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Abstract The aim of this work was to examine, both

in the field and in the laboratory, ecological aspects of

selected plant–aphid–parasitoid interactions to evalu-

ate their potential for the open rearing of the parasitoid

Lysiphlebus testaceipes (Cresson) (Hymenoptera:

Aphidiinae) for the control ofAphis craccivora (Koch)

(Hemiptera: Aphididae) in alfalfa agroecosystems. To

this end quantitative samplings of parasitoids and

aphids were made fortnightly in three alfalfa crop

fields and their spontaneously vegetated edges, in

Rafaela (Santa Fe, Argentina), during three years

(2009–2011). Three sink webs based on L. testaceipes,

on a per-year basis, were constructed to assess the

strength of the interactions established by aphids and

parasitoids, the host ranges of alternative aphid

species, and the tendencies in parasitoid host use

across years. In the laboratory, emergence rates,

parasitism rates, larval and pupal development times,

and adult lifespan of L. testaceipes were analyzed by

means of choice tests, including the alternative and the

target aphid species in the assays. About 84 % of

adults of L. testaceipes obtained in the samples came

from Aphis nerii (Boyer de Fonscolombe), an innocu-

ous aphid species only associated with plants of the

genus Araujia Brotero (Apocynaceae). Based on our

results, the system proposed has many features that

support its feasibility to be used as an open rearing

system of L. testaceipes: unrisky alternative aphid,

easy reproduction of the banker plant and similar

suitability of innocuous and pest aphid species for the

parasitoid to oviposit and complete their development

without noticeably preference for specific hosts.

Keywords Conservation biological control � Aphis
nerii � Araujia sp. � Non-crop plants � Alfalfa �
Agroecosystems

Introduction

Alfalfa (Medicago sativa L.) constitutes one of the

most relevant forage resources for cattle. Argentina is

the second largest producer of alfalfa in the world,

with more than six million sown hectares, mostly

concentrated in the Pampas Region (Basigalup and

Ustarroz 2007). Aphis craccivora (Koch) (Hemiptera:

Aphididae) is considered a major aphid pest on this

economically important crop (Delfino 1990), being

early plant death the most damaging effect (Ufuya
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1997; Blackman and Eastop 2007; Radha 2013). For

the control of aphids in alfalfa, systemic insecticides

are applied widely and preventively, causing resis-

tance in pest species and negatively affecting their

natural enemies (Pons et al. 2011; Valenzuela and

Hoffmann 2015). To change this situation, studies

focusing on the factors promoting the efficiency of

natural enemies should be a priority. The most widely

used biological agents to control aphids are the

relatively specialized parasitoid species of the sub-

family Aphidiinae (Hymenoptera: Braconidae) (Lo-

haus et al. 2012). Lysiphlebus testaceipes (Cresson) is

a Nearctic aphidiine, introduced in Argentina in 1984

for the suppression of Schizaphis graminum (Rondani)

(Botto et al. 1991). This parasitoid species is

extremely polyphagous, although preferences for

particular hosts have been mentioned (Pike et al.

2000; Starý et al. 2004). L. testaceipes is able to

colonize new pest species (exotic and native) even in

conditions of low aphid density, has great capacity for

dispersal and is able to change to different hosts in

different seasons (Starý 1995; Pike et al. 2000; Starý

et al. 2004, 2007). All these features suggest that this

parasitoid species might be considered a promising

control agent to be used in strategies of conservation

biological control of aphids in leguminous crops

(Zehnder et al. 2007). The open-rearing system (ORS)

is a method of biological pest control which consists of

promoting the occurrence of a plant in the field (also

called ‘‘banker plant’’, after Stacey 1977, see Goolsby

and Ciomperlik 1999) that harbors a non-pest herbi-

vore which, in turn, serves as an alternative host for a

natural enemy of the target pest (Huang et al. 2011).

This method has been experimentally demonstrated

against several pest species, aphids being the most

frequent targets and parasitoids the most commonly

reared natural enemies (van Driesche et al. 2008;

Frank 2010; Skinner et al. 2011). Based on previously

observed species interactions in the Pampas Region,

the system involving the innocuous aphid Aphis nerii

(Boyer de Fonscolombe) and its host plants in the

genus Araujia Brotero (Apocynaceae) has been sug-

gested as a potential ORS of the parasitoid L.

testaceipes for the control of A. craccivora in alfalfa

(Zumoffen, unpublished data). The aim of this study

was to describe and analyze the interactions between

L. testaceipes and its host aphids and plants, and to

examine patterns of host use by L. testaceipes in the

field, through three crop seasons. Additionally,

parasitism selectivity by the parasitoid on A. nerii

and A. craccivora and suitability of the aphids to the

parasitoid were tested in the laboratory.

