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In order to establish the better communication between applied entomology and fundamental ecology to consider an integrated
control against the Australian cochineal Icerya purchasi Maskell, 1879 (Homoptera: Margarodidae) the most formidable pest for
citrus fruits, a study on the Spatio-temporal dynamics of the parasite were followed for two years in a clementine orchard in
Western Mitidja in Algeria. Ten-day samples of leaves and twigs were carried out from 2017 to 2018. The level of L purchasi
infestation is very high throughout the study period when the minimum threshold exceeds 400 individuals, with three intense
periods of infestations: spring, summer and fall during the two years. The population of young larval stages is the largest during the
two years of study with 13,323 individuals (62.8 %) and 13,968 individuals (54.4 %) in 2017 and 2018 respectively against 7896
individuals (37.2 %) in 2017 and 11,715 individuals (33.5 %) in 2018 for adults. Tukey's pairwise comparison test on the companion
plan shows that the 2018 one is the most important from an overall effective point of view (ANOVA, p <0.01, Tukey's test p<0. 01).
The Cross-Correlation Test shows the presence of a time lag (p = 0.0371, p<0.05) and the maximum overall abundance was
reported around mid-July for both campaigns. Statistical tests show that females show the same fertility during the two campaigns
(ANOVA, p >0.05). peak fertility in 2017 was reported in mid-June, while peak fertility was reported in mid-July for the 2018
campaign. The Cross-Correlation Test shows a very significant time lag from one month to another (p = 0.0064, p <0.01)
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Introduction

Scale insects or coccidae are the most formidable enemies of citrus fruit, both in terms of the qualitative and quantitative

depreciation they cause to the fruit as well as its tree. Depending on the intensity of the attacks, partial or total dieback of some
branches or even the whole tree can be observed due to the intense spoliation of the tree's sap, causing it to weaken (Bailet, 2011).
Among the Margarodidae, the most worrying species for citrus orchards is I purchasi, commonly known as the Australian mealybug.
It originates from Australia but has spread to all parts of the world (DeBach, 1964). It is considered a major pest of citrus (Carvalho
et al., 1996). Damage by this scale insect is both direct (sap extraction, wounds on the bark, deformations and seeps) as well as
indirect, through a high production of honeydew which allows the development of sooty mold. In the absence of treatments and
natural enemies, this damage compromises production and can lead to citrus tree death (Kiyindou, 2008; Mbete et al., 2011).
Causton et al., (2004) reported that 7. purchasi presents a serious threat to plants, difficult to control even with pesticides.
Algeria was traditionally a citrus exporting country and is currently having trouble in meeting local consumption needs, which are
constantly increasing due to the consumption of fresh fruit (Boudi, 2005). On the other hand, the marketing of citrus fruits is facing
enormous difficulties. Particulularly, the sanitary quality, due to diseases and pests that make them unfit for consumption,
preservation and export, depriving Algeria of foreign exchange earnings (Belguendouz, 2014).

This remains the first study to be conducted on the ecology of I purchasi in Algeria. Although, much research has been
carried out on the bioecology of scale insects, mainly citrus, especially on Diaspines (Biche, Sellami, 1999; Biche et al., 2012; Chafaa
et al., 2013a, 2013b; Belguendouz et al., 2014; Aroua et al., 2019; Aroua et al, 2020), Pseudococcins (Aroua et &/, 2019),
Asterolecanins (Menzer et al. 2016) and Lecanins (Biche et al., 2012). We provide information on some bioecological parameters
such as population dynamics and spatial and temporal distribution of the pest on the tree, which will be useful for better
management of this pest.

Materials and methods

Study site

Our study was carried out in a farm in the region of Sidi Moussa, (36°35'47.9"N 3°05'38.6"E) located at the level of the Mitidja
plain, Algiers (Figure 1). The farm covers an area of 2.5 hectares and contains 690 clementine trees of the Nules variety grafted on
citrange carrizo (Citrus sinensis (L.) 'Washington' x Poncirus trifoliata (L.)). The choice of the site was selected because of the
heavy infestation of the Australian scale, which remains a threat to neighbouring plots and the importance of citrus yards in the
region.
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Figure 1. Location of the Sidi Moussa region, Algeria.
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To explain the climatic conditions of Sidi Moussa, we have borrowed climatic data for 2017 and 2019 from the INRA (National
Institute of Agricultural Research) Baraki weather station, which is located 3 km away from the study station. This data is presented
in the following table:

Table 1. Monthly climate data records for the Mitidja Occidentale (Sidi Moussa) during the years 2017-2018 (INRA,2019)

January February March Aprii May June July August Sept. Oct. Nov. Dec.

