 

miellat et fumagine, sont esquisses . 

La formule de la surface foliaire de l'aubergine, variete "Bonica" 

est d~nnee ainsi que l'evolution de la surface contaminable par le ravageur. 
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THE PARASITE-HOST RELATIONSHIP BETWEEN ~NCARSIA FORMOSA (HYMENOPTERA: 

APHELINIDAE) AND TRIALEURODES VAPORARIORUM (HOMOPTERA: ALEYRODIDAE). 

VI. The influence of the host plant on the greenhouse white fly and its 

parasite Encarsia formosa . 

. J. Woets, Glasshouse Crop Research and Experiment Station, Naaldwijk, 

The Netherlands 

J.C. van Lenteren, Department of Animal Ecology, University of Leiden, 

The Netherlands 

Introductions of Encarsia formosa Gahan to control the greenhouse 

white fly (Trialeurodes vaporariorum (Westwood)) in crops in Dutch glass­

houses gave highly different results . Observations in practice as well as 

experimental data generated the assumption that differences in host plant 

quality influencing developmental rate of the white fly, and differences in 

the structure of the leaf surface of the plants influencing parasitization 

efficiency of the wasp, are the main factors affecting the outcome of the 

control measures. The differences in the degree of success are summarized 

below: 
T. vaporariorum E. formosa 

(developmental (parasitization control 
rate) efficiency) success 

eggplant (aubergine) (E) + + + + 

cucumber (C) + 

tomato (T) + + + 

paprika (sweet pepper) (P) + not necessary 

+ fast (developmental rate) , or high (parasitization efficiency), or good 

(control success). 

2 3 5.· --
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J. Relation T. vaporariorum - different host-plant species 

host-plant selection* 

Flight experiments were done in a vertical flight chamber in which white 

flies can be kept flying towards an overhead light with the aid of an opposing 

down current of air (see Kennedy & Fosbrooke, 1972). 

Firstly, the two most extreme host plants as regards suitability for white 

fly development and mortality, i.e. eggplant and paprika, were offered to the 

flies. Results are shown in Fig. J. There is no significant difference in number 

of landings on the two host plants. The same result was obtained at s'imilar 

experiments dorte in a perspex cylinder (~ II cm, height c . 20 cm), see Fig. 2. 

In the flight chamber we also tested the reaction of the white flies to a 

paprika leaf and an artificial leaf of the same surface area and shape. Again 

no preference was measured (Fig. 3). 

Finally, the four different host plants were offered simultaneously to the 

flies. Although there seems tobe a trend from eggplant to paprika in numbers 

of white flies landed, there is no s i gnificant difference (Fig. 4). Of course, 

more t ests need tobe done but up till now we cannot say that the host plant 

species accepted for oviposition or feeding is chosen before landing. 

A second series of experiments in which we offered isolated leaves of the 

different host plants to one T. vaporariorum female revealed that (Fig. 5) on 

a "bad" host plant (e.g. paprika): 

- the number of take-offs is higher. 

- the percentage time of the total ~bservat{on period spent on the leaf is 

lower 

- and the number of position changes by the white flies on the,leaf is higher 

than on a "good" host plant (e.g. eggplant). (About 20 females were tested per 

host plant during c. 7 hours.) 

* All experiments were done with white fly ·adults, reared as larvae on tomato, 
and maximally half a day after hatching. 
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On the basis of these results we may state that it is only after landing on 

a plant that T . vaporariorum detects whether it i s a suitable host plant or not. 

A third series of experiments where white flies were released to the four 

host-plants species in an insect cage showed that after an hour most white flies 

were present on eggplant, the next highest number of cucwnber , followed by tomato 

and fina lly paprika. This dis tribution pattern is caused by the fact that after 

a presumed i nitial random distribution over t he four hast plants the white f lies 

take-off from same host plants (tomato and paprika) and stay feeding and oviposi­

ting on others (eggplant and cucumber) . 

life span 

At 22°c the following mean life span data have been abtained (number of flies 

tested on each hast-plant species : 20-40) (see Fig. 6): 

99 (reared on tamato) 

fecundity (see a lso Fig. 7) 

E C T 

28.0 21.J 20.4 

p 

4.8 

Average numbe r of eggs per female per day (22°c) (number a f flies tested on 

each hast- plant s pecies : 20-40): 

99 (reared on tamato) 

f 
10.J 

C 

8.3 

T 

4.7 

p 

0.7 

average egg praduction pe r female during whole life span (22°C) (number of flies 

tested on each has t-plant species: 20-40): 

99 (reared on tamato) 

developmenta l period 

E C T 

285 .8 175.0 94.4 

p 

3. 1 

Average life s pan af the different deve lopmenta l stages (22-23aC) in days 

(no. of eggs at the start on each host-plant species: c. 400) : 



plant 

E 

C 

T 

p 

egg 

8 

8 

8 

8 

II 

4 

4 

6 

6.5 

12 

1.5 

2,5 -' 

