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THE BUZZ ON ONE HEALTH:
WHY ENTOMOLOGY AND
IPM MATTER

Dr. V. V. Ramamurthy
Editor-inT Chief

he One Health approach recognizes the
intricate connections between human,
animal, and environmental health. As
we strive to address the complex
health challenges of our time, it's essential that we
acknowledge the critical role of entomology and
Integrated Pest Management (IPM) in maintaining
the delicate balance of our ecosystem. Insects, as
vectors of disease and pests of crops, play a
significant part in shaping human and animal
health.
agricultural pests that compromise food security,

From malaria and dengue fever to

the impact of insects on human well-being cannot
be overstated. Entomology, the scientific study of
insects, is vital in understanding the biology,
ecology, and behaviour of these tiny creatures. By
unraveling the complexities of insect biology, we
can develop effective strategies for managing pest
populations, reducing the spread of disease, and
promoting sustainable agriculture practices. IPM, a
holistic approach to managing pests, is a

cornerstone of sustainable agriculture and public

EDITORIAL

health. By combining physical, cultural, biological,
and chemical controls, IPM minimizes the use of
chemical pesticides, reduces the development of
pesticide-resistant pest populations, and promotes
ecosystem services.

As we move forward in our pursuit of One Health,
it's imperative that we: 1. Integrate entomology and
IPM into our health and agricultural policies.
and

2.Support research

collaboration

interdisciplinary

between entomologists,
epidemiologists, veterinarians, and policymakers. 3.
Promote sustainable agriculture practices that
prioritize IPM and reduce the reliance on chemical
pesticides. 4. Enhance public awareness* about the
importance of entomology and IPM in maintaining

human and animal health.

By embracing the principles of One Health and
recognizing the vital role of entomology and IPM,
we can create a more sustainable, equitable, and
healthy world for all.



FEATURE ARTICLE Indian Entomologist

BEES AND THE QUEEN OF

SPICES

DR. VASUKI V. BELAVADI
Professor Emeritus
Department of Entomology
UAS, GKVK, Bengalurut 65

Cardamom (El et t ar i a
the Queen of Spices, also referred to as small
cardamom or true cardamom, is native to the
Western Ghats of India.
the worldds oldest spices. Cardamom is the third

It is considered as one of

most expensive spice in the world after saffron and
vanilla. It was an important commodity of trade
between India and Greece during 4™ Century BC.
Cardamom is mentioned in 3" Century BC as a
medicine for stomach and urinary disorders in
Ayurvedic literature (Nair, 2006).
mentioned in both Charaka Samhita and Sushrutha

It is also

Samhita, the ancient Indian Ayurvedic texts written
in the post-Vedic period (Nair, 2011).

The major cardamom producing countries in
the world are India, Indonesia, Guatemala, Sri
Lanka, Tanzania and Papua New Guinea.
Guatemala, India and Indonesia are the major
cardamom exporting countries. In India, cardamom
is cultivated in Kerala, Karnataka and Tamil Nadu
(Fig. 1) and cover an area of 70,410 ha with a
production of 25,230 tonnes (Anon, 2024). Kerala
with 57.29% of area produces 90.63% of
cardamom.  During 2023, India exported 8,000
tonnes of cardamom earning over 155 million USD

(~1300 crores of INR).

The Plant
Cardamom belongs to the ginger family
(Zingiberaceae) and grows in clumps of 20 to 25

.a Matoa)m qpseudastems (Fig. 2).

It is cultivated under the
shade of trees. Each pseudostem bears at the base
one or two panicles that bear flowers. There are
three types of cardamom T Malabar type (with
prostrate panicles), Mysore type (with erect
panicles) and Vazukka type (with semi-erect
panicles). Malabar type is cultivated in Karnataka
while Mysore and Vazukka types are more common
in Kerala. Cardamom flowers are exclusively cross
pollinated and depend on bees for pollination and

fruit set.
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Fig. 1 Area under cardamom cultivation.

Fig. 2. Cardmom crop.
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Cardamom Flower

The flower is hermaphrodite self-compatible, with
three greenish sepals and petals (Fig. 3). The petals
fuse at the base to form a nectar tube of about 23
mm long. The flower has a broad whitish lip like
structure, referred to as labellum or flabellum that
protrudes from the tip of the nectar tube and has
pinkish nectar guide markings. Labellum acts as a
landing platform for bees and the nectar guides lead
bees to the nectar tube. According to Parameshwar
and Venugopal (1974) the labellum is formed by
the fusion of three modified anthers. Ovary is
trilocular, each locule with nine ovules. There is a
single style with an expanded stigma above the
anther lobe. Anthers are herkogamous Because of
the location of stigma above the anther lobe
(approach herkogamy), self-pollination is avoided.
Further, pollen grains are sticky, and hence require
an agent.

Figure 3: Cardmom flower.

Floral Biology

Flowering commences by last week of April and
will continue till first week of November, with peak
flowering between June T August. Anthesis (flower
opening) occurs in the early morning between 4.30
and 6.30 am. Anthers dehisce and release pollen
grains around 7.30 am. Pollen remains viable the
whole day and though stigma is also receptive all
through the day, peak receptivity is around 12 noon.
Longevity of individual flowers is between 15 to 18
hours and should get pollinated on the same day of

anthesis (Belavadi and Parvathi, 2000).

Flower visitors
Cardamom flowers are visited by several species of
bees including honey bees, stingless bees and
solitary bees like the blue banded bees. Of these
the honey bees, mainly Api s
are the most frequent visitors, especially during the
peak flowering months. Visitation frequency
depends on the flower density (Belavadi et al.,
1993). In the beginning and end of the season when
the number of flowers per clump will be less than
five (Fig. 4), honey bees ignore cardamom, as they
have to spend more energy and have to visit more
flowers distributed on several clumps. Since a
forager bee gets only about 0.3 Ol in each flower
(Belavadi and Parvathi, 2000). The crop (stomach)
capacity of a foraging A. ¢ ésr 400la Hence,
to fill its crop it has to visit about 125 to 135
flowers. If the number of flowers per plant is 4, the
bee has to fly around not less than 30 clumps and
the spacing between clumps will be 1.8 m, which is
both energy and time consuming. Foragers of A .
c e r aomraence foraging by the end of May or in
the beginning of June and their activity keeps away
A me g spp . IWden the density/number of flowers
per clump increases beyond 15 or 20, A .

start appearing and they will replace the c er an a

bees. In the months of April, May and again from
September to November, the flowers are mostly

visited by the blue banded bees (A me g ispp.) a

(Fig. 5).

D A L A N S
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Fig. 4 Flower density in different months.
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Fig. 5 Per cent fruit set by different flower
visitors.

This observation indicated two things T that
the blue banded bees (A me g ispp.) a;e more
efficient pollinators than A p isgp. and that the
population of A p ibses may not be sufficient
enough to pollinate the available number of flowers
in the peak season.

Are blue banded bees better pollinators?

During the peak flowering, measurements of nectar
level in the flowers showed that nearly half of the
nectar remained unharvested, despite very high
activity of honey bees (Fig. 6).

Figure 6: Cardamom flower with 50% nectar
remaining after a bee visit.

In the beginning and towards the end of
flowering season the nectar level was very much
lower, when the blue banded bees will be active
compared to the peak flowering time (Fig. 7).
Observations on the tongue lengths of these bees
and how deep they could access for nectar in the

flowers revealed that, despite their shorter tongue

lengths of 4.5 and 5.5 mm, the honey bees, could to
1997)
while A me g spp. With their longer tongue could

draw nectar upto 11.5 mm (Belavadi et al.,

exhaust all the nectar available in the flower (Fig.

8). This lead to a hypothesis that A me g spp. | a

were probably the original pollinators of cardamom.
In the wild, the population of cardamom plants will
be low and probably A me g idd the gob, while
under cultivated conditions, the plant population
and flower density will be high, and honey bees
being opportunistic flower visitors, compete and
replace solitary bees, but can take only upto ~50%
of available nectar. In the cardamom variety
Mudigere- 1, on which most of the observations
were made, the corolla length is 23 mm and can
hold 4 Ol of nectar when the flower is prevented
from bee visits. Hence, in each flower, nearly 2 Ol

of nectar remains which may go waste.
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Figure 7: Nectar level in corolla tube.
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Figure 8: Tongue length and feeding depth by
bees.
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Nectar production is costly and the plant has
to spend lot of energy (Pyke, 1991; Pyke and Ren,
2023). Hemce, one can hypothesize that if corolla
length is shorter, the plant may spend less energy in
nectar production and invest the saved energy in
producing more flowers. Measurement of the
corolla lengths of 173 entries in the germplasm
collection including the released varieties, at the
Zonal Agricultural Research Station, Mudigere,
(Fig. 9).
Interestingly, all high vyielding cultivated varieties
fall to the left of the distribution, indicating that,

corolla length can be used as a trait for selection by

revealed significant variation

the cardamom breeders.
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Figure 9: Corolla length of cardamom entries in
germplasm collection (n = 173).

Is there a pollinator deficit?

In a study, all flowers produced by ten randomly
selected clumps of cardamom were counted from
the first day of flowering till the last day and the
number of capsules set in each clump was recorded.
The number of flowers per clump ranged from 615
to 1700 with a mean of 1170 and the number of
flowers setting capsules ranged from 200 to 590
with a mean pod set of 30 per cent (Fig. 10).

If this low pod set is due to pollinator deficit
(low population of foragers), can the population of
bees be increased and by how much. Based on
earlier studies on the foraging behaviour of

c deesgParaathi et al.,
1993), following information was available. a) A

individually marked A .

single bee visits as many as 130 flowers in one
visit; b) A single flower required at least 20 visits to
set capsule; ¢) On an average, there will be 20
flowers/clump every day; d) There are 3000
clumps/ha, e) So, there will be 60,000 flowers in an
hectare requiring bee visits and f) Number of visits
required per day is 1,200,000. Based on this, it was
estimated, that at least 9000 foragers are required
per ha (Belavadi and Parvathi, 1998).

60

% Pod set
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Clump Number*

Figure 10: Per cent pod set in cardamom (*first
two digits refer to row number and the next two
digits to the plant number T 10" row 22" plant).

Considering the available information on the
normal colony size of a 8-frame hive to range
between 12,000 to 15,000 workers and about one-
third of the workers will be foraging (Inoue et al,
1990; Dyer and Seeley, 1991), a field trial was
conducted with two colonies per ha, assuming that
there will be at least 4000 to 4500 foragers in a
colony. There were three treatments T 1. No flower
visitors; 2. Open pollination (feral bees) and 3. Two
colonies of A. c ba aTha results clearly
indicated that the cardamom pod set can be more
than doubled by introduction of two colonies and

the pollinator deficit can be overcome.
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Figure 11: Overcoming pollinator deficit.
Economic value of pollinators in cardamom

Economic value of insect pollination service is
the
dependency index (Pdi) with total economic value
of the crop (TVC). TVC is the total production
multiplied by the market value per unit. Since

determined by  multiplying pollinator

pollinators are essential for the pod set in
cardamom, the Pdi for cardamom is taken as 0.95.
Total production of cardamom in 2023-24 was
25,230 tonne and the lowest market value in 2024
was Rs. 1000/- per kg. The EVIP for cardamom is

Rs. 2396.85 crores.
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S |ncian Entomologis

ADIALOGUE WITH

DR. ANANTANARAYANAN

RAMAN

AVISIONARY ECOLOGICAL
ENTOMOLOGIST WITH AN

INTERNATIONALLY RECOGNIZED
EXPERTISE IN THE FIELD OF INSECT

AND PLANT INTERACTIONS.

It is a proud privilege and an honour to interview a
visionary Entomologist Anantanarayanan Raman,
who has specialized on gall-inducing arthropods
and who works on the mechanisms from both insect
the
interacting

and host-plant perspectives, interlinking
ecology and physiology of the
organisms. He holds two doctoral degrees and has
extensive undergraduate and postgraduate teaching
experience

in Agricultural Ecology,

Ecological Entomology, Agricultural and Forest

Forestry,

Entomology, Plant Pathology and Nematology. He

has been investigating issues related to
sustainability and sustainable-land management
over last 25 vyears. He is an internationally
recognized expert in the field of insect and plant
interactions and the winner of the prestigious
Fulbright Award in 1990 and the Deutscher
Akademischer Austaush Dienst [DAAD] Award ©
twice © in 1991 and 2003. He has, to his credit
more than 300 research publications documented in
international journals, further to a dozen books and
His
demonstrate his independent research capabilities,

monographs. work and  publications
further to a strong capability to organize and
administer teaching and research projects, and
critically analyze their outcomes. He has a strong
commitment to

the development of higher

education and pedagogical processes with advanced

written and oral communication skills. With all
these, he is an effective teacher and a motivated
researcher with accomplished leadership, problem
solving, and group facilitation skills, which are well
supported by an extensive international work
experience.

Brief bio-data

He was born to Sri K. P. Anantanarayanan and
Srimathi R. Parvathy in Madras (now Chennai),
Tamil Nadu. He completed his high-school
education from Sir M. Ct. Muthiah Chettiar Boysd
High School (now a Higher-Secondary School),
Purasawalkam, Chennai. He completed his B. Sc.
Degree from Loyola College, Chennai. Later he
completed his masterds from Presidency College,
Chennai.

Soon after post-graduation, he was
appointed as a Lecturer at Loyola College and in
1972, joined Dr. T. N. Anantakrishnands research
group. Inspired by Dr. Anantakrishnan, he took up
studies on gall-inducing insects and started his PhD
on the physiology of galls induced by
Phlaeothripidae (Thysanoptera) and the ecology of
the inducing Phaleothripidae, which included the
extraction of salivary glands of the inducing thrips

taxa and their biochemistry for enzymes. He ,

Jan 2025 | Vol 6 | Issue 1



travelled to Universit® Louis Pasteur,
Strasbourg, France, to work with Odette Rohfritsch
(Hd€), dCerred i

During his

attheLaboratoire
by pioneer Cecidologist Jean Meyer.
several ~ months stay in Strasbourg, he had
occasion to be associated and work with other
leaders of gall studies, Evelyn Westphal, Roberte
Bronner, Fran-oise Dr@ger, who were scientists at

the LdC. He earned his first doctorate in 1981.

He married Lata n®e Vaideswaran in 1983.
T. N.
In 1990, he was awarded the

He to work with Dr.

Anantakrishnan.

continued

Fulbright Fellowship by the Fulbright Commission,
c/- The Bureau of Educational & Cultural Affairs,
U. S. Department of State, Washington, D. C. He
was associated with Warren Gene Abrahamson,
Burpee Professor of Plant Genetics, Bucknell
University, Lewisburg, Pennsylvania and worked
on the energetics and nutrient mobilization in gall
systems, using Rhopal omyi a(Digenl
Cecidomyiidae)TSo | i d a g o (Astérdceaes s
Soon after, he moved to the Universit®t Heidelberg,
Germany winning a Deut scher

Aust aus HDAAD) EeHosship and worked
with Rolf Beiderbeck on dual-aseptic culture of

insects and their host plants, testing the model

Conot r mfaseng B a r t h annassaciation
with
Departroegt iofePrimary Industries, Brisbane. His

Kunjithapadam  Dhileepan, Queensland
average academic productivity in terms of quality-
journal publications was from 13 to 18 papers/year.

He submitted his 2-volume thesis staking
the claim for the title of Doctor of Sciences of the
University Madras and got the title in 2003. During
his tenure as a Senior Academic at Charles Sturt
he supervised 18 Ph. D
students, 12 research-Honours students, and 1
MPhil student. In 2020, he joined CSIRO, Perth,
Western Australia as a Senior Scientist.

University, Orange,

He has won several research grants and
the the
Research  Excellence

recognitions. He was recipient of

Agricultural  Innovation
Award given away by Charles Sturt University &
Graham Centre for Agricultural Innovation in 2016.
Earlier for three years in succession he won the
Facufilt)gojf Suence Research Excellence Award also
by me Charles Sturt University. He was awarded

the Australian Academy of Science Visiting

A iI(-’I’OfeSSOI’énIp In %OIB8 to visit a few universities in

Japan and Taiwan. The Entomology Academy of
India honoured Raman with the M S Mani
Centenary Award in recognition of the multiple

system Tri al eur odes (Hemapgrar ar i

Aleyrodidae) and its host plant St e | |
(Caryophyllaceae). He standardized the protocol for
the dual culture of a T .
shoots of S . m & pretacol published in the
Zeitschift
Appl i ed) isBoptladymreférredgiry
literature as the RamanTBeiderbeck protocol.

fer
of

In 1996, he moved to Australia to join the
University of Sydney, Orange campus, New South
Wales. Notable that this campus changed to Charles
Sturt University in 2006. During this tenure, he
worked on the tortricid E p i b land acarculionid

13

contrlbu?iornsuton?ndian Cecidology. Crowning all of

ar.i edi a . . .
tﬁ‘ese, We was recognized by the Indian National

Science Academy, New Delhi, as the Vulimiri

v-ap o and eulturedr LIghsrlrr]nalingaswamy Chair in 2018, upon the

nomination by Raghavendra Gadagkar and Raman

Ar(:gJeOV\uarnr]éja[Eumar ofn ttheo mdolaln olr%tiitut% of Science,

Bangalore. During this travel, he lectured and
conducted workshops at the Centre for Ecological
Sciences, Bangalore, delivered lectures at Tamil
Nadu

Manonmaniyam

Agricultural ~ University,  Coimbatore,

Sundaranar University,
Tirunelveli, Manipur Central University, Imphal,

Indian Agricultural Research Institute, New Delhi,

Indian Entomologist | Jan 2025 | Vol 6 | Issue 1



and Indira Gandhi National Open University, New
Delhi.

Interview of Anantanarayanan Raman (AR) by
Dr. Kolla Sreedevi (KS)

KS: Is the study of insects a choice or chance?

AR: by
undergraduate days at Loyola College, Madras, |

Definitely chance. During my
had known of Ananthakrishnan, who was then
heading the department of zoology; but my
acquaintance with him at that time was casual; the
silver lining was that | had chances to meet him
often. However after my post-graduation when |
joined Loyola College as an academic, our
relationship got strengthened. | used to spend more
time with him at the Entomology Research Unit,

which he directed.

KS: Can | know the inspiring or guiding force
behind choosing Entomology?

AR: Ananthakrishnan was a key force. He was a
towering personality by his seriousness of purpose
and academic productivity. He was the singular
specialist the
throughout the world then. Like any other academic

recognized of Thysanoptera
of those days, he spoke English eloguently and
charismatically. His oratory power and the high-
quality English he wrote was one strong factor that
attracted me to him; entomology was --- then ---
secondary. He presented himself most elegantly and
gracefully, appearing far younger than his real age.
All of these, and the power of science brought us
close to each other. Moreover during my post-
graduate days at the Presidency College, Madras, |
was fortunate to have a great Indian biologist, B G
L Swamy, as professor and his classes were a deep
He did not teach like
everyone. He inspired me by flinging challenges

source of inspiration.

both within the class and outside. That practice
stimulated me to think outside the box and

14

importantly unconventionally. This intellectual
background of challenging the raw and the apparent
must have fostered and cemented the relationship
between me and Ananthakrishnan. But | am not
sure whether this is correct. Anyhow circumstances
came around and | was naturally sucked into
exploring the world of insects, starting with the

Thysanoptera.

KS: How did the study of gall-inducing insects
become your favourite?

AR: While being a post-graduate student at
Presidency College, one of my lecturers was K V
Krishnamurthy, who spoke to me about insect-
induced galls and suggested that we look into their
biology. As an MSc student, | helped him out

working out the leaf galls on an epiphyte

Aeschynant h(uamialgs: &esmeradeae)e t i |
inducedbyPr ol asaeptleypamtriou g €

this
investigation, | carried several draft manuscripts for
by
This
to

(Diptera: Cecidomyiidae). During

reading, editing, and  commenting

Ananthakrishnan in  Loyola College.

experience also  brought me  closer
Ananthakrishnan. This first co-operative work with
Krishnamurthy resulted in a journal paper published
by a then highly prestigious journal dedicated to
study of insect galls and their agents, Vv i,
Ma r c gelitedi ad published by Jean Meyer at
the Laboratoire de C@cidologie, Universit® Louis
Pasteur, Strasbourg, France. Publication of this
paper in Ma r ¢ eratled rae to know many who
were working on galls outside India, the world of
galls, and started reveling in those biological
marvels. | co-operated with Krishnamurthy and
derived some support and guidance from
Ananthakrishnan after | joined Loyola College as a
lecturer. Krishnamurthy, Ananthakrishnan, and |
jointly published papers on galls induced by diverse

arthropods, suchas, Aneur ot hri ps
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(Thysanoptera:  Terebrantia), Bar i s
(Coleoptera: Curculionidae), and Acer i a
(Acari: Eriophyidae) hosted by Cor di a
(Boraginaceae). This study was published in the
Ceyl on Jour nAaAtlthis onfe, | Samd
under the influence of B Vasantharaj David,
David
introduced me to the Aleyrodidae; David and |
jointly published the biological details of
| ndoal yr od gHemiptera: sAleyrddida¢)
that induces pit galls on the leaves of Mo r i
dol og

published by Prabha Grover, a Cecidomyiidae

research officer with Ananthakrishnan.

t i nct(RBubiace@e) in Ceci
specialist of India then, of the University of
Allahabad. Once these works were published, I
enthusiastically dug my claws deeper into this
subject, since this field panned out to me a dynamic
discipline of insectOplant interactions, a widely
sought-after theme in the 1980s. Moreover | got
introduced to paper publishing. Seeing my name in

print became an addiction.

