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Phytohistology of papayamealybug Paracoccus
marginatus Williamsand Granaradewillink vis-
a-visdivergent natural selection

M R. NISHA AND J.S. KENNEDY

SUMMARY : Phytohistology of papayamealybug PMB Paracoccus marginatus Williamsand Granara
de Willink was studied for the first time in this experiment and that is based on divergent natural
selection process. Histology of healthy and mealybug infested leaves of different host plants viz,
papaya, tapioca, cotton, mulberry, brinjal and hibiscus examined for the biochemical changes and the
resultswere correl ated with phytohistological changes. Changeswere noticed in the abaxial and adaxial
leaf surfaces and mesophyll regions. Spongy parenchyma region and crystal bodies, enlargement of
xylem and phloem cells, irregular arrangement of cellswere noticed dueto PMB attack intheleavesand
midrib region of host plants. And, these were also accounted for increase in tannin and phenol content
and reduction in total carbohydrate, reducing sugars and protein in leaves. Papaya and cotton leaves
showed susceptible to PMB attack and the biochemicals and secondary metabolites were drastically
reduced, whereas tapioca showed the resistance against PMB attack and the secondary metabolites
were increased.
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important cropsliketropical fruits, vegetables
and ornamentals. However, the efficiency of
PMB attack may vary in different host plants.
The plants has natural tendency to resist the
pest attack by showing the increase in
secondary metaboliteslike phenol and tannin.
They were produced as a defense mechanism
to protect from invaders (biotic stress) or
stressfactors (abiotic stress) and are believed
to be an adaptive response to the altered
conditions (El-Akkad, 2004). In the present

BACKGROUND AND OBJECTIVES

The papaya mealybug PMB,
Paracoccus marginatus (Williams &
Granara de Willink) (Hemiptera:
Pseudococcidae) is a small polyphagous
sucking pest that attacks several genera of
host plantslike hibiscus, mulberry, eggplant,
castor, teak, pigeon pea, tapioca, jatrophaand
many weed hogts, including parthenium (Miller
et al., 1999). It also damages economically
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study, different host plants viz., papaya, cotton, tapioca,
mulberry, brinjal and hibiscus were assessed for the
effectiveness of PMB by studying their biochemical
characteristics and histology. The host plants show
variancein theinfestation level by showing theincrease
and reduction in the biochemical contents and changes
intheleaf cell anatomy dueto susceptibility and resistance
ability of them. The arms race between host plants and
PMB was discussed here under.

RESOURCES AND METHODS

The experiment was carried out in the Insectary
and Laboratory, Department of Agricultural Entomol ogy,
Tamil Nadu Agricultura University, Coimbatore. For this
research, mass culturing of Paracoccus marginatuswas
done on potato sprouts at first and uniformly released
into the pot cultured plants papaya, cotton, tapioca,
mulberry, brinjal and hibiscustaken for study. Secondly,
biochemical changes of healthy and PM B infected |eaves
were analysed using different methods quoted. Then
finally, phytohistology experiment was undertaken under
the light microscope in both healthy and infected leaf
lamina and mid rib of the leaves. The methodology for
al the experiments were discussed below.

Collection and mass culturing of Paracoccus
marginatus:

Potato sproutswas used as an alternate food source
for rearing mealybugs. Mass culturing of potato sprouts
(Fig.1a.)was donein line with the reference of Serrano
and Laponite, (2002). Papayameal ybugs collected from
different host plantslike papaya, tapioca, cotton, mulberry,
brinjal and hibiscuswerereleased on potato sproutsusing
camel hair brush at the rate of 3 to 5 ovisacs per potato
and mealybugs en masse were obtained within 25 to 30
days of release. Mass culturing was also carried out in
above said host plants and used for further experiments
(Amarasekare et al., 2008) Fig. (1b to 19).

