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ABSTRACT

The haemocytes of the scale insect , Aspidiotus nerii Bouch (Fam.: Diaspididae} ,were examined and compared
with those found in the mealy bugs Icerya aegyptiaca (Douglas) (Fam.: Margarodidae),Orthezia insignis (Dovglas)(Fam.:
Onrtheziidas) and the citrus aphid Aphis citricola (Fam,: Aphididae) Five types of haemocytes were found in the studied
scqle insects and mealy bugs. The cell types cammon (o all species included: Frohaemocyte (Pr) Plasmatocyte (Pl),
Granulocyte (Gr), Non Gramulocyte (n-Gr) and Oenocyte (Oe). In addition, Spherule cell (Sph) was found in the citrus
aphid, only. The classification of the haemocyte types of the subject insects and some possible characters of them were

discussed.

The changes in the different haemocytes coxnts (DHC) and variations in haemocytes surface area were recorded in

different developmental stages of citrus aphid.

Also, the effect of Neem Azal-T5% E.C. was evaluated against the citrus aphid, Aphis citricola reared on its citrus
host under lgboratory conditions .Generally, all the tested concenterations decreased the counts of Pr, Gr and nGr.
However, the application of Neem extract increased the Oe surface area.

INTRODUCTION

here are different descriptions of the hacmocytes

in the literature in different groups of insects
(Jones,1962; Wigglesworth,1979).In recent years the
tendency has been to simplify these descriptions and
to put the emphasise on limited of more or less well
defined types (Wigglesworth, 1979, Brehelin
&Zachary,1986).Insect hacmocyics are grouped now
into 5 to 7 main classes after the round table discussion
developed to these cells at the Invertebrate
Immunology Conference in Montepelloier (Brehelin
& Zachary,1986).

Homopterous insects are extremely important
pests of fruit trees and many ornamental plants. They
spread successfully and cause defoliation, dryness of
young twigs and excretion of honeydew on which
grows the sooty mould fungus
caustng interference with the vital processes of plants.

Some recent researches bave been directed
mainly towards the economic impact and control of
this pest group while there are few researches about
the blood picture of the homopterous insects({ Lambdin
& Joshi, 2001; Gad& El-Meniawi 2005).

Thepresentstudywascarriedomwsmdythe
blood picture and hacmocyte surface area in four
homopterous insects belong to four different families
.Also, the present study investigated the changes in the
different haemocytc count and variation in
haemocyte surface area in different developmental
stages of citrus aphid.

One of the implementation of the integrated
pest management is the application of new highly
selective pesticides with low side effects on insect
behaviour, growth and deveiopment (Schmuitrer, 1988
& 1990; Koul,1992; Mordue & Blackwell, 1993).
Although a lot of information has been published on
the effect of azadrachtin on insects mortality,
behaviour , growth and development, no research is
available on the effect of neem extracts on the insect

blood picture. The efficacy of neem oil against the
sucking insect pests was studied on cotton plants by
Ahmed ef al.(1995) and on egg plant by Tayeb ef
al.(1999). There are numerous records on the effect of
neem products on several species of aphids, cither in
the laboratory or in the field (Dimetry & El-hawary,
1995; Dobelin, 1997; Schulz et al. 1997 ; Zuber,1997).
For all the abovementioned, this work is designed also
to study effects of Neem Azal T on different
haemocyte count and haemocyte surface area which
has not been stidied before .

MATERIALS AND METHODS

A-The blood homo

Adult scale insect, Aspidiotus nerii, mealy bugs
Icerya aegyptiaca, Orthezia insignis and citrus aphid
Aphis citricola were collected from the different host
plants in the garden of the Faculty of Agricnlture,
Alex. University. Ten adult insects of each family
were crushed between clean glass slides The
haemolymph is quickly smeared to a thin film with the
edge of another clean slide. The smears are dried and
stained with Wrigth’s blood stain {Conn,1948). They
were examined using emersion oil lens of a light
microscope Different counts of all the haemocyle
types in random scan of blood films were carried out
by using 50 haemocytes from each film. Hacmocytes
measurements were carried out described by Amold &
Hinks(1976).

_MEQMM:@&

To study the changes of different haemocyte
types during the development of citrus aphid stages ,
of citrus aphid were collected 1o prepare the
five timks, The number of hacmocyte counts were
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recorded. In addition, the surface area of each
haemocyte type was measured by micrometric slide
in all the developmental stages of the subject insect.
All tested results were statistically analysed and
compared using "F* test and Least Significant
Differences(L.S.D) at probability level 0.01.

C -Effect of Neem exiract on the bload picture
d__haemoc it of _cit hi

adults:

Neem oil was used as Neem Azal -
T5%E.C.which is produced by Bayer A.G, Germany
Jt was used as distilled water emuision at the
concentrations of 0. 1, 0. 3 and 0. 4%.Ten adults
were transferred to each treated citrus leaf, two
hours after application to allow the liquid to dry.
Then after 24 hours five adults were collected to
count the different haemocytes, and to measure the
haemocyte surface area. Each blood sample for each
concentration was replicated five times.

