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PREFACE 

The IOBC/WPRS Working Group "Integrated Control in Citrus Fruit Crops", 
involves several researchers both in the Mediterranean area and in other countries. This 
one is composed of experts of various specialized branches, thus testifying to the 
complexity and the heterogeneousness of the phytosanitary problems involving this 
particular cultivation.- This- ·one; in fact, assumes the form of an agro-ecosystem, 
homeostatic within certain limits, marked by characteristic ecological conditions which 
depend on both Citrus biology and environmental conditions in the zones where citrus 
grows, and therefore is inevitably rich in animal and vegetable species, each one 
characterized by its own ecological niche. 

It follows that, under these conditions (in a phytosanitary sense) there is ample 
space for biological equilibrium, which in turn opens up the possibility (probably with 
more hope of success than for other types of cultivations), of schemes for biological 
and integrated control more respondent to requirements of the persons directly or 
indirectly involved. 

We cannot undervalue, however, the fact that we are dealing with a productive 
agricultural sector and not a forest; a legitimate desire and respect of the rules of 
economy are required. This last aspect unfortunately creates a state of tension in the 
system which makes it necessary to accept innovations and changes, accidental or 
programmed, which can have a negative effect on its intrinsic and beneficial balance, 
causing unexpected explosions which make it necessary to use undesirable pesticides, 
with all the negative consequences too well known. Old problems unresolved, or 
partially resolved, and new adversities, require constant research aimed at finding all 
the possible solutions which could lead to 'dynamic tranquillity' of the system. This 
is the reason why the specialists of the various research sectors collaborate with the 
intention of trying to find new and 'cleaner' solutions to the different problems. 

New acquisitions, for instance the clearer definition of biocenosis, the 
introduction and acclimatization of new auxiliary species, the study of particular 
pathologies or the choice of the most suitable systems of control, are ever more 
indispensable. In this framework there is no lack of enlightening contributions capable 
of assembling various proposals and creating global models of intervention, respecting 
the various territorial aspects and circumstances. 

Working with this aim in view presupposes, however, the availability of 
constantly updated documentation resulting from objective discussion between the 
researchers during which it is possible to exchange information regarding each 
researcher's own experience. 

This possibility of cultural enrichment is offered by the IOBC/WPRS Working 
Group, in respect of its fundamental aims. 

V.VACANTE
Convener IOBC/WPRS Working Group
"Integrated Control in Citrus Fruit Crops"
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Biological and integrated control of citrus insects and mites 

David Rosen (rapporteur) 
The Hebrew University, Faculty of Agriculture, Rehovot 76100, Israel 

Abstract. Integrated pest management (iPM) is the art of the possible, harmonizing all 
available methods to attain optimal pest control and environmental quality. Effective 
1PM can be achieved through avigorous progmm of applied biological control, in 
combination with judicious use of relatively selective pesticides, only when absolutely 
necessary and in the least disruptive modes of application. Other selective techniques •• 
cultural, autocidal, mechanical, physical ·• may be incorporated in the program 
whenever applicable, but biological control by natural enemies should always be a major 
component. More biological control projects have been successfully carried out in citrus 
agroecosystems around the world than in any other major cropping system. In Israel, 
biological control through importation and conservation of natural enemies has been the 
mainstay of an effective 1PM program. High levels of education and an excellent 
extension service have been instrumental in the development of this program, which 
includes also various other selective tactics. Papers related to biological and integrated 
control of citrus pests, presented at the meeting of the IOBC/WPRS Working Group on 
Integrated Control in Citriculture, are summarized and discussed herein. 

As we all know, effective pest management is indispensable to modem citriculture. 
However, the use of toxic chemical pesticides may at best provide only temporary relief, and 
is bound to induce recurrent outbreaks of pest populations due to the build up of resistance and 
decimation of beneficial natural enemies. It is also expensive, hazardous to humans and 
wildlife, and a major source of environmental pollution. Alternatives to chemical control are 
therefore urgently needed. Of the various alternatives available to us, biological control is by 
far the most successful, most promising and most desirable. Whether achieved through 
importation, conservation or augmentation of natural enemies, biological control is an ideal 
form of pest management -- inexpensive, often permanent, and decidedly non-hazardous 

(DeBach and Rosen, 1991). Unfortunately, however, it cannot be expected to provide an 
immediate solution to all pest problems in citriculture at the present time, simply because no 
effective natural enemies are currently available for certain "key" pests, such as the 
Mediterranean fruit fly, Ceratitis capitata (Wiedemann). Until such enemies are discovered 
and put to use, chemical pesticides or some other means of control will continue to be 
required (Rosen, 1986, 1990). 

Integrated pest management (IPM) provides a reasonable compromise, taking into 
account the desirability of biological control as well as the continuing need for some form of 
chemical control. Like diplomacy, 1PM is the art of the possible. It represents a holistic 
approach, recognizing the unity of the agroecosystem and harmonizing all available methods 
to attain optimal pest control and environmental quality. In principle, effective 1PM may be 
achieved by judicious use of relatively selective pesticides, only when absolutely necessary 
and in the least disruptive modes of application, in combination with a vigorous program of 
applied biological control. Other selective alternatives should be incorporated whenever 

applicable, but biological control by natural enemies should always be a major component of 
any IPM program (Rosen, 1986; DeBach and Rosen, 1991). 
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Substitution of broad-spectrum pesticides with selective ones, such as mineral oils or 
insect growth regulators (IGRs), is an essential step towards the development of 1PM. 
Adoption of selective modes of pesticide application, such as bait sprays, is another important 
step that should be taken whenever feasible. Most importantly, using chemical pesticides 
"only when absolutely necessary" requires the establishment of reliable economic thresholds 
and accurate monitoring systems for all actual and potential pests occurring in the citrus 
agroecosystem. Other selective tactics may include cultural controls such as the use of pest
resistant cultivars and various agrotechnical practices, physical and mechanical controls such 
as cold treatment of fruit or high-pressure rinsing of "cosmetic" blemishes in the 
packinghouse, and autocidal controls such as the steriie-male technique and utilization of 
pheromones. All these would tend to conserve existing natural enemies, and should be 
accompanied by importation of exotic species and, whenever necessary, also by augmentative 
releases of natural enemies. Special emphasis should be placed on inherently integrative 
approaches, such as breeding of pesticide-resistant natural enemies. 

Biological control has been more successful on citrus than in any other major cropping 
system -- especially against homopterous pests, which are major problems of modern 
commercial citriculture. Landmark projects have included the control of the cottony cushion 
scale, lcerya purchasi Maskell, the California red scale, Aonidiella aurantii (Maskell), the 
Florida red scale, Chrysomphalus aonidum (L.), the purple scale, Lepidosaphes beckii 
(Newman), the rufous scale, Selenaspidus articulatus (Morgan), the snow scale, Unaspis citri 

(Comstock), the arrowhead scale, U naspis yanonensis (Kuwana), the Mediterranean black 
scale, Saissetia oleae (Olivier), the citrophilus mealybug, Pseudococcus calceolariae 
(Maskell), the citriculus mealybug, Pseudococcus citriculus Green, the citrus blackfly, 
Aleurocanthus woglumi Ashby, the woolly whitefly, Aleurothrixus floccosus Quaintance, the 
citrus whitefly, Dialeurodes citri (Ashmead) and the bayberry whitefly, Parabemisia myricae 
(Kuwana) (see also page 6). Some of these outstanding projects have not only solved serious 
pest problems in citriculture, but have also played a major role in the development of 
biological control as a science (DeBach, 1969; Bennett et al., 1976; Rosen and DeBach, 
1979). 

Successful biological control projects have been the backbone of IPM programs on 
citrus worldwide. The program in Israel can serve as a good example. Following early 
successes in the control of the cottony cushion scale and citriculus mealybug by introduced 
natural enemies, our modem program began with the importation of Aphytis holoxanthus 

DeBach against the Florida red scale in the 1950s, and modification of chemical control 
practices in order to conserve this effective natural enemy. Thus, ultra-low-volume aerial bait 
sprays have been used against the Mediterranean fruit fly, and selective acaricides have 
replaced sulfur preparations for the control of mites. Further developments have included 
effective biological control of the Mediterranean black scale, the citrus whitefly and the 
bayberry whitefly, importation of natural enemies against several other pests, control of the 
citrus flower moth, Prays citri Milliere, by pheromone mass-trapping, post-harvest treatment 
of citrus fruit to remove scale insects and sooty mold by high-pressure rinsing, refinement of 
the supervised control system, and selection of Aphytis species for resistance to pesticides. 
As a result of these concerted efforts, a viable IPM program has been implemented, whereby 
only about 10% of the citrus acreage of Israel are currently still subject to non-selective 
pesticide applications. (See Rosen, 1980; Rossler and Rosen, 1990; DeBach and Rosen, 1991). 

Success in IPM is obviously dependent on a thorough understanding of the citrus 
agroecosystem, including the biosystematics, biology and population dynamics of all pests and 
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their natural enemies. Research, both basic and applied, is therefore indispensable to the 
development of any 1PM program. But even the most sophisticated research may be useless 
if it is not properly implemented by growers in the field. High levels of education, and 
effective extension services, are invaluable to the implementation of 1PM. In Israel, progress 
in 1PM on citrus would not have been possible but for the cooperation of our enlightened, 
well-educated farmers and our excellent extension service, which provides the required 
bilateral feedback mechanism between citrus growers and research institutions (Rosen, 1980, 
1986). 

The papers presented at this meeting of the IO BC/WP RS Working Group illustrate 
many of these points, and reflect remarkable progress towards 1PM in world citrus 
agroecosystems. 

Several authors have described basic studies on the occurrence and population 
dynamics of important citrus pests. Quilici and Langlois (1992) carried out a bioecological 
survey of the curculionid weevils that may cause severe defoliation of citrus on Reunion 
Island. Numerous species were found, among which members of the genera Cratopus and 
Pantomorus were the most important. Delrio (1992) studied the larval hosts and population 
dynamics of the Mediterranean fruit fly in the Mediterranean basin. Population densities were 
found to be highest in areas of mixed fruit cultivation and in subtropical climates. Another 
important citrus pest, the cotton aphid Aphis gossypii Glover, was studied by Lapchin et al., 
(1992) in Corsica. They have developed a quick method for estimating aphid densities on 
citrus, and showed that spatial heterogeneity was increased by pruning, and that aphid 
abundance was closely correlated with proximity to old groves, age of trees, growth levels 
of twigs, and irrigation techniques. 

Other authors have reported on the biology of important natural enemies. Lo Pinto 
(1992a,b) studied the behavior and host preferences of Cales noacki Howard, an introduced 
parasite of the woolly whitefly. He found that male courtship behavior is induced by a female 
sex pheromone, that post-copulatory courtship serves to prevent further mating by the female, 
and that the females always prefer the woolly whitefly to the bayberry whitefly as a host, 
even when it had previous experience with the latter. Liotta and Manzella (1992) have 
presented a detailed description the courtship and mating behavior of Aphelinus chaonia 

Walker, a parasite of the black citrus aphid, Toxoptera aurantii (Boyer de Fonscolombe). 
Biological control has played a major role in the development of 1PM programs on 

citrus. In a comprehensive review of the biological control of citrus whiteflies and coccids 
in Italy, Barbagallo et al., (1992) have reported that three recent invaders, the citrus whitefly, 
the woolly whitefly and the bayberry whitefly, have been brought under complete biological 
control by introduced aphelinid parasites. The encyrtid Leptomastix dactylopii Howard has 
been quite effectively distributed against the citrus mealybug, P/anococcus citri (Risso), 

whereas both indigenous and introduced natural enemies have been of some importance 
against various armored and soft scale insects. In Sicily, Sinacori et al., (1992) have 
investigated the local parasites of the bayberry whitefly, and reported that the aphelinid 
Eretmocerus sp., introduced from Israel, has been the most effective natural enemy of this 
pest. Gerson and Vacante (1992) present a thought-provoking review, advocating a re
evaluation of indigenous Phytoseiidae othe acarine predators for biological control. 

Turning to the integration of chemical pesticides in IPM, 
Papaioannou-Soulioti et al., (1992) evaluated acaricides against the citrus red mite, 

Panonychus citri (Koch), in Greece. In Sicily, Ragusa Di Chiara et al. (l992)studied the side 
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effects of pesticides on phytoseiid predators, and found that avermectin was more detrimental 
to Amb/yseius andersoni (Chant) and Typh/odromus exhilaratus Ragusa than the IGR 
buprofezin. In Brazil, Gravena, Yamamoto and Paiva (1992) studied the impact of metidathion 
on citrus insects and mites, and the effects that different modes of application may have on 
its ecological selectivity. 

Among the various selective alternatives to chemical control, Gravena, Coletti and 
Yamamoto (1992) investigated a cultural method. They have reported that green cover plants, 

Ageratum conyzoides and Eupatorium sp., harbor large populations of predatory mites, which 
then increase also on citrus, resulting in a decrease of phytophagous mites on citrus. In 

Turkey, Zumreoglu et al., (1992) evaluated various trap and lure combinations for biotechnical 
control of the Mediterranean fruit fly. 

Finally, Gravena (1992), in an overview of 1PM on citrus in Brazil, has emphasized 
the importance of extension in changing the habits of growers towards the implementation of 
an integrated control program. Their immediate goals have been to promote the conservation 
and augmentation of natural enemies, to reduce the detrimental effects of road dust, and to 
avoid infections due to root cutting. 

In conclusion, significant progress has been made towards 1PM in citriculture, and the 

prospects for further progress are very good. It is, therefore, time that we begin to think more 
seriously about the establishment of an "IOBC label" for citrus fruit. Such a label, 
distinguishing produce grown under strict 1PM guidelines developed and supervised by IOBC, 

would provide a distinct incentive for further emphasis on 1PM. 
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LANDMARK BIOLOGICAL CONTROL PROJECTS IN CITRICUL TURE 

Margarodidae 

Icerya purchasi Maskell 

Diaspididae 

Aonidiella aurantii (Maskell) 

Chrysomphalus aonidum (L.) 

Lepidosaphes beckii (Newman) 

Selenaspidus articulatus (Morgan) 

Unaspis citri (Comstock) 

Unaspis yanonensis (Kuwana) 

Coccidae 

Saissetia oleae (Olivier) 

Pseudococcidae 

Pseudococcus calceolariae (Maskell) 

Pseudococcus citriculus Green 

Aleyrodidae 

Aleurocanthus woglumi Ashby 

Aleurothrixus floccosus Quaintance 

Dialeurodes citri (Ashmead) 

Parabemisia myricae (Kuwana) 

Cottony cushion scale 

California red scale 

Florida red scale 

Purple Scale 

Rufous scale 
Snow scale 

Arrowhead scale 

Mediterranean black scale 

Citrophilus mealybug 
Citriculus mealybug 

Citrus blackfly 

Woolly whitefly 

Citrus whitefly 
Bayberry whitefly 
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Status of the biological control against citrus whiteflies and scale insects in Italy 

S. Barbagallo
Istituto di Entomologia agraria, University of Catania, Italy

S. Longo
Istituto di Difesa de/le Piante, University of Reggio Calabria, Italy

C. Rapisarda and G. Siscaro
Istituto di Entomologia agraria, University of Catania, Italy

Additional index words: Aleyrodoidea, Coccoidea, citrus-groves, natural enemies. 

Abstract. The biological control of citrus pests in Italy reaches a high efficiency, particularly 
against whiteflies and scale insects. As to the first aspect, three main species of whiteflies 
of exotic origin appeared in the Italian citrus orchards in the last twenty years. They are 

the Citrus Whitefly (Dialeurodes citri), the Woolly Whitefly (Aleurothrixus floccosus) and 
the Bayberry Whitefly (Parabemisia myricae). All such pests have been completely controlled 
by means of Aphelinid Hymenoptera, promptly introduced and widely diffused in citrus 
orchards. More complex appears the biological control of scale insects, 2gainst which several 
attempts have been done, in order to achieve satisfactory results. More effective appeared 
the use of the Encyrtid Leptomastix dactylopii, widely reared and distributed against the 
citrus mealybug · (Planococcus citri); not negligible is also the efficaciousness of both 
indigenous and introduced entomophagous against armored (Aonidiella, lnsulaspis) and 
unarmored scales (Coccus, Saissetia, Ceroplastes). 

The Homoptera Sternorrhyncha undoubtedly represent the most important group, 
among the citrus-feeding insects, both for the relevant number of species they are 
represented by and for their injuriousness on the host plants. In particular, a preminent 
position is held by the whiteflies and scale insects, both presently showing a remarkab!e 
expansion in the Italian territory, with the accidental introduction of several exotic species. 

Direct control measures are often necessary against these insects; to this end, good 
results have been repeatedly achieved through the application of suitable biological methods, 

which often showed to be the most advisable. The reasons of such a success of biological 
control should be mainly looked for in the positive effect of restoring the antagonistic 
relationships between a pest and its natural enemies, which is particularly evident within 
exotic insects, such as most of citrus-feeding whiteflies and coccids, recently introduced in 
our environments. 

The most important results are briefly reported in the present paper, which have 
been obtained on this topic. 
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Whiteflies 

No whiteflies species were known in Italian citrus-groves till about twenty-five years 
ago.At present, a complex of six species is recorded on such plants (Rapisarda, 1990), including 
a recent and still unpublished finding in Sicily of Bemisia tabaci (Gennadius), on small orange 
plants, in a greenhouse nearby Catania. Three of such pests are of main economic importance and 
gave serious problems as soon as they arrived in the new Italian areas; yet, they all have been 
efficiently controlled through the introduction and subsequent wide diffusion of aphelinid 
parasitoids (see Tab. 1). 

Dialeurodes citri (Ashmead)_ It was the first citrus-feeding whitefly to be recorded in 
Italian citrus orchards (Costantino, 1969; Gendusa, 1969; Priore, 1969), seriously damaging the 
infested groves for several time, till a bit more than ten years ago. A satisfactory biological 
control of this species has been achieved by the introduction of its specific parasitoid Encarsia 
lahorensis (Howard), an insect of Indian origin, such as its whitefly host. The aphelinid well 
adapted itself in all the new Italian environments, reaching everywhere, within few months from 
propagative field releases, relevant parasitization rates on the citrus whitefly, which therefore only 
occasionally may be presently find in citrus-groves at high population densities. Very good results 
are reported in the literature of biological control of D. citri in various Italian citrus regions by 
the action of E. lahorensis (Liotta, 1978; Viggiani & Mazzone, 1978; Patti & Rapisarda, 1980; 
Ortu & Prata, 1986; Ippolito & Laccone, 1987; Vidana & Navone, 1987). Nevertheless, the role 
of numerous predators (Rhynchota Heteroptera; Neuroptera Chrysopidae and Conyopterigidae; 
Coleoptera Coccinellidae) is also to be mentioned, for their importance in natural control of the 

whitefly, particularly relevant in environmental conditions of Northern Italy (Alma et al., 1991). 
Aleurothrixus floccosus (Maskell). This whitefly started to invade the most important 

Italian citrus areas a bit more than ten years ago (Gendusa & Liotta, 1980), though its occurrence 
in this Country had already been evidenced, in north-western regions, by the early seventies 
(Onillon & Onillon, 1972). Its first infestations were everywhere highly injurious to citrus 
cultivations, in spite of the limiting action of various predators (mostly indigenous), which timely 
adapted themselves to live on the new prey (Longo et al., 1985). Therefore, two endophagous 
Hymenoptera have been introduced in Italian regions, in order to efficaciously control the woolly 

whitefly. The first one, Amitus spiniferus (Brethes) (Platygastridae), well established itself in 
North-Western Italy (Liguria), showing there an appreciable parasitic activity (Arzone & Vidana, 
1983), but not in the southern regions (Sicily) of the Country (Longo et al., 1985; Maniglia, 
1988). On the contrary, the second species, Cales noacki Howard (Aphelinidae), showed to better 
adapt itself all over the Italian territory, reaching everywhere high parasitization levels on the 
whitefly nymphs (Arzone & Vidana, 1983; Liotta & Maniglia, 1983; Longo et al., 1985; Ortu 
& Prata, 1986; Ippolito & Laccone, 1987; Guerrieri & Viggiani, 1988; Maniglia et al., 1988). 

Therefore, a remarkable parasitic action may be awardable to the aphelinid, well able to maintain 
A.floccosus populations under the intervention threshold for most of the year. Unfortunately, C.
noacki development may be slowed down by the high summer temperatures, so that high
infestations of the woolly whitefly may occur in late summer, even in citrus orchards where the
pest is almost reduced during the rest of seasons. Better results in biological control of A.

jloccosus may be therefore expected by introducing other exotic parasitoids, which may integrate
the action of C. noacki.
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Parabemisia myricae (Kuwana). Biological methods gave successfull results also in the 
control of harmful infestations by the Japanese Bayberry Whitefly, which very recently appeared 
in the Italian citrus areas (Rapisarda et al., 1990). Similarly to the former whitefly, a negligible 
efficiency has been shown by polyphagous predators (Longo et al., 1990a, 1990b; Ragusa Di 

Chiara et al., 1991), while a better control of the insect has been achieved by some endophagous 

species. As to this aspect, studies on the parasitic biocenosis of P. myricae, carried out in 
Southern Italy, allowed to find a few species of aphelinid spontaneously adapted to live on the 
whitefly, such as Cales noacki Howard, Encarsia lutea (Masi) and E. meritoria Gahan. The last 

species locally showed a good parasitic action (Longo et al., 1990a); therefore, it has been 
ulteriorly diffused, through propagativ� releases, in citrus areas infested by the whitefly and 

where the parasite did not occur before. Such attempts did not completely give the expected 
results, having been successful only in particular and limited environmental conditions. Best 
results were achieved by introducing, from Israel, a species of the genus Eretmocerus, whose 
numerous specimens have been sent by Prof. E. Swirski (Volcani Center - Bet Dagan), during 
spring-summer 1991. Propagative releases of the parasitoid have been realized in various citrus 
areas of Sicily and Calabria, by the Institutes of agricultural Entomology of the Universities of 
Catania and Palermo and the Institute of Plant Protection of the University of Reggio Calabria. 

In few months time, Eretmocerus sp. already showed to well establish itself in all the new areas, 
reaching average parasitization rates of 20-30%. It also showed a good and quick active diffusion 
in the newly colonized biotopes, having been recaptured also far from releasing sites. At moment, 

Eretmocerus sp. successfully got through the winter 1991-92, setting about further diffusion in 
Italian citrus areas, in the course of next summer 1992. Through such way, a resolutive biological 
control of P. myricae is to be expected soon in next future, as it happened for the previous citrus 
whiteflies. 

Scale insects 

Among the 21 species (tab. 1) of citrus feeding scale insects which are presently known 

in Italy, the most common and hannful are: Planococcus citri (Risso), Ceroplastes rusci (L.), 
Saissetia oleae (Olivier), Insulaspis gloverii (Packard) and Aonidiella aurantii (Maskell). As to 

remaining species, or they are less diffused (Pseudococcus calceolariae (Maskell), 
Chloropulvinariafloccifera (Westwood), Ceroplastes sinensis Del Guercio, C.japonicus (Green), 
Parlatoria pergandei (Comstock), Cornuaspis beckii (Newmann) and Unaspis janonensis 

Kuwana) or their populations are reduced, under ordinary ecological conditions, by various biotic 
and abiotic factors, thus playing the role of secondary species in the citrus-ecosystems (lce,ya 

purchasi Maskell, actively preyed by Rodolia cardinalis Mulsant; Coccus hesperidum L. and C. 
pseudomagno/iarum (Kuwana), parasitized by Coccophagus lycimnia (Walker); Parlatoria 
ziziphus (Lucas), parasitized by Encarsia citrina (Craw). 

Therefore, the most recent applications of biological control strategies have been realized 
in Italy against the following key-species. 

Planococcus citri. Widely common in nearly all Italian citrus orchards, this species 
performs 4-6 yearly generations, reaching the highest population densities in summer-autumn, in 
coincidence with favourable climatic conditions. In such cases, its infestations are almost difficult 

to chemically control. 
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A number of indigenous entomophagous of this scale occur in the Italian citrus areas 
(Mineo & Viggiani, 1976; Liotta & Mineo, 1963; Longo & Russo, 1986); yet, they are normally 
not able to efficaciously control P. citri populations, under those envirnmental conditions (i.e. 
citrus orchards with relevant trees density, lemon or orange varieties with clustered fruits) which 
interfere (together with the ants action) with their parasitic activity, thus helping the mealybug 
diffusion. Therefore, exotic predator species of Coleoptera Coccinellidae, Crypto/aemus 
montrouzieri Mulsant and Nephus reunioni Fursch (Longo & Russo, 1986), and the Hymenoptera 
Encyrtidae parasitoid Leptomastix dactylopii (Howard) (Zinna, 1958; Viggiani, 1972; Barbagallo 
et al., 1981; Longo & Benfatto, 1982) have been introduced within various research programs. 
In particular, the latter species (L. dactylopii) is efficaciously active on 3

rd instar larvae and 
young females of P. citri (Zinna, 1958), reaching on such stages relevant parasitization rates (60-
95%) (Longo & Russo, 1986); nevertheless, it is not able to overwinter in our environments, so 
that it needs to be yearly re-inoculated in the fields. To this end, 30 specimens (at least fifthy 
percent female) per plant are enough, in June-July. In order to ensure better results, a suitable 
control of ants, through localized treatments, should precede the releases; such control is also 
useful to help the action of the indigenous parasitoids Anagyrus pseudococci (Girault) and 
Leptomastidea abnormis (Girault), which may reach, during summer-autumn and under 
favourable ecological conditions, relevant parasitization rates (up to 70%) on znct and 3rd instar 
larvae of the mealybug. An efficacious and durable control of P. citri may be ensured by the 
opportune protection and scheduled field diffusion of these indigenous parasitoids. 

Saissetia o/eae. It widely occurs in nearly all southern citrus areas, where it frequently 
performs one yearly generation, overwintering as znct and 3

rd instar larvae or young female and 
with eggs hatching in May-June. Within the abiotic limiting factors of this species, an important 
role is played by the temperature, since both winter and, mainly, summer extremes may cause 
high mortality of young stages. Among the predators, Exochomus quadripustu/atus L. and 
Chilocorus bipustulatus L. (Coleoptera Coccinellidae), Eublemma scitu/a Rambur (Lepidoptera), 
Scutellista cyanea Motsh and Moranila ca/ifornica (Howard) (Hymenoptera) are all active but 
of scarce practical importance. The parasitoids Coccophagus lycimnia (Walker), Metaphycus 

lounsbu,yi (Howard) and M. f[avus (Howard) are also diffused but scarcely efficacious. 
Therefore, several exotic species, such as Metaphycus helvolus (Compere), M. bart/etti Annecke 
& Mynhardt and Diversinervus elegans Silvestri, have been introduced in Italian citrus areas 
(Viggiani, 1978; 1983; Longo, 1985), in order to increase develop the parasitic complex of the 
scale. Nevertheless, the action of all these biotic factors is still scarce, being they able to control 
S. oleae only at low densities. Thus, the scale population density are mainly regulated by climatic
factors reaching very often higher densities than the tolerance threshold.

lnsulaspis gloverii. It is presently showing an active expansion in citrus orchards of Sicily 
(where, about ten years ago, it occurred only in the neighbourhood of Palermo) and Calabria, 
slowly becoming also in Italy, as it already happened in Corsica (Viggiani & Liotta, 1989) and 
Spain, a citrus pest of primary importance, due to its relevant biotic potential and the lack of 
efficient natural enemies. A Spanish strain of the Aphelinid Encarsia herndoni (Girault) has been 
therefore introduced in Western Sicily (Viggiani & Liotta, 1989) and, more recently, also in the 
main citrus areas of Eastern Sicily and Calabria (Russo & Siscaro, 1989). The parasitoid showed 
to well adapt itself in all the newly colonized environments, reaching appreciable parasitization 
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rates (40 %), in spite of the relevant larval mortality which occur inside the young females of 
the scale. 

