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1. Generalities about aphids

Belonging to the superfamily Aphidoidea, aphids are Hemiptera in-
sects, many of the species causing economic damage to most cultivated 
plants. This occurs directly, when they suck the sap and weaken the 
plants, or indirectly through the transmission of several plant diseases, 
especially of a viral nature.  

Aphids cause this plant damage using their biter-sucker mouth, as 
all the Hemiptera (MIYAZAKI, 1987b). The labium has been modi�ed, tak-
ing the shape of a wide canal mouth (rostrum or proboscis) that encloses 
four thin stylets, which are developed from the two maxillae and the two 
mandibles, forming an elongated �lament, which contains two ducts. The 
insect, after piercing the plant with its stylets, will inject the saliva through 
one of the ducts (the salivary canal) in order to dissolve the sap, while the 
other duct (the food canal) is used for absorbing the sap once it has been 
dissolved. This feeding system explains the Hemiptera capacity (and par-
ticularly, the aphid capacity) to transmit viruses or other type of patho-
gens: when they suck the �uids of a sick plant, the insects acquire the 
virus and later, when they inject the sap into a healthy plant, they infect it 
with the virus acquired. 

Among the Hemiptera, the aphids form a group with very particular 
morphological and biological characteristics. Figure 1 shows a sketch 
of an adult aphid (an alate parthenogenetic female, without left wings 
in order to see some details), and displays the main characteristics of 
aphids. The presence of siphunculi or cornicles (S) is exclusive of aphids, 
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and although not all the 
aphid species have them 
the majority do; they have 
very different shapes and 
colours (although constant 
for each species) and with 
different functions, among 
others, the defensive one, 
because through them, the 
hemolymph, rich in aphid 
waxy substances, can be 
discharged directly outside, 
and when it is solidi�ed, 
can glue a predator’s man-
dibles. The cauda (C), situ-
ated at the end of the abdo-

men and with morphological characteristics peculiar for each species, is 
very typical of aphids, as is the spot or pterostigma (P) of the fore-wing in 
the alate aphids and the number of bifurcations (1st, 2nd) of the media vein 
(M) of this wing. Finally, it is useful to classify the aphids the shape of the 
frons (F) and the number, colour, proportions and characteristics of the 
antennal segments (1 to 6), especially the last one, which is divided into 
a base (B) and a processus terminalis (PT).

With respect to the biology of aphids, they show a curious alterna-
tion between amphigonic generations (females and males) and partheno-
genetic ones (only females), with different apterous (apterae) and winged 
(alate) adult forms, in addition to the different nymphal instars necessary 
to produce adults (MIYAZAKI, 1987a). The typical complete cycle of the 
Aphididae family starts with the winter egg, from which a nymph hatches 
in spring, and after several molts it will give birth to an apterous female, 
the fundatrix. It reproduces by parthenogenesis (without male interven-
tion) and by viviparity (it does not lay eggs, but gives birth to nymphs), 
producing several generations of apterous females (also parthenogenetic 
and viviparous) until a generation of alate females appears (but always 
parthenogenetic and viviparous), which migrate to other plants of the 
same species (if the cycle is monoecious) or to plants of different spe-
cies (if the cycle is dioecious, then the primary host refers to the vegetal 
species of origin and secondary host refers to the destination species). 
Females continue reproducing by parthenogenesis and viviparity on the 

Figure 1. Alate parthenogenetic female 
of aphid (without left wings)
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plants to which they have migrated, giving birth to several generations 
of apterous females (which remain on each plant) and alate (which in-
fest other plants) during good weather. In autumn, females appear, called 
sexuparae because they give birth to females and males, generally alate 
ones, which return to the primary host, when they mate and females lay 
the winter eggs.   

However, this complete cycle only takes place in the holocyclic aphid 
species, because in the anholocyclic species the amphigonic genera-
tion of the cycle is not produced, and they reproduce parthenogeneti-
cally during the whole year. Consequently, the only adults that appear are 
parthenogenetic females, apterae as well as alate. Furthermore, there 
are holocyclic species that under speci�c circumstances (for example, in 
warm climates) can reproduce continuously as anholocyclic, without am-
phigonic stage.  In any case, although this amphigonic stage takes place, 
it lasts a short time in the year and with fewer individuals. Therefore, in 
the holocyclic species, as undoubtedly in the anholocyclic species, the 
parthenogenetic females are usually observed.  

With respect to the differences between adults and nymphs, they 
are evident when the last ones are going to give birth to alate individuals, 
because the small wings can be distinguished perfectly. However, when 
the nymphs are going to give birth to apterous adults, it can be dif�cult 
to differentiate the last nymphal stages from the adults. For this purpose, 
characteristics such as the nymph’s cauda being less developed than 
adults’ must be considered. Furthermore, we must bear in mind that the 
morphological characteristics of apterous adults can be different from 
the alate adults, which could lead to the error of considering different 
forms of the same aphid species as being from a different species.

2. Aphids on protected crops

The following crops have been considered as main protected crops: 
within Cucurbitaceae, melon (Cucumis melo), watermelon (Citrullus vul-
garis) and zucchini (Cucurbita pepo, v. oblonga); within Solanaceae, pep-
per (Capsicum annuum), tomato (Lycopersicon esculentum) and egg-
plant (Solanum melongena); and within Papilionaceae, bean (Phaseolus 
vulgaris). These plants are attacked by different species of aphids, the 
most signi�cant of them being shown in Table 1 (BLACKMAN and EAS-
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TOP, 1985, modi�ed). As can be observed, the most widespread aphids 
are Aphis gossypii and Myzus persicae, which feed on all the crops re-
ported, and then we can �nd Aphis fabae and Macrosiphum euphorbiae, 
which attack �ve of them, and Aulacorthum solani (three of them). Below, 
we will study each of these species in depth (HOLMAN, 1974; NIETO et 
al.,1984 y 2005; BLACKMAN y EASTOP, 1985; BELLIURE et al., 2009).