RESULTS AND DISCUSSION

A-The blood pictures of the tested homopterous
Five types of haemocytes were identified in
the female adults of the tested scale insect and mealy
bugs, while six types were observed in the citrus
aphid. Although the studied mealy bugs belong to
two different families, there was no difference
between them in the haemocytes counts and surface
area ,therefore, they are considered as one group of
insects, (Table 1,2 and Fig.1). According to Arnold
& Hinks (1976) the identification of the obtained
haemocytes description are:

1-Prohaemocytes(pr):

Prohacmocyte cells are characterized by their
small size with a round or spherical shape . The
nucleus is relatively large, centrally located and
nearly fills the cell. Table, 1 illustrates the
proportion of the Pr ranged between 940. 1cell /mm*
in the scale insects and mealy bugs to 1440.2cell
fmm®  in citrus aphid .The highest value of Pr
surface area was recorded in the mealy bugs
(35.6£1.3um? ) and the lowest values were 23.7+1.6
pm? and 25+1.4um? in the scale insect and citrus
aphid ,respectively,( Table, 2).

2-Plasmatocytes(P1):

The Pl appears polymorphic(i.¢ spindle shape or
oval ). The nucleus is similar to that of prohacmocyte
,but is frequently elongated. The cytoplasm may be
granular and sometimes contains smatl droplets. The
plasmatocytes in most orders of insects are reported to
play an important role in cellular encapsulation (Akai
& Sato,1979). By comparing the proportion and surface
area of this type in the subject insects it was found
that P constitute 35, 640.7 cell /mm® in the citrus
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aphid and 14%1.3 cell /mm* in the scale insect and
mealy bugs (Table, 1). The surface area of Pl was
42.2+1.2 and 44x1.1 pm? in the scale insect and citrus
aphid, respectively, while it was 46 1.1 pm’in the
mealy bugs (Table, 2).

3-Granulocytes(Gr.):

The Gr. was usually found to be round with
dense granules and it was characterized by numerous
cytoplasm projections .The nucleus is usually difficult
to be seen due to the numerous . The
proportions of this type werel803, 17.6+0.5,
32.642.1 cell /mm® for the scale insect, mealy bugs
and citrus aphid, respectively (Table,1). The surface
areas of the Gr were 42.2+1.2 pym? and 36.3+1.3um? in
the scale insect and citrus aphid while it was 38.6x1.4
pm? in mealy bugs (Table, 2).

4-Non- granulocytes (n-Gr):

This type was usually spherical or oval cells ,it
contains faintly rose coloured . The nucleus
usually centrally located and stained pale blue. Gr and
n-Gr are reported to participaie in phagocytosis {(Akai
&  Sato,1979), encapsulation and secretion of
immunological factors(Yeaton,1983).The proportion
of the n-Gr were 14+1.3 ,1740.6 and 30.3x1.2 cell
/mm® in scale insect ,mealy bugs and citrus aphid,
respectively (Table, 1). The haemocyte surface areas
were 35.6+1.6, 38.6x1.4 and 36.3+1.5 ym® in the
scale insect ,mealy bugs and citrus aphid , respectively
(Table, 2).

5-Oenocytes (Oe) :

Ocnocytes were the largest hacmocyte type,
they were round or oval cells. They are
characterized by an opaque appearance. The nucleus
is usually central. As shown in Table (1) the
proportion of Oe were 540.1, 810.1 and 14.5%0.1
cell /mm?® in the scale insect, mealy bugs and citrus
aphid ,respectively.

The surface area of Oe ranged between 6242, land
96.3+1.5 um? in the scale insect and citrus aphid o
120.7£1.3 um? in mealy bugs (Table, 2).

6-Spherule cells (Sph):

This type was found only in the citrus aphid
.Sph cells are indentified by their oblate shape, when
stained with Wright's stain, comtains some or
numerous pale red spherules of different sizes which
may be due to the maturity of the cell. The
cytoplasm is dark blue .Possible functions of Sph
were suggested including secretion of some
hacmolymph protcins (Akai & Sato,1979).The
number of spherule cells was 410.2 cell /mm® and
the surface area of this type was 43.5+1.6 pm?
(Tables 1, 2).

The statistical analysis of the obtained data
showed that no significant differences were recorded
in the Pr count ,while there were significant
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differences in the cases of Gr, n-Gr, Pl, Oe and
Sph in all tested insects. On the other hand, There
were significant differences in the surface area of Pr,
Gr, n-Gr, Pl, Oe and Sph in all tested insects.