KS: Have you faced any challenges in studying
gall-inducing insects or the mechanisms involved
in gall induction.

AR: Not one; several. During my early days of
study not much about galls was known. As | was
starting to work on my PhD thesis pertaining to the
nutritional physiology of select-species of gall-
inducing Phlaeothripidae (Thysanoptera), | needed
to learn how the mouth-parts of the miniscule thrips
were organized and to dissect the salivary glands
aiming to analyze the salivary proteins. | struggled.
This was a major, nerve-wrecking challenge.
However, | mastered the craft of teasing out the
salivary glands in the next few weeks. During field
trips determining the identity of the gall-hosting
plants was another challenge. Ananthakrishnan
would determine the inducing thrips. But knowing
the binomial of the plant was a Himalayan task:

ciovariably when | went to the field, I got only galls

evithr pdamtsa bearing no reproductive structures:
oditheri frqitg @or flowers. | learnt how to ascertain
plant identities using only vegetative characters,
esimitareto the practices followed by foresters. Since
Loyola College was essentially an undergraduate
college, the kind of facilities and equipment | had at
my disposal were minimal. | worked with student
microscopes. Facilities to carry out physiological

u work was unthinkable. | had to resort to using

netkraentary  paper-chromatography
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to separate
salivaryl pro@ims.clia the next decade | mastered
techniques of histochemistry to qualitatively
characterize functional components of both host-
plant and insect tissues. What satisfies me most
today is that | could interpret my findings and
publish them in recognized professional journals in

spite of the hiccups and handicaps | experienced.

KS: Can you please elaborate on the significant
RamaniBeiderbeck technique for the benefit of
readers. Is it related to gall-inducing insects?

AR: First | should clarify that what is generically
referred as the RamanTBeiderbeck technique in
reality does not pertain to gall-inducing insects and
their physiology. Plant-tissue culture was popular in
the 1980s and some insect tissue culture was also
Rolf Beiderbeck of the
Heidelberg was a trained plant-tissue and protoplast

known. Universitat
culturist and he was trialing dual aseptic culture that
involved culturing plant tissues and raising the
infesting arthropods simultaneously on those
aseptically grown plant tissues, which was known
as dual-aseptic culture. 1 was impressed by this and
sought training with Beiderbeck in 1991. | used

St el | a r(Cagophylkacdae) as the host tissue

for aseptically growing populationsof Tr i al eur o

v a p o r a (Hemaptera: rAleyrodidae). The main
challenge that involved weeks and weeks of trials
was to apply the right percentage concentration
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of sodium hypochlorite to surface sterilize the eggs
before placing them on the cultured S . mtessdei
in defined enriched agar medium. Defining the right
concentration of the NaOCI solution & the surface
sterilant © so that the embryo is not killed because
of micropyles was a major challenge. However |
succeeded and it eventuated as a protocol paper
published Zeitschrift f
Ent omo ((tadlayitke Jour nal

E nt o m) Miaadgtails of this protocol can be

in

extracted from: Raman, A. and Beiderbeck, R.,
1992, Aseptic dual culture of the greenhouse-

insect action & producing an enchantingly

aymmetrical structure, i ., the.gall, and eventually
restrains the stress inflicted by the inducing insect.
Importantly the gall is an restraining outcome. The
alterations induced by the insect action are
elegantly restricted to the gall site only. Nothing
transcends further, unlike the tumours induced by

the RhizoAateg(egyAgdobact er i y.m

o fIn th& Ripizobialesdnduced tumours, secondary

tumours arise with no A .
tumour-principle is transmitted through the plant
and secondary tumours eventuate. In arthropod-

whitefly Tr i al eur odes Wastagodo rinduced galis unatining of that sort occurs and will

(Hom, Aleyrodidae) and its host St e | | a r iegeroatue. Gall will materialize where a larva (e.g.,

Vill.

(L)) (Caryophyllaceae),

Zei t s c hrQGedidomyiidde)s r or

a  population (e ., g

Angewandt e , B3 25218%0. IAlthaugh e Phaleothripidae, Adelgidae) will infest. With this

I did not use a gall-inducing insect in this work, I
am aware that many trials involving gall-inducing
arthropods have been used by several persons
across the world. This protocol has been handy in
clarifying the functional aspects of gall-inducing
insect and its plant relations.

KS:
continued your research work on gall-inducing

Ités fascinating to hear that you have

insects throughout, what made you continue or
keep going in the same field.

AR: Thank you for your generous words. When |
started work on gall-inducing insects (s e n s yto
include species of Eriophyidae (Acarina) as well),
my first understanding was that this is an interactive
system that intimately involves a plant on the one
hand and an arthropod (an insect, mostly) on the
other. Therefore | told myself that | needed to be
acquainted with every detail of the arthropod | was
working on and | needed to possess the same
acquaintance with the host plant. An absolute
clarity of this understanding made me appreciate
the dynamics of their interactions: how the insect
exploits the plant and how the plant responds to
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clarity | approached insect-gall systems, first using
the Phlaeothripidae-induced galls and later with
species of the Psylloidea. For a better understanding
of galls, | looked into galls induced by the
Beesoniidae (Hemiptera: Coccoidea), Eulophidae
(Hymenoptera), Curculionidae (Coleoptera), and
Tortricidae (Lepidoptera). But works on these
insects were not consistent. My consistent work
pertained to my exploration of developmental
physiology of galls induced by the Phlaeothripidae
and the nutritional physiology of the corresponding
Phlaeothripidae, when | commenced serious work.
Ffof 9985 1 shifted to studying the gall-inducing
Psylloidea and their galls that were plentifully
available in the vicinity of Madras. | worked out the
biology and bionomics of an unusual gall-inducing
Psylloidea Phacopt er on
Gar uga ,Bursaraceae) and published my
results in the journal P h y t o pirhthegl890s.
Based on my work on the biology and bionomics
of P.
(Basle,

Switzerland), a world-Psylloidea authority, moved

and unusual oviposition behaviour

| ent i gi mManglu mBurckhardt

this taxon from the Pauropsyllidae as indicated by
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Ram Nath Mathur of Forest Research Institute,
Dehra Dun
Phacopterinidae.

to a newly erected uni-generic

Every time | completed a work and got a
publication ready, | had new questions. Seeking
answers to those questions kept me fully engaged
and | have felt that a lot more needs to be done in
this discipline. What was vital was clarity of
thinking and intent of purpose.

| need to clarify here that | have published
the
Het er ony c h(Goteopteear Bcdrabaeidae)

extensively on chemical ecology of
and biophytic (non-pathogenic) endophytic fungus
Neot y p h o dHypocreales: €lavicipitaceae)
includedinL ol i um (Poecea®. rOnce some
clarity of these interactions was achieved, then I
explored the effect of heterotrophic (pathogenic)
fungus Botrytis

Sclerotiniaceae) infecting Vi t i s

and Epi phyas

with a deep sense of curiosity to know more. That

curiosity was a powerful tool useful in my

classroom and field teachings.
KS: May | know the turning point in your career?

AR: | cannot think of anything as a critical turning
point. But my permanent migration to Australia
leaving my homeland was painful. Taking up an
academic position with the University of Sydney
required me to change many aspects of my
professional life. | had to re-train myself in the new
ambience | was situated in circumstances beyond
my control. Teaching style had to be different
But the better
element was that | could quickly adapt and respond

because of cultural differences.

to new needs, thanks to my earlier overseas stints
and experiences. Perhaps this can be considered a
turning point in my life. New demands, new

@elatiades: e pmactices dealing with the new environment. | had
(Vitaceae) f ®® re-envent myself.

P(® .5 gEvnittot naonllgg:glrll )%ur opinion, what makes an inspiring

Experi ment al i,slGO,e4t7'|'56).AhJIptI ih(ér,gtt a

addition research group has published

my
extensively on the eco-restoration of contaminated
land sites (e .., gigh level metal-contaminated mine
sites and salinity-afflicted crop lands) using
phytoremediation techniques. The novelty in this
effort established

phytoremediation possibilities employing plants

was that we diverse

native to eastern Australia.

KS: Having expertise in teaching and research,
which one you enjoyed the most.

AR: Undeniably and undoubtedly I enjoy being a
teacher. But my conviction is that to be an effective
and contemporary teacher, | need to be an active
research person. Research enabled me to keep
abreast of scientific and  technological
developments that enabled me to perform as a

better teacher. Importantly, research empowered me

eac

AR: What makes an inspiring teacher? In my
thinking one who is able to touch and connect with
the hearts of learners while transmitting the
information is an inspiring teacher. Learners always
remember such a person with passion and a shade
of gratitude.

KS: Having worked in India and abroad, can you
please throw light on suggestions for the quality
research?

AR: In my opinion, honesty and academic integrity
are the keys to quality research. Even if we are only
able to turn around only ordinary research outcomes
(means not necessarily cutting-edge research, trail-
blazing research, sexy research) as long as those
outcomes are steeped in honesty and integrity then |
would consider that quality research. I am highly
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depressed to read news items that speak of paper
retractions by editors of high-class journals on a
regular basis based on reasons of plagiarism, lack of
academic honesty and integrity. This makes me
think whether we have lost our values precluded by
and shadowed by the rush for development and
technology. Depressing and nauseating.

KS: Can we know the overseas opportunities in
Entomology field

AR: Opportunities are aplenty. But it requires
constant vigil and serious search. Opportunities are
wide and open. However, Indian university training
in Entomology and other biological disciplines still
follow an examination-oriented training programme
0What
curriculum, what is its purpose: reflexions on an

(please see my article entitled, is a
entomology curriculum for Indiad, | ndi an

Ent 020031 76 d347122). This is not
desirable. Western universities train their learners

of

(in all disciplines, including entomology) by
challenging them and triggering them to seek and
learn by themselves. Curriculum cannot be
misconstrued for syllabus; it is not simply words
and dashes. Curriculum is a complex term that has
multiple dimensions and multiple components.
University-level learners need to be enabled,
empowered, and equipped to seek knowledge by
themselves and build problem-solving capability.
When this is attained, we will be better practitioners
anywhere: within and without. When learners are
empowered to seek knowledge by themselves, they
will automatically build confidence in the self; a
self-confident, yet humble person will be
automatically sought by employers in India and

elsewhere --- quite naturally.

KS: Ités wonderful to know that you have about
100 papers on the history of Madras (Now
Chennai), how ités possible to balance the interest
in different disciplines (lines/areas)

AR: Elementary, Watson (with apologies to Arthur
Conan Doyle: creator of Sherlock Holmes)! Science
bores and frustrates me many a time. At those dull
moments, reading about and exploring my home
town --- Madras, and not Chennai ---- by stretching
and applying my scientific thinking and training, |
feel rejuvenated. That gives me significant respite
from the rigmarole of science. | am able to think as
an artist and act as a humanist. Every aspect |
explore about the city and state of Madras gives me
ample opportunities to appreciate and re-live in the
past, which appears glorious to me. In my eyes,
buildings and other structures rise and fall,
dynasties evolve and degenerate, humans come and
go. For example, | have chronicled the lives and
works of many medical doctors who had served ---
some biased and some unbiased --- humans in
M8QdHas cify @nl presidency in diverse ways. In that
process they have, or rather should have, enabled
longevity and better health by curing peopleso
illnesses and chronic diseases. Ironically those
medical personnel had died someday that divulges
tome:c 6 e s t Life s fullof eslucation. I learn
modesty and humility from writing about the
history of Madras, which | see as a matter of
reprieve from the occasionally frustrating and
boring science including entomology.

KS: Can you narrate your hobbies or interests
other than science

AR: | am not sure whether | have any practice that
can be listed as a hobby. I have a few alternative
interests, such as the one explained above. Other
than that | am interested in learning and knowing
about Indiads rich culture, history, and heritage.
Proudly I share my thoughts on these aspects when
asked to share. Some of my close friends discuss
matters relating to these topics with me and |
joyfully participate in those conversations. | share
what | know and importantly | stand to gain from
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those conversations. | am deeply interested in the
Dravidian stock of Indian languages. | am an ardent
fan of Badriraju Krishnamurti (former Vice-
Chancellor of Hyderabad Central University), an
eloguent authority on Dravidian languages and |
speak of his messages on the relationships and
of

Malayalam, and most importantly Tulu, a minor

individualities Tamil, Kannada, Telugu,

Dravidian language spoken in pockets of Da k s h

K a n n andlNorthern Kerala.

KS: Your advice and suggestions to the young
generation.

AR: | am nobody to advice anyone else. But | am a
firm believer in truthfulness, honesty, and academic
that the
underpinning element of research in any discipline

integrity. | am a strong believer
is sincerity and not greed to win positions,
accolades, and awards. These are my personal
values. | would not say these publicly to anyone. |
am sure every individual can and will take care of
him-/herself.

Concluding remarks by KS:

It was a great pleasure and privilege interviewing
Dr. Raman and was a great learning experience
hearing to his rich experience and expertise. Dr.
Raman is an accomplished teacher and a dedicated
researcher. | was very much impressed by his
perseverance, objectivity, critical thinking and time
management. His career journey speaks of his
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commitment, determination, dedication and

devotion. It was a sheer delight and honour
interviewing Dr. Raman, which was an edifying
conversation. | am sure that this interview and
journey of Dr. Ramangs scientific approach in
understanding and deciphering the mechanisms of
gall induction by insects will benefit the readers at
large and inspire students and young scientists in
parti@ular to pursue their career in gall inducing

insects, which is a key area to work upon.

Dr. Kolla Sridevi conducting interview of Dr. A
Raman

Dr. Kolla Sreedevi is an ICAR National Fellow
and Principal Scientist heading Scarabaeid lab
in Division of Germplasm Collection and
Characterisation, ICAR-NBAIR, Bengaluru. She
has got more than 15 years of experience in
taxonomy of beetles.

Email: kolla.sreedevi@gmail.com
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FROM CURIOSITY TO INVENTION:
INSIGHTS FROM DR. S MOHAN
DR. S MOHAN, POPULARLY CALLED AS §TRAP

MOHANG, IS A WELL KNOWN PRACTICAL
ENTOMOLOGIST IN THE FIELD OF STORED PEST

MANAGEMENT IN INDIA.

Dr. Sarma Mohan (popularly known as 0Trap
Mohand) is well-known figure among all the Indian
entomologists and is a regular addition in the
the
competitive exams. Because of his invention of the

syllabus of any student preparing for
"probe trap,” a novel and still-in-use trapping
mechanism for managing stored grain insects at
home and farm levels, our generation mostly knows
Mb tpot the opportunity to

interview him for the dIndian Entomologistd

himas Tr ap

magazine, | felt | was fortunate as | am also
working in the field of post-harvest and storage
entomology. To begin with his introduction, Dr. S.
Mohan (SM), born in 1958. He earned his
bachelor's, master's, and doctorate (in-service)
degrees from Tamil Nadu Agriculture University
(TNAU) in 1980, 1982, and 1993, respectively. He
started his scientific career as Assistant professor in
1983, promoted to Associate professor (1997) and
Professor (2000) at TNAU exclusively until retiring
in 2018. He held a number of positions throughout
his career, including Chairman of the Committee to
Revamp and Revitalize the Agricultural School
Education in Tamil Nadu, Dean of the School of
Post Graduate Studies®In charge), Special Officer
(Publications and Public Relations), and many
more. He taught agricultural entomology to many
students, organized various trainings, served in
research, extension and education positions. His
"TNAU-Stored Grains Insect Pest Management

Kit," which featured all his devices, was a success
in the 1990s. He published over 60 research
publications in peer reviewed national and
international journals and most of them are on non-
chemical pest management. Dr. SM is a research-
extension oriented scientist; he organized several
training courses, published numerous popular
articles and training manuals, and was awarded
with a prestigious Swami Sahajanand Saraswati
Outstanding Extension Scientist Award (2010), by
ICAR. He has received numerous such honors,
including the TNAU Best Researcher Award
(2005), the NRDC, Gol's
Invention Award (2002), the TN government's
Award for Stored Grain Insect Trap (1993), and
others. In 1994, the Government of TN named the

0Probe Trapd developed by him as 6Mohan Trapd

Technology Day

which is a matter of great honour. He is
instrumental in successful establishment of five
startups through licensing of his technologies and
https://

www.mohantrap.com/. Even after his retirement,

details of it is available at

Dr. SM is actively involved in popularizing the non

-chemical stored product insect management

technologies.

Dr. Guru P. N. (GPN): Sir, on behalf of Indian
Entomologist Magazine, | thank you for accepting
our invitation to share your experience with the
magazine. Can you please tell us how you entered
the field of Entomology?
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Dr. S. Mohan (SM): When | the
undergraduate program in Agriculture in 1976, |

joined

was a oOmemorising machined - reproducing
anything by heart as such even the comma (,) or any
other symbols. It was an era of multiple-choice tests
in agricultural curriculum, and | enjoyed it with my
memorising skill. During this course of study, my
entomology teacher used to bring one wall chart
board with full of insectsd scientific names which
were like sweets for me to byheart and reproduce
and get full marks. A turning point happened in
1979 when | was studying 0Pests of cropsb course,
where | could get only 17/20 marks. Something
went wrong in my memorising machine, my
system. Majority in my class got more marks than
me, | was so upset and returned to the hostel and
took my UG diary and wrote 6l was born for
Entomology, live for entomology and | will die for
Entomologyb. Still, I remember this event of 1979
even today, which was my 3" year graduation. In
actuality, this marks the start of my path towards
the study of "entomology.” When we discover our
skills, it awakens our inner selves and serves as a
reminder of why we were born; in my case, to

becomeent omol ogi st

GPN: How come an 0Extension Entomologistd
turned into an 0Engineering Entomologistd in
TNAU?

SM: 0A miracle€&d. My research career in Tamil
Nadu Agriculture University (TNAU) started in
1983 and | was posted in 0National Demonstration
Schemed of Indian Council of Agricultural
Research (ICAR), wherein popularization and
demonstration of proven entomological
technologies to farmers was the main role. Writing
popular articles was one of the components in
transfer of technology. As | got good memorising
skill, it helped me in writing many popular articles.

Interestingly, the first article in my service was on

St or age
that time in 1983, when | wrote this popular article
on grain storage that this would be my research
destination. | called it as my research destination
(my home coming) i.e., 6Stored product insect
managementd. Research is a continuous journey
where the path matters more than the destination
and, on this journey, the right place of posting also
matters a lot. 1 was transferred in 1986 to Post-
Harvest Technology (PHT) Scheme of ICAR in the
Agricultural Engineering College (AEC) of TNAU,
Coimbatore. Spending 6 to 7 years in the PHT

Scheme, ICAR in AEC, TNAU turned me in to an

OENngi neer i n gandgha flacemicede alg i s t

innovations of my carrier happened and are
continuing even after retirement. | continued
popularising all my technologies with the support of

social media and my friends.

GPN: Sir, we all know you as 0Trap Mohan’,
please tell us the story behind it?

SM: It is a beautiful story. After my transfer to
PHT scheme of ICAR, TNAU, unlike the present
times, back then, we did not have a large-scale
resource base as well as access to universal
knowledge and information through the Internet etc.

TNAU library was the only source of knowledge nd

only hard copies of journals were available.

£AMYY)

Dr. S. Mohan along with Dr. S.R. Loschiavo in
Canada.
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I was fortunate togo through the special issues of
E nduroamonl topges  Bke
detection of stored grain insects written by eminent

Canadi an
scientists across the world. One research paper |
came across was 6Loschiavo S.R, Atkinson J.M
1967. A trap for detection and recovery of insect in
E 89t(1d)n146D
-11630. | was impressed by the research paper and

storedgrain,Canadi an

decided to adopt a similar approach for India, so
that one day the subject of stored grain insect
monitoring and management would be understood
throughout the nation. It is a non-chemical method,
which turned out to be my area of research. After
reading this paper, the first device | developed was
0Probe Trapd, a modified version and a suitable
form for our country. This is a small gadget to
remove insects from the grains for household users.
It was merely 5 at the time, and TNAU introduced
this technology in 1993. It was a fantastic event (I
was not present because | was celebrating a festival
in my hometown), and to my complete surprise, my
guide sent me a telegram informing me that my first
device had won 5000 and that it was proudly
christened "Mohan Trap™ and had been granted a
government order. This was a great feel of
happiness in my research career. It was very
popular in my province as well as many parts of
India as 6Mohan trap6. Although it was developed
in 1993, it was first commercialised in 2000 and
made available to various states within country and
countries like France, Africa, Thailand and others.
Later, many entrepreneurs taken license and started
manufacturing and marketing of the device. Most of
the people in India especially academicians
including students remembered this 0Probe Trapd as
0Mohan trapb. It was an historical event where a
technology named after a scientist, and this was a

great gesture of government.

