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ABSTRACT

The present study was carried out at the experimental farm, faculty of
Agriculture, Mansoura University during two seasons (2010 and 2011) to evaluate the
host plant (blood orange, limon and mandarin) - scale insect, parlatoria. oleae
(Colvee) interactions.

The olive scale, P. oleae Population exhibited three peaks of abundance on
blood orange and limon orchards, while, it showed two peaks only on mandarin
orchard.

The more favourable host for P.oleae was blood orange followed by Limon
then mandarin. However, P. oleae female showed the highest fecundity on blood
orange trees and the lowest on mandarin trees. The average number of offspring for
p.oleae female was 35.4 + 4.8, 30.9 + 5.6 and 18.7 + 4.2 / female on blood orange,
Limon and mandarin leaves, respectively.

Chemical analysis indicated that mandarin leaves had the highest
percentage of total protein in comparison with limon and blood orange leaves. On the
contrary, the pest exhibited the lowest reproductive rate and population density on
mandarin leaves. So, volatile oils produced by the mandarin leaves may play a role in
insect biology.

Statistical analysis indicated that there was a positive correlation between
the changes of total protein contents and those of P. oleae population density in all
tested host plants.

INTRODUCTION

Scale insects are very important pests of fruit trees and they suck
the sap from the above ground plant parts thereby causing the injury Verma
and Dinabandhoo.2005.

The olive parlatoria scale, P. oleae (Hemiptera: Diaspididae) is one
of the most important scale insect pests (Asfoor 1997). P.oleae infests mainly
deciduous hosts around the world and few evergreen (lemon, orange and
oleander). This insect host range includes more than 200 host plants
(Katsoyannos 1992).

Reproduction is connected with trophic relations (host plant). Signals
produced by trophic basis induce different reproduction sequences. It is
possible to use these relations to protect the crop by using lures (Abd EI-
Kareim, 1997). These lures are natural mimetic structures or chemical
compounds. Such chemicals offer considerable potential as a tool for
managing populations (Thyril and Klein, 1982).

Semi chemicals emitted from a diverse group of plants mediate key
processes in the behavior of specific insects. Volatile phytochemicals can
serve as airborne semi chemicals, promoting or deterring interactions
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between plants and herbivore insects. (Quiroz et al., 1997). volatiles from
host plants enhance the effect of contact stimulants, increasing landing rates
and oviposition relative to non-host plants (Feeny et al., 1989).

Therefore, the present study aims to add some knowledge to the
relation between the pest P. oleae and its host plants (blood orange, lemon
and mandarin).

MATERIALS AND METHODS

1- Investigation of host plant-P. oleae interaction.
(Comstock) interaction:
1.1. Experimental orchard:

The experiments of the present study were carried out on blood
orange, lemon and mandarin orchards located at the Experimental
Ressearch station of the Faculty of Agriculture, Mansoura University at
Mansoura district, Dakahlia governorate during the two seasons of 2010 and
2011.

2. Estimation of P.oleae population on host plant trees:
2.1. Sampling program:

Five trees (relatively homogenous in size and age) of each host plant
were selected and marked for the present study.

To determine the seasonal abundance of the olive scale, P. oleae,
samples were collected biweekly from blood orange, lemon and mandarin
trees from the 4™ of January 2010 until 14™ of December 2011.

Five leaves were collected from the four cardinal directions (north,
south, east and west) and the center core of each tree. The collected leaves
were cut, kept inside polyethylene bags and transferred to the laboratory for
investigation.

Scale instars were examined by aid of a stereoscopic- microscope of
40 - 100 times magnification force.

The number of P. oleae individuals was counted and recorded and
the population density was estimated.

3. Investigation of host plant- P. oleae interaction :-

The total actual reproduction in the deferent host plant leaves was
estimated three times (in March, July and October) by counting the number of
progeny for 20 — 30 females / host plant, which were marked and encircled
individually before using tangle- foot as sticky- ring traps.

Statistical analysis was carried out by using one way ANOVA.