The present work agree with Lambdin
&Joshi, (2001) who stugdied the haemocytes of three

mealy bug species ,Phenacoccus gossypt Townsend
and Cockerell, Psexdococcus logispimus (Targioni
Tozzett) and Dactylopius confuses (Cockerclla)
(Hemiptera:Coccoidea) and found four basic cell
types in the two pseudococcids and in the cochineal
scale.

Table (1): Mean values of the differential hacmocyte count in some Homopterous lnsects.

Some of
Homopterous | Pr Gr nGr M Oen Sph
insects
Aspidiotus nerii 9:0.1a 18+0.3b 14£1.3b 14+1.3b 5+0.1b
Icerya aegyptiaca 9+0.1a 17+0.5b 1740.6b 16+0.1b 8:0.1b
Orthezia insignis 1040.2a 16+0.2b 134).1b | 19.60.3b 7.240.1b
Aphis citricola 14:02a | 32.6+2.1a| 303x1.2a| 35.640.7a 14.5+0.1a 440.2
Pr = Prohaemocytes
Gr = Granulocytes
N Gr = Non-Granulocyies
Pl = Plasmatocytes
Oe = Oenocyles
Sph = Spherule cells

Each value represents the mean + S E.
Means in same column followed by the same letter (s)
level of probability.

are not significantly different according to L.S.D at 0.01

Table (2): The hacmocyte surface area in some Homopterous insects.

Some of
Homopterous | Pr. Gr. aGr | o Oen. Sph.
insects
Aspidiotus nerii |  23.7x1.6b | 42.2+1.2a 35.6+16a| 42.2tl.1a 6242 1¢
Icerya cegyptiaca 35.6t13a | 46.3xl.5a 38.6x1.4a 46+1.1a| 963+15ab
rthezia insignis | 34.3+12a| 44.7+12a 34x1.6a | 45.3+13a 83.4+2.1b
Aphis citricola 25x1.4b | 42.9402a 36.3+1.5a 44+1.1a 120.741.3a 43.5+16
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Figure (1) Fresh hacmolymph samples taken from the tesied homopterous insects. Smears stained with
Wright's stain. Prohsemocyte (Pr), Plasmatocyte (P1), Granulocyie(Gr), Non-Granulocyte (n-
Gr), Oenocyte (Oe), Spherule cell (Sph).
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B-Changes of different haemocyte counts during
the citrus aphid stages:

" The examinations and observations of fixed and
stained smears from differe  developmental
stages(the four numphal instars and the newly emerged
adults) of Aphis citricola revealed six types of
haemocytes Pr, P, Gr, n-Gr, Oe, and Sph.

As illusirated in Table(3) ,Pr were gradually
ingreased throughout the development from the first
nymph to the aduit stage. The maximum increase was
observed in the adult siage(1430.3cell /mm?).A
significant difference was recorded in Pr count
between adult and nymphs but  there were no
significant different among second ,third and fourth
nymphal insters. The Gr showed a remarkable increase
to be 40.7+0.2 cell /mm® in the third nymphal inster
and declined thereafler 10 be (30.310.6 cell /mm?)in
the adult stape, while the n- Gr sliphily increased to be
18+0.4 cell /mmPin adult stage. The maximum increase
of Pl was recorded for the adult stage(35.7+0.5 cell
/mm?).0n the other hand, Oe increased gradually to be
14.6+0.3 cell /mm?® in the adult stage. The count of Sph
had the same trend of that in Gr, the maximum
increase was observed at the fourth nymphal instar to
be 5.6+0.5 cell / mm? and then decreased in adult stage
10 be 4.3x0.3 cell / mm® . The present result in this
concern agreed to the results of Gad & El—~ Meniawi ,

Table (3):Differential hacmocyte counts in different

{2005) who observed that the immunocyies (Pl and Gr)
represented the majerity of total haemocyles (about
60%) during the whitefly Bemisia tabaci development.
In addition, there were no significant differences in

The surface area of Pr increased gradually to be
30.2+0.3 pm? in the fourth nymphal instar. There are
no significant  difference in the surface area of Py
during all developmental stages of citrus aphid. The
same trend was observed in the Pl smuface area
(60.1£1.2 pm?) in the fourth nymphal instar. Also,
there were no significant differences in P1 surface area
among all developmental stages of citrus aphid. The
surface area of n-Gr slightly decreased 10 be 40.6+1.2
punin the third nymphal instar and then increased io
be 60::1.3 pm? in the adult stage. The same trend was
observed in Gr and Oe surface area. The maximum
surface arcas were observed at the adult stage
(50.7+1.7 and 80.8 +23um® in Gr and Oe,
respectively). while the minimum were observed at
third nymphal instar (40.6x1.2 and 70+1.7pm?) in Gr
and Qe,respectively(Fig. 2).

Concerning the surface area of Sph ,the results
showed that it increased significantly from the first
nymphal instar to adult stage.

