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ABSTRACT

Comparative biology of invasive rugose spiralling whitefly (RSW) Alenrodicus rugioperculotus Martin
(Hemiptera: Aleyrodidae) was studied on three host plants vie., coconut (Cecos nucifera L), banana
(Musa spp. L) and Indian shot (Canma indica) under caged as well as field conditions. The RSW life
cyele was shorter on coconut as compared to that of banana and Indian shot plant. Thus, coconut is the
preferred host for its growth and development with a fecundity of 4950 4.09 eggs and total duration
of the nymphal instars being of 23.2= 138 days. Duration to lifestages on banana was less under field
conditions as compared to that under caged conditions. These results on the comparative biology and
growth will help to develop suitable 1PM strategies for this invasive pest.
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Globalization in agriculture has led to deliberate
or accidental introduction of many quarantine pests,
diseases and weeds (USDA, 2001). These introduced
pests pose major threat to the native biodiversity and
such insects species invading India include whiteflies
viz., Aleurothrixus trachoides (Back) (Dubey and
Sundararaj, 2015), Alewrodicus rugioperculatus Martin
(Sundararaj and Selvaraj, 2017), Paraleyrodes bondari
Peracchi, Paraleyrodes minei lecarino (Josephrajlumar
etal., 2019; Mohan et al., 2019), Aleurotrachelus atrars
(Selvaraj et al., 2019) and Aleurathrixus floccaosus
(Maskell) (Sundararaj et al., 2020). Whiteflies get
accidentally introduced owing to their small size, cryptic
nature and immature stages being attached to the under
surface of leaves. Due to these characteristics, these are
one of the most commonly transported arthropod groups
through trade of plant materials {Simala et al., 2015). In
India, 463 whitefly species belonging to 68 genera are
known to feed on many agricultural, horticultural and
forestry crop plants (Selvaraj et al., 2019).

Among the invasive whiteflies, the RSW 4.
rugioperculatus is polyphagous, feeding on 35 host
plants in India, including many economically important
plants. Within two vears it has spread to many intensive
coconut growing states viz., Kerala, Karnataka, Tamil
Nadu, Goa, Assam, West Bengal, Maharashtra, Gujarat

and Andhra Pradesh. Due to its excreting excessive
honey dew, its damage is more serious. It is now well
established on coconut, banana and oil palm {Selvaraj
et al,, 2019). The female oviposits on the abaxial
surface of leaves and cover them with white, fluffy wax,
creating distinctive spiral patterns. Nymphs complete
development on a broad range of native and non-
native host plants {(Mannion, 2010). There is meager
information available on the biology of this whitefly,
except for few studies in Florida and in India ( Taravati
and Mannion, 2014; Elango et al., 2019). Due to its
invasiveness and rapid spread. there is a need to study
its biology variations to facilitate IPM. As it is recently
introduced into India, this comparative biology study
was conducted on its three important host plants viz.,
coconut, banana and Indian shot plant.

MATERIALS AND METHODS

Rugose spiralling whitefly was maintained on banana
plant in a greenhouse at 28+ 2°C at the ICAR- National
Bureau of Agricultural Insect Resources, Bengaluru
{13°.05 48"N,77".34 30°E) with a natural photoperiod
(L:I) of approximately 12:12 hr following recommended
package of practices. Adults were collected from this
culture for the inoculation and evaluated the biclogy on
the three host plants under caged conditions. Coconut
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(Cocos nucifera L. var. Deejay), banana (Musa spp.
L Var. local) and Indian shot {Canna indica L.var.
Local) plants were raised in mud pot inside cages
(150x70x70 cm) in the polyhouse. Plants were used
when they reached 3-4 leaf stages (3-4 weeks old) and
recommended packages of practices followed to raise
healthy plants. Biology on banana was also studied under
field conditions using transparent square { 10x10x3 cm)
shaped cages fabricated from plastic sheets.