To determine the relation between leave components and P. oleae
population, percentages of protein and carbohydrates were estimated in each
host plant leaves (blood orange, lemon and mandarin). This chemical
analysis was done in the Horticultural Research Institute, Agricultural
Research Center, Ministry of Agriculture during spring (March), summer
(July), autumn (October) and winter (December) 2011.
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RESULTS AND DISCUSSION

1.Seasonal activity of P. oleae in response to host plant species :

To follow up the changes in the population of P. oleae, biweekly
samples of leaves were taken and the numbers of nymphal and adult stages
were counted on the tested host plant (blood orange, limon and mandarin)
leaves. Every sample consists of 25 leaves.

1.1. On blood orange trees :

In the first season, P. oleae population started on blood orange trees
with relatively low number ( 71 individuals / sample) on the 4" of January
and then the population increased gradually till it reached the first peak of
abundance on the 15" of March (164 individuals) (Figure, 1.A). Thereafter,
the pest population decreased till it reached 45 individuals at the 12" of April
then increased again to reach the second peak of abundance on the 24" of
May (111 individuals). Then, the population fluctuated during summer months
(June, July and August) and increased again to reach the highest peak of
abundance on the 14" of September 2010 (317 individuals/sample ).

In the second season (2011), P. oleae population fluctuated during
the season through three obvious peaks. These peaks had been recorded
on the 2™ of March, 8" of June and 14™ of September with a total number of
93, 147 and 218 individuals\ samples, respectively. (Figure, 1.B)

1.2. On limon trees:

Data shown in figure 1 (A and B) summarized the changes in the
relative abundance of the diaspidid species, P. oleae on Lemon trees during
2010 and 2011 seasons.

As shown in figure 1 (A and B), the diaspidid species had three
distinct peaks of seasonal abundance in both seasons (2010 and 2011).
These peaks were recoded on the 12" of April, 19" of July and 25" of
October 2010 with an average of 123, 142 and 146 individuals / sample
respectively. In the second season, P. oleae population peak occurred on the
2" of March (52 individuals), 8" of June (95 individuals) and 5" of October
2011 (115 individuals).
1.3.0n mandarin trees:

As shown in figure (1) the obtained results indicated that P. olea
population on mandarin trees was relatively low and fluctuated during the
season through two obvious peaks. The first peak of abundance recorded on
the 10" of May and 22nd of June with a total number of 88 and 75 individuals
during 2010 and 2011seasons, respectively. The second peak occurred on
the 11™ of October (2010) and 5" of October (2011) with a total number of
109 and 84 individuals\ sample during the first and second seasons,
respectively
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Figure 1: Seasonal abundance of Parlatoria oleae (Colvee) population
in response to host plant species (blood orange, limon and
mandarin) at Mansoura district during 2010 (A) and 2011(B)
seasons.

2. Host plant preference to the scale insect, P. oleae population.

Data presented in Table 1 showed the population density of P. oleae
as affected by host plant species during the seasons of the year (spring,
summer, autumn and winter) on blood orange, limon and mandarin.

Data illustrated in Table (1) refer that blood orange leaves received
the highest number of P. oleae throughout the whole period of investigation,
while the lowest abundance occurred on mandarin leaves. Limon leaves were
of intermediate rank for P. oleae population.

The obtained results indicated that the average number of P.oleae
population ranged between 58.4 individuals (in the second season) and
168.16 individuals (in the first season) on blood orange reached the highest
density in autumn (168.16) and summer (116.57 individuals/sample) during
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2010 and 2011 seasons. The average number of insects\ sample was 114.96
+81.23 and 97.23 £ 41.79 in the first and second seasons, respectively.

The average population density of P.oleae on lemon varied between
36.71 and 90.5 individuals/sample and the highest number occurred in
autumn in both years (90.5 and 75.85 individuals/sample, respectively). The
average number of insects\ sample was 77.42 + 13.31 and 57.19 + 23.26 in
the first and second seasons, respectively.

On mandarin trees, the average population density varied between
28.4 and 41 individuals/sample and the highest number occurred in autumn
(76.5) and summer (56.42 individuals/sample) in the first and second
seasons, respectively. Mandarin leaves were comparatively less preferred by
P. oleae (the average number of insects was 59.69 + 21.95 and 44.96 *
20.13 in the first and second seasons, respectively.

Table (1): Average number of P.oleae population / sample (25 leaves)
during spring, summer, autumn and winter seasons in 2010
(A) and 2011(B).