Aphis fabae Scopoli

This is a cosmopolite and polyphagous aphid which lives on a great 
number of plants, cultivated or not, and in principle it behaves as a dio-
ecious holocyclic although it can live as an anholocyclic. The apterous 
parthenogenetic female (photo 1) has a mat dark colour (intense black 
or blackish brown, but sometimes with waxy whitish spots), with black 
siphunculi and cauda of the same colour and with many setae.

Besides the crops mentioned 
in Table 1, it attacks many plants 
of agricultural interest: avocado, 
cherimoya, celery, turnip, cab-
bage, carrot, fennel, parsley, ar-
tichoke, lettuce, borage, radish, 
hemp, hop, chickpea, lentil, lu-
cerne, pea, broad bean, onion, 
leek, cotton, �g, barley, maize, 
beet, spinach, strawberry, apple, 
cherry, plum, pear, pomegranate,  
orange, sour orange, lemon, man-
darin, tobacco, potato and vine.

In addition to the direct damage caused in these plants, it can also 
cause damage due to its capacity for transmitting more than thirty different 
viruses, some of them with more harmful effects than physical damage. 

Photo 1. Apterous parthenogenetic female 
of Aphis fabae
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Table 1. Most important aphids that attack the main protected crops

Aphid Melon Watermelon Zucchini Pepper Tomato Eggplant Bean

Aphis fabae X X X X X

Aphis gossypii X X X X X X X

Myzus persicae X X X X X X X

Aulacorthum 
solani

X X X

Macrosiphum 
euphorbiae

X X X X X

Aphis gossypii Glover

This is also a polyphagous and cosmopolite species, and is particu-
larly harmful in greenhouses. It usually reproduces in the anholocyclic 
manner although on some occasions has displayed holocyclic behaviour. 
The colour of apterous parthenogenetic females is very diverse, from al-
most white to almost black, with a wide range of intermediate colours 
(pale yellow, brown, light or dark green)  (Photo 2), which can make their 
identi�cation dif�cult, although the siphunculi are always dark and the 
cauda has the colour of the body (cauda clear in pale specimens and 
black in the darker ones), and with a reduced number of setae (seven at 
the most) in the cauda.

This aphid has been re-
ported on many crops in addi-
tion to the crops studied here: 
avocado, cherimoya, aspara-
gus, carrot, endive, hemp, hop, 
cucumber, pumpkin, cotton, 
maize, pomegranate, beet, lo-
quat, strawberry, apple, plum, 
almond, pear, orange, sour or-
ange , mandarin, lemon, grape-
fruit , satsuma, clementine, to-
bacco, potato and vine.

This species transmits more 
than �fty plant viruses, not only of horticultural crops but also of woody 
plants: the big epidemic of the citrus tristeza virus which eliminated a 
large extent of the Spanish citrus plantations from 1957 was basically 

Photo 2. Apterous parthenogenetic females 
of Aphis gossypii
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spread by this aphid. In addition, this species developed resistance 
to some insecticides around 1985 (MELIÀ and BLASCO, 1990), which 
made its control dif�cult and reactivated its presence on the crops, 
causing, among other things, new epidemics of viral diseases.

Myzus persicae (Sulzer)

As with previously mentioned species, this aphid is also cosmopo-
lite and polyphagous, and it behaves generally in a dioecious holocyclic 
manner. Several plants of the Prunus genus (mainly peach tree) serve as 
primary hosts, where it spends the winter in egg stage, and many other 
plants, some of them cultivated, serve as secondary hosts. However, if 
there are not peach trees or in warm climates, it can reproduce partheno-
genetically and continuously as anholocyclic.

The apterous parthenogenetic fe-
males are usually yellow or green (Pho-
to 3), although they can also be pink or 
reddish. They have a very deep groove 
in the frons, with converging sides, 
and their siphunculi are a little more 
elongated than those of the previously 
mentioned Aphis species. They can 
be differentiated too from those Aphis 
species because the siphunculi of M. 
persicae have a light colour and usu-
ally are swollen towards the end, while 
the cauda also has a clear colour.

In addition to the cultivated plants 
that have been considered in Table 1, 
it also attacks the following: turnip, 
cabbage, pawpaw, artichoke, car-
rot, sweet potato, lettuce, radish, po-
tato, onion, celery, beet, orange, sour 
orange, mandarin, lemon, satsuma, 
pumpkin, loquat, strawberry, apple, 
tobacco, pea, apricot, cherry, plum, 
almond, peach, pear, wheat, broad bean and maize. 

Photo 3. Apterous parthenogenetic female 
of Myzus persicae
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This species is considered as being the most signi�cant species 
amongst the virus vectors of plants, because it transmits more than 100 
viral diseases that affect a high number of crops. Furthermore, as in the 
case of A. gossypii, it is resistant to several insecticides.

Aulacorthum solani (Kaltenbach)

This is a species of Euro-
pean origin, although currently 
its spread is almost cosmopo-
lite, and it is quite polyphagous 
(Photo 4). It can reproduce in 
both a holocyclic and anholocy-
clic manner. The apterous par-
thenogenic female can show a 
yellowish, greenish or brownish 
colour, and as occurs with M. 
persicae, it has a groove in the 
frons, but with sides parallel, 
nonconverging; this female is a 
little bigger than the preceding 
species, and its siphunculi and cauda are longer and have a light colour.