Aonidiella aurantii. The occurrence of this insect in Italy has been limited for a long time 
to the lemon areas of the Jonie coast of Sicily, while at this moment it widely involves also the 

main orange areas of Sicily and Calabria. In particular, in the latter region A. aurantii is one of 
the main pests of bergamot. The Aphelinid Aphytis melinus De Bach and A. lingnanensis 
Compere have been introduced for biological control of this scale (Inserra, 1966). Only the 
former species showed to well adapt itself in Italy, it presently occurring in all citrus areas 
infested by A. aurantii (Perricone & Liotta, 1988), where it reaches parasitization rates varying 
from 10 to 30%. Nevertheless, this parasitoid is not able to achieve an efficacious control of the 
scale; thus the Encyrtid species Comperiella bifasciata Howard has been recently introduced in 
Italy (Liotta et al., 1990), in order to improve the parasitic complex of A. aurantii. This latter 
parasitoid seems to well established in all releasing biotopes of Western Sicily, while its 

introduction attempts in Eastern Sicily and Calabria gave no positive results up to now. 
Other species. Most of citrus-feeding scales are under the limiting action of various 

entomophagous species, which, due to their oligophagy, find good developmental conditions in 

the citrus agrosystem. Such species are successfully active both on the indigenous pests 
(established on citrus since a long time) and very often also on newly introduced ones. For 
example, Coccus pseudomagnoliarum, which comtemporary appeared in various citrus orchards 
of Sicily (Barbagallo, 1974) and Campania (Tranfaglia, 1974), did not ulteriorly spread thanks 
also to the efficacious action of Coccophagus lycimnia. This Aphelinid, which occurs in all citrus 

areas infested by Coccus hesperidum and other Lecanid species, performs various yearly 
generations, parasitizing a relevant percentage of Coccus pseudomagnoliarum young females. In 

a similar. way, Tetrastichus ceroplastae (Girault) (Eulophidae), Scutellista cyanea Motsch and 
Marani/a californica (Howard) (Pteromalidae) mainly live on Ceroplastes rusci, attacking also 
the exotic species Ceroplastes sinensis and Ceroplastes japonicus. Moreover, various species of 
the genus Metaphycus efficaciously control numerous citrus-feeding soft scales, while Aphelinid 
of the genera Aphytis and Encarsia are in general more active on armored scales. The action of 
such entomophagous species is to be helped through opportune protective strategies. 
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Tab. 1. Whiteflies and scale insects living on citrus in Italy 

PHYTOPHAGOUS l'r1AIN ENTOMOPHAGOUS SPECIES 

PARASITOIDS PREDATORS 

WHITEFLIES 

Dialeurodes citri (Ashmead) En.carsia lahorensis (Howard) Clitostetlws arcuatus (Rossi) 

Aleurothrixus floccosus (Maskell) Cales noacki Howard Clitostethus arcualus (Rossi) 

Paro.bemisia myricae (Kuwana) Erelmocerus sp. Clitostethus arcuatus (Rossi) 

Encarsia meritoria (Gahan) Synharmonia congwbata L. 

Bemi.sia afer (Priesner & Hosny) Erelmocerus roseni Gerling 

Bemi.sia tabaci (<knnadius) Eretmocerus murnius Mercet 

Trialeurodes uaporariorum (Westw.) Encarsi.a spp. 

COCCIDS 

lcerya purchasi Maskell RodJ)/ia cardinali.s Mulsant 

P/aTIQCQCCus citri (Risso) Leptomastix dactylopii (Howard) Cryptoloemus montroeuzieri Muls. 

Anagyrus pseudococci (Girault) 

Leptomastidea abnormis (Girault) 

Pseudoooccus wngi.spinus (Targ.-Tozz.) Anagyrus pseudococci (Girault) Cryptolaemus montroeuzieri Muls. 

Leptomastidro abnormis (Girault) 

Pseudococcus affinis (Maskell) 

Pseudoccccus calceol.ariae (Maskell) Anagyrus fusciuentris (Girault) Cryptoloemus montroeuzieri Muls. 

Coccus hesperidum L. Coccophagus lycimnia (Walker) Eublema scitula Rbr. 

Metaphycus flavus (Boward) 

Coccus pseud,,magnoliarum (Kuwana) Coccophagus lycimnia (Walker) ScuteUista cyanea Motsh. 

Saissetia oleae (Oliver) Metaphycus flauu.s (Howard) 

Metaphycus lcunsbury (Howard) 

Saissetia coffeae (Walker) Coccophagus lycimnia (Walker) 

Chioropuluinaria [loccijera (Westw.) 

Ceroplastes rusci (L.) Tetrasticus ceroplastae (Girault) ScuteUista cyanea Motsh.. 

Ceroplastes sinensis Del Guercio Tetrasticus ceroplastae (Girault) ScuteUista cyanea Motsh. 

Ceroplastes japonicu.s ( Green) 

Parlatoria ziziphus (Lu.:as) Encarsia citrina (Craw) 

Parlatoria pergarniei (Comstock) Encarsia spp. 

Cornuaspis beckii (Newstead) Aphytis lepi.d<Jsaphes Compere 

Insulaspi.s glouerii (Packard) Encarsia herrniani (Girault) 

Unaspis yanonensis Kuwana Aphitis yanonensis De B. & Ros. 

Aspidiotus nerii Bouche Encarsi.a. citrina (Craw) 

Chrysomphalus dictyospermi (Morgan) Aphytis chrysomphali (Mercet) 

Aonidi,,lla aurantii (Maskell) Aphytis melinus De Bach 

_J 
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Impact of methidathion on citrus entomofauna: I- perspective of ecological selectivity 

S. Gravena, P.E.B. Paiva
Center of Integrated Pest Management, Department of Entomology

P. T. Yamamoto 
Nematology, Paulista State University, 14870, Jaboticabal, SP, Brazil 

Additional index words. bromoproplylate, knock down sampling, coccinellids, chryposids, 

insects, mites, insect pathogens. 

Abstract. The purpose of this research was to study the impact of the insecticide 
methidathion on beneficial insects and mites, in the condition of ecological selectivity by 
parcial placing the chemical on the citrus plants. The miticide bromoproplylate was used 
as a stander physiological selective product. Methidathion was sprayed in two manners: 
on the trunck plus primary branches and in alternated rows. Two experiments were 
done on the same plots: February-June and July-September. The evaluation were made 
in 4 trees/plot using the following methods: l."DDVP-Knock down" sprayed on the 
canopy to drop insects on ground colletors (1.2 x 0.6m); 2. collecting leaves for lab 
counting. Bromopropylate on foliage sprays and methidathion on trunck and primary 
branches were not harmful to the citrus beneficial insects and mites. Methidathion in 
alternated rows reduced significatively the coccinelids Pentilia egena and Coccidophylus 

citricola, and the predatory mites Euseius citrifolius and lphiseiodes zuluagai but did not 
affect Newroptera (Chrysopids). 

The citrus integrated pest management in Brazil is presently based on three main 
tactics which are the periodic scouting of citrus mite key pest, the naturally occurring 

biological control and the use of selective acaricides for natural enemies. It is well known that 

there are two general kinds of selectivity: physiological selectivity which characteristics are 

innerent to the insects to avoid the effect of the pesticides; ecological selectivity that one of 
the methods is the especial placement of the pesticides in the ecosystem in order to be less 
harmful to the beneficials (Ripper, 1956). 

The acaricide bromopropylate is one of the commonest pesticide used for control of 

the citrus rust mite Phy/locoptruta o/eivora (Ash.). This chemical has high degree of 
selectivity for beneficial insects although presenting moderate action to predatory mites. The 

insecticide methidathion is highly efficient against scale insects but has a wide spectrum 
action, killing almost all the arthropod species (Pree and Hagley, 1985; Morse and Bellows, 

1986; Kashio, 1983). 
The present research was planned to study the impact of methidathion on the natural 

enemies living in the citrus ecosystem, when applied selectively by direct sprays: 1. on the 
trunck and primary branches against the armored scales Unaspis citri (Comstock) and 

Parlatoria cinerea (Hadden; and 2. on alternated rows for Selenaspidus articulatus (Morgan) 

and Parlatoria ziziphi (Lucas) (Hemiptera:Diaspididae). 
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Material and :\fethods 

Two experiments were conducted in an orange orchard of Citrus sinensis (Osbeck) var. 
·Per· in the region of Jaboticabal. State of Sao Paulo, Brazil, during Summer-Autumn and
Winter of 1991. Each plot was composed of 400 trees arranged in 6 rows for each treatment.
The treatments were: 1. bromoprobylate (0.02kg AVlOO 1) sprayed on the foliage, 2.
methidathion (0.06 kg AI/100 l) sprayed on the trunck and primary branches: 3.
methidathion (0.06 kg AVlOO 1) in alternated rows: 4. check (no applications).

The evaluation methods were: 1. collecting 10 leaves at the external and 10 at the 
internal canopy for parasitoids and predatory mites counting, respectively; 2. 
DDYP-konock-down foliage spray at 19c. with ground nets (1.0 x 0.6 m) under the canopies, 
to collect the insects after 10 minutes (adapted from Sechser, 1988) (Figure 1). In the 
alternated row treaunent the evaluation was made on the treated plants by the summer/autumn 
test and on all the trees by the occasion of the winter test. 

Results and Discussion 

The dramatic harmfull effect of methidathion was observed on the most common 
natural enemies, in citrus plantation, when applied as full cover spray on the canopy. The non 
phypiological action of methidathion was also found by Walters (1976), Fumes (1977) and 
Bradley (1986). 

Chrysopid. The density of adult chrysopid was reduced also in the check treatment (Table 1) 
and was very low during the winter, being too difficult the comparison between the 
treatments. The number of insects increased significantly 14 days after bromopropylate spray, 

confinning its selectivity. Methidathion applied restrictly on trunck and primary branches 
showed some effect at 14 days but the restoration came up at 21 and 30 days (Table 1) being 
ecological selective by this way of placement for scale insect control. 

Coccinellids. From summer-autumm to winter the density of coccinellids was reduced in 
98'7c on the check plots and pre-treatment countings (Table 2). 1v1ethidathion treated on the 
trunck-primary branches proved to be selective ecologically while on alternated rows plot did 

not appear to do it. This result showed that there is no recover of the population under 
methidathion in plots of 400 trees. even in the manner of alternated ro\v sprays, as a tool for 
citrus IP;\1. 

Coccidophi/us citrico/a. One of the most cammon coccinellid species. Coccidophilus 

citricola (Table 3 ), had similar response of the total coccinellids surveyed (Table 2). At the 
trunk-premary branches. methidathion did not affect its population density in both 
summer-autumn and winter experiments. Ho\vever, the alternated rows plot again was not 

adequate as ecological selective for C. citricola. The coccinellid density did not recover, even 
6 months later, in the plot under methidathion alternated rows (Figure 2). Although C. 
citricola has the trunck-p.branches as one of its habitat it seems that it also occur in high 
densities on the canopy. at the same time because the trunck-p.branches spray did not affect 
the population on the foliage part of the tree. 
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Pentilia egena. Concerning the coccinellid species, Pentilia egena, Table 4, which was the 
most common predator in the summer/autumn test showed to be affected by both 
trunk-p.branches and alternated rows. This is due likely to the behaviour of P. egena habitat 
which is also the trank by the larval stage, decreasing drastically the adult emergence 14 days 
after the first general sprays. Its restaration toward the same density of the check happened 
only at 30 days after the trunk-p.branches spray. Otherwise, the number of coccinellids was 
very low on the ground collectors at this time. P. egena was not found during the winter test. 

Predatory mites. Methidathion was ecollogically selective for the predatory mites in the 
trunk-p.branches plot but not at the alternated rows one, as is shown on Figure 3, during the 
summer-rutumn experiment. Under bromopropylate sprayed as total cover area of the 400 
tree-plot, the beneficial mite densities showed to be recovered at about 3 months after the 
spray. 

Beneficial fungi. The data of beneficial fungi attacking the scale Selenaspidus articulatus is 
in Figure 4. Methidathion heavily reduced the occurrence of the pathogens on the scales 
confirming the laboratory tests made by Cadatal and Gabriel (1970) who found a decreasing 
of beneficial fungi. 

Conclusion 

Bromopropylate sprayed as full cover on the citrus foliage and methidathion applied 
on the trunk and primary branches were not harmful to the citrus beneficial insects and mites. 
Methidation in alternated rows reduced significantly the coccinellid species Pentilia egena and 
Coccidophilus citricola, and the predatory mite Euseius citrifolius and lphiseiodes zu1uagai 

(Acari:Phytoseiidae), but did not affect adult chrysopidae. 
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TABLE 1. Effect of bromopropylate and metidathion (alternated rows foliage and trunk/primary 
branches sprays) on adult chrysopid in citrus trees, under summer/autumn conditions. 

NUMBER OF ADULT CHRYSOPID/FOUR GROUND COLLECTORS 
Sellected sampling dates and days after application ( ) 

TREATMENTS (kg AI/100 1) -----------------------------------------------------------
(Selective method) 21/2 01/3 09/3 16/3 25/3 

Bromopropylate (0.02) 
(Selective Acaricide) 
Metidathion (0.06) 
(Trunk and 1st branches 
Metidathion2(0.06) Row A 
(Alternated rows) Row B 
Check 

0 7 14 21 30 

3.2al 3.2a 

3.7a 3.0a 

5.0a 3.0a 

3.7a 1. Oa

8.5a 

2.5 b 

2.0 b 

1.5b 

2.0ab 

3.5a 

0.0 C 

1.0 b 

5.5a 

4.5a 

1.2 b 
1. 2 b

1. Means followed by the same letters did not differ by the Duncan's multiple range test (P 
0. 05).
2. Survey made on treated plants.

N 
0 



TABLE 2. Effect of bromopropylate and metidathion (alternated rows foliage and trunk/primary 
branches sprays) on adult coccinellid in citrus trees under summer/autumn and winter conditions. 

TREATMENTS (Kg AI/100 1) 
(Selective method) 

NUMBER OF ADULT COCCINELLIDAE/FOUR GROUND COLLECTORS 
Sellected sampling dates and days after applications ( ) 

0 

Bromopropylate (0.02) 
(Selective Acaricide) 
Metidathion ( 0. 06) 
(Trunk and primary brancpes) 
Metidathion2(0.06) Row A 
(Alternated rows) Row B 
Check 

Bromopropylate (0.02) 
(Selective Acaricide) 
Metidathion (0.06) 
(Trunk and primary branches) 
Metidathion2(0.06) Row A 
(Alternated rows) Row B 
Check 

21/2' 

212.5al 

80.2a 

56.0a 
-

154.0a 

WINTER 
25/6 

0 

7 

2.7ab 

2.2ab 

0.7 b 
-

3.7a 

SUMMER/AUTUMN 
01/3 09/3 

14 21 

35.7a 

19.5ab 

10.0 b 
-

35.2a 

28/6 
3 

1. 7 b

1.2 b 

0.2 b 
-

5.0a 

30.2a 

12.7ab 

5.5 
-

14.7b 

18/7 
21 

1. 7a

l.Oa

1. 7a 
0.7a 
2.5a 

C 

16/3 
30 

19.5a 

11. Oa

0.5 b 
23.0a 

26/7 
30 

1. Oa

3.0a 

0.7a 
0.5a 
2.oa

25/3 

11.5a 

10.0a 

3.7 b 
9.2a 

23/8 
58 

10.oa

11.0a 

2.0 b 
0.5 b 

13. 7a

1. Means followed by the same letter did not differ by the Duncan's multiple range test (P
2. survey made on treated plants.

0.05) 

N 



TABLE 3. Effect of bromopropylate and metidathion (alternated rows foliage and trunk/primary 
branches sprays) on adult lady beetle Coccidophilus citricola in citrus trees under summer/autumn 
and winter condition. 

TREATMENTS (Kg AI/1001) 
(Selective method) 

Bromopropylate (0.02) 
(Selective Acaricide) 
Metidathion ( 0. 06) 

(Trunk and primary branches) 
Metidathion2(0.06) Row A 
(Alternated rows) Row B 
Check (Natural) 

Bromopropylate (0.02) 
�Selective Acaricide) 
Metidathion (0.06) 
(Trunk and prim�ry branches) 
Metidathion2(0.06) Row A 
(Alternated rows) Row B 
Check 

NUMBER OF ADULT C. citricola/FOUR GROUND COLLECTORS 
Sampling dates and days after applications ( ) 

21/2 
0 

38.0al 

21.2a 

27.0a 

23.5a 

25/6 
0 

1.5a 

1. 7a 

0.5a 
-

2.7a 

SUMMER/AUTUMN 
01/3 09/3 

7 14 

14.0a 15.7a 

8.2ab 6.2ab 

3.5 b 2.2 b 

11. 7ab 8.7ab 

WINTER 
04/7 18/7 

7 21 

1.0a 1. Oa

1.0a 0.7a 

0.5a 1.2a 
0.7a 0.5a 
1.5a 1.2a 

16/3 
21 

14a 

9.0a 

0.5 b 
15.5a 

26/7 
30 

0.5a 

o. 2a

0.2a 
0.2a 
0.7a 

25/3 
30 

7.7a 

7.7a 

3.2 b 
7.5a 

23/8 
58 

7.7a 

10.5a 

1. 7 b
0.2 b
9.0a

1. Means followed by the same letters did not differ by the Duncan's multiple range test (P 
0.05).
2. Survey made on treated plants.

N 
N 



TABLE 4. Effect of bromopropylate and metidathion (alternated row foliage and trunck/primary 
branches sprays) on adult lady beetle Pentilia egena in citrus trees under summer/autumn. 

NUMBER OF ADULT P. egena/FOUR GROUND COLLECTORS 
after applications ( ) 
TREATMENTS (Kg AI/1001) 
(Selective method) 

Bromopropylate (0.02) 
(Selective Acaricide) 
Metidathion (0.06) 
(Trunk and primary branches) 
Metidathion2(0.06) Row A 
(alternated rows) Row B 
Check 

21/2 
0 

158.0al 

45.5a 

27.0a 

114.0a 

01/3 
7 

16.5a 

7.0ab 

5.5 b 

19.2a 

09/3 
14 

9.7a 

3.5 b 

2.7 b 

4.2 b 

Sampling 

16/3 
21 

4.0a 

0.5 be 

0.0 C 

3.0ab 

dates and days 

25/3 
30 

2.2a 

2.0a 

0.5 b 
1.2ab 

1. Means followed by the same letters did not differ by the Duncan's multiple range test (P 
o. 05).
2. Survey made on treated plants.

N 
,.,, 
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Figure 1. Ground collectors under the canopy. 
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Figure 2. Seasonal abundance of Coccidophilus citricola under the 
influence of bromopropylate and methidation (rows A and B) sprayings. 
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FIGURE 3 
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Figure 3. Seasonal abundance of predatory mites under the influence of 
bromopropylate and methidation (rows A and B) sprayings. 
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Figure 4. Seasonal occurrence of beneficial fungi on Selenaspidus articu/atus 

the influence of bromopropylate and methidation (rows A and B) sprayings. 
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Courtship and mating behaviour in Aphelinus chaonia Walker (Hym.: Aphelinidae), an 
important parasitoid of Toxoptera aurantii (B.D.F.) (Hom.: Aphididae). Preliminary 
Note.1

G. Liotta
lstituto di Entomologia Agraria University of Palermo, Italy

S. Manzella
Osservatorio per le Ma/attie de/le Piante - Palermo, Assessorato Agricoltura e Foreste

Regione Siciliana, Italy

Additional index words. mount, dismount, antennation, copulation. 

Abstract. Courtship and mating behaviour was studied in 113 pairs of Aphelinus chaonia 

Walker (Hymenoptera: Aphelinidae), introduced into gelatine capsules at the 
experimental conditions of 25-27 °C, R.H. 70-80% and natural lighl 85.84% of pairs 
showed the following sequence: antenna! contact, mount, post mount antennation, 
copulation, post copulatory antennation, dismount. The entire sequence of events lasted 
on average x= 63.20 ±21.08 (n= 97). 9.73% of pairs showed some differences in the 

intermediate phases of the sequences, while 4.43% did not mate. 

It is well known that knowledge of bio-ethological behaviour can be very helpful m 
evaluating the capacity of parasitoids to control biologically their host phytophages. 

In recent times, various studies have been carried out on the courtship and mating of 
hymenoptera aphelinids (Khassimuddin and DeBach, 1975; Gordh and DeBach, 1978; 
Mazzone, 1983; Viggiani and Battaglia, 1983, 1984; Viggiani et al., 1986; Battaglia et al., 
1988; Lo Pinto, 1989) and inter-specific differences have been shown up that can be used for 
systematic aims. 

The aim of the present research is to investigate the courtship and mating of A. chaonia 

(Hymenoptera: Aphelinidae), which in Sicily plays an important role in controlling some 
aphids, including Aphis fabae Scopoli and Toxoptera aurantii (B.D.F.) (Liotta, 1983, 1988). 

Materials and methods 

The observations were carried out in a laboratory and the experimental conditions were 
temperature 25-27 °C., relative humidity 70-80% and natural light. 

From colonies of A. fabae, bred on Galium aparinae L. and parasitised by A. chaonia, 

aphid mummies were isolated in gelatine capsules (length 2 cm., diameter 0.7 cm.) 
Within 24h. after post-emergence, adults were placed in pairs in the capsules and observed 

under stereo-microscope for 15 minutes. Sexual interactions, pre-courtship times and timing 

1 This work was supported by M.U.R.S.T. (60%).
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of the courtship and mating sequence were noted down. 
Sexual behaviour was observed in 113 pairs. 
Moreover, females which had mated were put back into capsules together with the males 

from the first copulation or different males that had mated, for a repetition of mating after 3, 
6, 12 and 24 hours, 10 pairs being used for each trial with a total of 80 pairs. 

To check the capacity of males that had mated to repeat copulation, they were put into 
capsules with virgin females 3, 15, 30 and 60 minutes after the first copulation, 4 pairs being 
used for each trial with a total of 16 pairs. 

Results and discussion 

In 95.57% of the pairs observed (108/113) copulation occurred, and in 85.84% of cases 
(97/113) there was a typical sequence of courtship and mating, while in 9.73% of cases 

(11/113) there were differences in the intermediate phases of the sequence. In the remaining 
4.43% of pairs (5/113) copulation did not occur. 

In this preliminary note, we discuss only the most frequent sequence, involving the 
following phases: antenna! contact, mount, post-mount antennation, copulation, post
copulatory antennation, dismount. 

The whole sequence appears to be less composite than in other aphelinids like Encarsia 

asterobemisiae Vigg. and Mazz. (Viggiani and Battaglia, 1983) and Cales noacki How. (Lo 
Pinto, 1989), - which exhibit articulated post-copulatory courtship - but more complicated 
than in Encarsia pergandiella Howard (Viggiani and Battaglia, 1983) and Coccophagus 

obscurus Westw. (Battaglia et al., 1988), in which both post-mount and post-copulatory 
antennation are absent. 

After being placed in the capsules, the individuals move at random or remain motionless 

and distant. Interception is always on the part of the male, which for brief instants follows 
the female in 75.26% of cases (73/97), while if the female is stationary it approaches with 

caution. The precourtship period has a duration of x= 57.42 ± 46.91 sec. (n= 97), as in C. 
noacki, in which this period takes on mean values around one minute (Lo Pinto, 1989). 

Inception of the courtship sequence starts with brief antennation by the male, performed 
generally near the female's gaster. Mount is posterior, as in Eretmocerus longicornis Vigg. 

and Batt. (Battaglia et al., 1988) but differs from that of Encarsia aspidioticola (Mercet) 
(Viggiani and Battaglia, 1984), in which it is lateral. 

The male heads rapidly for the female's head, walking on its back in order to perform post

mount antennation. It places itself with its front legs on the female's head, its back legs on 
her wings, and its middle legs raised without touching the female's body, like Aphytis 
lingnanensis Compere (Gordh and DeBach, 1978) and Physcus testaceus Masi (Viggiani et 

al., 1986). 
Male antennation in A. chaonia comes about through alternating vibration of both 

appendices, which stick out below in front of the female's, usually in a reclining position,. 
unlike C. noacki in which the female's antennae are stretched out at the front (Lo Pinto, 
1989). The duration of post-mount courtship is x= 19.35 ± 6.27 sec. (n= 97). 

Subsequently, the male moves back quickly, bends its body and brings its genital aperture 

against the female's for a brief period (x= 2.19 ± 1.30 sec.; n= 97), while the female remains 
motionless throughout the copulation, as in Aphytis lingnanensis Compere (Gordh and 

DeBach, 1978) and C. noacki (Lo Pinto, 1989). 
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Unlike Archenomus /ongiclava (Girault), Encarsia asterobemisiae (Viggiani and 
Battaglia, 1983) and C. noacki (Lo Pinto, 1989), after copulation the A. chaonia male moves 
forward rapidly without dismounting. It performs post-copulatory antennation, to which the 
female responds by raising both antennae towards the male's, for a duration of x= 37.49 ± 
18.52 sec. (n= 97). 

At the end of courtship, the female begins running on the substratum and the male 
dismounts brusquely. As in the case of C. noacki (Lo Pinto, 1989), it is the female that 
interrupts the sexual interaction, while in Aphytis lingnanensis Compere either sex can do 
it independently (Gordh and Debach, 1978). 

The overall duration of the courtship and mating sequence in A. chaonia is x= 63.20 ± 21.08 
sec. (n= 97), less than that reported for Archenomus longiclava (Viggiani and Battaglia, 1983) 
and C. noacki (Lo Pinto, 1989). 

In the trials carried out, inseminated A. chaonia females never consented to a second 
courtship. As in the case of Aphytis spp. (Khasimuddim and DeBach, 1975), it is to be 
supposed that the A. chaonia female mates only once in her lifetime, at least from trials 
carried out within 24 hours of the first copulation. 

On the other hand, males that had mated and were then placed in contact with virgin 
females always copulated, even 3 minutes after the previous copulation, like Encarsia 

partenopea Masi males, which can mate again within a few minutes (Mazzone, 1983), as can 
Encarsia aspidioticola (Mercet) males (Viggiani and Battaglia, 1984). 
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Bioecological survey of weevils damaging fruit crops in Reunion Island 

S. Quilici and A. Langlois
CIRADIIRFA - Reunion, Laboratoire d' Entomologie, Station de Bassin Martin, B.P. 180 - 97455
Saint-Pierre Cedex, La Reunion, France 

Additional index words. Citrus, phyllophagous weevils, Cratopus spp., Pantomorus cervinus 

Abstract. Various species of phyllophagous weevils, mainly in the genus Cratopus 

(Curculionidae, Brachyderinae, Cratopini) are associated with numerous wild or cultivated 
host plants in Reunion Island. On some fruit crops, the adults sometimes induce severe 
defoliations. In 1989-90, a bioecological survey was conducted on the main fruit crops in the 
whole island, in order to precise the identification of species within this complex, to 
determine their distribution and relative importance and to evaluate the level of damages. 
Results indicated that numerous species were present, among which C. humeralis appears 
by far the most abundant in most areas of the island. Locally, or on particular host-plants, 
other species may also be important : C. angustatus and Pantomorus cervinus. The highest 
levels of damages were caused by C. humeralis, mainly on Citrus, in areas of medium 
altitudes (600-800 m). 

introduction 

Together with Mauritius and Rodrigues, Reunion Island belongs to the Mascarenes archipelago 
in the south-western part of Indian Ocean. This mountainous volcanic island covers 2512 km2 

and presents a tropical climate, largely influenced by altitude and prevailing winds. The austral 

summer, from december to april, is the rainy season during which typhoons may occur, whereas 
the austral winter, from may to noyember, is drier and cooler. 

Though the major part of the useful land (66 p. cent) is devoted to sugarcane, fruit crops have 
developped strongly during the last 15 years, reaching a total acreage of some 5000 ha, due to 
recent emphasis on cultural diversification. The production of tropical fruits, (mainly litchi, 
mango and citrus) is the most important but temperate fruits (peach, apple) are also grown at 
medium and high altitude. 

Among various pest problems on these crops, damages caused by some phyllophagous adult 
weevils (Cratopus spp.) were frequently observed on different fruit species. As very little was 
known about the bioecology of this group of pests in the island a first study was initiated by 
CIRAD/IRFA in 1989-90, in order to precise the species involved and their relative importance 
on the main fruit crops. 

Hustache (1920), who first studied in detail the taxonony of the group, described 65 species in 
the genus Cratopus (Curculionidae, Brachyderinae, Cratopini) in the Seychelles, Madagascar and 
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mainly in the Mascarenes (32 species in Reunion Island). Vinson (1967) considered this genus 
to be endemic to the Mascarenes because of the specific diversity : on 64 species, he recorded 

42 in Mauritius, 32 in Reunion and 5 in Rodrigues, a few species extending their distribution area 
to Madagascar and neighbouring islands : Comoros, Europa, Aldabra, Glorieuses, Seychelles and 
Tromelin (Table 1). According to Hustache (1920), the genus is also found in India where it is 
represented by 3 species, one of which (C. adspersus Waterhouse) is also present in the 
Seychelles. 

On the 32 species from Reunion, 16 are recorded as endemic of the island, while the others are 
also found in Mauritius, or sometimes in Madagascar or Comoros (Vinson, 1967). However, in 
a survey conducted in Reunion in 1957, Richard only found 16 species among those recorded by 
Hustache (1920), most of them present in the highlands while 5 also in the lowlands : C.

somptuosus Boheman, C. scapularis Deyrolle, C. aeneoniger Hustache, C. humeralis Boheman. 
and C. punctum F. 

Previous biological data on this group were very scarce. Adults are known to cause sometimes 
important damages, caracterised by narrow, deep leaf-eating. Though these damages are most 
frequent on some fruit crops, the host-range of some species seem to be very large, and Hustache 
(1920) mentions C. punctum to be common on nearly all cultivated plants, particularly on roses. 
Richard (1957) also noticed the wide polyphagy of C. humeralis found on egg-plant, eucalyptus, 
Casuarina, sugarcane, peach, apple ... Plenet (1965) recorded damages of C. ditissimus Boheman 
and C. herbaceus (a single species, according to Hustache) on potato, of C. bouroni Hustache 
on peach and of Cratopus spp. on geranium, vine and avocado. On citrus, Etienne et Vilardebo 
(1978) mention damages caused by five species : C. frappieri Deyrolle, C. humeralis, C. 
scapularis, C. somptuosus and C. angustatus Boheman, this latter species being sometimes 
responsible of heavy defoliation mainly in the highlands. 