Phytohistology of plantsin relation to resistance :

Thisinvestigation isto characterize the histologic
changes resulting from the feeding of P. marginatus on
leavesof different host plantsusing light microscopy. To
describethefindingswith confirmation, the biochemical
changes were also studied in all the host plant leaves.
The biochemical contents viz., total carbohydrate was
analysed by Anthrone method (Hedge and Hofreiter,
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1962). Reducing sugar was determined by the method
of Somogyi (1952). The protein content was estimated
by the method suggested by Lowry et al. (1951). Total
free amionoacid was determined using the method
followed by Mooreand Stein, 1948. And for the secondary
metabolites, Method described by Malik and Singh (1980)
wasfollowed for the estimation of phenol. Tannin content
in the leaf samples was estimated following the Folin-
Dennis method described by Oberbacher and Vines
(1963).

The leaf bits and the midrib portion of different
infestation gradience at different places of laminafrom
infested as well as non — infested leaves from the pot
cultutred plants were cut and fixed in Formal — Acetic
acid- Alcohol (Ethanol) (FAA solution). They were
dehydrated in Butanol + Ethanol seriesand impregnated
with paraplast. Section of 10 um to 15 um were made
serially using rotary microtome and mounted on aslide.
After defarrafination the tissues were stained using
Saffranine and Fast green (Johansen, 1940 and Jensen,
1962). Then they were observed under bright field and
florescence microscopes.

OBSERVATIONS AND ANALYSIS

Theresults obtained from the present study aswell
as discussions have been summarized under following
heads:

Biochemical analysis of host plants of Papaya
mealybug Paracoccus marginatus :

Insect resistance in plantsis also dueto the quality
and quantity of chemical constituents. These chemicals
occur within certain parts of the plant or in specific stages
of plant growth. The herbivore behaviour and adaptation
to the host plant are influenced by the chemical
composition of host plant. Hence, the biochemical
constituents responsible for susceptibility or resistance
to mealybug namely carbohydrates, reducing sugars,
protein, total free amino acid, secondary metaboliteslike
phenol and tannin were estimated.

Estimation of the soluble proteinrevealed that inall
the host plants, a significant difference in the protein
content was observed (Table 1). Infested plantsrecorded
alower amount of protein than the mealybug free plants.
Thehighest amount of protein was observed inthe papaya
(13.01mg/g). The tapiocaleaves recorded 6.09 per cent
reduction from its healthy plants, while papaya showed
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54.11 per cent reduction. Similar resultswere noticed by
Mollemaand Cole (1996) who found that low amount of
total leaf proteins were correlated with a reduction in
damage by insects. They concluded that higher
concentrations of aromatic amino acidsin plant proteins
are important for successful pest development. The
present finding explains that infected plants had shown
significant decreasein protein content.

The carbohydrate content was higher in the healthy
leavesthan mealybug infested leaves. Among the healthy
leaves, papaya recorded higher amount of 68.79 mg/g,
while lower amount of 46.19 mg/g was present tapioca.
Theinfested | eaves showed reduction in the carbohydrate
content, the highest per cent reduction being 55.82 per
cent in papaya and the lowest in tapioca (6.08 %). The
infested leaves of the poorly preferred plants possessed
ahigher amount of carbohydrate almost double than the
highly preferred host. Theresultsindicate that meal ybug
did not prefer high amounts of carbohydrates. The
findings were in line with Janaki (2010) who reported
the 30 per cent reduction in the concentration of total
carbohydrates in brinjal leaves by feeding with papaya

mealybug. Similar results were reported by the earlier
workers (Murugesh, 1997) inbrinjal. Rockstein (1978),
Ananthakrishnan (1990) and Jayargj and Uthamasamy
(1990) reported that the primary metabolites including
carbohydrates are exploited by the herbivores for their
growth and development. Kalode and Pant (1967)
reported that insect susceptible plant parts had higher
concentration of sugarswhich acted asfeeding stimulant
inthe susceptiblevarieties.

