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ABSTRACT

Haemocytes of different developmental stages of Bemisia tabaci Genn.
were examined. In all stages, six types of haemocytes were recognized and
found : prohaemocytes (Pr.), granulocytes (Gr.), non-granulocytes (nGr.),
oenocytes (Qen.) and spherule cells (Sph.). Changes occurring in the
differential haemocyte count (DHC) and in surface area were investigated
during the different metamorphic stages of the subject insect. The regression
analysis of the obtained results showed a positive regression between the
age and DHC in each of Pr., Gr., Oen. and Sph.. In the contrary, negative
regression was recorded between the age and counts of Pl. and nGr. In
addition, the data showed a positive relationship between the age and
surface area of all hacmocyte types. The changes in haemocytes picture
were examined in both male and female of B. fabaci adults reared on
Jdifferent host-plants (tobacco, tomato and malabar nut). The results proved
the existence of host-correlated variations phenomena in DHC of adults.
The DHC were highly significantly affected by host-plant, and significantly
affected by adult-sex. In addition, the dual interacting effect of the studied
tactors (DHC and host-plant; sex and host-plant) proved to be highly
significant. While, the dual interacting effect between DHC and sex proved
‘0 be significantly different. Also, the interacting effect of the three studied
factors (DHC, sex and host-plant), ail together, proved to have highly
significant influence. Tobacco plants had a positive superior effect on the
DHC of Pl., Gr. and nGr. However, malabar nut plants showed a supreme
2ifect on Oen. count. On the other hand, no significant differences were
recorded in Sph. counts among tested host-plants. Concerning the sex effect
on DHC, the study proved that Pr. counts aiways exceed in females than that
in males within the same host-plant. However, irrespective of Pl. counts in
malabar nut culture, Oen. and Sph. in tobacco culture, the DHC in males
always exceed than those in females.

Keywords: Cotton whitefly, Bemisia tabaci, Haemocytes picture,
Developmental stages, Host-plant effect.
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INTRODUCTION

The sweet potato or cotton whitefly, Bemisia tabaci Gennadius
(Homoptera | Aleyrodidae) is a key insect pest of vegetables, field crops and
ornamentals in both greenhouses and field cuitures (Brown and Bird, 1992).
It is globally distributed, being found on all continents except Antarctica
(De Barro and Hart, 2000). The reported host range of B. tabaci includes
over 500 plant species (Azab ef al, 1971, Gameel, 1972 and Greathead,
1986). It considered as a most important vector of plant viruses that drew
back the agricultural production (Costa, 1976 and Cock, 1986). Larval
instars and adults of B. tabaci directly damage plant leaves by de-sapping
them and injecting their saliva therein. Excretion of honeydew by all
juvenile stages and adults serves as a medium for sooty moulds, which
severely reduces the productivity of plants by interfering with
photosynthesis (Perkins, 1983). Cotton fiber stickiness due to honeydew is a
severe problem in many cotton producing countries as this leads to
significant loss of cotton quality and marketability (Ayars ef al., 1986 and
Butler and Henneberry, 1986).

Investigation of whiteflies haemocytes or B. tabaci haemocytes in
particular had no attention till now. Therefore, the present study was carmied
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out to add fundamental knowledge about the changes in the differential
haemocyte counts and variations in haemocytes surface area in different
B. tabaci developmental stages. Besides, the present study was conducted in
order to explore any possible effects of host-plant on the haemocytes picture
of B. tabaci male and female adults, taking into consideration the previously
recorded phenomena about host-correlated variations in whiteflies. These
phenomena have been documented in the morphology of whitefly pupae
since 1957 (Russell, 1957). In addition, these phenomena have been
investigated and recorded in B. tabaci, in vparticular, at different
physiological aspects such as in susceptibility to insecticides (i.e. El-Helaly,
1973; El-Meniawi, 1992 and Anthony ef al, 1998), in kinetics and
electrophoretic profiles of enzymes (i.e. Wool er al., 1993; Brown et al,
1995 and Rawash ef al., 2005); and in olfaction response (i.e. Heinz et al.,
1993 and El-Meniawi et al., 2005).