Five plants of cach host plant (replications) were
planted in mud pots and placed inside the cage. Each
host plant was maintained in separate cage and 20
pairs of adults were released. Observations on size of
lifestages (in mm) and egg laying pattern. fecundity
(numbers) and egg. nymphal, total nymphal, adult
longevity and total developmental periods (days) were
made at 24 hr intervals. Changes in the morphology
of nymphal instars were observed. The leaves were
observed under 40x stereozoom microscope to
determine instars. Range and mean values for the
developmental period of each instar, females and males,
fecundity and longevity were calculated from these
observations. The number of observations for each of
the life history parameter varied depending upon the
progress in development and survival of the crawlers
and adults. Similarly, to study the biology under field
conditions on banana, freshly emerged 20 pairs of
adults were released in transparent plastic cages and
adults were removed three days afier release. 20 pin
sized small holes were made on the transparent plastic
cages for air circulation and maintain the temperature
and humidity. Egg spirals on the leaves were marked
and observations were made as described in biology
under caged conditions. Ten samples of lifestages were
observed under 40x stereozoom microscope and the
measurement of length and width of eggs, nymphs (1
to [V) were made. Besides these, length, width, length
of pincer (in males) was also measured, along with
observations on the change in morphology of instars.
The ratio between the length and width (L: W) of each
lifestage was calculated.

RESULTS AND DISCUSSION

The observations on the adult longevity, fecundity,
total duration and nymphal durations on coconut,
banana and Indian shot are given in (Table 1). The eggs
Af REW wars abesrvad ta e laid an the vantral enefacs
of the coconut leaves. The observations on the adult
longevity revealed that it lasted for 102+ (.80 days and
7.2+ (.58 days in female and male, respectively with
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fecundity as 49.50& 4.09 eggs. The total duration for
the nymphal instars was 23.2+ 1 38 days and 37.6£ 2.55
days taken to complete life cyele on coconut, including
adult longevity. The present results on coconut, are
almost in agreement with earlier reports {Taravati and
Mannion, 2014; Taravati et al., 2018; Elango et al.,
2019). On banana, the fecundity was 58.00 5.12; total
duration of nymphal instars was 29.6& 1.67 days; and
took 48.7+ 2,98 days to complete its lifecyele, including
adult Om Cerma imeficu,, fevundily was 56.60= 5.04 wilh
257+ |.66 days and a duration of 42.9+ 2.95 days. The
present results on biology of RSW on . indica are in
agreement with those of Taravati and Mannion (2014)
and Taravati et al. (2018).

Under field conditions, the fecundity was 61,10+
5.30 and duration of nymphal instars was 27.4% 1.44
days: took 41.9% 2.36 days to complete the lifecycle
including adult longevity on banana. Duration to
complete lifestages on banana was less under field
conditions compared to caged conditions. The
developmental period of RSW on coconut is shorter as
compared to that on banana and C. indica. Thus, coconut
is observed to be the preferred host.

The adult female laid eggs in loose spiral pattern
on the abaxial surface of leaves overlaid by wax but
sometime on the adaxial surface of leaves, fruits,
and stems also. Later, it spreads to entire leaves with
overlapping generations {Fig.la-d). The eggs are
elliptical, yellowish and attached with a pedicel (Fig.le).
Pedicel is a hollow extension of chorion which was
inserted into stomata of host plant during oviposition
{Paulson and Beardsley, 1985). Moisture absorbed
from the host plant through pedicel is essential for
normal egg development. It also provides security to
the eggs (Deshpande, 1936; Poinar, 1965). The present
study observed that the egg changed from translucent
to pale yvellow and before hatching to brown. Egg was
observed to be translucent yellowish green or light green
to yellow (Gill, 1990). The eggs measured 0.53% 0.01
mm x 0.23£ 0.003 mm and thus is larger than those of
A. dispersus. Length: width (L:W) ratio was observed
to be 2.28+ 0.05 (Table 1).