T°min 5.74 5.6 829 9.74 13.61 18.68 20.82 20.99 17.08 12.71 8.12 6.62
T°max  15.56 13.56 21.97 23.04 25.68 30.81 34.39 3242 30.32 27.28 21.02 16.8

N Tomoy 1014  9.68 1456 1627 19.44 2457 26.85 2627 23.46 1971 13.63 11.36
o
N (n'jrpn) 195 27 41 7 2 11 0 0 29 16 103 148
HR % 80.93 632 7638 7419 70.02 699 68.24 6852 70.59 7413 81.65 81.68
Tomin  6.24 546 915 1051 1235 157 19.92 2003 1934 1431 10.66 7.11
Tomax 187  16.05 19.54 2219 23.26 28.32 3242 3218 30.62 2565 2191 21
©  Tomoy 119 1043 1404 16.00 17.61 2212 2615 2626 2449 19.61 1574 13.04
o
S pp
9 135 132 105 33 40 0 0 24 66 110 35

HR %  81.42 80.08 75.56 78.04 82.22 73.63 69.18 73.23 77.33 77.07 85.62 89.27

Temperature analysis shows that low temperatures are recorded during the month of January and February. High
temperatures are noted during the months of July and August during both years of the study. The annual rainfall for the year 2018
was high (729 mm) compared to the year 2017 (579 mm). The highest rainfall was recorded during the months of January and
December in 2017, unlike the previous year when the highest cumulative rainfall was recorded during the months of February,
March and November. On the other hand, the months of July and August remained the driest during both years. Relative humidity
generally exceeded 60% RH but remained higher in 2018 than in 2017. This uneven distribution of precipitation over the annual
cycle and the alternation of wet and dry seasons plays a regulatory role in the biological activities of pests.

Experimental design

The study was carried out during two successive years, 2017 and 2018. Sampling was carried out every 10 days, three outing
per month, with 72 outings in total. The study plot was divided into 9 blocks of 25 trees each numbered from 1 to 25. The method
used was inspired by that of Vasseur and Schvester (1957). We randomly selected two trees from each block from which we
collected two leaves and a twig at random at 1.50m from soil. For these samples, we did not take into account the age of the
leaves or the diameter of the twigs from the four cardinal orientations plus the centre of the tree. Before being analysed in the
laboratory, samples were placed in paper bags, which we immediately put in a cooler. The counting method consisted of identifying
and counting - under a binocular magnifying glass - the different stages of the scale on the leaves and twigs. The number of living,
dead and predated individuals were counted for each stage.

Statistical analysis

The variance analyses were performed on homogeneous averages in relation to a variance coefficient (C.V. - 20%). The linear
general model (GLM) was applied to the abundance of 1. purchasi larvae and adults in order to study the spatial and temporal
fluctuation of the population. Multiple comparisons were applied by using the Tukey Post Hoc test. The differences are considered
significant at p <0.05. The analysis was performed using Past software version 3.2. The availability barycentres were calculated
according to Djazouli et al. (2009). The temporal barycentre was deduced from the following formula: B = X (RGixABi)/Z Abi, with
RGi = rank from January to December) and ABi = abundance in month i.
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Results

Larval and adult population abundance

Larvae stages were the most abundant during the two years of study with 13323 individuals (62.79%) and 13968 individuals
(54.39%) in 2017 and 2018 respectively compared to 7896 individuals (37.21%) in 2017 and 11715 individuals (33.50%) in 2018 of
adults (Figure 1).

Qi ELarvac Pog

B Adulte.
&0 4 i

6ol o
S0 o
40

o of individuals

20 4
10 4

2017 2018
year

Figure 1. Global abundance of /. purchasi on the clementine tree in the region of Sidi Moussa in 2017 and 2018.