In addition to the crops mentioned at the beginning of this section, A. 
solani can appear on other crops such as lettuce, potato, cucumber and 
strawberry, and can transmit around 40 viral diseases.

Macrosiphum euphorbiae (Thomas)

Although it is a native aphid of North America, it is spread almost 
worldwide, and it is very polyphagous. In the United States it behaves as 
a dioecious holocyclic, with plants of the genus Rosa as primary hosts, 
while in Europe it is mostly anholocyclic (although, occasionally, sexed 
individuals are observed). 

The apterous parthenogenetic females are very big, the biggest ones 
of all the species mentioned here. In general, they are green, but some-
times are yellowish or pink (Photo 5), with the groove of the frons with 
diverging sides, and the cauda and the siphunculi also being longer than 
the other species and of the same light colour as the body. Furthermore, 

Photo 4. Colony of Aulacorthum solani
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this species can be distinguished 
from the others because the sip-
hunculi of M. euphorbiae adults 
show reticulated distal parts.

In addition to the crops that 
have been mentioned in Table 
1, this species attacks the fol-
lowing ones: chickpea, cher-
imoya, beet, cabbage, orange, 
sour orange, mandarin, lemon, 
satsuma, pumpkin, artichoke, 
lettuce, lentil, apple, loquat, to-
bacco, pea, pear, radish, potato 
and maize.

Also it is signi�cant as a vector of viral diseases, because it is re-
sponsible for the transmission of more than 40 diseases of this type.

3. Biological control of aphids on protected crops

All these aphid species are controlled, either in a spontaneous way 
or arti�cially, by a wide range of natural enemies: parasitoids, predators 
or even pathogenic agents. Belliure et al. (2009) have reported the re-
lationships between enemies and aphids found in Spain, considering 
a series of bibliographical references, among which the following ones 
are highlighted: Baixeras and Michelena (1983); González and Michele-
na (1987); Michelena and González (1987); Michelena and Oltra (1987); 
Rossmann and Fortmann (1989); Llorens (1990); Bennison (1992); Ben 
Halima-Kamel and Ben Hamouda (1993); Laubscher and Von Wechmar 
(1993); Kazda (1994); Marcos-García And Rojo (1994);  Michelena et al. 
(1994 and 2004); Alomar et al. (1997); Alvarado et al. (1997); Castañé et 
al. (1997); Ehler et al. (1997); Michelena and Sanchis (1997); Orlandini and 
Martellucci (1997); Asin and Pons (1998); Völkl and Stechmann (1998); 
Winiarska (1998); Askary et al. (1999); Wojciechowicz-Zytko (1999); El-
Arnaouty et al. (2000); Hunter et al. (2001); Alvis et al. (2002); Belliure 
(2002); García-Marí and Ferragut (2002); Soler et al. (2003); Bird et al. 
(2004); Kavallieratos et al. (2004); Snyder et al. (2004); Deligeorgidis et al. 
(2005); Jansen (2005); Nebreda et al. (2005); Van Munster et al. (2005); 

Photo 5. Apterous parthenogenetic female 
and nymphs of Macrosiphum euphorbiae
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Pascual-Villalobos et al. (2006); Kim et al. (2007); Sastre-Vega (2007); 
ZARPAS et al. (2007); Hermoso De Mendoza et al. (2008a and 2008b);  
Pineda and Marcos-García (2008b); Roditakis et al. (2008).

3.1. Parasitoids

Table 2 shows all the parasitoids described in Spain on each of 
the aphid species mentioned before. All 
of them are Hymenoptera and, although 
there is a species of the Aphelinidae fam-
ily, most of them belong to the Aphidiinae 
subfamily of the Braconidae family. Fe-
males lay an egg inside each aphid, from 
which a larva emerges and feeds on the 
internal tissues of the aphid, until this one 
has only the external cover, referred to as 
the mummy. Finally, the parasitoid carries 
out pupation in a cocoon that can be in-
ternal to the aphid mummy (as it occurs 
in the genera Aphidius, Diaeretiella, Lysip-
hlebus or Trioxys), or external (as in the ge-
nus  Praon, Photo 6). The colour of these 
mummies can characterize each genus: 

in Ephedrus 
they are black 
(Photo 7), while 
in Aphidius, 
Diaeretiella or 
Trioxys they are 
brown. Finally, 
the parasitoid 
adult emerges 
from the aphid mummy (Photo 8), after having 
pierced the cuticle with its mandibles, forming 
a circle in it.

Photo 6. Mummy of aphid parasitized 
by Praon volucre

Photo 7. Aphid parasitized 
by Ephedrus sp.

Photo 8. Adult of Trioxys 
angelicae
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Table 2. Parasitoids (Hymenoptera) mentioned in Spain 
on the main aphids of protected crops

Parasitoids Aphis fabae Aphis gossypii
Myzus 

persicae
Aulacorthum 

solani
Macrosiphum 

euphorbiae

Aphelinidae

Aphelinus 
abdominalis

X X

Braconidae Aphidiinae

Aphidius 
colemani

X X

 Aphidius ervi X X X

Aphidius 
matricariae

X X X X X

Diaeretiella 
rapae

X X X

Ephedrus 
persicae

X

Lysiphlebus 
confusus

X X

Lysiphlebus 
fabarum

X X

Lysiphlebus 
testaceipes

X X

 Praon volucre X X X X

Trioxys 
acalephae

X X

Trioxys 
angelicae

X X X

Among these parasitoids, 
Lysiphlebus testaceipes (Cresson) 
stands out (Photo 9); probably, it is 
native of North and Central America 
and was introduced in Europe dur-
ing the sixties and in Spain during 
the seventies, its acclimatization 
being con�rmed during the eight-
ies. Since then, it has been widely 
spread in the Mediterranean basin, 
so that nowadays it is one of the 
most abundant parasitoids on sev-
eral species of aphids.