GPN: Can you please tell us about other

technologies developed by you and your patents?

SM: Prior to discussing technologies, | would like
to point out that in 2005, | was assigned to complete
a six-month training program at McGill University
in Quebec, Canada, as part of the TNAU-McGill
Canadian

International  Development

in South

Agency

Project on Food Security India.

0 Theres k received assistance from professors Dr.

Venkatesh Sosle and Dr. G.S. Vijaya Raghavan in
order to fulfil my goal of distributing the TNAU
gadgets developed by me to students around my
nation. They helped me fund my idea on developing
a fiTool kito for teaching and training. Thus, all my
technologies came to one place, like probe trap, pit
fall trap, two-in-one model trap, indicator device,
automatic insect removal bin, and UV light trap,
and my two patented technologies. The TNAU Kit
was launched by Tamil Nadu Agricultural
University, Coimbatore on September 15, 2005.
Detailing of all these technologies are available at a

fingertip on internet.

Secondly, people often asked me if | had patents for
my inventions. Until then, | had never given it
much thought, as there was little awareness about
the importance of patenting. Later, in 2002, the
Indian government decided that in order to apply
for any invention award for a product / process,
patenting is necessary. | got my first patent granted
in 2006, and the path guided me towards patented
innovation was credited to Dr. Paul Fields,
Scientist, CRC, Canada. In 2000, | was deputed to
Cereal Research Centre (CRC), Agriculture and
Agri. Food Canada, Winnipeg, Manitoba under
AHRDP
Development Programme) scheme of World Bank

(Agricultural Human Resource
for training in the area of my specialization in
the

mentorship of Dr. Paul Fields. Initially he listened

stored product insect monitoring under
to me and understood my fervent desire and
accommodated me to CRC library in 2000 Feb-

March gave me an important research paper
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(Quentin, M.E, J.L. Spencer and J.R. Miller. 1991.
Bean tumbling as a control measure for the
common bean weevil, Acant hoscel
(Say). Ent omol ogi a
60: 105 - 109). This paper was a precursor for my

Exper.i

dream turning true. I got my two technologies
patented v i, A Device to Remove Insect Eggs
from Stored Pulse Seeds (IP No. 198434) and a
device to monitor insects in bag stacks
warehouse without bait (IP No. 284727).

in

GPN: Can you please elaborate on the challenges
you faced during your career and how you
overcome from them?

SM: My journey has often felt like a hurdle race. At
every step, | encountered obstacles, and each time |
crossed one, | needed to regain stability to prepare
for the next. Despite these challenges, my success
in this field has helped raise awareness at various
levels about the importance of this science. People
slowly started discussing green technologies and
non-chemical strategies, particularly for stored
grain  protection. Consumers are gradually
accepting these methods, though it took time for my
technologies to gain widespread recognition. The
driving force behind my journey was motivation, as
I

forward, while demotivation hinders its progress. I

firmly believe motivation propels a nation

am deeply grateful to everyone who motivated me,
directly or indirectly, as their support laid the
foundation for my strong research career. During

7l

r. S. Mohan with students
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. :

that time, the focus in pest management was
primarily on Integrated Pest Management (IPM) for
i odops $ike cattbnt segarchne, gegetables, paddy, and
magher t s@mplles. dManye df mp peert iand aelloay.
researchers mocked me, asking, fiWhy are you
working on such ouselessd technologies?0 Yet, |
remained determined. In the end, it was my

determination,  patience,  perseverance, and
persistence that led to my success. These qualities
can help anyone overcome hurdles, just as they

helped me.

Dr. S. Mohan with Dr. Paul Fields at TNAU.

GPN: Sir, Storage Entomology in India is very
staggered and not collective, additionally I wish to
that
entomologists are there in India. Would you like

mention there are very few storage

to say something to them?

SM: Supply Chain Management (SCM) is an
important topic everywhere, where we can manage
and process the commodities in a scientific way,
deliver the processed commodities in a safer way,

but notorious insects thrive through SCM.

in 2010 (left) and 2024 (right)®
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These cannot be managed easily by common
methods including chemical methods specially
fumigation (most used). However, usage of
chemicals also creates lot of problems, especially
resistance development. In a country like India, we
need sustainable and simpler technologies, which
should be non-chemical, work as substitute/
alternative to chemical methods and compatibly
integrate with the available management systems.
Thus, role of an entomologist is crucial. As | can
say, every university has post-harvest and
processing division, and in all Indian institutions
under ICAR, these divisions are common. | wanted
to highlight that every unit of these schemes should
have at least an entomologist who can work on post
-harvest and storage entomology. At TNAU, | spent
six years working in the post-harvest technology
scheme, where a position was dedicated to stored
product entomology. Unfortunately, that position
was later dissolved. Interestingly, if you search
online for "non-chemical methods for stored grain
insect management,” India prominently appears on
the first page, with mentions of TNAU, ICAR, and
PHT. This reflects the significant work done in the
past and highlights the ongoing need for dedicated
efforts, particularly by entomologists specializing in
processed and stored grain commodities. Today,
there is growing interest in organic farming, but the
focus shouldnét end with cultivation. It is equally
important to  store  organically  produced
commodities using non-chemical methods. This
underscores the need for the development of
led by

Collaborative efforts with multidisciplinary teams,

tailored technologies, entomologists.
particularly involving engineers, are essential to
drive a greater revolution in this field. | hope SAUs
and ICAR will consider the insights of me and
prioritize the development of skilled manpower in
this field in

required at many places like quarantine centers,

India. Storage entomologists are

storage agencies, processor level hubs, as many
commodities are in import and export. In my case,
the journey was tough however youngsters.
Although the path was difficult for me, young
people in this sector can interact across universities,
work with less ego, and foster greater collaboration
to accomplish the research goals. Senior brains
should train their next lines (the second or third
line) since the "journey" is always more significant
than merit, status, or achievement. Since you (Dr.
GPN) are one of the few persons working in this
sector, | bless you. Try to take the initiative to
follow the working team's recommendations and

receive blessings from seniors.

GPN: Sir, along with training to farmers, you
focussed mainly on guiding school and college
students, can you mention how it is benefitted the
students?

SM: Therebs a saying from Mahatma Gandhiji, fil f

we are to teach real

have to begin
this dream of the father of our nation adds a lot of
meaning to my life. 1 went beyond the realm of
college students and my outreach finally
encompassed school children too. It was a very
gratifying experience for me. Besides being useful
to the farmers, households and warehouse
managers, my TNAU insect trap technologies
paved way for kindling scientific temper in school
children. For example, a 7" standard student won 2
Gold Medals in the INTEL- IRIS competition and a
WIPO Award for young inventor by making TNAU
traps using waste materials (Mineral Water Plastic
bottles); A student group won a Medal at 10"
National Children's Science Congress T 2002, and
many like this. The Tamil Nadu government,
impressed by the creative talent of the school
students and appointed me as the Chairman of the
Revitalize the

Committee to  6Revamp and
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Agricultural School Education in Tamil Nadu6
during 2010. The new 11" standard Agricultural
Practices-1 book has a chapter on the 6Importance
of Post-Harvest Technologyd in which the TNAU
probe trap is highlighted. As the Chairman, |
the
Agricultural education in Tamil Nadu schools. The

contributed  for significant reforms in

old curriculum structure followed in Tamil Nadu
for the past 20 years was revamped in 2010-11 with

the introduction of common textbooks, Agr i c ul

Pracdang&gricul t urlalfor 1Fr
and 12" standard students. This updated curriculum

remains in use to this day. Even now, | love

teaching and motivating young minds to focus on

science for novel inventions and innovations. |

fervently hope and believe that my journey to

kindle scientific temper among school children will

continue ceaselessly.

GPN: What are your suggestions for young
their
Stored

students/ researchers for career in

Entomology, especially Product

Entomology?

SM: Crucially, in contrast to my time, things have
altered since then. Simply said, it is difficult to find
employment in the university system as a lone
researcher, and it is nearly impossible to work in
the same field of study for ten years in a row. My
recommendation in this dire circumstance is to, if at
all feasible, continue with the research-focused
degree program. If we get a research position in any
field, then work on that field thoroughly and
acquiring knowledge has become easy through
internet so explore as much as we can. Try to create
some fundamental technologies with real-world
applications at the same time. If you are more
passionate about the topic, | have no doubt that
miracles will occur, just as they did for me. As a

25

theist, | believe that both God and necessity are the
sources of invention and innovation. Thus, continue
your studies with a clear goal in mind, and you will
eventually realize your dreams.

(From Iet to right) sh. SUndaréAfn, Dr. ‘S.
Mohan, Dr. Guru P. N., Sh. Balaji.

discussion on the UV light trap technology.

Dr. Guru, P. N. is a scientist (Agricultural
Entomology) working at ICAR-CIPHET located
at Ludhiana, Punjab. He is specialized in storage
entomology with focus on developing practical
and non-chemical strategies for monitoring and
management of insect-pests infesting commodity
in storage.

Email: gurupn5016@gmail.com.
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WOMEN IN ENTOMOLOGY Indian Entomologist

IN CONVERSATION WITH
VEENAKUMARI
KAMALANATHAN

A MULTIFACETED ENTOMOLOGIST WHO
WORKED ON INSECT BIODIVERSITY IN
VARIED ECOSYSTEMS, NPV AND
TAXONOMY OF WASPS.

Dr. Veenakumari PhD was born in Kolar,
Karnataka and completed her schooling there at the
Methodist School. She subsequently joined the
University of Agricultural Sciences (UAS), Hebbal,
Bangalore where she completed her B.Sc. (Agri),
M.Sc., (Agricultural Entomology), and PhD in
Agricultural Entomology. Dr. G. K. Veeresh was
both her Masterés and PhD

programmes. She received the University Gold

her guide for

Medal for securing the highest marks for her PhD.

On completion of her postgraduate studies,

she joined the Department of Entomology,
University of Agricultural Sciences as a Research
Assistant. Resigning from this post she later joined
the ARS as a Scientist at the Central Agricultural
ICAR-Central Island
Agricultural Research Institute), Port Blair,
Andaman and Nicobar Islands in 1989. After a

fourteen years stint in the Andaman and Nicobar

Research Institute (now

Islands, she was transferred to the Project
Directorate of Biological Control (now the National
Bureau of Agricultural Insect Resources),
Bangalore from where she retired as a Principal

Scientist in 2019.

During her scientific career she worked on
various facets of entomology including studies on
insect biodiversity in varied ecosystems, the
utilization of NPV to manage Ams act a

(Lepidoptera, Noctuoidea, Erebidae, Arctiinae), and

the taxonomy of Platygastroidea (Hymenoptera).

During the course of her studies on Indian
Platygastroidea she described four new genera and

a number of new species, and revised some genera.

Her book, the oButterflies of the Andaman
and Nicobar Islandsd, coauthored with some of her
colleagues at CARI, Port Blair was published in
both English and Hindi. The latter received the Dr.
Rajendra Prasad Puraskar for Technical Books in
Hindi in Agricultural and Allied Sciences in 2010.

Post retirement, she continues to be actively

engaged in  taxonomic  studies of the

Platygastroidea.

Interview of Dr. Veenakumari Kamalanathan
PhD by Dr. Rachana R.R.

RRR: Tell us about your childhood and what
inspired you to pursue your career in entomology?

VK: Animals caught my fancy from a very young
age. Compassion towards all living organisms was
inculcated in me by my mother. | loved to listen to
stories about sparrows, crows, etc. from the Jataka
tales and Aesopls fables. It was easy for me to
the
anthropomorphised animals to living beings in the

transition from worlds of these

real world. When the course in entomology was
offered during my undergraduate days, it was so

a dydtihgShht | Kne® & had found my calling. People

tried dissuading me from pursuing my Masterfs in
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entomology as it was perceived to be very difficult.
But my fascination for living beings was great and |
was ready to rough it out.

Migrant butterflies passed in their hordes
during certain seasons and the lamps at
night were smothered in the most divers

array of nocturnal insects: never béfore

dreaded waters of Kalapani. Having experienced
the islands for a while I could think of nowhere else
where 16d like to work. | resigned from my
permanent job as a Research Assistant at the
University of Agricultural Sciences, Gandhi Krishi
e\/igyana Kendra (GKVK), Bengaluru - which in
fact was the beginning of my professional career -

after - have we seen such large Congregatigp%prepared for the Agricultural Research Service

of Lucanidae and Brentidae at lights.

RRR: Your professional career began at ICAR-
CIARI, Port Blair. Was this by choice or by
chance?

VK: Unlike the Pandavas who were forced to spend
thirteen years and Rama who was forced to spend
fourteen years in the forest, 1 was not forced to
My husband
Prashanth Mohanraj opted to work at the Central

serve in the Andaman Islands.
Agricultural Research Institute (now ICAR- Central
Island Agricultural Research Institute), Port Blair,
and the Indian Council of Agricultural Research
(ICAR) readily obliged by changing his posting
from the Central Tuber Crops Research Institute
(CTCRI), Trivandrum (even before he reported

there) to CARI.

We fell in love with the islands from the time we
landed. Its people were caring and friendly while its
forests were dense and mysterious, and the sea was
ever present. Insects were abundant. Migrant
butterflies passed in their hordes during certain
seasons and the lamps at night were smothered in
the most diverse array of nocturnal insects: never
before - or after - have we seen such large
congregations of Lucanidae and Brentidae at lights.
What more could one ask for. Added to this was the
historical importance of the islands. It had played
such an important part in our freedom struggle; so
many who had fought for our freedom had been

incarcerated here by transportation across the

27

(ARS) examination. | knew that | was taking a
tremendous risk as | stood precariously on the
threshold of the age limit for entering the ARS. I
had only one chance. If | failed, the door would
forever be closed to me. Nevertheless, | decided to
take the risk and took the plunge, and succeeded,
standing first in entomology that year.

RRR: Could you share some memories from your
time in the Andaman Islands?

VK: | spent fourteen unforgettable years, both
professionally fulfilling and personally satisfying,
on these idyllic islands.

When | CARI, Dr. AK.
Bandyopadhyay (a soil scientist) was the Director.

joined

A dream Director, he gave us free reign to work on
aspects of our choice. His only stipulation was that
we publish good papers. One of the areas of study |
chose was insect biodiversity in the mangroves of
the islands - an ecosystem that had been very little
studied for their insects, anywhere in the world. The
mangroves of the islands though not as extensive as
that of the Sundarbans are the most floristically
diverse in the country. Among other discoveries of
insects in the mangroves, one that stands out in my
mind is the discovery of the rare, handsome blue
nawab butterfly (Po | y ur a ). Oohha wing
of this species had been found by the British
lepidopterist who had worked most rigorously on
the of As Chief
Commissioner of the islands, he had no difficulty in

butterflies these islands.
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employing prisoners (whom he personally trained) outdoors (very unlike many of his peers who have

to collect butterflies for him. No one knew if P . no feeling for the environment and are most
s ¢ h r ®as dresident or a vagrant on the islands comfortable sitting indoors before a computer
till | found the eggs and larvae of this butterfly and console).

reared it on its mangrove food plant (Rhi zop hor.a )
J plant ( P spite of all the hardships, even today | feel

that [Port Blair] was the best place to work, a
sentiment shared by the vast majority of my

sp.). Since there was no reference collection of the

insects of the islands, particularly those of

agricultural importance, we felt that the setting up
of one was to be our primary goal. We were told
that it would be impossible to set one up owing to
the high humidity and warm temperatures that
prevailed all year round on the islands. Added to
this was the disdain for museums among the non-
entomological community and the high cost of
installing a dehumidifier. However as luck would
have it, we could convince Dr.R.S. Paroda, Director
ICAR, on the the
establishment of an insect museum during one of

General, necessity  for
his visits to the institute, and he sanctioned the
requisite funds for a custom made dehumidifier.
The collection continues to be maintained at the
Institute, and is a draw to visitors there, both
entomologists and lay persons.

We used to take our son, Rekil Prashanth on
collection trips from a very early age. The first such
trip was to Tarmugli, an uninhabited island off the
southeastern coast of South Andaman, when he was
a year old. We slept in the open, on mats under a
starry sky. From then on, hedd accompany us to
many places, and he has collected some interesting
insects. He used to bring insects from school too.
His desire to become an entomologist or biologist
was thwarted by us, for which he continues to
blame us. He has now taken up the photography of
birds to satisfy the passion for the outdoors and the
study of living beings that he developed early in
life. That in a way is consolation to us: while we
prevented him from taking up biology as a career,
we at least developed in him an abiding taste for the

fellowsscientists who worked there.

RRR: How was life in general on the islands?

VK: In those days (the late 1980s and 1990s),
power cuts were frequent. With no electricity wedd
have to spend whole nights in the darkness. Large
centipedes and snakes (especially the Andaman pit
viper) were quite common. It was not uncommon to
hear of people being bitten by centipedes
(k a n k h ainj the vemaular there) that had crept
into their mosquito nets. One even found its way up
a colleagueds leg and bit him high up on his thigh,
leading the famed herpetologist Rom Whitaker,
who on learning about it, remarked: fihow fortunate,
it could have wrecked his married life!d.

Public transportation was unreliable and
maddeningly infrequent those days. Often one had
to return home after having waited for hours for a
bus that failed to turn up. Medical facilities were
poor and meagre. We were lucky to have found a
beloved friend in Dr. Radha Shyamala who took
care of all our medical needs including the birth of
my son Rekil. Vegetables and fruits were in
perpetual short supply. If ships from the Indian
mainland were delayed, the prices of onions and
potatoes would shoot up. Tomatoes were priceless.
Unable to put up with these circumstances many
scientists posted to the Andamans were constantly
on the lookout for transfers to institutes on the
mainland. To me these conditions added a genuine
charm to the way of life there. Bangalore (now
Bengaluru) then was poised to take wing as the
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software capital and tech titan of the country. It was
fast losing its innocence and metamorphosing into a
megalopolis from the warm-hearted garden city and
pensionersd paradise that it was justly famous for.
At that moment the Andaman and Nicobar Islands
turned out to be the perfect counterpoint in my life.

In spite of all the hardships, even today |
feel it was the best place to work, a sentiment
shared by the vast majority of my fellow-scientists
Our AK.
Bandopadhyay during those days used to encourage
us to work. Never imposing his ideas on us, he

who worked there. Director

always found words of encouragement, prodding us
to keep working in spite of the hardships.

RRR: Any other memories from your stint as an
entomologist in the Andaman Islands?

VK: There are many, though some stand out in my
mind. When | first started work as an entomologist
in the Andamans | decided that 16d work on dung
beetles as | had worked on them for my PhD and so
was familiar with the group. But it soon became
evident that these islands had a depauperate dung
beetle fauna. Then | began work on the insects of
mangroves and discovered that the enormous Atlas
moth (At t ac ydoadpecissf Rhi z o,p
the dominant plant in the mangroves of the
Andamans. A perusal through the literature made it
evident that there were other Saturniidae on these
islands on which nothing was known about their
natural history. Over the years | worked out the life
histories of all the saturniids then known on the
islands including species of Ac t,iCa 9 cauad
Ant he (Maese also turned out to be star
attractions to visitors who visited our institute.

We
butterfly, Los ar i a

rediscovered swallowtail
C 0 O (Lepidoptemap
Papilionidae) in Great Nicobar, one that had been
collected in the 1880s by William Doherty, and

never again. It is not known to occur on any other

also a

29

island in the Andamans or Nicobars. There are
many other interesting insects that we collected and
studied from Great Nicobar, including some

Platygastroidea.

Shortly after 1 joined CARI, the ICAR
began permitting scientists to seek funds for
projects from other institutions within the country.
Being a new idea, it was viewed by the scientific
community there as an unsavoury, additional
burden that one would be inviting on oneself. | was
the first at CARI to apply for and procure funds for
a project on the insects of mangroves from an
external source (Ministry of Environment and
India). Others later

Forests, Government of

followed suit.

RRR: How did your shift from ICAR-CIARI, Port
Blair to ICAR-NBAIR, Bengaluru change your
research interests as an entomologist?

VK: My interests had not changed. But | was not
given any choice of alternatives even within the
research perspectives of the erstwhile Project
Directorate of Biological Control (now ICAR-
NBAIR). | was assigned work on the NPV of
insects. The ostensible reason being that the current
Bxpert @an the subject at PDBC would soon be
retiring and someone had to take on his mantle.
Arrangements were made for me to be trained
under Dr. R. J. Rabindra, the foremost expert on the
subject then in the country, at TNAU, Coimbatore.
By a quirk of fate Dr. Rabindra succeeded
Dr.S.P.Singh as the Director of PDBC by the time |

degan work in earnest on the NPV of Ams act a

al bi sWorkiog this involved extensive field
work in villages in and around Pavagada. With able

assistance from Srinivas, my enthusiastic and

id(?dicated Féesearch Assistant, | produced large

an
quantities of the NPV of A ms a and saccessfully

created natural epizootics of the

Indian Entomologist | Jan 2025 | Vol 6 | Issue 1



disease with its large-scale application in the field.
Even when | retired, 20 litres of the concentrate of
this virus were still available, which was handed
over for further studies in the institute.

