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ABSTRACT

Plant-aphid-parasitoid interactions and parasitism rates were assessed in adjacent cultivated and non-
cultivated habitats in an organic vegetable farm in a chaco serrano woodland, Cérdoba, Argentina. Seven
aphid species on eight vegetable species were found in the cultivated habitat. Macrosiphum euphorbiae
was present on all vegetable species. Four parasitoid species were recorded, of which Diaretiella rapae
was the most common. It provided 21.32% of parasitism on Brevicoryne brassicae. In the non-cultivated
habitat, 36 plant species hosted 22 aphid species and five parasitoid species. The aphid Myzus persicae
was present on 17 plant species of eight different families. Macrosiphoniella artemisiae was the most
abundant aphid species, with the associated Aphidius sp. being the most abundant parasitoid. Aphidius
polygonaphis provided 10% of parasitism on Uroleucon aeneus. We report several wild plant species as
important reservoirs of parasitoids, which are potential controllers of many pest aphid species.

KEY WORDS: biological control, ecosystem services, organic vegetable farming, parasitism, plant-aphid-
parasitoid interactions, agro-ecology.

RESUMEN

Se estudiaron las interacciones planta-afido-parasitoide y las tasas de parasitismo en ambientes
cultivados y no cultivados adyacentes, en una granja organica de hortalizas en el chaco serrano de
Cérdoba, Argentina. Siete especies de afidos fueron encontradas en las ocho especies de hortalizas
estudiadas en el ambiente cultivado. Macrosiphum euphorbiae estuvo presente en todas las hortalizas.
Se registraron cuatro especies de parasitoides, siendo Diaretiella rapae la mas frecuente. Produjo
21,32% de parasitismo en Brevicoryne brassicae. En el ambiente no cultivado 36 especies de plantas
hospedaron 22 especies de afidos y cinco especies de parasitoides. El afido Myzus persicae estuvo
presente en 17 especies de plantas de ocho familias diferentes. Macrosiphoniella artemisiae fue el afido
mas abundante, al igual que su parasitoide Aphidius sp. Aphidius polygonaphis produjo 10% de
parasitismo en Uroleucon aeneus. Reportamos numerosas especies de plantas silvestres como
importantes reservorios de parasitoides, los cuales son potenciales controladores de muchas especies
de afidos plaga.
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parasitoide, servicios ambientales, agroecologia.
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Introduction

Presence of insect pests is one of the main
constraints for horticultural production, since they
cause severe losses in yields and quality of the
fruit and vegetables produced. Aphids (Hemiptera:
Aphididae) are one of the most widespread pests
in agroecosystems (WELLINGS et al., 1989). The
incidence of these insects depends on different
factors such as the species involved, the types and
phenological stages of the crop host plants and
other characteristics of the environment (MINEAU
and McLAUGHLIN, 1996). Another key factor is
the presence and abundance of the pests’ natural
enemies (MINEAU and MCcLAUGHLIN, 1996;
LANDIS et al., 2000). These enemies can be used
as natural regulators that can significantly limit
pest populations and therefore their impact
(SCHMIDT et al., 2004; FENG et al., 2007).

Parasitoids (Hymenoptera: Braconidae) are an
important group of aphid natural enemies and can
considerably  reduce aphid colony  size
(MOHAMED et al., 2000; SCHMIDT et al., 2003).
Adult females oviposit single eggs into the bodies
of aphid hosts, which turn into ‘mummies’
composed of the hardened exoskeleton of the
aphid. The parasitoid larvae pupate inside the
mummy and later emerge as nectarivorous adults
(LOPEZ CRISTOBAL, 1946).

The main constraint to effective pest-control
through parasitoids is that parasitoids themselves
may only manifest in large enough numbers to
provide a pest control benefit after the aphid
population has settled (STARY, 1988). This delay
allows aphid population sufficient time to cause
crop damage before parasitoids are able to have
an impact (STARY, 1988). Fortunately almost all
taxonomic groups of aphids, both on cultivated and
native wild plants, are susceptible to parasitoids
(TIZADO and NUNEZ PEREZ, 1991), and most
parasitoids are adapted to use a number of aphid
species as hosts, which are related to those
species classed as pests. These related species
are often found in the crop itself or in non-
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cultivated habitats near crops. They therefore
represent appropriate alternative hosts, which
could favour the survival of parasitoid populations
during critical periods such as after harvests when
pest aphid populations crash (STARY, 1993;
TIZADO MORALES et al., 1992).