The total carbohydrate and total sugars content
(Tablel1) werein positivereationshipin all the host plants.
The quantity of reducing sugars was vary accordingly
with host plants. The tapioca had minimum amount of
reducing sugars (2.46 mg/g) whereas, papaya had
maximum amount of reducing sugars (8.2 mg/g). The
results arein conformity with Palanisamy (1984), Baby
Rapheal (1991) and on brinja and sorghum, respectively.
The reduction was noted in the infested |eaves against
healthy leaves. Lowest per cent reduction was noted in
hibiscus (13.90 %), whereas highest in brinjal (22.20%).
Thereducing sugar, whichisconsidered to be an essential
component in insect nutrition and plays a vital role in

Tablel: Soluble protein, total carbohydrates and reducing sugar contentson the leaves of host plants of Paracoccus marginatus

Host plants Soluble protein (mg/g) _ Total Carbohydrates (mg/g) _ Reducing sugar (mg/qg) ‘
Healthy Infested Per cent Reduction Healthy Infested Per cent Reduction Healthy Infesed Per cent Reduction
Papaya 13.01° 5.97° 54.11° 68.79°  30.39 55.82° 8.2 6.38% 22.20°
Cotton 11.15° 6.06™ 45.65° 63.86°  3352° 4751° 5.9° 5.02 14.92¢
Tapioca 6.73 6.32° 6.09' 46.19°  43.38 6.08' 2.46° 2.07° 15.85°
Mulberry 9.99° 6.21% 37.84° 55.16°  38.41° 30.37¢ 5.2° 4.39° 15.58°
Brinjal 8.76¢ 6.25% 28.65" 54.87° 36.2¢ 34.03° 5.12° 4.27% 16.60°
Hibiscus 7.33° 6.39° 12.82° 50.02°  40.58° 18.87° 4.82¢ 4.15¢ 13.90°
SE.+ 0.1591  0.1015 0.5749 0.9315  0.6097 0.5898 0.0898  0.0754 0.2724
C.D.(P=0.05) 0.3466  0.2210 1.2526 20296  1.3284 1.2850 01956  0.1642 0.5935
*Mean of four replications
Means followed by the same al phabets are not significantly different at 5 % level by DMRT
Table2: Total freeamino acid, phenol and tannin contents on the leaves of host plants of Paracoccusmarginatus
Host plants Total free amino acid (mg/g) Phenol (mg/g) _ Tannin (mg/g) ‘
Hedlthy  Infested per centincrease  Hedlthy  Infested Per cent increase Healthy  Infesed Per cent increase
Papaya 757 8.31° 8.90' 4.8° 559" 1413 231° 2.69° 14.13°
Cotton 6.2° 6.9b° 10.14° 5.68° 7.01° 18.97° 2.69° 3.49° 22.92°
Tapioca 4.9° 6.53¢ 24.96% 5.25¢ 10.98° 52.19% 3.81° 6.01° 36.61%
Mulberry 5.89° 6.91™ 14.76 6.01° 8.25¢ 27.15 2.72° 355° 23.38°
Brinjal 5.83° 7.1° 17.89° 6.28° 9.67° 35.06° 2.95° 3.92° 24.74°
Hibiscus 5.43¢ 6.81° 20.26" 5.33¢ 9.06° 41.17° 317" 4.22° 24.88"
SE.+ 0.0988  0.1175 0.2795 0.0922  0.1398 0.5549 0.0484  0.0662 0.4149
CD. (P=0.05) 02152  0.2560 0.6091 0.2009  0.3045 1.2091 0.1055  0.1443 0.9039

* Mean of four replications

Means followed by the same al phabets are not significantly different at 5 % level by DMRT
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Fig. 1: Mass culturing & Host plants raised in pots for studying the phytohistology of Papaya mealybug Paracoccus marginatus on

different host plants
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host sel ection by phytophagousinsects.