Photo 9. Adult of Lysiphlebus testaceipes para-
sitizing aphids
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Several of the parasitoids mentioned are commercialised for the 
control of aphids in greenhouses. As such, Aphelinus abdominalis (Dal-
man), Aphidius colemani Viereck and Aphidius ervi Haliday are used 
against aphids such as Myzus persicae or Aphis gossypii, spread in crops 
through the use of reservoir plants, usually wheat or barley infested by 
the aphids Rhopalosiphum padi (L.) or Sitobion avenae (Fabricius) which 
are parasitized by the hymenopteran in question so that, when hatching, 
it will attack the aphids found on the greenhouse crops.

3.2. Predators

In tables 3, 4 and a part of table 5 there appear the main preda-
tors reported in Spain on the most signi�cant aphids of protected crops. 
Table 3 shows the Diptera, table 4 shows the other insects and table 5 
shows the mites.

Table 3. Predators mentioned in Spain on the main aphid 
of protected crops. I: Diptera

Predatory Diptera Aphis fabae Aphis gossypii
Myzus 

persicae
Aulacorthum 

solani
Macrosiphum 

euphorbiae

Cecidomyiidae

Aphidoletes aphidimyza X X X X

Syrphidae

Episyrphus balteatus X X X X X

Epistrophe eligans X

Eupeodes corollae X X X X X

Eupeodes �aviceps X X

Eupeodes lucasi X

Eupeodes luniger X

Meliscaeva auricollis X

Paragus haemorrhous X X X X

Paragus tibialis X

Platycheirus scutatus X

 Scaeva albomaculata X

 Scaeva pyrastri X X X

 Sphaerophoria rueppellii X X X X X

 Sphaerophoria scripta X X X

 Syrphus ribesii X X X

 Syrphus vitripennis X X
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Table 4. Predators mentioned in Spain on the main aphids 
of protected crops. II: Other insects

Predators Aphis fabae Aphis gossypii
Myzus 

persicae
Aulacorthum 

solani
Macrosiphum 

euphorbiae

Coleoptera Coccinellidae

Adalia bipunctata X

Coccinella 
septempunctata

X X X X

Harmonia axyridis X X

Hippodamia 
convergens

X X

Propylea 
quatuordecimpunctata

X

Scymnus spp. X

Neuroptera Chrysopidae

Chrysoperla carnea X X X X

Hemiptera Anthocoridae

Orius laevigatus X X

Orius majusculus X X

Hemiptera Miridae

Dicyphus tamaninii X X

Macrolophus 
caliginosus

X X

Dermaptera

For�cula auricularia X

Table 5. Mites and pathogenic agents mentioned in Spain 
on the main aphids of protected crops

Predators Aphis fabae Aphis gossypii
Myzus 

persicae
Aulacorthum 

solani
Macrosiphum 

euphorbiae

Mites

Erythraeidae X

Fungi

Lecanicillium 
attenuatum

X X

Lecanicillium 
longisporum

X X

Lecanicillium lecanii X X X X

Viruses

Parvovirus X
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Among the Diptera, we can 
�nd two families, the Cecidomyi-
idae and the Syrphidae. Among the 
Cecidomyiidae we can �nd Aphido-
letes aphidimyza Rondani (Photo 
10), whose larvae feed on aphids by 
sucking their internal �uids and are 
abundant naturally in some crops. 
Their use is also popular commer-
cially in pepper and tomato green-
houses.

Amongst the Syrphidae there 
is a long list of predators of aphids. 
These dipterans show three larval 
instars, which feed on aphids by 
piercing the aphid body surface 
with their mandibles and lifting them 
from the plant surface while sucking 
their �uids out. Adults (Photo 11 and 
12) feed on nectar and pollen (Pho-
to 13); females lay the eggs close 
to the incipient colonies of aphids 
and, after eggs hatch, larvae begin 
to feed on aphids until they pupate. 

Due to the need for nectar and pollen of adult syrphids, the access to 
�owering plants in the crops or near to them is an important factor in the 
effectiveness of these dipterans as biological control agents of aphids: 
the �owers of some speci�c plants increase the attraction of syrphids 

Photo 10. Adult of Aphidoletes aphidimyza

Photo 11. Adult male of Paragus tibialis

Photo 12. Adult male of Scaeva albomaculata Photo 13. Adult of Episyrphus balteatus
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in different types of crops, outdoors 
as well as in greenhouses. On the 
other hand, the condition of semi-
opening, typical of the greenhouses 
used in the Mediterranean area, is 
very favourable for the entry of syr-
phids that are present naturally out-
side the greenhouses (Pineda and 
Marcos-García, 2008). With respect 
to commercialised species, Episyr-
phus balteatus De Geer is available 
as pupae to be released against 
aphids.