As to preimaginal instars, Hustache (1920) indicates that larvae and nymphs of the common 
species C. punctum can sometimes be found in high numbers in sugarcane fields, in the soil 
covered by old leaves. This author also mentions the nocturnal habits of the adults. 

Some questions remain about the taxonomic study of this genus, in which some related species 
appear very difficult to be distinguished following Hustache's descriptions. For instance, it seems 

surprising that the common C. punctum mentionned by Hustache (1920) and Richard (1957) in 
various localities was never found in the more recent prospections. Further taxonomic and 
biological studies would be useful to clarify such points. During our studies, a large part of the 
collected material was sent to Mr R. Richard that we acknowledge here sincerely. 

Material and methods 

This survey was conducted from september 1989 to january 1990, in 22 plots, distributed in 
various parts of the island, covering a large range of altitudes and the most important susceptible 
fruit crops (citrus, litchi, peach, apple ... ). In most cases, data were collected monthly on each plot. 
At times, some additionnal plots were also ponctually visited. 
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To evaluate the diversity and abundance of the species, branches were shaked over an umbrella. 
The method seemed suitable as the adults tend to fall down readily when disturbed. The sampling 
unit consisted of twenty samples (two samples per tree on 10 randomly selected trees, or one per 
tree on 20 trees for young orchards). 

Damages on leaves were evaluated on each sampled tree according to the following scale 
0: no damage 
1 : less than 50 p. cent of the leaves with symptoms 
2 : more than 50 p. cent of the leaves with symptoms 
3 : a large majority of the leaves with heavy symptoms 

Except for young trees, each-tree was rated twice by observing two faces. A mean damage rating 
was then calculated for the whole plot. 

When possible, weevils vere also collected on windbreaks, or adjacent crops or vegetation. 
Notes were also taken on the type of weed control and spraying practices. 

Results and discussion 

The species and their distribution areas 

Eight Cratopus species were found during the survey : C. hurneralis, C. angustatus, C. parvus 
Deyrolle, C.frappieri, C. sornptuosus, C. exquisitus, C. sandi Deyrolle and C. near circumcinctus 

(new species). C. brunnipes Fabricius, which closely ressembles C. angustatus, has not been 
separated from this species in our survey. 

Another species was found damaging bananas on the· lowlands of the East : it had been 
previously discovered and was recently described as C. bernei (Richard, pers. corn.) 
Two wingless species of related genera were also collected 
- Pantomorus cervinus Boheman : this american species, largely polyphagous, extended its
distribution to Europe, North Africa and Australia. Though it hadn't been previously mentionned
from Reunion, we collected it frequently at various altitudes.
- Cratopopsis bistigrna was only collected at high altitudes (Plaine des Cafres) on peach and
Solanum auriculaturn Ait.

The distribution maps of the species (Fig. 1 a and b) show an increase of the specific diversity 
with altitude. For instance, at medium and high altitudes (above 600 m in the South and 800 m 
in the West), the common C.humeralis is collected, but also C. angustatus, P. cervinus, C. 
frappieri, C. sornptuosus and C. parvus. The ecological requirements of the most frequently 
collected species have been roughly estimated according to the main climatic factors and the 
ecologic zones of the island as defined by Cadet (1980). 

C. humeralis appears by far the most common and widespread species. It seems adapted to a
wide range of ecological situations and altitudes, though it prefers the lee-ward side of the island. 

The distribution area of C. angustatus and C. parvus seems to fit rather well the ecological zone 
C as defined by Cadet (1980), characterized by a medium level of winter rainfall. These species 
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seems to tolerate the high rainfall of the wind-ward side of the island. 

P. cervinus has a larger distribution area, in the ecological zones B and C , and could perhaps
tolerate a lower level of winter rains. An excess of rainfall seems to affect this species which has 

not been found when the annual rainfall exceeds 3 m. Its distribution is apparently little 
influenced by temperature. 

The other species appears far less important and are restricted to the highlands. 

Rdative importance 

It has been estimated by the ratio of each species in the total catches for a particular plot. This 
confirms that C. humeralis is-by far the most common species, found in nearly all the localities 

on all the fruit crops prospected (Fig. 2), except in the lowlands of the East, on litchi. In this 
case, C. humeralis is replaced by C. angustatus that seems more adapted to the high rainfall of 
this area. However, in other areas (i.e. Petite lie, in the South), C. humeralis may be the 

dominant species on litchi. In certain instances, P. cervinus may be more important, as in a citrus 
orchard of Salazie where it was the only species collected. 

Evolution of abundance and damage 
The results are summarized in Table 2 and 3. In most cases, we observed an increase in the 

abundance of adult weevils (all species together) collected during november and december, 

maybe related to the occurence of austral summer rains. During this last month, adult weevils 
were present in 96 p. cent of the plots with an abundance (A) above 50 adults per sampling unit 
in 20 p. cent of them. 

The characteristics of the eight plots where high populations were detected (A>50) can be 

summarized as follows 
- in October/November : on peach (1350 m) Centre I00>A>50 

on Citrus (600 m) South A> 100
on Citrus (640 m) South A> 100

- in November/December : on peach (1000 m) North I00>A>50
on Citrus (850 m) South 100>A>50
on peach (1350 m) Centre A> 100
on apple (1350 m) Centre A> 100

Globally, the highest populations were observed in the Centre and the South (A> 100) and also 

in the West (100>A>50), generally above 800 m (600 m in the South). The increase in 
abundance seemed to occur a little bit earlier in the South, compared with the Centre and the 
West. 

The highest number of plots with a mean damage rating above 2 was observed in october -
november. Whatever the period, heavy damages were observed mainly on citrus, in plots situated 
at altitudes between 600 m and 800 m. 

In these areas, only C. humeralis and P. cervinus were present, the other species being 
generally found at higher elevations. These two species can be considered as the most damaging 

ones. 



The species and variety of the host-plant appears important. The prekrnl species sn-m to he 
apple, loquat and above all citrus, particularly oranges. For instann-. in a citrus orchard ol the 
North-West (600 111). the llamlin orange plot was heavily allaeked whik adjacent lime and 
clemcntine plots weren't much afkcted. 

The environment of the orchard also see111s to play a prominent rnk. In the appk plot whnc 
heavy damages were observed in septc111her - octohcr, an important smnlT of weevils was 
represented by near-by loquats with numcrous tlushcs. ));11nagcs were nhsl·1vcd on various 
common hosts whcther herbaceous pl;111ts (A11wr1111th11s sp.) or shrnhs (/?11h11s 11/nll'/i11i11s. So/w111111 
a11ric11/atu111, Lt.mtaiw camara, Schi1111s 1adii11t/iifi1/i11s. / ,1•11011·1111 h•11owr1ilwl11. Sv;:igi11111 
jamhos ... ). The geranium. which represents an important nop for the highlands of the West. is 
also frequently attackcd and may constitute a rescrvoir for thc pest. Tlw proxi111ity of sugarrn11c 
fields whcrc the larvae could develop may al\o contribute to inneasc the i11fcstation. hut this has 
to be confirmed by further studies. 

Other factors seem to influence the weevil populations and damagl'S, such as : 
- the type of weed control : high populations scemcd to he more frequcnt whcn weeds were
abundant
- the phenology of host-plant : in many cases, high levels of population and damages were
correlated with a flushing period, particularly on citrus and loquat.

Conclusion 

This preliminary survey constitutes a first step towards a better understanding of the problem 
of phy.llophagous weevils of fruit crops in Reunion Island. 

Further studies should concentrate on thc assessment of the real economic impact of such pests, 
on the biology of the most important species, C. humeralis and on its population dynamics over 
a longer period, taking into account the preimaginal instars. This knowledge should allow an 
improvement of control methods currently often based on a few applications of hroacl-sprectum 
insecticides. 
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TABLE - GEOGRAPHICAL DISTRIBUTION OF CRATOPUS SPP.
(from HUSTACHE, 1920 VINSON, 1967)

l 

5 

\. 13. 

ESPECES 

C. adspersus IIATERH. 
C. aeneoniger HUST. 
C. olboscutellatus BOH. 
C. anceps MARSHALL 
C. angustatus BOH. 
C. antelmei HUST. 
C. armatus HUST. 
C. arquatus HUST. 
C. aurostriatus FAIRH. 
C. bouron i HUST. 
C'. brunn ipes FABR. 
C. caliginosus BOH. 
C. car,iel HUST. 
c. chry,ochlorus BOH. 
C. circvncinctus BOH. 
C. confusus BOH. 
C. convex i co\ t h HUST. 
C. denudatus FAIRH. 
c. desjardinsi FAIRH. 
c. ditissilllJS BOH. 
C. exgui s i tus SOH. 
C. fasci ger HSHL 
C. fl avomacul a tus HSHL 
C. frappi eri OEYROLLE 
C. f ul vescens BOH. 
C. griseovestitus LINNELL 
C. griseoviridis HUST. 
C. hama t i pes HSHL 
c. huneralls BOH. 
C. ictericus. BOH. 
C. inornatus IIATERH. 
c. lateralis HUST. 
C. leucophaetus SOH. 
C. lotus BOH. 
C. magnificus IIATERH. 
c. marglnatus BOH. 
C. marmoreus BOH. 
C. melanocephalus FABR. 
C. moll tor BOH. 
C. morel i OEYROLLE 
C. murinus BOH. 
c. l!IJticus CHAMP. 
C. nanus BOH. 
C. nigrogranatus FAIRH. 
C. nub I l osus HSHL 
C. oval is HUST. 
C. parvus OEYROLLE 
C. perturbatus BOH. 
C. pilosus HUST. 
c. psjttacus FAIRM. 
C. punctlJTl FABR. 
C. rock.i HUST. 
C. roralis FABR. 
C. roseus HUST. 
C. sandi OEYROLLE 
�inic:ollis OL, 
C. scapularis OEYROLLE 
C. segregatus CHAMP. 
c. septemvittHUS OEYROLLE 
C. SQ/l'PtUOSUS SCH. 
C. striga FABR. 
C. tigretus MUST. 
C. triangularis BOH. 
c. tristis HUST. 
C. varicgatus HUST. 
C. vlrescens UATERH. 
C. virldilimbatus HUST. 
C. vi ridipunctatus HSHL 
c. vlrldispar>US FA!RH. 
C. vi ridulus HUST. 
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Table 2 - Abundance of adult weevils during the survey 
(Abundance = A = adult weevils/sampling unit) 

Visited 

plots (#) 

Contamin. 

plots (#) 

Plots (#) for each 

abundance class 
A<lO I0<A<50 50<A<I00 A>lOO 

Sept.-Oct. 

Oct.-Nov. 

Nov.-Dec 

29 

28 

26 

19 (65.5%) 16 

23 (82.1%) 11 

25 (96.1%) 6 

3 

9 

13 

1 

3 

Table 3 - Characteristics of the plots showing a high mean leaf damage rating 
during the survey 

Plots (#) with Characteristics 
damage rating >2 of the plots 

Period 

Sept.-Oct. 2 (6.9%) Citrus (720 m)-S.W. 

Oct.-Nov. 6 (21.4%) Citrus (600 m)-N.+ S. 

Citrus (640 m)-S. 
Citrus (720 m)-S.W. 
loquat (600 m)-S. 

apple (600 m)-S. 

Nov.-Dec. 3 (11.5%) Citrus (600 m)-N.W. 
Citrus (720 m)-S.W. 

geranium (1000 m)-N.W. 

2

2
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Biological control of Parabemisia myricae (Kuwana) in western sicily (horn. Aleyrodidae). 
Preliminary note' 

A. Sinacori, G. Mineo and G. Lo Verde
lstituto di Entomologia agraria di Palermo, Italy

Abstract. The Japanese bayberry whitefly, Parabemisia myricae (Kuwana), has been 
casually introduced in southernltaly during 1990, and recorded for western Sicily in the 
autumn of the same year, causing damage on Citrus spp. orchards. 
In the course of a project on integrated control of citrus pests, the complex of its local 
parasitoids has been investigated. Three species of aphelinids have been found on the 
whitefly: Encarsia lutea Masi, Cales noacki Howard and Encarsia meritoria Gahan. 
Since in Israel Eretmocerus sp. represents the main biological control agent of 
P.myricae, in may 1991 we introduced this species in some citrus orchards around
Palermo. The total percentage of parasitism due to the upmentioned parasitoids in
January 1992 reached about 60%. Among them, E.meritoria has been found both on
Citrus spp. and on Vitis spp. Eretmocerus sp. resulted so far the most effective
parasitoid.

The occurrence of Parabemisia myricae (Kuwana), a poliphagous whitefly that cause 

damage particularly to citrus orchards, has been recorded in 1990 on some citrus cultures in 
southern Italy (Lo Verde et al.,1990; Rapisarda et. al., 1990a, b). 
Further researches stressed the presence of several predators and parasitoids of the whitefly 
(Longo et al., 1990; Lo Verde et a/.,1990;Rapisarda et al.,l990a, b, 1991; Sinacori et al., 

1991). 
During May and July 1991 the aphelinid wasp Eretmocerus sp. has been introduced from 
Israel, where it represents the most effective killer agent of P.myricae. 

It must be pointed out that since September 1991 Encarsia meritoria Gahan has also been 
intercepted on some citrus plantations around Palermo. 

In the present paper the observations carried out on the parasitization of P.myricae include 

only Eretmocerus sp., E.meritoria and Cales noacki Howard, being Encarsia /utea Masi only 
occasionally recorded on the whitefly. 

Materials and methods 
The observations have been carried out on one of the plantations in which Eretmocerus 

sp. was before released, i.e. that one around the Istituto di Entomologia agraria, University 

of Palermo, Parco d'Orleans. In this plantation three citrus species are represented: lemon (35 
plants), mandarin (100 plants) and orange (30 plants). The same coltural technics were 
practiced for all the trees, and no sprays were made during the whole period of the study. 
Since the evidence of the parasitism was recorded only on fourth instar larvae of the Japanese 

bayberry whitefly, only this stage was considered for the present study. 

Work carried out in the context of "lntervento Straordinario per ii 
Mezzogiorno, Rip. Progetti promozionali, Div.3, Agrumicoltura, Perizia 11/24/1, Cone. 
2071, 8/7/81 ". 
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The data on parasitism were collected according to the following technics, distinctly 
for each citrus species. Each observation was carried out on the 10% of the trees. Four shoots 
per tree, each about 20 cm long, were collected. All their stabilized leaves from the last 
vegetation were mixed, and only one hundred of them were randomly taken for the 
examination. For each leaf all the 4th instar larvae present on an area of 1 cmq were counted. 
Only one sample was collected in September, October, December 1991 and January 1992, 
whereas in November 1991 one for each decade. 

Results and discussion 

The analyzed data concerning the dynamics of parasitism due to E.meritoria, Eretmocerus sp. 
and C.noacki will be presented in a future paper. 
In the present note we just give information regarding the role played from the already 
mentioned aphelinids. 
By the observations, it has resulted that since September 16th, i.e. about three months after 
the first release, Eretmocerus sp. was found in all the samples. Its percentage of parasitism 
in the last decade of November ranged from 28% (on lemon) to 31 % (on orange) and 47% 
(on mandarin), about. 
In the same period the activity of E.meritoria was also valuable. Infact the rates of its 
parasitism reached 17% (on lemon), 34% (on orange) and 10% (on mandarin). It must be 
pointed out that this parasitoid has also been found in Siciliy on P.myricae attacking plants 
of Vitis vinifera europaea in the field and rootstocks (berlandieri X rupestris 1103) used for 
grafting in nurseries. 

As regarding C.noacki, the rates of parasitism due to this parasitoid were very low (less than 
1 % on lemon and mandarin; about 3% on orange). 
In order to realize the role of the aphelinids since the first sampling (16.IX.91) until the last 
one (24.1.92), in fig. 1 is represented the total rate of parasitism on the different citrus species, 
calculated for the whole study period. 
By the data shown in the figure it results that Eretmocerus sp. and E.meritoria have played 
the main role in the control of P.myricae on each citrus species. On the contrary, the role of 
C.noacki has been irrilevant.
Particularly, the total rates of parasitism due to Eretmocerus sp. were higher on mandarin

(26.6%), than orange (20.8) and lemon (14.8), whereas E.meritoria reached 13.7% on lemon,
24.5% on orange and only 3.6% on mandarin. The rates recorded for C.noacki ranged from
0.3% (on mandarin) to 0.9% (on lemon) and 3.0% (on orange).
Taking into account what it is occurred in other citricultural areas, i.e. California, Israel
(Swirsky et al., 1987, 1988) and Turkey (Uygun et al., 1990), where P.myricae is satisfactory
controlled by Eretmocerus sp., it could be expected that during 1992 the effectiveness of this
aphelinid would increase also in our citrus plantations, together with that of E.meritoria.

References 

Lo Verde G., Mineo G., Sinacori A., Iaccarino P. (1990). L' Aleirode della Pimenta 
giapponese negli agrumeti della Sicilia. Intervento Straordinario nel Mezzo- giomo. 
Ripartizione Progetti Promozionali.Div .3-Agrurni coltura- Per.11/24/1, Cone. 2071, 8n /81 

Longo S., Rapisarda C., Russo A., Siscaro G. (1990). Rilievi bio-etologici preliminari su 
Parabemisia myricae (Kuwana) e sui suoi entomofagi in Sicilia e Ca labria. 
Boll.Zool.agr.Bachic., (S. II), 22(2): 161-171 



43 

Rapisarda C., Siscaro G., Leocata S., Asero C. (1990a) Una nuova "mosca bianca" negli 

agrumeti italiani. Terra e Vita, 41: 30-31 

Rapisarda C., Siscaro G., Leocata S., Asero C. (1990b) Parabemisia myricae un nuovo 
aleirode degli agrumi in Italia. Inf. fitopat., XL(2): 25-30 

Rapisarda C., Siscaro G., Russo A., Longo S. (1991). Primi dati bionomici e notizie sul 

controllo biologico di Parabemisia myricae (Kuwana) in Calabria e Sicilia orientale 

(Homoptera: Aleyrodoidea). Atti XVI Congr. naz. ital. Entom., Bari-Martina Franca, 1991: 
423-427

Sinacori A., Lo Verde G., Mineo G. (1991). Parassitoidi di Bernisia afer (Priesner & Hosni) 
e Parabemisia myricae (Kuwana) (Homoptera: Aleyrodidae) nella Sicilia occidentale. Atti 

XVI Congr. naz. ital. Entom., Bari-Martina Franca, 1991: 437-441 

Swirski E., Blumberg D., Wysoki M., Izhar Y. (1987). Biological control of the Japanese 
Bayberry Whitefly, Parabemisia myricae (Kuwana) (Homoptera: Aleyrodidae) in Israel. 

Israel J. of Entomology 21: 11-18 

Swirski E., Blumberg D., Wysoki M., Izhar Y. (1988). Phenology and Biological Control of 
the Japanese Bayberry Whitefly, Parabemisia myricae, on citrus in Israel. In: Goren R., 
Mendel K., (Eds.) Proc. Sixth Int. Citrus Congress, Tel Aviv, Israel, March 6-11, 1988. 
Balaban Pub!., Philadelphia, Rehovot: 1163-1168 

Uygun N., Ohnesorge B., Ulusoy R. (1990). Two species of whiteflies on citrus in Eastern 

Mediterranean: Parabemisia myricae (Kuwana) and Dialeurodes citri (Ashmead). 

Morphology, biology, host plants and control in Southern Turkey. J. Appl. Ent. 110: 
471-482



44 

Fig. l - Total parasitism recorded on Parabemisia myricae during the whole 
study period. Between brackets the total number of 4th instar larvae 

examined and the dates of the first and last sampling 
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Integrated pest management in brazilian citriculture 

S. Gravena
Center of Integrated Pest Management, Department of Entomology and Nematology, Paulista

State University, /4870, Jahoticabal, SP, Brazil

Additional index words. IPM practice, citrus rust mite, leprosis mite, scale insects, Ceratitis 
capitata, sampling of key pests, action levels. 

Abstract. The citrus 1PM is being well develop in Brazil but little was done for its 
implementation. The Center of Integrated Pest Management - CEMIP has an 
educational extension service and a training program since 1986 in order to disseminate 
citrus 1PM philosophy in State of S. Paulo. We estimate that about 8% of the paulista 

orchards are assisted by both activities. Now, a joint program between CEMIP and 
FUNDECITRUS- Paulista Fund for Citriculture Defense, is being started toward 
extend citrus 1PM technology to more orchards of the State. The practice of citrus 1PM 
is now centered in two simple tactics: (1) pest monitoring; (2) pesticides selectivity. 
Environment manipulation, however, is the main objective of the research and we are 
trying to change the behavior of the growers in order to use mowing techniques instead 
of disking for weed control. This is being made to: (1) encourage native natural 
enemies; (2) reduce dust side effects; (3) avoid root cutting and disease infections. More 
studies on the ecology of citrus ecosystem and biological control are also needed to be 
done in an interdisciplinar basis. 

In the brazilian citriculture most of the growers are not able to maintain their orchards 
due to the high cost of production and low average yield per plant unit (2.2 boxes of 40.8 
kg). Great part of this cost, 35.63% in Campinas and 41.69% in Sao Jose do Rio Preto (Neves 
et al. l 990), is spent in pesticides. The effective way to reduce the total cost of production is 
to minimize the use of pesticides through the implementation of the IPM system. It is well 
know in the citriculture midia that for an orchard to be economic feasible the yield must be 
2.8 boxes/tree or more. So, two requirements for the maintainance of a fairly citrus plantation 
is to maximize the yield from 2.2 to at least that profitable 2.8 boxex/tree and diminishing 
the cost of production through strategies and tactics of integrated pest management. 

Brazil has been the major citrus producer of the world with 180.95 million trees 
(144.57 in production) in 1989 wich resulted in a total harvest of 357 .0 million boxes (Amaro, 
1991). According Passos (1990) Brazil produced 15.9 tons and Florida, USA, 11.5 tons in 

1988. Citrus sinensis is the main species and the varieties mostly planted are Pera, Natal, 
Valencia, Hamlin and Navel. Other species of citrus like lemons, tangerine, Ponkam and 
M urcot are also being produced. Part of the production is for the concentrated juice industries, 
mainly for export (Natal, Valencia and Pera). For fresh fruit market are Hamlin, Navel and 
some Pera. IPM strategies are different depending on the destination of fruits whether is for 
industry or for fresh market. 
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1PM Strategy and Tactics 

As a strategy for the brazilian citrus pest control, the conduction of an orchard is made 
in order to reach an ecological equilibrium in the citrus ecosystem with low cost of pesticide 
application and high yield production. To minimize the side effects of several chemical and 
cultural practices made by the growers is the main goal of an 1PM implementation in our sub 
tropical and temperate zones where the citrus crop is grown (Gravena, 1984; 1986; 1990 a, 
b; 1991). 

The tactics used to reach the giver. strategy are described in the following stops of this 
manuscript. 

Brazilian Citrus 1PM Main Tactics 

Key Arthropod Pests 
The key arthropod pests for IPM purposes are the following in decreasing order of 

importance, at the present time: 1) CLM - Citrus leprosis mite, Brevipalpus phoenicis 

Geijskes; 2) CRM - Citrus rust mite, Phyllocoptruta oleivora Ashmead; 3) MFF -
Mediterranean fruit fly, Ceratitis capitata Wied. 

The only key disease for IPM practice is the citrus scab disease Elsinoe australis 

(Jenk.) that must be controlled by one spray of copper fungicide during the blossom (when 
2/3 of flower petals has been already fallen). 

Sampling and Threshold Levels 

Procedures for key pest sampling are taken mostly once a week in a plot basis of 
±2,000 trees for each orchard, using a pocket lens for mite scouting (view of 1 square 
centimeter). 

The citrus rust mite is observed in 3 fruits from the external part of the canopy and 
the number of mites is counted by only one view on the fruit skin. The leprosis mite is 
checked in three fruits from inside the canopy with preference on older fruits and/or those 
with scab disease damage, where the mites prefer to remain. To observe mites in fruits, at 
least 1 % of the plants in each IPM plot are taken. 

The threshold levels used for both mites are (Gravena & Trevizoli, 1984): CRM: 10% 
of fruits with � 30 mites/cm2. CLM: 5 - 15% of fruits with the presence of mites (this 
mite is a vector of the leprosis disease virus) depending on the presence or absence of the 
disease in the 1PM plots. 

Sequential sampling is being used now in many orchards by our technicians in 1PM 
practice, with success, for both mites. 

In the case of MFF the application of insecticides is made mixed with molasses (10%) 
only in a small part of the canopy as a trap for the flies. The threshold level is the presence 
of flies in catch trap vials attached on some trees of the orchard border. The side effect of this 
application is actually the attraction of also natural enemies as parasitoids and predators 
together the MFF. So, the sprays in IPM is recommended only on the border of the orchard. 

The acaricides used for both mites are: dicofol (resistance in leprosis mite), sulfur 
(only for CRM), bromopropylate (only CRM, resistance in CLM), oxythioquinox (both), 
propargite (only CLM), fenbupatin-oxide (both), abamectin (CRM), hexythiazox (CLM), 
cyhexatin (CLM), and more recently the pyrethroid fenpropathrin. 
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The natural enemies most importam for the mite key pests are: the phytoseiid mites 
Iphiseiodes zuluagai and Euseius citrifulius for both m1tes; and disease Hirsutella chompsonii 
for CRM. 

We are now trying to start a phytoseiid mite mass production for biological control 
of both mites. 

Secondary Arthropod Pests 

In non-IPM orchards some scale insects are coming up as important pests in brazilian 
citrus plantation. This is due to side effects of chemical pesticides in excess and without 
selectivity properties, and/or some wrong cultural practices like the use of heavy implements, 
specially, discing to control weeds between the citrus rows. 

Orthezia praelonga Mask. 
This is an unannored scale (Hemiptera:Ortheziidae) on which was not found any 

parasitoid attacking it (Murakami, personal inf.). It is very important when the infestation 
escapes to be controlled by the farmer. In other words, in 1PM, it is easily found by the pest 
scouter and controlled in its beginning (on the restricted infestation patch). But if it is let to 
spread it on over the field is not possible to control anymore. Granulated and selective 
insecticides are commonly applied in 1PM orchards. for this pest like aldicarb and 
vamidothion. 

Selenaspidus articulatus Morgan 
This diaspidid annored scale insect appeared into brazilian orchards as a serious pest 

about 5 years ago, although it was registered as present on plants since many years before, 
as an actually seccondary pest. Their outbreaks are usually restricted in spots of the orchard 
but in heavy infestations it attacks all over the plantation, both on leaves and fruits. Because 
the long period of drought during the last spring and summer this scale is receiving special 
attention by the growers. Most farmers apply insecticides to control it which brings 

undesirable side effects to natural enemies, especially on the coccinellids Azya luteipes Muls., 
Pentilia egena Muls. and Coccidophyllus citricola Say. The fungicides and cultural practices 
also take role to its disruption by affecting the beneficial fungi Aschersonia aleyrodis. The 
tactics in IPM that we are recommending is to apply only mineral oil or in last case a mixture 

of oil and insecticide in half dosages, as a mean to be more selective to predators and 
parasitoids. 

Parlatoria cinerea Hadden. 
It seems another diaspididae to be one of the most ultimately major problems we have 

got in citrus orchard in Brazil. It occurs in all citrus plantations even outside of S. Paulo 
State. Many, many orchards, still supposed able to be in full production, are being replaced 
because the damage from the scale. Formerly, researchers, agronomists, technicians, farmers. 
etc., diagnose the deadly plants as caused by the still unknown disease called by "citrus 
decline" in most cases. The generalized spreading of the pest in heavy infestations was 
announced firstly by Gravena (1986) in the Brazilian Entomology Congress held in Rio de 
Janeiro, in 1986, as P. pergandii (identified by P. da Fonseca from Instituto Biologico). Now 

we are finding mostly P. cinerea instead of P. pergandii. 
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Symptoms and damage. Probably almost all the citrus plants contain Parlatoria on its 
branches and trunks but neither all of them show symptoms apparently. When the infestation 
comes up with several levels of scales reaching also the roots, the plants show yellowish 
smaller leaves. Then, the symptoms increase showing dead branches over the canopy. The 
fruit production decreases drastically in volume and quality. Some scales also infest the fruit 
but only under calyx provoking to drop them prematurely. 

How to recognize the presence. Once the symptoms are evident the scales may be not 
observed visually because they·--are usually covered by dust produced by the cultivation 
practices for weed control or fungus and lichens. So we must use a knife to clean the trunk, 
branches, and roots to see the presence of the scales. They appear as small white spots under 
the cover. 

Sucking root. By sucking roots the pest may cause disturbs on the sap vials preventing the 
absorption of nutrients mainly provided by fertilizers that cost money to the fanners. 

Chemical control. In short terms and as a tool for Parlatoria 1PM we have tested 
granulated systemic insecticides such as aldicarb, disulfoton and dimethoate successfully. 
Vamidothion (supposed to translocate to the roots) and dimethoate applied on the base of the 
trunk were also evaluated with good results. 

Biological control. In median and long terms we are starting a project to introduce more 
efficient parasitoids. This is the main purpose to visit some countries like Japan, Spain, Israel 
and USA. Recently, we have identified the aphelinidae parasitoid Aphytis hispanicus naturally 
occurring in State of Sao Paulo (Pazini, 1992). 