Materials and methods

Field studies

The study was carried out from April 2009 to December

2011, in three alfalfa crop fields and their edges (4–6 m-

wide strips with spontaneous vegetation next to the crop),

all of them located in Rafaela, Santa Fe, Argentina

(Instituto Nacional de Tecnologı́a Agropecuaria: INTA-

Rafaela Experimental Station, 31�110 S, 61�290 W).

Hereafter, the term ‘‘agroecosystem’’ refers to the

landscape comprising both the cultivated plants and the

non-crop plants at the edges.No insecticideswere applied

onalfalfa plots during the samplingperiod, and traditional

management practices were used: grazing on flowering

buds, or cutting for hay or silage when 10–20 % of

flowering was reached (Undersander et al. 2011).

Fortnightly, all plants, aphids and parasitized

aphids (‘‘mummies’’) were counted by direct visual

observation along seven transects (50 cm) in both

cultivated plants and edges. Samples of observed

aphid species were placed in plastic vials (*3 cm)

containing 70 % ethanol, labeled and transported to

the laboratory. Mummified aphids were individually

placed in plastic vials with a cotton-top (2 ml) and

reared in the laboratory until parasitoid emergence, to

identify the primary parasitoid species. Adult insects

were preserved in 95 % ethanol. The abundance of

aphids was estimated as the number of adults and

nymphs observed in the plants, whereas parasitoid

abundance was estimated as the number of mummies

(Starý 1973). Plants and insects were identified to

species level, and voucher specimens were deposited

at the collections of INTA-Rafaela, School of Agri-

cultural Sciences of the Universidad Nacional del

Litoral (Santa Fe, Argentina), and Washington State

University (Washington, USA).

To understand the interactions between L. testa-

ceipes, its aphid and plant hosts, we constructed

quantitative sink food webs, including data from the

three alfalfa agroecosystems, on an annual basis.

Interactions between the three trophic levels were

shown as wedges whose relative basal width indicates

the relative number of individuals developing on each
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host (Valladares and Salvo 1999; van Veen et al.

2008). Quantitative sink food web graphs were

constructed by using a function developed and

provided by Hirao and Murakami (2007) in the R

program (http://www.R-project.org).

Rates of parasitism (measured as percentage) of A.

craccivora (in alfalfa) and A. nerii (in Araujia plants)

by L. testaceipes were calculated from data obtained

on each sampling date and agroecosystem as: (number

of mummies/total number of sampled aphids) 9 100

(Chen and Hopper 1997; Rodrigues and Bueno 2001).

We analyzed rates of parasitism because patterns of

host use in the field may reflect insect preferences

(Auerbach and Alberts 1992).

Parasitism data were analyzed through a mixed

linear model (LMM) using the ‘‘nlme’’ package in the

R program, with percentage of parasitism as the

response variable, aphid species (two levels) and year

of sampling (three levels) as fixed factors, and

agroecosystem as random factor. Normal errors dis-

tributions and homogeneity of variance were tested

with Shapiro–Wilks and Levene tests, respectively.

After checking various models, LMM analysis was

preferred over GLMM (binomial and quasibinomial

families) since it provided the best fit.

Laboratory studies

This part of the research was carried out under

laboratory controlled conditions (25 ± 1 �C,
70 ± 10 % RH, and 12-h photophase). A. craccivora

and A. nerii adults were obtained from colonies

established in the laboratory, using M. sativa and

Araujia odorata (Hook. et Arn) plants, respectively,

whereas the parasitoid L. testaceipes was obtained

from mummies reared on a different system: S.

graminum (Rond.) on plants of Triticum aestivum

(Poaceae), to avoid possible bias in host selection.

Adults less than 24 h old after emergence were used

for the assays. To ensure copulation, mating couples

were kept in test tubes for 24 h. Data on the maximum

number of eggs laid per day per mated female were

assessed in preliminary experiments (Zumoffen,

unpublished data).

The choice tests consisted of simultaneously offer-

ing to parasitoids in the same cage two species of aphis

(A. craccivora and A. nerii) and was replicated six

times. The following variables were measured:

– Parasitism (%).

