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ABSTRACT

West Bengal is considered a large producer state of rice in India with an output of nearly 55.48% of total
crop production of Bengal. In West Bengal, rice has grown in three different cropping seasons such as Aus
(autumn rice), Aman (winter rice) and Boro (summer rice), contributing about 20.69% to the total net State
Domestic Product (SDP). Rice production in West Bengal hampered by many biotic stresses mostly by
stem borers [Scirphophaga incertulas (Walker, 1863), Sesamia inference (Walker, 1856), Chilo polychrysus
(Meyrick, 1932), Chilo suppressalis (Meyrick, 1863)] leaf folder [Craphalocrocis medinalis (Guenee,
1854)], plant hoppers [Nilaparvata lugens (Stal, 1854), Sogatella furcifera (Horvath, 1899)], leaf hoppers
[Nephotettix virescens (Distant, 1908), Nephotettix nigropictus (Stal, 1870)], rice hispa [Dicladispa armigera
(Olivier, 1808)], rice bugs [Leptocorisa acuta (Thunberg, 1783), Leptocorisa oratorius (Fabricius, 1794),
Brevennia rehi (Lindinger, 1943)], gall midge [Orseolia oryzae (Wood-Mason, 1889)], etc. Demographic
parameter has shown that rice pests are greatly affecting rice host either caused directly by creating dead
heart (DH), hopperburn, onion leaf, silver shoot during different stages of harvesting or by indirectly
transmitting grassy stunt virus (RGSV), rice ragged stunt virus (RRSV), rice tungro viruses (RTV),
rice tungro bacilliform virus (RTBV) etc. resulting 9.5% production loss. For minimize the infestation
farmers use different rice varieties which provide resistance effect in pest population. For controlling rice
pest population farmers mostly use chemical insecticide [e.g. fipronil, acephate, fipronil, monocrotophos]
which exhibit good results against rice pests. Beside those other techniques including using biological and
biochemical pesticides [neem oil, karanj oil, mahua oil, conidial suspension of M. anisopliae], pheromones
[(Z)-11-hexadecinal, (Z)-9-hexadecenal], allomones [S: 1 mixture of 2-(E)-octenyl acetate and octanol
3-octenal], cultutal methods [synchronized planting, using of trap crop etc.] are effective for controlling
rice pests. The population ecology based sustainable management of such pest species will support E?
strategy [Ecosystem service-based ecological engineering for ecological pest management (ESS-EE-EPM)]
of pest management for successful cultivation of rice in the near future.

Key words: Oryza sativa, state domestic product (SDP), West Bengal biotic stresses, sustainable management,
E? strategy, chemical, pests, status, cultural, biopesticides, biological resistant variety, pheromones, population
based control

Rice (Oryza sativa L., Gramineae or Poaceae,
2n=24) continues to remain as the staple food of West
Bengal by contributing approximately 55.48% of
total crop production (Adhikari et al., 2012; Bag et
al., 2011; Dey et al., 2005). Several limiting factors
such as flood, pest infestation, damage by animal and
human activity causing yield loss thereby narrow down
the profit of Bengal farmer (Dutta and Roy, 2022; Bag
et al., 2011). Among them insect pests have appeared
as the most important limiting factors during pre- and
post-harvest stage of rice cultivation (Arora et al., 2019;

Adhikari et al., 2019). For controlling rice insect pest
in Bengal, farmers have been most frequently using
synthetic pesticides in broad-spectrum which shown
good efficacy against herbivorous insect pests (Adhikari
et al., 2019; Tigga et al., 2018). Besides that, using of
biochemical pesticides, biological agents, pheromone
trap, repallent allomone, cultural strategies and several
other modern strategies like selection of high yielding
resistant varieties, sterile male technique by irradiation
or genetically engineered pests in management of
respective pest species in the field also shown good result
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for controlling rice insect pests (Sankar and Rani, 2018;
Gunawardena and Bandumathie, 1993; Padhan and
Raghuraman, 2018). All of these management processes
have imparted negative impact also (Chatterjee et al.,
2008). Sometime pest polulation create resistance
against applied pesticide and also these pesticide tagets
benifitial faunal biodiversity (pollinators, natural enemy
of pest etc.) which create distabilizing agro ecosystem
(Keary, 2023; Roy, 2020, 2021, 2022). Beside it has
observed that all of rice pest management techniques
did not consider economic threshold levels (ETLs) limit
for pest that create ecological imbalance (Carvalho,
2017; Mobarak et al., 2020). These result into secondary
pest outbreak, pest resurgence, and emergence of new
pest biotypes, distabilized prey (rice pest)-predator
(natural enemy of rice pest) stability, which ultimately
leads regulatory complications with several constrains
and limitations on the agro ecosystem (Dutta and Roy,
2016; Kakde and Patel, 2018; Kakde et al., 2014;
Jeevanandham et al., 2020; Chavez et al., 2018; Roy,
2020, 2021). Therefore, this study emphasis that the
life cycle of major rice pests, their active and passive
infestation and their management that will very helpful
to point out a possible scope for sustainable ecological
management towards climate smart pest management
(CSPM) through supporting E® strategy [Ecosystem
service-based Ecological engineering for Ecological
pest management (ESS-EE-EPM)] of pest management
for successful cultivation of rice crop in the near future.

