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ABSTRACT

The objective of this work is to study the influence of the region and the sap thrust on some
bioecological aspects of the red scale Aonidiella aurantii (Maskell) (Hemiptera: Coccomorpha:
Diaspididae). The monitoring of the life cycle of A. aurantii has been conducted by periodic
counting of populations on different parts of the tree such as branches and leaves during two
consecutive years (2017 and 2018) in the region of Rouiba [36°44'00"N; 3°17'00"E] and Oued
El Alleug [36°44'00"N; 3°17'00"E]. The study of population dynamics shows that the armored
scale develops three annual generations on the orange tree in the regions of Rouiba and Oued
Alleug, which also coincide with the three flushes of sap: spring, summer and autumn. The spring
period also remains the most favorable for its development. In addition, it has a very marked
affinity for the center orientation and the branches of the tree, which offer it the optimal
conditions for its development. As for the previous species, the shift observed in the temporal
distribution depends essentially on the region (distance from the sea) but also on the triggering
of sap surges. In fact, it was determined that the three periods of activity in Oued Alleug began
a little later compared to those in Rouiba. In autumn and winter, the crawlers of the red scale
insect are more abundant in the center of the tree while in spring and summer they shelter in the
east of the tree where the climatic conditions are more favorable. The average values of fecundity
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varied from 1 to 20 crawlers/female in Rouiba, while in Oued Alleug, from 0 to 19
crawlers/female. The analysis of variance reveals that the factor year, month and region induce
a very highly significant difference (p<0.0001) in the two years in the region of Rouiba and Oued
Alleug with a probability of (p<0.0001). The distribution of neonate larvae was a good indicator
for understanding the red scale insect behavior. The findings of this study have huge implications

for A. aurantii control of red scale.

KEY WORDS: Sap thrust, orange tree, Rouiba, Oued Alleug.

Introduction

Citrus fruits are economically important in
monetary value, since this sector has an
agricultural upstream and an industrial
downstream, because in addition to the
fresh sold products, a certain quantity is
destined for processing. They represent the
most important fruit group in international
trade (Koutti and Bounaceur, 2013).

The orange culture occupies a very
important part in the production of citrus
fruits, and it represents a strategic segment
for our country. The production of oranges
evolves from one year to another. This is
reflected by the input of young plantations
planted in the recent years under the
national agricultural development plan
(MADR, 2015). Unfortunately, this
production is confronted with several
difficulties, the most important of which are
those related to diseases and pests. The
diseases, such as psorosis (Citrus psorosis
virus (CPsV)), tristeza (Citrus tristeza virus
(CTV)) and Phytophthora gum disease are
predominant in old plantations. Pests, such
as scale insects, aphids, whiteflies, mites,
leafminers etc cause enormous damage and
affect the quality of citrus orchards
(Jacquemond et al., 2013). Hemipterans,
can cause significant yield losses or at the
very least, diminish the quality of crops and
cause marketing problem (Quilici and al.,
2003; Biche et al., 2012). Citrus pests are
numerous, amongst them is included the red
scale A. aurantii (Maskell) (Hemiptera:
Coccomorpha: Diaspididae). This armored
scale insect is considered as one of the key
pests of citrus worldwide (Quilici, 1993). If
not effectively controlled, it can cause
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complete desiccation of infected trees
within two to three years (Walker et al.,
1999). In Algeria, studies conducted on the
bioecology of the red scale are few (Biche
et al.,, 2012; Belguendouz et al., 2013;
Biche et al., 2016).

In recent years, a recrudescence of red
scale has presented severe infections on
most of the citrus plants including lemon
trees, bitter orange trees, clementine trees
and orange trees, where the degree of attack
is the same on the fruits as on the branches
and the leaves. The aim of this work was to
study red scale, which has both a qualitative
and quantitative impact on fruits, its
reproductive biology, dynamics, how they
distribute in the plant and how they are
affected by seasonal distribution of crawler
(mobile larvae) according to cardinal
orientations and the composition of natural
enemies on orange in Rouiba and Oued El
Alleug for two years to be able to improve
control and interventions.