In present investigation, the total free amino acid
content vary with different host plants. The difference
in the quantity of amino acid among the host plants and
between healthy and infested leaves was significant
(Table2). Total freeamino acidswas moreintheinfested
plantsthanin healthy plants. Papayahad comparatively
higher amounts (7.57 mg/g), than the other host plants
and it was4.9 mg/gintapioca. The same plantshad 8.31
and 6.53 mg/g of amino acids, respectively among the
infested plants. Among the infested plants, the highest
increase of amino acid to atune of 24.96 per cent was
recorded in tapioca, while papayaexhibited 8.9 per cent
increase over its healthy plants. Amino acids are known
to have agreater roleininsect nutrition and reproduction.
It would be reasonabl e to conclude that these variations
in amino acid content contributed substantially in the
antibiosis mechanism of host plants.

Secondary plant metabolites play akey rolein the
defense against insect herbivore as they act as insect
repellents, feeding inhibitors and/or toxins and thus
protecting plants at different phases of growth
(Sadasivam and Thayumanavan, 2003). Phenols are
known to be physiological inhibitors against herbivore
attack and induced after herbivory. In the present
investigation, the quantity of phenols was significantly
different among the sel ected host plants and al so between
the healthy and infested leaves (Table 2). The phenol
content was higher in brinjal (6.28 mg/g) with lowest per
cent increase (35.06 %) than tapiocaand lower in papaya
(4.8 mg/g). The per cent increase was higher in tapioca
(52.19 %) among all the plants, whereasit wasonly 14.13
per cent in papaya. The result of present study is
supported by Soundararajan and Baskaran, (2001).
Goodman (1986) reported that the cassava variety with
ahigh phenolic acid level inits extracellular fluids was
less preferred by P. manihoti. Thisresultisalsoinline
with Gopalan et al. (1987) who reported that feeding
injury by mealybugs resulted in amarginal increase in
total phenolic content in riceleaves.

Tannin, an important biochemical factor of
resistance was also analysed and correlated with
meal ybug i njury and the resi stance. Thetannin quantity
examined in six host plants showed a significant
difference in the healthy as well as mealybug infested
plants (Table 2). Polymeric phenols act primarily as
digestibility reducers and play arole in plant defense

against herbivory. In the present study there was a
substantial increasein the quantity of polymeric phenols
as a result of feeding by mealybugs. The mealybug
induced 14.13 - 36.61 per cent increase in tannins in the
host plants. Papaya showed comparatively lessincrease
intannin from 2.31to 2.69 mg/g, whil e tapiocarecorded
amost atwo fold increase from 3.81 to 6.01 mg/g with
36.61 per cent increase. Theincreased quantity of tannin
led to reduction in subsequent feeding of inducers
themselves, as they are highly toxic to most of the
phytophagousinsects.

Anatomy of healthy plant leaf :

The general histology of healthy leaf lamina was
described earlier by the scientists Ahmed et al. (2013),
Albert et al. (2011), Pecinar et al. (2006), Kennedy
(1995)

Phytohistology of mealybug infested leaf lamina of
all the host plants::

Dueto mealybuginfestation in papaya, both adaxial
and abaxial epidermal cells were found to be disorted
with a reduction in the size of epidermal cells. Poor
differentiation of palisade and spongy mesophyll was
observed with formation of vacuol esin mesophyll region.
Deposition of tannin was observed in the spongy
mesophyll area. There was areduction in the thickness
of leaf laminamight be due to loss of turgidity (Fig. 2).

Fig. 2:

Cross section of mealybug infested papaya leaf lamina

Therewas not much change observed in the adaxial
epidermal layer due to the mealybug feeding in cotton
leaves. Palisade and spongy parenchyma cells were
retainded (Fig. 3). Even they did not suffer much
dteration, but far few crystal cellsin palisade parenchyma
and accumulation of phenols observed in spongy