– Successful emergence (%) (calculated as the

number of L. testaceipes adults emerged/total

number of obtained mummies 9 100) (Hawkins

1993).

– Developmental time (d), determined for larval

(number of days from oviposition to mummy

formation) and pupal (number of days from

mummy formation to adult emergence) stages.

– Lifespan (d) of unfed adults (number of days from

adult emergence to death).

For choice tests, two colonies of aphids (120

insects, 40 nymphs at two, three and four instars per

colony) of A. craccivora and A. nerii were transferred

to potted plants of alfalfa and A. odorata, respectively

to acclimate for 4 h. After that, five mating couples of

L. testaceipes were released on each cage (N = 6).

Parasitoids remained in contact with the aphids for

24 h and were then removed from the cages with an

aspirator. A honey solution (15 % honey diluted with

water) was provided in the cages to feed L. testaceipes

adults (Rodrigues and Bueno 2001; Perdikis et al.

2004). The treatments were inspected three times per

day, for 15 days, to detect parasitized aphids through

the observation of enlargement, color change and

decreasing mobility. This period is enough to detect

mummy formation (Perdikis et al. 2004). Mummified

aphids were kept separately in plastic tubes (0.5 ml)

with cotton top until adult emergence and then sexed

under a stereoscopic microscope (940). The data were

analyzed by paired t-tests. The level of significance

was set at P\ 0.05.

Results

Field studies

Lysiphlebus testaceipes (N = 16,674 reared individ-

uals) represented 55 % of the total parasitoids

obtained in field samplings and participated in 94 %

of the tri-trophic interactions recorded (Table 1).

About 26 % of the total L. testaceipes was obtained

from crop plants and 74 % from non-crop plants at the

edges, A. nerii being the main source of parasitoids of

this species (39 %). Three annual sink food webs with

top level represented by L. testaceipes were con-

structed (Fig. 1a–c). L. testaceipes parasitized 10, 13

Laboratory and field studies of an ORS of L. Testaceipes
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Table 1 Occurrence of plant–aphid–parasitoid interactions (indicated with ‘‘X’’) registered in agroecosystems of Rafaela (Santa Fe,

Argentina) in the period 2009–2011

Aphid species Plant

species

Parasitoid species

Aphidius

colemani

(Vierck)

Aphidius

ervi

(Haliday)

Aphidius

matricariae

(Haliday)

Aphidius

picipes

(Nees)

Aphidius

rhopalosiphi

(Destefani)

Aphidius

uzbekistanicus

(Luzhetzki)

Acyrthosiphon kondoi

(Shinji)

M. sativa X

Trifolium repens (L.) X

Acyrthosiphon pisum

(Harris)

M. sativa X

T. repens X X

Aphis craccivora (Koch) Capsella bursa-pastoris (L.) X X

Cichorium intybus (L.) X X

M. sativa X X

Sida sp. (L.) X

T. repens

Aphis fabae (Scopoli) Sida sp. X

Aphis gossypii (Glover) M. sativa X X

Ammi majus (L.)

Anthemis cotula (L.)

Araujia angustifolia (Hook. et

Arn.)

X

C. bursa-pastoris X X

Chenopodium album (L.) X

Conium maculatum (L.)

Dicliptera tweediana (Nees) X

Erodium malacoides (L.) X

Lamiun amplexicaule (L.) X

Leonurus sibiricus (L.) X

Matricaria chamomilla (L.)

Muehlenbeckia sagittifolia

(Ortega) (Meisn)

Sphaeralcea bonariensis

Griseb

Taraxacum officinale (Web)

Verbena bonariensis (L.) X

Verbena sp. (L.)

A. nerii A. angustifolia

Araujia brachystephana

Griseb

X

Araujia odorata (Hook. et

Arn.)

Aphis spiraecola (Patch) Bidens sp. (L.) X

Sida sp.

