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An assessment of population fluctuations of a hemipteran
citrus pest in the northeast of Algeria: A case study from
Guelma region

Abstract: In this study, which takes place in the northeast
of Algeria at the region of Guelma between January 2016 and
June 2017, we were able to follow the spatio-temporal evolution
of the main hemipteran pests in an orchard of citrus (orange va-
riety). This monitoring showed the presence of 12 hemipteran
species, their appearance in the orchard is closely linked to the
sap flow. The most abundant species was Aleurothrixus flocco-
sus. The number of the other species that found was very small
or absent in most of the time. We also noted that Aonidiella
aurantii and Chrysomphalus dictyospermi had a preference to
develop in the center of the tree while the other species found,
which are: Dialeurodes citri, Aphis gossypii, Aphis spiraecola,
Lepidosaphes beckii, Parlatoria ziziphi, Saissetia olea, Coccus
hesperidum, Coccus pseudomagnoliarum and Icerya purchasi,
were found in the sunniest parts of the tree.
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Ocena nihanja populacij $kodljivcev iz reda Hemiptera na
pomarancevcu v severovzhodni Alziriji: Vzor¢na $tudija na
obmod¢ju Guelma

Izvlecek: V raziskavi, ki je potekala na obmodju Guelma,
je bil zasledovan prostorski in ¢asovni razvoj glavnih skodljiv-
cev iz reda Hemiptera v nasadu pomarancevca. Monitoring je
pokazal prisotnost 12 vrst iz omenjenega reda, njihovo poja-
vljanje v sadovnjaku je bilo tesno povezano s tokom sokov v
rastlinah. Najbolj pogosta je bila vrsta Aleurothrixus floccosus.
Stevilo ostali najdenih vrst je bilo zelo majhno ali so bile te od-
sotne ve¢ino ¢asa. Opazeno je bilo tudi, da sta se vrsti Aonidiella
aurantii in Chrysomphalus dictyospermi najraje razvijali v sredi-
$¢u kroSenj medtem, ko so bile ostale vrste, kot so Dialeurodes
citri, Aphis gossypii, Aphis spiraecola, Lepidosaphes beckii, Par-
latoria ziziphi, Saissetia olea, Coccus hesperidum, Coccus pse-
udomagnoliarum in Icerya purchasi, najpogosteje najdene na
obrobnih, dobro osvetljenih delih krosen pomarancevca.

Klju¢ne besede: pomarancevec; Hemiptera; Guelma; mo-

nitoring; glavne usmeritve
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1 INTRODUCTION

The pests of citrus are numerous, among them, there
are mites, thrips, the Mediterranean fruit fly, the leafmin-
er and hemipteran species (Kheder et al., 2002; Affandi
et al., 2005; Szyniszewska & Tatem, 2014; Belaam-Kort &
Boulahia-Kheder, 2017; Da-Silva et al., 2017).

Several hemipteran species are associated with cit-
rus, the most common being whiteflies (Onillon & Ab-
bassi, 1973; Benmessaoud-Boukhalfa & Chebrou, 2014),
aphids (Benhalima-Kamel et al., 1994; Lebbal & Laamari,
2016), scales (Campolo et al., 2014; Dao et al., 2017) and
leathoppers (Zina et al., 2013).

The damage of these insects on the tree is impor-
tant, either directly by their sucking sap or indirectly, as
a vector of virus causing viral disease, like in the case of
the aphid Toxoptera citricida Kirkaly, 1907 vectoring the
causing agent of tristeza (Tang et al., 1999). Therefore,
the fight against these pests is important, for this, the
knowledge of their population dynamics is essential for
the protection of our crops (Kindlmann & Dixon, 2010).

Although hemipteran species are dangerous pests in
citrus orchards, little is known about them in the Eastern
of Algeria, with the exception of a few studies such as of
Lebbal and Laamari on aphids in the province of Skikda
(Algeria) (Lebbal & Laamari, 2016)

In this study, we have established an inventory of the
different hemipteran species that are present in a citrus
orchard in the Northeast of Algeria at the Guelma region.
Through this study, we want to know the pest species
richness of the study orchard and the spatio-temporal
variations of the pests in this region.