Agric. Update, 12 (TECHSEAR-10) 2017 : 2853-2865
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mesophyll area. The periclina divisions (Fig. 3) were
seen in spongy mesophyll area with accumulation of
phenolsin it. In tapioca, due to feeding of mealybug,
individual epidermal cells were transformed into thick
walled rectangular cells. Scattered accumulation of tannin
was observed in palisade parenchyma cells. There was
not much change in palisade parenchyma but for, in
spongy parenchymathere was areduction in number of
layers (5to 6 layers) was observed without any vacuol es.
Periclinal divisionswere observed in spongy mesophyll
areawith highest phenol accumulationinit. The abaxial
epidermisgaveriseto short and closely packed unicellular
cells (Fig. 4). In mulberry, the adaxia epidermis were
given rise to large sized vacuoles in between cells
extended upto the palisade parenchyma. Palisade and
spongy mesophyll seemed to be compact with poor
differentiation. Therewasareductionin size of palisade
parenchyma cells due to the mealybug feeding in leaf
was observed. Distortion of both adaxial and abaxial
epidermal cells resulted in thick walled and irregular
shaped cells (Fig. 5).

Periclinal division
vacuoles

Fig. 3: Cross section of infested leaf lamina of cotton

Fig. 4 :

Cross section of mealybug infested leaf lamina of
tapioca
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Cross section of mealybug infested leaf lamina of
mulberry

There was no profound change in upper epidermal
layer in brinjal. Deposition of tannins was observed in
palisade parenchyma. Spongy mesophyll cells were
disorganized with numerous large sized vacuoles in
between them. Deposition of tannin and star shaped
crystals were seen in spongy mesophyll area due to
meal ybug infestation. There was compl ete distortion of
abaxial epidermis with reduction in their cell size was
observed (Fig. 6). The adaxia epidermal cellswere not
uniformin their size and shape and the epidermal cells
werethickened dueto mealybug feeding in hibiscus. They
givenriseto numerous number of vacuoles extended upto
the pali sade parenchymadue to mealybug feeding inthe
leaf. Structure of palisade parenchymawas distorted with
tannin depositinit. And theinfestation lead to numerous
vacuolar space in spongy mesophyll area and between
the epidermal cells (Fig. 7).

Fig. 5:

Cross section of mealybug infested leaf lamina of
hibiscus

Fig. 7 :
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Phytohistology of mealybug infestation on midrib :
The figures (8 to 14) inferred that the uninfested
midrib of al the host plants had comprised of abaxial
and adaxial epidermis, cortical parenchymaand aring of
vascular bundles ranging from eight to ten in a crescent
form. The rectangular dorso ventral cells in adaxial
epidermis was observed. The xylem cells in vascular
bundlesweredistinctly visiblein rows. Abaxial cortical
parenchymawere interspersed with large secretory cells,
whichwere apparently distinct because of itslarger size
compared to the adjacent cells. The cortex consists of
nearly seven layers of parenchymacells, some of which
arefilled with tannin. Thevascular bundles are collatera
withinner xylem and outer phloemand alargeresin canal
occurring outside at the centre of the latter. Epidermal
cellsare small, barrel-shaped and filled with tannins.
Themealybugs mostly fed near themidrib of leaves.
S0, it was necessitated to study the anatomical changes
taken placein midrib of the host plant leaves. Thefigures
(8to 14) inferred that, the epidermal layer of theinfested
midrib is highly modified. The palisade cells become
enlarged dueto hyperplasiacondition (Fig. 8), resulting
inlossof turgidity intheleaves. Theincreasein the space
occupied by the abnormally inflated cells, lead to
shrinkagein vascular bundles, which indirectly reduced
the tranglocation of nutrients and water conductivity
through xylem. The point of attack or the feeding
pathway reveal ed clearly ininfested papayaleaves (Fig.
8) and lysis of cells (Fig. 9). Deposition of tannin was
observed in the palisade cellsand cortex cells of midrib
area of host plants (10). The hyperplasia condition of
cells was distinctly observed in infested brinjal and
hibiscusleaves. Deposition of tannins and accumul ation
of phenols was seen in infested tapioca and hibiscus
leaves. Therewas not much change observed in palisade
cells of mulberry and tapioca (Fig. 11 to 14).
Infestation initiated with periclinal and anticlinal
divisions in the epidermis of leaf lamina and the
hypodermal layer below it. Repeated divisions and an
increasein the number of cellsbrokethe epidermal layer.
Thecellsformed wereanticlinally el ongated and oriented
inradially arranged rows. The epidermal cellslosetheir
tanniniferous content and undergo division. After
oviposition the insect probably secreted a secretion to
protect the egg. The larvae might be moved by piercing
and feeding on the epidermal cells, thereby destroying
them. The larvae that hatched from the eggs deposited
ontheleaflets might have devel oped into the plant tissue