S. bonariensis

Brevicoryne brassicae (L.) Brassica sp. (L.) X X X

Capitophorus carduinus

(Walker)

Capsella bursa-pastoris X X

Fumaria officinalis

Lamium amplexicaule

Cryptomyzus korschelti

Börner

Capsella bursa-pastoris

Dysaphis apiifolia

(Theobald)

Foeniculum vulgare (Miller)

Hyadaphis foeniculi

(Passerini)

F. vulgare
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Table 1 continued

Aphid species Plant

species

Parasitoid species

Aphidius

colemani

(Vierck)

Aphidius

ervi

(Haliday)

Aphidius

matricariae

(Haliday)

Aphidius

picipes

(Nees)

Aphidius

rhopalosiphi

(Destefani)

Aphidius

uzbekistanicus

(Luzhetzki)

Hyperomyzus carduellinus

(Theobald)

Sonchus oleraceus (L.)

Lipaphis erysimi

(Kaltenbach)

C. bursa-pastoris X X X X

L. sibiricus X

Rapistrum rugosum (L.)

Salpichroa origanifolia (Lam.) X X

Veronica persica Poiret X

Lipaphis pseudobrassicae

(Davis)

Brassica sp. X X

Macrosiphum euphorbiae

(Thomas)

C. bursa-pastoris X X

Myzus persicae (Sulzer) M. sativa X X X

C. bursa-pastoris X X X X

M. sagittifolia X X X X

R. rugosum X X X

Myzus sp. (Passerini) C. bursa-pastoris

Rhopalosiphum maidis

(Fitch)

S. origanifolia X

Sorghum halepense (L.)

Rhopalosiphum padi (L.) C. bursa-pastoris

L. amplexicaule

L. sibiricus

V. bonariensis

Rhopalosiphum

rufiabdominale (Sasaki)

L. amplexicaule X

Schizaphis graminum

(Rondani)

S. halepense X X X X

Uroleucon sonchi. (L.) C. intybus

S. oleraceus

Uroleucon sp. Mordvilko Carduus acanthoides (L.)

Cirsium vulgare (Savi Ten.)

Aphid species Plant species Parasitoid species

Diaeretiella

rapae

(M’Intosh)

Ephedrus

plagiator

(Nees)

Lysiphlebus

testaceipes

(Cresson)

Praon

gallicum

(Stary)

Praon

volucre

(Haliday)

Binodoxys

brevicornis

(Haliday)

Acyrthosiphon kondoi (Shinji) M. sativa X X

Trifolium repens (L.) X

Acyrthosiphon pisum (Harris) M. sativa X X X X

T. repens X

Aphis craccivora (Koch) Capsella bursa-pastoris (L.) X X

Cichorium intybus (L.) X

M. sativa X X

Sida sp. (L.) X

T. repens X

Aphis fabae (Scopoli) Sida sp. X
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Table 1 continued

Aphid species Plant species Parasitoid species

Diaeretiella

rapae

(M’Intosh)

Ephedrus

plagiator

(Nees)

Lysiphlebus

testaceipes

(Cresson)

Praon

gallicum

(Stary)

Praon

volucre

(Haliday)

Binodoxys

brevicornis

(Haliday)

Aphis gossypii (Glover) M. sativa X

Ammi majus (L.) X

Anthemis cotula (L.) X

Araujia angustifolia (Hook. et

Arn.)

X

C. bursa-pastoris X

Chenopodium album (L.) X

Conium maculatum (L.) X

Dicliptera tweediana (Nees) X

Erodium malacoides (L.) X

Lamiun amplexicaule (L.) X

Leonurus sibiricus (L.) X

Matricaria chamomilla (L.) X

Muehlenbeckia sagittifolia

(Ortega) (Meisn)

X

Sphaeralcea bonariensis Griseb X

Taraxacum officinale (Web) X

Verbena bonariensis (L.) X

Verbena sp. (L.) X

A. nerii A. angustifolia X

Araujia brachystephana Griseb X

Araujia odorata (Hook. et Arn.) X

Aphis spiraecola (Patch) Bidens sp. (L.) X

Sida sp. X

S. bonariensis X

Brevicoryne brassicae (L.) Brassica sp. (L.) X X

Capitophorus carduinus

(Walker)

Capsella bursa-pastoris X

Fumaria officinalis X

Lamium amplexicaule X

Cryptomyzus korschelti

Börner

Capsella bursa-pastoris X X

Dysaphis apiifolia

(Theobald)

Foeniculum vulgare (Miller) X

Hyadaphis foeniculi

(Passerini)

F. vulgare X X X

Hyperomyzus carduellinus

(Theobald)

Sonchus oleraceus (L.) X

Lipaphis erysimi

(Kaltenbach)

C. bursa-pastoris X X

L. sibiricus

Rapistrum rugosum (L.) X

Salpichroa origanifolia (Lam.)