Population dynamics and diversity of natural
enemies are strongly influenced by crop structural
attributes and management (e.g. crop rotations,
presence of flowering weeds, genetic diversity)
(ALTIERI and NICHOLLS, 2004; ROSCHEWITZ
et al.,, 2005). When less-modified habitats found
on the edges of crops are preserved, they offer
parasitoids a permanent source of food, shelter
and reproduction sites by fostering a greater
diversity of plants and host insects (VAN EMDEN,
1965; LEWIS, 1969; ALTIERI and NICHOLLS,
2004). These species can be suitable alternative
hosts for natural enemies, capable of colonizing
annual crops and controlling pests, reducing the
probabilities of pest outbreaks (LANDIS et al.,
2000; TSCHARNTKE, 2000; SCHELLHORN and
SILBERBAUER, 2003). For example cabbage and
broccoli suffer less damage by aphids when they
are intercropped with wild brassicaceae (LANDIS
et al. 2000; PONTI et al., 2007).

Studies on interactions between non-cultivated
plants and their associated insect fauna could then
provide guidelines for improving biological control
in vegetable crops. Despite these kinds of crops
being a very important activity in several regions of
Argentina, little is known about plant-aphid-
parasitoid interactions occurring on horticultural
systems. The present study is an attempt to
contribute to knowledge on the use of alternative
host plants of economically important aphids on
common vegetable crops.

The cross-habitat usage by crop aphids and
their parasitoids in adjacent cultivated and non-
cultivated plots in an organic vegetable farm is
explored. Furthermore, aphids’ parasitism rates in
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the two different habitats are assessed. We expect
to find alternative host plants in the non-crop
habitat that might be considered as key reservoirs
for plant-aphid-parasitoid interactions dynamics in
the crop-noncrop interface in the study area.

Materials and Methods

Surveys were carried out in a farm located in El
Manzano, Cérdoba Province, Argentina
(approximately 31205°10,83”S, 64°17°17,40”W).
The climate is temperate, with cold winters, warm
summers and a rainy season from October to
April. Total annual precipitation is approximately
725 mm. Mean temperatures of the coldest (July)
and warmest (January) months are 18 °C and 8
°C respectively (CAPITANELLI, 1979). At 700m
above sea level, the site belongs to the lower level
of the chaco serrano woodland vegetation belt
(Chaquefo Serrano district of LUTI et al., 1979). It
is characterized by an open tree stratum, with
native vegetation that includes short trees, mainly
Prosopis nigra, Celtis ehrenbergiana and Fagara
coco; thorny shrubs such as Acacia caven,
Condalia montana and Lycium cestroides; herbs
and epiphytes. Nevertheless, the crop area at the
study site (i.e. cultivated habitat) (5ha in size) is
surrounded by semi-natural vegetation (i.e. non-
cultivated habitat), most of which is comprised of
an herbaceous stratum with both annual and
perennial herbs, with few trees and shrubs. Within
the crop area there are four plots, each one
containing one or two (depending on the sampling
date) different vegetable crop species. Agricultural
plots are farmed organically, with crop rotations
including a one-year fallow or pasture every five
years.

We performed biweekly surveys between
February and September of 2004. A total of 17
surveys were carried out. Each survey involved the
following:

a) In the cultivated habitat: among the existing

vegetable crops in all four plots 15 mature plants
were randomly selected and sampled. Therefore
the number of sampled plants for each vegetable
crop species would depend on its abundance and
in whether it was present or not in the date of the
survey. The presence and abundance of aphids
and/or parasitoid mummies in each plant was
recorded. Samples were stored in plastic bags for
further processing in the laboratory. The number
of sampled plants for each vegetable crop species
across the study is shown in table 1.

b) In the non-cultivated habitat: a
representative area of the uncultivated habitat
adjacent to each sampled crop was delimited and
the same protocol as above was followed for 15
randomly selected wild plants (which were
collected for subsequent taxonomic identification).
The number of sampled plants for each wild plant
species across the study is shown in table 2.

In the laboratory, aphids were placed in Khan
tubes with 70% ethanol and later identified.
Mummies found in the field were put in Petri
dishes until the emergence of adult parasitoids.
Once emerged, these were placed in Khan tubes
with 70% ethanol and later identified. The
percentages of parasitism for each aphid species
were calculated by dividing the number of
parasitoids that emerged from mummies by the
sum of the number of aphids and emerged
parasitoids.