Cultural control. The chief cultural mean of control is to promote non-cultivation to control 

weeds. Instead of this practice, we recommend to use more herbicides in the plant rows and 
maintain green cover between the rows to encourage natural enemies and avoid dust that 
favour the development and reproduction of several pests like scales and the "leprosis mite". 

Other Secondary Arthropod Pests 

Other species are still important in special cases like the citrus snow scale Unaspis 

c1tn (Comstock) and some curculionid beetles, Pantomorus spp. and Naupactus spp. The 
former occurs in field patches and attacks the trunk. The latters are becoming more and more 
serious because the damages on the roots through which enter diseases as Phythophthora and 
Fusarium. During the last season (1990/91) a fruit moth "Bicho Furao" appeared causing 
severe damage on fruit in S. Paulo. The main factor wich contributed to the outbreaks of this 

lepidopterous was the sucession of mature fruits on the plants throughout the seasons. The 
Pera variety is the citrus plantation which contain mature fruits all-year-around and give 
conditions to continous moth breeding. The control tactics for IPM to this pests is early 
harvest or fruit catching from attacked plants. 
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Citrus-IPM Developing, Implementation and Extension Service 

The citrus 1PM strategies and tactics are being studied since 1986 in the Department 
of Entomology and Nematology and in the Center of Integrated Pest Management under its 
Section of Citrus !PM-System. Action thresholds of key arthropod pests, pesticide selectivity, 
biology and ecology of the key natural enemies, conventional and sequential sampling and 
environmental manipulations of pests are the principal fields of research. However, in 
practice, the most applied 1PM tactics by the growers are the monitoring of pests and 
selectivity of pesticide. 

Environmental manipulation is the main objective of the research group and we are 
trying to change the behavior of the growres in order to use mowing tecniques instead of 
discing for weed control and other purposes. This goal is a strategy to (1) encourage native 
natural enemies preservation and reproduction; (2) reduce dust side effects on the plants and 
beneficials; (3) avoid root cutting and disease infection by the damages on the roots. 

More studies on the ecology of citrus ecosystem and biological control (natural, 
classical and artificial) are needed to the better performance of citrus 1PM in Brazil, including 
of course, interdisciplinar participation (weed, nutrition, soil, pathogen, and plant 

management). 
The Center of Integrated Pest Management-CEMIP has an educational extension 

service and a training program in order to dissiminate citrus 1PM philosophy in State of S. 
Paulo. We estimate that about 8% of the paulista citrus orchards are assisted by both 
activities. The results of the first step of our extension service program are summarised in 
the Table 1. The anuual average of insecticide and acaricide applications ranged from 4.3 to 
5.2. The mean numbers of sprays for CRM and CLP were 2.0 and 1.8, respectively. This 
values are still very far from our goal that is at last 2 sprays a year for both key pests 
together. 

At the present, a joint program between CEMIP and FUNDECITRUS (Paulista Fund 
for Citriculture Defense) has been started, in 1991/February, in order to extend citrus IPM

techonology in more orchards of the State, trying to increase from 8% to 30% at least, the 

rate of growers using complete IPM strategies and tactics. The program follows the same 

procedures of CEMIP such as direct extension service and grower/technician training, and 26 
agronomists are involved in this activity, under the coordination and orientation of 
CEMIP/FUNDECITRUS, covering ea. 232 orchards in 1991. 
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Table 1. Summary of the results of citrus IPM implementation in citriculture of the region of 
Bebedouro, State of Sao Paulo, Brazil from 1988-1991. 

IPM 
practicionary 

Wilson c. Pazinil/ 
Roberto Ap. Salva2/ 
Jose c. Levez3/ 

General Mean 

No 
of 
Orchards 
in IPM 

33 
11 
15 

No 
of 
citrus 
trees 

62,044 
28,800 
38,680 

No pesticide applications 
per IPM plot 

rust lepro other mean 
mite sis pest No 

1. 6
2.3
2.2
2.0

mite 

2.2 
1. 3
2.0
1.8

0.7 
1. 6
0.1
0.8

4.5 
5.2 
4.3 
4.6 

1/ CEMIP's agronomist covering the Jaboticabal County region 
2/ CEMIP-FUNDECITRUS cooperation, covering all the citrus area of the State 
3/ CEMIP-FUNDECITRUS cooperation, covering the Itapolis County region 

Average 
yield 

boxes/tree 

3.0 
2.9 
2.1 
2.6 

V, 
...... 
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Male attraction modality by female and meaning of post-copulatory courtship in Cales

noacki Howard (Hymenoptera: Aphelinidae)<*l 

M. Lo Pinto
Institute of agricultural Entomology, University of Palermo, Italy

Additional index word&,·pafasit-0id,-A.floccosus, mating, sexual pheromone. 

Abstract. C. noacki male begins courtship behaviour not trought a visual stimulus from 
the female but probably because of release of a female sex pheromone. 
If we prevent or interrupt post-copulatory courtship, the C. noacki female, which 
generally does not mate more than once, mates a second time. Therefore post-copulatory 
courtship serves to prevent further mating. 

The courtship and mating behaviour of Cales noacki How. (Hymenoptera: 
Aphelinidae), like that of other aphelinids, goes through the following phases: preliminary 
courtship, pre-copulatory mount, copulatory phase and post-copulatory mount (Lo Pinto, 
1989). It is known that in several hymenopterous insects the various phases of sexual 
behaviour are regulated by a series of chemical mediators acting singly or in combination 
(Nordlund, 1981). In male-female attraction, these mediators also perform an important. 
function (Boush & Baerwald, 1967; August, 1971; Khasimuddin & DeBach, 1975). 

In the preliminary courtship phase, before contact with the female, the C. noacki male 
opens its wings 2-3 times and causes them to vibrate for a few seconds, and then heads for 
the female (Lo Pinto, 1989). 

One aim of the present study was to ascertain whether this behaviour was due to 
perception by the male of chemical substances emitted by the female or to a visual stimulus. 
Moreover, as the C. noacki female, like that of other aphelinids, mates only once, another aim 
was to evaluate whether post- copulatory courtship in this species serves to avoid further 
mating. 

Materials and Methods 

C. noacki adults obtained from A/eurothrixus floccosus Mask. (Homoptera:
Aleyrodidae) bred on small bitter orange plants were utilised. 

Parasitised aleyrod larvae containing pupae soon to emerge were isolated in gelatine 
capsules so as to obtain virgin exemplars. 

In order to investigate the type of stimulus produced by the female and causing 
attraction of the male, the method described by Yoshida (1978) was used: plastic capsules, 
diameter 1 cm. and height 1.5 cm., were used, separated by a partition; the male was placed 
on one side and the female on the other. Twenty-five trials were carried out with capsules in 
which the partition was made of very thin glass, to allow the adults to see one another, and 
twenty-one trials with a partition made of porous material, to allow any vapours from 
chemical substances to get through. 



53 

To evaluate the significance of post-copulatory courtship, 20 pairs were used, placed 
in gelatine capsules. Immediately after copulation, post-copulatory courtship was prevented 
or impeded, with the help of an entomological pin. The male of each pair was removed and 
a second male was brought in. 

All pairs were observed for 30-40 minutes under a stereoscopic microscope. 

Results and Discussion 

In trials in which the capsules were separated by glass, the males showed no attraction 
for the females. By contrast; where-J:>0rous material was used, the males, though unable to see 
the females, showed the sexual behaviour typical of courtship: moving inside the capsules, 
they stopped from time to time for a few seconds, and, opening their wings, caused them to 
vibrate rapidly. Therefore C. noacki males are probably not attracted to females by a visual 
stimulus, but a chemical one; this has been reported for numerous parasitoids (Grosh, 1947; 
Cole, 1970; Vinson, 1972; Ohara & Kitano, 1974), in which the male's response includes 
wing vibration, orientation towards the female, mount, etc. (van den Assem, 1970). In C. 
noacki too this response includes wing vibration, which, as in several other hymenopterous 
insects (King et al., 1969; van den Assem & Povel, 1973; Yoshida, 1978) is probably 
stimulated by a sexual pheromone produced by the female. 

As regards the significance of post-copulatory courtship, it was observed that the 
female in a pair prevented from performing post-copulatory courtship, when placed with 
another male always mated again with the same modality and sequence as the female in a 
couple whose courtship had not been interrupted. In some aphelinids, such as Encarsia 

pergandiella How. (Viggiani & Battaglia, 1983), Coccophagus obscurus Westw. (Battaglia 
et al., 1988) and Coccophagus bivittatus Compere (Zinna, 1961) post- copulatory courtship 
does not occur, but in some species of aphelinids it takes on a very important role, serving 
to "guard" the female against other males (Jhonson, 1962; Michelsen, 1963; Foster, 1967; 

Gordh & DeBach, 1978). Jn C. noacki too, post-copulatory courtship preserves the female 
from further courtship. 
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Relative host preference of Cales noacki How. (Hym.: Aphelinidae) for Aleurothrixus 

floccosus (Mask.) and Parabemisia myricae (Kuwana)(Hom.: Aleyrodidae)1 

M. Lo Pinto
Institute of agricultural Entomology, University of Palermo, Italy

Additional index words: parasitoid, citrus, biological control 

Abstract. Newly emerged females of C. noacki (which as is well known, has its main host 
A. floccosus and as secondary hosts other aleyrods), were placed in an isolated
environment with A. floccosus or P. myricae. After two days females were placed with
both hosts. In both cases C. noacki showed an evident preference to oviposit on A.

floccosus. Oviposition in P. myricae occurred rarely.

C. noacki is a well-known endoparasitoid of A.floccosus, also found on other aleyrods,
such as Aleurotuba jelineki (Frauenf.) (Viggiani e Laudonia, 1984), Aleurothrixus porteri 
Quaint. e Bak. e Aleurochantus woglumi (Ashby) (Mound & Halsey, 1978), Aleurothrachelus 

sp. (Liotta & Sinacori, 1986), Trialeurodes vaporariorum (Westw.) (Beitia & Garrido, 1985); 
recently it has also been found on Parabemisia myricae (Kuwana), a phytophagous insect 

which is very harmful for citrus plants and has recently come to Sicily (Rapisarda et al., 
1990) and to Calabria (Longo et al., 1990a; Longo et al., 1990b). 

As in Sicily citrus plants are frequently found to be greatly infested by A. floccosus 

and P. myricae, we aimed to evaluate the relative preference for these two hosts on the part 

of C. noacki. 

Materials and Methods 

Three to five C. noacki females, which had emerged from pupae taken from citrus 
leaves infested by A. f[occosus and isolated in gelatine capsules, were put in petri capsules 

with a diameter of 6 cm containing a leaf infested either by A. floccosus or by P. myricae at 

all larval instars. On the third day, the leaf was removed from each capsule and two others 
were put in, one infested by A.floccosus and one by P. myricae. At the same time, analogous 

trials were carried out in which leaves infested by each phytophagous insect were present 
right from the first day. 

The trials were carried out at 20-25
°

C, R.H. 70-80%: 20 trials were performed using 

virgin females and 22 utilising females seen to have mated on the same day as they were put 
in the capsules. 

The behaviour of the females towards the two hosts was observed for about 15 days, 

using a stereoscopic microscope. 

Some larvae in which stabbing by parasitoids was observed were dissected in Riingen 
liquid, in order to count the parasitoid eggs present in them. 

1 Studies of the C.N.R. coordinate for Integrated Control of pests: 303
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Result 

Trials with A. floccosus alone on the first two days 

1. Number of stabs

The number (Tables 1, 2 and 3, tests A and D; Fig. 1) of second-instar A. floccosus 

and P. myricae larvae stabbed by parasitoids amounted to 97.18% and 2.82% respectively for 
virgin females and 97.50% and 2.50% for mated females; for third-instar larvae the 
percentages were 98.08% and 1.92% for virgin females and 96.58% and 3.42% for mated 
females; for fourth-instar larvae the percentages were 87.00% and 13.00% for virgin females 

and 96.34% and 3.66% for mated females. 
2. Number of eggs

In second-instar larvae of A. floccosus and P. myricae (Table 4, test A) a number of 
C. noacki eggs was found which amounted respectively to 92.06% and 7.94%, in third-instar

90.20% and 9.80% and in fourth-instar 89.28% and 10.72%.

Trials with P. myricae alone on the first two days 

1. Number of stabs

The number (Tables 1, 2 and 3, tests B and E; Fig. 1) of second-instar A. floccosus 

and P. myricae larvae stabbed by parasitoids amounted to 96.13% and 3.87% respectively for 
virgin females and 98.30% and 1.70% for mated females; for third-instar larvae the 
percentages were 97.74% and 2.26% for virgin females and 97.11 % and 2.89% for mated 

females; for fourth-instar larvae the percentages were 86.73% and 13.27% for virgin females 

and 91.91 % and 8.09% for mated females. 

2. Number of eggs
In second-instar larvae of A. floccosus and P. myricae (Table 4, test B) a number of 

C. noacki eggs was found which amounted respectively to 81.25% and 18.75%, in third-instar

88.89% and 11.11% and in fourth- instar 87.50% and 12.50%.

Trials with A. floccosus and P. myricae from the first day 

1. Number of stabs

The number (Tables 1, 2 and 3, tests C and F; Fig. 1) of second-instar A. floccosus and P. 

myricae larvae stabbed by parasitoids amounted to 98.16% and 1.84% respectively for virgin 
females and 97.63% and 2.37% for mated females; for third-instar larvae the percentages were 
93.78% and 6.22% for virgin females and 98.61 % and 1.39% for mated females; for fourth
instar larvae the percentages were 97.01 % and 2.99% for virgin females and 92.08% and 
7.92% for mated females. 

2. Number of eggs

In second-instar larvae of A. floccosus and P. myricae (Table 4, test C) a number of 
C. noacki eggs was found which amounted respectively to 84.45% and 15.55%, in third-instar

93.33% and 6.67% and in fourth- instar 91.30% and 8.70%.

Analysis with Student's t test showed that no significant differences for p=0.05 exist 
between the averages of the number of eggs laid by the virgin females and by the mated 

females in larvae the same age of A. floccosus and P. myricae. The differences between the 
averages of the number of stabs effected on these larvae by the virgin and mated females also 
proved not to be significant for p=0.05. 
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Discussion 

In trials with A. jloccosus alone, with P. myricae alone and with both phytophagous 
insects, we found a high number of stabbed A. jloccosus larvae with respect to P. myricae 

larvae, and a higher number of eggs in larvae of A. jloccosus than P. myricae. This indicates 
a marked preference on the part of C. noacki for A. jloccosus, this preference not being 
influenced by the parasitoid's being with one of the two phytophagous insects during the first 
two days after emerging. 

As is indicated by the behaviour of the parasitoid and by the statistical analysis of the 
data observed, the same-preference-is shown by both virgin and mated females. 
As C. noacki succeeds in completing the development of P. myricae larvae in the absence of 
the main host, A.jloccosus, P. myricae may be a useful replacement host for the maintenance 
of the strain of this parasitoid. 
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Tab. 1 - Number of A. floccosus and P. myricae larvae 
stabbed by virgin females of C.noacki 

A. floccosus P. myricae

Tests I II III IV I II III IV 

n p n p n p n p n p n p n p n p 

1 26 0 60 48 45 32 50 15 43 0 46 2 15 0 20 1 

2 13 0 73 41 63 38 61 21 26 0 32 1 36 0 42 2 

3 54 0 59 33 52 21 24 6 82 0 20 0 84 0 40 0 

A 4 18 0 82 52 57 33 22 0 94 0 59 2 21 4 51 0 

5 23 0 56 49 64 15 36 12 70 0 84 2 86 0 85 1 

6 29 0 43 16 32 21 58 20 24 0 70 1 61 0 30 5 

7 37 0 55 37 56 44 54 4 31 0 98 0 73 0 73 0 

8 41 0 69 49 40 22 69 11 25 0 90 1 55 3 65 2 

9 21 0 74 55 43 13 71 7 68 0 61 1 34 0 84 0 

10 16 0 55 36 41 30 80 24 95 0 39 2 36 0 50 0 

B 11 38 0 48 43 35 26 50 13 70 0 41 4 83 1 22 0 

12 53 0 36 16 53 30 67 6 34 0 22 2 43 0 21 3 

13 61 0 58 28 37 25 83 14 57 0 55 0 66 0 17 0 

14 26 0 64 46 62 27 72 10 52 0 64 1 79 0 60 8 

15 74 0 83 64 15 2 27 5 61 0 73 2 58 5 55 0 

16 19 0 91 47 26 18 54 20 23 0 89 0 31 0 53 0 

C 17 25 0 96 61 98 65 62 9 19 0 96 3 19 3 48 0 

18 47 0 60 44 83 26 80 17 62 0 31 0 24 1 71 0 

19 81 0 54 49 51 23 92 8 18 0 97 1 32 2 93 2 

20 12 0 82 56 39 32 38 6 21 0 29 0 67 0 18 0 

A= tests with A. floccosus alone on the first two days
B= 
C= 

II 

II 

II 

II 

P. myricae 11 11 11 11 11 

A. floccosus e P. myricae from the first day



59 M. Lo Pinto

Tab. 2 - Number of A. floccosus and P. myricae larvae 
stabbed by mated females of C.noacki 

A. floccosus P. myricae

Tests I II III IV I II III IV 

n p n p n p n p n p n p n p n p 

1 20 0 81 50 74 42 46 21 15 0 83 0 64 0 23 0 

2 15 0 69 31 39 27 76 4 27 0 71 2 25 0 56 0 

3 31 0 98 62 65 31 29 0 18 0 99 3 28 0 26 0 

D 4 60 0 57 43 98 31 83 15 30 0 62 0 81 4 54 3 

5 10 0 69 53 49 20 84 21 32 0 70 2 23 0 62 0 

6 89 0 73 46 61 28 90 13 41 0 29 1 48 0 49 0 

7 70 0 84 65 84 47 41 5 17 0 53 1 79 4 31 0 

8 26 0 52 37 47 29 36 10 63 0 61 0 94 2 73 2 

9 23 0 71 56 62 38 84 21 91 0 85 0 93 1 79 0 

10 44 0 82 46 59 20 98 19 21 0 43 0 61 0 15 0 

11 50 0 60 45 53 27 41 6 23 0 44 3 72 3 24 0 

E 12 41 0 83 47 70 26 80 15 37 0 34 0 15 1 91 4 

13 18 0 91 43 55 36 53 7 44 0 18 1 36 0 44 0 

14 17 0 43 25 51 34 91 31 25 0 65 2 84 0 63 5 

15 29 0 93 48 62 25 94 16 19 0 97 0 96 0 89 0 

16 71 0 52 39 44 23 76 5 16 0 64 2 92 1 70 2 

17 83 0 64 58 46 22 93 17 29 0 80 2 74 l 23 3 

18 10 0 62 48 50 32 81 15 84 0 97 1 83 l 54 0 

F 19 26 0 98 49 67 48 54 14 31 0 52 0 92 0 69 0 

20 25 0 85 54 39 22 49 18 98 0 46 0 98 0 74 0 

21 12 0 86 44 71 42 60 2 33 0 85 3 31 0 49 3 

22 30 0 50 37 56 24 92 22 22 0 67 0 48 0 36 0 

D= tests with A. floccosus alone on the first two days

E= " 11 P. myricae " " " 11 " 

F= 11 11 A. floccosus e P. myricae from the first day
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Tab. 3 - Number of A. floccosus and P. myricae larvae 
stabbed by females of C. noacki 

A. floccosus P. myricae

T. I II III IV I II III IV 
.. 

n p n p n p n p n p n 

A 200 0 428 276 369 204 305 78 370 0 409 
B 256 0 404 273 311 173 492 85 401 0 372 
C 258 0 466 321 312 166 353 65 204 0 415 
D 295 0 531 350 470 226 449 79 180 0 467 

E 248 0 575 347 459 235 577 125 323 0 447 

F 257 0 497 329 373 213 505 93 313 0 491 

Tab. 4 - Number of eggs laid by C. noacki 

in A. floccosus e P. myricae 

p 

8 
11 
6 
9 
6 
8 

A. floccosus P. myricae
T. Larva 

n 

376 
396 
231 
348 
551 
518 

tot. paras. tot. paras. 

I 0 0 0 0 
A II 69 58 56 5 

III 53 46 53 5 
IV 30 25 28 3 

Total 152 129 137 13 

I 0 0 0 0 
B II 34 26 41 6 

III 15 8 13 1 
IV 20 

. . · 14 21 2 
Total 69 48 75 9 

I 0 0 0 0 
C II 44 38 50 7 

III 53 42 52 3 
IV 28 21 24 2 

Total. 125 101 126 12 

p 

4 
4 
11 
8 
7 
3 

A= tests with A. floccosus alone on the first two days
B= " " P. myricae " " " " n 

n 

341 
319 
338 
301 
478 
375 

C= " " A. floccosus e P. myricae from the first day

p 

9 
13 

2 
3 
11 

8 
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Fig. 1 - Percentage of A. floccosus and P. myricae larvae 
stabbed by virgin and mated females of C. noacki 
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Effects of Tylenchulus semipenetrans on the Morphogenesis of Juvenile Citrus Trees 

M.M. B'Chir, and S. Kallel
IN AT, 43 AV. Charles Nicolle, /082 Tunis-Mahrajene. Tunisia

Additional index words.lemon, parasitic nematode, root growth, biomass, citrus nematode 
management 

Abstract. Tylenchulus semipenetrans effects on newly planted lemon trees, grafted on 
sour orange rootstocks, were studied during three years under controlled conditions. It 
turned out that the parasitic nematode increases both root growth and biomass of 
infected plants. It alters also significantly the rhythm of growth and the ratio 
plagiotropic/orthotropic branchs.Citrus nematode management are reconsidered and will 
be discussed in relation to the obtained original results. 

In previous studies several aspects of crop losses caused by Tylenchulus semipenetrans 

on citrus trees were investigated, but only through chemical treatments (O'Bannon and 
Reynolds, 1967; O'Bannon and Tarjan,1969; Tarjan and O'Bannon, 1974; Badra and Elgindi, 
1979; Davis and Wilhite, 1985; Philis, 1988; Lo Giudice et al., 1990) or direct relationship 
between nematode infestation and yield (Philis, 1969; Timmer and Davis, 1982). Furthermore, 
these studies were limited to the nematode effects on the quantitative growth rate of newly 
planted trees or on the yield of mature trees. 

High variability of citrus trees responses to treatments clearly indicate that we do not 
understand well enough the agro-ecological system of this problem. It is concluded therefore, 
that the capability of nematicide to control citrus nematode is mediated through different 
related process. If properly understood and explained this problem et can enhance citrus crop 
production. 

Hence, the objective of this study was to suggest a new morphogenetic approach to 
assess citrus nematode effects. This concept has previously received little attention in the 
citrus-nematode related studies. Thus, we have explored the response of young nonbearing 
fruit infested trees comparatively to naturally uninfested and never treated ones. This approach 
should permit the identification of the main factors explaining citrus responses to nematode 
infestation. 

Material and Methods 
Two year-old lemon trees (Var. 'Eureka') grafted on standard sour orange rootstock 

were planted twice in a 3xl m spacing basis in a sandy loam soil placed in isolated tanks 
under controlled conditions. Plots were arranged in a randomized block design, with 6 
replications of naturally infested trees and fairly uninfested ones. All trees were left unpruned 
one year after planting. The parasitic effect of T. semipenetrans on seasonal growth rhythm 
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and morphogenesis of young trees were evaluated comparatively to uninfested ones. To 
compare trees stress, leaves temperature was measured by a sensitive infrared thermometer. 

A sample of randomly selected trees from each treatment were then lifted one year 
after planting. Shoot and root weight of uprooted trees were determined. 

Subsequently a multivariate statistical analysis of different agro-biological factors 
measured on naturally infested mature trees from 20 Maltaise orchards, selected at random, 
was performed to identify the most important aspects of the host-parasitic interaction. 

Results and Discussion 

Population dynamics of the citrus nematode in feeder roots 

The relationship between factors determining citrus trees yield are more complex than 
those assessed for annual crops, because of the time lag in the reaction of the woody 
perennials plants. 

Branching growth and fruit yield are mainly correlated to agricultural practices, 
climatic changes and phytosanitary state under uniform soil conditions. In addition, trees vigor 
and seasonal temperature changes affect the nematode dynamic population level (Fig.I). At 
first, seasonal variation of the nematode in feeder roots shows spring and autumnal peaks. The 
lowest population density would occur in the summer and winter seasons, thereby confirming 
the work of Duncan and Noling (1988 a, 1988 b). Subsequently the highest feeder roots 
weight per tree was observed at these two later seasons. 

Biomass modifications of the infested young lemon trees 

The behavioral responses of young lemon trees to nematode infestation during the first 
years after planting were basically different from those observed in nurseries. Contrary to 
the preplanted trees, total biomass of the infested lemon trees lifted three years-old was 
significantly higher than those uninfested ones (Fig 2). 

Roots, and tree branches have been stimulated by nematode infestation comparatively 
to the uninfested trees. This spurred shoot growth may have resulted from increased feeder 
root system induced by the nematode. 

Furthermore, this observation was supported by an infrared temperature analysis (Fig 
3 and 4). The infested trees are clearly more stressed during autumn than uninfested ones. 
During the summer season and in spite of evapotranspirational demand, the infested trees 
were less stressed than uninfested ones, probably in view of the low rate of roots infestation 
at this season. 

The remarkable feeder root growth previously induced by the nematode may be 
responsible for the increased trees resistance to environmental conditions. 

Stimulated trees activity as evidenced by an excess of branching growth depended on 
the rate of infestation. The highest number of branches per tree was induced by a moderate 
nematode infestation rate. 

Besides the quantitative effect previously described, morphogenetic changes may occur 
on the infested trees comparatively to uninfested ones. 
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Nematode effect on young lemon trees morphogenesis 

Investigations basis on the model of the lemon trees growth correlations between 
shoots and nematode infestation shows that during the spring and autumn growth, the 
percentages of plagiotropic shoots on uninfested trees were higher than those orthotropic ones 

(Fig. 5). The nematode infestation clearly plays a significant role in shoots orthotropic 
development (Fig. 6, 7 and 8). 

In infested roots, .under p.oor nutritional conditions a smaller proportion of buds 
develop into orthotropic long shoots, while in uninfested trees, for which nutrient competition 
may be lessened, most of developed buds form normally vigorous plagiotropic shoots. 

It appears that this growth model may be useful for understanding the causality that 
may exist between citrus nematode infestation and crop loss, whereas plagiotropic branches 
enhance the potential flowering sites on trees. Moreover, nearly 53% of the uninfested 
flowering lemon trees was observed early spring, while flowering infested trees occurred early 
summer. 

Therefore, yield precociousness of the uninfested lemon trees was evident, while 
infested ones yielded later mainly at the summer. 

Relationship between shoot growth and yield on infested citrus trees 

The results previously reported raise at least the following question: How could be 
both the branching growth and the yield correlated with infestation on young and mature 

citrus trees? 
In spite the host-parasitic interaction complexity, several authors attempted to establish 

a simple correlation between infestation level and trees response (O' Bannon and Reynolds, 
1967; Badra and Elgindi, 1979). It is now clear that a great deal of knowledge is lacking on 

the precise mode of interaction between citrus growth and yield and nematode population 
dynamics. In fact, our experience with T. semipenetrans suggests that looking only at 
infectivity of citrus plant and yield may lead to erroneous conclusions. 

Furthennore, the concept of the interaction between growth and yield has received 
little attention in previous studies. Therefore we went on to study the importance of the 

multifactorial assessment of the nematode effects on citrus. 
Accordingly, twenty established groves of maltaise variety naturally infested with T.

semipenetrans were prospected. Yield, growth shoots and nematode densities were compared 

(Fig. 9). 
Discriminant bi-axis representation of the multifactorial statistical test shows that yield, 

plagiotropic branches and male number were inversely correlated with populations densities 

of T. semipenetrans and orthotropic branches. 

As we have previously pointed out the nematode may induce a particular hierarchy 
in the branching process, probably through increased feeder roots activity. Usually response 
to treatments was only determined by measuring root nematode population and annual yield, 

although there was a perceptible increase in the plagiotropic shoot growth on treated trees 

(Fig. 10). However, this chemical effects on the branching process concerned only newly 
developping buds, so that increased yield could be assessed at the next year after treatments. 

However, the magnitude of the tree response and the qualitative nature of the 

branching process depend on citrus age and on the chronological evolution of nematode 
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infestation and growth trees. Furthermore, citrus trees yield could be related to the total 
growth rate. Linear regression analysis indicated that there was no significant correlation 
between annual growth rate and fruit yield. 

Evidently, the moderated growth rate increases fruit load. Conversely when growth rate 

reached the critical rate, the anticipated yield decreases. Thus, consistent chemical control of 
the nematode may stimulate mature tree activity as evidenced by the excess of the orthotropic 
branching rate that could-be· followed by fruit load decreases. 