Materials and Methods

Study site. This work was carried out in
two study sites in the east and west of the
Mitidja. The first site is a private farm
(agricultural exploitation) located in the
commune of Rouiba, Algers [36°432N
3°162E], 7 km from the Mediterranean Sea
and at an altitude of 17 m. The second site
is also a farm located in the commune of
Oued El Alleug, Blida [36°332N 2°472E]
and it is at an altitude of 54 m. Both sites
contain several varieties of citrus. This
experiment was conducted in an orange
orchard (Figure 1).

© 2024 Hellenic Entomological Society
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FIG. 1.: Localization of the studied field in Mitidja (Algeria).

Sampling and counting. The study was
conducted between the beginning of
December 2015 and December 2017.
Vasseur’s and Schvester (1957) method
was used to accomplish this study. The
sampling was done every 10 days, 3 times
per month (36 outing per year in general).
The survey orchards were divided into 9
plots, each plot containing 24 trees (216
trees in total). For each survey, 2 trees from
each sample plot were randomly sampled; a
total of 18 trees were sampled. Two
branches of 20 cm of length and two leaves
at man height for each cardinal direction
and on the center of the tree were taken. The
samples were placed in Kraft paper bags on
which all the sampling information (date,
direction and region) were mentioned.
Along with the sampling, we supplement
our observations by recording the dates of
the sap bursts and the phenological stage of
the host plant in the two sites (flowering,
fruit set, growth and maturation).

In the laboratory, the counting method
comprised of recognizing and counting of
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the different stages of development of the
red scale insect on both sides of the leaves
as well as on the branch for each cardinal
direction, under the binocular magnifying
glass. On the sampling cards the number of
living individuals of each stage.

Data exploitation and statistical analysis.
The data were submitted to the various
statistical analyses to study the dynamics of
the total population of A. aurantii on orange
tree in the regions of Rouiba and Oued
Alleug.

Fecundity (F) of A. aurantii and the
seasonal distribution (D) of crawler
according to orientations were calculated
using the following expressions:

F = Number of crawlers (mobile larvae) /
Number of females

D = Number of crawler of each orientation
of the red scale*100 / Total number of
crawlers.

© 2024 Hellenic Entomological Society



One-way  analysis of  variance
(ANOVA) was conducted to compare the
effect of cardinal direction on the
distribution of A. aurantii at different
seasons. When there were statistically
significant differences at p<0.05, Duncan's
multiple range test (DMRT) was used to
separate the means. SPSS (version 23) was
used for the analysis.

Results

Population dynamics

The results of the dynamics of the global
population of orange tree in Rouiba and
Oued Alleug were obtained during the
period from January 4, 2016, to December
21, 2017, that is, a period of 2 years. The
results reported in Figure 2 allows us to
distinguish three periods of intense activity:
spring, summer and fall in the two study
sites. They practically coincide with the
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three sap flushes. The first one has larger
numbers and lasts about four to more five
months. The second one, with less numbers
and lasts about three to five months. The
third one, on the other hand, lasts only two
months with lower numbers. It is noted that
the red scale insect presents a different
behavior according to the region.

Indeed, we noticed a shift in the
development of the populations of A.
aurantii. The three periods of activity in
Oued Alleug started a little later compared
to those of Rouiba. We noticed a delay of
18 days in 2016 and 17 days in 2017 for the
first generation. For the second generation,
there was also a delay of 18 days in 2016
and 24 days in 2017. Finally, for the third
generation, we noted a delay of 43 days in
2016 and 18 days in 2017.
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FIG. 2.: Fluctuation in global population numbers of A. aurantii on orange trees in Rouiba and

Oued Alleug from January 2016 to December 2017.

In 2016, the first peak of the overall
populations was noted on April 2 with 1184

www.entsoc.gr

individuals in Rouiba and on April 22 with
728 individuals in Oued Alleug for the first

© 2024 Hellenic Entomological Society
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generation. The second peak was noted on
August 3 with 928 individuals in Rouiba
and on August 21 with 558 individuals in
Oued Alleug. The last peak was recorded on
October 23 with 353 individuals in Rouiba
and on December 3 with 225 individuals in
Oued Alleug.