and reached the centre of the midrib or settled down in
theouter parenchymatousregion. Followingthis, thecells
surrounding the pathway show great alterations. Some
of the cellsbecome necrotic, while certain others above
them show dense contents and yet others show
degeneration along the pathway. Some of the cells show
meristematic activity, which is probably due to the
stimulus of wounding. This stimulus involves wound
healing along the feeding path, hypoplasia of ground
tissue and extensive hyperplasia of neighbouring cells
(Fig. 8t0 14)

Theinvestigations confirmed aconsiderableimpact
of themealybug on all host plantsat the anatomical level.
Changes of leaf anatomy were conspicuously evident
between insect infested and non-infested plants (Ahmed
et al., 2013; Albert et al., 2011; Pecinar et al., 2006;
Kennedy, 1995). The observed anatomical defor- mations
of leaves were the consequences of feeding activity of
mealybug. Feeding of mealybug and the presence of
dense mealybug population on the lower leaf surface
initiated leaf curling and distortion and/or undulation of
the leaf blade, thus provoking deformations of lower
meso- phyll tissues. In these grooves, the mesophyll cells
became compromised and disorganized in vari- ousways,
leaving large intercellular spaces among them (Pead nar
et al., 2006). These findings were supported by Rancic
(2003 and 2006), who reported the similar damages of
mesophyll layersin feedinginterac- tion of

Aceria anthocoptes with the leaves of Cirsium
arvense. And Royalty and Perring (1996) reported such
changesin mesophyll cellsof citrusleavesinfested with
the mite Phyllocoptruta oleivora. The most striking
anatomical change induced by mealybug feeding in
infested plants, was the enlargement of epidermal cells,
primarily onthe lower leaf side. Similar alterationswere
reported by Mihgjlovic (1996), that alterations were
present in epidermal cellsof lower leaf side of Euphorbia
seguierana infested with Aculops euphoria. Thus, it is
was inferred that, there was alterations in leaf lamina
and midrib after mealybug feeding. It is supported by
Raman (2007), who reported that the insect activates a
perturbation in growth mechanisms and alters the
differentiation processesinthe host plant, modifying plant
architecture to its advantage.

Due to mealybug feeding, there was aso changes
like thickened epidermal cells, deeper vascular bundles
(xylem & phloem), intapiocaand hibiscus. These plants
poorly preferred by mealybug for feeding, due to some
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Hind Agricultural Research and Training Institute



R. NISHA AND J.S. KENNEDY

Cross section of infested midrib of papaya

Fig. 11 : Cross section of infested midrib of tapioca

Fig. 12 : Cross section of infested midrib of mulberry

Cell lysisin midrib of cells

Fig. 9:

Fig. 13 : Cross section of mealybug infested midrib of Brinjal

Fig. 10 : Cross section of infested midrib of cotton

Fig. 14 : Cross section of mealybug infested midrib of Hibiscu
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resistance mechanisms created by leaf tissues. Thisis
supported by Reda Bakr et al. (2009) and Radwan
(2003), who reported the changes in mango leaves
infested by scale insects. Insects attack plant tissues
resulting in the alteration of the subcellular environment
and the placement of thosetissuesin astate of chemical
shock. This shock evokes osmotic changes in the cells
attacked. To neutralize the stress arising consequent to
osmotic changes, aggravated by wounding, the plant
responded by developing usualy one, sometimes 2-3,
metaplasied cells (Albert et al ., 2011). Metaplasiaisthe
transition of onetype of tissueinto another type of tissue.
Localized metabolic changes diffuse from the
metaplasied cells, but not throughout either theinvolved
plant organ (e.g. leaves) or the plant (Rohfritsch, 1992).
The anatomical injury of infested plants, extended to
epidermal cells on both leaf surfaces and to those of
deeper mesophyll layers. This is in agreement with
findings of Rancic et al. (2006), who reported the same
anatomical injury induced by the eriophyid mite Aceria
anthocoptes on the leaves of Cirsium arvense. The
periclinal divisions were seen in the mealybug infested
leaves of tapioca (heavy periclinal activity) and cotton.
It isin line with the report of Albert et al. (2011), the
periclinal divisions of the cells give rise to neoformed
tissue due to insect infestation in leaves.