2 

3. 5 
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13 

2.5 

2.5 

3 

4 

14 

4 

4 

4 

4 

p 

5 

5 

5 

4 

mortality (as percentage from the initial number of eggs) 

total 

25 

26 

28 

30 

Average mortality of the different developmental stages calculated as the 

ratio of the initial no. of animals of a certain stage and the no •. that died 

during that stage (c, 25°C): 

total mortali-
ty as % . of the 

plant egg (n) II 12 13 14 p initial number 
of eggs 

E 4.2 (192) 2.2 2.8 8,9 

C 5,4 ( 167) 3.2 J.3 J.3 10. 8 

T 6.3 (161) 9.9 2.2 1. 5 0.8 2.3 21. 1 

p 12.0 (145) 72 . 7 45.7 15.8 18. 8 15.4 92.4 

conclusion 

The higher the number of white flies counted on a host plant after some time 

(in decreasing rate: eggplant, cucumber, tomato, paprika), the higher the total 

number of eggs laid per female, the higher th~ oviposition frequency, the longer 

the life span of the females, the shorter the complete developmental period, and 

the lower the mortality, 

Thus host-plant ~election in the white fly must have a biological significance: 

the more often a ho.st plant is chosen, the better is its quality to the white fly. 
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2. Relation Encarsia formosa - Trialeurodes vaporariorum - different hast-plant 

species (eggplant- cucumber - tomato - paprika) 

host-habitat searching 

E. formosa does not show a clear preference to plant species offered to it. 

Fig. 8 shows the choice of 293 wasps for cucumber, tomato, papri ka and bean. 

However, the wasp does clearly prefer plants infested with white flies above 

' non-infested plants. In an experiment i n which 100 wasps were tes t e d individual-

ly, 90 went immediately to infested and 10 to uninfested leaves. 

host searching 

As soon as a p.arasite arrives a t the underside of a leaf with hosts it starts 

to drum with its antennae on the l eaf s urface . Searching is not directed towards 

l arvae of certain stages especially suitable for,avipositian: the wasp walks 

in a randam way. The probability of encauntering a hast is equal ta the propor­

tion of outline of that particular hast to the summed autlines of all hosts 

present on the leaf part (Fig. 9, for details see Van Lenteren et al., 1976a) . 

hast selection 

After the wasp has f ound a hast , she will examine it with her antennae. The 

antennal t es t may result either in rejection (in which case the wasps walk away 

from the host) or in pravisional acceptance. Then the oviposi tor is s tung through 

the cuticle of the hos t. The parasite apparently again tests the s uitability of 

the hos t , because i n a number of cases the ovipositor is withdrawn before an 

ovipasition t akes place. Oviposition postures lasting langer than 100 seconds 

resulted predominantly in actual egg deposition. Fig. 10 shows that first and 

second instar larvae and the pupae are rejected very frequently for oviposition. 

Instar 3 and 4 and pr epupae are stages selected for oviposition. 

The biological meaning of 4il'his has t selection might be t hat the most preferred 

stages produce the highest per centage offspring for a certai n number of eggs l aid 

in them, When firs t and second instar larvae are parasitized, hast and parasites 
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die prematurely. Oviposition in pupae does not. result in parasites either 

(for details see Nell et al., 1976). 

host discrimination 

Analysis of the oviposition behaviour of the wasp towards unparasitized 

and parasitized host larvae showed that she is able to discriminate between 

these two groups (for details see Van Lenteren, 1976b). She avoids to ovipo­

sit in the parasitized hosts. Rejection of a parasitized host takes place 

after the wasp examines the host with her antennae and sometimes after exami­

nation with her ovipositor. The percentage rejection of unparasitized and 

parasitized hosts is shown in Fig. II. Almost all hosts are rejected for ovi­

position after a first egg has been laid in them. After all hosts on a certain 

leaf part are parasitized, the wasps leave the site. This relation between host 

discrimination and tendency to migrate is very important for the population 

development of both host and parasite, see Van Lenteren et al. (1976c). When 

the wasp does not have the opportunity to leave, she will eventually superpara­

sitize some hosts. 

life span, fertility and oviposition frequency of E. formosa 

The life span of the wasp was not studied by us up till .now, literature 

data say it tobe about 20 days. 

A wasp is able to oviposit at least 73 times (the highest number of ovipo­

sitions we observed during direct observatiorrs). Extensive quanti tative data 

are not available. 

Oviposition frequency of E. formosa depends strongly on leaf structure. 

Under identical abiotic conditions and when density of host and parasite is the 

same, the oviposition frequency on tomato leaves is about 1.2 to 2 times as high 

as on cucumber leaves. The differ ences causing this will be dealt with below. 

rate of development of E. f ormosa 

The rate of development is equal for wasps developing in hosts on the four 

' 



- 157 -

plant species and .amounts about 15 days at 25°c. At t-emperatures below 1s0 c the 

development of the wasps takes more time than that of its hosts; above 18°c 'the 

wasp develops faster than the white fly. 

mortality of E. formosa 

The mortality of E. formosa has not yet been analysed quantitatively; pupal 

mortality is found tobe very low. 

influence of host quality on the development of E. formosa 

Because differences in size were observed between white fly pupae cultured 

on different host plants, we thought that this might result in differences in 

wasp quality too. We did not study this up till now. 

3. Differences in success of control (see also Woets, 1973) 

During the r esearch just described we found that a combination of factors i s 

responsible for the differences in control success on the various host plants : 

a. causes for the good control on tomatoes 

Tomato is a r ather bad hos t plant for the white fly compared with egg­

plant and cucumber. Life span is r e latively short, total number of oviposi­

tions, ovipos ition frequency and rate of development is low, larval mortality 

is rather high. 

To the wasps, on the other hand, t his plant presents a rather good "working 

surface". Neither the small hairs nor the type of ve~ation hamper the wasps 

serious l y when searchi ng for hosts . Furthermore, E. formosa shows a strong 

functional response: to white fly in toma to cultures the percentage parasi­

tization increases with increasing white fly density. The parasite is able to 

control the white fly satisfactorily. 

b. causes for the bad control on cucuniber 

Although the English wor ker s on this problem mention good control possibi~ 

lities of white fly in cucumbers, our efforts to this end failed (see Hussey 
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and Bravenboer, 1971; Gould et al., 1975). 