Conclusion 

This study confirms that T. semipenetrans is highly but an insidious virulent parasite 

on citrus trees. Furthermore the magnitude of citrus responses reported by several authors 
could be explained by an additive nematode effect which depend on the initial disruption rate 

of the newly planted trees morphogenesis. 
However, in order to find a positive correlation between nematode population and trees 

yield it is necessary to consider the potential growth of the infested trees. 
Because of T. simipenetrans population and citrus trees responses fluctuate according 

to dynamic equilibrium situations, it is difficult to predict yield losses. Our results on citrus 
responses to T. semipenetrans infestation renews the interest for nematode control 

improvement. In most cases, the problem of the morphogenesis disruption or the excess 
growth induced by the nematode can be avoided by an integrated management strategy 
associating chemical treatments to specific agricultural practices which limit· spurred 
orthotropic shoots on infested citrus trees. 
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Fig .1 . Seasonal dynamic population of Tylenchulus semipenetrans 

in sour orange feeder roots. 

Cl) 
......

0 
e 4.000 I 
-

0 
,._ 

0) 

CD 
""O 
0 
...... 

E 2.000 
CD 
z 

1.000 

/-o-vqung {R(lts + �1ff (o()ts j

o�������--'--'---�������-�---

A M J J A S O N D J F M 

°' 

-...J 



Fig.2.Compared roots, trunk and es biomasses of the lifted, 

lemon trees, one year after planting. 
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Fig.3 . Autumnal cumulative temperaturn difference (°C) between the leafs surface and 
the environmental air, measured by a sensitive infrared thermometer. 
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Fig. 4. Summer cumulative temperature differences (°C) between the leafs surface 
and the environmental air, measured by a sensitive infrared thermometer. 
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Fig. 5 . Compared seasonal branching rythm growth of the infested 
and uninfested lemon trees. 
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Fig. 6 . Qualitative branching process of the uninfested lemon trees. 
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Fig. 7 . Qualitative branching process of the infested lemon trees. 
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Fig. 8. Comparative morphogenesis of the lemon trees as affected or no by citrus nematode 
one year after planting. 
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Fig. 9 . Discriminant bi-axis rapresentation of the multifactorial statistical test of 

the data measured from 20 different citrus orchard naturally infected by 
Tylenchulus semipenetrans (P A90, P P91, P A91: respectively nematode 

population counted in autumn 90 spring 91 & autumn 91. M A91: male of 

nematode populations. RT A91: Maltaise yield of 1991. 
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Fig. 1 o . Compared branching process of uninfested citrus trees in 
response to nematicide treatment. 
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Abstract. The P. myricae dynamics was observed from September 1990 to September 1991. 
The numerlcal densities of eggs, larval and adult stages of the pest were analyzed and 
quantifyed in relation with the growth appearance. The eggs densities on young leaves of 
each growth are very high, about 4,200 and 3,500 per dm2 of leaf area on the leaves of 
spring and autumn growth. The sole regulation factor, out of the intraspecific competition 
for the food ressources possession is represented by the limited action of indigenous 

parasite, Encarsia transvena. 

The accidental introduction of a pest in a new area, or a new continent is often and almost 

systematically accompagnied by-a big proliferation, leading to the adaptation and the exploitation 
of new ressources and the absence of regulation natural factors. 

The accidental introduction of Dia/eurodes citri (Pussard, 1953) on the French Riviera in 1945 
was the first example. The different introduction of Aleurothrixus jloccosus in France (Onillon, 
1969), in Spain (Anonymous, 1971), in Morocco in 1972 (Onillon et Abassi, 1973), then in 
Algeria in 1982 (Berkani, 1989) and in Tunisia in 1990 (Chenniti et Onillon, 1992), then of 
Parabemisia myricae in Israel in 1978 (Sternlicht, 1979), in Turkey (Oncuer et Yoldas, 1988), 
and in Tunisia (Chenniti et Onillon, 1992) are recent examples. 
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Recent experiments on biological control of whiteflies showed that several failures or lack of 
understanding of parasitism evolution could be avoided if one has a precise and clear information 

on population dynamics of the pest, on the importance and the nature of the endogenous mortality 
factors and on the space-time disponibility on receptive larval stage for the subsequent 

introduction of a specific parasite. 
The results mentioned later are related to a first analysis of population dynamics Parabemisia 

myricae. 

IL MATERIAL AND METHODS. 

l) Situation and characteristics of orchaa-d.

The Citrus orchard of INTILAKA, where the population dynamics of P. myricae was studied, 
preliminary phase to the introduction of regulation agent, is situated near Beni-Khalled, almost 

8 km from the sea. 
This orchard has an area of 6,000 m2 and 172 trees belonging to two cultivars : 116 trees of 
"Maltaise variety" and 56 trees of "clementine variety". The distance between rows is 8 x 8 m 
for the "maltaise" trees with clementine trees in insert rows. Drip irrigation is done. 

2) Sampling methodology

The samplings are made as follows : two leaves per orientation and sep flash growths from 12 
trees, six orange and six clementine trees in order to take into consideration the preference of the 

P. myricae adults in searching new leaves for nutrition anf egg laying. The sampling is done

weekly at man height level. The number of P. myricae adults present on every leaf is recorded

for every sampling.

3) Recording methodology.

The numbers of eggs and larval stages of P. myricae are counted under binocular magnifying 
glass in laboratory. The eggs, present on supper and lower leaf faces, are counted separately. 
Only the alive whitefly stages are taken into consideration. The leaf area is obtained by using an 

area meter (LI Corr 3000); this is used to calculate the densities of eggs and larval stages of P.

myricae. Then, an analysis of variance is made. 

HI. RESULTS. 

A) Dynamics of egg and larval population of P. myricae on the leaves of automn
growth of 1990 (PS

3
)

The sampling started in INTILAKA orchard in the middle of September 1990, at the same time 

that the sampling of Mraissa orchard to follow the population dynamics of Aleurothrixus 

jloccosus. 

On September 17, 1990, all the whitefly stages are present in the INTILAKA orchard on the 
leaves of automn growth. The densities are very high : 818 eggs per dm2 and 123 first stage 

larvae (L1) per dm2 are counted. The overall of larval stages of P. myricae represents the 

densities of 106 larvae per dm2 where dominate all of the fourth stage larvae and nymphs (L
4 

+ N) with 62 Larvae per dm2, followed by the second stage larvae (L
2
) with 26 larvae per dm2• 
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At the end of September - beginning of October, the main proportion of P. myricae population 
is at the larval and nymphal stage : 95 L

3
, 125 L4 and 29 N per dm2 of leaf area on October, 4, 

corresponding at the end of the white fly first generation on the autumn growth. 
Several adults recently emerged, inoculum infesting the white fly second generation, lay eggs 
again on the leaves leading on October 11, 1990 to an increase of egg densities which reach 355 
eggs/dm2 on October 24. Then, these egg numbers decrease rapidly, and from December 26, no 
egg is and will be present on these leaves. 
The first larval stage (L

1
), which present low densities of about 17 individuals per dm2 on 

October 4, show an increase of their densities to reach 197 L
i
f dm2 at the end of October. They 

will then decrease rapidly. On January 10, only 3 Lifdm2 remain. 
The L

2 
maximal densities of P. myricae second generation on automn growth are recorded two 

weeks later; then, the L1 maximal densities are observed on October 31; on November 14, 216 
L)dm2 are counted in the sampling. The average mounthly temperature, which was 23.6°C with
maxima of 32°C in October, falls to 17 .2°C on November; this leads to reduce the evolution of 
P. myricae larval populations. The P. myricae larvae of the third stage (�) remain present on
the leaves of automn growth untill the beginning of March 1991. The L

3 
maximal densities are

observed on November 22, with 34 �dm2. Then the numbers decrease but still remain higher,
then, 10 larvae/dm2 untill the middle of january.
The fourth stage larvae (L

4
), which presented during the P. myricae first generation a maximal

density of 125 L4 per dm2 on October 4, show that their numbers decrease untill November 14,
then increase slowly, until a density of 35 L4 

at the end of January, the highest densities of the
second generation.

B) POPULATION DYNAMICS OF P. MYRICAE ON 1991 GROWTH.

1) On the leaves of spring growth (PS1).
The P. myricae first adults, coming from nymphs which are present on the leaves of the autumn 
growth and being hibernated, find on the beginning of March young leaves of 1991 spring 
growth which are receptive. The adults are counted on March 14, with 95 adults per dm2• At the 
end of March-beginning of April (Fig. 1), the adult densities reach a maximum of 210-220 
adults/dm2 before decreasing rapidly (0,3 ad. per dm2 on May, 4). 
The first curve of P. myricae imago population explains the high densities laid eggs which, 
starting at 722 eggs per dm2 on March 14, reach a maximum of 4,190 eggs per dm2 on April 
6, (Fig. I). The eggs numbers rapidly decrease and present on May 13, only 3 eggs per dm2 of 
leaf area. 
The first stage larvae which come from these eggs are observed on March 30. The maximal 
densities of LI is 201 L/dm2 on April 6; until April 27, the L 1 densities remain higher them, 130 
L1 per dm2 (fig. 2). 
In case of the second stage larvae (L�, the process is similar with the observation on Aprils 6, 
of low densities of about 4 L2 per dm-, regular increase of densities to reach 110 L

2 
per dm2 on 

April 27, then decrease to fall down to L
2 

densities lower then 1 L2 per dm2 on May 22. 
The first larvae of the third stage (�) rapidly present high numbers, 21 L3 per dm2 on April 13; 
36 L

3 
dm2 on April 27 and 77 � per dm2 on May 4, maximal density observed for this stage 
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during the first generation. On May 29, the L, densities decrease two a density lower then 1 
larvae per dm2

• 

The larvae of the fourth stage increase from April 13 on, in the sampling to reach 59 and 89 L4 

per dm2 on April 27, and May 4, respectively (Fig. 2). Then the L4 numbers decrease at the 
same time that the nymph density is the highest on May 22, with 35 nymphs of P. myricae per 
dm2

. 

The P. myricae first generation on the leaves of the spring growth is extended to two months. 
It is logical that we find from May 13 on, a significant increase of P. myricae imago densities 
which reach a maximum of 10 adults per dm2

, a relatively lcw density but it can be easily 
explained by the appearance of tender young leaves of the summer growth. The P. myricae adults 
having the choice between the one week tender leaves and two month leaves, prefer the former. 
A second generation, with low numbers, takes place on the leaves of the spring growth with 48 
eggs per dm2 on May 22, 5 L

1 
per dm2 on May 29, 0.6 L

2 
per dm2 on June 5, and 2 L

3 
on June 

1.2 (Fig. 2). The L
1 

and nymphs will present until the end of July. The highest densities, 6 L4 and
4 nymphs per dm of leaf area, were observed on July Spring growth which then have 2 and 4 
months of age. 

2. On the leaves of the summer growth (PS
2
)

The major proportion of P. myricae adults, coming from nymphs which are present on the leaves 
of the spring growth, rapidly go to colonize the young leaves of summer growth. 
The first adults are observed on May 13, with densities of 58 ad./dm2

• These densities rapidly 
reach maxima of 192 and 169 adults/dm2 on May 22, and 29 respectively; then, the rapidly
decrease to fall to 10 adults/dm2 of leaf area on June 12 (Fig. 1).
The P. myricae egg densities are very high with 3,450 eggs per dm2 observed on May 29. The
egg laying-curve started on May 13, and ended on June 19.
The L

1 
which are observed for the first time on young leaves on May 29, present a maximal

density of 966 L 1 per dm2 one week later (Fig. 2). The L 1 are rapidly transformed to Lz because
on June 19, we only find 1 L1 per dm2

• 

The same process happens with the Lz which are observed first on May 29 with 2 Lz/dm2
• The 

maximum is observed on June 5 with 656 L
2

; on June 28, only 4 Lzfdm2 remain.
The � are reduced because the highest density of 136 LJdm2 is observed on June 12. Two
weeks later, only 3 L3 per dm2 are recorded.
The L

4 
curve presents a similar trend with a maximal density of 103 L/dm2 on June 12 .. The

first P. myricae nymphs are recorded in the weekly samplings on June 5, but the maximum is
observed on June 19 with 17 nymphs per dni2.
The P. myricae first generation on the leaves of summer growth lasts 5 weeks is synchronous of
the second generation of the spring growth and presents low densities of egg and larval stages
of the whitefly.
The adults coming from the first generation lay again their eggs on the less attractive leaves of
the summer growth. Fifteen adults per dm2 

are the maximal density observed on June 19 (Fig.
1). 
The embryonary densities reach at the maximum level on average density of 190 eggs per dm2 

on June 28, and rapidly decrease to 72 eggs/dm2 on July 8, and 9 eggs/dm2 on July 17. 
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At the larval stages, the high temperatures of July (with an average of 23.6°C and a maximum 
of 35°C), hasten the development. During the first half of July, the observed maximal densities 
are 36 L i

fdm2
, 42 L,/dm2

, and 46 LJdm2 (Fig. 3). Li densities higher than 20 individuals per 
dm2 are present during all the month of July with a· maximum of 37 LJdm2 on July 24. The 
nymphs increase regulary and give adults which will colonize the young leaves ofthe autumn 
growth. Some L4 and nymphs still remain present at the end of August. A P. myricae second 
generation takes place on the leaves of the summer growth. It is characterized by low densities 
and mortality. 

3. On the leaves of the Autumn growth (PS
3
).

The P. myrica adults after their hatching go to colonize the attractive young leaves of the autumn 
growth. 
Maximal densities of 146 adults/dm2 are recorded on October 3; the first contamination are 
recorded on August 8. Corresponding to higher densities of P. myricae eggs of 2,580 eggs/dm2 

are counted on September 26 (Fig. 1). 
One generation takes place from the middle of August to the middle of October with densities 
of 567 Lzfdm2 and 146 LJdm2 on October 3. A high nymph density of 67 N/dm2 is observed. 
It is true that the high temperatures of September (with an average of 26.2°C and a maximum 
of 34.2°C) largely favoured the development of the P. myricae first generation on the autumn 
growth. 
The first generation on the 1991 autumn growth (PS

3
.91) takes place at the same time that the 

first truncated generation which was noticed on the 1990 autumn growth (PS3• 90). 

C) Nature and importance of mortality factors.
During the sampling of the 1990 autumn growth, some fourth stage larvae (L4) and nymphs (N) 
of P. myricae presented, under the binocular magnifying glass some parasitical activity (larvae, 
prenymphs, nymphs of visible parasite by transparency). 
The determination done by the British Museum, led to the identification of the parasite as 
Encarsia transvena (Hymenopt., Aphelinidae).

The estimation of E. transvena efficiency was done only on the parasite stages visible to the 
maked eyes, meaning the old larvae (OL), the pre-nymph (PN) and nymph (N) of the parasite. 
No dissection, leading to reveal the presence and the number of eggs and young larvae of the 
parasite, was done. 
The parasite presence is rare and localized in time. Some rare P. myricae L4 are parasitized at 
the end of September-beginning of October (1.4 P. myricae nymph level but remain very 
localized during two months. On September 26, 30 nymphs out of 206 % on September 26, and 
16.7 % on October 11). The major parasitism is situated at the counted in the sampling were 
parasitized (14.6 %). On October 11, the most important parasitism, almost 42 %, is estimated 
on 620 P. myricae nymphs. 
On November 14 and 22, 50 % and 87 % of parasitism were found but on low host numbers. 
Then, the parasite disappears in autumn growth samplings. 
On the spring growth, E. transvena appears in low numbers with 5 % and 0,5 % of parasitized 
larvae on May 12 and 22 respectively. No E. transvena presence was revealed later. 
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IV. DISCUSSION AND CONCLUSION.

During one year of preliminary analysis of the P. myricae population dynamics, many phenomena 
were revealed. 
In Tunisia P. myricae presented 2 generations on the 1990 autumn growth, 2 generations on the 
1991 spring growth and 2 generations on the 1991 summer growth. The remarkable 
synchronization between the pest development and the renewal of young growth allows the P. 
myricae second generation (G 2) on the spring growth (PS1) to be synchronous with the whitefly 
first generation on the summer growth (PS2); this leads to 5 P. myricae generations. 
The P. myricae hibernation is done at all pre-imago stages with a dominance during January, 
February and March, of the third and fourth larval stages; this confirms the observations made 
in Israel (Swirsky and al., 1986). 
The adults prefer laying their eggs on very tender young leaves with 1 cm2 area or less; but, 
when the imago population phenomena are very important, the P. myricae will lay their eggs on 
two months leaves. These results are contradictory of those obtained by Rose and al. (1981); 
Walker and Aitken, (1985). It seems that the unique laying of eggs on very young leaves.is in 
direct relation with the importance and availability of young leaves at each growth. 
The population densities of immature stages are high from the first spring growth with more than 
4,100 eggs per dm2 and 200 L

1 
per dm2 on the begining of April, this is inconsistent with the 

results reported by Atay and Sekeroglu (1987) who did not observe high numbers for the egg and 
larval stages only on July. 
However, similar studies are lacking on mumerical evolution of P. myricae egg and larval stages 
in other climatic situation to analyze and compare the population levels and the nature of 
mortality factors! The estimation of the population densities of the P. myricae last three stages 
should allow to quantify the regulating action of entomophagous which should be acclimatized 
from the 1992 spring. 
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Fig. 1. Dynamics of Parabemisia myricae adult and egg stages 

on the leaves of 1991 growth. 

Densities/ dm 
2 

200 

160 

120 

80 

40 

0 

6/4 4/5 5/6 817 Dates 
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Abstract. Five generations of Aleurothrixus floccosus, a major pest recently 
introduced into Tunisian citrus plantations, occurred from September 1990 to September 
1991. Whitefly population levels in an untreated grove were very high, higher than 1000 
eggs/dm2 at the beginning of each generation on young leaves at each rising of sap and 
several hundred nymphs/dm2 at each generation. The main regulatory factor was its specific 
parasitoi'd, Cales noacki, which was no longer released in small densities as acclimatation, 
but used in the form of an inoculative biological treatment which reql!ired 5,000 individuals. 
Biological control of A.jloccosus was of exceptional quality and was obtained in 4 to S 
months. Considerable parasito"id mortality, due to maximum temperatures higher than 
35°C, was shown. 

I. INTRODUCTION

When a pest is accidentally introduced into a new region, or even a new continent, the 

most original and elegant strategy is the acclimatation of entomophagous insects which exert 

satisfactory biological control in the natural distribution area. The use of entomophagous insects, 
and more particularly parasitoi'ds, in cases of accidental introduction of whiteflies, generally 

requires small numbers of beneficial insects to be brought in (Onillon, 1990). The expected 
biological balance can sometimes take several years to become established and last. 

However, to protect a crop it is sometimes necessary to intervene rapidly with a larger 
inoculum of beneficial insects which is closer to the doses used for biological treatments. These 
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doses generally range from several thousands or tens of thousands to several hundreds of 
thousands of individuals. The result is obtained in several weeks or months depending on the 

pest's biology and the efficiency of the entomophagous insect. 
A trial using the parasitoi"d, Cales noacki, as an inoculative treatment was carried out in 

Tunisia to control the woolly whitefly, Aleurothrixus floccosus. 

II. MATERIALS AND METHODS

1. The citrus orchard

The Mrai"ssa citrus orchard, in which the population dynamics of Afloccosus were studied

before, during and after the introduction of its specific parasitoi"d, C. noacki, is situated on Cap 
Bon, near Soliman, 2 kilometres from the sea. The grove, covering an area of 2,500 m2

, consisted 
of a mixture of 42 orange trees of the "Valencia late" and "Maltaise" varieties with a planting 

distance of 6 x 6m. The trees were about thirty years old and the grove underwent normal 
cultivation practices. 

2. Sampling methodology

As A.floccosus adults showed a clear preference for the young leaves developing at each
new rising of sap, the sampling took into consideration this succession of leaves receptive to 
whitefly oviposition. Two leaves per orientation and per rising of sap were sampled on 12 trees, 
at eye level. The number of adult whiteflies on each leaf was counted. 

3. Counting methodology
The number of egg and nymphal stages of Afloccosus were counted under a binocular

microscope in the laboratory. Only the living stages of the whitefly were counted. After the 
C.noacki were released, all the nymphs likely to have a living or dead instar of the parasitoi"d 
were dissected in order to find out the present instar of the parasitoYd. 

The surface area of each of the leaves was obtained by passing them under an optical 
planimeter used to obtain the densities of the Afloccosus stages on which an analysis of variance 

was carried out. 

III. RESULTS

A. Population dynamics of A.floccosus before introduction of the parasitoid

Cales noacki.

I. On summer growth leaves (PS2)

Sampling began in the grove on 17 September 1990 as soon as we were sure of the

satisfactory results of the C.noacki acclimatation trial carried out in June 1990 in the Mamoura 

grove (Chermiti & Onillon, 1992). It was therefore interesting to observe in another grove, where 

whitefly infestation was different, the regulatory action of C.noacki used as an inoculative 
treatment. 
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On 17 September, all the stages of A.jloccosus were present in the grove on summer 
growth leaves. The densities were relatively high, about 210 eggs/dm2 and 48 first-stage nymphs 
(L

i
)/dm2

• The distribution of the other nymphal stages was the following: 22 L2, 17 L3 and 67 
L4 

+ pupae/dm2
• The densities of A.jloccosus nymphs, including all stages, was 154 nymphs per 

dm2 of leaf surface. 
In late September-early October, A.floccosus was present above all as old nymphs and 

pupae with 47 �, 45 L
4 

and 67 pupae/dm2 and 32 L
3

, 54 L
4 

and 51 pupae/dm2 respectively, on 
26/9/90 and on 4/10/90. This was the end of the second generation of whiteflies on PS

2 
and many 

newly-hatched A.jloccosus adults ·.vere ready to lay their eggs on the autumn growth leaves or 
PS

3 
which were about-to- appear. An -overpopulation of eggs, very rapidly observed on the 

newly-formed leaves which were extremely receptive to whitefly adults, led them to go back to 
lay on the older leaves of summer growth. 

Egg densities remained around 75 eggs/dm2 (Fig. 1) on 4, 11 and 18 October 1990, which 
represented the laying curve of the last generation of whitefly on PS

2 
leaves. Subsequently, the 

number of A.jloccosus eggs decreased regularly throughout winter with numbers close to 15 to 
20 eggs/dm2 from mid-November to mid-January. A new peak was observed on 7/3/91 with 47 
eggs/dm2

, which was synchronous with the appearance of the 1991 spring frowth.
The L

1 
curve (Fig. 2) showed a peak on 14 November with 26 L/dm which was directly 

linked to the densities of eggs observed in mid-October. Then, rapidly, the numbers dropped to 
reach 1 L

1/dm2 by the end of January. 
The second-stage whitefly nymphs (Lz) reached a peak on 14 and 22 November 1990 with 

36 and 35 L
i
/dm2

, respectively. Numbers then slowly declined, due as much to them passing into 
their second stage as to winter nymphal mortality. Throughout March, the number of L

i was nil. 
For third-stage A.jloccosus nymphs (L

3), numbers increased consistently to reach 15 to 
20 LJdm2 in November and December (12 L

3 
on 22 November and 11 December, 18 L

3 at the 
end of December and 12 � on 10 January (Fig. 2). The L

3 
density curve was much more flatter 

and more drawn out than for the two preceding nymphal stages. It was true that the average 
temperatures for December and January had considerably dropped with l l.9°C and l l.4°C 
compared with the average for November which was 17 .2°C. 

The number of fourth-stage nymphs (L4) grew rapidly at the end of December with 37 
nymphs/dm2, 22% of which had the typical colouring of the A.jloccosus pupa. Subsequently, the 
numbers dropped steadily without any increase in pupae or the presence of adults being observed 
correlatively. 

2. On autumn growth leaves (PS
3
)

From the beginning of October 1990, the first leaves of PS3 appeared, which were 
extremely receptive to A.floccosus adults and were immediately infested. On 11 October, 688 
eggs/dm2 were observed on the young leaves whose average surface was 9.2 cm2. Egg densities 
increase up until 24 October with 12,170 eggs on 18/10 and 18,575 eggs on 24/10 (Fig. 1), 
concurrently with the surface area of the leaves: 16.7 cm2 on 18 October and 19.6 cm2 on 24 
October, their final surface area. Subsequently, the density of whitefly eggs dropped steadily with 
1,177, 710 and 140 eggs observed on 22/11, 26/12 and 31/1. The few leaves that remained fell 
off at the beginning of March, preventing the pest's development from being evaluated. 



89 

L
1 

nymphs were observed very early with 35 L/dm2 on 11 October. The densities 
culminated on 31 October at 1220 L

i
fdm2 (Fig. 3), then fell rapidly to only 5 to 7 L

i
fdm2 at the 

end of December. 
The first Afloccosus L2 nymphs were observed on 18 October with 67 Ljdm2• The

numbers rapidly increased, reaching a peak on 14 and 22 November with 794 and 894 Lz/dm2 

(Fig. 3). A rapid decline in numbers was subsequently observed with 100 L
2 

on 11 December, 
40 Lzldm2 on 10 January and 4 Lzfdm2 at the end of January. 

L
3 

nymphs were present at low densities (2 to 3 �dm2) in mid-October. A rapid increase 
was observed at the end of October and the pea_!.: for L3 

nymphs was noted on 22 November with 
490 �dm2

. About ten nymphs...continued.to live during the first three months of 1991 (Fig. 3). 
The first L

4 
nymphs were observed on 24 October and the densities continued increasing 

until they reached 420 nymphs per dm2 on 22 November. The densities of L4 nymphs and pupae
then fell in December and January without any whitefly adults being observed on the leaves. 

The mortality of Afloccosus nymphal stages on autumn growth leaves, due to intraspecific 
competition for natural resources, was considerable. Comparison of maximum densities observed 
at the peak of the curves showed: 

- 93.5% mortality between eggs and L
1
, 

- 26.8% mortality between L
1 

and L
2

, 

- 45.2% mortality between L
2 

and L
3
, 

- 14.3% mortality between � and (L
4 

+ pupae).

B. Population dynamics of A.floccosus in the year that C. noacki was
introciuced

1. On spring growth leaves

The first Afloccosus adults were observed on 14 March on very young spring leaves or 
PS1• The reduced surface area of the leaves (on average 0.7 cm2 , was responsible for the high
density of adults observed, some 142 adults/dm2 (Fig. 4). In reality, the number of whitefly adults 
increased up until 30 March when 300 adults were counted, which corresponded to a density of 
45 adults/dm2, and then fell. 

The density curve of Afloccosus eggs followed the same course as that of the adults 
previously observed (Fig. 4). The reduced size of the leaves and the large number of eggs laid 
were responsible for the very high densities: 1,041, 913 and 733 eggs/dm2

, on 14, 23 and 30 
March. Subsequently, egg densities fell steadily, to end up with 14 eggs/dm2 at the beginning of 
June. The average temperatures observed in March and early April, 14.8°C and 14.2°C, with 
minimum temperatures of 6, 7..°C to 7°C, were not favourable for rapid egg development. 

The first L
1 

nymphs were observed on 13 April with 5 L
i
fdm2 and it was only on 4 May 

that large numbers were observed with 48 L
i
fdm2 (Fig. 2). The peak of the L1 curve was 

observed on 22 May with 63 L
i
fdm2 and the numbers then dropped rapidly: 3 L

i
fdm2 were found 

on 12 June. The temperatures observed in May became much more favourable to whitefly 
nymphal development with a mean temperature of 17.2°C and maximum temperatures of 25°C. 

L2 nymphs were observed in the sampling of 27 April at very low densities (0.5 Lzfdm2). 

The numbers rapidly increased with densities of 28 and 43 Lzldm2 on 4 and 13 May. The 
maximum L

2 
number was observed on 22 May with 58 Ljdm2 of leaf surface (Fig. 5). 
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Third-stage nymphs began to be seen, at very low densities, in late April-early May. It 
was necessary to wait until 13 May to observe 5 L/dm2

. The maximum density was observed 
on 12 June with 48 L/dm2 (Fig. 5), then the L3 densities dropped rapidly. The temperatures 
observed during June, with an average of 21.3°C and minimum temperatures of 15°C, were very 
favourable to Afloccosus nymphal development. 

L
4 

nymphs appeared in extremely reduced numbers on 27 April. On 13 May, 2 LJdm2 

were counted and the numbers increased with a maximum of 34 LJdm2 being observed on 12 
June. Afloccosus pupae, which appeared sporadically throughout May, began to be abundant on 
5 and 12 June with 9 and 11 pupae/dm2 respectively. 

The adults of this generation were to constitute the inoculum which laid eggs once again 
on spring growth leaves, but most of which were attracted by the young, receptive summer 
growth leaves. These adults (0.3 adults/dm2) were responsible for the second laying curve on PS1 
which began on 19 June, reached its maximum with 18 eggs/dm2 on 8 July and ended on 8 
August (Fig. 4). The maximum L1 density was observed on 8 July with 9 L1/dm2 (Fig. 5) and 
this second generation, because of the high temperatures in June (on average 21.3°C with a 
maximum of 35°C) came to an end on 8 August. The highest densities for each of the last three 
nymphal stages, were 6 Lifdm2 and 3 LJdm2

. 

Two generations could therefore be observed on the spring growth. 

2. On summer growth leaves
The adults originating from the first generation of whiteflies on spring growth leaves came 

to infest the young summer growth leaves. The first adults were observed on 12 June with 
densities of 6 adults/dm2 and the maximum was obtained on 19 and 28 June �ith densities of 7 .5 
adults/dm2 (Fig. 4). 