Eventually, the present study intended to serve as a basis for

investigations of the physiology of B. tabaci haemocytes which thought to
be necessary for controlling whiteflies through the IPMs strategies.
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MATERIALS AND METHODS
i- Whitefly populations:-

A- The whitefly Bemisia tabaci tobacco culture: -

A susceptible population of the whitefly, Bemisia tabaci Genn., was
taken from the whitefly laboratory culture of the Faculty of Agriculture,
Alexandria University. This culture was firstly established by El-Helaly
and has been reared on tobacco plants Nicotiana tabacum (Solanaceae)
in greenhouses at 25 + 7 °C, 65 + 5 % RH and under natural light
conditions since 1966.

B- The whitefly tomato culture: -

8. rabaci adults from the laboratory tobacco culture have been reared
on tomato plants Lycopersicon esculentum ( Solanaceae) since 1999, and
maintained under the aforementioned greenhouse conditions without

- eXposure to insecticides.
{_- The whitefly malabar-nut culture: -

B. tabaci aduits from the laboratory tobacco cuiture have been reared
on malabar nut plants Adhatoda vasica (Acanthaceae) since 2001. This
population maintained under the same aforementioned greenhouse
conditions.

il- Changes in blood picture during B. tabaci developmental stages:

Differential haemocyte counts (DHC) were determined in different
developmental stages of the subject insect reared on tobacco plants. Blood
samples obtained from 25 individuals of each of the three larval instars,
pupac and newly emerged male and female adults were prepared for DHC.
Each blood sample was replicated seven times,

In addition, the surface areas of each haemocyte type were measured by
micrometric slide in all the abovementioned developmental stages of the
subject insect. All the tested criteria were statistically analysed and
compared using “F test and Least Significant Differences (L.S.D.) at 0.01
probability level. Also, the regression analysis (Little and Hill, 1977) was
adopted to determine the relationship between the time (age) and each of
DHC and haemocyte surface areas.
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111- Host-plant effect on B. fabaci haemocyte counts:-

To study the effects of three different host-plants (tobacco, tomato and
maiabar nut} on DHC, blood sampies obtained from 25 newly emerged male
and femaie 3. tabaci adults were used in order to investigate any probabie
effect of the tesied host-pianis on the blood picture. Each blood sample was
replicated ten umes.

Data and all the probable comparison combinations were analysed in
factorial design by using SAS procedures (1986) at probability level of 0.01.

IV- Haemocytes staining and counting:-

The appropriate number of each of the three larval instars, pupae and
both adult sexes were separately smeared to a thin film between two glass
clides. The blood smears were air-dried, and stained with Wright's blood
stain (Conn, 1948 and Martha and Hachiro, 1971) for 1 min. and distained
for 2 min. with 70 % ethyl alcohol.

The blood cell types were examined and identified under oil immersion
(100 X) using a steriomicroscope. DHC were carried out in random scan of
blood films (100 haemocytes from each film). The identification of
hacmocyte types were performed according to Arnold (1974).

RESULTS AND DISCUSSION

1 - Differential haemocyte counts in different B. tabaci developmgental
stapes :

Examination of stained blood smears from different developmental
stages (17, 2" 3™ larval instars, pupae and ncwly emerged male and female
adults) of B. isbaci tobacco culture reveaied six types of haemocyes:
prohaemocytes (Pr.), plasmatocytes (Pl.), granulocytes (Gr.), non-
granulocytes (nGr), spherule cells (Sph.) and oenocytes (Oen.) Fig. (1).

Table (1) presents mean values of DHC among different
developmental stages of B. fabaci. These data show that the DHC varied
throughout the development. Prohaemocytes were gradually increased
throughout the development from the 1* larval instar to the adult stage. The
maximum count of prohaemocytes was recorded in each of pupal and adult
slages. A sigrificant difference was recorded in Pr. count between the 17
tarval instar and ail other developmental stages.
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Fig. (1): Fresh haemolymph samples taken from different developmental stages of B
tabaci, all phase contrast micrographs. Smears stained with Wright's stain. Prohacmocyte
(Pr.), plasmatocyte (PL), granulocyte {(Gr.), non-granulocyte (nGr.)), oenocyte (Oe.),
spherule cell (Sph.).