As compared with the situation on tomato as host plant all the measured 

properties of the white flies are more positive on cucumber (long life span, 

high total number of ovipositions, oviposition frequency and rate of 

development, ·and low larval mortality) . Hence, on cucumber population growth 

of white fly is very fast. 

This alone already causes an important difference in control possibilities. 
areJ 

Moreover, some other factors which(unfavourable to the parasite, play a role . 

The parasitization efficiency of E. formosa on cucumber leaves is much 

lower than on tomato leaves because : 

- the wasp is strongly hampered by the retiform venation and by the relative 

large hairs (walking speed on cucumber is about half of that on tomato: 

3.3 UE1/sec versus 5.9 UE1/sec), so much so that the ·probability to meet 

hosts is much lower on cucumber; 

- the wasp spends more time in _preening her body, which becomes dirty from 

honeydew present up on the long hairs. Wasps on cucumber spent 207. of 

their time in preening, those on tomato only 107.. 

The wasps do not show a s trong functiona l response: t he percentage parasi­

tization decreases slightly with increasing white fly density. This is cer­

tainly paitly caused by the increasing amount of honeydew present on the 

leaves, as a result of which the percentage time spent in preening increases. 

c. causes for the moderate control on eggplant 

The fact that control on eggplant is better than on cucumber seems tobe 

unexpected at first sight because the conditions for the white fly are even 

better than on cucumber. However, on eggplant the wasp is less hampered in 

its locomotion (walking speed is high~r and percentage time spent in preening 

is lower). 

Still, for a sufficient control, many more parasites have tobe intro­

düced on eggplant (14 wasps per plant, instead of 5 on tomato), and it is not 

always possible to control the white flies biologically during the whole 



- 159 -

growing season. 

d. causes for the sufficient cantrol on paprika 

Incidentally white fly has tobe controlled on paprika. A good success 

is easily obtained because: 

paprika is a very bad host plant for the white fly 

- conditions for the parasite are rather good, the leaves are smooth, so the 

wasp is- hardly hampered by obstacles. So parasitization efficiency is , 

therefore, high. 
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Fig. 1. No. of first landings by white flies on leaves of eggplant (E) and 

paprika (P) in a vertical wind tunnel . 

Fig. 2. No. of first landings by white flies on leaves of eggplant (E) and 

paprika (P) in a perspex cylinder. 
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Fi g. 3. No. of first landings by white flies on leaves of paprika (P) and an 

artifical l eaf (A :L.) i n a ver tical wind tunnel. 

Fig. 4. No. of first landings by white flies on leaves of eggplant (E), cucumber 

(C) , tomato (T) and .paprika (P) in a vertical wind tunnel. 
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Fig . 9, Relation between percentage outline of a particular host stage of ~. vapo­

rariorum and the percentage encounters wit h it by E. formosa 
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THE PARASITF.-Hosr RELATIOOSHIP BEI'WEEll' ffiCARSIA FORMOSA GAH.AN (HYMmOPl':IBA: 
APHELINIDAE) AND TRIALEURODES V APOR.ARIORUM WESTWOOD ( HOMOPl':IBA:ALEYRODIDAE) 

TIIE IMPORTANCE OF HOffi'FEEDING AS A MORTALITY FACTOR IN OREEJIHOUSE WHITEFLY NYMPHS 

by 

J.J.M. VAN ALPHEN, H.W. NELL, L.A. SEVmSTER-VAN DER LELIE 

Department of Animal Ecology, University of Leiden, The Netherlands 

Ingesting t he bodyfluids of a host 1 through a hole which is made wit h the ovipositor, 

is a canmon habit in many hymenopterous parasites. 

Brac;onids as in the Ichneumonids ( De Bach, 1974). 

lt occurs a l so in the Chalcids, t he 

Hostfeeding in an Encarsia epeciee was firet mentioned by Stfiben (1949), when she 

described the behaviour of Encarsia tricolor Fllreter feeding on ite host, Aleyrodes 

pr olet ella L. 

Although research on Encarsia f onnoea ie carried out eince 1927, it was not until 

1966 that hostfeeding was observed. 

Gerling ( 1966) describes the hoetfeeding behaviour of protein starved fanal ee of 

~careia fonnosa on pupae of Trialeurodee vaporariorum, but does not gi ve evidence t hat 

hostfeeding is a frequent l y occurring habi t under more natural condi tions. 

Burnett (1962) s treesed the occurrence of an important mortality of host larvae 

caueed by Epcarsia fonnosa, additionally to the mortality caused by parasitism. By t hen 

he did not know that hostfeeding was one of the causes of thie mortality end etated 

"llostfeeding by adult par&Ri tes of Encarsia fonnoea has never been observed". Two yeare 

late7, he writee (Burnett, 1964): "In the preeent experiments, only about one dozen adulte 

of Encarsia fonnoea wer e ~beerved feeding on host larvae and theee may have b een f eeding on 

honeydew. In spite of considerable effort, the mechanism whereby adult parasitee either 

kill or parasitize larvae of T . vaporariorum has not been d etennined". Ironically h e had 

already obeerved hoetf eeding i n 1943 , but had misinterpreted the behaviour as a poseible 

mechanism for host diecrimination: "A fanale parasi te was obeerved feeding on a scale at a 

point were i t bad just laid an eggend it ie poseible that the hoetfluid on the surface of 

the whitefly may be of sane aseietance to the adult parasite in detennining the suitability 

of the host" ( Burnett, 194 3) • 
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The question srose if hoatfeeding was an important cause of the nymphal mortality, 

Nymphal mortality in the greehouse whitefly, caused by E, formosa, may have different causes: 

a, The hostlsrvae die from injury caused by the ovipositor, This may happen 

with small larvae after normal oviposition behaviour of the parasite, or 

may be the result of repeated stinging by "inexperienced" parasites, 

b, The nymph is killed by the larval parasite, whioh has also died before 

maturation, 

c, The nymph has died as a coneequence of hostfeeding, 

To determine the importance of hostfeeding as a cause of the nymphal mortality, 

direct observations of the adult wasps are necessary, 

Materials and methoda 

.. ...... 