The first instar is known as crawlers, which is the
mobile stage having functional legs and crawled few
millimeters before settling to feed. It was oval/ elliptical
in zhape and molted into ceveral immatre ctages that
are oval and imibally fat, and then become more convex
(Fig.1f). Some of these immature stages will secrete
long white filaments of wax (Mannion, 2010). The
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Table 1. Biology and morphometrics of A. rugioperculatuson three host plants {caged and field conditions)

Stage Caged conditions (days) Field conditions (days)
Cocox nucifera Mhusa spp. Canna indica Musa spp.
Duration __Range Duration Range Dwration Range Duration Range
Biology
Egg 42+037 30-30 6.6+0.68 50-80 6.2+£058 5.0-8.0 55+£0.60 40-7.0
First instar 54+024 50-60 69+040 50-80 6.0+£045 50-70 56+£024 5.0-6.0
nymphs
Second instar 5.0+ 045 40-60 T7.1+0.40 50-90 6.0+£032 50-7.0 A8£037 6.0 - 8.0
nymphs
Third instar 6.0+032 50-70 T1=067 50-90 63+049 50-80 70+032 6.0 - 8.0
nymphs
Fourth instar 6.8+037  40-%0 E52020 60-100 6.9+040 5.0-90 B50+£051 6.0-10.0
nymphs
Total nymphal 2324138 180-28.0 296+ 167 21.0-360 257+ 166 200-310 274+144 230-32.0
IJLII I'.il.ﬂl
Adult female DLZHDED ¥O0- 120 125065 90-1440 11.0+£0.71 Q0- 150 Y0+ 0E2 HA - 1
Adult male 724058 60-90 90033 60-110 R2:+049 7.0-100 68+037 6.0- 8.0
Total life 3764255 200-450 4RT=2098 350-380 429+285 MO-520 419+£236 350-49.0
cyele
Fecundity 49.5+4.09 33.0-72.0 5804512 41.0-82.0 5664504 36.0-79.0 6114530 52.0-78.0
Morphometrics
Length Width L:W Second instar nymphs were fringed with marginal
{in mum}) (in mm) ratio wax along the transverse grooves on their dorsum and
Eggs 053 £0.001 02320003 228 = 0.05
Fistinstar  0.63£0.01 0340003 1862002 e compound pores produce glassy wax filaments
aymphs {Fig.1g). These were transparent to pale yellowish green
Second instar  0L85 £0.001 0.52+0.01 163 £0.04 and were bigger compared to first instar. The second
nymphs instar measured (L85 0.01 mm x 0.52+£0.01 mm (Table
Th'—"dl::ﬂﬂ' .12£002 081+002 139002 1), which is larger as compared to 4. dispersus and as
nymphs i i :
Fourth instar 191 £0.05 132£006 1462004  dcscribed by Mariam (1999) and Geetha (2000). L: W
nymphs ratio was 1.6320.04. Growth and development of sooty
Adult female  3.30+0.07 L11+£0.05 3012012 mould disrupts the photosynthesis process (Stocks and
Adult male 1064008 0.79+£0.04 4052012

nymphs are light to golden yellow, and will produce a
dense, cottony wax as well as long, thin waxy filaments
(Stocks and Hodges, 2012) which get denser over time.
Gill { 1990) reported that this kind of colouration is due
to the transparent nature of the crawlers. These arrange
themselves on the leaf surface parallel to vein or veinlet
and during warmer days, crawlers walk quickly over
the leaf surface in search of an available minor vein
(Walker and Aitken, 1985). In A. dispersus, there were
no wax secretions on the body of crawlers as these
lacked compound wax pores but have two putfs ofwax
at the anal end (Aiswariaya et al., 2007). In the present
study, it was observed that first instar was white at the
time of hatching and turned yellowish green. Crawlers
measured 0.63£ 0.01x 0.34% (0,003 mm. L:W ratio was
186 0.02. They moulted to second instar in about five
to eight days. The crawler with restricted movement and
feeding completed its nymphal period quickly (Geetha,
2000). Prolonged developmental periods of crawlers on
banana are attributed to waxy coating on the leaves. So,
it tock more time to establish as compared to coconut
which had more fibrous lamina.

Hodges, 2012).