No significant differences were recorded in the cases of Gr., P1 .and Sph.
among all developmental stages. The maximum count of Gr., was recoded
for the 3" larval instar (37.4 + 2.0 ccll / mm®) and declined thercafter in the
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show highly significant differences between pupal stage and each of the
three larval instars.

It is clear from the obtained results shown in Table (1) that adult sex
revealed no significant effect on DHC. However, in the case of Oen. count,
a signiftcant difference was recorded between male and female adults.

The regression analysis of the obtained data showed a positive
regression between the age (time) and DHC in each of Pr., Gr. and Sph.
cells. In the contrary, negative regression was recorded between the age and
counts of P1. and nGr.

The present results also showed that during B. tabaci development, the
two immunocytes (Pl. and Gr.) represented the majority of total haemocytes
(about 60 %).Similar observation was noted in Philosamia ricini (Essawy,
1999).

It has been frequently demonstrated that the DHC changes markedly
during the development stages of many kinds of insects ( Hoffmann, 1970,
Bahadur and Pathak, 1971; Essawy, 1985 Essawy and Idriss, 1990; Essawy,
1991 and Slovak et al., 1991).

1I-Changes in the haemoeyte surface areas in different B. tabaci
developmental stages:

Figure (2) shows variations in the surface area of each haemocyte type
during the development of B. rabaci. The obtained results proved that
haemocyte surface areas were changed with varying degrees throughout
B.tabaci development.

The data revealed no significant differences in the surface area of Pr.
among all developmental stages of B. tabaci. The highest value of Pr.
surface area was recorded for pupae (33.5 £ 0.2 pm?), followed in a
descending order by those of the 3™ larval instar and male adults.

The changes in the surface area of Pl. showed the same trend of that of
Pr., as the maximum value was recorded in the pupal stage. Besides, there

were no significant differences in Pl. surface area among all developmental
stages of B. tabaci.
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3ig, 2: The surface area of each haemocyte type in different developmental stages of Bemisia tabaci.
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The surface area of the Gr. decreased significantly to reach the
minimum value at the 3" larval instar (42.8 % 0.2 pm?) and increased
significantly thereafter to reach the maximum value at male and female
adult stage (55.8 and 54.72 um?, respectively).

Similar to Gr., the minimum value of the Oen. surface area was detected
in the 3 larval instar .Also, significant difference was recorded in Oen.
surface area between the 3™ larval instar and each of other developmental
stages. The maximum value of Oen. surface area was recorded in the case of
male adults followed by that of female adults, with no significant effect
between the two sexes,

Concerning the surface area of nGr., the results showed that it increased
significantly from the 1¥ larval instar to the 2™ larval instar .After that, the
surface area of nGr. decreased significantly at the 3™ larval instar ,and then
increased significantly thereafier to reach the maximum in the adult stage.

In regared to spherule ¢ells, the surface area significantly increased
throughout the three larval instars, and insignificantly decreased thereafter
in the pupal stage. The maximum value of the Sph. surface area was
obtained in the case of male aduit (72.5 + 0.4 um?), followed by that of
female adults (69.9 + 0.2 um?). The changes in Sph. surface arca were
significant between the adult stage and each of larval and pupal stage.

The present findings agreed with those of Essawy and Idriss (1990)
which proved that the counting percentage of Sph. and Oen. increased
significantly at the 5" day of the last larval instar of Ph. ricini.

It is clear that, irrespect of nGr.,the haemocyte surface areas in male
adults was always exceed those of females, with no significant differences
between two sexes.