The hostplants, The tanato ( strain Moneyder) and cucumberplants ( strain Sporu) were grown 

in roans with direct sunlight at about 20°c, 

The hosts, One roan was used to multiply T, vaporariorum. Before an experiment was 

started a leaf wi th the required hoat stages was selected and removed fran the plant, 

The parasitea, In another room T, vaporariorum and E, formoaa were multiplied on host 

plante on which all host stages were continuously available, When it was necessary to 

know the age of the parasites exactly, the leaves with the black {parasitized) pupae were 

gathered and isolated in glase vials. The vials were placed at 25°c and inspected a few 

times a day, If P&I'.&Si tes had emerged, they were put in a vial in which a leaf wi th sane 

unparasitized host larvae was preaent, so they could feed and parasitize, At least 12 hours 

before an e.xperiment, about three unparasi tized host larvae were offered to E, formoaa, 

Thia procedure was developed to ensure that the wasp starte to parasitize at once if a fresh 

leaf with hosta is presented in the experiment. The age of the femalea at the start of an 

experiment varied between one and ten daya, The data used in this paper originated from 

163 hours of observation with 25 different femalea, 

The aet up of the ezperiments, If we want to study the behaviour of E, formosa under 

natural condi tion we have to place and observe i t at the underside of a leaf, The parasi te 

is only 0,6 mm long, so we need amicrosoope to look at ~t. To e.xecute the experiments 

rather efficiently this method is too time c·onsuming method, as the psrasite may walk or 

fly away and leave the field of the stereo microacope many times, Therefore, we constructed 

a special set up, The upperside of apart of a leaf with hosts was fixed with plasticine 

against the ins.ide of a petridish bottan, The petridish was closed and mounted on a burette 

holder in such a way that the underside ot the leaf is directed downward as in the natural 

situation, All experiments were executed in a room ot 25°c t 1, 
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The behavioural canponents analysed in this paper a:re: 

a. hostfeeding 

b, oviposition 

c, feeding on honeydew 

Results and discussion 

During our observations hostfee~ was a frequently occurring. Sane parts of the 

hostfeeding behaviour are rather similar to the oviposition behaviour and a detailed descrip... 

tion of this behaviour is, therefore, given, 

When a wasp has foUDd a host, it firat examines it by drumming with the antennae on 

the surface of the host. Then it turne her body and stings with the ovipositor through 

the cuticle of the host, making up and downward movements with the abdanen and the ovipositor. 

The ovipositor pisrcss thus the tissuss of the host in several directions. When the ovi-

posi tor is wi thdrawn, the wasp turne again · and examines the wound wi th her antennae. Ths 

wasp may, thsn, bring her mouthparts to ths wound and start to fsed or she may turn for a 

third time and use her ovipositor to enlarge the hole in ths host before feeding. She, 

sanetimes, uses her mandibles to enlarge the wound. The feeding may last fran some seconds 

up to fifty minutes. Sanetimes feedi_ng is interrupted to reopen the wound with t he ovip~ 

sitor. The host is often sucked out canpletsly. The stinging behaviour that occurs before 

hostfseding is different fran the egg-,laying behaviour. When laying an egg, E, fonnosa 

doss not move the abdomsn and the ovipositor as soon as the host cuticle is pierced, 

E, fonnosa feeds on all the sessils host stages, the mobile first instar larva walks 

away when a parasite hits it with its antennae. 

Not all the host stages are ueed in an equal proportion. The second instar and the 

pupa are more ueed for hostfeeding than the other instars, As the third inetar and the 

prepupa are the best stages for oviposition, the biological significance of this phenomenon 

will be clear, Although E. formosa uese a larger proportion of the third instar and the 

prepupae for oviposition, we did not find a eignificant negative correlation betweeri the 

ratio of hoste used for hostfeeding and the hosts accepted for oviposition in the different 

developnental stages (rc0 , 65, n..6, P.> 0.05). This is probably due to the low ntDDbers of 

larvae attacked in the different instars. Fig, 1 ehows the percentage of hostfeeding 

canpared to the percentage of oviposition in the different larval instars. 
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Flanders (1953) found that the hosta destroyed by the parasite Metaphycus helvolue 

were generally emaller than those auitable for receiving parasite egge . Burnett ( 1962) 
found an obvious negative correlation between t _he numbere killed and the numbers parasi tised 

in the di'fferent host stages , 

larval etages. 

Snall larvae were more likely to be killed, than the older 

E. fonnoaa uaed aeven percent of all the hosts met to feed upon, canpared t o 35 
percent of a11 hosta met uaed for parasit ieation. We may conclude fran this that hoet­

feeding can be an important mortality factor. 

Burnett (1964) found the n;i.nphal mortality in greenhouse whitefly l arvae dependent 

on the density of the parasite and on the hoet deneity. As we ueed in each experiment, 

only one parasite which was only obeerved during a small part of its life time, our experi­

ments do not give any information on how hoetfeeding operatee as a mortality factor in the 

field, 

Beeidee feeding on the bodyfluide of ite hoat, E, formoaa feeds also on t he honeydew 

produced by T. vaporariorum. In our obeervations, 3,2 percent of the t otal observation 

time was apent feeding on honeydew, canpared to 5. 1 percent epent with feeding on hoets. 