2 MATERIALS AND METHODS
2.1 PRESENTATION OF THE STUDY SITE

The study was conducted in a citrus orchard (“Thom-
son Navel’) located northwest of the province of Guelma
(Algeria). It is a private farm (SARL BOUKHMIS) which
occupies an area of nearly 20 hectares and is located at
the entrance of the El Fedjoudj village (Guelma, Algeria).

The region is characterized by a Mediterranean cli-
mate with a semi-arid a bioclimatic stage and temperate
winter. The precipitations are often observed during win-
ter and spring.

The campaign study (January 2016 to June 2017)
was characterized by a total precipitation of 674.4 mm
(437.4 mm during the year 2016 and 237 mm during
the six months of experimentation in 2017). The coldest
month was January, with a minimum average tempera-
ture of 5.5 °C and 4.3 °C, and an average maximum tem-
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perature of 18.8 °C and 14.3 °C during the year 2016 and
2017 respectively. The hottest months with a temperature
that often exceeds 25 °C were June, July, and August.

2.2 SAMPLING

The monthly monitoring of insects starts in January
2016 until June 2017, in a citrus orchard (orange variety).
We delineated an area of one hectare, in which 12 trees
were chosen randomly, taking five shoots with five leaves
for each (i.e. 25 leaves in total) and this for each cardinal
direction (two directions per tree), and also the center
of the canopy. We change the directions each time we
change the tree (8 trees for the cardinal directions, and
four trees for the center). Samples brought back to the
laboratory were identified using a simplified pest identi-
fication guide (Garcia-Mari, 2009)

2.3 DATA ANALYSES

The results obtained were subjected to statistical
analysis using Past software (version 3.10). To compare
the different families found, we used the Kruskal-Wallis
test followed by the Mann-Whitney test pairwise com-
parison (with Bonferroni corrected p values).

The relation between the species found and their
periods of appearance and also their relationship with
the cardinal directions were shown by a correspondence
analysis (CA), followed by a hierarchical classification by
considering the coordinates on the first axes, so that at
least 50 % of the cumulative variance is observed.

The correlation and its significance between the per-
centage of infested leaves and the mean number per leaf
were calculated by choosing the correlation of Spearman

(rs).

3 RESULTS
3.1 TAXONOMIC COMPOSITION

A total of 5079 individuals distributed in 12 species
belonging to the families of Diaspididae, Coccidae, Mar-
garodidae, Aleyrodidae and Aphididae were recorded
in the study orchard during the 18 months of sampling.
The family of Diaspididae was represented by four spe-
cies followed by the family of Coccidae with three spe-
cies then the family of Aleyrodidae and Aphididae with
two species and finally the family of Margarodidae with
a single species.

In terms of abundance, the Aleyrodidae family rep-
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Figure 1: Relative abundances of the different families.

resented 80.88 % of the total effective, followed by the
family of Diaspididae with 18.76 %, while the other three
families accounted a total of 0.36 % (Figurel).

The Kruskal-Wallis test showed a highly significant
difference between families (H = 66.99 and p = 0.000).
For more details on this difference, we used the Mann-
Whitney test pairwise comparison (Mann-Whitney with
Bonferroni corrected p values) using PAST software (ver-
sion 3.10). This test showed that there is no difference
between the family of Diaspididae and Aleyrodidae with
a probability “p” greater than 0.05, whereas the difference
between these two families and the others was highly sig-
nificant (p <0.000) (Table 1).

3.2 RELATIVE ABUNDANCE AND TEMPORAL

VARIATION OF SPECIES

The abundance results of the twelve species found
during the sampling period from January 2016 to June
2017 showed that 80.49 % of the total number belong to
the whitefly Aleurothrixus floccosus Maskell, 1896 (lar-
vae and eggs) followed by the California red scale Aoni-

80.88%

diella aurantii Maskell, 1879 with 17.46 % and Chrysom-
phalus dictyospermi Morgan, 1889 with 1.24 % of total
number (Table 2).

Regarding the temporal evolution of these species,
we noticed the presence of two main peaks for A. auran-
tii, the first was during the month of March 2016 and the
second during the month of January 2017, we can also
notice another peak that comes to appear with the month
of June 2017 (Figure 2). While the whitefly A.floccosus, an
important peak was observed during the month of Feb-
ruary 2016 and three other weakest peaks, in the months
of July 2016, November 2016 and one during June 2017
(Figure 3). Two peaks also for C.dictyospermi were re-
corded, one during June 2016 and the other during June
2017 (Figure 2).Regarding the other species; their num-
bers were very small to determine their evolution’s peaks.