Results
a. Cultivated habitat
a.1. Aphid-plant interactions

The vegetables species (grouped by family)
sampled in this habitat were: Asteraceae: curled
lettuce (Lactuca sativa L. var. crispa L.), red
lettuce (Lactuca sativa L. var. inybacea (L.)
Janchen) and rocket (Eruca sativa Mill.);
Brassicaceae: radish (Raphanus sativus L.) and
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Table 1. Abundance of aphids recorded in vegetable crops in an organic farm in
Cérdoba, Central Argentina. The number of sampled plants for each vegetable
crop species is shown in the second column.

Cultivated habitat

Aphid species
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Beta vulaaris var, cicla 50 83 & 89
Brassica oleraceae var, capitata 20 530 88 61 B79
Cucumis sativus 35 1345 4 1349
Erica sativa 20 69 13 82
L actuca safiva var. crisog 30 482 42 13 537
Lactuca safiva var. invbacea 15 b9 267 326
Baphanus sativus B0 160 183 343
Vicia faba 25 148 43 191
Tota 4 als

cabbage Brassica oleraceae L. var. capitata L.;
Chenopodiaceae: chard (Beta vulgaris L. var. cicla
L.); Cucurbitaceae: cucumber (Cucumis sativus
L.); Fabaceae: broad bean (Vicia faba L.).

Seven aphid species and four parasitoid
species were found in this habitat (Figure 1).
Macrosiphum euphorbiae (Thomas) and Myzus
persicae (Sulzer) were the most broadly distributed
aphid species (i.e. were present on more plant
species), the former being found on all the studied
vegetable species and the latter on four vegetable
species. Furthermore Aphis gossypii Glover was
the most abundant aphid in this habitat (Table 1).
This aphid species together with Aphis craccivora
Koch, Uroleucon ambrosiae (Thomas) and
Brevicoryne brassicae (L.) each one had a
different vegetable species as its only host plant.
At last, Nasonovia ribisnigri (Mosley) was found on
the two lettuce species sampled in this habitat
(Figure 1).

42

a.2. Aphid-parasitoid interactions

The most broadly distributed parasitoid was
Diaretiella rapae (Mclntoch), which parasitized
three aphid species on five different host plants,
mainly B. brassicae on B. oleraceae var. capitata
(Figure 1).

Aphidius ervi (Haliday) was recorded on the
aphid M. euphorbiae on five vegetable species,
mainly curled lettuce. It also parasitized M.
persicae on three vegetable species and N.
ribisnigri, being curled lettuce the main host plant
(Figure 1). The remaining parasitoid species found
were Aphidius matricariae (Haliday), parasitizing
A. gossypii on cucumber, and Lysiphlebus
testaceipes (Cresson), found on M. euphorbiae on
V. faba (Figure 1).

Five of the seven aphid species found in this
habitat were parasitized. Percentage of parasitism
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Table 2. Abundance of aphids recorded in a non-cultivated habitat adjacent to vegetable crops in
an organic farm in Cérdoba, central Argentina. The number of sampled plants for each plant

species is shown in the second column. Only the plant species that hosted aphids are reported.
Non-cultivated habitat
Aphid species
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Artemisia abrotanum 3 2205 2205
Bacchatris sp. 1 17 16 33
Bidens pilosa 5 67 71 202 340
Brassica nigra 9 5 10 25 108 148
Bromus unioloides 1 46 46
Capsella bursa-pastoris 2 30 31 71 132
Carduus sp 4 167 260 427
Cestrum parqui 2 89 89
Chaptalia sp. 2 90 90
Chenopodium sp. 1 21 21
Cologania ovalifolia 2 70 70
Commelina erecta 1 37 37
Connium maculatum 1 39 39
Conyza bonariensis 1 400 400
Diplotaxis tenuifolia 1 50 50
Eupatorium viscidum 1 7 8 15
Galinsoga parviflora 1 5 5
Gaura parviflora 1 30 30
Hirschfeldia incana 1 130 130
Leonurus sibiricus 6 135 162 297
Lycium cestroides 1 201 201
gltf)iglrfrsal;:ltljrtglianum 2 9 17 9 85
Malvastrum interruptum 1 19 19
Mentha sp. 4 25 33 22 25 66 171
Modiolastrum gilliesii 1 144 144
Modiolastrum malvifolium 2 5 107 27 139
Oxalis articulata 1 27 27
Pastinaca sativa 2 484 484
Sida rhombifolia 1 47 47
Sisymbrium irio 1 8 8
Solanum argentinum 1 15 15
Solanum claviceps 1 6 6
Sonchus asper 1 118 118
Stellaria media 1 4 4
Urtica dioica 2 7 r n 25
Xanthium cavanilliesi 1 11 10 21
Total 69 672 71 7 25 50 257 135 251 39 33 118 10 2205 88 70 46 1441 66 162 46 260 16 6068
ranged from 21.32% (on B. brassicae) to 0.07% on b. Non-cultivated habitat