Season Orange Limon Mandarin
A B A B A B
Spring 89.85 94 88.28 36.71 68.57 36.28
Summer 133.28 116.57 71.85 67.57 52.42 56.42
Autumn 168.16 108.85 90.5 75.85 76.5 54
winter 69.66 58.4 58.16 45.2 41 28.4
Total mean 114.96 + 97.23 7742 + 57.19 59.69 + 44.96 +
81.23 41.79 13.31 23.26 21.95 20.13

3. Seasonal abundance and reproductive rate of Parlatoria oleae
population as affected by some chemical contents of tested host
plant.

In the present work, the protein content as well as carbohydrates
contents of leaves were evaluated as possible factors related to olive scale
insect infestation.

P. oleae showed different degrees of preference for the different
tested host plant species. As shown in Table (2), the obtained data showed
that blood orange harboured the highest population of P. oleae, followed by
lemon and mandarin. On the contrary, the average total protein content was
4.46, 7.24 and 5.89 % in blood orange, limon and mandarin, respectively,
while, the average percentages of total carbohydrates was 15.08 + 2.08,
17.877 £ 3.28 and 20. 825 + 4.36 in the three host plants, respectively.

Table, 2: General means of P.oleae population and reproductive rate in
response to total Protein and Carbohydrate contents in
blood orange, Limon and mandarin leaves during
season 2011.

Av.no.of P.oleae Av.no.of
Host plant o : offspring/ Av. Protein% | Av. Carbohydrates%
population female
Orange 97.23+ 41.65 354 4.46 £ 0.96 15.08 + 2.08
Limon 57.19 £23.26 30.9 7.24£1.70 17.88 + 3.28
Mandarin 44.96+ 20.13 16.7 5.89 + 0.90 20.83 +4.36
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The obtained results are presented in Table2. revealed that the
tendency of egg production was significantly higher on blood orange and
Limon. Regarding the whole period, the reproductive rate of P. oleae females
was significantly low on mandarin leaves.

Statistical analysis indicated that there was a significant and
insignificant negative correlation between both population size and
reproductive rate, and the total protein content. However, r,-values was - 0.69
and -0.25. Also, there was a significant negative correlation between both
population size and reproductive rate, and the total percentages of
carbohydrate (r-value was -0.86 and -0.96, respectively) .

It can be concluded that a kind of inverse relationship was found between
the carbohydrate content of leaves and population density of P. oleae, as well
as reproductive rate From Table (2), it appears that mandarin leaves have the
highest carbohydrate content in comparison with lemon and blood orange.
However, the lowest population density correlated with the highest
carbohydrate content and the reverse was true.

Changes in the percentages of protein and carbohydrate of the tested
host plant leaves were estimated on the different seasons (spring, summer,
autumn and winter) of 2011.

Population fluctuation of P. oleae was estimated in response to the
changes in the chemical contents of host plant leaves (blood orange, lemon
and mandarin ) during the growing seasons (spring, summer, autumn and
winter). Results are summarized and illustrated in Table 2.

A correlation was observed between the chemical contents (a total
protein and carbohydrates) of leaves and the calculated population densities
of P. oleae . However, in summer and autumn seasons, leaves of the tested
host plants had a higher value of protein than in spring and winter seasons.
Differences in the total protein contents of the tested host plant leaves
throughout the different seasons (spring, summer, autumn and winter) may
explain the variations of population density during each season.

3-1) In response to protein content

In case of orange leaves (in the second season) the mean numbers
of P. oleae population was 91.14, 116.57, 108.85 and 66.4 individuals/sample
in spring, summer, autumn and winter corresponding with 3.52, 5.7, 4.7 and
3.9 % of protein content.