In order to highlight the relationship between the
species and their periods of appearance, the total popu-
lation matrix which contains the species found in rows
and the dates of exits in columns was subjected to a cor-
respondence analysis (CA). This analysis allowed us to classify
larvae of whitefly A.floccosus and the California red scale A. au-
rantii into the same group due to the simultaneous presence of

Table 1: Comparison between the different families with the test Mann-Whitney (Bonferroni corrected p values)

Diaspididae Coccidae Margarodidae Aleyrodidae Aphididae
Diaspididae -
Coccidae 4.20E-06*** -
Margarodidae 8.71E-07*** 0.9246 NS -
Aleyrodidae 1 NS 3.83E-05*** 3.92E-06***
Aphididae 1.66E-06*** 1NS 1NS 1.23E-05%* -

***; Significant at the p < 0.001 level; NS: Not Significant.
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Table 2: Relative abundance of species found during the sampling period (January 2016 to June 2017)

Total effective (January 2016 -Relative abun-

Order Family Species June 2017) dance (%)
Diaspididae Aonidiella aurantii (Maskell, 1879) 887 17.46
Lepidosaphes beckii (Newman, 1869) 1 0.02
Parlatoria ziziphi (Lucas, 1853) 2 0.04
Chrysomphalus dictyospermi (Morgan, 1889) 63 1.24
- Coccidae Saissetia olea (Olivier, 1791) 3 0.06
et
% Coccus hesperidum (Linnaeus, 1758) 4 0.08
é Coccus pseudomagnoliarum (Kuwana, 1914) 2 0.04
Margarodidae  Icerya purchasi (Maskell, 1878) 2 0.04
Aleyrodidae Aleurothrixus floccosus (Maskell, 1896) 4088 80.49
Dialeurodes citri (Ashmead, 1885) 20 0.39
Aphididae Aphis spiraecola (Patch, 1914) 6 0.12
Aphis gossypii (Glover, 1877) 1 0.02
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Figure 2: Annual development and population fluctuations of scales found during the sampling period (January 2016 to June

2017) (Mean + SE).

these two species during the entire sampling period.
The two aphids Aphis spiraecola and A.gossypii were
found during the month of September. Concerning
the eggs of the whitefly A.floccosus, they were found
mainly during the month of November with an im-
portant number compared to the other months. For
the other species found, their numbers were not so
important throughout the sampling period (Figure
4).

3.3 SPATIAL DISTRIBUTION OF SPECIES

In order to highlight the preference of the car-
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dinal directions of the trees canopy by the species
found, a data matrix containing the species found
in rows and the direction cardinals in columns was
subjected to a correspondence analysis (CA). Taking
into account the first two factorial axes which con-
tain more than 97 % of the total information with
respectively 84.24 % and 13.23 %, this analysis re-
vealed that the two scales of Diaspididae A. aurantii
and C.dictyospermi presented a preference towards
the center part of the tree while the other species in-
cluding the whitefly A.floccosus showed a preference
towards the two sunniest parts of the canopy which
are the east and south of the tree. Coccus hesperidum
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Figure 4: A correspondence analysis (CA) of species found during the sampling period (January 2016 to June 2017)

and A.gossypii were found despite their low numbers
in the north direction (Figure 5).

3.4 RELATIONSHIP BETWEEN PERCENTAGE OF
OCCUPIED LEAVES AND THE MEAN NUM-
BER PER LEAF

In this part, we will focus on the most abundant spe-
cies and that it concerns the California red scale and the
larvae of the whitefly A.floccosus. We calculated Spear-
mans correlation coefficient (rs) and its significance.
According to the figure 6, we note that there is a highly
significant correlation between the percentage of leaves
occupied by California red scale and its mean number

per leaf with rs = 0.98 and p = 0.000 <0.001. The same
result is also obtained with the whitefly A.floccosus with a
highly significant correlation (rs = 0.88, p = 0.000) (Fig-
ure 7).