Later when the focus of the institute shifted,
I began work in insect taxonomy.

RRR: You chose to work on insect taxonomy
towards the later phase of your career. We would
like to know the motivation behind this bold step
that you took.

VK: The chance to study the sheer diversity of

insects was what motivated me to pursue
entomology for my post graduate studies. My PhD
was on the diversity of dung beetles (Coleoptera:
Scarabaeidae:  Scarabaeinae) in  Bengaluru.
Taxonomy then appeared too daunting, though my
work on dung beetles gave me some exposure to the
discipline. Nevertheless, the desire to master it at
some time in the future lurked deep down within
me. When the opportunity finally offered itself,
though late in my career, | took it T with more than

a modicum of trepidation though.

RRR: We are curious to know why you selected
Hymenoptera from among the several groups of
insects for taxonomic studies?

VK: Hymenoptera being an important component
of ecosystems in general and agroecosystems in
particular T that too at multiple trophic levels T was
an important consideration. When 1 was still
undecided about which taxon to take up for my
studies it was Dr. H. Nagaraja, the world renowned
Tr i ¢ h o gtaxenommsta (then working at our
institute), who suggested that the Scelionidae
(Hymenoptera) are an important and interesting
taxon that I could focus my attention on. He had
collected scelionids that were parasitoids of
triatomids for a biological control project that he

worked on when employed at the Commonwealth

Institute of Biological Control, Bengaluru. He had
then got in touch with Dr. L. Masner, the worldds
most distinguished taxonomist on Platygastroidea,
who described the scelionids collected by the CIBC
centre, Bengaluru as new species. Nagaraja also
gave me a reprint of a paper by Masner from his
personal collection. With that | made my choice.

However, my travails began after | made
this choice. | found myself floundering rudderless,
unable to find my footing and hopelessly lost in the
maddening world of microhymenopteran diversity.
It was then that Dr. Rabindra agreed to send me to
any place in India to familiarise myself with the
group. Even a cursory scan of the literature would
indicate to anyone that Dr. K. Rajmohana, was the
only expert on the taxon in our country. So, it was
to her laboratory at the Zoological Survey of India
(ZS1), Calicut that 1 went. She became the beacon
to the taxonomy of this group to me. Her warmth
and graciousness were boundless; and she gave me
unfettered access to her collection while
simultaneously sharing her intimate knowledge of
the taxonomic subtleties of these little insects. After
the

Platygastroidea under her guidance | gained some

fortnight of  rigorous  exposure to
confidence to set out on my own. Our relationship
has continued to blossom with the passage of the

years.

| also knew that I could rely on the
unstinting and selfless assistance of B.L. Lakshmi
and Sasikala (who is sadly no more with us today),
two highly motivated and committed people, whom
I could count on for assistance in the collection and
processing of specimens.

RRR: Have you had role models in your personal
life or in your professional career?

VK: My mother was of course my first role model.
Her sense of discipline in whatever she did was an
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aspect of her character that I tried hard to emulate,
though not always with the level of success 16d have
liked.

Professionally Dr. C. A. Viraktamath is my
role model. His single-minded devotion to work is
unparalleled. When | was engaged in research while
pursuing my PhD, he was the only member on the
staff of the Department whodd be working late into
the night on most days. It was then that | resolved
that 1 too should try and work like him. After I
began work on the Platygastroidea, Dr. Lubomir
Masner and Dr. E. J. Talamas, both platygastroid
taxonomists, have been added to my pantheon of
professional role models.

Jane Goodall, the intrepid primatologist who

blazed a lonely trail pioneering studies on
chimpanzees in the wild, in the forests of Tanzania
was an early role model. Her autobiography had
appeared a few years before | began my Ph. D.
which | read with awe and admiration. | now think
I was at times foolish in venturing out alone to
isolated and lonely locales in search of insects
inspired by her example. 16d be more careful now
and | dondt think 16d venture out alone to such

places anymore.

RRR: Is there any instance that you value as
appreciation from the entomological or taxonomic
community?

VK: Though it smacks of immodesty, what I
consider the most memorable appreciation (one that
I have only shown to a very few people) is an email
from Dr. Lubomir Masner, the preeminent
platygastroid taxonomist, in response to an e-copy
of a paper of mine on Indian Ca | o tthet |l s
him in 2022. His email to me is reproduced

verbatim below:

FromLubomir Masner
Date: Thu, Feb 10, 2022 at 1.0P5b

Subject: Re: Calotelea
To:Veenakumari Kamalanathan

Dear\Veena:

Congratulations! Your paper on Indian
Calotelea is a real gem! | appreciate both its
structure and the high quality of photos,
truly a paper that is "user friendly”, a model

to be followed. In particular | am amazed by
your rich material of freshly collected
specimens all across India, | can imagine the
time and effort to amass this magnificent
base. The CNC has only meager amount of
Oriental Calotelea which can be perhaps
explained by the fact that yellow pan
trapping in the past was not frequently used
in the Oriental region. By contrast the CNC
has tremendous holdings and diversity of
Neotropical Calotelea species, though all
undescribed. So. e.qg. in one single locality at
Trinidad (W..) we encountered 12 (!)
sympatric species of xanthic Calotelea. | am
inclined to believe that this is just a tip of an
iceberg! May | encourage you to do more pan
trapping in the years to come!

With the best regards,
LUBO.

Freshly emerged males of Telenomus sp. waiting
to mate with females emerging from chrysopid

eggs.
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Yet another memorable moment was when
Peter N. Buhl, a Danish platygastroid taxonomist,
named a species after me very early in my foray
into the world of insect taxonomy.

cabins in which we stayed could heat up
considerably making the insects restless and even
leading to mortality if they were not temporarily

shifted to cooler surroundings. Choppy seas could

RRR: What were the biggest challenges you faced add substantially to the difficulty of attending to

during your career? these insect cultures.

VK: Working on the insects of mangroves and And, finally, the challenge of venturing into the

inland forests of the Andaman and Nicobar Islands taxonomy of Platygastroidea.

threw up the greatest challenges. To study the ét ax ono my i s a | onel

of cataloguing [the] near limitless diversity
[of insects] is gargantuan. That however is the
real challenge, but it could also be why not
many Venture into this sphere of work.

y

insects of mangroves, for instance, one had to wade
into the sea, and thread oneds way between the
slippery prop roots and menacing pneumatophores;

while at the same time being ever conscious of the

RRR: You superannuated in 2019. But you
continue to be actively engaged in research even
now. What impels you to continue working in this
fashion?

movement of the tides, making sure to get back
before the tide rose, so rapidly at times, to cut one

off from the shore and leave one stranded out at sea.

VK: Having attained expertise in the taxonomy of

These were also areas infested with crocodiles

which one had to be wary of. Ticks, leeches and these insects | find it hard to leave them knowing

venomous snakes had to be contended within the that there is so much more that has to be done. |

forests depending on the seasons. Once | sank knee- often feel itds unfortunate that | had not taken up

deep into mangrove slush, and my assistants had to work on their taxonomy much earlier. The affinity

drag me out with considerable difficulty. that one feels for the taxon of oneds acquaintance,

and the immense joy and satisfaction that one gets

Travelling to the middle and souther from working with them is indescribable. When

Nicobars was possible only by ship in those days. It working at the microscope or writing papers | enter

took four to five days to sail from Port Blair to

another world that makes me forget all my

Great Nicobar. Although | had rooms booked in problems and ailments. To my mind no one

advance for the period of my stay at Great Nicobar, describes this ethereal feeling better than the

| was asked one evening to leave the guest house at  o\yned  author-lepidopterist Vladimir Nabakov.

very short notice and told to stay in a classroom in a Permit me to paraphrase him at length. He said:

government school with no bed and no toilet, as a

foreign dignitary was visiting the island. Food was My work enraptures bl
also a problem on many of the outer islands. me to know that no one
structure t hat you ar e

Maintaining the cultures of live insects rel ationships that have
especially on the long return voyage from Great to immerse vyourself i n
Nicobar required considerable planning. We had to world of t he mi cros
ensure that we were adequately stocked with the circumscribed by it s oWl
foodplants of the insect herbivores, and the cultures wWhite arena all this is
had to be attended to regularly on-board ship. The it 5
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RRR: Do you think young entomologists are
shying away from pursuing taxonomy as a career?
if true, how can we attract more people into this
field?

VK: There was a time when taxonomy was
considered the quintessential biological science and
the best minds gravitated towards taxonomy, as a
result of which others flocked to pursue it. There
was a feeling that it was possible to catalogue all of
life quickly if sufficient manpower and resources
were committed to the task. With the passage of
time however it is becoming increasingly clear that
this is a task much bigger than what anyone ever
thought. One reason could be the enormity of the
task with no end in sight that deters the faint
hearted from taking up taxonomy as a vocation. The
other is the birth of disciplines like molecular
biology where the money and the prestige are, that
is luring the young away.

Traditional taxonomy is a lonely
occupation, with very few experts in each group or
taxon, and no experts in many groups. Thereds no
one straddling all phyla across kingdoms in the
It takes

tremendous courage and optimism to survey the

manner in which Linnaeus once did.

living landscape and not balk when one realizes that
the task of cataloguing this near limitless diversity
is gargantuan. That however is the real challenge,

. 2.5 . 3o -
O W T A

but it could also be why not many venture into this
sphere of work.

Money and prestige are of course the
primary forces driving people to choose and pursue
careers in a world that has become increasingly
materialistic. If there are institutions offering
lucrative positions for taxonomists youdd find
youngsters clamouring for such positions. But sadly
instead of proliferating, such institutions are closing
down or downsizing in most parts of the world.
Inculcating fascination for nature and its myriad
forms at a very early age is a key factor that could
motivate the young to later take up studies to
document life. I canft help but recall the words of
Rachel Carson. ¢& [G]ift to each child &€ a sense
of wonder [of the natural world] so indestructible
that it would last throughout life €6. Sage words
that | think offer a surefire prescription to enthuse
people to take up taxonomy and keep us from
bemoaning the paucity of taxonomists.

RRR: Taxonomists fear that their work gets
published in low impact factor publications. Can |
have your opinion on this?

VK: This is related to your previous question. It
could be one more deterrent to people taking up
taxonomy as a research option. Even the best
taxonomic papers will by their very nature have low

‘.‘7. "

A

Two interesting species of phoretic platygastroids. Sceliocerdo viatrix (left) and Trissolcus sp. (right)
hitching rides on a grasshopper and a hemipteran.
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impact factors. The metric to judge the performance
of taxonomists or the quality of their work should
not be based on the impact factor as is being voiced
by taxonomists worldwide.

No one judges good literature by the number
of people who read a novel or a book of poetry. It is

not compendia of previously published papers, but
wholly original works being published i n
the first time.]

There is however one subset of taxonomists
whood have had very high, if not the highest,
but for the conventions that

citation indices,

no secret that not many have read Tolstoyds Wa r taxonomists themselves follow. Vladimir Nabakov,

and Palaneeloyceis Ul y sHow rmany of

us have read, or how many people do we know who

the famed novelist and lepidopterist of note, whom
| quote earlier, was a champion of the minority

have read, the Ra ma y@& tha Ma h a b h @ r véew. iHa championed the idea that every time the

Yet these are considered classics of world literature.
Similarly, any competent taxonomist or scientist
can judge the value of a taxonomic work without
having to count the number of people who have
read or who quote the work. Consider the following
example from insect taxonomy. There are many
others.

It has become abundantly clear that the

binomial Latin name is used, the name of the first
describer of that species should also be mentioned.
Omitting the name of the first describer was a
ddeplorable practiced in his view. Just think of the
impact if every time you refer to the Latin name of
a crop pest, biological control agent, an endangered
species or a disease vector you had to mention the
original describer and list the publication in which
it originally appeared!

neglect of molecular biology would be to the

detriment of taxonomy.

Alfred C. Kinsey is recognised as one of the
greatest gall wasp taxonomists of the world. In
1937 he was voted by all the leading biologists of
the United States of America to be worthy of
being a ostarred scientistd. This meant that his name
would have a star placed beside it in the list of the
6GAmeri can
Gathorne-Hardy states, this was 6a desperately
sought awardd by American scientists in every field,
and Indiana University where Kinsey worked had
only four starred scientists till Kinsey became the
fifth. Yet his two master works on the genus Cy n i
(Hymenoptera: Cynipidae) T one, a 577 pages
the the
classification of this genus T have not been

monograph, and other on higher

borrowed even once by anyone since the day they
were placed on the shelves of the Indiana

University library!! [N.B. Both these works were

34

Mebn Aschib bio§raphiereln Guficker

RRR: In recent decades, molecular studies have
influenced several fields of science including
taxonomy. May | have your views on molecular
taxonomy?

VK: Molecular taxonomy is an exciting new
discipline that is being usefully harnessed to
unravel problems encountered by traditional
morphology-based taxonomy. It also offers a far
method to delimit taxa enabling
biodiversity studies at a speed that was impossible
before. Speed of documentation of life forms, as
you know, has assumed greater significance as
ecosystems are being destroyed and species are
thsappearing even before we know of their

existence, at rates much faster than ever before.

| think the ideal situation would be healthy
collaboration between morphological taxonomists
and molecular biologists.It has become abundantly
clear that the neglect of molecular biology would be

Indian Entomologist | Jan 2025 | Vol 6 | Issue 1
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to the detriment of taxonomy.

RRR: How do you view the work of the new crop
of young taxonomists in entomology?

VK: 1 think there are some very competent and
dedicated
entomology in our country at the moment. It would

young taxonomists  working in

be unfair to mention names. But two factors
continue to plague the field here in our country as
well as elsewhere in the world. First the number of
those opting for a career in taxonomy is woefully
small and inadequate. Second, taxonomy continues
to lose its prestige value in the biological sciences
in the face of, if | may say so, dcompetitiond from
the newer, more glamorous sciences / disciplines.
Decades ago, it was customary for sociologists of
science to talk of physics envy among biologists.
Today many seem to be suffering from envy of the
molecular sciences; by we, | mean taxonomists.
This is uncalled for, greater collaboration is what is
required.

RRR: Your husband is also an entomologist. How
has his association helped in shaping your career?

VK: My husband has been a pillar of strength in
my life, both on the personal and professional
fronts. He has always encouraged me to work as
well as pursue all my other interests. In addition to
my mother, he is the most amazing person | have
met or seen, who is an altruist to the core, which
irritates me at times!

RRR: You are an excellent scientist with
remarkable commanding powers. Then, why have
you kept yourself away from administrative
positions?

VK: During my days as a post graduate student at
UAS, Bangalore | noticed that there were people
who hankered after administrative positions in my
department as well as in other departments. | then
noticed that those who shifted to administrative
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positions in most, if not all cases, dropped
significantly in their research output after taking up
these positions. | also noticed that people like Dr.
C. A. Viraktamath turned down such positions
because they felt that it would adversely impact
Imbibing this attitude, |

decided even during my student days that | would

their research work.

not take up an administrative post during my
research career.

In this context | have an attendant (perhaps
discordant) belief. | think that
organizations itdd always be better to have people

in research
trained in the sciences in administrative, decision-
making positions. An administrator who is
oblivious to the ways in which scientific research is
done would ring the death knell of a research
establishment. | was aghast to hear the responses of
some of my colleagues in this regard when | was
undergoing training at NAARM, Hyderabad.When
one of our teachers posed the question of whether
webdd like the DG, ICAR to be an agricultural
the

Administrative Service, there were those (though in

scientist or an officer from Indian

a minority) who said theydd prefer the latter!

It is also pertinent to mention here that the
ICAR has taken a very enlightened stance by
stipulating that scientists should not be burdened
with administrative responsibilities. | know that |
appear to be taking a contradictory stance; which
however is easily resolved when one sees that in the
real world there are many scientists, who at least
later in their careers, like directing research in
various capacities. And this ensures that research
priorities remain in good hands.
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Abstract

West Bengal, a state known for its vibrant culture and diverse landscapes, holds treasure trove of natural
wealth and historical significance within its boundaries. From the majestic Himalayas in the north to the
pristine beaches along the Bay of Bengal in the south, West Bengal's geographical diversity is matched
only by its rich cultural heritage. In this heritage lies the tradition of sericulture, an ancient practice that has
shaped the lives and livelihoods of countless generations in the region. Sericulture, the art and science of
rearing silkworms for silk production, has been practiced in West Bengal for centuries. The state's
conducive climate, fertile soil, and abundant mulberry plantations make it an ideal location for silk
production. Over the centuries, sericulture emerged as a thriving industry in West Bengal, providing
employment and economic opportunities to rural communities across the state. Silk produced in West
Bengal became renowned for its quality and craftsmanship, fetching high prices in domestic and
international markets. The silk industry played a crucial role in the economic development of the region,
contributing significantly to its prosperity and growth.

Keywords: Silkworm ,West Bengal and Sericulture.

One of the distinguishing features of sericulture in  West Bengal, a gentle breeze of change whispers of

West Bengal is the diversity of mulberry silkworm  their return.
These

silkworm breeds have adapted to the local climatic

races found in the region. indigenous

Landraces of West Bengal (Table 1 and 2):

1. Chhota polo/ Chhotapalu:
Chhotapalu silkmoth thrives in colder seasons,

conditions with their unique characteristics and

qualities. All races of domesticated and most races
making it particularly well-suited for regions with

Despite this difference, like
Chhotapalu  exhibits  polyvoltinism,

of wild silkworms found on the mulberry belong to

the first two classes such as European silkworm harsher climates.

(Bomby x , Barepali (B . Nistari,

t ,eNdistard or)

Madrasi or Canary Silkworm (B . c)r Dshi i
Chhotapalu silkworms (B .
(B .

marched forward and modernization swept across

S i )n(Blukesji, $919). However, as time

the land, these indigenous silkworm races faded
into obscurity, their delicate threads lost amidst the
clamor of progress. Yet, in the quiet corners of
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enabling multiple generations within a year.

f o r)tChesnapaluu diowever, one notable distinction lies in the

developmental timeline of its larvae. Chhotapalu
larvae undergo a longer maturation period, lasting
approximately 22 days in summer and extending to
57 days
translates to a slightly longer spinning time for its

in winter. This prolonged duration
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cocoons compared to Nistari. Chhotapalu silk is
valued for its strength and durability, making it

ideal for the production of high quality silk fabrics.
2 . Bara polo/ Barapalu:

Bara Polo was reared in Assam and Bengal, but its
cultivation has declined due to challenges in cocoon
production. While Barapalu follows a univoltine
pattern, completing its life cycle within a single
year. The peculiarity of Bara polo is a ten-month
hatching period, hence it called dlehemia or slowd
during which eggs are carefully nurtured until the
emergence of young worms. On the other hand, it
showcases unique adaptations to spring seasons,
Additionally,
different races of cocoons, such as dhali and bulu,

where European races struggle.

serve various purposes in textile production.
Barapolo silk stands out for its robustness, with
longer filaments and higher tenacity, making it
ideal for specialized textile applications requiring
strength and resilience. The silk's value reflects its
rarity, fetching high prices in the market.

3. Cheena polo/ Cheenapalu:

Cheenapalu silkmoth shares polyvoltinism with
Nistari but presents distinct characteristics of its
own. Cheenapalu silk production requires a longer
spinning time compared to Chhotapalu.

4. Nistari:

Nistari traditional multivoltine silkworm race
originating from West Bengal, and utilized in the
silk industry for over a century, particularly in the
Gangetic plains region. Despite being known for
relatively lower silk productivity and fiber quality
compared to some other breeds, Nistari has been
valued for its adaptability to adverse climatic
conditions and specific regional requirements.
These races thrive in warm and rainy seasons,
exhibiting polyvoltinism and reared 8 times in a

year. The fecundity ranges from 457 to 492, the

total larval period from 22.00 to 22.87 days, and the
weight of 10 mature larvae ranges from 6.29 to 6.49
grams. Additionally, the effective rate of rearing
varies from 23.53 to 26.05, while single cocoon
weight ranges from 7.704 to 8.738 grams. The
number of cocoons per kilogram (Chitt) varies from
934 to 1028 (CSGRC, Hosor). These ranges reflect
the diversity among nistari silkworm strains and the
importance of understanding their variability in
cocoon characteristics for effective silk production
and breeding programs.

