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The relatively new invasive rugose spiralling whitefly (RSW)
Aleurodicus  rugioperculatus (Hemiptera: Aleyrodidae) has
become a serious threat to oil palm, particularly coconut
plantation, in southern India. Here, we report biology and foraging
potential of predatory neuropteran Green lace wings Chrysoperla
zastrowi  sillemi (Esben-Petersen) and Mallada boninensis
(Okamoto) (Chrysopidae) on against RSW. Results revealed that
A. rugioperculatus served as a suitable host for the both chrysopid
predators. C. z. sillemi completed its life cycle in 19.91+1.90 days
with a larval (grub) period of 9.4443.91 days and adult longevity
was 24.10+1.87 days. The developmental period of M. boninensis
was 22.3+£2.93 days, with a larval period of 11.85+1.71 days,
while the adult longevity was 19.25+1.52 day. In the laboratory
experiment, all the larval stages of the predators were observed to
feed on A. rugioperculatus. It was observed that the 3™ instar grub
of C. zastrowi sillemi with the developmental period of 3.24+1.73
days consumed a maximum of 313.2 whiteflies (all the life stages)
followed by second and 1% instar grub stages of the predator,
which consumed mean number of 200.2 and 140.2 eggs and
nymphs of A. rugioperculatus, respectively during their
developmental period of 3.58+1.84 and 2.62+1.34 days,
respectively. In the case of M. boninensis, a single grub could
consume a total of 929.8 whiteflies (both eggs and nymphal
stages) during its total larval period of 9.44+3.91 days.

Keywords: Biocontrol, Green lacewings, Foraging, IPM, Rugose
spiralling whitefly, Chrysoperla zastrowi sillemi,
Mallada bonienesis

India has witnessed invasion of 118 exotic species of
insects which includes several economically
important whiteflies. Presently, 442 species of
whiteflies belonging to 32 genera are known from
India'. A new addition to the list of whitefly species
found in Florida is Aleurodicus rugioperculatus
Martin, (Hemiptera: Sternorrhyncha: Aleyrodidae),
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originally called the gumbo limbo whitefly and rugose
spiralling whitefly (RSW). It is an introduced pest,
endemic to Central America, and was reported for the
first time in Florida from Miami-Dade County in
2009% 1t is naturally distributed in Belize, Guatemala,
Mexico and subsequently, it has spread to 22 other
countries in Central and South America, including
Florida, USA and India is the only country in the
Oriental region where the whitefly has been
introduced’. In India, Aleurodicus rugioperculatus is
reported from Tamil Nadu, Karnataka, Kerala Andhra
Pradesh, Goa, Assam, West Bengal, Maharashtra and
Gujarat*®. The first report on incidence of RSW in
coconut palms occurred in 2016 at Pollachi,
Coimbatore district, western agro climatic zone of
Tamil Nadu’. It is a highly polyphagous pest and
attacks a wide range of host plants including palms,
woody ornamentals and fruit crops. Coconut, oil palm
and banana are among the most preferred host plants.
Whitefly feeding causes stress to the host plant by
removing water and nutrients and also by producing
honeydew, which covers the upper surface of the
lower leaves and results in the growth of sooty mold,
which can potentially reduce photosynthesis of the
plant®. Severe damage by RSW has been reported
from Tamil Nadu, Karnataka, Kerala Andhra Pradesh
and the infestation ranged from 35-40% in coconut
and 24-38% in banana. This new invasive pest has
been observed on banana leaves and fruits also in
Tamil Nadu’.

Abiotic factors play a key role in determining the
incidence and dominance of a particular pest and their
natural enemies in a crop ecosystem. Deficit in annual
rainfall, increased temperature and reduced humidity
are considered the prime reasons for the flare-up and
spread of RSW'’. At present, farmers solely rely on
synthetic chemical insecticides for management of
RSW in coconut. Further, frequent applications of
insecticides leads to development of tolerance,
resistance, resurgence, and also residual toxicity, and
thereby adversely affect the humans and the
environment as well. However, natural enemies play a
major role in bringing down the whitefly population
in nature.