With respect to Coleoptera, the 
Coccinellidae (or ladybirds) are the 
best known predators of aphids, 
and furthermore, in their two stag-
es: adults as well as larvae of many 
coccinellid species eat aphids. As 
in the case of other predators, they 
lay the eggs next to aphid colonies 
which are not yet very advanced. 
Among the most abundant species, 
found naturally, we can �nd Adalia 

bipunctata (L.) (Photo 14), Coccinella septempunctata L. (Photo 15), Hip-
podamia convergens Guérin-Méneville (Photo 16), Propylea quatuor-
decimpunctata (L.) (Photo 17) and Scymnus spp. (Photo 18). Among the 
species commercialised against aphids we can �nd A. bipunctata and 

Photo 14. Adult of Adalia bipunctata

Photo 15. Adult of Coccinella septempunctata

Photo 16. Adult of Hippodamia convergens Photo 17. Adult of Propylea quatuordecimpunctata
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Harmonia axyridis Pallas, this last 
one having been introduced.

Amongst the Neuroptera 
Chrysopidae, Chrysoperla carnea 
(Stephens) (Photo 19) stands out, 
whose larvae feed actively on aphids 
and other arthropods. Its egg laying 
is very characteristic, with each egg 
appearing on the tip of a long �la-
ment and, generally, grouped close 
to the aphid colonies. This species 
is also commercialised for the bio-
logical control in greenhouses.

Among the Hemiptera, we can 
�nd the Anthocoridae, mainly of 
the Orius genus (Photo 20), which 
are very polyphagous because they 
feed not only on aphids, but also 
on thrips, lepidopteran eggs and 
larvae, mites and others. Besides, 
as they can also feed on plants or 
pollen, they are easy to maintain in 
crops with low plant density. Orius 
laevigatus (Fieber) and O. majuscu-

lus (Reuter) are commercialised to be released in greenhouses.

Other hemipteran family with species which prey on aphids is Miridae, 
among which the genera Dicyphus and Macrolophus stand out (Photo 21), 

Photo 18. Adult of Scymnus sp.

Photo 19. Adult of Chrysoperla carnea 
next to a colony of aphids

Photo 20. Adult of Orius sp. Photo 21. Nymph of Macrolophus sp.
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also used commercially against other 
horticultural pests outdoors and in 
greenhouses.

Among the Dermaptera, For-
�cula auricularia L. feeds on aphids, 
amongst other types of prey, and it 
controls them mainly on the soil.

Finally, within the mites there are 
several families of the Prostigmata 
order, such as the Erythraeidae and 
the Trombidiidae (Photo 22), which 
attack aphids in a different manner 

depending on their stage of development: they act as parasites of the 
aphids in the nymphal stages of the mites, and act as free-living preda-
tors in the adult stages.

3.3. Pathogenic agents

There are different species of 
entomopathogenic fungi of the En-
tomophthoraceae family which �ght 
against aphids (Photo 23), belong-
ing to the genus Lecanicillium, as 
Table 5 shows. 

Some of these fungi, such as 
L. longisporum, are carried by ants 
from one aphid to the other, trans-
mitting the infection in this manner. 
There are others, for example L. 
lecanii, which are commercialised 
to be used in crops, taking into ac-
count that the different isolates of 
this fungus can show different spe-
ci�city according to the aphid spe-
cies involved (for example, if it is  
Aphis fabae or Aphis gossypii).

Photo 22. Trombidiid mite attacking an aphid

Photo 23. Aphid attacked by fungi
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With respect to the entomopathogenic viruses, some of these aphids 
are attacked by Parvovirus (Table 5), with the special feature that the 
plants invaded by aphids infected by the virus, can transport it through 
the phloem, infecting other aphids without needing to be in contact with 
the sick aphids. That is to say, the plant can act as entomopathogenic 
virus vector using it to defend itself.

4. Integrated control of aphids on protected crops: economic 
injury level

The integrated control of pests, considering the habitat and the pop-
ulation dynamics of the phytophagous, uses different methods of �ght 
(particularly the biological one), avoiding the excessive use of chemicals 
to combat it. Therefore, the key point of this system is to �nd out the 
economic injury level (EIL), that is to say, the level of the pest over which 
treatments have to be applied if we do not want to have economic loss-
es, (or, in other words, the amount of pest in which the losses caused are 
equal to the treatment expenses).

In the case of the crops and the aphids considered here, the formula 
of the economic injury level for peppers has been obtained in two aphid 
species: Aulacorthum solani (HERMOSO DE MENDOZA et al., 2006) and 
Myzus persicae (LA SPINA et al., 2008). These formulae are:

EIL (A. solani):

EIL (M. persicae):

In both formulae the economic injury level (EIL) is expressed in 
number of aphids per leaf, and the parameters that intervene in them are:

V: price of the fruit (euros/kg).

Po: crop yield with the minimum level of pest (kg/ha).

K: ef�cacy of the insecticide, lying between 0 and 1 (if it is 100 %, K=1).

C: total cost of the insecticide (product + application) (euros/ha).
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Under the current economic conditions of the pepper crop in green-
house, its pro�tability (as a consequence of the high price and yield of 
pepper) is so high compared with the treatment cost, that the economic 
injury level resulting is very low for these two aphid species, so that treat-
ment would have to be applied when the aphid was detected. However, 
if the pro�tability circumstances of the pepper crop change, also the eco-
nomic injury level of both species would change, although it would be 
calculated in the same manner because the formulae mentioned are valid 
for each type of economic conditions; it would be enough to apply the 
parameters (V, K, C and Po) corresponding to each situation.

On the other hand, these formulae for the calculation of the econom-
ic injury level are applicable to all types of insecticides, not only chemical 
but also biological, that is to say, they are also valid when aphids are con-
trolled by parasitoids or predators.  In this last case, the K value should 
be previously found out (in other words, the ef�cacy of the natural enemy 
in question against the aphid involved), as well as its cost (C).