In the present study, it is revealed the cell lysis of
papayaleaves might be dueto salivary secretionin upper
epidermisand palisade cells. Thisstimulus brought about
intense hyperplasia and elongation of palisade
parenchyma, which has undergonedivision by anticlinal
division. The mealybug had four nymphal instars, from
eclosion of the egg to the adult female, might have
mechanisms that protect them from loss of humidity in
leaves. It issupported by thereport of Gullan and Martin
(2003) and Raman (2007). Freefeeding psyllidsaremore
active during periods of higher humidity, while others
produce wax as a strategy to avoid water loss (Arduin
et al., 2005). This condition of conspicuous palisade
parenchymaproliferation, cell hyperplasiaand thedivision
of the spongy parenchyma lead to smaller intercellular
spaces (Arduin and Kraus, 2001), in Piptadenia
gonoacantha (Mart.) and Guarea macrophylla subsp.
tuberculata (Vell.).

In the present study, salivary path and lysis of cells
were observed in infested papaya leaves. Albert et al.
(2011), reported the cell lysis in Alstonia scholaris
induced by the insect Pauropsylla tuberculata

(Psyllidae). Hemipteran insects exhibits a sucking
feeding habit. These insects introduce stylets into the
tissue and, they take some time exploring the tissue and
injecting viscose substances forming a salivary sheath
(Arduin et al. 2005). This salivary sheath is considered
to facilitate the penetration of the insect proboscis or
prevent the plant unleashing hypersensitivity reactions
to combat the damageinflicted upon it (Fernandes, 1990
and Milles, 1999). Raman (2007) considered the
penetration to be intercellular with the dissolution of
middlelamellaof the adjacent cells, though Spiller et al.
(1985) and Tjallingh and Hogen Esch (1993) revealed
that this always was not the case, because the stylet can
penetrate between thewall and the plasmatic membrane
and may even display an intracellular path.

The shrinkage of vascular bundles was observed
dueto the mealybuginfestationin themidrib. Theinsects
are known to extract nutrients from the phloem, xylem
or non-conducting plant cell (Meyer, 1987). This might
be the reason for shrinkage of xylem and phloem cells.
The neoformed parenchyma resulted from hypertrophy
and hyperplasiaof the spongy parenchymacellsinitially
but later the palisade also undergone hyperplasia
condition. Therefore the spongy parenchyma cells
responded more rapidly to the insect stimulus than the
preferred sites of insect attack which is at the abaxial
surface of the leaflet, so the cecidogenic field is nearer
to the spongy parenchyma. Thisis supported by Ahmed
et al. (2013), who reported hypersensitive reaction and
anatomical changes of young tealeaf Camellia sinensis
during feeding by teamosquito bug Hel opeltistheivora.

These findings of the changesin leaf anatomy due
to mealybug feeding arein agreement with some earlier
reports. New leaves may become larger due to increase
incell sizeviamesophyll e ongation (Kolodny-Hirschand
Harrison (1986) and Satoh et al. (1997)) or increased
cell division (Morton and Watson, 1948) expansion may
be influenced by chloroplast enlargement due to starch
accumulation or viaincreased turgor pressure (Milthorpe
and Moorby, 1979). Turgor pressure provides the force
for cell expansion, which declinesif theleaf water content
falls below 90%, and ceases entirely below 70%. Thus,
partial defoliation during periods of water stress may
improve the water potential of remaining foliage and
result in cell expansion (Trumbleet al., 1993).