We have a slight indication of an inverse r elationship between feeding on honeydew and host­

feeding. 
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According to Weber ( 1931) the honeydew of T. vaporariorum contains ni trogen. Auclair 

listed the number of amino acids occurring in the honeydew of aphids (Auclair, 1963). If 

the honeydew of white flies contains 81Dino acids, the feeding on honeydew might replaoe the 

feeding on hosts. As whiteflies produce different quantities of honeydew on the different 

species of hostplants, thie may affect the number of hosts attacked on different species of 

hostplants. This will be subject of further research. 
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ESSAI DE MISE AU POINT D 'UNE METHODE DE LUTTE INTEGREE EN SERRE DE ROSIERS 

Par 

M. PRALAVORIO 

Parmi les problemes poses par les ravageurs en serre de rosiers, 

les Tetranyques (Tetranychus urticae KOCH. et T. cinnabarinus BOIS DUVAL) 

tiennent la premiere place. Les attaques bien que limitees generalement ,aux . 

periodes printanieres et estivales, peµvent interv~nir egalement eu cour~ 

d' automne et d 'hiver sous notre climat dans des serres chauffees ~t·: .ci~ligent 

les horticulteurs a intervenir frequemment contre ces ravageurs ; c'ependant, 

le nombre d'acaricides utilisables est tres limite d'une part , par la 

phytotoxicite de certains produits, d'autre part, par une generalisation de 

phenomenes de resistance des Acariens aux matieres actives les plus utilisees. 

Il nous est donc apparu qu'une methode utilisant le predateur 

Phytoseiulus persimilis ATHIAS-HENRIOT pourrait diminuer la pression de selec­

tion qui s'exerce sur les Tetranyques par une utilisation beaucoup plus res­

treinte des acaricides et faire egalement decroitre les populations refugiees 

dans les parois et le paillage de la serre qui sont a l'origine de nouvelles 

attaques dans ce peuplement vegetal permanent que represente une serre de 

rosiers. 

Materiel et methode 

L'essai a eu lieu au cours du printemps et de l'ete 1975 dans une 

serre de rosiers de la variete "Lara", d'une superficie de 700 m2 situee 

au service de Vulgarisation florale de la Chambre d'Agriculture des Alpes­

Maritimes. Quatre compartiments comprenant chacun quatre double rangees de 

longueur egale ont ete delimitees; deux d'entre eux ont ete menes suivant 

une lutte chimique classique et les deux autres en lutte integree. 

2 3 7. 



- 171 -

Les conditions climatiques de la serre ont ete controlees a l'aide 

de deux thermo-hygrometres enregistreurs dont les resultats sont indiques 

sur le graphique N° 1. L'humidite relative etait generalement elevee durant 

la nuit et une partie de la journee du fait de bassinages quotidiens. 

Le developpement des populations de Tetranyques et du predateur 

ont et~ suivis par des prelevements de feuilles effectues tous les 15 jours 

sur les rangees des quatre parcelles, la population portee par ces feuilles 

etant ensuite denombree au laboratoire. 

Resultats 

Ceux-ci sont exposes sur les graphiques 2 et 3. On note tout 

d'abord trois gradations successives des populations de Tetranyques dans 

1 1 ensemble de la serre au cours de la fin du printemps, de l'ete et du debut 

de l'automne. Les populations maxima etant generalement plus elevees dans les 

parcelles menees en lutte chimique. Dans les deux autres , on notera qu'un 

seul lacher de P. persimilis (effectue sur foyers dans un premier temps puis 

generalise 8 jours plus tard) a permis de proteger efficaceruent la culture 

de Juin a septembre alors que dans le meme temps, cinq applications d'acarici­

des etaient necessaires dans les lots voisins. On constatera egalement que 

les temperatures maximales plus elevees de l'ete (36° de moyenne fin Juillet) 

out colncide a~ec la reapparition spontanee et le developpement des predateurs 

dans la serre lors de la deuxieme gradation. 11 s~mble que des temperatures 

assez elevees puiseent etre bien supportees par P. persimilis SOUS reserve 

qu'elles s'inscrivent dans une thermoperiode comprenant des temperstures in­

ferieures a 20•, l'humidite relative etant alors tres elevee. 

A partir du mois de Septembre, les traitements diriges contre le 

Thrips (Sulfotep, Endosulfan) aneantissent pratiquement les populstions du pre­

dateur. Un nouveau lacher effectue vers la mi-Octobre, n'empeche pas les popu­

lations de Tetranyques de se developper. A cette epoque, a la suite de l'ap­

plication de fongicides tele que le Ditalimphos et 1 1Ethirimol, pourtant 

couramnent utilises sans probleme au cours de l'ete, on constate une forte 

mortalite dans la population de predateurs (l/5e a l/6e environ). Des etudes 

poursuivies au laboratoire permettent de penser qu'un changement d'etat 

physiologique intervient chez P. persimilis qui serait lie en grande partie 
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aux modifications du metabolisme des Tetranyques en automne et qui se mani­

festerait par une baisse de fecondite et de longevite et probablement aussi 

par une plus grande sensibilite aux pesticides . 

Trois recoltes de fleurs ont eu lieu au cours de cette experimenta­

tion car contrairement a ce qui se passe habituellement saus nos climats 

OU l ' ete est la saison de repos de Vegetation, la rase ''Lara" est recoltee 

de preference en saison chaude etant donne ses exigences thermiques. La 

comparai son des recoltes sur les rangees des quatre parcelles traitees par 

une methode non parametrique pour des raisons d'heterogeneite entre les ran­

gees (Test de MANN-WHITNEY, WILCOXON - WHI'.l'E) n ' a montre aucune difference 

significative entre les parcelles menees en lutte chimique ou en lutte 

integree. 