Green lacewings (Neuropter: Chrysopidae) are
among the most common natural enemies of pest
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insects in agricultural and Horticultural ecosystems
worldwide''. Among the chrysopids Chrysoperla
zastrowi  sillemi (Esben-Petersen) and Mallada
boninensis (Okamoto) are the most intensely studied
species because of their wide geographical
distribution, good searching ability and easy rearing
in the laboratory. They are regarded as major
cosmopolitan predators of some whiteflies and
aphids'>. The larvae of chrysopids feed on a wide
range of pest species such as mealybugs, aphids,
thrips, whiteflies mites and eggs of insect pests while
adults are free-living and feed only on nectar, pollen
and honeydew". It is now commonly reared in
laboratory and used extensively all over the country
and has significant potential for commercialization
and use against a variety of crop pests in combination
with other insect pest management tactics'>. We have
also earlier shown that the Green lacewings C. z.
sillemi and M. boninensis to be efficient predators of
A. rugioperculatus in Tamil Nadu'*".

Here, we studied the biology and foraging potential
of these two green lacewings, C. zastrowi sillemi and
M. boninensis on the invasive pest, rugose spiralling
whitefly (RSW) Aluerodicus rugioperculatus.

Materials and Methods
Source of test insects

Freshly laid eggs of C. z. sillemi and M. boninensis
were collected from coconut field and mass cultured
using of Corcyra cephalonica Stainton eggs in
laboratory'®. The cultures were maintained in the
biological control laboratory (30+£2°C and 75+5% RH),
Tamil Nadu Agricultural University, Coimbatore.

Biology of C. zastrowi sillemi and M. boninensis on RSW

Thirty eggs of C. zastrowi sillemi were kept in a
small container and as soon as hatched, the larvae
were provided with the fifty mixed population of
different instars of A. rugioperculatus nymphs for the
feed up to pupation of predator. Life cycle parameters
egg incubation period, larval and pupal period (days)
were recorded daily. After the adult emergence,
5 pairs of adults were collected and maintained in the
adult rearing cage. Biological parameters such as
adult survival, the longevity of male and female, pre
and post-oviposition period (days) and fecundity per
female were recorded daily. The experiment was
conducted in a Completely Randomized Design
(CRD) with five replications. The same method
was followed for determining the biology of
M. boninensis.

Foraging potential of C. zastrowi sillemi and M.boninensis
against RSW

The predators were placed individually in small
plastic containers (20x10 cm) covered with Khada
cloth. Study was conducted with fifteen individuals
for each predator, using the egg and nymphal instars
of A. rugioperculatus separately. Each instar of grub
stage was considered as one treatment and there were
three treatments replicated five times to assess the
predatory potential. Based on the length, width and
the size of the grub, the instar of the grub was fixed'’.
The predators were examined daily and fresh coconut
leaves with A. rugioperculatus population were
provided on alternate days. The leaves used in the
experiment were examined with the assist of a Leica
image analyser (M205C), the initial number of eggs
and each instar of the RSW before exposure to the
predator were counted, as well as the number of A.
rugioperculatus population fed by the predator on
each day of the life period. The study was continued
till the mortality of the predator and the longevity was
worked out. The fecundity, incubation period, first,
second, 3™ instar grub period, pre-pupal, pupal and
total developmental period along with adult longevity
were studied for both the predators.

Statistical analysis

The data were subjected to statistical analysis
adopting completely randomized block design with 3
treatments and 5 replications and the mean values of
treatments were separated by Least Significant
Difference (LSD)" using AGRES ver. (7.01), Pascal
International Solutions.

Results and Discussion
Biology of chrysopids

Egg incubation period was 3.14+1.32 days in
C. z. sillemi and 3.10+0.55 days in M. boninensis,
when reared on A. rugioperculatus. Total grub period
of C. zastrowi sillemi was 9.44+£3.91 days which
includes developmental periods of first (2.62+1.34),
Second (3.58+1.84) and 3" instar (3.24+1.73 days)
instar grubs, respectively (Table 1). Compared to
C. z. sillemi, M. boninensis has high duration period
around 11.85+1.71 days. All the instars of the grub
stages effectively fed on A. rugio-perculatus and
entered into the pupal stage. Pupal period of both
predators was 7-8 days. Adult longevity was
19.25+£1.52 days in M. boninensis, while it was
18.28+1.67 days in C. z. sillemi (Table 1). Total
developmental period of M. boninensis was 24.2 days,
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whereas in the case of C. zastrowi sillemi it was 22.8
days'®. The longevity of female and the total
developmental period of M. desjardinsi was reported
as 27.66+1.69 days and 24.16+0.99 days, respectively,
when fed on 4. dispersus".

