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Este estudio tiene como objetivo evaluar el potencial regulador de
Lysiphlebus testaceipes y Aphidius matricariae sobre Aphis gossy-
pii en condiciones de laboratorio semiaridas. Nuestros resultados
mostraron que la longevidad de las hembras de L. testaceipes fue
significativamente menor que la de A. matricariae. El porcentaje
diario de momificacién fue mas importante para L. testaceipes que
para A. matricariae y disminuyo con la edad de los parasitoides. En
general, las tasas de momificacion y de emergencia fueron mas
altas en L. testaceipes. La descendencia de A. matricariae se des-
arrollé en menos tiempo que la de L. testaceipes. La proporcidon
sexual no vario respecto a las especies parasitoides. Con nuestros
resultados, L. testaceipes fue mas efectivo para el control biolégico
de A. gossypii en patata en agro-ecosistemas semiaridos.

Palabras clave: Plaga de pulgones; Control biolégico; Cultivo de
patata; Condiciones climaticas; Lysiphlebus testaceipes; Aphidius
matricariae.

Abstract

This study aims to evaluate the regulatory potential of Lysiphlebus
testaceipes and Aphidius matricariae over Aphis gossypii in semi-
arid laboratory conditions. Our results showed that the longevity of
L. testaceipes females was significantly lower than A. matricariae
ones. The daily mummification rate of aphid was more important for
L. testaceipes than for A. matricariae and declined with parasitoids
age. Overall, both the mummification rates and the emergence
rates were the highest in L. testaceipes. A. matricariae offspring
developed in a shorter time compared to L. testaceipes ones. The
overall sex ratio did not vary according to parasitoid species. From
our results L. testaceipes was more effective for the biological
control of A. gossypii on potato in the semi-arid agro-ecosystems.

Key words: Aphid pests; Biological control; Potato fields; Climatic
conditions; Lysiphlebus testaceipes; Aphidius matricariae.
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Introduction

Aphids are one of the major insect crop pests
(Dedryver, et al. 2010). Their damage can cause
serious yield losses, mainly through virus trans-
mission (Woodford & Gordon 2008 et al. 2013).
In order to protect their crops, farmers frequently
use insecticides to control aphid population den-
sity. By the agricultural practices, both environ-
ment and public health are highly threatened by
the spreading of chemicals in ecosystems and
agricultural products, as well as the emergence of
resistant strains of insect pests that inevitably lead
to increased chemical treatments (Slininger et al.
2003). Biological control of aphids by using natu-
ral enemies such as insect parasitoids is one alter-
native to chemical control and has been the sub-
ject of many studies world wide under variable
climatic conditions (Powell & Pell 2007). The
regulatory potential measure of natural enemies
may be conducted in the climatic conditions of the
targeted crops.

In Algeria, the potato (Solanum tuberosum L.)
is ranked as first in the Algerian population’s diet
compared to other vegetable crops. In 2017, more
than 470.000 tons of potatoes were produced on
an area of 149.000 ha (MADRP 2018). From
2000s, potatoes were intensively cultivated in the
region of Djelfa in the centre of Algeria (MADRP
2018). In this steppe region, the potato is pro-
duced at altitudes that can exceed 1200m. The
Djelfa region is characterized by a semi-arid to
arid climate where relative humidity (RH) is low
with a dry and hot summer season that lasts about
6 months. However, the winter (October - April)
is rainy and cold (Le Houerou, et al. 1977). From
2004 to 2013, the monthly averages temperatures
were Min = 0.4 C° and Max = 34.6 C°, and rela-
tive humidity varied between 34.7 % in July and
81.5 % in December with rainfall of 14.11 mm to
35.01 mm (annual average 312.78 mm).