CONCLUSIONS 

Dans la perspective du developpement de cette methode de lutte 

integree, plusieurs problemes doivent etre evoques. 

En ce qui concerne les autres ravageurs animaux tel que le puceron 

du rasier Macrosiphum rosae L. son elimination est relativement facile e t 

cer tains aphicides peu toxiques pour P. persimilis peuvent etre uti lises. 

Par contre, les· traitements diriges contre les Thrips a l'automne empechent 

taut prolongement de l'action du predateur. 

En ce qui concerne les maladies, leur apparition est inhibee 

par la modification du climat de la serre (suppression d I un exces d·'humidi te 

pour l e Mildiou (Peronospora sparsa BERK.) par exemple) seul l ' Oidilllll 

(Sphaerotheca pannosa var. rosea WORON) necessite des trai tements repetes 

ainsi qu'on peut le constater sur les graphiques 2-3 (1 2 a 13 traitements 

pour la periode envisagee). En 1976, de nouveaux produits dont la toxicite 

semble faible vis-a-vis de P. persimilis doivent etre essayes. Simultanement, 

pendant la periode chaude, une elimination de l'oidium sera tentee sur une 

moiti e de la serre par l'utilisation d'un "mist-system", celui-ci en mainte­

nant une humidite tres elevee pendant un temps donne doit faire eclater prema­

turement les spores d' oidium. Ces essais sont poursuivis ·avec la St ation de 

Pathologie Vegetale d'Antibes (I.N.R.A.). 
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Malgre les obstacles constitues par les problemes du Thrips et 

de l'Oidium, il semble possible de mettre en place, dans les annees a venir, 

un veritable systeme de lutte integree susceptible notamment d'apporter une 

solution aux difficultes rencontrees actuellement par les horticulteurs dans 

la lutte contre les Tetranyques. 

LISTE DES PESTICIDES UrILISES (ANNEXE AUX LEGENDES DES FIGURES 2 et 3) 

FONGICIDES La= Laptran et Pl • Plondrel (Ditalimphos) 

M = Milgo E (Ethirimol), T • Turbofal (Folpel + cuivre) 

B = Mehltaumittel BASF (Dodemorphe acetate) 

INSECTICIDES : Pi = Pirimor (Pirimicarbe)1 D = Nogos (Dichl~rvos) 

Bl = Bladafum (Sulfotep)1 I • Insectophene fort (Endosulfan) 

U = Ultraeide (Methidathion) 

ACARICIDES F = Fundal forte (Chlorphenamidine + Formetanate) 

K = Kelthion (Dicofol + Tetradifon) 

P ~ Pentac (Dienochlor~ 0 • Ovicide Seppic (Fenizon) 
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AUTOMATED SPRINKLER SPRAYING AS A TOOL TO CONTROL THE TWO-SPCYl'l'ED 

SPIDER MITE TETRANYCHUS URTICAE KOCH ON GLASSHOUSE CUCUMllER 

by 

U. TULISALO 

Agricultural Research Centre, Department of Pest Inveetigation 
SF-01300 Vantaa 30, Finland 

6 2 3 8 

Before the effective pesticides came on the market, it was quite custanary t o sprinkle 

or water the foliage of cucumbers daily in glasshouses in order to control the two-spotted 

spider mi te. Now it looks like this same method would provide new opportunities in its 

autanated fonn. 

At present, the sprinkl:i?g and spraying wi th automated equipnent is an essent ial part 

of modern cucumber growing, which aims at large and first-clase yields wi thout any marked 

increase of expenses. 

lt was observed some years ago that the shortage of water during sunny days is the 

most · important gro;rth limiting factor of glasshouse cucumbers. Although there ie enough 

water in the soil, roots are incapable to supply it suffi ciently for the foliage. 

consequence, plants close their stomata and assimilation ceases. This deficit in evapora,-

t ion may be ccxnpensated by spraying. A thin layer of water coole the leaves and glasshouse 

air, t hus decreasing the need for evaporation, this again facilitates the opining of stomata. 

In the ideal aituation a thin water layer should always cover the leaves. 

Also the reducing effect of this kind of spraying on the growth of spider mite popula,­

tions has already been documented earlier (KINN et al., 1972, TAHVONl'}I & TULISALO, 1973). 

Equipnent 

The essential element of the sprinkling system is a detector, which follows ohanges in 

temperature, relative humidity and total radiation, and produces impulses for spraying. 

The d et ector consists of two metal discs placed on top of each other. A green coloured 

upper disc absorbe the solar radiation, and lower one followe the ambient temperature, 
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The temperature difference between the two discs will be preaet int o a central syatem, 

which triggere magnetic valves. Primarily three factors cause temperature dif!erences, 

namely solar rsa.iation, ambient temperature and relative humidity. During the spraying, 

the upper disc is wettened. and coole consequently. A new spraying takes place after the 

water has evaporated. from the top disc , and the temperature has risen to the trigger value. 

The water atomizers must produce as fine a spray as possibl·e. In the experiments, 

the duration of one single spraying has been three seconds. A counter regist ers the number 

of sprayings per one day, and this enables the checlcing of the number of sprayings .in relat ion 

to various weather types. The number of sprayings, during the main weather types, is given 

in Table 1. The water pressure required. is about 10 atm. and the central unit regulates 

also the pressure pump if need.ed.. 