The curve of egg densities of Af[occosus started on 12 June with 13 eggs/dm2
, the small 

leaves having an average surface area of 5.4 cm2
. The densities increased reaching 318 eggs/dm2 

on 28 June (Fig. 4). Subsequently, the numbers fell rapidly with densities of about 2 eggs/dm2 

on 24 July and 8 August. 
L1 

nymph densities were low and did not exceed 15 Lifdm2 on 8 July before rapidly 
dropping and becoming lower than 1 Li

fdm2 on 8 August. A considerable drop in density was 
observed for second-stage nymphs which did not exceed 4 Lz/dm2 on 8 July (Fig. 5). 

For � and L4, the highest densities, still relatively low in relation to the eggs laid, were 
observed on 8 August (Fig. 5). The few adults originating from the first generation pupae of 
Afloccosus preferred to migrate to the new, very receptive autumn growth leaves. A few adults 
came to Jay their eggs again on the two-month-old PS2 leaves, providing a very modest second 
generation of Afloccosus.

C. Population control of A.floccosus using inoculative treatments of its

parasito1d C. noacki

On 6 April 1991, two pots of Seville orange trees well infested by Ajloccosus and whose 
nymphs had been parasitized by C.noacki in the insect-proof greenhouse at the E.S.H. at 
Chott-Mariem, were placed under the foliage of one of the orange trees in the grove. 

The estimation of the extent of parasitism and the C.noacki instar inside the Af[occosus



91 

nymphs showed that 5,000 had been parasitized, almost all of them being at the prepupal-pupal 
stage. 

Because of the relatively cool temperatures in April (14.2°C on average), and of the 
prepupal-pupal stage of the parasitoi"d, the first C.noacki adults did not emerge before early April. 
No C.noacki eggs or larvae could be observed in the nymphs dissected before 13 May. 

1. Regulation of A.floccosus populations by C. noacki on spring growth

On 13 May, a low percentage of C.noacki eggs and larvae was found in the L2 and L4 

whitefly nymphs: 3.6% parasitism in Li and 26.3% in L4. 

On May 22 and 29, parasitism was still low, about 2% on Li and 4% on L:J but some 
prepupae (PP) and pupae (P) were observed. 

It was in fact on 5 June that large-scale parasitism was observed for each of the three 
nymphal stages of Afloccosus present: 28.7% in L

2
, 14.4% in L:i and 12.3% in L4• The

composition of the C.noacki population within each whitefly stage was very similar. A certain 
earliness could be observed in L2 and L:i whitefly nymphs where a few C.noacki pupae were 
observed. The main part of the parasitoi"d population in L2 was made up of old larvae (OL) with 
43.3%, followed by prepupae (PP) and pupae (P) with 29.4% (Fig. 6). C.noacki eggs and young 
larvae were also present with 13.6%. In the L

3 
whitefly nymphs, the OL instar dominated 

(45.6%), followed by PP and P (26.6%). For the L4, a high percentage of old larvae was observed
(51.3%), followed by young larvae with 35.9%. On 5 June, out of the 1,518 third-stage 
A.floccosus nymphs, 305 contained a pre-imaginal instar of C.noacki, which represented an
overall parasitism of about 20%.

On 12 June, the rate of parasitism showed a distinct increase with 52% in L2, 34.4% in 
L3 and 21.7% in L4• A very large number of OL (54.6%) and PP (23%) were visible in L2 of 
whiteflies. In L:J, YL (35.6%) and OL (41.3%) were present in similar quantities. Finally, in 
A.floccosus L4, the slight difference observed earlier was maintained, with a dominance of YL 
(54.5%), followed by eggs (24.2%). In total, out of 2,746 nymphs sampled, 975 were parasitized, 
which represents 35.5%. The first emergence holes of C.noacki adults were observed among 
Afloccosus L2.

On June 19, 71.9% of Li, 41.3% of L:i and 26.4% of L4 of A.floccosus were parasitized, 
which corresponded to an overall ratio, all stages put together, of 40.7%. 

On 28 June, large numbers of the parasitoi"d's emergence holes, as well as the small 
proportion of C.noacki eggs and YL , made it possible to determine the end of the parasitoi'd's 
first generation during the whitefly's first generation. Parasitism rates were high: 94.1 % in L2, 

67.5% in L3 and 53.1% in L4• 

On 8 July and even more so on 17 July, numerous second-generation A.floccosus L2 and 
L:J, when dissected, contained eggs (25.8%) and young larvae (34.6%) of the parasitoi"d. For L2, 

out of 251 nymphs sampled, 144 were parasitized, which represents 54.4% parasitism. 
Concerning L:i and L4 nymphs, we observed parasitism rates of 86.6% (188/217) and 90.3%
(232/257), respectively. The whitefly nymphal population fell sharply, which can be clearly seen 
in Fig. 5. 

On 24 July and 8 August, the parasitoi"d population was at the OL-PP instar and the real 
parasitism level, which did not take into account C.noacki emergence holes on first-generation 
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Afloccosus, was high, about 83% on Li_, 85.3% on L:i and 42% on L4
• On 16 August, all 

Ajloccosus nymphs sampled were parasitized. The second generation of C.noacki, well 
synchronized with the second generation of Afloccosus, occurred for 5 weeks. 

2. Population regulation of A.floccosus by C. noacki on summer growth.

On 8 July, as soon as the first L
2 

appeared, some eggs laid in the first receptive nymphs 
were observed; 43% of Li_ contained a C.noacki egg. This was also the case on 17 July. 

On 24 July, old larvae were observed in second- and third-stage whitefly nymphs and the 
first emergence holes were-found:··· 

On 8 and 16 August, almost all the second-, third- and fourth-stage nymphs were 
parasitized: 91 % in Li_, 86% in L

3 
and 100% in L4 on 16 August. Out of a total of 487 nymphs 

dissected, 441 contained a parasito'id instar, which corresponded to an overall parasitism of 91 %. 
All C.noacki instars were present with a predominance of OL (47.8%), followed by PP (26.5%) 
and P (17 .9%) inside second-stage A floe cos us nymphs (Fig. 6). The phenomenon is identical for 
the nymphs of other stages. 

The abundance of adult C.noacki emergence holes from 8 August on (365 and 849 on 8 
and 16 August), and the presence of eggs and the parasito'id made it possible to set the beginning 
of the second generation of the parasitoi'd on 16 August, a generation which came to an end on 
26 September. The level of Afloccosus nymphal populations was very low (Fig 5) and the 
percentage of parasitism very high: 100% in L2, and L

3
, 50% in L4• 

The extreme depletion of A.floccosus nymphs on autumn growth leaves as well as the 
high percentage of parasitism did not make it possible to put forward any rational development 
of the population dynamics of the two antagonists. 

D. Importance of abiotic mortality factors

During Afloccosus nymphal dissections, which were carried out consistently after each 
sampling, a certain number of whiteflies contained dead parasito'id larvae, which were brown and 
without a definite morphological structure. This mortality was due to the high maximum 
temperatures during summer (31 °C in June, 35°C in July and 34.2°C in August) and concerned 
more specifically the swollen second- and third-stage nymphs. 

On parasitized A.floccosus Li_ and L:i, 31.4% of the old larvae of the parasitoi'd were dead 
in L

2 
and 20% in L

3 
on 12 June. This mortality was artificially accentuated the following week 

by the transformation of C.noacki old larvae into prepupae. On 19 June, 86% mortality was 
observed among parasitoi'd OL in A.floccosus L

2 
and 75.7% mortality among the dead OL in 

whitefly L:J. 
The second period during which high mortality was observed in the larval instars of the 

entomophagous insect was at the beginning of July with 87.5%, 98.2% and 87.2% mortality 
among the old larvae of the parasitoi'd in Afloccosus L2, L

3 
and L4. 

As regards C.noacki larval instars present in Afloccosus nymphs on summer growth, high 
mortality was observed on 8 and 16 August with 58.9%, 78.3% and 66.6% in OL present in the 
L2, L

3 
and L4 of Afloccosus on 8 August and 68.8% and 28% for PP in L2 and L

3
• 
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IV. DISCUSSION AND CONCLUSION

In experiments previously carried out for the biological control of citrus whiteflies, the 
strategies for using entomophogous insects all aimed at making a success of biological control 
of the pest by acclimatation of parasito'ids, that is using a small number of beneficial insects, 
amounting to a few hundred: Eretmocerus serius against Aleurocanthus woglumi (Dozier, 1932; 
Edwards, 1932; Wheatley, 1964), C.noacki against Ajloccosus (Onillon and Onillon, 1972; 
Anonymous, 1975; Cherrniti and Onillon, 1992), Encarsia lahorensis against Dialeurodes citri 

(Pappas and Viggiani, 1979; Malausa et al., 1986), and Eretmocerus sp. against Parabemisia 

myricae (Swiski et al., 1986) . Only- Hart and his team (1983) released several tens of thousands 
of Amitus hesperidum adults to control A. wog/umi in Florida. 

The experiment carried out in Tunisia, where 5,000 C.noacki were released to protect an 
area of some 2,500 m2

, that is 20,000 C.noacki/ha, showed another facet of the possibility of 
using entomophagous insects against pests introduced to the region. Very efficient and 
excessively rapid biological control of Ajloccosus can be obtained with a relatively large number 
of parasitoi:ds. While more than a year was necessary to obtain satisfactory control of Ajloccosus 

following a limited release of several hundred C.noacki adults (Onillon, 1975; Cherrniti and 
Onillon, 1992), several months were enough to achieve almost perfect biological control of 
Ajloccosus, if a sufficient number of parasito'ids was released. The densities of Afloccosus 

observed in the year before C.noacki were released, on the different risings of sap, were very 
high, some 150 to 200 larvae per dm2 of leaf surface and the winter conditions had been 
sufficiently mild for very large numbers to be observed in spring. Springtime egg densities of 
about one thousand whitefly eggs forebode further heavy infestations. The biological treatment, 
based on 5,000 parasito'ids in the reference plot, was sufficient to stop Afloccosus nymphal 
development despite spring temperatures which were unfavourable for the parasito'id's 
establishment and development. The extent of the biological control exerted by C.noacki on 
Ajloccosus populations is close to 99.5% if we compare the population levels of the pest before 
and after the introduction of the parasito'id. An inoculative release of some thousands of C .noacki 

adults should be sufficient to introduce the entomophagous insect into regions where there are 
none or to restore a biological balance after disturbing treatments such as those which will be 
carried out against other Homoptera. 
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Natural enemies of mites 

V. Vacante (rapporteur)

Istituto di Entomologia Agraria, Universita degli Studi di Catania, Italy 

Summary. Problematics concerning phytophagous mites in citriculture, in the light of 
biological and integrated control, are dealt with. It is re-marked that the success of 
this strategy depends on the ecological conditions characterizing each environment. 
Climatic and pedologic situations, technical aspects, agronomic choices and the biotic 
community assume in fact, in this context, a primary importance. Among the above
said factors, acarophagous species develop a fundamental role without any doubt. As 
drastic ecological conditionings are absent, mites, spiders and predatory insects keep 
under control the populations of the most important phytophagous species. In the 
same way the insorgence of epizootic diseases due to fungi, bacteria and virus could 
be important. According to the more significant biblographic references, the subject is 
dealt with many aspects and is really actual; it is, however, far from being completely 
exhausted and it requires further and deeper investigations. Gerson & Vacante refer 
on this subject: "A re-evaluation of indigenous natural enemies, especially phytoseiid 

mites, is advocated in this essay. The importance of such usually-undervalued natural 
enemies may well increase with a . decrease in pesticide usage, with currently-rare 
species becoming more important. The experimental demonstration of the efficacy of 
all species is required, and long-range field studies on succession, spatial distribution 
and inter-specific relationships are especially necessary. Other indigenous natural 
enemies, including mites, predaceous insects and diseases, should also be re
evaluated." An important aspect concerns the necessity of integrating, sometimes, the 
action of pesticides with beneficials and to test their selectivity in different situations. 
In fact, pesticides employment should be integrated with actual intervention plans and 
it needs researches more aimed. For this purpose, Ragusa et al. Papaioannou- Soulioti 
et al., present the results of selectivity tests and acaricide effectiveness, carried out 
both in laboratory and outdoors. 

Mites are regular inhabitants in citrus orchards, where they clearly possess the same 
ecological and functional character as their better known kin the insects Arthropoda. This 

would appear to be in contrast with the previously accepted ideas which relegated the 
entire group to a marginal role composed of 6-7 noxious species plus a few predatory 
species. Information recently acquired has considerably increased our knowledge. Today 
we know, in fact, that on Citrus in the MeditetTanean area the system is represented by 
approximately 164 species belonging to 26 different families, each one characterized by its 
own ecological niche (Vacante et al., 1989). The noxious species live together with the 

useful species and also with the indifferent species from the phytopathologic point of view. 
It becomes evident from the role played by the various insects, with the exception 

of some phytophagous species (Eriophyids), characterized by a noticeable monophagy and 

a well known relationship of coevolution with the vegetable guest that, if no ecological 
factors occur to change things, a satisfactory biological equilib1ium is reached which 
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agroecosystem the contribution of the useful fauna is not only guaranteed by the rich group 
of predator mites but by the more numerous group of Arthropoda (Insects, Spiders). 

Important bibliographical references are found in specialized publications which 
beginning in 1970 have attempted to establish a starting point in this field. Van de Vrie et 

al. (l 972) refer to 23 species of Phytoseiidae of which 4 found on citrus and at least a 
further 12 species belonging to various families (Bdellidae, Trombidiidae, Anystidae, 
Stigmaeidae and Cheyletidae) of which approximately 6 are found on Citrus. Also 
mentioned are various species belonging to the groups of Coleoptera, Neuroptera, 
Hemyptera, Thysanoptera and Diptera. Jeppson et al (1975) successively, with reference to 
the natural enemies of .. mites,. refer to 28 Phytoseiids of which 7 have been found on 
Citrus. Other mite predators of the families of Bdellidae, Anystidae, Stigmaeidae, 
Cheyletidae are also mentioned. Reference is also made to the importance of the Araneidae 

in fruit orchards in North America. As regards the Coleoptera, Neuroptera, Hemyptera, 
Thysanoptera and Diptera, approximately 38 species have been identified, of which 14 
found on Citrus. More recently Chazeau (1985), presenting a world-wide review of the 
principal species of acarophagous insects found in the various cultivations, cites again 6 
main orders (Coleoptera, Thysanoptera, Hemyptera, Diptera, Neuroptera and Dermaptera)to 
which 80 species were ascribed. Of these at least 12 have been found on citrus on various 

continents. 
From information in our possession regarding Citrus in the Mediterranean area the 

following predator species have been encountered: 46 species of Phytoseiidae (about 1/4 of 
all the species found), 3 Ascidae, 14 Stigmaeidae and 27 between Cheyletidae, 
Hemisarcoptidae, Anystidae, Bdellidae, Eupalopsellidae, Raphignathidae, Cunaxidae and 
Camerobiidae. Several of the last mentioned species have a pronounced capacity to prey on 
other mites and young biological forms of Hemiptera Homoptera (Vacante 1985; Longo et 

al., 1990). To the above-mentioned the following groups of insects should be added: 
Coleoptera (Stethorus spp.), Diptera (Therodiplosis sp.), Thysanoptera (Haplothrips spp., 
Thrips sp., Franklinothrips sp.) and Neuroptera (Chrysoperla sp., Conwentzia sp.). As 
regards the spiders, Benfatto et al., (1992) segnaled the recovery of 61 species on Citrus of 
Southern Italy. 

The complete picture of the situation just described shows that also in our area 
numerous antagonisms are known to exist which, in suitable conditions, can together 
excercise a valid control of the populations of the noxious species. The contribution of 
some acarophagous mites (Amblyseius stipulatus A.H.) is amply documented (Ferragut et 

al., 1988); on other occasions it appears to be based more on past experience than on 
recently acquired information. 
In fact analytic knowledge of many species is not available. Biology, ethology, ecology, 
population dynamics, selective pressure excercised by common spray products, in most 
cases are unknown or should be examined more carefully and thoroughly. 
Information acquired regarding classification and fauna relating to mites in general is not 
normally found together with detailed knowledge of Insects and other Arthropoda similar 
in habits to the acarophagous species. 

The above explanation demonstrates a noticeable approximation which results in a 
negative effect on the development of biological and integrated control of the 

phytophagous mites on Citrus. It would appear necessary at this point to recapitulate 
several considerations in an attempt to formulate operative suggestions and hypothesis for 

work. 
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1. At the existing state of our knowledge it would appear necessary to actuate research
aimed at forming a more complete and clear picture of the Arthropoda capable of
exercising acarophagy in various ways. It is necessary, in brief, to know all the
species present in the Mediterranean area and the ecological facies which
contradistinguishes them.

2. It is equally important to continue research on both classification and fauna of
mites found on Citrus, so that the information available is amplified. It is obvious
that in this first phase of research, if it is desired to produce useful information for
the forming of realistic programmes of biological and integrated control, appropriate
studies must oo-mad� of.the bio-ethology of the species encountered.

3. In the category of useful mites a role of priority is usually assigned to the
Phytoseiidae. This is true in fact in most cases. In consideration of the fact that we

know little about this large animal group, it is fair to suppose, hypothetically, that
not all the species known today exercise concrete action of control of the
phytophagous mites. Several species, considered ecologically important for the
particular niche occupied, and therefore for the functionality of the agroecosystem,
can give indifferent results from the point of view of biological control. It is clear,
therefore, that the efforts of researches should follow this direction.

4. Quite unknown are the inter-relationships between the populations of acarophagous
insects and those of mite predators. Little or nothing is known about the adaptive
mechanism which characterizes the various groups which, whilst occupying
different ecological niches, do not jeopardize the evolution of the others, but in fact
contribute, as can be noticed sometimes in the field, together towards controlling
the phytophagous population. Clarification in synthesis of the selective mechanisms
appears necessary.

5. As regards the other groups of mite predators (Ascidae, Stigmaeidae, etc.), is it
acceptable that these entities exercise a concrete biological control? Also in this
case the lack of information available regarding their biology does not facilitate
simple answers.

6. From the management of insect control, with particular reference to the control of
several phytophagous in citrus groves, what strategy should be best indicated? In
this context is it still auspicable that the classic objective to pursue is that of
enriching the mass of beneficial organisms, without knowing well the biology and
the ecology of the species present locally?
Further, in what terms regarding the acarophagous species are the spray treatments
of the culture considered? What is the impact on the ambient of the use of
pesticides and fungicides, not excluding products of new formulations?

The above-mentioned facts obviously do not fully cover the subject: they are to be 
considered just some aspects of a big problem deserving, in truth, much more space, time 
and a more qualified expert's opinion. They are, however, a demonstration of the 

complexity of the subject under discussion, to which it is not possible to give answers to 
all various problem, and also an invitation to the specialists in this field to continue their 
research. 

Well-known colleagues have been aware of this necessity for some time, and today 
are present with the results of their research as a testimony of their diligence. The 

contribution given, in fact, by Gerson and Vacante specifically regarding the acarophagous 

species in Citrus growing underlines the necessity to formulate a new outlook apropos of 
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the problem of mites on Citrus. They suggest a re-examination of the role of the natural 
indigenous enemies of the mites, especially of the Phytoseiidae, normally underestimated, 
whost importance can be better valued by favouring an increase in their population by 

reducing the use of pesticides. In this manner rare species can become important. 
The authors mentioned above favour an experimental demonstration of the 

efficaciousness of all the species, and maintain that frequent and repeated studies in the 
field are necessary regarding the space distribution and the inter-specific relationships. The 
contribution of all the factors concerned in the control, not excluding diseases, should be 
reviewed. 

The contribution of Ragusa Di Chiara et al., (1992) forms part of the sphere which 
indicates the necessity to acquire appropriate knowledge about the use of pesticides and 
fungicides and the impact of these products on the useful fauna. Reference is made to the 
results of trials effected in the laboratory, which offered the possibility to test the influence 

of abamectin, of buprofezin and of fenoxycarb on the post-embryonic growth and on the 
fecondity of the phytoseiid mite Typhlodromus rhenanoides Athias-Henriot. 

In the tests, the following quantities of active principles were used: abamectin 
1.8%, buprofezin 25% and fenoxycarb 25% using doses of 7.2, 375 and 500 p.p.m. 
respectively. In every case the abamectin gave negative results since no adults were 
obtained; all the young forms died, like protonymphs. Testing the other active principles 

on leaf disks, 23% and 40% of adults respectively in the case of buprofezin and of 
fenoxycarb were obtained. Mortality was observed of the larval and nymphal forms. The 

duration of the post-embryonic growth resulted 7.5 days in the case of the buprofezin test 
and of 10.6 in the case of fenoxcarb. 

Using plastic plates, a higher mortality was registered (63% for buprofezin and 80% 
for fenoxcarb. Death rate of the young elements was noted mainly among the protonymphs 

and the deutonymphs. The egg-laying was not calculated for the abamectin, whilst in the 
case of buprofezin and fenoxcarb it was observed that the first has no influence on the 
egg-laying (0.6-0.8 eggs/days) and the second gave a negative result. Concluding, the 

abamectin showed negative results as against the guaranteed positive results of buprofezin. 
Fenoxycarb has a negative effect on the egg-laying. 

Finally, Papaioannou-Soulioti et a/.,(1992) present a note, as proof of the 

importance of attacks by the Tetranychid Panonychus citri (McGregor) on Citrus in 
Greece, which deals with new types of mite pesticides. The above-mentioned authors 

report the results of tests effected using the following active principles: fenpiroximate, 
acrinathrine, M.T.I., and Agrimec+Stirrup-M. 

The results were as follows: four days after spraying mortality was good for all the 
products used on motile forms, oscillating between 99.57% (M.T.I. 50 ml/100 hl) and 
90.32% (Agrimec+Stirrup-M 50+50 mL/100 hi). Seven days after the active principle 
which has shown a high activity was sprayed, the action of control was modest. M.T.I. 

gave 99.57% mortality of motile fonns. Thirteen and fifteen days after spraying, mortality 
of motile forms was not inferior to 78.93% with a density corresponding to 0.05/leaf. 

M.T.I. showed a good anti-egg action. Small doses of Stirrup-M+Agrimec did not
give good results. 



103 

Literature cited 

Benfatto D., Di Franco F. and V. Vacante, 1992 - Spiders of Italian Citrus Groves. Proc. 

Int. Soc. Citriculture, 1992 (in press). 
Chazeau J., 1985 - Predaceous Insects. In: Spider mites. Their biology, natural enemies and 

control. Vol. lB. Ed. Helle W. and N.W. Sabelis, Elsevier Pb!. 211-246. 
Ferragut F., Costa-Comelles J., Garcia-Mari F., Laborda R., Roca D. and C.Marzal, 1988 -

Dinamica poblacional de! fitoseido Euseius stipulatus (Athias-Henriot) y su presa 

Panonychus citri (McGregor) (Acari: Phytoseiidae, Tetranychidae), en los citricos 
espanoles. Bo!. San. Veg. Plagas, 14:45-54 

Jeppson L.R., Keifer H.H. and E.W. Baker, 1975 - Mites injurious to economic plants. 

University of California Press, Berkeley and Los Angeles, California: 614 pp. 
Longo S., Russo A. and G.Siscaro, 1990 - Note sui nemici naturali di Parabemisia 

myricae, un "nuovo" aleirode dannoso agli agrumi in Italia. L'informatore 
agrario, Anno XLVI (43): 135-137. 

Papaiannou-Soulioti P., Tsagarakou A. and P. Dermatas, 1992 - Evaluation on new 
acaricides used in the tretment of citrus red mite (Panonychus citri Koch). Proc. 

lnt. Soc. Citriculture, 1992 (in press). 

Ragusa-Di Chiara S., Tsolakis H. and A. M. Ciulla, 1992 - Effects of abamectin, 
buprofezin and fenoxycarb on post-embryonic development and fecundity of 

the predaceous mite Typhlodromus rhenanoides Athias Henriot (Parasitiyormes, 
Phytoseiidae) in laboratory trials. Proc. Int. Soc. Citriculture, 1992 (in press). 

Vacante V., 1985 - Acari simbionti di Diaspididae (Rhynchota, Homoptera) in Sicilia: 

Hemisarcoptes malus (Shimer) (Acarina, Hemisarcoptidae). ll° Contributo. Atti XVI 
Congr. Naz. Ital. Entomol., Palermo - Erice, Bagheria, 28 maggio - 1 giugno 

1985: 749-758. 
Vacante V., Nucifora A. and G.Tropea Garzia, 1989 - Citrus mites in the 

Mediterranean area. Proceeding of the VI International Citrus Congress, Tel 

Aviv, Israel, 6-11 marzo 1988. Ed.R.Goren and K.Mendel: 1325-1334. 

Vrie, van de M., McMurtry J.A. and C.B. Huffaker, 1972 - Ecology of Tetranychid mites 
and their natural enemies: A review. III. Biology, ecology and pest status and 

host-plant relations of tetranychids. Hilgardia, 41:343-432. 



104 

Influence of green cover with Ageratum conyzoides and Eupatorium pauciflorum on 
predatory and phytophagous mites in citrus 

S. Gravena, A. Coletti and P.T. Yamamoto
Center of Integrated Pest Management, Department of Entomology and Nematology, Paulista

State University, 14870 Jaboticaba/, SP, Brazil.

Additional index words,·- .beneficial weeds, Euseius citrifolius, lphiseiodes zuluagai, 

Phyllocoptruta oleivora, Brevipalpus phoenicis, Citrus rust mite, citrus leprosis mite, pollen. 

Abstract. The influence of green cover with the weeds Ageratum conyzoides and 
Eupatorium pauciflorum on the densities of predatory and phytophagous mites was 
studied in a experimental citrus orchard at Jabofaabal, State of Sao Paulo, Brazil. The 
experimental design was paired rows of Citrus sinensis var. 'Pera', divided into 10 plots 
each, for analytical purposes. One of the rows had the ground under the canopies 
maintained cleaned up all the time and the other was seeded with both weed species 
during 1989-1991. The green cover provided: 1. less incidence of the citrus rust mite and 
leprosis mite; 2. less russeted fruits by P. oleivora and leprosis virus infection by B. 

phoenicis; 3. increase on the densities of the predatory mites Euseius citrijolius and 
lphiseiodes zuluagai both in cover weeds and citrus leaves. 

In Brazil, from 36 to 42% of the total cost of citrus production is due to pesticides 
(Neves et al. 1990), based mostly in calendar application. In this context, it is increasing the 

importance of the concept of ecological arthropod management which means more emphazis 
to the environmental manipulation for pest control. Thus may be possible to diminish the cost 

of production without any yield reduction (Gravena, 1990). 

The management tactics are applied toward the ecological stability in the citrus 
orchard but with the purpose to maintain the insects and mites under the economic damage 

level by preservation of the action of natural enemies. 

Among these tactics, the conservation and management of weeds between the citrus 

rows of plants, is one of the main goal of the ecological pest management. The green cover 

gives great benefits to the citrus-ecosystem, specially by providing refugia for beneficial 

arthropods during chemical sprays as well as place to breed and develop, alternative food like 

nectar, pollen and arthropod weed pests for them. 

Ming Dau et al., (1981) repported that the effective biological control of the citrus red 

mite Panonychus citri (McGover) by the phytoseiid Amb/yseius newsami Evans is possible 

when the weed Ageratllm conyzoides is cultivated in citrus orchards of the Guangdong 

Province of Popular Republic of China. Besides the increment in biological control, the 

presence of the weeds reduced the temperature under the canopy from 40-45oC to less than 
35oC. Also the relative humidity was higher with weed, than without it, while served as food 

source of pollen for beneficials, suppressed other adverse weeds by competition, and could 

be used as green fertilizer. 
Thus, this research was proposed to find out if the maintainance of the compositae 

green cover with A. conyzoides and Eupatorium pauciflorum H.B.K (Asterales: Asteraceae), 
is able to reduce the densities of the key mites in brazilian orchards, citrus rust mite 
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Phyl/ocoptruta o/eil'ora (Ashmead) and citrus leprosis mite, Brevipalpus phoenicis (Geyjskes) 
(Acari:Eryophiidae, Tenuipalpidae), by the presence of the predatory mites Euseius citrifolius 
(Denmark & Muma) and lphiseiodes zuluagai (Denmark & Muma) (Acari: Phytoseiidae). 

Material and Methods 

A small citrus orchard of Citrus sinensis (Osbeck), var. 'Pera' was used for the 
experience. It is situated in the Department of Entomology and Nematology Experimental 
Area at the Paulista State University, Jaboticabal, State of Sao Paulo, Brazil. The experimental 
desing was based on paired blocks (Little & Hills, 1975), with two treatments and 10 
replicates. The orchard was composed of 3 lines with 12 plants, being the first plants of the 
extremities and the central line, the borders of the test. 

One of the treatments was stablished with green cover between the rows with A. 

conyzoides and£. pauciflorum. The other one was conducted completely cleaned (without any 
weed plant). The study started in Frebruary 1989 and in March 1990 was made the inversion 
of the treatment position. 