A. gossypii (Table 3). A. craccivora and U. b.1. Aphid-plant interactions
ambrosiae had no parasitoids.
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Cultivated habitat

Host plant Aphid species Parasitoid species

Brassica oleraceas var.

capitata } ]
Aphis craccivora

Brassicaceae Efeasates

Aphis gossiny

Raphanus sativis Aphidius ervi

.

Brevicoryne brassicas

Lactuca sativa var. crispa Anhidius malricarie

Asteraceae Macrosiphurm euphorbias

Lactuca sativa var. Diaretiella rapas

inyhacea Myzus persicas

Lysinhlebus festaceipes

Nasonovia ribisnigr

Cucurbitaceae Cucuwimis sativus

Urofeucon ambrosia

Fabaceae Vicia faba

—

Amarantaceae Beta vuigaris var. cicla

Figure 1. Plant-aphid-parasitoid interactions in a vegetable crop surrounded by non-cultivated land
in an organic farm in Cérdoba, central Argentina. Underlined aphid and parasitoid species are
common to both habitats (i.e. cultivated and non-cultivated; see Figure 2).

In this habitat, aphids and/or mummies were three plant species: Pastinaca sativa L.

found on 36 plant species belonging to 14 different
families (Figure 2). Furthermore, 22 aphid species
and five parasitoid species were recorded (Figure
2).

The most broadly distributed aphid was M.
persicae, which was present in 17 plant species of
eight different families (Figure 2). Despite its broad
distribution, most of individuals were hosted by

(Apiaceae), Bidens pilosa L. (Asteraceae) and
Lycium cestroides Schl. (Solanaceae) (Table 2).
Furthermore the most abundant aphid was
Macrosiphoniella artemisiae (Boyer de
Fonscolombe). lts colonies were very dense and
they were distributed in both stems and leaves of
Artemisia abrotanum L., its only host plant (Figure
2 and Table 2).

Table 3. Percentages of parasitism by microhymenopteran
(Hymenoptera: Braconidae) on shared (B. brassicae;
euphorbiae; M. persicae and A. gossypii) and non-shared
(N. ribisnigri; U. aeneus; C. elaeagni; M. artemisiae) aphid
species found in adjacent cultivated and non-cultivated
habitats in an organic farm in Cérdoba, Argentina. Abundance
of aphids is given in parenthesis.

% of parasitoidism

Aphid spesies Cultivated Non-cultivated

habitat habitat

Aphis gossypii 0.07 (1345) 0.0 (672)
Brevicoryne brassicae 21.32 (530) 0.0 (50)
Macrosiphum euphorbiae 6.38 (988) 5.68 (88)
Myzus persicae 4.17(263)  0.42(1441)
Nasonovia ribisnigri 0.32 (309) -
Capitophorus elaeagni - 3.5(257)
Uroleucon aeneus - 10 (260)
Macrosiphoniella artemisiae - 1.22 (2205)
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A. gossypii was found on 13 plant species, individuals (Table 2). B. brassicae also had only one

belonging to 8 different families but Conyza host plant in this habitat, Diplotaxis tenuifolia (L.)

bonariensis (L.) Cronquist. (Asteraceae) stands out DC. (Brassicaceae); whereas M. euphorbiae was

as its main host plant, as it hosted most of the found on four different plant species (Figure 2).

( Artemisia abrotanum
Baccharis sp.

Bidens pilosa

Carduus sp
Chaptalia sp.
Asteraceae
Conyza bonariensis
Eupatorium viscidum
Galinsoga parviflora Apiis gossy i
Sonchus aspser Aphis spirascola
Xantium cavanillies Aulacorthum solani
> Brassica nigra Brachycaudus helichiyst
Capsella bursa-pastors Brevicoryne brassicae
Brassicaceae Dipiotaxis tenuifolia Capifophorus elaeagni

Hirschfeldia incana Capitophorus hinpophass

Sigymbriim o Capitophorus sp.