Veronica persica Poiret

Lipaphis pseudobrassicae

(Davis)

Brassica sp. X

Macrosiphum euphorbiae

(Thomas)

C. bursa-pastoris X X X X
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and eight aphid hosts in 2009, 2010 and 2011,

respectively. The interaction strengths between the

parasitoid species and each of the two aphid species

(A. craccivora and A. nerii) were similar during the

three years (Fig. 1a–c). A. nerii attacked only three

plant species at the edges: Araujia brachystephana

Griseb, A. odorata (Hook. et Arn.) and A. angustifolia

(Apocynaceae). The latter insect–plant interaction was

recorded in two out of the three study years, and had a

relatively low strength (less than 250 aphids), prob-

ably due to the small number of plants of A.

angustifolia occurring at the edges. Neither A. crac-

civora nor other aphid species were found in associ-

ation with these plant species.

Lysiphlebus testaceipes caused a similar level of

parasitism (F = 2.87, df = 1, 10, P = 0.12) on the

two species of interest: A. craccivora and A. nerii.

No effect of the sampling year (F = 3.49, df = 2,

10, P = 0.07) or interaction between species and

year was observed (F = 1.46, df = 2, 10, P = 0.28)

(Fig. 2).

Laboratory assays

In choice tests, rates of emergence (t = 0.07, df = 5,

P = 0.95) and parasitism (t = -1.42, df = 5,

P = 0.22) of L. testaceipes did not vary between

aphid species (Fig. 3). Pupae development time

(t = 1.45, df = 5, P = 0.21) showed no differences

between aphid species. However developmental time

of parasitoid larvae reared on A. nerii was shorter

(t = -7.99, df = 5, P\ 0.001) and the lifespan of

unfed adults was higher when L. testaceipes emerged

from A. nerii (t = -2.72, df = 5, P = 0.04) (Fig. 4).

Discussion

To our knowledge, our results are the first to demon-

strate the important contribution of non-crop plant

edges to the abundance of L. testaceipes in alfalfa

agroecosystems in the Pampas Region (Santa Fe,

Argentina). The high number of L. testaceipes

Table 1 continued

Aphid species Plant species Parasitoid species

Diaeretiella

rapae

(M’Intosh)

Ephedrus

plagiator

(Nees)

Lysiphlebus

testaceipes

(Cresson)

Praon

gallicum

(Stary)

Praon

volucre

(Haliday)

Binodoxys

brevicornis

(Haliday)

Myzus persicae (Sulzer) M. sativa X

C. bursa-pastoris X

M. sagittifolia X

R. rugosum X

Myzus sp. (Passerini) C. bursa-pastoris X

Rhopalosiphum maidis (Fitch) S. origanifolia X X

Sorghum halepense (L.) X

Rhopalosiphum padi (L.) C. bursa-pastoris X

L. amplexicaule X

L. sibiricus X

V. bonariensis X X

Rhopalosiphum rufiabdominale

(Sasaki)

L. amplexicaule X

Schizaphis graminum (Rondani) S. halepense X X

Uroleucon sonchi. (L.) C. intybus X

S. oleraceus X

Uroleucon sp. Mordvilko Carduus acanthoides (L.) X X X

Cirsium vulgare (Savi

Ten.)

X X X

The italicised column highlights interactions involving L. testaceipes
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emerging from the A. nerii–Araujia sp. interaction

(23–54 %) observed in this study could explain the

significantly higher parasitism rates in alfalfa fields

surrounded by a relatively greater proportion of edges,

previously reported in the same study area (Zumoffen

et al. 2012). Our results support the idea that retaining

the native vegetation in these and other cropped

landscapes should be considered as a way to provide

ecosystem services such as pest control (Chaplin-

Kramer et al. 2011; Hopkinson et al. 2013; Macfadyen

and Muller 2013; Derocles et al. 2014). Our results

showed that L. testaceipes caused 30–50 % of the

parasitism in A. craccivora in alfalfa crop fields. These

percentages are higher than the average parasitism

reported for several species of aphids (30 %) (Porter

and Hawkins 1998; Stadler et al. 1998). It is probable

that such high parasitism rates have maintained aphid

populations below economic thresholds without the

application of insecticides in the studied fields.