As for the year 2017, we noticed a first
total population peak on April 23 with 845
individuals in Rouiba and on May 4 with
548 individuals in Oued Alleug for the first
generation. The second population peak
was noted on August 21 with 448
individuals in Rouiba and september 14
with 595 individuals in Oued Alleug. The
last peak was recorded on November 23
with 263 individuals in Rouiba and on
December 3 with 500 individuals in Oued
Alleug.

® Rouiba

Population distribution by plant organ

The red scale on orange trees prefers to
settle on the branches than on the leaves.
Indeed, we noted in Rouiba a rate of
76.72% in 2016 and 54.80% in 2017 but in
Oued Alleug we recorded a rate of 68.67%
in 2016 compared to 73.60% in 2017.
Although the red scale insect was
significantly less present on the leaves, in
Rouiba it was found on the upper surface
with a rate equal to 12.93% in 2016 while
31.50% in 2017. In Oued Alleug we
recorded a rate of 17.63% in 2016 as
opposed to 13.54% in 2017. On the
underside of the leaves, we noted a low rate
that did not exceed 13.70% in the 2 study
sites and for the two years of study also

(Fig. 3).
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FIG. 3.: Distribution according to plant organ of A. aurantii populations on orange trees in
Rouiba and Oued Alleug from January 2016 to December 2017.

www.entsoc.gr

© 2024 Hellenic Entomological Society



6

Cardinal distribution

The center of the tree was the most
affected by this scale. Indeed, we noted in
Rouiba a rate of 57.31% in 2016 and
30.13% in 2017 while in Oued Alleug we

H Rouiba
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recorded a rate of 44.58% in 2016 and 67,
81% in 2017. This location seems to be a
preferential place for this scale insect in
both sites and for both years of study (Fig.
4).
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FIG. 4.: Cardinal distribution of A. aurantii populations on orange trees in Rouiba and Oued

Alleug from January 2016 to December 2017.

Seasonal distribution of crawlers (mobile
larvae) according to cardinal
orientations

The seasonal distribution of crawlers of A.
aurantii according to orientations showed
identical behavior on orange trees, in both
study sites and in both years (Fig. 5).

In autumn, the center of the tree
represents the most desired place by the
mobile larvae for the fixation with
percentages higher than 54.93% in Rouiba
and higher than 34.51% in Oued Alleug for
both years. In winter, the population

www.entsoc.gr

continues its migration towards the center
of the tree to mark percentages higher than
54% in Rouiba and higher than 43.51% in
Oued Alleug and low percentages on the
other orientations. In spring, when the
climatic conditions become more favorable,
the mobile larvae migrate from the center of
the tree to the east of the tree to mark
percentages higher than 64.22% in Rouiba
and higher than 28.16% in Oued Alleug
followed by the center. In summer, the
summer population continues its migration
towards the east of the tree to mark a
percentage that exceeds 28.80%.

© 2024 Hellenic Entomological Society
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FIG. 5.: Cardinal distribution of A. aurantii populations on orange trees in Rouiba and Oued
Alleug from January 2016 to December 2017.

In addition, ANOVA analyses revealed
that cardinal directions of the tree are
statistically significant, influenced the
distribution of mobile larvae of A. aurantii
on orange trees, in both regions and both

years of study.

In winter,

the insects

significantly preferred the center, followed
by the southern directions of the trees. The
spring season showed a migration of A.
aurantii from the center to the east.

www.entsoc.gr
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A similar pattern to that of spring was
observed in summer. In the fall, the insects
also migrated to the center of the trees.

For all seasons, the western orientations
remained the least desirable. The center of
the trees gave the insect the best
microclimatic conditions for its
development. This only implies that
effective and efficient control of A. aurantii
in winter and summer requires careful
application of insecticides in the center of
trees.
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Study of overall fecundity

The reading of the results of the average
fecundity shows that there are three periods
of laying which coincided mainly with the
three sap flushes of the plant in the two sites
and for the two years of study: a spring, a
summer and an autumn laying. The first one
presents important averages and lasts from
four to five months approximately. The
second with less important averages and
lasts approximately three months. The third
one, on the other hand, lasts only two
months with smaller averages (Fig. 6).
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FIG. 6.: Average fecundity in A. aurantii on orange trees in Rouiba and Oued Alleug from

January 2016 to December 2017.