References

yy ALOMAR, O.; GABARRA, R. and CASTAÑÉ, C. (1997): The 
aphid parasitoid Aphelinus abdominalis (Hym.: Aphelinidae) 
for biological control of Macrosiphum euphorbiae on tomatoes 
grown in unheated plastic greenhouses. Bulletin OILB/SROP, 
20(4); pp. 203-205.

yy ALVARADO, P.; BALTA, O. and ALOMAR, O. (1997): Ef�ciency 
of four heteroptera as predators of Aphis gossypii and Macro-
siphum euphorbiae (Hom.: Aphididae). Entomophaga, 42(1-2); 
pp. 215-226.

yy ALVIS, L.; RAIMUNDO, A.; VILLALBA, M. and GARCÍA-MARÍ, F. 
(2002): Identi�cación y abundancia de coleópteros coccinélidos 
en los cultivos de cítricos valencianos. Boletín de Sanidad Veg-
etal, Plagas, 28(4); pp. 479-491.

yy ASIN, L. and PONS, X. (1998): Role of predators on maize aphid 
populations. Proceedings 5th International Symposium on Aphids, 
León, Spain, 15-19-Sept. 1997; pp. 505-511.



297

Aphid management

yy ASKARY, H.; BENHAMOU, N. and BRODEUR, J. (1999): Ul-
trastructural and cytochemical characterization of aphid invasion 
by the hyphomycete Verticillium lecanii. Journal of Invertebrate 
Pathology, 74(1); pp. 1-13.

yy BAIXERAS, J. and MICHELENA, J. M. (1983): Aparición de Lysip-
hlebus testaceipes (Cre., 1880) (Hym., Aphidiidae) en España. 
Actas I Congreso Ibérico de Entomología, 1; pp. 69-73.

yy BELLIURE, B. (2002): Variables implicadas en el manejo integra-
do de á�dos (Hemiptera: Aphididae) en cítricos. Tesis Doctoral. 
Universidad de Valencia, 228 pp.

yy BELLIURE, B.; PÉREZ, P.; MARCOS, M. A.; MICHELENA, J. M. 
and HERMOSO DE MENDOZA, A. (2009): Control biológico de 
pulgones. En: Jacas, J.A. y Urbaneja, A. (Eds.). Control biológico 
de plagas agrícolas. Phytoma España. Valencia, pp. 209-238.

yy BEN HALIMA-KAMEL, M. and BEN HAMOUDA, M. H. (1993): 
Les pucerons des cultures protegées et leurs ennemis en Tunisie. 
Tropicultura, 11(2); pp. 50-53.

yy BENNISON, J. A. (1992): Biological control of aphids on cucum-
bers: use of open rearing systems or “banker plants” to aid es-
tablishment of Aphidius matricariae and Aphidoletes aphidimyza. 
Mededelingen van de Faculteit Landbouwwetenschappen, Uni-
versiteit Gent, 57(2b); pp. 457-466.

yy BIRD, A. E.; HESKETH, H.; CROSS, J. V.; COPLAND, M. (2004): 
The common black ant, Lasius niger (Hymenoptera: Formicidae), 
as a vector of the entomopathogen Lecanicillium longisporum to 
rosy apple aphid, Dysaphis plantaginea (Homoptera: Aphididae). 
Biocontrol Science and Technology, 14(8); pp. 757-767.

yy BLACKMAN, R. L.; EASTOP, V. F. (1985): Aphids on the world’s 
crops. An identi�cation guide. John Wiley & sons, Chichester, 
466 pp.

yy CASTAÑÉ, C.; ALOMAR, O.; RIUDAVETS, J. (1997): Biological 
control of greenhouse cucumber pests with the mirid bug Dicy-
phus tamaninii. Bulletin OILB/SROP, 20(4); pp. 237-240.



 298

Organisms for the control of pathogens in protected crops. Cultural practices for sustainable agriculture

yy DELIGEORGIDIS, P. N.; IPSILANDIS, C. G.; KALTSOUDAS, G. 
and SIDIROPOULOS, G. (2005): An index model on predatory 
effect of female adults of Coccinella septempunctata L. on Mac-
rosiphum euphorbiae Thomas. Journal of Applied Entomology, 
129(1); pp. 1-5.

yy EHLER, L. E.; LONG, R. F.; KINSEY, M. G. and KELLEY, S. K. 
(1997): Potential for augmentative biological control of black 
bean aphid in California sugarbeet. Entomophaga, 42(1/2); pp. 
241-256.

yy EL-ARNAOUTY, S. A.; GABER, N. and TAWFIK, M. F. S. (2000): 
Biological control of the green peach aphid Myzus persicae by 
Chrysoperla carnea (Stephens) sensu lato (Neuroptera: Chrys-
opidae) on green pepper in greenhouses in Egypt. Egyptian Jour-
nal of Biological Pest Control, 10(1/2); pp. 109-116.

yy GARCÍA-MARÍ, F. and FERRAGUT, F. (2002): Plagas agrícolas. 
Phytoma-España, Valencia, 400 pp.

yy GONZÁLEZ, P. and MICHELENA, J. M. (1987): Relaciones parasi-
toide-pulgón (Hymenoptera: Aphidiidae; Homoptera: Aphididae) 
en la provincia de Alicante. Boletín de la Asociación Española de 
Entomología, 11, pp. 249-258.

yy HERMOSO DE MENDOZA, A.; LA SPINA, M.; MARCO, F.; 
TABANERA, S.; VINACHES, P.; CARBONELL, E. A. and PÉREZ-
PANADÉS, J. (2006): Nivel de daño económico para Aulacorthum 
solani (Hemiptera, Aphididae) sobre pimiento en invernadero 
comercial. Boletín de Sanidad Vegetal, Plagas, 32, pp. 181-187.