The regression analysis of the obtained results showed positive
relationsbip between the age (time) and surface area of all haemocyte types
Therefore, it could be concluded that the surface areas of haemocyte
inereased with the development of B. tabaci.
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ITI- Host plant effect on DHC in B. tabaci male and female adults:

The factorial statistical analysis of the obtained data proved highly
significant differences among all means of DHC of B. tabaci male and
female adults reared on three different host plants (tobacco, tomato and
malabar nut). Analysis of variance presented in Table (2) reveal that DHC
was highly significantly affected by the host plant, and significantly affected
by the adult sex. In addition, the interacting effects of the studied factors
(DHC and host-plant; sex and host—plant) also proved to be highly
significant different on the bases of their dual interaction effect.
Furthermore, the dual interacting effect between DHC and sex proved to be
significantly different. Moreover, the interacting effect of the same three
studied factors (DHC, sex and host-plant), all together, proved to have
highly significant influence.

Table (2): Analysis of variance for mean values of differential haemocyte
counts as affected by B. tabaci sex and host-plant.

S.0.V. d.f Mean square
A 5 1148.83%*
B 1 4.358*

C 2 1117.24**
A*B 5 5.668*

A*C 10 5531.272%*
B*C 2 10886.15**
A*B*C 10 202.224**
Error 109 15.06

Total i79 s

d.f = degrees of freedom.
A = differential haemocyte counts, B = B. tabaci sex,C = host-plant.
** = Highly significant at 0.01 level of probability.

Table (3) summarizes the variaiions in DHC of B. tabaci male and
female adults reared on different host-plants. Concerning the host-plant
effect, it was found that tobacco plants, when compared with tomato and
malabar nut plants, had a positive superior effect on the haemocyte counts
of B. tabaci in the cases of Pl, Gr. and nGr. However, the malabar nut
plants showed a supreme effect on Qen. count. On the other hand, no
significant differences were recorded in Sph. counts among all the three
tested host-nlants (Table 3).In general, it is clear that there were no
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significant differences in counts of Pr., Gr. and nGr. between tomato and
malabar nut B, tabaci cujtures.

Table (3): Variations in the differential haemocyte counts of &, tabaci male
and female adults reared on three different host-plants.

Tobacco culture Tomato culture Malabar nut culture
males females males females males femates
Pr. 72404 b 88105 a 80205 a 94105 4 76£06 a 8003 a
Gr. 37407 34406 b 122106 ¢ 11.8+0.6 ¢ 12.0x06 ¢ 112+ 05 ¢
a
NGr. 14.8404 14.0+0.7 a  11.420.7b 104102 b 98408 b 96+08 b
a
Pl. 30.2106 284406 a  11.6+0.7b 96x05 ¢ 10.8402 b 118+05 b
a
Oen.  4.6+0.5 6.0£0.5 ¢ 56404 ¢ 504 04 ¢ 11.8506b 132+ 0.3 a
¢
Sph,  3.8+0.3 40403 a2 3.0:03 a 26+ 0.5 a 3.0:02 a 26+02 a
a

Means in same row followed by the same letter(s) are not significantly different at 0.0]
probability level.

Inregard to the sex effect on the DHC, the results proved that Pr. count
always exceeded in females than that of males within the same host-plant.
However, irrespect of counts of PI. in malabar nut culture, Oen. and Sph. in
tobacco culture, the haemocyte counts in males always exceeded those of
females. The significant differences in DHC between male and female
adults were recorded for Pr., Gr. of tobacco culture, PL in tomato culture
and Oen. in malabar nut culture.

In the light of the aforementioned interpreted results, the obtained
findings proved the existence of host-correlated variations phenomena in the
DHC of the subject B, tabaci adults but with varying degrees of effect.
Taking into consideration the probability of the presence of certain
allelochemicals in each tested host—plant.

These phenomena referred to the abruptive physiology of the whiteflies,

and in return their promising highly important role in enriching our
knowledge of insect genetics and physiology.
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Unfortunately, no available references on host-plant effect in haemocyte
picture of whitefly were found to include them in the discussion of the

present study.

Finally, the present study revealed the existence of six haemocyte types
in the subject Aleyrodid, B. fabaci. Besides, the obtained results
demonstrated the changes in the differcntial haemocyte counts during the
development of B. fabaci. Also, the present study recorded variations in
surface area of each haemocyte in different developmental stages.
Moreover, the present study proved the existence of host-correlated
variation phenomena in differential haemocyte counts in both male and
female adults. :
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