The maximum area was obscrved at adult stage to
be 70.8+2.1 pm?®.

developmental stages of Aphis citricola.

Developmeatal Pr Gr nGr M Oc Sph

1” Nymph 5740.6c | 29.740.6b | 13.340.2¢ | 30.8+03ab 6:05¢c| 4404 a

2*Nymph | 8.3+0.8 bc 23.740.3¢ 9£05c | 256+03b| 53£05c¢| 3.6x05a

3“Nymph | 10.3:0.8b | 40.7:02a| 103:02d | 28.8%06ab| 62+04 c| 5606 a

4" Nymph | 8.620.6bc | 34.0+ 0.5b 16:03b | 273£08b | 11.6£03b| 52402 a

Adult @ 144032 | 30.3+06b| 18+05a| 357+0.5a| 146:03a| 43:x03 a
*S1atistical analysis between stages.

*There are no significant differences among means with same letter,

*Each value is a mean +S.E.
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Figure (2} : Haemoocytes surface area In different developmental stages
of Aphis citricola

The present results showed that, all the
tested concentrations of Neem-Azal. T(0.1, 0.3,0.4%)
showed obvious effects on the blood picture of the
citrus aphid.

Table(4)ysummarizes the variation in DHC of
the citrus aphid adult reared on citrus leaves treated
with different concentrations of neem extract,it was
found that all the tested concentrations significantly
decreased the haemocyie counts of Pr, Gr and n-Gr
.However, the application of neem extract caused a
supreme effect on Oe and Pl counts.

The Pr count significant docreased to be 3+0.1
cell/mm*in the concentration 0.4%.The same result
was observed in Gr ,n-Gr and PLThe number of Gr
decreased to be 5.1+0.1cell / mm® in the 0.4%
concentration ,Also, the treatment decreased the
hacmocyte of n-Gr to be 3.340.5cell/mm?in the
concentration 0.4%. Although most of haemocyte
types decreased but the pumber of O¢ and Pl
increased to be 10.7+0.2 cell/mm’and 16.240.1
cell/mm® respectively at the concentration of 0.4%
and also, in all the tested concentrations.

Table (5) shows variations in the surface arca
of each haemocyte type of citrus aphid adult reared on
different concentration of neem extract. The daia
revealed that no significant difference in the surface
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area of Pr ,Gr, n-Gr and Sph among all the tested
concentrations .The highest value of Pl surface area
was recorded afler the treatment with 0.4% neem
extract(80+0.4 pi®) followed by that of the
concentration of 0.3% neem exiract(70.8+0.2 pum?).
The same trend was observed in the Oe surface area
.The maximum value of the O¢ was obtained in the
aphids treated with 0.4%neem extract (111.9+0.6
um?) followed by that of 0.3% neem extract(100+0.7
pa?).

The observed increase of Oe number and
surface area after the treatment could be attributed 10
the indirect hormonal effect of neem extract which
may affiect the blood picture .

Several authors demonstrated the influence of the
azadirachtin on the hormonal control of moulting .
Schmultter (1990) reported that it interferes with
some¢ transmitters involved in the regulation of
ecdysone biosynthesis or realease leading 1o growth
regulatory effect . Also,.Karam, (1999) reported that
the effect of Neem Azal .T on the morphogentic
effects of the citrus mealy bugs was similar to the
effect of jevenoides . Essawy & Idriss , (1990)
demonstrated that the JH affects the haemocyte
poietic organ increasing the release of Oenocytes,
Gad, (1996) observed a positive correlation between
the counts of Oe, Sph and corpora allata activity
during the last Iarval instar of Philosamia ricini.
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Table (4) : Effect of Neem extract on the hacmocytes counts of Aphis citricola

The
o et | Pr Gr aGr ) Oc Sph
Control |  9.1404a| 11.1402a| 95:03a| 1202 6+£01b| 5+02a
0.1% | 4.240.3b 76005 | 5440.1b| 1344000 | 8150.1ab| 43202a
03% | 32:02b| 82023 42:01b| 15203a| 94axdlal 22101
0.4% 3+01b| 5201b| 33405b| 16240.]a| 107#02a| 12:02b
Table (5): Effcct of Necm extract on the haemacyic surface area of Aphis citricola.
The
m& Pr Gr rGr | 4| Oe¢ Sph
Control | 357#0.1a| 51.1202a| 395#03a| 56£02b 80+01b| 79:02a
0.1% | 32.7203a 5210.1a | 35.4¢0.1a| 70.430.1b| $8.1:0.1ab| 84.320.2a
0.3% | 312:02a| 56+02a| 34240.1a| 70.8£02b 100£0.7a | 82.2:0.la
04% | 31:02a| 50.1401a| 333+05a| 8004a| 111.9:06a} 75.2%02a
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