Malvastrum coramandelianim Cavarislia aegopodii Anhidins ervi
Malvasitrum interruptum Eucarazia elegans Anhidius polygonanhis
Malvaceas Maodiolastrum qilliesii Hiperomyzus cardueliinus Anhidius sp.

Modiofastrum malvifolivm Diaretielia ranae

Linaphis ervsimi

Sida rhraombifolia Lysinhlebus festaceipes

Macrosinhoniella artemisiae

Cestrum parqui Macrosinhum suphaorbias
Lycium castrofdes Microparsus vignaphiius
Solanaceae .
Sofanum argantinum Myzus ornatus
Sofanum clavicens Myzus persicas
\
_ Connium maciulatun Ovafus cratasgarius
Apiaceas
Fastinaca saliva Pleofricophorus sp.
—
Leonurys sibiricus Sinha maytdis
Lamiaceas
Mentha sp. Uroleucon aaneus
-
Poaceae Bromus unioloides Urofaucorn fucumani
—
Chenopodiaceae Chenopodium sp.
—
Fabaceae Cofogania ovalifolia
S
Commelinaceas Carmmeling erecta
-~ »
Onagraceae Gaura parvitiora
— :; .
Oxalidaceae Oxalis articuiata
- 3 7
Caryaphillaceas Stellaria media
—

Urticaceae

Urtica dioica

—

Figure 2. Plant-aphid-parasitoid interactions in a non-cultivated habitat adjacent to a vegetable crop in an organic farm in Cérdoba, Central
Argentina. Underlined aphid and parasitoid species are common to both habitats (i.e. cultivated and non-cultivated; see Figure 1).
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b.2. Aphid-parasitoid interactions

Only five out of the 22 aphid species found in
this habitat were parasitized. The highest
percentage of parasitism was that of A.
polygonaphis on Uroleucon aeneus Hille Ris
Lambers (10 %) (Table 3). The aphids found on
Chaptalia sp. were parasitized by three different
species of parasitoids (A. ervi, L. testaceipes, and
D. rapae). Furthermore aphids found on B. pilosa
and A. abrotanum were parasitized by Aphidius
sp., the most abundant parasitoid in this habitat;
whereas the aphids found on Carduus sp. were
parasitized by Aphidius polygonaphis Fitch (Figure
2).

The other plant species that hosted parasitized
aphids were Capsella bursa-pastoris (L.) Medikus,
B.nigra (Brassicaceae) and Chenopodium sp.
(Chenopodiaceae). In both brassicaceae the
parasitoid found was D. rapae, parasitizing M.
euphorbiae and M. persicae on C. bursa-pastoris,
and M. persicae and M. euphorbiae on B. nigra
(Figure 2). On Chenopodium sp. the parasitoid
was A. ervii which was found parasitizing M.
euphorbiae.

Aphidius sp. was the most abundant parasitoid.
Most of individuals were parasitizing the aphid M.
artemisiae on A. abrofanum. At last A.
polygonaphis was found parasitizing the aphid U.
aeneus on Carduus sp.

c. Comparison between habitats

Both habitats shared only four of the 25 aphid
species found across both habitats. These were A.
gossypii, M. euphorbiae, M. persicae and B.
brassicae. Percentages of parasitism were higher
in the cultivated plots in the four species (Table 3).
The most noticeable difference concerned B.
brassicae, the aphid with the greatest parasitism in
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cultivated plots (21.32%) and no parasitism in non-
cultivated plots. M. persicae also showed
considerable difference between habitats (4.17%
and 0.42% in the cultivated and non-cultivated
plots respectively). On the other hand, M.
euphorbiae had similar values in both habitats
(6.38% and 5.68%) and A. gossypii had very low
parasitism in both habitats (0.07% and 0%) (Table
3).

Phenologies of plant species that hosted
parasitoids in the non-cultivated habitat are shown
in figure 3 (following MARZOCCA, 1979). It is
important to mention that phenology of these
species may vary quite significantly depending on
precipitation and location of individuals.