~- Frequency of spraying in various weather conditions 

Weather Frequency of spraying 

a.m. p.m. 

sunny 2.7 38.6 
partly cloudy o.8 21.9 

cloudy - 3.8 

Results and discussion 

The overhead spraying has been used since 1971 in a glasshouse of 400 m2• This 

overhead spraying alone decreased considerably the demand of control measures against the 

spider mi tes. Similar results were obtained in all canmercial glasshouses where this 

spraying system was used. 

Fully finished automatics applying both over head and downside sprayi ngs were tested. 

during two months in summer 1975. 

Table 2 gives the increase of a mite population on cucumbers. The cont rol result 

was good. Only in some places, where atomizers failed during use, could the mites increase 

in number. In the present year a similar experiment was started a few weeks ago. The 

greatest problem is how the plante will stand the watering of both leaf sides. The worst 

threat is naturally an outbreak of various root and stem diseases. In practice , however, 

both sprayings can be controlled by separate sense organs, and if required, the downside 

spraying can be limited to a minimum. 
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~; Number of mites per leaf during inepections 

(one eanple consisted of 12 leaves) 
30.6 16.7 31.7 

1 2 3 1 2 3 1 2 3 

0.08 0.58 - - - - 1.0 11.7 39.8 

14 . 8 

1 2 3 

175.8 289.0 543.3 

1 a lower part of plant, 2 = middle part of plant and 3 • upper part of plant. 

The real expensee· of control coneist of the downside atanizers and megnetic val ves. 

The central autcmatics and overheed spraying are already canmonly used and quite neces•' i.ry 

in many glasshouses. Spider mite control on cucumbers will become easy, and also q~i t e 

econcmical in a long texm. If this autcmated sprinkling proves practical and safe as far 

as growth disturbances are concerned. 

residues anymore. 

There will also be no problans with pesti cide 
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PRELIMINARY OBSffiVATICJNS ON AN :ENTOMOPHTHORA SP. ON 

THRIPS TAJ3ACI LIND, IN DUTCH GLASSHOUSES 

by 

P.M.J. RAMAKERS 

Olasshouse Crops Research and Experiment al Station, 
Naaldwijk, the Netherlands 

• 

In vegetable as well as ornamental glasshouse crops in the Ne.therlands growers are 

increasingly confronted with damage caused by several Terebrantia.n thrips species. Probably 

these insects can develop as a result of the fact that pesticides of the persistent tYJ>e are 

abandoned more and more, whioh inoreases chances of survival of pupal stages in the soil 

and/or of eggs in the leaf tissue, 

On vegetable orops, injury is done by Thrips tabaci Lind., in particular _on cucumber, 

sweet pepper, eggplant Nld mel.on, In the last years, Thrips tabaci can be elassified in 

many occasions as(whitefly, red spider and aphids>as an -all year pest , Difficult ies arise 

from the neoessity to integrate thrips control with the biological oontrol- of t he main pest s, 

Currently at least three inseotioidal treatments shortly after eaoh other are required .to 

oover the entire thrips population, andin summer oontinuous fortnightly ·applications are 

usual, The problem is most oritioal on sweet pepper. In spite of good results, biological 

control of red spider on sweet pepper is not widely applied, as an early infestat ion of 

thrips often occurs. Moreover; only small numbers of thrips can be tolerated on t his crop 

because of fruit damage that may occur. 

Consequently, a study of T. tabaci has b~en underta.ken with special attention to a 

possible presence of natural enemies in glasshouses, In Sept enber 1975, an entanophagous 

fungus was found attacking a population of T. tabaci on eggplant at the Naaldwi j~ Research 

Station. In October of that year, thrips were collected fran two canmercial eggplant 

holdings. Within a few d~s they showed fungal sporulation too, which indicates t hat the 

fullgus can occur und.er enviro!llllental circumstances not exceptional for normal glasshouse 

growing, In Novenber, the fullgus was found in a cucumber glasshouse close to the eggplant 

holding where it was first observed. The thrips population was much smaller here, a.nd the' 

relative fungal infection was higher, Since pesticide treatments during this observations 

were continued normally, it was . impossible to obtain reliable information about the quanti­

tative influence of the :f'ungus on the thrips population, In the same autumn thrips adult s 

were collected from yellow aphid traps placed outdoors in the neighbourhood of the Research 

Station; in September, in some of the insects hYJ>hal bodies , tYJ>ical for Entomophthorales, 

were observed, 



- 181 -

The glasshouse fungus could easily be transmitted to healt hy adulte and larvae feeding 

on floating discs cut from eggplant leaves, lt was thus possible to study parts of the life 

cycle of the fungus, Thrips maior Uzel, which often occurs simultaneously with T. tabaci 

in g l asshouses in summer, could be infected too, but efforts to infect Parthenothrips 

dracaenae ( Heeger) failed. 

In the spontaneously infested glasshouse populations fungal sporulation could most 

easily b e found in the morning. On the dorsal side of a diseased thrips adult three or 

four collars of fungal material were visible then, consisting of conidiophores protruding 

from the intersegmental membranes. Every conodiophore produced only one spore of a t ypical 

shape 1 comparable with the conidia of Entomophthora muscae (Cohn) Fres., E. planchoniana 

Cornu and E. culicis ( Braun) Fres, (cfr. GUSTAFSSON, 1965 ). l t is remarkable that the 

thrips were still alive during sporulation, obviously even sucking the leaf, alt hough locane>­

tion was greatly reduced. Sporulation last ed only a few hours ; after that the thrips 

died and a quick covering of the dead body by saprophytic fungi followed during the aftel'-

noon of the same day. By then the entomophagous fungus had spread its spores by means of 

a shooting mechanism connected to the spore-bearing etructure. (This mechaniem facilitates 

isolation of the fungus for culturing on artificial media). The spores are contained in a 

plasma envelope, by which it sticks to any hit object, for example a leaf. Soon, aft er 

landing the spare starts to germ, forming an upright pedicel at the end of which a secondary 

s pare i s formed. A s econdary spare might be picked up by an occasionally passing thrips; 

i t penetrates t he thrips body by means of a genn tube and within a few days the abdomen is 

ent i rel y fil led with fungal material. 

is only 4 or 5 days. 