Efforts have been made to enhance the
productivity and quality of Nistari through various
breeding programs. For instance, productive
multivoltine breeds like LMP, LMO, DMR, and PO
were isolated through line breeding approaches by
crossing females with larval markings and males
without crescent markings from the Nistari race.
Additionally, Nistari has been utilized in the
development of other multivoltine breeds with
improved characteristics, such as MY, RD1, P2D1,
B2D, and HS2B. These breeds have evolved by
utilizing indigenous races like Nistari, Pure Mysore,
and Sarupat. In recent years, Nistari has continued
to play a role in the development of new breeds and
hybrids. CSR & TI, Mysore, has evolved breeds
like BLg7 and BL,7 from multi x bi-hybrid crossings
2004).
new productive hybrids such as

involving Nistari. (Kumaresan et
Furthermore,
Sharavati, Cauvery, and Tippu have been developed
by crossing Nistari-derived breeds like BLg; with
other races. Overall, Nistari remains an important
contributor to the genetic diversity and breeding
programs in the multi-voltine silkworm industry,
despite its inherent limitations in silk productivity

and fiber quality.
Other landraces:

There are other races of silkworms Naya polo

called B . Ar r arearednie MBwrmas and
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another race called Barapat reared in Assam to
T eace.tTlee silkworms reared
t éndedd,0
there is a tradition in Bengal that the Barapalu

belong to the B .
in Manipur are also Barapalu or B .

originally came from Manipur. In Midnapore, there
is a race of silkworms called Bulu or Blue with
small greenish-white cocoons. Bulu and Chhotap§t
of Assam seem to belongtothe B. S i. Aneomngs
the landrace of mulberry cocoons, the Theophillas

make good reelable cocoons, while Ocinara,
Trilocha, and Rondotia spin very inferior cocoons
which are called Bo mb y x ar rMukegin

1919).

Challenges Faced by Indigenous Silkworm

Races

Despite their historical significance, indigenous

silkworm races in West Bengal have faced
numerous challenges in recent years. The rapid
industrialization and urbanization of the state have
led to the loss of traditional silk-producing areas, as
land is converted for other uses such as real estate
development  and infrastructure projects.
Additionally, changing weather patterns and the
spread of diseases have affected the health and
productivity of silkworms, leading to a decline in
Another

indigenous silkworm races is the competition from

silk production. challenge faced by
exotic breeds that are often favored for their higher
silk yield and faster growth rates. The silk fabric
contained in Bengal cocoons was also inferior in
quality. The average weight of a cocoon and
average weight of reelable silk contained 1800 and
200 milligrams respectively, Bengal cocoons were
only 600 and 40 milligrams. The average length of
each fibre was 600 and 200 metres respectively. As
a result, many farmers have switched to cultivating
exotic silkworm races of B o mb y x leaimy ftoia
decline in the population of indigenous breeds.
Although the vyield attributes of multivoltine
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silkworms are very poor, because of their resistance
to various stresses under the tropical conditions of
West Bengal, the majority of the silk production is
multivoltine-oriented. Hence, maintenance of
multivoltine silkworm breeds in original is highly
essential to meet desired objectives of the breeder

for effective commercial exploitation.
IEf?orts towards Conservation and Revival

Despite these challenges, there is renewed interest
in conserving and reviving indigenous silkworm
dagesin West Bengal. Various, research institutions
like entral Sericulture Germplasm Resurce Center
and Central Sericulture Research and Training
Institute, Berhampore are maintaining some of the
Indigenous breeds and preserving their genetic
diversity i.e., Nistari Plain, marked, Chalsa and
Debra. These centers also conduct research on
indigenous silkworm races, with aim of developing
new breeds that are resistant to diseases and
environmental stresses. Although other productive
breeds are developed across West Bengal and
major breeds are Nistari Parentage breeds i.e.,
Nistari X (Sks x Sk7), Nistari X M12W and
reciprocals. In recent days two Silkworm seed
production centers (SSPCs) and 3 Basic Seed Farm
of Central Silk Board, Department Of Textile
(Sericulture) and 165 Registered seed producers

(RSPs) recognized by CSB to manage the
conservation and production of DFLs to supply to
the farmers of West Bengal. Additionally,

government is striving to raise awareness among
consumers about the value of indigenous silk
fabrics and the importance of supporting local
sericulturists.

Conclusion

Conservation and revival of indigenous silkworm

landraces in West Bengal are essential for
preserving the state's rich cultural heritage and
Indian Entomologist | Jan 2025 | Vol 6 | Issue 1
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Abstract
Insects, despite lacking an adaptive immune system, have powerful ways to fight infections. They can

phagocytose bacteria and encapsulate parasites, and secrete antimicrobial peptides into the hemolymph.

They recognize foreign pathogens using specific receptors like peptidoglycan recognition proteins (PGRPS)

and b-glucan recognition proteins (bGRPs). These receptors activate signalling pathways that activate

genes that encode antimicrobial peptides. This article discusses the innate immunity of insects, including

both cellular and humoral responses to bacteria, fungi and parasites, and discusses recent advances in insect

antivirus immune responses .

Keywords: Immunity, Phagocytsosis, Haemocytes, AMPs.

Immunity is a host defense system comprising
many biological structures and processes within
an organism that protects against disease. Insects
have evolved cellular and molecular defense
mechanisms against infections, primarily innate and
adaptive immunity. Innate immunity is an
immunological subsystem that comprises the cells
and mechanisms that provide the first line of
defence from infection in a non-specific manner.
Adaptive immune also known as
the

specific immune system, that is composed of highly

system,

acquired immune system or
specialized, systemic cells and processes that
eliminate pathogens or prevent their growth. Insects

does not have this immune system.
The innate immune system of insects consists of

1. Physical barriers
2. Cellular response
3. Humoral responses

1. Physical barriers: The integument and

peritrophic membrane serve as physical barriers

against abrasive food particles and digestive
pathogens in insects. However, these membranes
are semipermeable, making them inefficient for
viruses. They protect the hemocoel and midgut
epithelium against microorganisms, activating
humoral and cellular immune responses when they

enter these barriers.

Upon infection, haemocytes immediately
engage in cellular immune responses (Hemocytes)
upon hemocoel infection, followed by humoral
response sseveral hours later. These defense
mechanisms do not work independently from each

other (Caoe t 2@1b).. ,

2. Cellular response: In insects, phagocytosis,
encapsulation, and nodulation are examples of
cellular immune responses. Granular cells, crystal
cells, oenocytoid cells, and plasmatocytes are
examples of hemocytes, which are in charge of
defense reactions. For example, three hemocyte
and

typesOcrystal cells,

lamellocytes®have been more thoroughly defined

plasmatocytes,
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Table 1: Difference between innate immunity & adaptive immunity (Fig.1).

Sl (_Zharacteris-
No. tics

Innate immunity

Adaptive immunity

1 Presence

Innate immunity is something
already present in the body

Adaptive immunity is created in re-
sponse to exposure to a foreign sub-
stance

2 Specificity

Specific for pathogen associ-
ated molecular patterns

Highly specific even it can discriminate
minor difference in molecular structure
of microbial molecules

3 Response

Fights any foreign invader

Fights only specific infection

4 Inheritance

Itds generally inherited from
parents & passed to offspring

Adaptive immunity is not passed from
the parents to offspring

5 | Response time | Faster response

Slower response

Minutes/hours Days
6 Major cell type | Plasamtocyte, granulocyte T-cell, B-cell
7. | Example Insects Mammals

Physical

barriers

Immune system

—

Humoral immune
responses

!

Cellular responses

\ TOLL,IMD,JAK/STAT-Insect

|

2

Haemocytes mediated
response

i :

* Production of antimicrobial
peptides (AMPs

Activation of
prophenoloxidase (proPO)

* Phagocytosis
* Nodulation

|

* encapsulation

Bacteria,Fungi,viruses

Insect immune system

Fig 1: General immune system classification in insects.

in D. me | a r(Rargpres sarid eFoley, 2016).
Crystal cells have crystalline inclusions and are
comparatively large cells. Prophenoloxidase, the
zymogen they manufacture, is triggered during
cells called

melanization (Fig. 2). Granular

plasmatocytes make up around 90% of all
hemocytes. They have phagocytic receptors and use
nodulation or phagocytosis to get rid of the majority

of the invasive bacteria (Fig.2). Only when the

larvae are infected by parasitic organisms can the
flat cells known as lamellocytes be identified (Fig.
2). These hemocytes are mainly responsible for
encapsulating the parasitoid wasp egg (Fig.2).

2.1 Phagocytosis: The process by which cells
identify, attach to, and absorb big particles by tight
contact with their plasma membrane, pinocytic
vesicles, or pseudopodia is known as phagocytosis.
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In Diptera and Lepidoptera, professional
phagocytes are granular  hemocytes and
plasmatocytes,  respectively.  The  primary

phagocytic cells in the majority of insects are either
granulocytes or plasmatocytes (Rosales, 2011).

2.2 Nodulation:
Immune response is inadequate, hemocytes initiate

When the initial phagocytic

methods to regulate infections, such as creating

nodules to deal with high bacterial loads.
Multicellular hemocyte aggregates are created
during nodulation, trapping a lot of germs. Bacteria
are encircled by hemocytes, which then develop
into tiny clumps and eventually huge nodules.
the

hemolymph by the melanized and flattened

Bacteria are successfully isolated from

(8 =50

“ @ @ 0 ) 0

\\\\‘ //(‘/ J’
Crystal cell Plasmatocyte Lamellocyte

|\

\ bacteria

Phagocytosis

Nodulation

Melanization Encapsulation

Fig 2: General immune system classification in

hemocytes covering these nodules (Fig. 3). For
many insect species to develop nodules, certain
like proPO,
decarboxylase (Ddc) are essential. Two proteins,

chemicals eicosanoids, and dopa
Nodular and Reelerl, respectively, were shown to
be crucial for mediating nodulation against
EscheriiKlRan@dB aoil | |

challenges during screenings for novel immune

genes from Indian saturniid silkmoth (Ant her a

my | )ilarvéeand B o mb y xlarvaeo(Gandhe e t
a | 2015).

2.3 Encapsulation: Hemocytes (lamellocytes)
operate as effector cells, encasing bigger pathogens
such as parasites, protozoa, and nematodes in a

capsule. They create a melanized capsule by

2 Infection

)

Upregulation of Noduler
D D &

Nodule Formation

O Hemocytes
@Q \. Noduler

== Bacteria
—

Fig 3: General immune system classification in

insects. insects.
Adhesion Spreading Degranulation
o o ) o ’
J— v 1] o
AN\ S
‘ = /X . \ - 0. t c.
— — — o -

= el

Fig 4: Haemocytes adhesion, spreading and degranulation during encapsulation of parasites inside
insects (Dubovskiy et al. 2016).
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Active DAMPs — damage-associated molecules patterns
PAMPs — pathogen-associated molecules patterns

ators
(DAMPs and PAMPs)
proPO — prophenoloxidase

PO - phenoloxidase

PAPs — proPO activating proteinases

Inhibitors of

Initiator « proPO system
proteases (serpins) |

4
-®

PAPs precursors Proteinases (PAPs)

COH
NH,
HO  Tyrosine

H

L~ DOPA-quinone

H
mlm‘" ‘_F_ mﬂi‘h“ I:Re‘dfrx exchange N\
_/ﬁl -

g DOPA-quinone // HO' nopa
é . . l DDC I |
$ I U\rlw.ﬂl
05 NH, ‘:’no NH,
DOPA-semiquinorie  Dopamine ¥ DOPA-chrome

__Pheomelanin ROS l ) /
pew
HO'

DHI ROS$ — reactive oxygen species
DDE — DOPA-decarboxylase

AL !

GSH — glutathione
1 m DOPA - 3,4-dihydroxyphenylalanine

DH| - 5,6-dihydroxyindole intermediates

+
AMP #2¥° e

+ + +
=2, o =

Bacterial cytoplasmic
membrane

BT

8

Outside

Inside

Fig 5: Activation of proPO system and melanogenesis in

insects (Dubovskiy et al., 2016).

adhering to the target in several layers. After the
hemocytes recognize the invader, they connect and
begin to spread, killing the invading organism
inside the capsule either by suffocation or reactive
(Fig. 3).
destruction (degranulation), which releases effector

cytotoxic  chemicals. Haemocyte
molecules and immunomediators, is the next step in

the cellular immune response (Fig. 3).

2.4 Melanization: Melanization is the process of
melanin formation, activated during wound healing
and nodule formation against pathogens or parasites
in insects. The enzyme phenoloxidase (PO) is
crucial in this process, which requires pattern-
recognition proteins like PGRP or bGRP. PO binds
to foreign surfaces, initiating melanin formation.
PO converts tyrosine to dopa, which can be
oxidized to

decarboxylated to dopamine or

dopaquinone and later may metabolized to

eumelanin and melanin (Fig.5).
3. Humoral responses:
3.1 Antimicrobial peptides

Insects have a defense mechanism through the

46

Fig 6: Mode of action of antimicro-
bial peptides (Haine et al., 2018)

production of antimicrobial peptides (AMPS),
which are released into the hemolymph after
microbial infection. Mode of action of antimicrobial
peptides: First they will attack the outer cell
membrane of bacteria and it will cause ion
imbalance and eventually cell wall lysis and death

of bacteria will occur (Fig. 6).

These peptides are highly inducible and can vary in
levels from undetectable in uninfected animals to
micromolar concentrations in infected individuals'
hemolymph. The first identified antimicrobial
protein was the lysozyme fromGal | er i a,
which is structurally similar to chicken C-type
lysozyme and can degrade bacterial cell wall
including peptidoglycans of Gram-positive bacteria.
It also has some activity against Gram-negative
bacteria and some fungi. Biochemical analysis of
the

me | a n o andassnte ether Dipterans has led to

hemolymph  of fruitfy Dr os o

the discovery of seven groups of AMPs in insects

(Hainee t 281B)..

a. Defensins: Insect defensins, consisting of U-
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Cell membrane
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Viral SIRNA =— == @ Pre-RISC
Viral RNA j e
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__ == RISC
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Fig 7: Steps involved during the RNAI
pathway (Rosales and Vonnie, 2017).

helix/b-sheet mixed and triple-stranded antiparallel
b-sheets, have been reported in many Lepidopteran
antibacterial

species for their and antifungal

activity.

b. Cecropins: Cecropins are small, amphipathic
peptides with 31-37 amino acid residues, found in
the the
Hy al op hor dlee acr anpantianicrobial

hemolymph of silkworm

activity by damaging pathogen cell membranes,

inhibiting proline uptake, and causing leaky
membranes.
c. Drosocin: Drosocin, a 19-mer cationic

antimicrobial peptide from D. me | a n o glack
has been found to possess an O-glycosylated
threonine residue that is crucial for its antimicrobial
activity.

d. Attacins: Attacins, 20 kDa AMPs, were isolated
from Hy al op hor a henolgnph. oTwo
isoforms, one acid and one basic, have been cloned
bacterial outer-membrane

and increase
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permeability, primarily binding to

lipopolysaccharide.

e. Diptericin:Diptericin is an AMPs rich in glycine
synthesized by insects in response to bacterial
injections or injuries. It is active against a limited
range of Gram-negative bacteria and disrupts their
cytoplasmic membrane. Diptericin  has been
reported to inhibit bacterial growth and protect
against oxidative stress, potentially trapping free
radical anions and attenuating oxygen toxicity by
increasing antioxidant enzyme activities in D.

mel anogaster.

f. Drosomycin: Drosomycin, an inducible
antifungal peptide with 44 residues, was initially
isolated from D . me | a roat dhas sstowenr
potent antifungal activity against bacteria, with
recent research showing it antiparasitic and anti-

yeast properties.

g. Metchnikowin: Metchnikowin, a 26-residue

proline-rich peptide in Dr os o,psi éna
antimicrobial peptide that is active against both
Gram-positive bacteria and fungi. It has been

shown to protect transgenic plants from fungal

pathogens, such as powdery mildewand Fus ar i u

head blight, by expressing the metchnikowin gene
in transgenic barley.

3.2 Antivirus insect response

Insects are infected by viruses, some of which are
t p&tfogenic to them and others are transmitted to
mammals through biting. Understanding the insect
innate immune response against viruses is crucial
for medical and economic purposes. The RNA
interference (RNAI) pathway, which produces tiny,
ainterfering RNAs (siRNAs) in response to virus-
derived double-stranded RNA (dsRNA), is the main
antiviral defense mechanism. In turn, these siRNAs
target viral RNA for destruction, so inhibiting the
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spread of the virus. Dicer-2 and the protein R2D2
both detect double-stranded viral RNA. The ds
RNA is subsequently broken down by Dicer-2 into
tiny duplex DNA fragments of 21 nucleotides. The
guide strand is chosen based on complementarity
once the duplex is unwound. After that, the SIRNA
guide strand is inserted into the RNase Argonaute-
containing RNA-induced silencing complex. When
a target viral RNA pairs with the guide strand,
Argonaut breaks it down (Fig.7).

Additionally, insect antiviral
involve innate antimicrobial pathways like Imd,
Toll and JAK-STAT. The JAK-STAT pathway

functions similarly to the mammalian interferon

responses

system, activating in uninfected cells when a virus-
infected cell sends a signal. Also, the autophagy
pathway is suggested to be important in some viral
infections (Rosales and VVonnie, 2017).

Emerging viral infections that pose a
concern to public health include dengue and
chikungunya fevers, as well as Zika virus infection.
The bite of an A e d enssquito is how their
aetiologic agents are spread. Vector control is the
primary method of stopping the spread of these

diseases in the absence of viable treatments or

4. Conclusion

Cellular and humoral responses to pathogens

involve phagocytosis and encapsulation of bacteria,

respectively, while humoral responses involve
secretion of antimicrobial peptides into the
hemolymph.  Recognizing foreign  pathogens

involves specific receptors like PGRPs and bGRPs,
which activate signaling pathways for gene
expression of antimicrobial peptides and antiviral
activity. However, the specific pathway activated
by each pathogen and its outcome, especially for
viral infections, is still unknown. Insects lack
antibodies and their immune system is non-specific,
making future research in insect immunity is

promising.
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Philately is the collection and study of postal
hobbiesb.

Entomophilately is the study and collection of

stamps.  Philately is 0King of
postage stamps that features insects (Baig et al.,
2020). This specialized area within philately attracts
enthusiasts fascinated by the incredible diversity
and beauty of insects, as well as their ecological
significance. Insects possess intricate relationships
with plants, animals, and other living organisms on
earth, providing valuable insights into the natural
world. These stamps serve not only as a means of
postage, but also as tools for education and
awareness about the vital roles insects play for
and Miller, 2022;
Turienzo, 2018). Engaging children and students in

healthy ecosystem (Miller

entomophilately can significantly enhance their
interest in insects and the natural world. This help
in highlighting the diversity and importance of
insect species, conservation efforts needed against
numerous threats, including habitat loss, climate
change, and pesticide use (Hamel, 1990).

After independence in1955, the first stamp
on an insect (a malaria stamp featuring a mosquito,
Anophel ey9 was meléasedi Thefirsestamp
featuring lepidopteran insects was issued in 1981
(Butterfly:
achat €st hosi a,

Teinopal pus,

c a ma {§l &éha year 2008, four stamps endemic
butterflies from Andaman and Nicobar Island were
released, which include Pa p i

beetles (Coccinellidae) stamps were issued (Baig e
a .| 2020).

Way for Connecting with Entomophilately:

Connection with entomophilately helps to turn
that
encourages environmental awareness and scientific

simple hobby into an educational tool
curiosity. Collectors not only preserve a unique
piece of cultural and natural history, but also
contribute to the broader effort of educating others
and promoting conservation (Miller and Miller,

2022). Following are the ways for this:

1. Hands-On Learning: Collecting and studying
stamps is a tactile, interactive activity that engages
individuals in research, organization, and problem-
2012). As
collectors handle and arrange insect stamps, they

solving (Hirwade and Nawlakhe,

also acquire knowledge about the species, their
habitats, behaviours, and importance in ecosystems.
This hands-on engagement is not only fun but
educational, as collectors may look up facts about
insects and their role in nature, developing an
appreciation for biodiversity (Turienzo, 2018).
Example: A collector could research the life cycle
of a species featured on a stamp and then use that

Cy me gnfoymgtipnjtogcreate a detailed presentation or even
Sbibhibg H reppd abaytdhe insect.

2. Sense of Responsibility: The act of collecting
and preserving stamps creates a sense of ownership

|1 ¢malemeady Qg responsibility in maintaining the condition of

female) and P-a ¢ h 1 i o p t(neale anchfemele).f g4 stamps while also preserving knowledge about

In the year 2017, four stamps featuring lady bird
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the insects they represent. In a broader sense, it can

encourage a sense of environmental

responsibility®collectors may become more

invested in protecting endangered species or
promoting conservation efforts as they learn about
the species shown on their stamps (Gupta, 2010).
Example: Collectors may become aware of the
threats facing certain insect species and, as a result,
support conservation efforts or advocate for the

protection of insect habitats.

3. Skill with
entomophilately can help develop a variety of
skills:

1 Skill for identifying the insects on stamps and

Development:  Engaging

learning about their zoological classification,
behaviour, and conservation status.