Evolution of the scale

The level of I purchasi infestation was very high over the studied period, with the minimum threshold exceeding 400
individuals during the two years. The scale population showed three infestation peaks: spring, summer and autumn. In 2017, the
first peak was recorded in the first decade of April, with 700 individuals while in 2018 it was recorded in the third decade of March,
with 1070 individuals, a 20-day lag. The second peak was observed towards the last decade of June in 2017 (850 individuals) and
2018 (920 individuals). Finally, the 3rd peak was observed on September, 19 (820 individuals) for 2017 and September, 5 (985
individuals) for 2018, a delay of about 15 days (Figure 2).
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Figure 2. Change in the global population of Z. purchasion the clementine trees in Sidi Moussa in 2017 and 2018.

The overall annual abundance did not show a significant difference (p = 0.98) among months. The temporal profile showed a
stable abundance even though some months showed significant numerical peaks (statistically there is no difference). The 2018
campaign was the most important in terms of overall effectiveness (GLM, p < 0.01, Tukey test p< 1%). The shape of the curves
relating to fluctuations in adult populations and larvae shows an alternation of fluctuations where we can observe three periods of
intense development: spring, summer and autumn (Figs. 3 and 4). Analysis of the results reported in Fig. 3 shows that variations in
the numbers of larvae and adults are significant during the study period. For larvae, a first peak of 398 individuals was recorded on
May, 15, a second peak of 460 individuals on August 9 and 520 individuals was recorded on November, 11 in 2017. In 2018, a first
peak of 420 individuals was recorded on April, 29, delayed about 15 days compared to 2017. The second peak was noted on July,
19, with 522 individuals, delayed about three weeks compared to 2017. Finally, the third peak was noted on October 20 (568
individuals), delayed about four weeks compared to 2017.
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Figure 3. Spatial and temporal variation of larval stages of . purchasi on clementine trees in Sidi Moussa

The temporal variation of the adult stage (adult females and laying females) is shown in Figure 4. Adult females followed the
same pattern of larvae (Figure 4). Nevertheless, the population level of adults in 2018 (11,715 individuals) was significantly higher
than in 2017 (7,896 individuals). However, in 2017 three maximum values were recorded: 450 females on 9 of April, 620 individuals
on 20 of June and 480 individuals on 19 of September. In 2018, three population peaks were also recorded: on 10 of March, with
595 individuals, on 20 of June, with 570 individuals, and on 5 of September, with 645 individuals.

A comparison by level (month/month) was carried out using the Wilcoxon test and confirmed by the Monte Carlo test. With
reference to the associated probabilities, larval abundance did not show a significant difference between the two surveys.

700 - —— Adulte Pop2017 === Adute Pop 2018

600 A \

- \

_%500 - \ |

£ 400 - /

=

£ 300 - AN SS / -

S
. Ve

S 200 4 \f </ /~

z. T
o+
—_— - ci oo oo g g v g goo= 8 [l [ - [ ]
e g g g 2 2 2 2 2 2 2 2 2 2 g o o0 -0
— = (=)} —_— [ (=)} (=) o] [ [} (=) (=3} (=) (= [wm] [ = [vs] [
] (] = = (] = (o] (] — of) — = (o] — — o — = o

Month

Figure 4. Spatial and temporal variation in the adult stages of 7. purchasi on the clementine tree in Sidi Moussa in 2017 and
2018.

The same tests, was repeated for adult and laying females. The results showed that the populations in the 2018 season were
significantly large in terms of abundance compared to the 2017 season (p < 0.03)

We calculated the barycentre of the global abundance in order to estimate the time lag between the two years. The values
were 6.44 and 6.25 respectively for 2017 and 2018. Thus, the maximum global abundance was reported around mid-July for both
surveys. The Cross-correlation Test showed the presence of a time lag (p=0.0371).