Third instar nymphs have numerous evenly spread
short, glass like rods of wax along the sides of the
body (Waterhouse and Norris, 1989). Waxy cottony
secretions emerge from each of the compound pores on
the dorsal surface of the body. Cottony secretions were
abundant than in second instar and were larger (Fig. 1h).
Third instar nymph measured 1.12£ (.02 x(0.81= (.02
mim, which is larger as compared to A. dispersus earlier
described by Waterhouse and Norris (1989) and Geetha
{20007 L: W ratio was 1.39+0.02. Fourth instar mymphs
were covered with copious amount of opaque white
waxy material dorsally as tufts and the dorsal waxes
produced from compound pores were long, cylindrical
and often longer than the length of the puparium (Fig.
11, ). Ribbon like wax filaments were also present and
these were as long as or longer than the body and flat on
the ventral surface. The compound eyes of developing
adults appeared as red spots through the puparium as
observed earlier by Gill (1990). These have a swollen
ventral surface and are colourless or yellowish, oval
or elliptical. Fourth instar nymph (pupae) measured
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1.91£ 0.05 x1.324 0.06 mm and L: W ratio was .46+
0.04 (Table 1).

Plant stage, nutrients, photoperiod and temperature
play a key role on biology of A. dispersus. Dhaliwal
and Arora (1996) reported that high level of nutrients
increases the attractancy and development of whitefly;
and temperature affects the biology and behaviour. In
the present study, the biology of RSW was studied at
20.05- 23.9°C and 67- 71.5% RH, which might be the
reason for varied development period across the different

Sanjay Kumar Pradhan et al.

lifestages. RSW adults emerged with *“T" shaped exit slit
on the dorsal surface of the puparia (Fig. | k) and it differs
from parasitoid exit hole (Fig.1 1). After emergence, the
wings of newly emerged adults were clear, later covered
with a thick coat of white waxy powder (Gill, 1990). The
eyes were dark reddish brown and each of the forewings
had two characteristic dark spots and female was bigger
than male (Fig.1 m, n). Female’s lack pincers at the end
of abdomen but have waxy puffs (Fig.1 o, p). Female
measured 3.30% 0.07 x1.11% 0.05 mm and L: W ratio
was 3.01%0.12 (Table 1).

2"

Fig. 1. A rugioperculatus a. infestation on banana; spiralling pattern of oviposition; c. on banana bunch; d. irregular pattern
of oviposition; ¢. eggs; f. first instar nymph; g. sccond instar nymph; h. third instar nymph; i-j. fourth mstar nymph (puparia);
k. adult emerged pupana with *T" shaped opening: |. parasitoid emerged puparia, with circular opening: m. adult male:
n. adult female; o. pincers at abdominal tip of adult male; p. fluffy mass at abdominal tip of adult female.
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Males had long, simple pincer at the end of the
abdomen (Gill, 1990) which were exposed from the
distal end of the abdomen in between the wings. Male
measured 3. 162 0.08x (0.79£0.04 mm, excluding pincer
length and L: W ratio was 4.05£0.12. Adult females had
more longevity in all the observed host plants.

Egas were laid singly in a spiraling fashion at right
angles to the leaf veins, which were covered with white
waxy materials (Fig.1 b). Female whiteflies feed and
oviposit on the same leaf and due to the concurrent
feeding and oviposition, circular egg patterns were
observed on relatively smooth leaves and as the female
turns around the point where her stylets are embedded
into the leaf. Both regular and irregular fashion of egg
laying was observed at ovipositional sites. During the
initial period of infestation on coconut and banana,
regular circular and elliptical fashion of egg laying
was observed. During the later period, irregular pattern
of egg laying was found more on almost all leaves of
the crops (Lenteren and Noldus, 1990; Taravati and
Mannion, 2014). Ovipositional behaviour of whitefly
is influenced by leaf hairiness (Mound, 1965). In the
present study, during the initial stage of infestation on
smaller leaf size, circular or elliptical regular pattern of
egg laying was observed. On larger sized leaf, the adults
move irregularly while feeding which coincide with egg
laying and it might be the reason for irregular egg laying
patterns on broader leaves of Musa sp.. Canha mdica.
The absence of trichomes on Musa sp. might not disturb
the adults while laying eggs. Continuous egg laying on
the same leaf is the reason for more of irregular pattern.

This study infers that compatible host plants
should be avoided as intercrops, as in coconut the
developmental period is less as compared to other host
plants and the susceptible stages needs to be aimed for
effective management.
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