1 Skill for Sorting, categorizing stamps, managing
collections, and maintaining records.

1 Skill for Examining the artwork and design of
stamps, understanding their historical or cultural
context, and interpreting how they reflect the
relationship between humans and the natural

world (Yadave t 282B). ,

7 Collectors may engage in conversations with
other enthusiasts, write about their collections, or
share knowledge through blogs, presentations, or
social media platforms.

4. Citizen Science Engagement: Entomophilately
the
community by encouraging collectors to learn more

can foster engagement with scientific
about the insects depicted on stamps, which may
relate to topics in entomology, biodiversity, or
conservation. Many stamps feature rare or
endangered species and this could serve as an entry
point for individuals to learn about and participate
in citizen science projects. For example, stamp
collectors might be inspired to contribute to local

biodiversity surveys, track insect populations, or

52

like
species

participate in citizen science platforms

iNaturalist, where people document
sightings. Example: A stamp depicting the Monarch
Butterfly could prompt a collector to participate in a
tagging program to track Monarch migrations, a

citizen science initiative.

Collecting and Cataloging of Stamps

a. Specialized Catalogs: Collectors use specialized
catalogs that insect-themed stamps; by insect
type, country of issue, and date of release.

b. Thematic Collections: Collections are typically
organized thematically, focusing on particular
insect groups, regions, or specific scientific
themes.

c. Philatelic Exhibitions: Enthusiasts participate in
exhibitions and competitions, showcasing their
collections and sharing knowledge with others.

Some examples of Insect-Themed Stamps

1. Butterflies: Butterflies stamps are most popular,

due to their colorful and aesthetically pleasing
appearance. India Post released series of stamps on
butterflies which includes the Common Jezebel,
Striped Tiger, Blue Mormon, and Indian Jezebel
etc. They have been featured prominently on Indian
postal stamps, celebrating their vibrant beauty and
ecological importance.

2. Bees:
commonly featured on stamps to highlight their

Bees, especially honey bees, are
crucial role in pollination and agriculture. Honey
Bee featured Stamps emphasize the importance of
bees in ecosystems and the need for their

conservation.

3. Beetles:
ecosystems, from pest control to decomposing

Beetles play significant roles in
organic matter. There diverse forms and colors

make them interesting for collectors specially
ladybugs, stag beetles etc.
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4. Dragonflies: Dragonflies are indicators of
healthy aquatic ecosystems. These insects are
known for their striking appearance and aerial
flight. They are featured for their beauty and

ecological role as predators of smaller insects.

5. Silkworms: Recognizing the significance of
sericulture in Indiads economy, India Post has

only enhance the aesthetic appeal of postage but

play a
environmental

also crucial role in promoting

awareness and conservation
efforts across India. By featuring insects on
stamps, India Post helps raise awareness about
the conservation challenges these species face,

such as habitat loss and climate change.

released stamps featuring the silkworm (B o mb yCenclusion

mo ). These stamps emphasize the importance of
silk production and the cultural heritage associated
with it (Baig e t ., 282D).

Importance of insect featured postal Stamps

a. Diversity of Insects: Insects are most diverse

group
Entomophilately encompasses such a wide

of animals on earth surface.
variety of insects, including butterflies, beetles,
bees, dragonflies, ants, grasshoppers, and many
others. Collectors often focus on specific types
or groups of insects (Hamel, 1990).

b. Educational Value: Stamps featuring insects
can serve as educational providing

different their

habitats, and their roles in the ecosystems. They

tools,

information  about species,
can raise awareness about the importance of
insect conservation (Turienzo, 2018).

c. Artistic Appeal: Many stamps featuring insects
are beautifully designed, showcasing the intricate
details and vibrant colors of these creatures. This
makes them appealing not only to entomologists

282B)..

d. Cultural and Scientific Themes: Stamps may

but also to art lovers (Yadav e t

depict insects in various contexts, such as their
cultural significance, scientific discoveries, or
their roles in agriculture and pollination. Insects
are often associated with beauty, transformation,
and the natural heritage of India, making them an
appealing subject for philately (Yadav e t
2023).

e. Conservation Awareness: These stamps not
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Philately connects in a friendly way to the worldos
flora and fauna which faces crisis and we need to
conserve them. This effective tool can educate and
awareness to the towards

provide society

conservation.

Entomophilately is a fascinating niche
within philately that combines the beauty of insects
with the art and history of postage stamps. It offers
a unique way to explore the natural world and
promotes awareness of the vital roles insects play in
our ecosystems. Whether for educational purposes,
artistic appreciation, or scientific interest, collecting
insect-themed stamps provides a rewarding and
insects have been

enriching hobby. In India,

featured on postal stamps to highlight their

ecological importance and cultural significance.
Future Perspective

By harnessing entomophilately, we can evolve, a
powerful tool for education, conservation, and
community engagement, ultimately inspiring a new
generation to cherish and protect the intricate world
of insects. Entomophilately serves as a unique and
engaging gateway for individuals, particularly
children and students, to explore the diverse world
of insects. By collecting insect-themed postage
stamps, enthusiasts not only appreciate the beauty
and variety of insects but also gain insights into
dheir ecological roles and cultural significance. This
hobby can foster a deeper understanding of

entomology, encouraging curiosity and respect for
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biodiversity. As we face increasing environmental
challenges, promoting awareness about insects
through entomophilately can inspire the next

generation to advocate for conservation efforts.
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Abstract

Pollinators are vital for food production and ecosystem health, yet their populations are declining due to

agricultural practices, habitat loss, and pesticide use. Around 40% of invertebrate pollinators and 16% of

vertebrate pollinators are at risk of extinction. This article examines the impact of agricultural practices and

pesticides on pollinator health and highlights conservation strategies such as habitat restoration, reduced

pesticide use, and pollinator-friendly landscapes. It also emphasizes the importance of policies like pesticide

-free zones and expanded protected areas. By adopting these strategies, we can improve ecosystem

resilience, support biodiversity, and ensure food security, underscoring the need for global action to protect

pollinators and promote sustainable land use .

Keywords: pollinators, pesticides, toxicity, pollinator-friendly habitats.

Pollinators play a vital role in worldwide food
supply and ecosystem health by facilitating the
reproduction of flowering plants, including many
crops that humans rely on for food. Around the
globe, pollinator  populations have been
experiencing a concerning decline in recent decades
(Potts et al., 2010; Goulson et al., 2015; Nath et al.,
2022). It is estimated that about 16% of vertebrate
pollinators, including birds and bats, and 40% of
invertebrate  pollinators, such as bees and
butterflies, are currently at risk of extinction. This
article explore the complex interactions between
agricultural practices, pesticide use and pollinator
populations, emphasizing the status of conservation
efforts and the promotion of pollinator-friendly

landscapes.

Interactions Between Agricultural Practices and
Pollinator Health

The dynamics among agricultural practices and
pollinator health are complex and multifaceted.

Modern agricultural intensification, characterized
by monoculture farming and widespread pesticide
use, poses significant threats to pollinators.
Monoculture reduces floral diversity, limiting food
sources for pollinators, while pesticides, including
insecticides and herbicides, can directly harm them
or impair their reproductive success and immune
systems. These factors contribute to failures in
pollinator worldwide,

populations impacting

biodiversity and agricultural productivity. To
mitigate these effects, conservation efforts focusing
on habitat restoration, minimized pesticide
application through Integrated Pest Management
(IPM), and educational programs are crucial. Such
measures ~ will  promote  pollinator-friendly
landscapes that support diverse floral resources and
reduce pesticide exposure, thereby safeguarding
pollinator health and ensuring their vital role in

global food production (Goulson 2013).

Conservation Efforts to Protect Pollinator
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Populations

Recognizing the critical role of pollinators,

conservation efforts have been increasingly

prioritized worldwide. These efforts include:

1. Habitat
Conservation

Restoration and Enhancement:
efforts to  protect
habitat

on

pollinator

populations  prioritize restoration and

enhancement, focusing creating diverse
landscapes with native flowering plants. These
habitats provide essential resources like nectar and
pollen, crucial for the survival and reproduction of
pollinators. Recent studies emphasize the success of
such restoration projects in bolstering pollinator
numbers and diversity. For instance, research
highlights

pollinator-friendly habitats on enhancing ecosystem

the positive impacts of restoring
resilience and supporting agricultural productivity
through improved pollination services (Garibaldi e
a .l 2015). These efforts are crucial for mitigating
pollinator declines and ensuring their vital role in
global biodiversity and food security. Habitat
restoration within protected areas is essential for
supporting and conserving insect populations,
especially in the face of climate-driven changes
a012). , By focusing on the

restoration of degraded habitats®such as planting

(Thomas e t

native vegetation, creating water sources, and
removing invasive species®Protected Areas can
offer crucial refuges for both pollinators and other
beneficial insects. These efforts, combined with
targeted monitoring and conservation strategies,
help maintain insect biodiversity, safeguard
essential ecological functions, and enhance the
of Effective  habitat

restoration ultimately ensures that insects continue

resilience ecosystems.

to thrive, supporting broader biodiversity and
ecosystem health.

2. Reduced Pesticide Use: Pesticides, particularly
insecticides and herbicides, pose significant threats
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to pollinators through direct toxicity and sublethal
effects such as impaired foraging behavior and
reproductive success. Recent research underscores
the detrimental impacts of pesticide exposure on
pollinator health and populations, highlighting the
need for alternative pest management approaches
that minimize pesticide use. Implementing such
practices, promoting organic farming methods and
establishing pesticide-free zones near pollinator
habitats are crucial steps towards conservation of
pollinators and enhancing ecosystem resilience
(Woodcock e t
best option to safeguard pollinators. Selectivity in

281b). Insecticide selectivity, the

the context of insecticide use can be classified into
two main categories: ecological and physiological
selectivity (Maredia, 2003).

3. Educational Programs: Educational programs
are obligatory in protecting pollinator populations
by raising awareness and promoting informed
conservation practices among farmers, landowners,
and the general public. These initiatives educate
about the importance of pollinators, the challenges
posed by habitat loss and pesticide use, and
effective actions individuals can take to create
pollinator-friendly environments (Dicks et .,

2016).

4. Policy and Regulation: Policy and regulation
are critical in protecting pollinator populations by
establishing guidelines that limit pesticide use and
promote habitat conservation. Recent initiatives
focus on creating pesticide-free zones near
pollinator habitats and implementing sustainable
agricultural practices. Such measures aim to
mitigate the impacts of pesticides and ensure the
long-term viability of pollinator communities
(Simon-Delso e t ., 2815). To conserve beneficial
insect pollinators and biodiversity, it is vital to

strengthen policies on pesticide use, habitat
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protection, and climate change mitigation. Key
recommendations include expanding protected
areas, improving integrated pest management (IPM)
practices, and promoting sustainable land use.
Governments should prioritize reducing fossil fuel
use, curbing short-lived pollutants, and committing
to ecosystem restoration. Policies must also support
plant-based diets, ecological economics, and
population stabilization. International agreements
like the Paris Agreement should set ambitious, time
with

Additionally, land-use policies should preserve

-bound  goals strong  accountability.
natural areas and reconsider land allocation for
agriculture and urban development, ensuring long-
term biodiversity sustainability (Harvey e t

2023).
Importance of Pollinator-Friendly Landscapes

Pollinator-friendly landscapes play a crucial role in

maintaining  biodiversity  and  agricultural
productivity. By providing habitats and food
sources for bees, butterflies, and other pollinators,
these landscapes support the pollination of crops
essential for food production. This ecosystem
service is invaluable and decline in pollinator
populations threaten global food security and
., 2014). Creating

and preserving pollinator-friendly spaces, such as

ecosystem stability (Klatt e t

wildflower meadows and native plant gardens, not
only enhances the resilience of ecosystems but also
promotes sustainable agriculture and enhances
urban green spaces. These efforts are pivotal in
safeguarding both natural biodiversity and human
livelihoods against future environmental challenges.

Conclusion

The symbiotic relationship between pollinators and

agriculture underscores the urgent need for
concerted conservation efforts. As pollinator
populations face unprecedented threats from
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intensive agricultural practices and pesticide use,
the
landscapes become3 clear. By restoring diverse

imperative to promote pollinator-friendly
habitats with native plants, reducing pesticide
exposure through Integrated Pest Management
(IPM), and fostering public awareness through
education, we can safeguard pollinators and ensure
their vital role in global food security and
ecosystem resilience. Embracing these strategies
not only protects biodiversity but also sustains
agricultural productivity and enhances urban green
As of

prioritizing pollinator conservation is indispensable

spaces. stewards our environment,

for a sustainable and thriving future.
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Abstract

The rapid advancements in pesticide application equipment are reshaping pest and disease management
practices across agriculture, horticulture, and allied sectors. With increasing demands for sustainable
farming and stricter regulatory standards, technologies such as precision sprayers, electrostatic sprayers,
and drone-based systems are offering promising solutions to the limitations of traditional pesticide
application methods. These innovations enhance application accuracy, minimize pesticide use, and reduce
environmental impact, thus promoting more sustainable agricultural practices. Precision sprayers utilize
GPS and sensor technologies to target specific areas, optimizing pesticide distribution and reducing
wastage. Electrostatic sprayers improve coverage and adherence to plant surfaces, while minimizing drift
and chemical runoff. Drone-based spraying systems, with their ability to cover large areas rapidly and
uniformly, enable precise and efficient pesticide delivery, even in difficult terrains. Despite challenges,
such as high initial costs, operational complexity, and the need for specialized training, these technologies
contribute to improved crop health, enhanced productivity, and reduced ecological footprint. This article
highlights the significance of these advancements in transforming pest management practices and their role
in ensuring food security, environmental sustainability, and the long-term viability of agricultural and
horticultural production.

The rapid evolution of agriculture, horticulture, and

allied sectors has necessitated innovative
approaches to pest and disease management.
Pesticides play a vital role in safeguarding crops,
enhancing productivity, and ensuring food security.
However, their effectiveness depends significantly
on the precision, efficiency, and sustainability of
their application. This highlights the importance of
advancements in pesticide application equipment,
which aim to optimize resource utilization while
minimizing environmental and health risks. Modern
pesticide application technologies address the
limitations of traditional methods, such as uneven
distribution, overuse, and wastage. Innovations like
precision drone-based

sprayers, application

systems, and electrostatic sprayers are transforming

how pesticides are applied in fields, greenhouses,
and orchards (Fig. 1). These advancements are
particularly critical for horticulture, where high-
value crops demand meticulous pest control, and for
allied sectors like forestry and floriculture, which
face unique pest challenges. The need for advanced
equipment is driven by several factors: the rising
costs of agricultural inputs, the push for sustainable
farming practices, and stricter regulatory standards
regarding pesticide usage. By reducing chemical
and

residues, improving application accuracy,

enhancing operator safety, these technologies

contribute to producing safer, higher-quality

agricultural and horticultural products while

preserving natural ecosystems.
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Fig 1: Advanced pesticide equipments.

Principle and working

Precision sprayers (Fig. 2) are designed to apply
pesticides more accurately and efficiently by using
advanced technology to control the rate, pattern,
and placement of chemicals. The basic principle
behind precision sprayers is the use of sensors,
Global Positioning System (GPS) systems, and
variable rate technology (VRT) to target specific
areas of a field, reducing wastage and ensuring that
pesticides are only applied where needed (Fig. 2).
By detecting real-time field conditions, such as pest
infestations or plant health, sensors enable the
sprayer to adjust the amount and distribution of
pesticides dynamically. GPS ensures precise field
mapping, while automated nozzles control spray
patterns and droplet sizes. This targeted approach
minimizes pesticide use, reduces environmental
impact, and improves pest control efficacy (Giles &
Slaughter, 1997).

Advantages and disadvantages

Precision sprayers offer several advantages,
including reduced pesticide use, which leads to cost
savings and minimizes adverse environmental
impact. By applying pesticides only where needed,
they decrease the risk of over-application and

chemical runoff. This targeted approach improves
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crop health and yield potential by avoiding
unnecessary chemical stress on plants. Additionally,
precision sprayers enhance efficiency by covering
large areas quickly and accurately, ultimately
supporting more sustainable and cost-effective
farming practices. However, they require a
significant initial investment in technology and
equipment, which may not be feasible for all
farmers. The complexity of operation demands
skilled labour and regular maintenance, adding to
operational costs. Additionally, precision sprayers
can be sensitive to adverse weather conditions and
may experience reduced effectiveness if GPS
signals are lost or if the sensors malfunction. These
factors can limit their practicality in some farming
situations and increase reliance on technological

infrastructure.

2. Electrostatic Sprayer: Maximizing efficacy
and minimizing drift

Principle and working

The principle of electrostatic sprayers (Fig. 3) is
based on charging the pesticide droplets with an
electric charge as they are sprayed. In this system,
pesticide  droplets are generated through
atomization and then passed through an electric

field or near an electrode, which imparts a strong
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Fig 2: A precision sprayer (Seol et al., 2022)

positive or negative charge to the droplets. Once
charged, these droplets are sprayed into the air
towards the target plant. These charged droplets
attract the target (e.g., plants, crops) due to the
electrostatic force between the charged droplets and
the neutral or oppositely charged plant surfaces.
This attraction ensures that the droplets wrap
around and adhere to all surfaces of the plant,
including hard-to-reach areas such as the undersides
of leaves and within the canopy, increasing the
deposition and coverage of the pesticide

The main difference between electrostatic
sprayer and electrodyne sprayer is that electrostatic
sprayers charge liquid droplets to enhance coverage
and adhesion, while "electrodyne sprayer™ is a less
common term, potentially referring to similar or
specific electrically enhanced spraying technology.

The electrical charge on the droplets results in
mutual repulsion between them, preventing the
formation of larger droplets and promoting the
creation of small, uniform droplets. This minimizes
the potential for overspray and reduces drift,
thereby decreasing environmental contamination.
The electrostatic sprayer thus offers a highly
efficient and environmentally friendly means of
applying pesticides, optimizing both chemical use
and resource management in agricultural practices.
(Thorat et al., 2022).

Advantages and disadvantages
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Fig 2: Elécfroétatic sprayer (Thorat et al., 2022)

One key benefit is their ability to achieve better
coverage of difficult-to-reach targets, such as the
undersides of leaves, where conventional spraying
often falls short. This results in higher bio-efficacy,
ensuring that pests are more effectively controlled.
The technology also allows for longer-distance
coverage, making it suitable for larger fields. In
terms of resource savings, electrostatic sprayers
reduce pesticide usage and overall cost per acre by
25 and 20%, respectively. Water consumption with
electrostatic sprayers is ~10 times less water than
conventional ~ methods,  further  conserving
resources. Overall, this method not only increases
the effectiveness of pesticide application but also
helps mitigate environmental pollution, making it
an eco-friendly and cost-efficient solution in
spraying.
sprayers come with certain challenges, one of the

agricultural However, electrostatic
main drawbacks being their high initial cost.
Additionally, the maintenance and repair of these
sprayers can be quite complex and challenging,
making it difficult for operators to address technical
issues. Another limitation is the uncertain coverage
in dense, thick crop canopies, where the sprayeros
effectiveness may be compromised. The system is
also more intricate compared to conventional
methods, requiring specialized training for proper
use. The nozzles need to be positioned at a precise
distance from the plant canopy for optimal

performance, adding another layer of complexity
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Fig 4: A schematic diagram of electrostatic-assisted spray and deposition system (Gen et al., 2014).

to the operation.

Drone-based Spraying Systems: Unmanned

Precision and Flexible action
(a) Fixed-wing drone

A fixed-wing drone features a rigid, aerodynamic
wing design that generates lift as it moves through
the air. It closely resembles a conventional aircraft
but operates without a pilot on board (Fig. 5). These
drones are powered by either one or two internal
combustion engines or an electric motor, which
is connected to a propeller that provides forward
thrust. The wings are constructed with a specialized
air foil that creates a pressure difference between
the front and rear surfaces of the wing. The wings
are constructed with a specialized air foil that
creates a pressure difference between the front and
rear surfaces of the wing. Control surfaces such as
ailerons, elevators, and rudders on the wings are
used to adjust the drone's flight path. Fixed-wing
drones offer several advantages, including the
ability to cover long distances, reach high altitudes,
and fly with minimal noise. They are commonly
employed for surveillance purposes due to their
endurance and quiet operation.

(b) Rotary-wing drone
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Rotary wing drones generate lift through rotating
blades, known as propellers. These drones come in
two main types: Single Rotor Drones and Multi-
Rotor Drones (Fig. 5). Single Rotor Drones, which
resemble helicopters, use a single large rotor to
achieve lift and are primarily employed in the
construction industry for surveillance tasks. On the
other hand, Multi-Rotor Drones are the most
in the market.
their

adjusting the speed of individual rotors, coordinated

prevalent type They achieve

propulsion and control movements by
by a flight controller. Based on the number of
rotors, multi-rotor drones are further classified as
Tricopters (three rotors), Quadcopters (four rotors),
Hexacopters (six rotors), and Octocopters (eight
rotors). Among these, quadcopters and hexacopters
are the most widely used.