Table 2. Temporal shift of the different generations of Z. purchasi on the clementine tree in Sidi Moussa.
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Fertility study

The overall average fertility of scale insects was 612.97 eggs/female in 2017 and 616.49 eggs/female in 2018. As before, the
average fecundity during the two years also passes through three egg-laying peaks. In 2017, there were 1425.72 eggs/female in
April, 647.58 eggs/female in June and 624.82 eggs/female in September. In 2018, the same periods of high average fertility will
continue: April (1007.83 eggs/female), June (811.30 eggs/female) and September (971.45 eggs/female).
Females had the same fertility during both years (p > 0.05). We calculated the fertility barycentre to estimate the time lag between
the two years. The values were 5.56 and 6.56 for 2017 and 2018, respectively. Thus, maximum fertility in 2017 was reported in
mid-June, while maximum fertility was reported in mid-July for 2018. The Cross-correlation Test showed a very significant time lag
from one month to another (p=0.0064).
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Figure 5. Fluctuation in average fertility in Z. purchasion the clementine tree in Sidi Moussa in 2017 and 2018.

Discussion

Observations on the population dynamics of I purchasi on clementine orchards were obtained during two years. Larval
populations were higher than adult in both years. The monitoring of the fluctuations of the scale insect populations revealed the
presence of three periods of higher abundance of scale on the clementine trees in Sidi Moussa during the two years of study in
spring, summer and autumn. This is in close correlation to the host plant and can be explained by the abundance of nutrients from
the spring (PS1), summer (PS;) and fall (PS3) sap flushes. This biological aspect of I purchasi shows the important role played by
the host plant on the scale insect population density. Indeed, Biche and Sellami (1999) noted that the influence of the host factor on
the mealy bug is revealed on cycle length, size, fecundity and sex ratio. Similarly, Begon et al. (1996) mentioned that the evolution
of scale insects is closely related to that of the host plant and that the evolution of the host plant results in the appearance of new
sap flushes. In this sense, Takarli et al. (2015) points out that the spring period is the most favourable season for this scale insect.
It should be noted that the mealy bug behaves differently depending on the year. Indeed, we found a clear lag in days in the
development of the populations of I purchasi. The three periods of activity of L purchasiin 2018 started early compared to those of
2017.

Studies conducted on this species showed that the scale develops between 2 to 5 annual generations. In Palestine, I. purchasi
can develop 3 to 5 generations per year (Bodenheimer, 1951; Avidov and Harpaz, 1969). On the other hand, in northwestern
Argentina, the species develops in 3 generations (Nasca et al., 1981) and only in Valdivia in Chile (Reboledo and Carrillo, 1988). In
mainland Europe, particularly in Portugal, it is possible to have four annual generations, but the general rule is three, with breeding
activity in

February, July and September (Amaral, 1982; Soares, 1980). The same results were reported by Garrido and Busto (1987) and
Climent (1990), who point out that in Italy the scale can develop three generations with larval hatching in February, June and
September but only two generations in Antibes (southern France), as in Spain, where three generations were reported. Further
south, in Morocco, 1. purchasi evolves in four annual generations where the first one between February and June, the second one
between June and August and the third one from August to October and the last one in winter. These numbers of generations are
probably due to the effects of temperature. Studies conducted by Ghanim et al. (2013) in Egypt show that . purchasi also develops
three generations. On the other hand, Awadalla (2017) reports that Z. purchasi recorded only one peak in abundance on Grenadier
in early September. Overwintering mainly affects the young female and adult female stage associated with second and third instar
larvae. These results reinforce the evolution of the average fertility of the scale, which also goes through three periods of egg-
laying.

There is a close relationship between scales and their host plants. These come as a real ecological factor, the action of which
is superimposed on that of climatic factors (Biche, 1987). Several authors classified the host plants of the species as “ norma/”hosts
(primary or main), which allow the insect to develop and multiply fairly regularly. As “secondary” hosts, which allow the
development with little or no multiplication was observed and on which the infestation may decrease slowly; and as “ exceptional”
(or occasional) hosts, which just allow the insect to develop, but on which the infestation declines rapidly. The host plant affects the
development time, the individual size, the fecundity and the sex ratio.

Conclusion

We concluded that the Australian scale presents three periods of activity on the clementine tree in Sidi Moussa: during autumn
and spring. They coincide perfectly with the three shoots of sap of the clementine or orange tree. These periods probably offer the
cochineal favourable conditions for its development. Spring seems to be the most favourable season scale insect populations. The
rate of development during this season is the highest compared to other seasons. Scale insect fecundity is influenced by ecological
factors. Egg-laying occurs throughout the year, resulting in generational overlap, which, in relation to other seasons, remains higher
in spring and fall.
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