Predatory potential of C. zastrowi sillemi and M.boninensis on
A. rugioperculatus

The 3 instar grub of C. z. sillemi with the
developmental period of 3.24+1.73 days consumed a
maximum of 313.2 whiteflies (Nymphs & eggs)
followed by second (200.2 eggs & nymphs) and
1* instar grubs (140.2 eggs and nymphs) of 4. rugio-
perculatus during their development period of
3.58+1.84 and 2.62+1.34 days, respectively (Table 2
and Fig. 1A). Further, single C. zastrowi sillemi grub
could consume a total of 653.6 eggs and nymphs
during its entire larval period of 9.43 days. Grub
preferred to feed on both eggs and nymphs of RSW.
The results indicate the potential of C. zastrowi
sillemi as an effective predator for A. rugioperculatus.
These findings are consistent with what have been
reported by others against spiralling whitefly'**.
Single release of C. zastrowi sillemi at 4 grubs per

Table 1 — Biology of Chrysoperla zastrowi sillemi and Mallada bo

Life stages C. z. sillemi M. boninensis
of Duration Range Duration Duration
Predator (days+SD*)  (days) (days+SD¥)(days+SD¥*)

Egg 3.14+1.32 2-4 3.10+0.55 2-4
1* instar 2.62+1.34 2-5 2.40+0.50 2-3
2" instar 3.58+1.84 3-5  4.35+0.49 4-5
3% instar 3.24+1.73 34 5.10£0.72 4-6
Total grub period ~ 9.44 +£3.91 9-13 11.85£1.71 10-14
Pre pupal period 2.52+0.51 1-3 1.65+0.50 1-2
Pupal peiod 7.33+£3.42 7-9 7.35+0.67 6-8
Total develop- 19 914190 13-18 22304293 1826
ment period
Male longevity 18.28+1.67 14-20 11.95+1.23 10-14
Female longevity  24.10+1.87 19-27 19.25¢1.52  17-22
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plant was effective against B. tabaci in tomato®'. The
predatory potential of Mallada boninensis on the eggs
and different nymphal instars of A. rugioperculatus
revealed that maximum number of A. rugioperculatus
(eggs and nymphs) (377.80) was consumed by
3 instar grub during its developmental period of
5.10£0.72 days followed by 2™ instar grub of
Mallada boninensis which consumed 298.2 in
4.35+0.49 days (Table 2 and Fig. 1). First instar
predatory grub (with a developmental period of
2.40+0.50 days) consumed 253.8 eggs and nymphs.
A total of 929.8 A. rugio-perculatus (eggs and
nymphs) were consumed by Mallada boninensis
during its total larval period of 9.44+3.91 days. The
M. desjardinsi first stadium has been shown to have
the least capacity to consume various life stages of
RSW. Our findings are largely in agreement with the
observations reported above on the spiralling

whitefly™. The prey consumption of lacewings increases
with advancement in larval instars. Second and third
stadia of M. desjardinsi consumed a much larger
number of A. disperses individuals®. This clearly

demonstrates that the 3" instar lacewings are far more
24,25

voracious than the second and first instars

g
Fig. 1 — Foraging potential of chrysopids on Rugose spiralling
whitefly. (A) Chrysoperla zastrowi sillemi; and (B) Mallada
boninensis [The third instar grubs of Chrysoperla zastrowi sillemi

and Mallada boninensis were effectively preying on eggs and
nymphs of RSW with the help of pincer-like mandibles]

Table 2 — Feeding potential of Chrysoperla zastrowi sillemi and Mallada boninensis on Rugose spiralling whitefly

Number of 4. rugioperculatus consumed by chrysopid predators per stage*

Statg}::es of Chrysoperla zastrowi sillemi Mallada boninensis
st
predator  Eggs 1%instar 2™ instar 3¥instar . Total Eggs . 2instar 3"instar 4" instar Total
nstar nstar
1% instar 28.2 344 29.2 26.2 22.2 140.2 40.4 56.4 61.2 58.8 37 253.8
(5.31)°  (5.86)° (5.40)° (5.12)° (4.71)° (17.69)° (6.35)° (7.50)° (7.82)° (7.66)° (6.08)° (19.45)°
oo 43.8 49.6 39.8 34.4 32.6 200.2 51.2 66.8 68.8 62 494 298.2
6.61)°  (7.04)° (6.30)° (5.86)° (5.70)° (14.49)° (7.15)° (8.17)° (8.29)°  (7.87)°  (7.02)°  (17.28)°
39 instar 60.2 64.2 70.2 61.8 56.8 313.2 70.2 80.8 84.4 81.0 61.4 377.8
(7.75)*  (8.01)* (8.37)* (7.86)" (7.53)* (11.83)* (8.37)" (8.98)* (9.18)" (9.00) (7.83)? (15.94)*
Total 132.2 148.2 1392 1224 111.6  653.6 161.8 204 2144 201.8 147.8 929.8
SEd 0.1860 0.2067 0.2220 0.1953 0.1554 0.1021 0.1776 0.2132 0.2115 0.1854 0.1585 0.1420
CD 0.4052 0.4503 0.4837 04256 03386 0.2140 0.3869 0.4644 0.4608 0.4039 0.3453 0.2841
(P=0.05)