In the Djelfa region, the potato crops were
attacked by several species of aphids (Hemiptera:
Aphididae) such as Aulacorthum solani Kalten-
bach, 1843, Macrosiphum euphorbiae Thomas,
1878, Myzus persicae Sulzer, 1776, Aphis fabae
Scopoli, 1763 and Aphis gossypii Glover, 1877.
Most of these species are crop pests and also
transmit viral diseases to potatoes. Aphis gossypii
is a cosmopolitan and extremely polyphagous
species and a widely distributed pest in tropical,
subtropical and temperate regions (Leclant &

Deguine 1994, Fuller et al.1999). It is the most
abundant aphid species on potatoes in the Djefla
region (Yahiaoui 2014, Medri 2014). Biological
control possibilities of this aphid would be a good
regulative measure for controlling its populations.
Two parasitoid species, Lysiphlebus testaceipes
(Cresson 1880) and Aphidius matricariae (Hali-
day 1834) (Hymenoptera: Braconidae) were iden-
tified as parasitoids on A. gossypii in many reports
(Carnevale et al.2003; Bueno et al. 2006, Talebi
et al. 2006, Zamani, et al. 2007, Laamari et al.
2011, Zamani et al. 2012, Nazari et al. 2012,
Mitrovic et al. 2013, Sellami et al 2013,
Chaouche & Laamari 2015). Several studies have
shown their effectiveness on other aphid species
(Costa & Stary 1988, Rodrigues & Bueno 2001,
Carnevale et al. 2003, Stary et al. 2004, Sampaio
et al.2006, Zamani, et al. 2006, Adabi et al. 2
010). This paper is the first work to consider the
semi-arid conditions of potato crops, aimed at
assessing the two parasitoid species as biological
control agents against A. gossypii by studying
their parasitic capacity as well as their life-history
traits. From this study, we expect to evaluate their
incidence on the aphid populations by considering
these peculiar climatic conditions.

Materials and methods

Aphids and parasitoids

Since the parasitism capacity of parasitoids may
vary according to aphid genotypes (Ferrari et al.
2001), aphids were collected at different sites and
in different periods in the region of Djelfa in order
to obtain genetic variation within experimental
aphid populations. 4. gossypii collected in Djelfa
were sampled in two distinct areas 119 kms apart:
550 individuals in Dar Chioukh and 365 in Ain
Oussara. Aphids were kept to identify their para-
sitic status and if healthy (i.e. no aphid mummifi-
cation due to parasitoid immature development),
they were mixed and bred on potato plants
(Désirée variety) planted in pots (20 cm in diame-
ter and 30 cm in height) and placed in breeding
cages (80x40x40 cm). For the parasitism experi-
ments, only third-instar aphid nymphs were used
because this is the preferred instar for oviposition
by the parasitoid species (Outreman et al. 2001a,
2001b, Rodrigues 2001, Colinet et al. 2005,
Bueno et al. 2006, Zamani et al. 2012, Tepa-Yotto
et al. 2013).
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The considered parasitoid species in this study
were L. testaceipes and A. matricariae, obtained
from A. gossypii mummies (i.e. dead aphids
enclosed an immature parasitoid) and adult para-
sitoids collected between mid-April and early July
in several potato fields in the same areas as the
aphids (Dar Chioukh and Ain Oussara) in Djelfa
region (at different altitudes between 700 and
1,100 maslm). The number of all emerging para-
sitoids from collected mummies was 48 adults of
L. testaceipes and 32 of A. matricariae. The para-
sitoid wasps of each species were separately
reared on potato plants over 4. gossypii. This par-
asitoid sampling design insured genetic variation
within the experimental parasitoid populations.

All insects were maintained in climate rooms
under similar semi-arid conditions at 25 + 1°C, 34
+ 6% RH and 16L:8D photoperiod. Under these
conditions, aphids reproduced by parthenogenesis.