Principle and working

A quadcopter drone operates on the principle of
generating lift through four equally spaced rotors,
each powered by brushless DC (BLDC) motors.
The propellers attached to these motors create
thrust, which serves as the lift force. The motor
speed, regulated by a flight controller and an
electronic speed controller (ESC), determines the
amount of lift generated, allowing the drone to
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Fig 5: Different types of drones.

High-precision
positioning system

ascend or descend (Fig. 6). To achieve various
manoeuvres, the drone manipulates the lift force
produced by the rotors. Take-off occurs when the
lift force exceeds the drone's weight, while
hovering is achieved when the lift force equals the
weight. During stable hovering or climbing, all four
rotors rotate at the same speed to maintain balance.
Forward or backward movement (pitch) is achieved
by adjusting the speed of the front and rear rotors,
while sideways movement (rolling) is controlled by
varying the speed between rotors on either side.
Yawing, or rotating the drone around its vertical
axis, is accomplished by altering the speed of
diagonally opposite rotors. This coordination of
rotor speeds allows for precise control of the
drone's movement and stability in the air.

Advantages and disadvantages
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6: Labelled diagram of a drone.

One of the primary benefits of using drones for
pesticide application is their ability to cover large
agricultural areas quickly and uniformly, ensuring
precise application where needed. This reduces
wastage, as drones can apply targeted treatments
with greater accuracy than traditional methods,
minimizing the overall use of chemicals and
promoting sustainable farming practices. Drones
can also access difficult terrains and dense crop
canopies, providing better coverage in hard-to-
reach areas, a challenge for ground sprayers.
Additionally, flying at lower altitudes improves
pesticide deposition on plants while reducing drift,
thus limiting environmental contamination. The
high degree of automation in drones facilitates
efficient scheduling and monitoring of pesticide
application, saving both time and labour costs.
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However, there are some disadvantages to consider.
The initial cost of purchasing and maintaining
drone technology can be high, particularly for
smaller farms. One primary concern is that batteries
need to be changed or charged for every acre of
spraying. connected to a propeller that provides
forward thrust. The wings are constructed with a
specialized air foil that creates a pressure difference
between the front and rear surfaces of the wing. The
wings are constructed with a specialized air foil that
creates a pressure difference between the front and
rear surfaces of the wing. Control surfaces such as
ailerons, elevators, and rudders on the wings are
used to adjust the drone's flight path. Fixed-wing
drones offer several advantages, including the
ability to cover long distances, reach high altitudes,
and fly with minimal noise. They are commonly
employed for surveillance purposes due to their
endurance and quiet operation.

(b) Rotary-wing drone

Rotary wing drones generate lift through rotating
blades, known as propellers. These drones come in
two main types: Single Rotor Drones and Multi-
Rotor Drones (Fig. 5). Single Rotor Drones, which
resemble helicopters, use a single large rotor to
achieve lift and are primarily employed in the
construction industry for surveillance tasks. On the
other hand, Multi-Rotor Drones are the most
in the market.
their

adjusting the speed of individual rotors, coordinated

prevalent type They achieve

propulsion and control movements by
by a flight controller. Based on the number of
rotors, multi-rotor drones are further classified as
Tricopters (three rotors), Quadcopters (four rotors),
Hexacopters (six rotors), and Octocopters (eight
rotors). Among these, quadcopters and hexacopters
are the most widely used.

Principle and working
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A quadcopter drone operates on the principle of
generating lift through four equally spaced rotors,
each powered by brushless DC (BLDC) motors.
The propellers attached to these motors create
thrust, which serves as the lift force. The motor
speed, regulated by a flight controller and an
electronic speed controller (ESC), determines the
amount of lift generated, allowing the drone to
ascend or descend (Fig. 6). To achieve various
manoeuvres, the drone manipulates the lift force
produced by the rotors. Take-off occurs when the
lift force exceeds the drone's weight, while
hovering is achieved when the lift force equals the
weight. During stable hovering or climbing, all four
rotors rotate at the same speed to maintain balance.
Forward or backward movement (pitch) is achieved
by adjusting the speed of the front and rear rotors,
while sideways movement (rolling) is controlled by
varying the speed between rotors on either side.
Yawing, or rotating the drone around its vertical
axis, is accomplished by altering the speed of
diagonally opposite rotors. This coordination of
rotor speeds allows for precise control of the
drone’'s movement and stability in the air.

Advantages and disadvantages

One of the primary benefits of using drones for
pesticide application is their ability to cover large
agricultural areas quickly and uniformly, ensuring
precise application where needed. This reduces
wastage, as drones can apply targeted treatments
with greater accuracy than traditional methods,
minimizing the overall use of chemicals and
promoting sustainable farming practices. Drones
can also access difficult terrains and dense crop
canopies, providing better coverage in hard-to-
reach areas, a challenge for ground sprayers.
Additionally, flying at lower altitudes improves
pesticide deposition on plants while reducing drift,
thus limiting environmental contamination. The
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high degree of automation in drones facilitates
efficient scheduling and monitoring of pesticide
application, saving both time and labour costs.

However, there are some disadvantages to consider.
The initial cost of purchasing and maintaining
drone technology can be high, particularly for
smaller farms. One primary concern is that batteries
need to be changed or charged for every acre of
spraying. Drones also have payload limitations,
restricting the amount of pesticide they can carry,
which may require multiple flights for larger fields,
potentially increasing operational time. Compliance
with aviation regulations can be complex, often
requiring permits and adherence to guidelines
specific to pesticide application. Weather conditions
such as strong winds or low visibility can affect the
accuracy and effectiveness of drone operation.
Moreover, technical expertise is needed to operate
drones effectively, necessitating training to ensure
proper handling and application techniques. Lastly,
the risk of pesticide drift, where chemicals may
affect non-target areas, raises environmental and
safety concerns. One of the primary benefits is their
ability to cover large agricultural areas quickly and
uniformly, ensuring that pesticides are applied
precisely where needed. This capability minimizes
wastage, as drones can apply targeted treatments
with greater accuracy than traditional methods,
reducing the overall quantity of chemicals used and
promoting more sustainable farming practices.
Additionally, drones can access difficult terrains
and dense crop canopies, allowing for Dbetter
coverage of hard-to-reach areas, which is often a
challenge for ground sprayers. The ability to fly at
the
pesticides on plants while reducing drift, thereby

lower altitudes enhances deposition of
decreasing environmental contamination. Drones
also operate with a high degree of automation,

allowing for efficient scheduling and monitoring of
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pesticide application, which saves time and labour
costs.

The effectiveness of modern pesticide application
technologies compared to traditional methods has
been the subject of various studies (Giles and
Slaughter, 1997. These studies emphasize the
improved efficiency, accuracy, and environmental
benefits offered by new sprayers, drones, and
electrostatic equipment. Hereds a summary of key

findings from some of these studies:
Precision vs traditional sprayers

Precision sprayers, which use GPS and sensors,
reduced pesticide use by 30-50% compared to
traditional methods (Zheng et al., 2023; Thorat et
al.,, 2022; Giles and Slaughter, 1997). These
sprayers also minimized the risk of chemical runoff
by applying pesticides only where necessary, based
on real-time data from the field. This is a big
improvement over traditional sprayers, which often
lead to over-application and waste by spraying the
same amount of pesticide everywhere, regardless of
pest levels. Precision sprayers not only help control
pests more effectively but also lower long-term
costs by cutting down on pesticide and labour use.
However, their high initial cost and the need for
skilled operators remain challenges for wider use (.

Electrostatic vs conventional sprayers

A study by Thorat et al. (2022) compared
electrostatic sprayers with traditional sprayers,

the
and

highlighting advantages in  coverage,

effectiveness, environmental impact.
Electrostatic sprayers reduced pesticide use by up to
25% and water consumption by almost 90%
compared to conventional methods. The charged
droplets in electrostatic sprayers stick to plant
surfaces, improving coverage, especially on the
undersides of leaves, which are harder to reach with

traditional sprayers. The study also found that
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electrostatic sprayers produced much less pesticide
drift, helping to prevent environmental pollution.
On the other hand, traditional sprayers often suffer
from drift and uneven coverage, which wastes
chemicals and contaminates areas that shouldnét be
sprayed. Although electrostatic sprayers have these
advantages, their high upfront cost and limited
effectiveness in thick crop canopies are challenges.

Drone-based vs ground-based sprayers

Zheng et al. (2023) compared drone sprayers
(quadcopters) with tractor-mounted sprayers in
terms of coverage, efficiency, and pesticide use.
Drones were more accurate, applying pesticides at
lower altitudes, which improved deposition and
reduced drift. In comparison, traditional sprayers
often lead to pesticide loss due to wind drift and
uneven application. The study also showed that
drones could cover larger areas more quickly than
ground sprayers, saving on labour costs and
reducing the need for multiple passes. Drones can
access difficult areas such as dense crop canopies
and uneven terrains, offering better coverage where
ground sprayers are less effective. However, drones
have some drawbacks, such as their limited
payload, which means multiple flights may be
needed for large fields, increasing operational time.
Additionally, drones require specialized training
and have high maintenance costs, which can be

barriers to widespread adoption.
Conclusion

The
equipment are revolutionizing pest management

advancements in pesticide application
practices in agriculture, horticulture, and allied
sectors, offering solutions to the challenges of
traditional methods and aligning with the goals of
sustainable farming. Innovations such as precision
sprayers, electrostatic systems, and drone-based

technologies provide enhanced accuracy, reduced
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chemical usage, and lower environmental impact,
contributing to optimized resource use, improved
safety, and higher-quality crop production. While
challenges like high upfront costs, operational
complexity, and the need for specialized training
remain, growing accessibility through supportive
policies, training initiatives, and technological
advancements is facilitating their adoption. As food
security demands increase and environmental
regulations become more stringent, these advanced
systems are critical for achieving efficient and
sustainable pest control. By embracing these
transformative technologies, the agricultural sector
can enhance productivity, preserve environmental
integrity, and build a future defined by sustainable
and resilient farming systems.
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Abstract
Biopesticides are natural or biologically derived agents used to control pests, offering an eco-friendly
alternative to chemical pesticides. They include microorganisms, plant extracts and natural toxins that
target specific pests without harming non-target organisms or the environment. Among these,
entomopathogenic fungi play a crucial role in pest management. These fungi infect and kill insect pests
through infection, providing a biological control solution for a wide range of agricultural crops.
Entomopathogenic fungi are particularly valued for their effectiveness against insect pests, their ability to
their like
Entomopathogenic fungi are gaining attention as part of integrated pest management (IPM) strategies to

target specific species and environmental sustainability. In India, biopesticides

reduce reliance on chemical pesticides, although challenges related to formulation consistency, storage and
awareness still need to be addressed for wider adoption.

Keywords: Biopesticides, entomopathogenic fungi, IPM.

Biopesticides have garnered considerable attention demise. This natural mode of action makes

for their eco-friendly nature and efficacy in pest effective in

(Pretty & 2015).

entomopathogenic  fungi  highly

management Bharucha, controlling pest populations while minimizing harm

Biopesticides, derived from natural sources such as
plants, microorganisms and minerals, offer an
effective alternative to conventional pesticides.
the

mechanisms to target and manage pests, providing a

They harness power of nature’s own

sustainable and environmentally friendly approach
to pest management. Among the diverse array of
biopesticides, have

entomopathogenic  fungi

emerged as promising biocontrol agents in

managing insect pests.

Entomopathogenic  fungi are naturally
occurring microorganisms that have evolved to
infect and kill insect pests. They possess innate
predatory capabilities, which they utilize to invade

the bodies of target pests, ultimately leading to their

to non-target organisms and the environment. The
utilization of entomopathogenic fungi in pest
management represents a significant advancement
in the field of biopesticides. Their ability to provide
targeted control of specific pest species, along with
their

compatibility with

minimal  environmental impact and
integrated pest management
strategies, makes them an attractive option for

sustainable agriculture. (Butt et al., 2016).

Types of biopesticides (Isman, 2006):

A. Microbial
microorganisms such as bacteria, viruses, fungi, and

pesticides: These are based on

protozoa that infect or otherwise interfere with the
physiology of pests.
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Plant-incorporated protectants (PIPs): These are
pesticidal substances that plants produce from
genetic material that has been added to the
plant. They can protect the plant from pests or
enhance its resistance to diseases.

Biochemical pesticides: These are naturally
occurring substances that control pests by non-
toxic mechanisms, such as pheromones, plant
extracts, or insect growth regulators.

Botanical pesticides: These are pesticides
derived from plants or plant extracts that have
such as neem oil,

pesticidal properties,

pyrethrum, or garlic extract.

Advantages of Biopesticides (Kumar et al.,,
2018):

A. Biopesticides are typically less toxic to non-
target organisms, including humans, beneficial
insects and wildlife. They also degrade more
rapidly in the environment, reducing their

impact on ecosystems.

Many biopesticides have narrow target ranges
by minimizing harm to beneficial organisms and
reducing the risk of pest resistance.

Biopesticides leave little to no harmful residues
on crops or in the environment, reducing the
risk of pesticide contamination in food and
water sources.

Biopesticides are compatible with integrated
pest management (IPM) approaches, which
emphasize the use of multiple pest control
methods to minimize reliance on chemical
pesticides and promote long-term sustainability.

Entomopathogenic fungi

Entomopathogenic  fungi are microorganisms

capable of infecting and killing arthropods, making

69

them an eco-friendly option for pest control. These
fungi are extensively utilized as biopesticides,
especially in ecological farming, where they serve
as a sustainable substitute for harmful chemical
(Lovett & 2017).
Entomopathogenic fungi are found amongst the

insecticides Leger,
families of Zygomycota and Ascomycota and in the
They
are natural biological control agents for many

class of Hyphomycetes in Deuteromycota.

insects and other arthropods and frequently behave
as epizootics that significantly decrease host
populations (McCoy, 1990).

Novel applications of entomopathogenic fungi

9 Encapsulation: Microencapsulation and

nanoencapsulation involve enclosing
entomopathogenic fungi within tiny polymer
capsules, providing protection against
environmental challenges like UV radiation and
desiccation.  Production of nano and
microcapsules incorporating entomopathogenic
fungi like Met ar hi zi u iMetehmkioff
Sorokin andeauvikeas siBaln-@riv.)
Vuill. is predominantly achieved using alginate
(Shah et 20P3). ,Additionally, starch and
chitosan have been utilized for developing
capsules containing B e a u v(Eemandm e ta |
2020). Numerous patents have been registered for
used as
US Patent

alginate-based

alginate-based formulations

bioinsecticides.  For
9808768B2

formulation

example,
outlines an
incorporating  entomopathogenic
fungi for managing agricultural pests. Algibio is
the

formulation which has been used for the control of

commercially available alginate-based

various insect pests, such as the citrus blackfly
(Al eur oc ant hshsy) amdahg lcofifem i

berryborer(Hy p ot hen e nkerrari). ha mp e i
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9 Secondary metabolites: B e a u vsgpr ppssess

more than 10 metabolites with insecticidal
activity, including beauvericin, allobeauvericin,
isariin, isoisariin, isarfelin, cyclosporine and
bassianolide. Efrapeptins are the peptides found in
Tol ypocl adi(W.m Gams)p p target
mitochondrial ATP synthase in insects, leading to
energy depletion and mortality. They infest a wide
range of pests, including root-feeding insects (Niu
e ta.l 2024). Cordycepin is ubiquitous among
(Fr.) It exhibits

immunosuppressive action against G . me |

Cor dy c espps

and can cause high mortality .

1 Endophytes: Endophytic insect pathogenic fungi
(EIPF) play a vital role in enhancing plant
resilience to various stresses and promoting soil

Entomopathogenic fungi

enzymes and toxins are produced to aid

promising endophytic fungi, capable of colonizing

internal plant tissues asymptomatically. As
endophytes, these fungi exhibit dual functionality
by directly suppressing insect pests and indirectly
benefiting plants through enhanced growth,
improved tolerance to abiotic stress, and increased

resistance to pathogens (Dara, 2021).

Mode of action of Entomopathogenic fungi:

employ a multi-stage

mode of action to target and control insect pests
| egfeﬁtié(elly.l Indjtially, specialized structures such as
spores or conidia attach to the cuticle, the outer
surface of the insect (Figure 1). Subsequently,

in

penetrating the insect's cuticle, facilitating the

fungi's entry into the insect's body. Once inside, the

nutrient distribution. Beauv er i a and g dolgnkeBand proliferate, utilizing the insect's
Met ar hi zi um hae némerged a8 &jfermal tissues as a nutrient source. During this

Table 1: Different Entomopathogenic fungi and their target pests

Fungal strain Target insect Mode of action Application Reference
pests
Beauver i|aVhitefdes, s i a n Benetrates cuticle, Hel i caveni & r a| Sharma &
aphids, root produces toxinsand | cottonand S p o d olpit te w |&upta,
grubs, kills r an vegetables. 2018
caterpillars
Met ar hi z|iTermitesaoot- Germinates on Fall armyworm (Sp o d o p t| 6uruag &
i sopl i ae|grubs, locusts insect cuticle, re- f r ugi)ipreaized a Prakash,
leasing toxins 2021
Lecani ci (lIAphidgiwhite- Infects insect Greenhouse whitefly Inglise & .|
| e c @RrZard & | flies, thrips surface and (Trialeurodey M@porar.i
W. Gams) sporulates inside and aphids in
host vegetable crops.
Hi r s u the |mlpates Enzymatic degrada- | Effective against coconut Mishrae & .|
S O IfPat)i tion of mite exoskel- | eriophyid mite (Ac er i a |2015
eton g u e r r)ereduzingidasnage
in South India.
Cor dy c e p|Laterpillars, grass- | Produces Proven potential against tea Charnley &
mi | it ar i |shoppers bioactive mosquito bug (He | o ppp.) tdolkns,
compounds to in tea plantations. 2007
kill insects
| sari a Whiteflies, Spores attach toand | ControlledB e mi s i a t|&bnsegaran
f umo s or o|shids germinate oninsect | (whitefly) in cotton and vege- | & Babu, 2019
(Wize) surface tables, mitigating viral dis-
ease spread.
Paeci | omyNematsdes, Parasitizes eggs Widely used to control root- Gurung &
I i | a(Bainiarlu |goot-infesting and juvenile knot nematodes Prakash,
pests stages of nematodes | (Me | o i dsopypy. n e 2021
vegetable and fruit crops.
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9 Optimal resistance

management strategies, and ongoing education

application  techniques,
and training ensure the effective utilization of
entomopathogenic fungi within IPM programs.

Case studies: Success stories of

entomopathogenic fungi in pest control
In a study conducted in

Karnataka, India,

researchers evaluated the field efficacy and safety

beetle mortality rates increasing with higher
concentrations of fungal spores. The successful
suppression of southern pine beetle populations by
M. ani dgh labaatory and field trials
highlights the potential of this indigenous fungus as
a biocontrol agent for managing forest pests in the

southern United States (Goble e t  280F)..

Limited popularity of entomopathogenic fungi

of indigenous strainsof Be a u v e r i agaimsta dnghie knghian market:

the bollworm (Pecti

g 0 s s y Pusck)la maor pest of Bt cotton crops.

pink

Using different formulations of B b a s s apied a

via standard spraying techniques, the researchers
observed significant reductions in pink bollworm
populations in treated plots compared to untreated
ones. Moreover, B . b a-treatad plotsashowed
lower levels of pest infestation and damage to
b a

biopesticides comparable to synthetic chemical

cotton bolls, with the efficacy of B .

pesticides commonly used for pink bollworm
control. Importantly, the study found that the use of
B .b a s s bi@esterides was safe for beneficial
insects and non-target organisms, highlighting its
potential as an environmentally friendly pest
in Bt cotton cultivation

2816)..

management strategy
(Prasannakumar e t

In a study conducted in the southern United
States,
researchers

particularly Louisiana and Mississippi,

investigated  the  efficacy  of

Met ar hi zi u mcoatmlling tbemduthem e

n OT%ehaao[)ti%n of entomopathogenic fungi in India

has been limited, despite their eco-friendly nature
and potential to reduce chemical pesticide use. One
of the primary challenges is the inconsistency in
product quality. Many commercially available
formulations suffer from low spore viability,
inadequate concentrations, and contamination with

non-target microorganisms. These issues often stem

S f?oin BoBr@ regulated manufacturing processes and

a lack of adherence to quality control standards.
Additionally, fungal biopesticides are sensitive to
environmental conditions, and improper storage
during distribution reduces their effectiveness.
Farmer awareness is another significant barrier.
Most farmers are unfamiliar with EPF products or
lack trust in their efficacy due to previous
experiences with substandard products. The limited
availability of extension services to educate farmers
about proper application techniques and the

benefits of EPF further hinders their acceptance.