At roan t emperatur e , the life cycle of the fungus 

In literature, an entomophagous fungi is not often mentioned in relation to thrips. 

In several review papere dealing with entomogenous fungi Thyeanoptera are missing in t he 

lists of known hosts (e,g . LEATHERDALE, 1970). Two previous r ecords have been f ound so far 

dealing wi t h fungal attack of T. tabaci. 

1. I n Connecticut Valley, Massachusetts , observations .were made on an entomophagous 

fungus of T. tabaci on onions, causing a breakdown of the population (B:>URNE & SHAW, 1934; 

llOURNE, 1935), The fungus was identified by Fitzpatrick and Thanpson as IDnpusa, probably 

IDnpusa sphaerosperma Thaxter, 1 which is now called Entomophthora sphaerospenna Free. ; i t is 

rather polyphagous and can be grown on artificial media ( GUSTAFSSON 1 1965 ). 

2, I n Swi tzerland, t he incidence of an entomophagous fungus on T. tabaci on onions and 

leeks was studied and some laboratory experiments were carried out to test t he suitability 

of the fungus for appli cation in glasshouses (CARL 1 1975). The fungus was identified by 

MUllel'-KOgler as an undescribed Entomophthora sp. Trials made to grow the fungus in the 

laboratory failed. 
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3, The f'u.ngus found in the Haaldwijk glasshousee is probably another undescribed. 

l!htanophthora sp, Ite conidia show ressnblance with those of E, culicis (Braun) Fres., 

but they are not identical ( GAMS, personal canmunication), conidia did not germinate on 

artificial med.ia, 

T, tabaci mas thus be attacked by at least two, perhaps thr~e Entanophthora spp, 

Attempts will be made to obtain thsn in culture, preferably on an artificial medium, In 

f'u.rther experiments i t will be tried to answer the following questions: 

a, Why does Entanophthora only occur late in the season? 

b, What is the effect when the f'u.ngus is introduced. artificially? 

c, Ia the normal or a alightly modified glasshouse cli.mate suitable for an epizootic'? 
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A MEI'HOD FOR MASS HEARING OF APHIDOLEI'ES APHIDIMYZA (ROND.) 

by 

M. MARKKULA 

and 

K. TIITTANEN 

Agricultural Research Centre, Department of Pest Investigation 
01300 Vantaa 30, Finland 

As soon as the predatory midge (Aphidoletes aphidimyza) had proved efficient to control 

aphids in glasshouse cultures of roses and green pepper, developnent of a method for i t s 

mass rearing was studied. 

For research purposes and the first practical applications, the midges were reared 

in cages on green pepper and aubergine infeeted wi th peach aphids. The midges were allowed 

to lay eggs on the plants for three days before they were removed. Subsequently, at the 

end of the pupal stage the soil in the pots was transferred with the pupae into glasshouses 

(Marklcula, 1973). This was a modification of the method ueed by Uygun ( 1970) and El-Titi 

(1972) in their studies to rear predatory midges. In this way, midges were obtained.in 

sufficient numbers for the experimente, however, it was no mass production. When the 

developnent of mass production method was started, we were not aware yet of the method that 

Bondarenco and Asyakin ( 1975) had developed to rear quite large numbers of predatory midge 

pupae for ' their research work, 

The aim of mass production was to obtain with as little labour as possible a certain 

number of midge pupae of about the same age. After many tests, it was concluded that the 

peach aphid is the most suitable prey for the midge larvae and green pepper and aubergine 

the most suitable hast plante for the aphid. These two plants were considered especially 

suitable because of the high rate of reproduction of the peach aphid while. on the hosts and 

because they tolerate damage caused by the aphids. 

A method for mass production was finalized in the beginning of the growing season 

1975 and is based on the following: green pepper and aubergine are sown continuously at 

two week intervals to provide the aphids all the time with host plants of suitable age. 
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The plante are grown in pots in glasshouses. When the plante are 20-30 cm high, three of 

them are put into a cage of 32 x 32 x 60 cm in size. Each plant is then infested with 

about 50 peach aphids. When the aphids have reproduced about 2000 on each plant, the cages 

are taken into the laboratory at rocm temperature and 70 female and 30 male predatory midges 

are introduced into each cage. The midges are al lowed to lay egge d~ring two days which 

yields about 3000 egge. Then the plante are removed from the cages and the midges killed. 
, .. :'-

When the larvae are in their last developnental stage, the leaves with the larvae 

are detached fran the plante and placed into a container to pupate, A plastic Container 

9 cm high and with a diameter of 16 cm has been used for the purpose. In the bottan of 

the container is a 4 cm thick layer of fine sand to maintain even humidity. The sand layer 

is covered by nylon gauze and on top_of this is another layer of sand for the larvae to 

pupate. The container is covered with nylon gauze fixed with a plastic sheet, The top 

layer of sand with the pupae ia tranaferred into glaashouses infested with aphids just 

before the adult midges emerge. Usually there haw been 200 larvae in one container but 

there is roan for more. The _whole rearing frcm egg to adult takes lese than three weeks, 

The method is so simple that it could be easily used for "industrial" production of 

the predatory midge. 

Predatory midges can be reared in 16 hours day length throughout the year. 

can be kept also in diapause to start the rearing when required. 

They 
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