So, the lowest population of P. oleae which recorded in winter
season (66.4 insects\ samples), coincides with the lowest percentage of total
protein (3.9 %) (Fig.2)

In case of Limon leaves. The mean numbers of P. oleae was 36.71,
67.56, 75.85 and 58.5 insects/ sample coincided with 7.2, 8.52, 8.4and 4.84
% total protein during spring, summer and autumn seasons, respectively. It
may be concluded that the highest P. oleae population was recorded in
autumn season (75.85 1insects\ sample) coincided with the lowest
percentage of total protein (8.4 %) (Fig.2)

In case of mandarin leaves, the mean numbers of P. oleae was
42.42, 64.28, 55.42 and 55.6 insects/ sample coincide with 55.77,7.2, 5.77
and 4.8 % total protein during spring, summer and autumn seasons,
respectively. So, the lowest population of P. oleae was recorded in spring
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season (42.42 insect\ sample) coincided with the lowest percentage of total
protein (5.77 %) as shown in (Fig. 2).
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Figure (2). Average number of P.oleae / sample in spring, summer,
autumn and winter in response to total protein and
charpohydrate contents in orange, limon, and mandarin
trees during seasons of 2011.

3-2) In response to carbohydrate content

Data illustrated in Figure (2) indicated that the differences between
carbohydrate values in the three tested host plants were significant during
2011 season.

787



Abd El-Kareim, A.l. et al.

The mean number of P. oleae was 94, 116.57, 108.85 and 58.4
insects\ sample on blood orange leaves coincide with 13.18, 17.73, 13.7 and
15.73 % carbohydrate contents, respectively.

With respect to the mean number of P. oleae on limon leaves, it was
36.71, 67.57, 75.85 and 45.2 insects\ sample coincide with 20.78, 13.59,
17.07 and 20.07 % carbohydrate contents, respectively.

On mandarin leaves the mean number of P. oleae was 36.28, 56,42,
54 and 28.4 insect\ sample corresponding with 25.55, 15.35, 19.71 and 22.69
% carbohydrate contents, respectively.

3) The changes of population density of P.olaea in response to protein
and carbohydrates in host plant leaves.

The obtained data as illustrated in Figure (3) obviously indicated that
P.oleae population show positive and negative response to the increase of
total protein and carbohydrate contents in the tested host plant leaves.

The regression analysis obviously indicated that P. oleae population
significantly increased by increasing the total protein contents. On the
contrary, it significantly decreased with the increase of total carbohydrate
percentage in all tested host plants.

As shown in Figure (3A), P.oleae population on blood orange leaves
had positive response to the increase of total protein contents (r = 0.68). On
the contrary, the increase of P. oleae population was insignificantly correlated
with the increase of total carbohydrate contents (r = 0.100).

With respect to the relation between P. oleae population and
chemical contents (protein and carbohydrates) in mandarin leaves, the
obtained data indicated that P.oleae population exhibited positive and
negative response to the increase of protein and carbohydrate percentages,
respectively. The comesponding correlation coefficients values were 0.81 and
0.82. The same trend was observed in case of Limon (Fig.3). The relation
between P. oleae populations and both protein and carbohydrate could be
represented by the following sub models.

Protein:

y =0.025x + 2.02 on orange

y = 0.064x + 3.66 on limon

y =0.06x + 3.29 on mandarin
Carbohydrate

y =0.0081x + 14.32 on orange
y =-0.14x + 25.93 on limon

y = 0.06x + 3.29 on mandarin
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Figure (3): Relationship between chemical components (total

carbohydrate and portion) of blood orange, limon and
mandarin leaves and average number of P.oleae\ sample
during season of 2011.
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DISCUSSION

In the present investigation, P. olea population exhibited three peaks
in orange and lemon orchards, while it showed two peaks only on mandarin
trees. Also, Ezz (1997), reported three generations of P. olea annually during
May, August and October on Plum, apricot and peach in Wadi — EL- Nattrun,
Behira and Qalyobia . In North Delta, two peaks only were recorded on olive
trees (Moursi and Mesbah ,1985).Also, Habib, A. (1971) mentioned that P.
oleae had three annual generations on citrus and its highest population
tended to settle on the shady zones of citrus trees.

P. oleae showed different degrees of preferability to blood orange,
lemon and mandarin leaves. However, orange leaves proved to be the most
preferred host for sheltering P. oleae in comparison with lemon and mandarin
leaves. The highest abundance of P. oleae was recorded in blood orange
orchards, while it exhibited the lowest infestation to mandarin

Chemical analysis indicated that mandarin and limon leaves have the
highest protein content in comparison with blood orange in all seasons
(spring, autumn, summer and winter). The obtained results also indicated that
the more favourable substrates for P.oleae were blood orange followed by
Limon and mandarin. However, the highest population correlated with the
lowest protein content and the reverse was true. . According to Bernays and
Chapman (1994), preferences for certain plant characteristics may modify
insect behavior.