yy HERMOSO DE MENDOZA, A.; ÁLVAREZ, A.; MICHELENA, J. M.; 
GONZÁLEZ, P. and CAMBRA, M. (2008a): Dispersión, biología y 
enemigos naturales de Toxoptera citricida (Kirkaldy) (Hemiptera, 
Aphididae) en España. Boletín de Sanidad Vegetal, Plagas, 34(1); 
pp. 77-87.

yy HERMOSO DE MENDOZA, A.; ÁLVAREZ, A.; MICHELENA, J. 
M.; GONZÁLEZ, P. and CAMBRA, M. (2008b): Toxoptera citric-
ida (Kirkaldy) (Hemiptera, Aphididae) and its natural enemies in 
Spain. IOBC wprs Bulletin, 38, pp. 225-232.

yy HOLMAN, J. (1974): Los á�dos de Cuba. Editorial Organismos, 
La Habana, 310 pp.



299

Aphid management

yy HUNTER, W. B.; SINISTERRA, X. H.; McKENZIE, C. L. and SHAT-
TERS, J. R. (2001): Iridovirus infection and vertical transmission 
in citrus aphids. Proceedings Annual Meeting Florida State Hor-
ticultural Society, 114, pp. 70-72.

yy JANSEN, J. P. (2005): Aphid parasitoid complex in potato in the 
context of IPM in Belgium. Communications in Agricultural and 
Applied Biological Sciences, 70(4); pp. 539-546.

yy KAVALLIERATOS, N. G.; ATHANASSIOU, C. G.; TOMANOVIC, 
Z.; PAPADOPOULOS, G. D. and VAYIAS, B. J. (2004): Seasonal 
abundance and effect of predators (Coleoptera, Coccinellidae) 
and parasitoids (Hymenoptera: Braconidae, Aphidiidae) on Myzus 
persicae (Hemiptera, Aphidoidea) densities on tobacco: a two-
year study from Central Greece. Biologia, 59(5); pp. 613-619.

yy KAZDA, J. (1994): In�uence of the fungus Verticillium lecanii on 
Aphis fabae. Sbornik Vysoke Skoly Zemedelske v Praze, Fakulta 
Agronomicka Rada A, Rostlinna Vyroba, 56; pp. 141-148.

yy KIM, J. J.; GOETTEL, M. S. and GILLESPIE, D. R. (2007): Poten-
tial of Lecanicillium species for dual microbial control of aphids 
and the cucumber powdery mildew fungus, Sphaerotheca fuligi-
nea. Biological Control, 40(3); pp. 327-332.

yy LA SPINA, M.; HERMOSO DE MENDOZA, A.; CARBONELL, E. 
A. and PÉREZ-PANADÉS, J. (2008): Umbrales económicos de 
Myzus persicae (Hemiptera, Aphididae) sobre pimiento en inv-
ernadero comercial. Boletín de Sanidad Vegetal, Plagas, 34, pp. 
485-491.

yy LAUBSCHER, J. M. and VON WECHMAR, M. B. (1993): Assess-
ment of aphid lethal paralysis virus as an apparent population 
growth-limiting factor in grain aphids in the presence of other 
natural enemies. Biocontrol Science and Technology, 3(4); pp. 
455-466.

yy LLORENS, J. M. (1990): Pulgones de los cítricos y su control 
biológico. Pisa Ediciones, Alicante, 170 pp.

yy MARCOS-GARCÍA, M. A. and ROJO, S. (1994): Paragus hya-
lopteri n. sp., an aphidophagous hover�y (Dipt.: Syrphidae) at-
tacking the mealy plum aphid (Hom.: Aphididae). Entomophaga, 
39(1); pp. 99-106.



 300

Organisms for the control of pathogens in protected crops. Cultural practices for sustainable agriculture

yy MELIÀ, A. and BLASCO, J. (1990): Resistencia de Aphis frangu-
lae gossypii Glover (Homoptera: Aphididae) a insecticidas en el 
cultivo de los cítricos. Boletín de Sanidad Vegetal, Plagas, 16; 
pp. 189-193.

yy MICHELENA, J. M. and GONZÁLEZ, P. (1987): Contribución al 
conocimiento de la familia Aphidiidae (Hymenoptera) en España. 
I. Aphidius Nees. Eos, 63; pp. 115-131.

yy MICHELENA, J. M. and OLTRA, M. T. (1987): Contribución al 
conocimiento de la familia Aphidiidae (Hymenoptera) en España. 
II. Géneros: Ephedrus, Praon, Adyalitus, Lysiphlebus, Diaeretiel-
la, Lipolexis, Trioxys. Boletín de la Asociación Española de Ento-
mología, 11; pp. 61-67.

yy MICHELENA, J. M. and SANCHIS, A. (1997): Evolución del para-
sitismo y fauna útil sobre pulgones en una parcela de cítricos. 
Boletín de Sanidad Vegetal, Plagas, 23; pp. 241-255.

yy MICHELENA, J. M.; SANCHIS, A. and GONZÁLEZ, P. (1994): A�-
diinos sobre pulgones de frutales en la Comunidad Valenciana. 
Boletín de Sanidad Vegetal, Plagas, 20; pp. 465-470.

yy MICHELENA, J. M.; GONZÁLEZ, P. and SOLER, E. (2004): Par-
asitoides a�diinos (Hymenoptera, Braconidae, Aphidiinae) de 
pulgones de cultivos agrícolas en la Comunidad Valenciana. Bo-
letín de sanidad vegetal, Plagas, 30; pp. 317-326.