Education and awareness: Farmers and

pine beetle(De nd r o c t o n Zimmermanm,n Eoﬂsbrﬁ-eé:’

a destructive pest of pine forests. Laboratory

experiments demonstrated high mortality rates of

southern pine beetles exposed to M. ani sopl

spores, indicating the pathogenicity of the fungus to
the target pest. Field trials further confirmed the
effectiveness of M. a n i doomplations e

reducing southern pine beetle populations, with

9 Education and awareness efforts play a crucial
the
en{orﬁogathogenic fungi by

role  in  facilitating adoption  of

farmers  and
consumers. Farmers and agricultural stakeholders
require access to accurate, science-based
information regarding the benefits, efficacy, and

application methods of these fungi.
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Dissemination of knowledge through extension
services, training programs, and outreach initiatives
is essential to build capacity among end-users.
Furthermore, on-farm demonstration trials and case
the
entomopathogenic fungi can increase confidence

studies  showcasing effectiveness  of
and trust among farmers, motivating adoption and
encouraging sustainable pest management practices.
Additionally, raising consumer awareness of the
and health

vital

environmental benefits of

biopesticides is for driving demand for
sustainably produced food products. Marketing
campaigns, eco-labeling initiatives, and consumer
education programs can effectively raise awareness
and promote the adoption of biopesticide-treated

crops in the marketplace.

Strategies to Strengthen the Value Chain for
Entomopathogenic Fungi

A comprehensive approach involving policy,
research, and market support is essential.

9 Regulatory frameworks must enforce stringent
quality control standards for production, ensuring
formulations meet minimum spore viability,
purity, and efficacy benchmarks.

1 Subsidies
manufacturers adhering to these standards could

and tax incentives for

encourage compliance.

1 Investments in research and development should
focus on creating resilient fungal strains that are
effective under diverse agro-climatic conditions,
along with user-friendly formulations.

9 Government-backed training programs and
extension services are needed to educate farmers
the

techniques of EPF.

about benefits and proper application

73

fTo
partnerships can establish cold chain networks to

streamline  distribution,  public-private
maintain product integrity during storage and

transportation.

1 Financial support schemes such as micro loans for

smallholder farmers to adopt biopesticides,
coupled with awareness campaigns, can boost

market demand.
Conclusion

Entomopathogenic fungi represent a promising
solution for sustainable pest management, offering
numerous advantages over conventional pesticides.
Their targeted control of specific pest species
minimizes harm to non-target organisms and
reduces the risk of pesticide resistance. Their
biodegradability and minimal impact on humans,
make them
With their
efficacy and versatility, entomopathogenic fungi

animals, and beneficial insects

environmentally friendly options.

can be utilized across various agricultural settings,

integrating seamlessly  with integrated pest
management strategies. Moreover, by preserving
natural enemies of pests and reducing reliance on
chemical pesticides, they contribute to biodiversity

conservation and ecosystem health. To realize the

full potential of biopesticides like
entomopathogenic ~ fungi,  collaboration  and
investment in research, regulatory support,
education, and awareness are essential. By

embracing biopesticides, we can pave the way for a
healthier and more sustainable future in agriculture,
ensuring the well-being of both current and future
generations.
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Abstract
Butterflies are often known for feeding on nectar, but it doesndt provide all the nutrients they need for

growth and reproduction. During an expedition in Arunachal Pradesh, India, we observed species feeding

on alternative sources like dung, carrion, and ash. These unusual diets supply essential nutrients such as

amino acids and minerals, allowing butterflies to thrive in nutrient-poor environments. Species like the

Paris peacock (P a p i | i) and Qraage daldeaf (K a | | i ma) displayadahlsel behaviors. By feeding

on decaying matter, butterflies play a role in nutrient recycling and ecosystem health. This study highlights

their adaptability and calls for further research into their ecological roles .

Keywords: Butterflies, coprophagous, saprophagous.

Introduction

Butterflies are often known for their vibrant colours
and delicate beauty, captivating enthusiasts and
researchers alike. While nectar provides butterflies
with essential sugars and some nutrients, it does not
supply all the nutrients required for their growth
and reproduction. Hence, nectar seekers often
engage in a behaviour known as mud-puddling,
where they gather in large groups to use their
proboscis to absorb fluids from sources like soil,
dung or carrion. In response, some butterflies have
evolved to exploit alternative food sources to meet
their nutritional needs (Beck et al. 1999). Dung and
decaying organic matter offer valuable nutrients,
such as amino acids, salts, and minerals, which are
often absent from nectar. These diets may also help
intestinal

them to establish

microbes. Understanding these atypical feeding

behaviours provides insight into the survival

strategies and ecological roles of butterflies.

Study area and observations

From July 31, 2024 to August 10, 2024, during the
monsoon season, we conducted an expedition for
butterflying and mothing in the Upper Siang and
Dibang Valley regions of Arunachal Pradesh, India.
This region, renowned for its rich biodiversity and
varied topography, offered a unique opportunity to
observe and document a wide range of butterfly and
moth species. The expedition took place across
diverse elevations, ranging from approximately 700
to 2000 meters above mean sea level. The varying
altitudes provided access to different ecological
zones, from subtropical to temperate, which are
for

crucial understanding the distribution of

butterfly species in this region.

During the expedition, several notable
butterfly species were encountered. Photographs
were taken using a Canon 70D camera to aid in
Field

carried out using standard butterfly and moth field

identification. identification was initially

guides and an online database about butterflies in
India (Kunte et al., 2024). For
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Figure: 1 & 2 Green Commodore butterfly exhibiting coprophagy; 3 Red Admiral butterfly

exhibiting coprophagy; 4 Orange oakleaf butterfly exhibiting saprophagy on dead snake; 5 Lycaenid
butterfly exhibiting mud puddling; 6 Red Helen butterfly exhibiting mud puddling; 7 Indian Nawab
butterfly exhibiting ash feeding; 8 Vagrant butterfly exhibiting ash feeding .

accurate identification, we consulted experts Mr. Fahim Khan, a lepidopteran enthusiast. During the
Sanjay Sondhi, a Dehradun-based naturalist and Mr.  expedition, several notable butterfly species were
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encountered, including Paris peacock (P a pi likethe Ny mphal i s ,Xeamti lsdkme | caa
p ai,iYellow Gorgon (Meandr us)andp angg an e s s aareikmownitocviit carrion and
White Dragontails (L a mp r o p t ¢ belanging u dedaying matter for nutrient supplementation
to the family Papilionidae, Orange oakleaf (K a | | i(Dmara, 2001; Dmura & Honda, 2003). Butterflies
i na g hAmker jungle queen (St i ¢ h o p hfdeding dn read reptiles may be more common in
s p ay Bl duke (Bas s ar o r,aVagmdnt regvaonments with scarce nectar sources. In such
(Vagr ans), ladipm sNaveeb (Ch ar a gasess alternative food sources, including dead
b har,atuiser (Vi ndul ) Sair (N € pt anisals, their

hyl) asl Large Yeoman (Ci r r o cahor) a weatritional requirements such as amino acids, salts,

become crucial for meeting

belonging to the family Nymphalidae and many
others. We observed them feeding on unusual diets.
While most butterflies are known for their reliance
on nectar, many species in this region were seen
feeding on alternative sources like animal dung
(Fig. 1, 2, 3), dead animals like snakes (Fig. 4),
mud puddling (Fig 5, 6), and even ash (Fig. 7, 8).

Dung feeding/coprophagous butterflies: Feeding
on dung is an adaptation observed in a few butterfly
species (Hewavitharana et al. 2013). By consuming
dung, butterflies gain nitrogen and other minerals
that
nectar sources. This adaptation enables them to

are otherwise scarce in their typical
thrive in environments where nectar is not readily
available or is of poor quality (Molleman et al.
2005; Ravenscraft & Boggs 2016). Species like
Her meuptychnd €o Ihelb unre Eave
been documented feeding on dung and
decomposing organic matter. These butterflies are
typically found in tropical and subtropical regions,
where dung is more accessible and decomposition
processes are more prevalent (Krenn et al. 2010).
The ability to utilize dung as a food source allows
these butterflies to supplement their diet and

enhance their survival and reproductive success.

dead
butterflies: Butterflies feeding on dead animals,

Feeding on animals/  saprophagous
including reptiles such as snakes, is an even more
unusual behaviour. While there are few documented

cases of butterflies consuming dead snakes, species

78

and minerals, which are not readily available from
their usual nectar sources (Laxmisha & Ramesh,
2023). This behaviour is particularly prevalent in
the
decomposition of large animals is more common,

tropical and subtropical regions, where

providing an accessible source of essential

nutrients.
Conclusions

The
particularly those involving dung and decaying

study of butterfly feeding behaviours,

organic matter, reveals a remarkable adaptability
and their resilience in the face of environmental
challenges. While nectar remains the primary food
source for most butterflies, the ability to utilize
alternative food sources such as dung and dead
animals highlights their ecological flexibility and
d survival estrategies. By breaking down and recycling
organic waste, these butterflies contribute to the
health and functioning of their habitats. Their
feeding behaviour aids in the decomposition
process, returning essential nutrients to the soil and

supporting plant growth.

Further research is needed to explore the full extent
of these unconventional feeding behaviours and
their butterfly
Investigating the nutritional benefits of feeding on

implications  for ecology.
dung and dead animals, as well as the specific
that

behaviours, will enhance our understanding of

environmental  conditions drive  such

Indian Entomologist | Jan 2025 | Vol 6 | Issue 1



butterfly adaptations and their roles in ecosystem
processes.

In summary, the diverse feeding behaviours
diet,
underscore the complexity and adaptability of these

of Dbutterflies, from nectar to unusual
fascinating creatures. Their ability to utilize a range
of food sources highlights their critical role in
maintaining ecological balance and provides

valuable insights into their survival strategies.
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Tasar silkworm rearing on kusum: A new approach
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Abstract
This study showcases the viability of rearing tropical tasar silkkworms (Ant her a e@) omKudum t t a
(Sc hl ei c h)etrees traditiomalty sisad for lac cultivation. The rearing process, from coupling to
harvesting, spanned approximately two months, yielding 31 cocoons per tree. In future integration tasar
rearing with lac production on Kusum trees presents a lucrative opportunity for rural and tribal
communities, with added benefits like silkworm excreta-based dye extraction. This eco-friendly approach
fosters a circular economy, generating a new income stream for farmers.
Keywords: Tasar silkworm, Kusum, lac -cultivation, sustainable agriculture, sericulture, rural
development.

Tropical tasar silkworm, Ant h e r a el&, is ey Henefits exéend far beyond this. It holds significant

key source of tasar silk. Traditional rearing relies on ) )
y g Table 1: The lifecycle of tasar silkworm on

specific primary food plants, but the search for kusum.
alternative host plants could increase production Stage Date /Stadium
and sustainability. Date of Coupling 01.11.2023
. Date of hatching 11.11.2023
Tasar Silkworm Food Plants -
) ] Incubation 10 Days
Tasar silkworms feed on a variety of plants,
. . . ) I Instar 5 Days
categorized into primary, secondary and tertiary.
. . . _ I moult 16.11.2023
Primary food plants include Ter mi nal i & atruna
(Arjun) Terminal i a tAsampe nt-os Ijlnstar > days
Jam. _ _ 7 7 T moult 21.11.2023
Lager str oe@aub and plecrn eoas arrobusta
) . Il Instar 7 days
(Sal), which silkworms prefer. Secondary and
] ) Il moult 28.11.2023
tertiary plants are those where silkworms can
] ) i ) IV Instar 9 days
survive but are not typically the first choice.
IV moult 07.12.2023
Exploring Kusum for Tasar Silkworms V Instar 12 days
Kusum (Schl ei chgisa vesdile tree a Spinning 7 days
traditionally valued for lac cultivation, but its Harvesting 10.01.2024
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Figure 1: Tropical Tasar Silkworm rearing on Kusum Tree (A. Kusum tree, B. Brushed worms, C.

Molting process of worms, D. Chawki worm E&F. Mature worms, G&H. Cocoons intact with

kusum leaves.)

pharmacological potential, exhibiting anticancer,
antioxidant, and antimicrobial properties, which
could lead to new medical applications. In addition,
Kusum offers promise for biodiesel production,
with its biodiesel having a higher cetane number
than petroleum diesel, positioning it as a viable
alternative fuel. Moreover, its low tannin levels
make it safe for use as livestock feed, further
demonstrating its wide-ranging utility.

Nadaf et al. (2022) reported that lac cultivation
could be integrated with tasar culture, given that
Zi zi phus sarvasasracommoa Imos plant
for both lac insects and tasar silkworms. However,
Kusum (S . o)lhal aos keen considered a food
plant for the Daba ecorace of tropical tasar
silkworms. This perception changed when the Basic
Seed Multiplication and Training Centre (BSMTC)
in Bastar, operating under the Basic Tasar
Silkworm Seed Organization (BTSSO) of Central
Silk Board, conducted rearing trials with tasar
silkworms on Kusum for the first time.

Integrating Tasar Silk and Lac Production

Kusum has long been a host plant for lac insects. Its
potential as a food plant for tasar silkworms has
been studied by the Basic Seed Multiplication and

81

Training Center (BSMTC) in Bastar where the 2
disease free layings (DFL) were bushed on
11.11.2023 on 20 year old tree.

Observations

It was observed that the first instar (larval stage)
lasted for 5 days, from 11.11.2023 to 16.11.2023,
followed by the first moult on 16.11.2023. The
second instar also lasted 5 days, from 16.11.2023 to
21.11.2023, ending with the second moult on
21.11.2023. The third instar had a longer duration
of 7 days, from 21.11.2023 to 28.11.2023, with the
third moult occurring on 28.11.2023. The IV instar
stage lasted 9 days, from 28.11.2023 to 07.12.2023,
followed by the fourth moult on 07.12.2023. The
fifth instar was the longest, lasted 12 days, from
07.12.2023 to 19.12.2023 and it was the final larval
stage before the silkworms began spinning cocoons
which lasted for 7 days, from 19.12.2023 to
26.12.2023. The fully formed cocoons were
harvested on 10.01.2024 (Table).

The key observations were as follows:

1 Incubation period was observed from 01.11.2023
to 11.11.2023 (10 days) while the
development spanned approximately 38 days,

larval

culminating in the spinning stage.
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9 The longest instar was the fifth, lasting 12 days,
while the first and second instars were the
shortest, each lasting 5 days.

9 After the spinning stage, harvested the cocoons
when matured.

11 Successful trials yielded 31 cocoons from a single

tree.
9 Cocoons were intact with kusum leaves.

9 Further excreta of worms were used for the dye
extraction studies. Need to draw a proper time
schedule for the both the crops (Lac and Tasar).

Conclusion

The study demonstrated that Kusum trees (S .

o | e)oae a suitable food source for rearing
tropical tasar silkworms (Daba ecorace), with the
entire rearing process, from coupling to cocoon
harvesting, taking approximately four months. The
larval development lasted about 38 days, with the
longest instar (fifth) lasting 12 days and the shortest
(first and second) each lasting 5 days. Successful
trials yielded 31 cocoons from a single Kusum tree,
confirming the feasibility of this approach.
Typically, primary food plants produce a yield of
45-50 cocoons per DFL. While kusum's yield may
be lower, it offers supplementary income without
incremental input costs. Furthermore, when
integrated with lac cultivation, kusum demonstrates
significant profitability for rearers. These results
suggest that integrating tasar rearing with Kusum-
based lac production could provide a sustainable
for rural and tribal

and profitable model
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with  the
innovative applications such as using silkworm

communities, added potential for
excreta for dye extraction. Further research and
larger-scale trials are needed to optimize conditions
and assess the broader socio-economic impact of

this method.

Future Scope
Given the success of this study, several future

research directions can be considered like
conducting larger-scale trials in different regions to
validate the results and understand any

geographical variations, exploring factors like tree
density, climate conditions, and leaf quality to
maximize cocoon Yyield and quality, investigating
the potential to integrate tasar rearing with lac
cultivation on the same Kusum trees, providing
farmers with multiple revenue streams, further
study into the potential uses of silk streams, further
study into the potential uses of silkworm excreta for
dye extraction and other applications, promoting a
circular economy and assessing the socio-economic
impact of introducing this cultivation method to
rural and tribal communities, with a focus on
sustainable income generation.

Reference:

Nadaf H. A., G. V. Vishaka, K. Sathyanarayana, M.
Chandrashekharaiah, M. S. Rathore, N. Balaji
Chowdary, Bommireddy Thirupam Reddy and C.
Selvaraj (2022) Integrated Farming SystemTA key
to sustainable livelihood in Tasar Sericulture. J .
Z 025,12301-2B18.d i

Exp. a

Indian Entomologist | Jan 2025 | Vol 6 | Issue 1



I | Indian Ertomolosis

Anar butterfly, Deudorix isocrates (Fab.) found feeding
on kusum fruits

B. Thirupam Reddy™*, N. N. Rajgopal® and T. Selvakumar®

'Basic Seed Multiplication and Training Centre, Central Silk Board, Bastar, Chhattisgarh, India.
?ICAR-National Bureau of Agricultural Insect Resources, Bengaluru, Karnataka, India.
*Basic Tasar Silkworm Seed Organisation, Central Silk Board, Bilaspur, India

*Correspondence author: btreddy.csb@nic.in

The Kusum tree (Sc h 1 e i c h)is ahighyl
valued species, offering a wide range of benefits

aoaree af propagation and are viable mostly if sown
freshly after collection (Saha et al., 2010).
that span economic and agricultural contributions,

The butterfly species Deudor i X i s

medicinal  applications, and  environmental
Its the

production of lac (Non-Timber Forest Products) a

(Fab.), commonly referred to as the pomegranate/

sustainability. cultivation  supports

anar butterfly or common guava blue, is a
significant pest of fruit-bearing trees, causing
substantial damage to its host plants.
I(A%onymous 2024; Gundappa et al., 2017; Singh
and Kaur 2016; Homkar 2009; Tiwari et al., 2008;
Haseeb and Sharma 2007; Rao 1992). The primary

damage is caused by the larvae by boring into the

valuable resin used in varnishes, adhesives, and
other products secreted by the species of Ke r.r
The lac produced from the kusum tree is commonly
called k u s latiwith two crop cycles Jethwi and
Aghani, and is a significant source of income for

rural communities in India. . i . .
fruits, which leads to secondary infections and

lac cultivation kusum tree

Apart from
provides fruits that are edible and consumed locally,
low tannin levels in leaves and fruit residues make
it a good animal fodder, oil extracted from Kusum
seeds can be converted into biodiesel, fuel-wood,
timber, and medicinal benefits with anticancer,

causes deformed fruits, fruit decay, premature fruit
drop and ultimately feeding on seeds will also cause
reduction in its viability, sometimes it may cause of
germination failure which has negative impact on
future plant propagation efforts.

Anar butterfly has wide range of larval host plants

antioxidant, antimicrobial properties and is used in such as, Ta mar i n d (Fsbacdaeh &t ¢ & c h n ¢

traditional medicine to treat ailments such as skin Pun, cPRAuni
Psi di

(Myrtaceae). Er i obotrya

ca

gu
j apo,ni caé

n ww o mi labganiaceae).

diseases, digestive issues, and fever for both g r a n a t (Lythraceae). um
humans and livestock, it also provides habitat and
food for various wildlife species, contributing to Pr unus, Pdwlnaiss, Bgrgs ca omm

biodiversity conservation. Its multifaceted uses (Rosaceae). Cat unar e g a @a tnuuntaarnesg
make it integral to rural livelihoods and ecological
balance (Sarkar et al., 2022). The k u s urees

generally flower during the onset of the dry season

spi nGaradeni a ,gammiene ma | a

RandTliaami | nadi 4Rubiadear).gd i ntorsuas

Citrus X , @iutrrand i, bmh me n § a

(January-February) and fruiting takes place aci di,lsismonmi a eNampihmgit uor e

(Rutaceae) (Bell 1920; Woynter-Blyth 1957;
Robinson et al., 2010; Nitin et al., 2018).

during March-April and fruits ripen during the
month of July-August. The seeds are the major
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Fig. 1: A. Kusum tree. B. Fruit bunches with infested fruits; C. Damaged fruits with characteristic
circular bore holes; D. Larvae feeding on healthy fruit; E. Comparison of healthy and damaged
fruits; F. Larva feeding on internal contents; G. Pupa; H. Freshly emerged adult.

In the month of April, 2024 during field damage was characterized by complete feeding of
observations at the Basic Seed Multiplication and the internal contents or seed/ kernel by the larvae,
Training Centre, Central Silk Board, Bastar, leaving behind circular exit holes on the outer rind
Chhattisgarh. We observed a n aButterfly larvae of the fruit (Fig. 1). Each fruit was affected by a
(Deudor i x) féeeding onrimmatirs k u s usingle larva. When the larva fully penetrates the
fruits. Some fruits exhibited signs of damage, with  fruit, it seals the entry hole with its anal end. The
larvae feeding on them, circular bore holes, field laboratory photographs of the different life
premature drying and dropping of the fruits. The stages and damaging symptoms were captured.
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