According to Abd El-Kareim (1997), olfactory stimulants produced by
the host plant may play a role in host preferability by insect females

Ali (1988) stated that volatile oils of several host plants have one or
more of the following effects: Deterrent effect, decreased insect maturity and
molting rate and decreased reproduction rate of the insect pest. Also, Amer
and Momen (2002) mentioned that essential oils of host plant may be
decreased the food consumption rate as well as egg laying. In addition
vapour of thirteen oils from host plants have a repellents action, reduce
fecundity and adversely influence offspring emergence for some pests
(Papachristos and Stamopoulos, 2002).

The quality of food eaten by insect immature stages will affect tracts
such as gamete production and fat reserves. So, it resulted in low population
of P.oleae as well as generation number on mandarin.

The obtained data revealed that olfactory cuses of mandarin leaves
acted as a repellent effect for P. olea crawlers compared with the lemon and
blood orange. However, significant reduction of P. oleae population density
was estimated on mandarin trees.

The biology of the insects is strongly influenced by the host tissue
content. The realized total fecundity depended on the settling substrate
(Carroll and luck, 1984). The more favourable substrate had comparatively
faster maturation, higher percentage of juvenile survivorship and greater
reproductive rates for Aonidiella aurantii (Caroll and Luck, 1984).

790



J. Plant Prot. and Path., Mansoura Univ., Vol. 3 (8), August, 2012

Youssef, A. A. (2006) showed that concentration of total
carbohydrate in more susceptible plant variety was lower than in least
susceptible variety. Also, in the present study there was a negative
correlation between the concentration of total carbohydrate and the
population density of P. oleae

The complete system of host plant selection involves a three-link
chain of events in which the first link is governed by ceus from volatile plant
chemicals, the central link by visual stimuli, and the final link by cues from
non-volatile plant chemicals (Finch and Collier, 2000).

Dicke and van Loor (2000) demonstrated that volatile blends
released by plants can be specific for some plant-pest interactions, plant
tissue and pest species.

REFERENCES

Abd El-Kareim, A. I. (1997). Sex pheromones and plant odor as behavioral
chemicals for the citrus leaf miner, Phyllocnistis citrella Staint.
(Lepidoptera: Gracillaridae). 7™ Nat. Conf. Pest & Dis. Vegt. & Fruits in
Egypt, Vol. 2: 409-420.

Ali, A. G. A. (1988). Ecological and control studies on certain pests infesting
medicinal and aromatic plants. Ph.D. Thesis, Fac. Agric., Assiut Univ.,
Egypt.

Amer, S. A. A. and F. M. Momen (2002). Effect of some essential oils on the
predacious mite Amblyseius swirskii A. H. (Acari Phytoseiidae). Acta
Phytopathollogica et Entomologica Hungarica, 37(1/3): 281-286.

Asfoor M. A. (1997): seasonal abundance and control of the plum scale insect
Parlatoria olleae (colvee) on some deciduous trees. Ph. D. these, Fac. Of
Agric., zagazig Univ. Egypt, 398 PP.

Bernays, E. A. and R. E. Chapman (1994). Host-plant selection by
phytophagous insects. Contemporary Topics in Entomology 2. Chapman
& Hall, New York, London.

Carroll, D. P. and luck, R. F. (1984) Bionomies of California red scale, Aonidiella
aurantii ( Maskell) (Homoptera: Diaspididae), on orange fruits, leaves and
wood in California,s san Joaquin valley. Environ. Entomol., 13, 847 — 853.

Ezz, N. A. (1997): Ecological studies on plum scale insect, Parlatoria olea and its
parasitoid Aphytis sp. On deciduous trees. M.Sc. thesis, Fac. Agric. Cairo
Univ., Egypt, 148 pp.

Finch, S. and R. H. Collier (2000): host- plant selection by insects- a theory
based on ' appropriate/ inappropriate landings' by pest insects of
cruciferous plants. Entomo. Experimentalis et Applicata. 96 (2) : 91- 102.