Experiments

In order to reproduce aphids for establishing ex-
periments, several wingless A. gossypii adults
were deposited on fresh potato leaves placed into
a Petri dish (9 cm in diameter) covered with a fine
mesh to ensure aeration. After twenty-four hours,
adult aphids were removed and the young nymphs
were isolated in groups of 30 individuals in Petri
dishes containing potato leaves which were re-
newed daily. Once nymphs reached the third-in-
star stage, they were transferred on fresh potato
leaves into a tube (height 5 cm; diameter: 3 cm)
covered by tulle according to the method de-
scribed by Rodrigues & Bueno (2001). These
aphids were then exposed to parasitoid attacks by
introducing a parasitic wasp into the tube for 24 h.

At the beginning of the experiments, parasitoid
females were 1-day old, mated and kept with a
solution of water and honey. Until its death, a sin-
gle parasitoid female was daily transferred to a
new tube containing 30 healthy third-instar aphid
nymphs and fresh potato leaves. After each day,
the 30 aphid individuals exposed to a parasitoid
female were placed into a Petri dish (9 cm in
diameter) on a potato leaf and their parasitism sta-
tus followed up to the parasitoid’s offspring emer-
gence. The date of emergence of the offspring and
their sex were noted.

From these experiments, we measured: the
parasitoid female longevity (from the beginning
of the test until the wasp’s death); its daily para-
sitism rate (i.e., rate of mummified aphids among

the 30 aphids exposed to a parasitoid female dur-
ing a given day); the rate of parasitoid emergence
from mummified aphids (i.e. number of para-
sitoids that emerged from the mummified aphids
from a given day); the development time of
emerging parasitoids (i.e., duration from the
oviposition to the parasitoid emergence) and the
sex of the emerging parasitoids. From all these
data, the total number of aphids killed per para-
sitoid female was calculated by cumulating the
number of mummified aphids. The total number
of parasitoid offspring produced by one given
female parasitoid was calculated by cumulating
the number of offspring emerging from aphids.

For each parasitoid species, five adult females
were tested. From these experiments, the para-
sitism status of 3,030 aphid individuals was
observed, and both development time and sex of
1,159 parasitoid offspring were noted. Experimen-
tal tests were conducted under the semi-arid labo-
ratory conditions at 25 + 1°C, 34 + 6% RH, and
16L:8D photoperiod.

Statistical analysis

The effect of parasitoid species o parasitoid
female longevity was tested by wusing a
Generalized Linear Model (GLM) considering a
Gamma family and inverse link function. We
analysed the effects of the parasitoid female’s age,
the parasitoid species and their interaction on both
the daily mummification rate and the daily
emergence rate from aphid mummies by using
Generalized Linear Mixed Model (hereafter
GLMM) considering a Binomial family and logit
link function. As several aphids were exposed to
the same parasitoid female (ie, data
dependency), the female identity was included as
a random factor in all these Binomial GLMMs.
Concerning the offspring produced by parasitoid
females, the effects of the parasitoid female’s age,
the parasitoid species and their interaction on both
the development time and sex of their offspring
were analysed using Gamma and Binomial
GLMMs respectively. As some offspring were
produced by the same parasitoid female (i.e., data
dependency), the female identity was included as
a random factor in these GLMMs. Finally, the
effect of parasitoid species on both the total
number of aphids killed per parasitoid female and
the total number of offspring produced per
parasitoid female were analysed against the
parasitoid species by using general Linear Models
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(LM), after validation of the Normal distribution
of the models’ residuals.

GLMMs, GLMs and LMs were computed
using the lme4 R-package (Bates et al. 2015).
Over dispersion in Binomial GLMMs was tested
using the blmeco R-package that computed the
estimated scale in a binomial mixed model
(Korner-Nievergeltetal 2015). All analyses were
computed using R v. 3.4.2 (R Development Core
Team 2017).