Furthermore, we noted a time lag in the
average fecundity of A. aurantii. The three
periods of activity in Oued Alleug started a
little late compared to those in Rouiba. We
noted a shift of 33 days (in 2016) and 21
days (in 2017) for the first generation, 18
days (in 2016) and 17 days (in 2017) for the
second and 41 days (in 2016) and 23 days
(in 2017) for the third.

In 2016, the first period of oviposition
in Rouiba started in the first ten days of
February, which coincided with the first
flush of sap and ended towards the end of

www.entsoc.gr

March where the first peak of fecundity was
noted on March 2 with an average of 20
larvae / female. The second oviposition
started during the first ten days of June and
ended around the beginning of September
where the peak was noted on June 24 with
an average equal to 16.67 larvae/female.
The third oviposition began during the
second ten days of September and ended by
the end of December. The last peak of egg
laying was recorded on October 13 with a
rate of 7.50 larvae/female.

© 2024 Hellenic Entomological Society
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On the other hand, in Oued Alleug the
first period of oviposition, began during the
second ten days of February and ended
towards the end of June with a peak noted
on April 4 with a maximum average equal
to 19 crawler /female. The second
oviposition began in the second decade of
June and ends on October 21. The second
peak was noted on August 12 with an
average equal to 12.38 crawler /female.
Finally, the third peak began in late October
and ended in late December. The last peak
was on November 23 with an average of
8.50 larvae/female.

In 2017, the first period of oviposition
of the red scale insect in Rouiba began
around the last ten days of February and
ended by the end of March passing by the
first peak on March 13 with an average
equal to 18 crawler/female. The second
oviposition started during the first ten days
of June and ended by the end of September.
The second peak was recorded on June 24
with an average of 10 crawler/female.
Finally, the third period of egg laying began
during the second ten days of September
and ended towards the end of December
with a peak on 23 October with an average
of 8 crawler/female. But in Oued Alleug the
first period of spawning, began towards the
end of February and ended towards the end
of July and the peak of fecundity was noted
on April 3 with an average equal to 18.25
crawler/female. While the second spawning
began during the first ten days of August
and ended on October 15, the second peak
was on August 11 with an average equal to
13.86 crawler/female. The third spawning
started towards the end of October and
ended by the end of December and the last
peak was reached on November 15 with an
average equal to 10.50 crawler/female. The
average values of fecundity varied from 1
to 20 crawlers/female in Rouiba. While in
Oued Alleug it varied from 0 to 19
crawler/female.

The results of the analysis of variance
(ANOVA) show that the effect of the factor

www.entsoc.gr

"Date" on the fecundity of A. aurantii has a
very highly significant effect for (p <
0.0001) and a significant effect for the
factor region (p =0.0269).

Discussion

The A. aurantii’s number of generations
that have been studied on orange trees, over
two years; 2020, 2021, in Rouiba and Oued
Alleug regions, Algeria, were three annual
generations, one in each of spring, summer
and fall. Our results confirm those reported
by Biche et al. (2012) and Belguendouz
(2014). El Kaoutari et al. (2004) and
Belguendouz et al. (2013) stated that the
California Red Scale, has a very variable
number of generations, largely influenced
by the climatic conditions of the region,
particularly ~ the  temperature  and
precipitation levels.

The California Red Scale insect has a
great capacity for adaptation to climatic
variations (Belguendouz et al., 2013). In
certain regions of the world, the number of
A. aurantii generations can reach up to
seven per year. In the Tadla region,
Morocco, El Kaoutari et al. (2004) noted
that this insect has developed four
generations. In South Africa, this armored
scale insect is present throughout the year,
developing four annual generations and up
to seven in sunny environments (Bedford,
1998). Grout and Richards (1989), by using
sex pheromone traps, recorded four to six
generations / year on orange trees and five
to seven generations / year on lemon trees.
According to Miller and Davidson (1990),
the California Red Scale has scored two to
three generations per year in California, six
in Argentina and four in Cyprus. Asplanato
et al, (2002), noted three A. aurantii
generations in  Uruguay. In Italy,
Tumminelli et al, (1996) observed between
three and five generations as well as in
Spain (Pekas, 2010).