Discussion

All four aphid species shared between habitats
(out of a total of 25) are known to be capable of
colonizing a broad range of alternative hosts,
including economically important cultivated plants,
which are rarely related to their primary host
(DIXON, 1987; BLACKMAN and EASTOP, 2000).
The preference of aphids for colonizing different
plant species in both studied habitats is supported
by research elsewhere (STARY and DELFINO,
1986; STARY, 1993; BLACKMAN and EASTOP,
2000).

Despite the broad host use of M. persicae in
the non-cultivated habitat, it was parasitized by D.
rapae only, and then only when its colonies were
located on brassicaceae. This is despite this aphid
being susceptible to parasitism by several
parasitoid species on different host plants (STARY
and DELFINO, 1986; STARY, 1993). As reported
by Vinson (1976), it is often the case that the
plants in which aphid colonies are established play
an important role in determining if those aphids will
be parasitized or not. In the current study D. rapae
was responsible for a notably high level of aphid
parasitism on cabbage. This is consistent with the
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Figure 3. Phenology of plant species that hosted aphid parasitoids in a non-cultivated
habitat adjacent to vegetable crops in an organic farm in Cordoba, Argentina

(following Marzocea, 1979) (see text for details).

fact that this parasitoid preys mainly on M.
persicae and B. brassicae (HORN, 1989; STARY
and CERMELI, 1989), which were two of the three
aphid species found on cabbages in this study.
The greater parasitism of shared aphid species
in the cultivated habitat may be due to the
influence of adjacent non-cultivated area. Several
authors suggest that dynamics of insect
populations and the structure of communities
within cultivated areas are greatly influenced by
the nearby non-cultivated areas. This is reportedly
due to factors such as food availability (water,
pollen and prey), microclimatic conditions, habitat
resources (reproduction sites, shelter), inter-
specific competition and presence of other
organisms such as hiperparasitoids and predators
(TSCHARNTKE, 2000; ALTIERI and NICHOLLS,
2004; ROSCHEWITZ et al., 2005). According to
Hawkins and Lawton (1987) parasitoids respond
strongly to these factors. Furthermore these
factors result in more architecturally complex plant
communities, which have more insect species
living on them (HAWKINS and LAWTON, 1987;
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BROWN, 1991).

Percentage of parasitism can also be directly
related to the abundance of host aphids (THIES et
al., 2005). Therefore the absence of parasitoids in
most of aphid species in the non-cultivated habitat
can be explained by very low aphid abundance on
certain host plants, whereas heavily parasitized
aphids were found in colonies with high number of
individuals, both in the cultivated and non-
cultivated habitats (Table 2 and 3).

Interestingly, a few host plants in the non-
cultivated habitat hosted parasitized aphids that do
not cause damage to crops (BLACKMAN and
EASTOP, 2000), which make these plants highly
suitable for biological control. This was the case of
Chaptalia sp., Carduus sp. and A. abrotanum
(hosting the parasitized aphids C. elaeagni, U.
aeneus and M. artemisiae  respectively).
Therefore, these plants could act as reservoirs of
L. testaceipes, A. ervi, D. rapae, A. polygonaphis
and Aphidius sp. These parasitoids are all
potential controllers of many aphid species.

Moreover, the brassicaceae C. bursa-pastoris
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and B. nigra should be considered as important
alternative host plants. Despite aphids found upon
them were also found in the cultivated habitat, their
presence could insure a stable and permanent
population of D. rapae (e.g. PONTI et al., 2007),
mentioned by Zhang and Hassan (2003) as a key
parasitoid for reducing high population of B.
brassicae on cabbage.

Most of the year plant species mentioned as
alternative host of aphids and parasitoids in the
non-cutlivated habitat co-exist with crop species
(Figure 3). This, together with the flexible
phenology of most of the crop species (i.e. they
can be grown almost year round) should allow
non-cultivated plant species to be effectively used
as alternative host for aphids and their parasitoids.
As we accumulate knowledge regarding alternative
hosts of parasitoids of pest aphids, we will be
better able to incorporate agroecological strategies
to optimize natural pest-control, including in
conventional crop production systems.

Acknowledgements

We thank Andrea Cocucci, Alicia Sérsic,
Lucrecia Diaz, Santiago Benitez and Marcelo
Cabido for identification of plants, and Petr Stary
for identification of parasitoids. We also thank the
Gomez family for permission to carry out this study
on their farm. We are very grateful to Fabien
Quétier, Diego Gurvich, Julio Di Rienzo and Melisa
Giorgis for their helpful comments and suggestions
on an early version of the manuscript.