yy MIYAZAKI, M. (1987a): Forms and morphs of aphids. In: Minks, 
A.K. & Harrewijn, P. (Eds.). Aphids. Their biology, natural enemies 
and control (A). Elsevier, Amsterdam, pp. 27-50.

yy MIYAZAKI, M. (1987b): Morphology of aphids. In: Minks, A.K. & 
Harrewijn, P. (Eds.). Aphids. Their biology, natural enemies and 
control (A). Elsevier, Amsterdam, pp. 1-25.

yy NEBREDA, M.; MICHELENA, J. M. and FERERES, A. (2005): 
Seasonal abundance of aphid species on lettuce crops in Central 
Spain and identi�cation of their main parasitoids. Journal of Plant 
Diseases and Protection, 112 (4) 405-415.

yy NIETO, J. M.; DÍAZ, T. E. and MIER, M. P. (1984): Catálogo de los 
pulgones (Homoptera Aphidoidea) de España y de sus plantas 
hospedadoras. Universidad de León, 174 pp.



301

Aphid management

yy NIETO, J. M.; MIER, M. P.; GARCÍA, F. and PÉREZ, N.; Hemiptera, 
Aphididae III. Museo Nacional de Ciencias Naturales, CSIC, Ma-
drid, 364 pp.

yy ORLANDINI, G. and MARTELLUCCI, R. (1997): Melon: biological 
control of aphis gossypii. Colture Protette, 26(6); pp. 33-36.

yy PASCUAL-VILLALOBOS, M. J.; LACASA, A.; GONZÁLEZ, A.; 
VARÓ, P. and GARCÍA, M. J. (2006): Effect of �owering plant 
strips on aphid and syrphid populations in lettuce. European 
Journal of Agronomy, 24; pp. 182-185.

yy PINEDA, A. and MARCOS-GARCÍA, M. A. (2008a): Evaluation of 
several strategies to increase the residence time of Episyrphus 
balteatus (Diptera, Syrphidae) releases in sweet-pepper green-
houses. Annals of Applied Biology, 152; pp. 271-276.

yy PINEDA, A. and MARCOS-GARCÍA, M. A. (2008b): Seasonal 
abundance of aphidophagous hover�ies (Diptera: Syrphidae) 
and their populational levels in- and outside of Mediterranean 
sweet-pepper greenhouses. Annals of the Entomological Society 
of America, 101(2); pp. 384-391.

yy RODITAKIS, E.; COUZIN, I. D.; FRANKS, N. R. and CHARNLEY, 
A. K.; (2008): Effects of Lecanicillium longisporum infection on 
the behaviour of the green peach aphid Myzus persicae. Journal 
of Insect Physiology, 54; pp. 128-136.

yy ROSSMANN, F. and FORTMANN, M. (1989): Investigations on 
the use of the predator Chrysoperla carnea Steph. (Neuroptera, 
Chrysopidae) for the control of aphids in the garden. Mitteilngen 
der Deutschen Gesellschaft fur Allgemeine und Angewandte En-
tomologie, 7(1-3); pp. 295-297.

yy SASTRE-VEGA, M. (2007): In�uencia del manejo de la cubierta 
vegetal en la población de á�dos y su fauna auxiliar asociada 
en cítricos. Trabajo �n de carrera, Ingeniería Agrónoma, Escuela 
Politécnica Superior de Orihuela, Universidad Miguel Hernández.

yy SNYDER, W. E.; BALLARD, S. N.; YANG, S.; CLEVENGER, G. 
M.; MILLER, T. D.; AHN, J. J.; HATTEN, T. D. and BERRYMAN, 
A. A. (2004): Complementary biocontrol of aphids by the ladybird 
beetle Harmonia axyridis and the parasitoid Aphelinus asychis 
on greenhouse roses. Biological Control, 30(2); pp. 229-235.



 302

Organisms for the control of pathogens in protected crops. Cultural practices for sustainable agriculture

yy SOLER, E.; JUAN, N. and TOLEDO, J. (2003): Biological aphid 
control in loquat orchards. Options Méditerranéennes, Série A, 
Séminaires Méditerranéens, 58; pp. 139-141.

yy VAN MUNSTER, M.; JANSSEN, A.; CLÉRIVET, A. and VAN DEN 
HEUVEL, J. (2005): Can plants use an entomopathogenic virus 
as a defense against herbivores? Oecologia, 143(3); pp. 396-401.

yy VÖLKL, W. and STECHMANN, D. H. (1998): Parasitism of the 
black bean aphid (Aphis fabae) by Lysiphlebus fabarum (Hym., 
Aphidiidae): the in�uence of host plant and habitat. Journal of 
Applied Entomology, 122(5); pp. 201-206.

yy WINIARSKA, W. (1998): Parasitic larvae of erythraeid mites asso-
ciated with Aphis fabae colonies. Polskie Pismo Entomologiczne, 
67(1/2); pp. 151-153.

yy WOJCIECHOWICZ-ZYTKO, E. (1999): Predatory insects occur-
ring in Aphis fabae Scop. (Homoptera: Aphididae) colonies on 
broad bean (Vicia faba L.). Sodininkyste ir Darzininkyste, 18(3); 
pp. 276-284.

yy ZARPAS, K. D.; MARGARITOPOULOS, J. T. and TSITSIPIS, J. 
A. (2007): Life histories of generalist predatory species, control 
agents of the cotton aphid Aphis gossypii (Hemiptera: Aphidi-
dae). Entomologia Generalis, 30(1); pp. 85-101.