4 DISCUSSION

This study allowed us to establish a temporal follow-
up of the main hemipteran pests in a citrus orchard ac-
cording to the cardinal directions of the tree.

The 18-months sampling period allowed us to iden-
tify 12 species belonging to five different families. Among
these species, the woolly whitefly was the most abundant
followed by California red scale and then C.dictyospermi.
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ary 2016 to June 2017)
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The numbers of the other species and especially aphids
were very small that we did not expect.

The species showed a variation in the period of ap-
pearance during the year. This may be due to several fac-
tors, mainly climatic conditions and the synchronization
with the phenological stage of the plant.

According to several authors, the temperature has
a significant effect on the seasonal dynamics of popula-
tions (Régniere et al., 2012). Others have argued that this
factor is only one of many environmental factors that can
influence the dynamics of arthropod populations (Roy et
al., 2002; Karuppaiah & Sujayanad, 2012).

According to Uygun and Satar (2008), five species
of citrus whiteflies are known. In Algeria, four species
of them have been reported, namely Paraleyrodes minei
Laccarino,1990 (Benmessaoud-Boukhalfa & Chebrou,
2014), D.citri (Boukhalfa & Bonafonte, 1979), A.floccosus
(Berkani, 1989; Mahmoudi et al., 2018), and Parabemisia
myricae (Kuwana, 1927) (Berkani & Dridi, 1992).

In our study area, we have found D.citri and A floc-
cosus. The number of the first species was very low or ab-
sent in most cases, while for the second, its number was
more important compared to the first species.

We found a relatively large number of the woolly
whitefly larvae during the month of February 2016, and
three other peaks, but lower, during the months of July
2016, November 2016 and June 2017, while some authors
have found that heavy citrus infestations by eggs, larvae,
and nymphs of A.floccosus are generally observed during
the summer to the autumn period (Onillon & Abbassi,
1973; Ulusoy et al., 2003).

We also noticed that the appearance of this insect
coincided with the three sap flow of the orchard which
are the spring sap flow (late February to early May), sum-
mer sap flow (July-September) and autumn sap flow (Oc-
tober to the end of November), and this during the year
2016, whereas during the six months of 2017, only one
peak was recorded with the summer sap flow. The ab-
sence of a peak during the month of February 2017 with
the spring flow is probably due to the pruning that was
made at the end of December 2016.

A decrease in the number of the woolly whitefly is
due to several factors, mainly the presence of the para-
sitoid Cales noacki Howard, 1904 (Hymenoptera, Ap-
helinidae) (Doumandji-Mitiche & Doumandji, 1988;
Miklasiewicz & Walker, 1990; Mahmoudi et al., 2018).
This can probably explain the very small number of this
whitefly after March 2016 and until the end of sampling.

Concerning the California red scale A. aurantii, we
recorded two main peaks during the sampling period; the
first is during the month of March 2016 while the second
is during the month of January 2017. We also noticed
that another peak that began to appear with the month of

June 2017 coinciding with the development of fruit. The
scale C.dictyospermi, despite its small number, showed a
peak during the month of June 2016 and another dur-
ing the month of June 2017, i.e. with the development of
fruits and the summer sap flow.

The A. aurantii scale uncontrolled is able to de-
stroy completely the infected orchards in two to three
years(Guirrou et al., 2003). This insect can develop three
generations per year in the Algerian climate; with coinci-
dence to the tree sap flow (Belguendouz-Benkhelfa et al.,
2013). This scale was found with very low number in our
orchard , this may be due to the orange variety which is
characterized by the presence of numerous oil glands in
the leaves which can diminish the attacks (Habib et al.,
1972) or probably by the presence of its parasitoids and
predators in the orchard (Dao et al., 2017).The decline
in California red scale in the leaf during the summer of
2016 is probably due to the migration of this insect to the
fruit(Schweig & Grunberg, 1936).