Habib, A. Salama H. S. and Amin A. H.(1971): Population Studies on Scale
Insects Infesting Citrus Trees in Egypt . Zeitschrift fir Angewandte
Entomologie, V (69), Issue 1-4, p 318-330.

Katsoyannos,P. (1992): olive pests and their control in the near East. FAO plant
production and protection paper No. 115 UN. Roma. 180pp.

791



Abd El-Kareim, A.l. et al.

Moursi, K. S. and H. A. Mesbah (1985): Olive pests of irrigated- farm system in
the Egyptian western desert, with special references to armored scale
insects. Ann. Agric. Sci. Moshtohor, 23: 901 — 911.

Papachristos D. P. and D. C. Stamopoulos (2000). Repellent, toxic and
reproduction inhibitory effects of essential oil vapours on Acanthoscelides
obtectus (Say) (Coleoptera: Bruchidae). J. Stored Products Res., 38(2):
117-128.

Thyril, L. L. and M. G. Klein (1982). Trapping Japanese beetles with synthetic
female sex pheromone and food-type lures. In : Insect suppression

with controlled release pheromone systems. Vol. Il Eds by A. F.
Kydonieus; M. Beroza and G. Zweig. CRC Press, Inc., Boca Raton,
Florida, 57-64.

Quiroz A, Pettersson J, Pickett JA, Wadhams LJ, Niemeyer HM (1997)
Semiochemicals mediating spacing behavior of bird cherry-oat aphid,
Rhopalosiphum padi, feeding on cereals. J Chem Ecol 23: 2599-2607.

Verma, S. P.; Dinabandhoo, C. L. (2005): Armoured scales (Homoptera:
Diaspididae) associated with temperate and subtropical fruit trees in
Himachal Pradesh. Acta Horticulturae. 696, 423-426.

Youssef, A. a.(2006): studies on some homopterous insect vectors of plant
diseases. Ph. D. thesis, Fac. Agric. Zagazig Univ. Egypt, 235 PP.

parlatoria oleae ) 48l §sd sl 5 pdia g Al Jlal) (g ABDNal)
. (Colvee

% £ )l Jana dana sy 9 ** Jladll dacad) 3 gana ¢ *ay S Le anal ) L) ae
Busaiall daaly — Ao 3l A4S — Aalaidy) ¢l ydad) acd

B3l = Bl — B3l Gigad 38 e — il Ay & sag dgaa”

Y01 0) ol Gaalal 5 ) paaiall Al Aol )3l AdS de ) e 8 Al Al ) <y ol
Gl s da o (sl — ald) ¢ saalll — Ay JUapall ) Aglall JO) gl s Coagy (Y4
.parlatoria oleae (Colvee) 4 3l

Gl sl 5 ey Uil e @l 5,0 SO P, oleae Al (558l 5 e &yl
el Dl e L 45 )3 o Laiy

aay U Lll i A el P, oleae duo-dall (sl 5 s < jelal A jall o3a JNA
FV At AT YO Clas dia L Dy pad el Gl g Gl 5 dn gl &5 sald) () sall) 40y
sl e sl &5 G selll — ey JE ) e B/ dcay £ YR IAY 501

G 05l A5 e IS (455 3 A e e 5 s (sl O (Slaasl) Jilatl) ea
i sl e slawil) US4 gaadll Jame dla J8 48V sl @lld e uSall e g ¢ daay JE
O30 B mdin on sl sm (b s cali i sl (315l (e Aaiiall 3kl & g 3l ol Jlaial @l (A
) ) Ayl

5 S gl A (Bl sl (G s e (5 e Bl ) 5a 5 (Slan ) Jalail) ua
Ll dlia G Sl e g3 paad) Al Jilgall S e 3y 38l (58 ) 5 pdia dland 3 ol yuadl

32 g0 S R 853505 (38 ) ke 1S o U 5 5

Gl assaly alé

B gaial) daala — dsi 3l A Qld dgana cul [
Uails daala — de 3l A€ Tl Al ) asdl ol [ 3,0

792



J. Plant Prot. and Path., Mansoura Univ., Vol. 3 (8), August, 2012

793