*Mean of five replications; significant at 1%; figures in parentheses are square root transformed values; in a column, means followed by
a common letter(s) are not significantly different by DMRT (P = 0.05); (Df =14)
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Conclusion

The above study has demonstrated that chrysopid

predators, Chrysoperla zastrowi sillemi and Mallada
boninensis feed and complete their life cycle on

Aleurodicus rugioperculatus. A

single grub of

M. boninensis was found to consume a mean number
of 929.8 whitefies stages, both eggs and nymphal
instars, during its total larval period of 9.44+3.91 days
than C. z. sillemi (653.6 whiteflies with 9.43 days of
larval period). The findings suggest that these
indigenous neuropteran predators could play a major
role in controlling the population of invasive Rugose
Spiralling Whitefly (RSW).

Conflict of interest

Authors declare no competing interests.

References

1

Sundararaj R, Krishnan S & Sumalatha BV, Invasion and
expansion of exotic whiteflies (Hemiptera: Aleyrodidae) in
India and their economic importance. Phytoparasitica, 4
(2021) 1.

Stocks IC & Hodges G, The rugose spiraling whitefly,
Aleurodicus rugioperculatus Martin, a new exotic whitefly in
South Florida (Hemiptera: Aleyrodidae). Florida Department
of Agriculture and Consumer Services, Division of Plant
Industry, Aleurodicus rugioperculatus. Pest-alert, 1 (2012) 1.
Martin JH, Whiteflies of Belize (Hemiptera: Aleyrodidae).
Part 1l-introduction and account of the subfamily
Aleurodicinae Quaintance & Baker. Moscas blancas de
Belice (Hemiptera: Aleyrodidae). Parte 1-introduccion y
descripcion de la subfamilia Aleurodicinae Quaintance &
Baker. Zootaxa, 681 (2004) 1.

Selvaraj K, Sundararaj R, Venkatesan T, Ballal CR, Jalali SK,
Gupta A & Mrudula HK, Potential natural enemies of the
invasive  rugose  spiraling  whitefly,  Aleurodicus
rugioperculatus Martin in India. J Biol Cont, 30 (2016) 236.
Sundararaj R & Selvaraj K, Invasion of rugose spiraling
whitefly, Aleurodicus rugioperculatus Martin (Hemiptera:
Aleyrodidae): a potential threat to coconut in India.
Phytoparasitica, 45 (2017) 71.

Pradhan SK, Shylesha AN, Selvaraj K & Sumalatha BV,
Distribution, Host Range and Status of Invasive Rugose
Spiralling Whitefly, Aleurodicus rugioperculatus Martin
(Hemiptera: Aleyrodidae) in Karnataka. Agric Res, 26 (2021) 1.
Srinivasan T, Saravanan PA, Josephrajkumar A,
Rajamanickam K, Sridharan S, David PMM, Natarajan N &
Shob N, Invasion of the rugose spiraling whitefly, Aleurodicus
rugioperculatus Martin (Hemiptera:Aleyrodidae) in Pollachi
tract of Tamil Nadu, India. Madras Agric J, 103 (2016) 349.
Elango K, Nelson SJ, Sridharan S, Paranidharan V &
Balakrishnan S, Biology, Distribution and host range of new
invasive pest of India Coconut rugose spiralling whitefly,
Aleurodicus rugioperculatus Martin in Tamil Nadu and the
Status of its Natural Enemies. Int J Agric Sci, 11 (2019)
8423.

Poorani J & Thanigairaj R, First report of Encarsia dispersa
Polaszek (Hymenoptera: Aphelinidae) as a parasitoid of

10

11

12

13

14

15

16

17

18

19

20

21

22

rugose spiralling whitefly, Aleurodicus rugioperculatus
Martin (Hemiptera: Aleyrodidae), a recent invasive pest in
India, with notes on its predators. Journal of Biological
Control, 31 (2017) 1. DOI: 10.18311/jbc/2017/16263.
Josephraj kumar A, Chandrika Mohan PS, Prathibha T,
Nalina kumari & Nair CPR, Pest dynamics and suppression
strategies. The Coconut Palm (Cocos nucifera L.)-Research
and Development Perspectives. Springer, 1 (2021) 557.
Elango K & Jeyarajan Nelson S, Population dynamics
of exotic rugose spiralling whitefly, Aleurodicus rugioperculatus
Martin (Hemiptera: Aleyrodidae) on coconut as influenced
by weather factors and natural enemies. J Plant Crops, 48
(2020) 120.