Concerning the aphids, Uygun et al. (2012) report-
ed that there are over 25 aphid species in citrus orchards
around the world, some of which are of economic im-
portance and others likely to be present sporadically. Ac-
cording to the same authors, aphids infesting citrus fruits
in the Mediterranean reach their maximum number in
the spring, reaching another lower peak in autumn and
sometimes a third of minor importance in the summer.
Some aphids such as Aphis craccivora Koch, 1854, Aphis
fabae Scopoli, 1763, Macrosiphum euphorbiae Thomas,
1878 and Myzus persicae Sulzer, 1776, never reach a high
population level because of the activity of their natural
enemies. Others, such as Aphis gossypii Glover, 1877,
A. spiraecola Patch, 1914, Toxoptera aurantii (Boyer De
Fonscolombe, 1841) and T. citricida Kirkaldy, 1907, are
serious pests, either because they are very numerous or
because they are able to transmit many viral diseases, in-
cluding the citrus tristeza virus (CTV).

In Algeria, Lebbal and Laamari (2016) found in the
Skikda province: Aphis gossypii, Aphis spiraecola, Macro-
siphum euphorbiae, Myzus persicae and Aphis craccivora.
The same authors noted that the peak of aphid infesta-
tion is observed mainly in spring and autumn. This co-
incides with a moderate temperature and the production
of new shoots suitable for the reproduction of aphids.
Many researchers have also mentioned that the peak of
infestation of some citrus aphids is in spring (Saharaoui
& Hemptinne, 2009; Yoldas et al., 2011; Mostefaoui et al.,
2014).

In our study, we have found A. spiraecola and A.
gossypii. Their number was very low or absent and this
despite the absence of insecticide treatments in the study
orchard. Many studies have confirmed the relationship
between the damage caused by the phytophagous and the
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level of nitrogen fertilization (Baez et al., 2011; Rousse-
lin, 2016). In our orchard, no fertilization had been done
and this can have an effect on the development of young
shoots that are the source of food for aphids. Most stud-
ies show an increase in the growth rate of insects with
increasing temperatures (Patterson et al., 1999; Fuhrer,
2003). Other authors observed a decrease in the impact
of some pests with high temperature and CO, level in the
atmosphere, such as a decrease in the number of cereal
aphids in Britain with these circumstances (Newman,
2006). The existence of a national road beside our ex-
perimental orchard can cause a rise in CO, levels, and
this can probably have an effect on the presence of insect
pests in the orchard, including aphids.

In terms of the cardinal directions, we noted that A.
aurantii and C. dictyospermi prefer the center of the tree,
while other species showed a preference for the sunniest
directions. Cardinal directions have a significant effect
on scales densities. Several authors have found that they
prefer the southern direction of the canopy because of
its specific micro-climate (Rodrigo & Garcia-Mari, 1994;
Campolo et al., 2014), while others have found that the
scale A. aurantii shows a tendency toward the center of
the tree (Biche et al., 2012).

Analysis of the correlation between the percentage
of leaves occupied by A. aurantii and A. floccosus and
their mean number per leaf showed a highly significant
correlation with respectively (rs = 0.987, p = 0.000) and
(rs = 0.885, p = 0.000). This strong link confirms that as
the number of both species increases on leaves, there will
be migration and invasion of other healthy leaves.

5 CONCLUSION

The results obtained during the 18 months of moni-
toring, showed the presence of the following species:
Aleurothrixus floccosus, Dialeurodes citri, Aphis gossypii,
A.spiraecola, and eight species of scales which are Aoni-
diella aurantii, Lepidosaphes beckii, Parlatoria ziziphi,
Chrysomphalus dictyospermi, Saissetia olea, Coccus hes-
peridum, C. pseudomagnoliarum and Icerya purchasi. The
most abundant species was the woolly whitefly A. floc-
cosus with 80.49 % of the total population, followed by
California red scale A. aurantii with 17.46 %.

The temporal monitoring of these species showed
that the California red scale had a peak of development
during March 2016 and the woolly whitefly also showed
a main large peak during February 2016.

The correspondence analysis carried out on the car-
dinal directions showed a preference for installation in
the canopy by the species. The two scales A. aurantii and
C. dictyospermi showed a tendency towards the center of
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the tree, whereas the other species, their tendency was
towards the sunniest parts. We also showed through our
results, that if the number of the woolly whitefly and the
California red scale increases in leaf, these two pests seek
to occupy other healthy leaves.

It would be interesting to carry out phytochemical
analyzes of the orange leaves, to highlight the relation be-
tween their components and the numbers of hemipteran
species.
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