Biochemical results in the present study, showed
variations in the content due to mealybug infestationin
leaves. Thereduction in the chlorophyll content of infested
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leaves was observed. This might be due to the loss of
palisade tissues, disappearance of chloroplast and
modifications of spongy mesophyll. This loss of
chlorophyll isresponsiblefor the decol ourisation of the
area of the leaf where egg was laid in Ficus leaves
(Moghe, 1980). Present domestication of biochemical
changes, revealed higher concentration of total
carbohydrate and sugarsin the papayaand cotton | eaves.
Higher amount of carbohydrates present in the leaves
might al so be lead to paralysis of cells. Thisissupported
by Laila (2002), who reported the larger amount of
glutamine amino acids can cause paralysis in cells of
leaves.

Inthe present study, areductioninthe protein content
of infested leaves was noticed. But in tapioca and
hibiscus, meal ybug lead to minimum per cent reduction
of protein was noticed than other host plants. It was
confirmed from earlier findings that, plants that were
poorly preferred by mealybugs. Thishad marginal level
protein concentration observed in theinfested | eaf tissues
and it corroborates the observations of Mehalingam
(2012) and Scareli-Santos & Varanda (2003). It is also
inlinewith Arora& Patni (2001) and El-Akkad (2004).
Synthesis of diverse plant proteins are believed to be of
importance in defenceis also known (Reinbothe et al .,
1994). Defensive proteins that block the action of
proteolytic enzymes from herbivores are found in
legumes, tomatoes and other plants. These proteins,
known as proteinase inhibitors, rapidly seem to
accumulate throughout plantsthat are being fed upon by
insects and even accumulate in undamaged areas of
plants that are far from the initial feeding site
(Ananthakrishnan, 2001). So it can be concluded that
when plants are attacked by insects, they generatesignals
and one of these signalsistheinitiator of expression of
certain polypeptides that may be useful in providing the
basis for new crop protection strategies.

An increase of phenol and tannin content in the
mealybug infested leaves occured compared to the
uninfested leaves. Induction of phenol and tanninindicates
that this has been produced due to the stress. They were
produced as a defence mechanism to protect from
invaders (biotic stress) or stress factors (abiotic stress)
and are believed to be an adaptive responseto the altered
conditions. It is supported by the report of El-Akkad
(2004). Thisalso might be thereason for poor preference
of tapioca and hibiscus, which had the higher
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accumulation of phenol and tannin content in their leaves,
whilefeeding by mealybug. Accordingto Cornell (1983),
presence of phenolics indicates a chemical defence
mechanism because they are thought to inhibit the
feeding of herbivorousinsects. Phenolicsarealargeclass
of secondary metabolites produced by plants to defend
themselves against pathogens and insects (L attanzio et
al., 2006).

Ahmed et al. (2013) reported the discol ouration of
the cells and formation of a dark brown coloured halo
around the dead cellsin alesion indicatestherole of an
induci ble defence mechani sm with possibleinvol vement
of oxidation of phenolic compounds through polyphenol
oxidase (PPO) enzymes, and these compounds are
normally found in tea leaves may reveal the actual
mechanism of host resistance in Helopeltis theivora
herbivory. Likewise, this might be the reason for
resistance showed by tapioca and hibiscus leaves to
meaybug, since they were found to be the poorly
preferred host plants in the current study. These
aterations reveal the plasticity of plant tissues, which
may be controlled by insects. According to Taf and
Bissing (1988), presence of theinducer leadsto arupture
of the cellular process of the host, and also resultsin an
activeredirection of the existing ontogenetic patterns, to
the benefit of the inducer. Schonrogge et al. (2000)
detected similar proteins in seeds and in gall tissue
suggesting gall formation might involve the ectopic
expressions of genes of other structures of the host plant.
However it confirmswith concept put forward by Arduin
et al. (2005), i.e. pathological tissues revea a potential
not manifested in healthy plant tissue.
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