References

ALTIERI, M.A.; NICHOLLS, C.I. Biodiversity and
pest management in agroecosystems. New
York: Haworth Press, 2004. 236 p.

BLACKMAN, R.L.; EASTOP, V.F. Aphids on the
World’s Crops: An Identification Guide.
Coventry: John Wiley and Sons, 2000. 475 p.

BROWN, V.K. The effects of changes in habitat
structure during succession in terrestrial
communities. In: BELL, S.; McCOY, E.D;

48

Jaureguiberry, Buffa & Delfino

MUSHINSKY, H. Habitat structure: the
physical arrangement of objects in space.
London: Chapman and Hall, 1991. p 141-168.

CAPITANELLI, R.G. Clima. In: VAZQUEZ, J.B.;
MIATELLO, R.A.; ROQUE, M.E. Geografia
Fisica de la Provincia de Cdrdoba. Buenos
Aires: Boldt, 1979. p. 45-138.

DIXON, A.F.G. The Way of Life of Aphids: Host
Specificity, Speciation and Distribution. In:
MINKS, A. K.; HARREWIJN, P. Aphids. Their
Biology, Natural Enemies and Control.
Amsterdam: Elsevier, 1987. Vol. A, p. 197-207.

FENG, M.G.; CHEN, C.; SHANG, S.W.; YING,
S.H.; SHEN, Z.C.; CHEN, X.X. Aphid dispersal
flight disseminates fungal pathogens and
parasitoids as natural control agents of aphids.
Ecological Entomology, London, v. 32, p. 97-
104, 2007.

HAWKINS, B.A.; LAWTON, J.H. Species richness
for parasitoids of British phytophagous insects.
Nature, London, v. 326, p. 788-790, 1987.

HORN, D.J. Secondary Parasitism and Population
Dynamics of Aphid Parasitoids (Hymenoptera:
Aphidiidae). Journal of the Kansas
Entomological Society, Kansas City, v. 62 (2),
p. 203-210, 1989.

LANDIS, D.A.; WRATTEN, S.D.; GURR, G.A.
Habitat management to conserve natural
enemies of arthropod pests in agriculture.
Annual Review of Entomology, Palo Alto, v.
45, p. 175-201, 2000.

LEWIS, T. The Diversity of the Insect Fauna in a
Hedgerow and Neighbouring Fields. Journal of
Applied Ecology, London, v. 6 (3), p. 453-458,
1969.

LOPEZ CRISTOBAL, U. El problema del “pulgén
verde” de los cereales en la Argentina. Boletin
Instituto de Sanidad Vegetal, Serie B, Buenos
Aires, v. 2 (4), p. 3-24, 1946.

LUTI, R.; SOLIS, M.; GALERA, F.; FERREIRA, N.;
BERZAL, M.; NORES, M.; HERRERA, M,
BARRERA, J. Vegetacion. In: VAZQUEZ, J. B.;
MIATELLO, R. A.; ROQUE, M. E. Geografia
Fisica de la Provincia de Cérdoba, Buenos
Aires: Boldt, 1979. p. 297-368.

MARZOCCA, A. Manual de malezas. Buenos
Aires : Hemisferio Sur, 1979. 564 p.

MINEAU, P.; McLAUGHLIN, A. Conservation of
biodiversity ~ within ~ canadian  agricultural
landscapes : integrating habitat for wildlife.
Journal of Agricultural and Environmental
Ethics, Amsterdam, v. 9 (2), p. 93-113, 1996.

Rev. Bras. de Agroecologia. 5(2): 39-49 (2010)



Cross-habitat usage by crop aphids

MOHAMED, A.H.; LESTER, P.J.; HOLTZER, T.O.
Abundance and effects of predators and
parasitoids on the russian wheat aphid
(Homoptera: Aphididae) under organic farming
conditions in  Colorado. Environmental
Entomology, Lanham, v. 29 (2), p. 360-368,
2000.

PONTI, L.; ALTIERI, M.A.; GUTIERREZ, A.P.
Effects of crop diversification levels and
fertilization regimes on  abundance  of
Brevicoryne brassicae (L.) and its parasitization
by Diaretiella rapae (M’Intoch) in broccoli.
Agricultural and Forest Entomology, London,
v. 9, p. 209-214, 2007.

ROSCHEWITZ, I.; HUCKER, M.; TSCHARNTKE,
T.; THIES, C. The influence of landscape
context and farming practices on parasitism of
cereal aphids. Agriculture, Ecosystems and
Environment, London, v. 108, p. 218-227,
2005.