Elango K, Aravind A, Nelson SJ & Ayyamperumal M, First
report of the encyrtid parasitoid, Copidosomyia ambiguous
(Subba Rao) Hymenoptera: Chalcidoidea: Encyrtidae) on
Mallada desjardinsi (Navas) an indigenous predator of the
rugose spiralling whitefly, Aleurodicus rugioperculatus
Martin in India. Int J Trop Insect Sci, 41 (2021) 1.
Doi.org/10.1007/s42690-021-00667-5.

El-Serafi HA, Abdel-Salam AH & Abdel-Baky NF, Effect of
four aphid species on certain biological characteristics and
life table parameters of Chrysoperla carnea (Stephens) and
Chrysoperla  septempunctata  Wesmael  (Neuroptera:
Chrysopidae) under laboratory conditions. Pakistan Journal
of Biological Sciences, 3(2000)239.

Mani M & Krishnamoorthy A, Development and predatory
potential of the green lacewing, Mallada astur (Banks)
(Neuroptera: Chrysopidac) on the spiralling whitefly
Aleurodicus dispersus Russell (Homoptera: Aleyrodidae).
J Biol Contr, 13 (1999) 45.

Nehare SK, Deotale VY, Deotale RO & Dawane PN, Biology
and predatory potential of Mallada boninensis (Okamoto)
against sucking pests. J Soils Crops, 14 (2004) 427.

Elango K, Nelson SJ & Kumar PD, Influence of colour on
oviposition behaviour in green lacewing Chrysoperla
zastrowi sillemi (Esben-Petersen)(Neuroptera: Chrysopidae).
Entomon, 45 (2020) 75.

Elango K & Sridharan S, Predatory potential of green
lacewing, Chrysoperla zastrowi sillemi (esben-petersen)
(Neuroptera: Chrysopidae) on pomegranate aphid Aphis
punicae passerini (Homoptera: Aphididae). J Biol Contr, 31
(2017) 1. Doi.org/10.18311/jbc/2017/16287

Gomez KA & Gomez AA, Statistical procedures for
agricultural research. John Wiley and Sons, 17 (1984).
Boopathi T, Singh SB, Ravi M & Manju T, Distribution and
biology of Mallada desjardinsi (Neuroptera: Chrysopidae) in
India and its predatory potential against Aleurodicus
dispersus (Hemiptera: Aleyrodidae). J Econ Entomol, 109
(2016) 1988.

Atlihan R, Kaydan B & Ozgok¢e MS, Feeding activity and
life history characteristics of the generalist predator,
Chrysoperla carnea (Neuroptera: Chrysopidae) at different
prey densities. J Pest Sci, 77 (2004) 17.

Nair 1J, Sharma S, Kaur R, Efficacy of the green lace wing,
Chrysoperla  zastrowi  sillemi  (Esben-Peterson)(Neuroptera:
Chrysopidae), against sucking pests of tomato: an appraisal
under protected conditions. Egyptian J Biol Pest Contr, 30
(2020) 1.

Huang N & Enkegaard A, Predation capacity and prey
preference of Chrysoperla carnea on Pieris brassicae.
Biocontrol, 55 (2010) 379.



818

23

24

INDIAN J EXP BIOL, NOVEMBER 2021

Kabissa JC, Yarro JG, Kayumbo HY & Juliano SA,
Functional responses of two chrysopid predators
feeding on Helicoverpa armigera (Lepidoptera: Noctuidae)
and Aphis gossypii (homoptera: aphididae). Entomophaga,
41 (1996) 141.

Zarei M, Madadi H, Zamani AA, Nedved O, Intraguild
Predation between Chrysoperla carnea (Neuroptera:

25

Chrysopidae) and Hippodamia variegata (Coleoptera:
Coccinellidae) at Various Extraguild Prey Densities and
Arena Complexities. Insects, 11 (2020) 288.

Koczor S, Szentkiralyi F, Toth M, New perspectives for
simultaneous attraction of Chrysoperla and Chrysopa
lacewing species for enhanced biological control
(Neuroptera: Chrysopidae). Scient Rep, 16 (2019) 1.