© 2024 Hellenic Entomological Society
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During our observations, it was possible
to discover a continuous presence of the
various insect stages throughout the entire
year, which was due to the overlapping
generations resulting from the continuous
emission of crawler by the females. Indeed,
El Kaoutari et al. (2004) and Biche (2012)
asserted that the A. aurantii generations are
all overlapping. In the present study, we
found that the larval stages and adult
females were the most predominant stages
in Cochineal populations, this current result
was agreement with that of Boutaleb and El
Hardouni, (2011).

The adult female stage was the most
resistant, especially at low temperatures
and heavy precipitation, because of their
thick shield and their body’s encystment.
Our findings were similar to those of
Benassy and Bianchi (1974), who found
that the overwintering stages of A. aurantii
include the second stages and the adult
females. According to El Kaoutari et al.
(2004), an increase in temperature
stimulates the resumption of activity of the
overwintering stages. It is only in summer
that the biological activity is optimal, and
these results are consistent with those
shown by Belguendouz et al. (2013).

Scale insects always seek out places that
provide the best conditions for their
development (Biche et al., 2012). Their
distribution according to the plant organ
and cardinal orientation, as well as their
seasonal  distribution, is  primarily
influenced by climatic factors, specifically
temperature and precipitation. Carroll and
Luck (1984) observed that the California
Red Scale locates itself mainly on parts of
the tree that contain the highest nutrient
content. The obtained results showed that
the insect exhibited a marked preference for
the center of the tree. Effectively, Biche et
al. (2012) and Belguendouz (2014)
affirmed that the red scale insect prefers to
concentrate much more in this part of the
tree, because it searches for the least sunny
zones that offer the necessary microclimatic

www.entsoc.gr
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conditions  for its development.
Additionally, Smirnoff (1950) noted that
shade creates favorable microclimatic
conditions with very low evaporation and
higher humidity, influencing red scale
insect population. It is possible that the high
abundance of A. aurantii populations in the
center of the tree may be linked to the
influence of shade.

Furthermore, our results showed that
this scale insect is more abundant on
branches than on leaves. This aligns
perfectly with the findings of El Kaoutari et
al. (2004), who reported that the branches
are the most occupied area by the
Cochineal, because they better maintain
Cochineal populations. Alongside
temperature and humidity, the effects of
which have been extensively discussed
previously, Abbassi (1980) noticed that
light constitutes a third factor that directs
the activity of neonate larvae and defines
their level of fixation on trees.

Likewise, we observed that spring is the
best season for A. aurantii proliferation.
The results obtained by Biche et al. (2012)
in the Rouiba region on lemon trees are
similar to ours.

Concerning fertility, the study showed
that the slope is much higher during the
spring and summer seasons. Stofberg
(1937) reported the same result for the
California Red Scale, noting that fertility is
greater throughout the summer season on
orange trees. Contrary to our findings, Bliss
et al. (1931) observed that the fertility of A.
aurantii on lemon trees is higher in the
spring.

The statistical analysis demonstrated
that orientation, stage, season, and plant
organ significantly influence the total
population development of A. aurantii. As
a result, we can infer that light, seasonal
climate changes, and nutrient source appear
to be limiting factors for the red scale insect
development and  proliferation, as
underlined by several authors (Abbassi,
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1980; Biche and Sellami, 1999; and Maher,
2002). These authors have also indicated
that the host plant is responsible for
numerous bioecological variations in the
insect, such as the difference found in the
spatiotemporal distribution of A. aurantii
on the feeding organ, the geographic region,
the period of year, and particularly the host
plant.

Conclusion

The California Red Scale developed three
generations per year; one in spring, one in
summer and one in fall. The adult female
stage was the most dominant, with a rarity
of adult males. The distribution of neonate
larvae was a good indicator for
understanding the red scale insect behavior,
since it is the only mobile stage. As
mentioned above, the red scale insect was
always looking for areas that ensure its
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Ermidopaon ¢ ye@ypa@ukig TEPLOYNS KOl TN)G PO1IS TOV YLUOV
NG TOPTOKUALAS 6T dVVOIKY] TOV TAN0vepu®@v Tov Aonidiella
aurantii (Hemiptera: Diaspididae) otn Mitidja (ALyepio)

AROUA Khaoulal' 2", MELLAL Hanane®4, KAYDAN Mehmet Bora®,

HANOUN Saida®, BOUKHOBZA Lalia®, OUANES Miyada®*, NAILI

Oumaima?*, AICHE Mohamed Amine3, TANGE Denis Achiri’® &
BICHE Mohammed?