Results

While attacking the aphid 4. gossypii continu-
ously, the two parasitoid species differed in their
life span. The average longevity of L. testaceipes
adult females was significantly shorter than that of
A. matricariae (Fig. 1; X?=68.31, df=1, p <0.001).
During their lifetime, the parasitism activity of the
parasitic wasps strongly varied according to their
age (Fig. 2a). Indeed, the daily rates of mummifi-
cation of A. gossypii declined with the experimen-
tal day (X?=459.66, df=1, p<0.001) and were
greater when aphids were attacked by L. testa-
ceipes (X*=4.70, df=1, p=0.03). The relationship
between the female age and the daily mummifica-
tion rates for both parasitoid species was similar
(X*=0.82, df=1, p=0.364). Overall, the mummifi-
cation rate was significantly higher in L. testa-
ceipes compared with A. matricariae (Fig. 2b).
The rate of parasitoid emergence from the A.
gossypii mummies differed according to the para-
sitoid species. Whatever the females’ age (Fig. 3a;
X2=2.29, df=1, p=0.129), emergence rate was
higher for L. festaceipes (X*= 104.21, df=1,
p<0.001). Overall, the emergence rate was
80.61% for L. testaceipes and 55.42% for A. ma-
tricariae (Fig. 3b), suggesting the highest para-
sitism success in L. testaceipes.

By using A. gossypii as host, the development
time of the parasitoid immatures, from egg depo-
sition by the female to offspring emergence, var-
ied according to the parasitoid species. Whatever
the female adults’ age (Fig. 4a; X*>=1.36, df=I,
p=0.242), A. matricariae offspring developed in a
shorter time compared to those of L. festaceipes
ones (Fig. 4b; X?=9.44, df=1, p<0.005). The over-
all sex ratio in parasitoid populations emerging
from A. gossypii did not vary with parasitoid
species: in both species, sex ratio was female-bias
(4. matricariae=0.77 + 0.15; L. testaceipes=0.71
+0.13; X?=0.52, df=1; p=0.468).

(&Y

Parasitoid female longevity (days)

%]

0o
Aphidius matricariae Lysiphlebus testaceipes
Figura 1. La longevidad de la hembra adulta parasitoide (dias)
dependiendo de la especie parasitoide mientras estan expuestas a
individuos huéspedes de Aphis gossypii (media = error estandar).
Figure 1. The parasitoid adult female longevity ( days) depending
on the parasitoid species while exposed to Aphis gossypii host
individuals (Mean + standard error).

By considering all aphids that mummified
after parasitoid exposure, our results showed that
the total number of aphids killed by parasitic
wasps was higher when aphids were exposed to L.
testaceipes females compared to A. matricariae
(Fig. 5a; F17=9.62, p<0.05). By considering all
parasitoid offspring that emerged from the mum-
mified 4. gossypii aphids, our results showed that
the total number of parasitoid individuals pro-
duced in our experimental conditions was also
high in L. testaceipes (Fig. 5b; F,7~=173.27, p
<0.001).

Discussion

The present paper aims at comparing the regula-
tory potential of two aphid parasitoids against the
aphid A. gossypii on potatoes in semi-arid labora-
tory conditions. Our results showed that L. testa-
ceipes performs better on this aphid than 4. matri-
cariae and would therefore be a candidate for bio-
logical control in this context. Both species suc-
ceed in parasitizing A. gossypii, but L. testaceipes
parasitize more aphids and produce more progeny
despite its shorter longevity.

The high longevity observed here for 4. matri-
cariae is congruent with the study of Zamani et
al. (2007), who reported a longevity of 11.9 days
on A. gossypii on cucumber (251 °C, 65+ 5%
RH). In the same way, Carnevale et al. (2003) and
Soglia et al. (2006), observed a short life duration
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Figura 2. Tasa de momificacion de afidos. a: Edad adulta parasitoide femenina y la especie parasitoide. b: Tasa de momificacion general
dependiendo de la especie parasitoide.

Figure 2. Rate of aphid mummification. a: Parasitoid female adult age and the parasitoid species. b: Overall mummification rate depending
on the parasitoid species.
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Figura 3: Tasa de aparicion inmadura de parasitoides de momias de pulgones. a: Edad adulta parasitoide femenina por especie parasitoide.
b: Tasa de emergencia general de las momias de 4. gossypii dependiendo de la especie parasitoide.