Fortnightly, the number of the mite pests (B. phoenicis and P. oleivora) and the 
predators (/. zuluagai and E. citrifolius), on citrus leaves, fruits and branches and on weed 
leaves, were counted. The assessment for citrus rust damage was based on the scale damage 
proposed by Trevizoli & Gravena (1984) which reccords were classified as 0-no russet, 
1-slightly russeted, 2-moderately russeted, 3-severe russeted. For leprosis infections only the
presence or absence of symptoms were considered.

Results and Discussion 

On Figure 1 is plotted the temperature and rain-fall during the study. It is very clear 
that the rain-fall was minimum from April to October and maximum from November to May. 
But the winter was droughter in 1989 than 1990 and the mean temperature never decreased 
to less than l 8oC. 

The seasonal densities of CRM reached six times more than the threshold action level 
(± 30 mites/cm2) during the study, on the absence of green cover. With weed present the mite 
increased only twice, in January and September 1990 but remained about the action level (30 
mites/cm2) (Figure 2). The mite predator density, in general, was higher in green cover than 
in the clean' plots, presenting two main peacks with about 2 mites/leaf. 

Examining the Figure 3 we can see that the presence of the green cover perrnited 
lower densities of de CLM than with no green cover. The effect of green cover reducing the 
densities of both mite pests may be observed in Figure 4. The statistical differences were 
significant several times for CRM which are indicated by the asteristics in the figure. Only 
in one occasion the difference was found for CLM (February 1990) due, probably, to its 
extremely low characteristical abundance, but it can see generally higher densities on green 
cover-free plots during the seasons. 

Regarding the predatory mites it seems that £. cirrifolius was favored by the green 
cover plants which can be seen by the countings of 1990 and 1991, meanwhile J. zu/uagai 
was it in 1989 (Figure 5). The total mite predators/citrus leaf is shown in Figure 6 where is 
evident higher densities in 1989 when in March had statistical difference favoring the plots 
with green cover. Concerning the species of predatory mites occuring in the green cover 
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leaves (Figure 7) it appears that the weeds are preferred by E. citnfolius. It may be that the 
genus Euseius (Amblyseius) can feed and survive also with flower pollen (Ragusa & Swirski. 

1973) what is coincident with blooming periods of A. con.vzoides and E. pauciflorum (from 

December to March). 

The injury caused by CRM on the fruits collected from green cover plots was very 
low. More than 80% of the fruits showed no damage in the first two evaluations (08.08.1990 

and 08.04.91) (Figure 8). After the green cover position inversion the effect of the weeds 

against the presence of russet in fruits was greater than with no weeds, but the difference 

between them was very low in comparision to before of the inversion. Fruits with leprosis 

injuries were much greater in plots with no green cover than with (Figure 9). 
In conclusion, the results obtained here need to be repeated in commercial fields to 

prove the advantages of green cover with A. conyzoides and E. pauciflorum together and 
separated. The beneficial effects of the weed presence near the citrus plants seems to be 

helpful to increase mite predators and decrease the mite pests like Ming Dau et al. (1981) 

have proved with their experiments in China conditions. Maintaining the weeds under 
management in IPM orchards we can reduce the number of acaricide sprays for CRM and 
CLM in Brazilian citriculture wich has been received 7-10 treatments per year for both mites. 
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Figure I. Temperature and rain fall during the period of study (January 1989 - June 1991). 
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Figure 8. Comparision between the percentage of damage caused by citrus rust mite on fruits 
under plots with and without green cover in different evaluation dates. 
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The use of indigenous acarine predators to control citrus mite pests 

U. Gerson
Department of Entomology, Faculty of Agriculture Rehovot 76-100, Israel

V. Vacante
Istituto di Entomologia Agraria, Universita degli Studi, Catania, Italy

Abstract. Decreasing tolerances for pesticide residues on edible products, along with 
constraints on importing exotic natural enemies, require the formulation of new citrus 
mite control options. A re-evaluation of indigenous natural enemies, especially phytoseiid 
mites, is advocated in this essay. The importance of such usually-undervalued natural 
enemies may well increase with a decrease in pesticide usage, with currently-rare species 
becoming more important. The experimental demonstration of the efficacy of all species 

is required, and long-range field studies on succession, spatial distribution and inter
specific relationships are especially necessary. Other indigenous natural enemies, 

including other mites, predaceous insects and diseases, should also be re-evaluated. 

The present difficulties in the control of citrus mites may be attributed to two different 
factors. On the one hand, pesticide residues are no longer tolerated on edible agricultural 
products within the European Market, eliminating a usually-reliable and relatively inexpensive 
mode of control. On the other hand, environmental considerations (Coulson and Soper, in 
press; Howarth, 1991) are placing serious restrictions on the importation of exotic natural 
enemies, a central component of non-chemical control. Use of the latter option is further 
limited by its very low rate of success as applied to citrus mites. McMurtry (l 977B) and 
Swirski (per. comm., 1991) introduced dozens of predaceous phytoseiid mite species into 
California and Israel, respectively, with a very low rate of establishment. It is against this 

background of reduced pest control options that the present essay advocates a re-examination 
of the role of indigenous natural enemies of citrus mites in the Mediterranean region. It has 

long been appreciated that such natural enemies are often of paramount importance in pest 
control (Waage and Greathead, 1988), but they are usually unnoticed as well as undervalued 

(Way, 1986). 
The list of citrus mites of the Mediterranean region, compiled by Vacante et al. (1989), 

is a convenient starting point. Region-wide there are only 7 important, prevalent acarine pests, 

namely the citrus rust mite, Phyllocoptruta oleivora (Ashmead); the citrus bud mite, Aceria 

sheldoni (Ewing); pink citrus rust mite, Aculops pelekassi (Keifer), false spider mites, 
Brevipalpus spp.; the citrus . red mite, Panonychus citri (McGregor), Tetranychus spp. and 

Eutetranychus spp. Most of these pests are rather specific and follow their hosts throughout 

the world, indicating that they are well adapted to citrus. But citrus orchards - in contrast to 

single trees - are man-made ecosystems, consisting of monocultures which are often exposed 
to disruptive horticultural practices. Whether the populations of the mite pests infesting such 
orchards behave in the same way as on unmanaged and/or isolated trees is an unresolved 
question; some evidence indicates that at least some species do not. The outbreaks of the 
citrus red mite following different pesticidal applications (Spencer and Norman, 1952; Nakao 

et al., 1985), with their resultant different population fluctuations, support this hypothesis. 

Pests which raise large populations consequent upon being exposed to pesticides and/or 
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disruptive horticultural practices may be said to have encountered man-made environmental 
stress with success and can even be postulated to be in the process of evolving under the 
auspices of man. Their common natural enemies will be those which had also succeeded in 
adapting to stressful environments. The latter species are likely to be different, and behave 
differently, from those inhabiting isolated, unmanaged trees, and may not necessarily be the 
most efficient natural enemies of citrus mites. Differences in pest and predaceous species 
composition between sprayed and unsprayed apple orchards were documented (Brown and 
Adler, 1989; Amano and Chant, 1990). There are no similar data from citrus and thus there 
is little indication which predators are better suited to either situation. As citrus. orchards in 
the Mediterranean region are moving towards no-pesticide or "organic" practices, formerly
suppressed, indigenous predators may re-emerge and exert their influence. It would obviously 
be of cardinal importance to monitor such changes in pest and predator populations; the data 
would be of applied as well as basic interest. 

With that in mind, let us turn to the known natural enemies of citrus mites. Different 
insects prey on these mites. Coccinellid beetles (especially Stethorus spp.) probably top the 
list; their feeding appears to be restricted to spider mites and their efficacy in Mediterranean 
citrus groves is unclear. Beattie et al. (1991) recently evaluated the role of various predators 
of pest mites on citrus in Australia and assumed that phytoseiids were more important than 
coccinellids. Other insect predators include gall midges (Diptera: Cecidomyiidae), various 
thrips (Thysanoptera), bugs (Heteroptera) and lacewings (Neuroptera); not all these natural 
enemies have been shown to have important effects on citrus mites. The most promising 
acaropathogenic fungus, Hirsute/la thompsonii Fisher, is not known from the Mediterranean 
region; the constraints noted above would thus also apply to introducing this natural enemy. 
Furthermore, the fungus requires very high humidities for germination and penetration into 
the host (Gerson et al., 1979), which would limit its efficacy in this region. Another fungal 
pathogen of mites, the indigenous Neozygetes floridana (Weiser and Muma), has not yet been 
cultured in the laboratory. A virus disease of P. citri (Reed et al., 1975) is likewise not known 
from this region. 

There are several acarine families whose members prey on the mite pests of citrus. First 
and foremost are the Phytoseiidae, which will be discussed below. Others comprise the 
Cheyletidae, Stigmaeidae and Tydeidae. Members of the former family usually occur in 
association with armored scale insects (Homoptera: Diaspididae), sometimes also feeding on 
pestiferous citrus mites (Muma, 1975). Various stigmaeids prey on these pests (Santos and 
Laing, 1985; Sternlicht, 1969) but their numerical effect, if any, is not known. Tydeids were 
observed to feed on citrus eriophyoids (Baker and Wharton, 1952); as in the fonner case, their 
quantitative influence has not been evaluated. 

Although different phytoseiids are found on citrus trees in the various Mediterranean 
countries, there is a clear difference in species dominance between the mid- and west
Mediterranean element, on the one hand, and the Eastern, on the other. Amblyseius stipulatus 

Athias-Henriot is the commonest citrus phytoseiid from Turkey through Greece and Italy to 
Spain (McMurtry, 1977 A; Garcia Mari et al., 1986). In Israel and Egypt, however, Amblyseius 

swirskii (Athias-Henriot) and Amblyseius athiasae Porath and Swirskii appear to be dominant 
(Porath and Swirski, 1965; Rasmy et al., 1972). This separation of the faunas inhabiting an 
almost continuous crop suggests that phytoseiids are quite sensitive to their environment. If 
we accept this hypothesis, it is one more reason to make the best of local, indigenous 
predators. 

The first important step has already been made: censuses of the indigenous predaceous 
citrus mites were taken in most of the Mediterranean countries (summarized by Vacante f! 
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fil., 1989). Although basic biological knowledge about many acarine predators is slowly 
becoming available (i.e., Gerson and Smiley, 1990), a vital component is still missing in most 

cases: experimental evaluations of the efficacy of the various natural enemies. Occurrence 
frequencies of the predators have been recorded (i.e., Garcia Mari et al., 1986), but it is not 
clear what these frequencies mean in terms of pest control. Is the more prevalent predator also 
the more important natural enemy? Or is it more common because (as noted) it has adapted 

to orchard management stress, and/or is capable of subsisting and reproducing on 
supplemantary diets in the orchard, without really affecting pest populations? On the other 
hand, numbers of the less common (but more specific) predaceous mites may well fluctuate 
in accordance with those of the pest, suggesting that they may be the more important 
predators. On which group should we concentrate our research efforts? Without experimental 
proof of specific predator efficacy, we usually tend to study the more common species. 

Laboratory studies on the life histories of predators, including diet breadth, functional and 
numerical responses, searching behavior and the like are essential, but so are short- and long

term field studies. The former are intended to show the preferred predator sites on the trees 
(viz-a-viz the prey as well as resting and hiding sites), diurnal activities, dispersal ability and 
interactions with other predators. Most importantly, they should be conducted in order to 
evaluate the biocontrol potential of the investigated predators by experimental means. 
Methods for demonstrating the efficacy of acarine biocontrol agents have been published 
(Gerson and Smiley, 1990). Long-term field investigations should be undertaken in order to 
follow predator populations under natural conditions as well as to monitor their succession. 
Young orchards possibly carry one guild of predators, which changes to become a somewhat 

different one as the trees mature and more pests build up their populations. The effects of 
citrus variety or species (i.e., year-around bloomimg flushes) also need to be clarified. Mite

pests do not attack all varieties to the same extent (Fleschner, 1952; Stemlicht, 1969); their 
predators may consequently occur there in different numbers. Such studies would also reveal 
the role of other insect and acarine predators, as well as diseases, in the control of citrus mite 
pests. 

Studying the indigenous phytoseiid fauna of citrus as a guild [a group of species which 
exploit the same resources in a similar way (Root, 1967)] may well lead to additional insights. 

Some queries: Does this guild of predators consist of species capable of controlling pests at 
both high and low densities? The latter species would be of special interest, but may occur 
only in rather small numbers. How adapted to environmental change, to desiccation, to 
alternative diets, to new mite prey (and to pesticides) are members of this guild? Regarding 

predaceous mites as a guild raises another question: are the phytoseiid guilds found on citrus 
trees [i.e., nine species in Israel (Porath and Swirski, 1965), twenty in Italy (Vacante and 

Nucifora, 1987), twelve in Spain (Garcia Mari et al., 1986)] so tightly "packed" as to exclude 
any newcomers by competition? This contingency was discussed by Ehler (1990), who 

further stated that "Theoretically, the more species in an enemy guild, the more competitive 
and resistant to invasions it might be". Interspecific competition may have hindered efforts 

to introduce additional phytoseiid predators into Californian avocado orchards (McMurtry, 

1988). If correct, this hypothesis could explain failures in adding phytoseiid predators to 
citrus orchards, as noted, and would also caution against further indiscriminate introductions. 

To sum up, we strongly advocate a re-examination of the indigenous natural enemies of 
citrus mites in the Mediterranean region, using vigorous experimental evaluation and long

range sampling methods. Such studies may well result in the improved control of citrus pest 
mites. 
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Effects of abamectin, buprofezin and fenoxycarb on postembryonic development and 

fecundity of the predaceous mite Typhlodromus rhenanoides athias-henriot 

(parasitiformes, phytoseiidae) in laboratory trials 

S. Ragusa Di Chiara, H. Tsolakis and A.M. Ciulla

fstituto di Entomologia agraria-Via/e delle Scienze, 90128 Palermo (Italy)

Summary. Laboratory trials were carried out to ascertain the influence of abamectin, 

buprofezin and fenoxycarb on the postembryonic development and fecundity of 

Typhlodromus rhenanoides Athias-Henriot. Abamectin at 7,2 ppm had a strong negative 

influence on both the postembryonic development and the oviposition. Fenoxycarb at 500 

ppm had a more negative effect on the oviposition rate than on the postembryonic 

development. Buprofezin at 375 ppm had almost no negative influence on T. rhenanoides. 

The use of broad spectrum pesticides to control phytophagous mites has brought to the 
elimination of natural enemies on the one side and to the development of resistant strains of 
harmful mites on the other one (Hoy, Cave, 1985). 
If we want to apply management programs using natural enemies in general and phytoseiid 

mites in particular, the use of selective pesticides at a concetration which is more toxic to 
spider mites than to predators should be applied. 

For this purpose laboratory trials were carried out to ascertain the influence of a mycelial 
extract of Streptomycetes avermiti/is acting as a g-aminobutyric acid (GABA) agonist (Fritz, 
Wang and Gorio, 1979), and of two IGR on Typh/odromus rhenanoides Athias-Henriot, a 
common phytoseiid mite in Sicilian citrus orchards (Ragusa, 1986). 

Materials and Methods 

In our laboratory tests we used the following materials: abamectin 1,8% (B
1
.+B1b) (not 

registered), buprofezin 25% (near registration) and fenoxycarb 25% (registered) at 7 ,2 ppm, 
375 ppm and 500 ppm respectively. Typhlodromus rhenanoides Athias-Henriot was collected 
in field on citrus trees and kept in laboratory breedings according to the method by Swirski, 
Amitai and Dorzia(l967). 

Two methods were used to- check the side effects of the different materials on the 
postembryonic development. The first consisted of leaf discs (3 cm in diameter) put on wet 
cotton wool in a Petri dish. The eggs of T. rhenanoides were put on the discs which were 
then abundantly sprayed for about five seconds; when the discs were dry they were put on 
the cotton wool. The second method used small plexiglas cages (cm 3x3) which were also 
sprayed for five seconds. Then, when cages had dried up, protonymphs were put in the cages. 

In both cases six replications (plus the check) were done using five individuals per 
replication ; the observations were done every day at the same hour. Mites able to move \h 
kindly touched by a small brush were considered alive. 

Trials were carried out in a small conditioned room at 26°± 1 ° C and 75± 5% R.H. 
As regards the influence of abamectin on the oviposition rate, trials were carried out with 

young adults (1 day old) in five replications (3 V + 1 M per replication), kept in cages 
according to the method indicated by Swirski, Amitai and Dorzia (1967). To check the 
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influence of fenox:ycarb and buprofezin we used only the adults obtained in the 
postembryonic developmental tests. 

Results 

The results on the effects on the postembryonic development are reported in tables 1 and 
2. As we can see, in both tests abamectin gave negative results as no adults were obtained.
All the youngs died as protonymphs, which were quiet and not taking any food.
When buprofezin and fenoxycarb were tested on leaf discs, a moderately high percentage of

adults was obtained(23-% with buprofezin and 40% with fenoxycarb); mortality was observed

during the larval and protonymphal stages. The duration of the postembryonic development
was as long as in the check(7,5 days with buprofezin), while it was longer in presence of
fenoxycarb(l0,6 days). On the other hand when plastic cages were used, a higher mortality,
ranging from 63%(buprofezin) to 80%(fenoxycarb), was observed. Youngs died as
protonymphs and deutonymphs. In relation to these results, we should also ascertain the
impact of the two materials on phytoseiid mites when applied directly on plants in field.

A cannibalistic behaviour was often observed when buprofezin was used. 
In table 3 we report the effect of abamectin on the oviposition of young females. It can 

be seen that, also in this case, all adults died in four days' time without laying any eggs. 
The effect of buprofezin and fenoxycarb on the egglaying of adults obtained from treated 

eggs arid treated protonymphs, showed that buprofezin had no negative influence on the 
oviposition, which ranged from 0,6 to 0,8 eggs/V /day as in the check. Fenoxycarb, on the 
other hand, showed a negative influence: almost no eggs were laid while an oviposition of 
0,8 eggs IV/day was obtained in the check. 

Discussion 

In our laboratory trials, abamectin gave negative results. It has been ascertained that in 
laboratory trials, phytoseiid mites such as Metaseiulus occidentalis (Nesbitt), Phytoseiulus 

persimilis Athias-Henriot, Phytoseius finitimus Ribaga are susceptible to avermectin although 
less so than Panonychus ulmi (Koch) and Tetranychus urticae Koch or Eriophyes discoridis 
Soliman and Abou-Awad (Grafton-Cardwell, Hoy,1983; El-Banhawy, El-Bagouri, 1985; Hoy, 
Cave, 1985). 

It has been seen that mortality of adult females of M. occidentalis at a concentration of 
8-16 ppm was from 90 to 100% after 10 days (Grafton-Cardwel, Hoy,1983).
On the other hand Zhang and Sanderson (1990) found that abamectin did not affect the

survival of adults and the hatching of eggs of Ph. persimilis, while the oviposition and the
number of youngs attaining adulthood decreased, if the concentration of abamectin was
increased (from 8 to 16 ppm).

Reda and El-Banhawy (1988) found that a concentration of 1 ppm was slightly toxic to 
Amblyseius gossipi El-Badry but, if prey treated whith abamectin was offered, a depression 
in oviposition was noted after a feeding of 192 hours. 

Morse, Bellows, Gaston and Iwata (1987) found that the impact of avermectin + oil on 
Amblyseius stipu/atus Athias-Henriot caused a minimal mortality (about 10%) and did not 
affect the oviposition. 

In some other laboratory trials, we observed that when testing another phytoseiid mite, 
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Amblyseius andersoni (Chant), the mortality was about 40% (unpublished data). However the 
mortality was the same as the one obtained with T. rhenanoides, using Typhlodromus 

exhilaratus Ragusa (unpublished data). Therefore as different species react differently under 

laboratory conditions, the use of abamectin in an 1PM program should be carefully tested. 

Therefore, at least as far as predaceous mites are concerned, different species have to be tried 
under laboratory conditions and field experiments should also be carried out. 

It should be also mentioned that strains of M. occidentalis resistant to abamectin have 

been selected in California (Hoy, Ouyang, 1989). 
Fenoxycarb affected the oviposition negatively. Similar results were obtained in laboratory 

by Mansour and Cohen (1989) using Typhlodromus athiasae Porath and Swirski, while the 

mortality of youngs was low. 

In the Netherlands Blommers, Alkema and de Reede (1986) ascertained that fenoxycarb 
at a 0,04% concentration did not affect Typhlodromus pyri Scheuten negatively. In 

Switzerland, when used on adults and young stages of anthocorids, on microhymenoptera and 

chrysopids, fenoxycarb was not effective, while it had a negative influence on Allothrombium 

sp. (Staubli, Hachler, Antonio and Mittaz, 1984). 

Apparently this material had no negative influence on the postembryonic development of 

phytoseiid mites; but as it affected the oviposition of T. rhenanoides and the postembryonic 
development of useful insects negatively (Viggiani, Loia, 1991), its use as a selective product 
has to be carefully evaluated. 

Buprofezin seems an interesting material, as it has been shown that it had not a negative 

influence on T. rhenanoides and that it was effective on pests such as Trialeurodes 

vaporariorum (Westw.)(Mineo, Sciacchitano and Sempreviva,1990). We should also check 
what influence it has on spider mites and how it behaves in field .. 
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phytophagous for a rational use of active substances aiming directly to the limitation of the 
treatment number. 

In this effort a significant contribution was offered by the scientific agriculturists 
working in the offices of the plant protection services as they always recommended or 
reminded the growers the necessity to )imitate or reject the pesticides that stimulate the 
increase of Tetranychus populations for the best possible control of them. 

Material and Methods 

For the needs of the program, two citrus trees orchards 40 years old, var. Merlyn, were 
used in the region of Argos-Nafplion, situated in different localities. The experimental one 
(A) is situated in the interior of the field, the other one (B) near the coast, next to a torrent.
Cultural works between them did not present significant differences and so was the case on
the plant protection program (of insects and mites).

In order to study the evolution of P. citri population two sampling a month were 
effected (May 1991-January 1992) of 100 leaves every time, taken from every horizon point 

and mainly the middle part of the peak foliage of the tree, excluding the surrounding trees. 
The leaves were examined under a stereoscopical microscope in laboratory and only were 
counted the mobile forms of P. citri. 

The new compounds used on mortality tests of P. citri were: N.N.I. (Fenpiroximate), 
RUF AST (Acrinathrine), M.T.I., AGRIMEC + STIRRUP-M with reference substance ACREX 
(Dinobuton) for NNI and KELDION for the rest of compounds. Some of the above 
compounds are under registration and others have been put on the market recently. 

The treatments were applied during the period of the highest population density of 
tetranychus. Intervention dates and dosages rates are given in the respective figures 3,4,5,6. 

For each acaricide and the check were used 4 experimental lots (repetitions) with a 
plan of thoroughly casual groups. Every group comprised 4 trees. The application was 
effected using a mechanical powered sprayer and it has been a full coverture spraying until 
spray liquid fell off the leaves. 

In order to evaluate the acaricide compounds, counting of mites populations (mobile 
forms) were carried out on samples of 100 leaves (mainly of new vegetation) (25X4), that 
were taken casually from every point of the trees' peak foliage a day before treatment and 
in different intervals of time after intervention. 

Results - Discussion 

From the bio-ecological observations carried out in the years 1989-1990 ( 4,5) and later 
in 1991-1992 it has been found out that Red spider mite P. citri, at least in Central Greece, 
exists throughout the period of time in citrus trees with an increased frequency in spring and 
autumn (Figures 1,2) when the most population frequency occurs with injuries on leaves and 
fruits respectively. 

In both cases population evolution does not differ significantly. The observed shift of 
population high density on citrus trees orchard A is mostly due to the two interventions 
effected in early autumn that stabilized population mainly the mobile forms of phytophagous 
and that was then increased sufficiently because of the new eggs' hatching. The two 
interventions effected with oil+ parathion-methyl explain the producers' way of thinking as 

they proceed in preventive interventions (without criteria of intervention proper time and 

chemical compound choice). 
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The biggest individual number has been observed in both cases (Figures 1,2) in May 
(0.5-1.5 individuals/leaf) with the new vegetation. In summer months June-August P. citri 
populations were decreased and this lasted until early September. 

The general reduction of P. citri populations observed in both cases in December and 
November respectively is due to the populations' shift (mobile forms) to the fruits. 
Observations have proved that harvesting restrains in some way the phytophagous populations, 
resulting in a reduced spring infestation. 

The P. citri population's evolution is considered as a typical one for the species and 
similar cases have been reported in bibliography by researchers of neighbouring countries 
mainly (7,8). 

Regarding the "other species of mites" observed during this study, predator Amblyseius 
stipulatus (Athias-Henriot) dominates over the other species that have been found and of 

which populations are considered from unimportant to very small (1,2,5,9,10). We believe this 
species can have a deterministic part on the existing populations of phytophagous P. citri, if 
a strategy for a plant protection program with suitable intervention time choice and low 
toxicity selective acaricide, is applied. Its presence is considered common and very frequent 
not only in our Country, but also in the other Mediterranean countries. 

Among the Stigmaidae species the presence of the species Zetzellia graeciana 
(Gonzales) has been important enough throughout our observations' period of time. 

Among the predator insects the species Stethorus punctillum (Weisen) does not show 
any remarkable action at least on said experimental lots, while the presence of Ch1ysoperla 
carnea (Stephans) has been significant mainly in spring because of the intense aphid 
infestation of the trees. 

The results given by tests effectedfor evaluation of the various new active compounds 
applied against mites (mainly mobile forms) (Figures 3,4,5,6) are the following: 
- In four days after treatment all of the mixtures showed a remarkable acaricide action on
mobile forms, at all dosage rates used, without significant differences among them. Mortality
of mites (M.F.) reached in some cases 99.57% (M.T.I. 50ml/I00hl Fig. 5) while its lower
value was 90.32% (Agrimec + Stirrup-M 50+50ml/100hl) (Fig. 6).

From the various active substances the mixture Agrimec + Stirrup-M at dosage rates 

40+50ml/100hl (Fig. 6) showed a particularly reduced to negative active ability that was 
maintained throughout the period of our observations. The compound M.T.L showed at the 
same time an important ovicide action that reached 82.85%. 

The initial mite infestation concerned 75% of the leaves with 1.2-2 individuals/leaf, 
while there was an intense presence of eggs. We must note that infestation showed an uneven 
distribution on the experimental citrus trees orchards. 
- Seven days after treatment, compounds that showed the highest values on the first four days,

presented a lower active ability, which became even negative, in some cases. An exception
has been with compound M. T.I. (Fig. 5) that kept on showing a high mortality rate on mobile
forms of mites, that reached 99.57% event at the lower recommended dosage rate. The
negative values presented with compounds N.N.I. and Rufast (Fig. 3 and 4) at dosage rates
50 and 75ml/hl and 50ml/hl respectively are mainly due to the decrease of population at the
check compared with the initial population. The infestation level remained from low to
unimportant (from 0-1 individuals/leaf).

The mixture Agrimec + Stirrup-M showed a negative behaviour on the mobile forms 

of P. citri. 
- Thirteen and fifteen days after treatment the compounds kept on presenting a remarkable
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active ability, that has not been below 78.93% (N.N.I. 75ml/hl) (Fig. 3) while the infestation 
level kept on remaining from low enough to insignificant (0-0.5 individuals/leaf). Through 
comparative tests of compounds used during the period of new vegetation and in the biggest 
population density of P. citri, it has been found that all of the new active substances had 
shown to have a remarkable acaricide action, mainly on the mobile forms of mites, while their 
residual action in many cases overpassed a 4 week's period. 

As the compound M.T.I. has shown to gave a remarkable ovicide action as well, this 
will permit us in the future to apply it even in cases of high populations of Tetranychus, while 
the other tested compounds in similar cases will have to be always mixed with an ovicide 
compound. 

The attractive substance Stirrup-M mixed with the compound Agrimec did not give 
us the desired results in low dosage rates. We believe that is mostly due to the region at the 
intervention time (frequent rain falls) and not to the biological behaviour of the mite (upper 
surface of leaves). On the contrary, the use of this pheromone on cultures under coverture, 
contributed greatly to the efficiency of pesticides (6). 

Finally, it should be indicated that the suitability of intervention time (period of new 

vegetation) and the use of a proper compound free the culture from the summer interventions, 
while at the same time they permit the increase of populations of useful mites and insects that 
can develop activities important enough during the autumn period of time when the highest 

density of the second P. citri populations occurs (period of new vegetation). 
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Region 
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Abstract. The integrated management of bacterial and fungal diseases in the 
Mediterranean citrus-growing countries is based on a combined use of diverse control 
measures including chemical and biological control, genetic resistance of the host, and 
sanitationand quarantine measures. Chemicals are currently used in citrus-nurseries for 
the control of Phytophthora-induced diseases and in packing-houses to protec the fruits 
from post-harvest fungal diseases; only occasionally are they used in citrus-groves for 
the control of some bacterial and fungal diseases, such as b-last and black pit, fruit 
brown rot, foot and root rot, and ma] secco. Quarantine.. measures are aimed at 
preventing the introduction of potentially damaging pathogens, such as- the bacterium 
Xanthomonas campestris pv. citri, the causal agent of the citrus canker.The biological 
control of bacterial and fungal diseases of citrus is still in the initial stages and there is 
as yet no example of application in the field. The genetic resistance of the rootstock, 
together with other preventive measures, such as the selection and preparation of the 
planting site, good drainage and careful management of the irrigation, have been 
successfully used for the control of foot and root rot caused by soil-borne Phytophthora 

spp. Epidemiological study has contributed in the last few years to the development of 
alternative control strategies based on the use of new systemic fungicides. Mai secco, the 
most serious disfase of lemon in the Mediterranean region, is still an unresolved 
problem. It has not been reported from Spain, Portugal and Morocco, where strict 
quarantine regulations are applied to prevent the introduction of the causal agent. The 
use of resistant lemon cultivars appears the most promising control means against this 
disease whose effects on susceptible lemon cultivars are devastating. 