HHEPIAHYH

21006 AVTNG TNG EPYUCIOG NTAV VO LEAETNGEL TNV EMOPOOT| TG YEDYPOUPIKNG TEPLOYNG KOL TNG
pOMG TOV YVOV Gg opLopéves Prootkoroyikd yapaktnpiotikd tov Aonidiella aurantii (Maskell)
(Hemiptera: Coccomorpha: Diaspididae). H mapoakorodBnon tov Boroyikod kdkAov Tov A.
aurantii S1e€nyOn pe TOKTIKN KoToypaen TV 6Tadinv avantuég ToV 68 S0POPETIKA PUTIKA
HEPN T®V 3EVOP®V, OGS KAASOVG Kol PUALN KaTd TN d1dpKelo dVo dadoyikav etmv (2017 kot
2018) ot meproyég Rouiba [36°44'00" 'N; 3°17'00"E] xor Oued El Alleug [36°44'00"N;
3°17'00" A]. H peAétn g Suvapikng Tov TAN0ucpov £3€1Ee OTL 6TV TOPTOKOALE, OTIC TEPLOYES
Rouiba ka1 Oued Alleug, 1o €id0g avantOcoel TPELG Yeveés / T0G, 01 OTOIEG YPOVIKA GUUTITTOVY
HE TIG OVTIOTOLYES TPELS OVENTELS TNV KIVNTIKOTNTOG TOV QUTIKOV YVUOV TOV dEVOp®V: Avolln,
KaAokaipt kot eOwonmpo. H mepiodog tng dvoigng givat 1 wo €vvoikn yio TV avamtuén Tov
evtopov. Emmiéov, &gt modd €viovr TdoT GLYKEVIPOONG TPOG TO ECMOTEPLKO KOL TOVG KAGSOVG
TOV SEVTPOVL, OV TOL e£0GPOUAIOVV KOTAAANAGTEPES CLUVONKES Yo TNV avamTvEn Tov. OTteg Kot
oe Ao €idn, N xpoviKn eREAvioTn g Kibe yeveds egaptdtot amd T yemypapikn 0éon Tov
VTV Eeviotdv (amodotacn amd T 0dhacoa) 0AAG Kol amd TV KIvNTIKOTTE TOV QUTIKGV
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YOLOV. Alomiotddnike 0Tl ot Tpelg mePiodol evTovoTePNG SPAGTNPLOTNTIS TOV EVIOUOL OTNV
neployn Oued Alleug Eekivnoav Alyo apydtepa amd 6ti otny meployn Rouiba. To ¢Owvommpo kot
TOV XEWAVA, 01 EPTOVGEG TOV KOKKOEWOOVS KATAYPAPOVTOL KUPIG GTO KEVTPO TNG KOUNG TOV
d€vTpov, evd TV Gvolén kot 1o KaAoKaipt eykaficTavtol Kupi®wg oTnY avaTOMKT TAEVPE TG,
Omov ot cvvinKkeg Y TV avamrTvén Tovg elvan o guvolkés. Ot HEGEG TIUES YOVILOTNTOG
KopdvOnkay and 1 £og 20 éprovosg/OMiv otnv meployn Rouiba, evéd oty neproyr; Oued Alleug,
an6 0 émg 19 épmovoec/OnAv. H avdivon dwaxdpoveong delyvet 0Tt ot Tapdyovteg £T0¢, LVOG Kot
neployn mpokdiesav onuaviikég dwapopés (p<0,0001) otn Proroyio Tov gvidpov kAT THV
nepiodo g perlémg otig meployés Rouiba kot Oued Alleug, pe mbavéomta (p<0,0001). H
KOTOVOLT TV EPTOVOADV OTETELESE EVAY KAAD SEIKTN Y10 TNV KOTOVONOT| TNG CUUTEPIPOPEG TOV
KokKkoedove. Ta gvpApato VTAG TG HEAETNG EXOVV TOAD HEYOAN onUocia Yo TOV EAeyYO TOV
KOKK0£1600¢ evtopov A. aurantii.
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