Figure 3. Rate of parasitoid immature emergence from aphid mummies. a: Parasitoid female adult age in each parasitoid species. b: Overall
emergence rate from A. gossypii mummies depending on the parasitoid species.

for L. testaceipes, respectively 5.5 days (25 + 1
°C, 70 = 10% RH) and up to 4.2 days.

The method used in this study allows the full
expression of the parasitoid's reproductive poten-
tial by providing females with a large number of
healthy aphids until their death. During the first
four days of their life, females of both species
successfully parasitized around 90% of these
aphids, after which the mummification rate of

aphids exposed to A. matricariae became lower
than for L. testaceipes. These higher daily suc-
cesses, probably related to a high fecundity (Silva
et al. 2008) compensate for the lower longevity of
the latter species and explain the overall better
parasitism rate obtained with L. testaceipes.

We identified a second trait that it could be of
great importance for the efficiency of the parasi-
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Figure 4. The development time duration of parasitoid offspring emerging from A. gossypii mummies. a: Parasitoid female adult age in each
parasitoid species. b: The overall development time duration from 4. gossypii mummies depending on the parasitoid species.
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Figure 5. a: Total number of killed aphids by parasitic wasps
depending on the parasitoid species. b: Total number of parasitoid
offspring produced by the parasitic wasps depending on the
parasitoid species.

toids to regulate aphid populations. In our experi-
mental conditions, almost half of the mummies
obtained from A. matricariae did not give an
adult. This could perhaps be related to the climate
conditions in which the experiment was done, in
order to reproduce the semi-arid climate of the
studied area. For example, Domo & Tylianakis
(2013) showed a negative effect of the combina-

tion of high temperatures and drought on the
emergence rate of another Aphidiinae parasitoid,
Diaeretiella rapae (Mclntosh, 1855). In the study
of Zamani et al. (2007), an emerging rate of
88,1% was obtained on A. matricariae at a tem-
perature of 25 °C but with a 70% RH.

Despite the low number of aphids killed and
progeny produced by 4. matricariae in our exper-
iment, the interest of both species for natural regu-
lation of A. gossypii has to be considered. A.
matricariae has a significant effect on aphids,
even if it is less than that of L. festaceipes. More-
over, the short development time of its offspring
could have positive consequences on the aphid
population dynamics. These results differ from the
findings of Van Steenis (1995) who reported a low
number of mummies produced by A. matricariae
on A. gossypii. This difference between studies
could be explained by the high genetic variability
of this species, probably linked to host specializa-
tion (Derocles et al. 2016).The parasitoid popula-
tion used here, based on individuals collected on
A. gossypii, is probably more adapted to this host
species than the one used by Van Steenis (1995),
which came from a commercial rearing unit.

Moreover, both parasitoid species are consid-
ered to be generalists. If demonstrated for the
local populations encountered in the semi-arid
area, this feature could be used to build conserva-
tion biological control strategies against A.
gossypii, by providing additional host resources to
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the parasitoids. For this purpose, the prevalence of
each species in the potatoes fields in the studied
area has to be measured, as well as their presence
on alternative hosts, both on cultivated and wild
plants. It will allow targeting aphid species acting
as reservoirs for L. testaceipes and A. matricariae,
building appropriate crop rotations and managing
semi natural habitats near the fields to enhance
their abundance and efficiency to control A.
gossypii on potatoes.

The current pest control system in Algeria
through all agro-ecosystems is heavily reliant
upon the use of synthetic pesticides to kill pests
and in the case of potato crops, chemicals are sys-
tematically used to control aphids and the moth
Phtorimeae opercullela (Zeller, 1873) (Lepi-
doptera: Gelechiidae) (the other main pest). The
first step to favour aphid regulation by parasitoids
would be to decrease insecticide use in this agri-
cultural context. For this purpose, farmers may
consider integrated chemical control (Dedryver et
al. 2010), based on pest population survey rather
than on preventive use of insecticides.
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