Quantitative sink food webs based on L. testaceipes

here studied here revealed interesting points to be

considered before the implementation of a ORS

proposed to reduce populations of A. craccivora in

alfalfa crop fields. In the first place, and in concor-

dance with previous evidence (Martel and Malcolm

2004), we found that the aphid A. nerii was only

associated with Apocynaceae plants (A. brachys-

tephana, A. odorata and A. angustifolia), which would

discard any potential risk associated with the increase

in a harmful aphid population in the environment.

These plants are perennial milkweed vines commonly

associated with the edges of alfalfa fields, have never

been considered invasive or weedy (Wiemer et al.

2012), and can be easily cloned and/or vegetatively

reproduced (Zumoffen, unpublished data). The latter

is a desirable requirement for the implementation of a

banker plant system (Huang et al. 2011). In the second

place, our data revealed that several aphid species

served as hosts for L. testaceipes (in both crop plants

and spontaneous vegetation). This finding is promis-

ing taking into account that polyphagous parasitoids

might have the potential to impact on different pest

a

*2*1

L. testaceipes

A. craccivoraA. nerii

Alfalfa

b

*2*1

L. testaceipes

A. 
craccivora

A. nerii

Alfalfa

c

*2*1   *3 

L. testaceipes

A. craccivoraA. nerii

Alfalfa

*4

Fig. 1 Quantitative sink food webs depicted with data obtained

in 2009 (a), 2010 (b) and 2011 (c), displaying interactions

among L. testaceipes (top level), aphid (middle level) and plant

(bottom level) species in alfalfa agroecosystems from Rafaela,

Argentina. Each species is represented by a rectangle, the size of

which is proportional to the species abundance in the study site.

The width of the wedges linking species from different trophic

levels indicates interactions strength. *1, Araujia brachys-

tephana; *2, A. odorata; *3, A. angustifolia, *4, empty rectangle

(up right) represents 250 L. testaceipes, 1650 aphids and two

plants for each transect (50 cm) per year. Data gathered in three

agroecosystems were summed up for web construction (see

‘‘Materials and methods’’ section)
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species simultaneously (Lambert et al. 2005; Frank

2010; Huang et al. 2011) and that generalist para-

sitoids may be much more efficient in achieving pest

suppression than specialist ones, given their ability to

be resilient to environmental changes (Zepeda-Paulo

et al. 2013). However, despite the mentioned advan-

tages, when a polyphagous parasitoid is proposed as

part of an ORS, studies discovering preferences for

hosts are strongly needed (Starý 1993). Differences in

host plant nutritional availability as well as suitability

of the different host species may derive in variable

patterns of parasitism and preference across time

(Chow and Mackauer 1991; Aqueel et al. 2014), thus

the importance of taking into account the temporal

variability in studies of preference (Hopkinson et al.

2013). Parasitism rates were observed in this study as

indicators of host use and thus, as preferences for hosts

displayed by the parasitoid (Auerbach and Alberts

1992). Our field data showed that parasitism by L.

testaceipes for A. craccivora in alfalfa was similar to

that for A. nerii in Araujia plants at the edges,

regardless of the sampling year. The relative con-

stancy of the strength of interactions across the three

years of the study suggests that the parasitoid does not

display preference for any of these host species.

Discarding strong preferences for hosts, it is possible

to predict that parasitoids would move between the

crop and its edges when densities of aphids change or

when habitat conditions are adverse (Burel et al.

2013). The absence of secondary parasitoids could

explain the high rates of emergence observed, since

hyperparasitism is often cited as a reason for poor

emergence rates of primary parasitoids (Mackauer and

Völkl 1993).

Results obtained from choice tests under controlled

experimental conditions suggest the same lack of

selectivity as that observed in the field, with no

differences in parasitism or emergence percentages

observed for both aphid species. Considering that L.

testaceipes has short life expectancy (Hopkinson et al.

2013), the larval development time was lower and

adults lived longer when developed in A. nerii. These

interesting results should be more deeply focused in

order to determine the biological significance of such

differences. Overall, our results are promising for the

potential use of an ORS based on the addition of

banker plants of Araujia spp. sustaining populations of

A. nerii to increase L. testaceipes populations against

A. craccivora in alfalfa crop fields. Although further

studies are needed, the addition of Araujia plants

infested with A. nerii in crop edges is likely to be a

cheap, effective and environmentally friendly measure

from the perspective of the conservation biological

control of A. craccivora and other aphid pest species in

agroecosystems of the studied region.
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