SCHELLHORN, N.A.; SILBERBAUER, L.X. The
role of surrounding vegetation and refuges:
Increasing the effectiveness of natural enemies
in cotton and broccoli systems. In: Proceedings
for the 1st International Symposium on the

Biological Control of Arthropods, 2003,
Honolulu, Hawaii, p. 276.
SCHMIDT, M.H.; LAUER, A.; PURTAUF, T.;

THIES, C.; SCHAEFER, M.; TSCHARNTKE, T.
Relative importance of predators and parasitoids
for cereal aphid control. Proceedings of the
Royal Society of London B, London, v. 270, p.
1905-1909, 2003.

SCHMIDT, M.H.;THEWES, U.; THIES, C;
TSCHARNTKE, T. Aphid suppression by natural
enemies in mulched cereals. Entomologia
Experimentalis et Applicata, Amsterdam, v.
113, p. 87-93, 2004.

STARY, P. Aphidiidae. In: MINKS, A. K
HARREWIJN, P. Aphids. Their Biology,
Natural Enemies and Control. Amsterdam:
Elsevier, 1988. Volume B, p. 171-184.

STARY, P. The fate of released parasitoids
(Hymenoptera: Braconidae, Aphidiinae) for
biological control of aphids in Chile. Bulletin of
Entomological Research, Cambridge, v. 83, p.
633-639, 1993.

STARY, P.; DELFINO, M.A. Parasitoids
(Hymenoptera, Aphidiidae) of aphids
(Homoptera, Aphididae) in Tucuman, Argentina.
Bollettino del Laboratorio di Entomologia
Agraria Filippo Silvestri, Napoles, v. 43, p. 41-
50, 1986.

Rev. Bras. de Agroecologia.

STARY, P.; CERMELI, M. Parasitoides
(Hymenoptera: Aphidiidae) de &fidos en plantas
cultivadas de Venezuela. Boletin de
Entomologia Venezolana N. S., Caracas v. 5
(10), p. 77-80, 1989.

THIES, C.; ROSCHEWITZ, I.; TSCHARNTKE, T.
The landscape context of cereal aphid-
parasitoid interactions. Proceedings of the
Royal Society of London B., London, v. 272,
p. 203-210, 2005.

TIZADO, E.J.; NUNEZ PEREZ, E. Aportacion al
conocimiento en Espafa de los parasitoides de
pulgones de la subfamilia  Aphidiinae
(Hymenoptera:  Braconidae). Boletin de
Sanidad Vegetal-Plagas, Madrid, v. 17, p. 545-
554, 1991.

TIZADO MORALES, E.J.; NUNEZ PEREZ, E.;
NIETO NAFRIA, J.M. Reservorios silvestres de
parasitoides de pulgones del género Aphis con
interés agricola en la Provincia de Le6n (Hym.,
Braconidae: Aphidiinae; Hom., Aphididae).
Boletin de Sanidad Vegetal-Plagas, Madrid,
v. 18, p. 309-313, 1992.

TSCHARNTKE, T. Parasitoid Populations in the
Agricultural Landscape. In: HOCHBERG, M.E.;
IVES, A.R. Parasitoid Population Biology.
New Jersey: Princeton University Press, 2000.
p. 235-253.

VAN EMDEN, H.F. The effect of Uncultivated land
on the Distribution of Cabbage Aphid
(Brevicoryne brassicae) on an Adjacent Crop.
Journal of Applied Ecology, London, v. 2 (1),
p. 171-196, 1965.

VINSON, S.B. Host selection by insect parasitoids.
Annual Review of Entomology, Palo Alto, v.
21, p. 109-133, 1976.

WELLINGS, P.W.; WARD, S.A.; DIXON, A.F.G;
RABBINGE, R. Crop Loss Assessment. In:
MINKS, A.K.; HARREWIJN, P. Aphids. Their
Biology, Natural Enemies and Control.
Amsterdam: Elsevier, 1989. Volume C, p. 49-
64.

ZHANG, W.Q.; HASSAN, S.A. Use of the
parasitoid Diaretiella rapae (Mclntoch) to control
de cabbage aphid Brevicoryne brassicae (L.).
Journal of Applied Entomology, London, v.
127, p. 522-526, 2003.

5(2): 39-49 (2010) 49