The integrated management of bacterial and fungal diseases of citrus involves chemical 
and biological control, the use of genetic resistance of the host, and sanitation and quarantine 
measures. As the subjecr and related aspects have been exhaustively reviewed by other 
authors in previous meetings (Cutuli and Privitera, 1986; Nucifora, 1986; Salerno and Cutuli, 
1986: Salerno and Cutuli, 1987; Salemo, 1988), this report deals only with present trends, 
recent advancements, research in progress and perspectives for future applications. 

As far as the chemical control is concerned, only in few cases are the costs of the 
treatments justified in citrus groves as large quantities of spray material are needed to 
adequately cover the dense canopy of a citrus tree (Whiteside, 1989). Consequently in most 
Mediterranean citrus-growing countries chemicals are not widely applied to control bacterial 
and fungal diseases in the field, whereas they are commonly used in the nurseries. 

Moreover, chemicals, namely benzimidazoles, are currently being used in packing
houses to protect fruits against post-harvest fungal diseases, though registration and residue 
problems have to be faced (Cartia and Guttuso, 1987). The brown rot of fruits, caused by 
Phytophthora citrophthora and by other minor soil-borne Phytophthora spp. (Tuset et al., 
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1987; Chitzanidis, 1986; Laviola et al., 1990), is an exception as it is more effectively 
controlled by field applications of fungicides than by post-harvest treatments. More selective 
methods of fungicide application (such as "fungigation", the use of fungicides through 
sprinkler irrigation), aimed at reducing the inoculum in the soil, have been evaluated for the 
control of brown rot (Solel, 1987) and could be effective against other Phytophthora-induced 
diseases such as foot and root rots. Applications of fungicides to either the ground or the 
lower canopy of the trees proved to be as effective against brown rot as applications to the 
whole canopy (Sole!, I.e.; Chitzanidis, Le.; Lanza and Cutuli, 1986) and should be 
impiemented to reduce both residue problems on fruits and environmental hazards due to 
excessive use of chemicals.-- - -

In many cases continuous applications of sodium orthopenylphenate (SOPP) and 
benzimidazole fungicides against post-harvest fungal diseases in packing-houses have caused 
the selection of fungicide-resistant strains of Penicillium spp. (McDonald et al., 1979; 
Chitzanidis, I.e.). At present, this does not appear to be a serious concern in countries like 
Greece and Italy, where post-harvest treatments of citrus fruits with systemic fungicides are 
not widely used (Chitzanidis, I.e.; Gullino et al., 1987). In the next few years, however, the 
need for post-harvest fungicide treatments could increase also in these countries, as sanitation 
measures during harvesting, packing and marketing are being dismissed due to the general 

increase in costs and the dramatic reduction of profits in the citrus industry. 
Recent research has centred on fungicide application strategies aimed at reducing the 

risk of selecting P. digitatum populations resistant to benzimidazoles (Voutoglou et al., 1992). 
Moreover, new fungicides, which could replace benzimidazoles and SOPP for post-harvest 
treatments of fruits, are being tested (Tuset, 1987; Gullino et al., I.e.; Cohen et al., 1988; 
Pellizzaro et al., 1992; Schirra et al., 1992). 

Genetic resistance has been widely, though not always successfully, employed to 
control major fungal diseases like Phytophthora foot rot and ma! secco of lemon. On the 
contrary the biological control, sensu lato (Fry 1982), of bacterial and fungal diseases of citrus 
is still in the initial stages and there is as yet no example of practical application in the field. 
Several different approaches to biological control have been evaluated. 

a) The induction of resistance by pre-inoculation of the plant with biotic agents

(Grasso and Tirro, 1982; De Cicco et al., 1986; Shaked et al., 1987)_ 
The same biochemical mechanisms as those underlying the resistance to the pathogens 

induced by biotic agents are involved in the resistance induced by pre-treatment with chemical 
or physical agents, like heat stress or UV irradiation, which have recently proved to be 
effective against post-harvest fungal diseases of citrus fruits (Ben-Yehoshua, 1992)_ 

It has been suggested (Afek and Sztejnberg, 1989) that fosetyl-Al, a fungicide widely 

used against Phytophthora-induced diseases, and phosphorous acid would exert their 
antifungal activity in Phytophthora-resistant citrus species by stimulating the production of 
scoparone, a phytoalexin associated with resistance of citrus to P. citrophthora (Afek and 
Sztejnberg, 1988). 

b) The artificial inoculation of antagonistic microrganisms.

Some yeasts have shown effective biocontrol activity against post-harvest fungal
diseases of fruits (Chalutz et al., 1988; Wilson and Wisniewski, 1989; Chalutz et al., 1992). 
Calcium salts have been found to improve the efficacy of antagonistic yeasts against the 
green mould of citrus fruits caused by Penicillium digitatum (Chalutz et al., I.e.). However, 
the mechanisms by which calcium enhances biocontrol activity are not fully understood. 

c) The modification of the physico-chemical environment of the soil by the use of
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organic amendments to increase natural populations of antagonists, which in turn enhances 
soil suppressiveness to the pathogen. 

De Wolfe et al. (1954) first applied this principle for the control of citrus diseases. In 
more recent trials soils amended with high concentrations of chicken manure, alfalfa meal, 
hydrolyzed feathenneal, urea or some other organic substances with low C/N ratios inhibited 
the germination of Phytophthora propagules (Tsao, 1977). Similarly soil amendments 
enhanced the antagonistc activities of soil microflora against Thielaviopsis basicola, thus 
reducing the inoculum potential of this root pathogen (Tsao, I.e.). 

d) The alteration of the biological equilibrium in favour of antagonists by producing
a stress to the pathogen. 

The enhancement of the parasitism of antagonistic natural microflora by weakening 
the defence mechanism(s) of the pathogen with sublethal dosages of chemical products is an 
example of practical application of this principle. The susceptibility of Armillaria mellea to 
the parasitism by Trichoderma after fumigation with sublethal dosages of carbon disulfide or 
methyl bromide fumigant is apparently due to a reduced capacity of Armillaria to produce 
antibiotics which normally would inhibit Trichoderma and other soil microrganisms (Ohr et 
al., 1973; Ohr and Munnecke, 1974). The latter is also an example of a successful and 
operative method of integrated control, involving the use of both biological agents and 
chemicals. 

The next paragraphs focus on recent advances in the field of integrated control of 
major bacterial and fungal diseases of citrus in the Mediterranean region; experimental data 
presented at the seventh International Citrus Congress are emphasized. 

Bacterial diseases 

Bacterial diseases do not generally cause serious damage in citrus groves in the 
Mediterranean region, where blast and black pit, caused by Pseudomonas syringae pv. 
syringae, are the major bacterial diseases. Infections occur under cool, wet conditions when 
the shoots or fruits are damaged by wind, hail or thorns. Oranges and grapefruit are most 
susceptible to blast, while lemons are most susceptible to black pit (Menge, 1989), the cv 
Monachello being particularly susceptible (Salemo and Cutuli, 1992). 

In locations where the diseases are severe enough to warrant control, copper 
compounds, in various formulations, are applied as sprays to the tree canopy. These 
treatments, aimed at reducing the epiphytic populations of P. syringae, have side-effects on 
ice-nucleation-active (INA) bacteria which have been shown to be responsible for frost injury 
(Lindow, 1983). 

Chemical compound treatments that reduce the number and/or the activity of INA 
bacteria have proved promising as a method of frost control. Effective frost control has been 
achieved with experimental applications of bactericides on several different crops, including 
citrus (Lindow, I.e.). 

In a recent survey most epiphytic bacteria recovered from leaves in citrus groves in 
Southern Italy have been found to be INA P. syringae isolates (Cirvilleri et al., 1992). The 
possibility to generate, by recombinant DNA techniques, INA- P. syringae strains which could 
compete with natural INA+ bacteria populations on phylloplane of citrus is being investigated 
(Cirvilleri et al., 1992). INA bacteria could be sprayed on the tree canopy before frosts to 
reduce freeze damage. The lack of adequate regulations and official guidelines for the 
registration and release into the environment of genetically-manipulated or non-indigenous 
microrganisms might be an obstacle to the future development of this and other biological 
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control methods in most Mediterranean countries. 
On a world scale a major bacterial disease of citrus is canker, caused by Xanthomonas 

campestris pv. citri. The disease is endemic in the Far East, Australia, and some South 
American countries; it has been introduced several times into Florida, where it is now under 
eradication. Grapefruits are highly susceptible to canker, whereas sour orange, lemons, and 
sweet orange are moderately susceptible and mandarins are moderately resistant (Stall, 1989). 
Various forms of citrus bacterial canker have been reported (Brlansky,. 1989). 

At present X. c. pv. citri is a major quarantine organism for Mediterranean citrus. A 
rigid restriction of the importation of propagating material and fruits from areas where the 
citrus canker is present appears the most effective control strategy against this disease. Very 
sensitive and specific diagnostic methods for the identification of different forms of X. c. pv. 
citri are being developed (Provost et al., 1992). 

Fungal diseases 
Soil-borne diseases caused by Phytophthora spp. and mal secco, a vascular disease 

caused by Phoma tracheiphila, are by far the most important fungal diseases of citrus in the 
Mediterranean region (Salerno and Cutuli, 1981). Mai secco has been reported from all 
Mediterranean lemon-growing countries except Spain, Portugal and Morocco (Perrotta and 
Graniti, 1988), where strict quarantine regulations are applied to prevent the introduction of 
P. tracheiphila. Vegetative-propagation material, as well as fruits and seeds (Ippolito et al.,
1992) may be a long-distance means of spreading this disease. The isolation on agar-media
is the method most commonly used for the detection of P. tracheiphila in infected tissues.
Very sensitive new diagnostic techniques, such as molecular hybridization and DNA
enzymatic amplification, have been recently developed (Di Silvestro et al., 1992).

Where it occurs, mal secco has devastating effects. The disease progress rate in lemon
groves depends on several factors, which are only partly known, but there is evidence to 
indicate that it increases after hail-storms (Tuttobene, 1987) or frosts (Thanassoloupoulos, 
1986). Other factors influencing the dynamics of this disease include the cultivar susceptibility 
and the age of the trees (Fig. I). Even the integrated use of diverse disease-management 
techniques does not effectively reduce the epidemic rate if the inoculum level is high. In 
Greece, between 60 and 100 per cent of lemon trees in a grove die because of mal secco 
within 20 years after planting (Thanassoloupoulos and Manos, 1992). The latter authors (I.e.) 
have elaborated a mathematical model, representing the disease progress in lemon-groves, 

based on 20-year observations in the Peloponnesian area. This model could be used to predict 
tree and yield losses due to mal secco, as well as to evaluate the efficacy of integrated 
disease-management techniques. 

Relevant progress has been made in recent years toward a better understanding of the 
epidemiology and pathogenesis mechanism of mal secco (Di Silvestro et al., 1988; Pennisi 
et al., 1988; Cacciola et al., 1992; Magnano di San Lio et al., 1992). The impression, 
however, is that more than 70 years after the causal agent was identified this disease is still 
an unresolved problem. 

The use of genetic resistance, partially successful in the past, has been limited by the 
poor yield quality of the resistant lemon cultivars. However it still appears the most promising 
control means against mal secco (Continella, 1992; Tuzcu et al., 1992). The application of 
new technologies, such as the in vitro selection (Gentile et al., 1992; Gentile et al., 1992), 
could help in reducing the time needed to obtain resistant plants. 
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Since the epidemic outbreaks of the 1860s the control of foot and root rot, the major 
Phytophthora-induced diseases, has been fundamentally based on preventive measures, 
including the use of resistant rootstocks and adequate drainage, the selection and preparation 
of planting sites, the practice of budding the trees above the soil line, and the careful 
management of the irrigation. The use of chemicals, on the contrary, has been a secondary 
aspect in the integrated-control programmes. In the late 1970s two events contributed to the 
evolution of the integrated-management strategies of Phytophthora-induced diseases: the 
introduction on a commercial scale of the new systemic fungicides specifically active against 
the Oomycetes, the acylalanines and fosetyl-AI (Schwinn, 1983; Cohen and Coffey, 1986), and 
the development of selective media for the isolation of Phytophthora spp. (Masago et al., 
1977; Tsao and Guy, 1977). 

At present fosetyl-Al (trade name Aliette) is being commonly used in both citrus
groves and nurseries for the control of foot and root rots. Residue problems, on the contrary, 
limit the possibility of application of this fungicide against the brown rot of fruits. In the last 
few years other phosphorous acid-derivate fungicides have proved to be effective against 
Phytophthora-induced diseases (De Boer et al., 1990; Adonia et al., 1992) and are being 
widely applied in citrus-groves in Australia (De Boer et al., I.e.). A patent of Rhone-Poulenc 
Sanitaire, however, limits their commercial use in the Mediterranean countries. 

Only metaiaxyl among acylalanine-fungicides is being extensively used against 
Phytophthora-induced diseases of citrus in the Mediterranean citrus-growing countries; in Italy 
it has been registered for use in citriculture very recently. 

The possibility of utilizing selective media for the isolation of Phytophthora spp. 
directly from the soil and for the quantitative determination of their inoculum has stimulated 
the epidemiological study of soil-borne Phytophthora spp. Thus sound bases are being 
provided for the integrated management of the diseases caused by these pathogens. Concepts 
like critical inocultim level and intervention threshold are becoming applicable to the control 
of soil-borne diseases of citrus induced by Phytophthora spp. as routine laboratory-techniques 
for monitoring the inoculum are now available. A paper presented in this meeting by 
Magnano di San Lio and Pennisi deals in detail with this subject. 
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Fig. 1. Incidence and severity of mal secco 1n 49 · Femm1nello' lemon-groves, 
in the Syracuse province (Sicily). The high value of the disease incidence 
(percentage of infected trees) in 5 to 8-year-old groves indicates that most 
infections occurred after 1984, as the survey was made in the spring 1991 and 
most trees had been planted when they were 1 to 2-year old. 

The mean volume of the tree-canopy, expressed as percent reduction 
of the hypothetical volume of the canopy if the tree had been healthy (volume 
reduction of an healthy tree = 0), is an index of both the disease incidence 
and severity and is directly related with the yield loss. 
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the lethality index 
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has been observed in 5 to 
8 year-old lemon-groves, 
indicating that young lemon-trees 
are more susceptible to mal secco 
than mature trees. 
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Spatial Pattern of lnoculum of Phytophthora in Soil of Citrus Groves1 
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Abstract. The horizontal spatial pattern of the inoculum of Phytophthora spp. was studied 
in three citrus groves. The inoculum density was determined by the dilution plate 
method, using a selective agar medium, and was expressed as number of propagules/g 
dry weight of soil. Both 6.0x6.0 and l.2xl.O m sampling quadrats were used. P.

citrophthora and/or P. nicotianae were recovered from soil samples. Propagules of both 
species were found to be non randomly distributed in the soil. The values of the 
dispersion indices (Morisita's index, variance-to-mean ratio, and k parameter of the 
binomial distribution) indicated they were aggregated in var:ous degrees. Frequency 
distributions of the inoculum density values were described by a negative binomial 
distribution model. Only in one case did binomial and Poisson distributions fit the 
observed data better than a negative binomial. 

Foot rot, root rot, and fruit brown rot caused by soil-borne Phytophthora spp. are a major 

problem in citrus groves in Italy. Monitoring the inoculum levels of Phytophthora spp. could 
be a means to evaluate the effects of control options and a guideline for a targeted use of 
fungicides. Soil dilution-plating on selective agar media is the method most commonly used 
to determine quantitatively the inoculum of Phytophthora spp. in soil (fsao, 1983; Tsao, 

1990). Recent studies on the dynamics of Phytophthora populations in citrus soils (Magnano 
di San Lio et al., 1988; Menge, 1986; Timmer et al., 1989) could serve as guidelines to 

choose the proper time of the year for collecting soil samples for a quantitative estimate of 
the inoculum. 

The accuracy of quantitative determinations of the inoculum depends on both the precision 
of the assay technique and the sampling method. The number of samples as well as the 
sampling scheme depend in turn on both the level and the spatial distribution of the inoculum 
(Mcsorley and Parrado, 1982; Taylor, 1984). Criteria for determining quantitatively the 

inoculum of P. nicotianae van Breda de Haan (= P. parasitica Dastur) in citrus soils in 
Florida (U.S.A.) were suggested by Timmer et al. (1988); they, however, might not be 

Research supported by a grant of the Italian Ministry of University and scientific and 
technological Research project: "Epidemiological and physiological researches on fungal plant disease" 
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applicable to all situations. In many citrus groves in Sicily for example the most dangerous 
species is P. citrophthora (R.E. Sm. & E.H. Sm.) Leonian, the biology and epidemiology of 
which are different from those of P. nicotianae (Tuttobene et al., 1984). 

In the present paper the horizontal spatial pattern of the inoculum of Phytophthora spp. 
was examined with the ultimate objective of defining a routine sampling protocol for the 
quantitative estimate of the inoculum in the soil of citrus groves. Part of this work was 
reported previously (Magnano di San Lio et al., 1987). 

Materials and methods 

Three sites were selected for studies on soil populations of Phytophthora: a) a nucellar 
clone 'Washington Navel' sweet orange experimental orchard on 5 rootstocks (Sour orange, 
Cleopatra mandarin, Trifoliate orange, Tangelo and Carrizo citranges), located near Pisticci 
(Lucania, It) and planted in 1971 on a spacing of 6.0x6.0 m according to a randomized 
complete-block experimental design, with 22 replications per rootstock; 2) a nucellar clone 
'Tarocco' sweet orange experimental orchard near Lentini (Sicily, It) on the same rootstocks 
used at Pisticci, planted in 1964 on a spacing of 6.0x6.0 m according to a randomized 
complete-block experimental design, with 12 replications per rootstock; 3) a nucellar clone 
'Moro' sweet orange commercial orchard near Carlentini (Sicily, It), on sour orange rootstock, 
planted in 1979 on a spacing of 6.0x5.0 m. The soil textural class was clay loam in the 
Lentini orchard and sandy loam in the other two orchards. 

A block of 110 trees (on 5 adjacent rows) and one of 60 trees (on 6 adjacent rows) were 
selected within, the Pisticci and Lentini orchards, respectively. The blocks were divided into 
6.0x6.0 m contiguous quadrats with a tree in the centre of each quadrat. A block of 6 trees 
(on 2 adjacent rows) was selected within the Carlentini orchard and the area around each tree 
was divided into 25 l.2xl.O m contiguous quadrats; thus the block was formed by six 25-
quadrat plots. 

Soil samples were taken in November 1984 and February 1985 in the Pisticci orchard, in 
May 1985 and February 1986 in the Lentini orchard, and in May 1990 in the Carlentini 

orchard. Four to five soil cores, 200 g each, were taken at random within each quadrat, at a 
depth of 5-20 cm, and mixed together to form a sample. A 20 g soil subsample from each 
composite sample was suspended in deionized water (1:10, w:v) to determine the inoculum 
density (ID), and 10 ml of the suspension were pipetted into Petri dishes (1 ml/plate). The 

plates were filled with BNPRA selective medium (Masago et al., 1977) and incubated at 22 
C in the dark. After 5-6 days' incubation Phytophthora colonies growing on the medium were 

counted and transferred to corn-meal-agar for identification. The results were expressed as the 
number of colony-forming units (propagules) per gram of dry weight of soil. The soil water 
content was determined by dessicating a separate 20 g soil subsample at 105°C for 24 h. 

The frequency distributions of ID values for each study area were compared statistically 

with the binomial, Poisson, and negative binomial theoretical frequency distributions 
(Campbell and Noe, 1985), using a computer-based program. The values of both variance-to
mean ratio (Taylor et al., 1981) and Morisita's indices of dispersion (Morisita, 1959), as well 
as the k parameter of the negative binomial distribution (Campbell and Noe, I.e.) were also 
calculated for each set of data. 
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Results 

P. citrophthora and P. nicotianae were isolated from soil samples taken in the Pisticci
orchard, with a marked prevalence of the latter species. The colonies of each species were 
counted separately and either overall Phytophthora ID or ID of single species were 
determined (Figs 1 and 2). P. citrophthora only was found in the other two orchards. Values 
of ID showed considerable variations within the same orchard (Table 1). 

In both the Lentini and Pisticci orchards there was no consistent effect of rootstock on 
inoculum density in the soil of either P. citrophthora or P. nicotianae. Since rootstock did 
not significantly affect ID, the data from different rootstocks were combined to obtain the 
overall mean ID of each orchard. Student's t test indicated a significant (P=0.01) difference 
between the mean ID values in the Lentini orchard at different sampling dates while in the 
Pisticci orchard the mean ID values were similar in both years. In the Lentini orchard the 
mean inoculum level was higher in 1986 (Fig. 1). In both orchards the values of variance-to
mean ratio and Morisita's indices of dispersion were significantly higher than one thus 
indicating an aggregate pattern of the inoculum. The values of both indices resulted 
significantly higher than one also when ID of P. citrophthora and P. nicotianae were treated 
as separate variables (Table I). In the Carlentini orchard the values of both indices of 
dispersion were significantly higher than one in all cases, except plots C2 and C

3 
) (Table 2).

A negative binomial distribution model fitted the frequency distributions of ID values in 
all cases when statistical analysis was applicable, with the only exception of the Pisticci 
orchard in the second sampling year (Table 3). The values of k ranged between 0.14 and 1.50 
thus indicating varying degrees of aggregation of the inoculum (Tables 1 and 2). Binomial 
and the Poisson distribution models fitted the observed data only in plots C3 

and C4
, in the 

Carlentini Orchard. In plot C3 
both models fitted the observed frequency distribution better 

than a negative binomial. 
The frequency distributions of ID values of P. citrophthora and P. nicotianae in the 

Pisticci orchard fitted only a negative binomial model with chi-square values of 15.62 and 
13.90 respectively (Table 3). 

Discussion 

The values of ID of Phytophthora spp. within the three citrus groves were in the same 
range of those found in previous studies (Ippolito et al., 1991; Magnano di San Lio and 
Perrotta, 1982; Magnano di San Lio et al., 1984). 

The results presented here show that the spatial patterns of the inoculum of P. citrophthora 

and P. nicotianae in the soil of citrus groves are similar. The distribution frequency of ID 
values of both species fitted a negative binomial model. This is consistent with other studies 

on soil populations of P. nicotianae (Timmer et al., 1988). 
Propagules of Phytophthora spp. were found to be non randomly distributed in the soil. 

In most cases the values of both variance-to-mean ratio and Morisita's indices of dispersion 
were significantly greater than one, the expected value given a random distribution (Campbell 
and Noe, I.e.). Moreover, values of the parameter k of the negative binomial distribution were 

low, which indicates clumping of the inoculum (Southwood, 1978). The inoculum pattern 
distribution was the same in different sites even though sampling quadrats with various sizes 
were used in the present study. In only one case did the binomial and Poisson distributions 
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fit the values of ID better than a negative binomial distribution. 

Because of this aggregate spatial pattern of the inoculum of Phytophthora a great number 

of soil samples might be required to detect low ID, especially in large groves. This could 
limit the usefulness of soil sampling for monitoring the inoculum on a commercial scale. 

Timmer et al. (I.e.) suggested that Elliot's equation (Elliot, 1977) may be used to calculate 
the number of soil samples needed to obtain a reliable estimate of the inoculum density of 
Phytophthora populations fitting a negative binomial distribution; they estimated that about 
5-10 samples per hectar would be sufficient to determine the mean inoculum density in citrus
orchards with moderate to high inoculum level.

There is evidence to- indicate-that mean values between 10 and 20 propagules per gram ( or 

cubic centimetre) of soil are critical levels of Phytophthora populations in citrus groves 
(Magnano di San Lio et al., I.e.; Menge, I.e.; Timmer et al., I.e.). These values were proposed 
as threshold intervention levels for fungicide treatments against fibrous root rot caused by P.

nicotianae (Menge, I.e.; Timmer et al., Le.). It has been shown, however, that the values of 
the mean in populations of soil-borne pathogens could be greatly influenced by a low 
frequency of soil samples with high ID values (Johnson et al., 1988) which is the case in 
most citrus groves. In cases like these the median may be a better parameter than the mean 
to determine the critical level of inoculum, as it reflects more accurately the inoculum dose 
to which roots are exposed. 

As far as the factors influencing the spatial pattern of the inoculum in the soil are 

concerned there is a great deal of evidence indicating that the inoculum density of P. 

nicotianae is directly related to the mass of fibrous roots, as infected roots provide substrate 
for the multiplication of propagules (Agostini et al., 1991; Sandler et al., 1989). More 

investigation is needed on the contrary, to clarify why P. citrophthora is more commonly 
associated to trunk gummosis and fruit brown rot (Timmer and Menge, 1988; Tuttobene et 
al., I.e.; Whiteside, 1970) and to determine factors influencing its distribution in the soil. 
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Table 1 
groves. 

Descriptive statistics of values of inoculum density of Phytopluhora in soil samples from two citrus 

Location 

Pisticci 
Pisticci 
3.73 
Lentini 
2.41 
Lentini 
13.19 

Sampling 
date 

November '84 
November '85 
0.38 
May '85 
0.74 
February '86 
1.61 

Number of 
soil 
samples 

110 
110 

60 

60 
1.13 

Propagules/g dry weight of soil. 

Mean' Range' 
X 

5.09 0-28 
5.12 0-52 

7.36 0-49 

13.30 

Value for the negative binomial distribution. 

Variance 
52 

29.95 
73.39 

78.37 

0-70

Dispersion indices 

Morisita's 

4.89 1.64 
14.33 

10.66 

176.40 

1.30 

Table 2 Descriptive statistics of values of Phytophthora citrophthora inoculum density within a 150-sampling
quadrat block and the 25-sampling-quadrat plots fanning the block, in the citrus grove located near Carlentini. 

Area 
on 
study 

Number of 
soil 
samples 

Mean' 
X 

Range' 

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

Plots 
C1 25 0.40 0-6
C

2 
25 0.00 

C
3 

25 0.84 0-5
C4 25 0.92 0-11
Cs 25 0.16 0-3
c6 

25 0.31 0-7
Block 

(C
1 

- CJ 150 0.45 0-11
--------------------------------------------------------------

Propagules/g dry weight of soil. 
Value for the negative binomial distribution. 

Variance 
52 

1.75 

1.31 
5.58 
0.39 
1.99 

1.89 

4.35 

1.56 
5.74 
2.44 
5.53 

4.20 

Dispersion indices 

Morisita's 

10.0 
0.00 
1.67 
6.52 
12.50 
14.58 

8.28 

Statistical analysis was not applicable because of the low number of frequency cla5ses. 

1.50 
0.18 

0.14 
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Table 3 Chi-square test of goodness-of-fit of statistical models to observed frequency distributions of values 
of inoculum density of Phyrophrhora. 

Frequency distribution models' 
Location 

Pisticci (1st year) 
Pisticci (2nd year) 
Pisticci 
(P. citrophthora) 

Pisticci 
(P. nicotianae) 

Lentini (1st year) 
Lentini (2nd year) 
Carlentini (plot C

3) 

Carlentini (plot C4) 

Carlentini (whole block) 

Binomial 
X2 pY 

150.90 
304.90 

59.60 

203.10 
120.21 
24.07 
0.26 
9.36 
24.04 

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

<0.001 
<0.001 

<0.001 

<0.001 
<0.001 
<0.001 
0.61 
0.002 
<0.001 

Poisson 
X2 pY 

99.68 
260.00 

189.70 

162.80 
82.98 
129.91 
0.26 
8.27 
22.20 

z Inoculum density expressed as propagules/g dry weight of soil. 
Y Probability of exceeding tabulated chi-square. 

<0.ClOl 
<0.001 

<0.001 

<0.001 
<0.001 
<0.001 
0.61 
0.004 
<0.001 

Negative binomial 
X2 pY 

13.26 
21.97 

15.62 

13.90 
7.94 
9.08 
0.72 
2.77 
10.30 

03.21 
<flOOI 

0.01 

0.08 
0.34 
0.19 
0.40 
0.09 
0.001 
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Fig. I Three-dimensional representation of the spatial dist ribution of inoculum density of Phytophthora spp. 
in two citrus orchards for two consecutive years. Sampling dates for each location are indicated in parentheses. 
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Fig.2 Spatial distribution of inoculum density of two species of Phytophthora in a citrus orchard located near 
Pisticci. Soil samples for quantitative determination of the inoculum were taken in November 1984. 
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Fig.3 Spatial distribution of inoculum density of Phytophthora citrophthora, within a 6-tree block, in a citrus 
orchard located near Carlcntini. 
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Fig.4 Spatial <.lisl.ribuliun of in,iculuil, of I'hytopltthora ntrophthora within each of the 6 plots forming the 
block represented in Fig.3. 
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