Status of cultivation

Agriculture is the leading occupation of West Bengal
and rice is the state's principal food crop (Chatterjee et
al., 2008; Adhikari et al., 2012). Rice cultivation in West
Bengal has occurred in diversified ecosystems such as
irrigated, upland, rainfed low land, semi deep water
and deep water as well as coastal saline regions in three
different cropping seasons, [Aus (autumn rice), Aman
(winter rice) and Boro (summer rice)] (Dhaliwal et al.,
2010; Azgar and Hembram, 2018; Aryal et al., 2018).
Rice was cultivated 61% of the total geographical area
in West Bengal, contributing about 20.69% of State
Domestic Product (Adak et al., 2020). Rice in West
Bengal generally cultivated in three different seasons
Boro, Aus and Aman crop season (Dutta and Roy,
2022; Bag et al., 2011). Six different agro-climatic
zones (Northern Hill Zone, Terai-Teesta Alluvial
Zone, Gangetic Alluvial Zone, Red and Laterite Zone,
Vindhya Alluvial Zone, Coastal Salaine Zone) of West
Bengal is a producer of high yielding (Annada, Jamini,
Bhupen, IR 36, IR 64, and IR 22 etc.), traditional or local
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(Bhadoi, Kabiraj Sal, and Shatia etc.), and aromatic
rice varieties [Basmati, Badsabhog, Gobindabhog,
Tulaipanji, etc.] (Bag et al., 2011; Mandal et al., 2022;
Chatterjee et al., 2008; Dutta and Roy, 2022). This
rice production was mostly hampered by insect pest
infestation, accounted 7.37% of total rice production
(Ghosh et al., 2015; Aryal et al., 2018) (Table 1, 2).

Status of rice insect pests

At the present agricultural scenario, loss in
production of rice crop is due to a variety of major insect
pest infestation (Chakraborty and Deb, 2012; Ghule
et al., 2008). Generally, the crop loss at the farm level
during pre and post harvest level occurred by major
insect pests like stem borers, gall midge, plant hoppers,
leaf folders, rice hispa, and rice bug etc. (Sarkar et al.,
2016; Chakraborty and Deb, 2012) (Table 1, 2).

A. Stem borers

The rice production in West Bengal mostly hamperd
by infestation causing Lepidopteran stem borer species
which include yellow stem borer (YSB), Scirphophaga
incertulas (Walker, 1863) (Lepidoptera: Pyralidae),
pink stem borer (PSB), Sesamia inference (Walker,
1856) (Lepidoptera: Pyralidae), stripped stem borer
(SSB) Chilo suppressalis (Meyrick, 1863) (Lepidoptera:
Pyralidae), dark headed stem borer (DHSB) Chilo
polychrysus (Meyrick, 1932) (Lepidoptera: Pyralidae),
(Shivasharanappa et al., 2010; Dutta and Roy, 2022;
Chakraborty, 2012). Scirphophaga incertulas (Walker)
encompasses egg, 5-6 instars larvae, pre- pupa, pupa
and adult during their life cycle (Hamsein et al., 2020;
Dutta and Roy, 2018b). Sesamia inference (Walker)
encompasses egg, 6-8 instars larvae, pre pupa, pupa
and adult during their life cycle (Baladhiya et al.,
2018; Jeevanandham et al., 2020). Chilo suppressalis
(Meyrick) has passed egg, 4 instars larvae, pupa to
become full grown adult (Pathak and. Khan, 1994;
Dutta and Roy, 2022). Chilo polychrysus (Meyrick)
also shown same development pattern except 3 instars
larva has shown instead of 4 instars of larva (Bhatt et
al., 2018; Luo et al., 2016). Damage caused by stem
borer has encounted due to internodal penetration by
newly hatched larva during vegetative phase specially
in booting or flowering stage which remain inside or
behind leaf sheath in groups and feed on the epidermal
layer of leaf sheath formation of oblong holes in parallel
rows in the unfolded leaves as a result central leaf turns
brownish, a condition known as ‘Dead Heart” (DH)
(Bhatt et al., 2018; Pathak and Khan, 1994). When
infestation was severe resulting folding of older rice
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leaves longitudinally with the abaxial surface inside
the folds, while younger instars partially rolled the leaf
edges and folds were made along the middle portion
of upper leaves with drying off central leaf which
turn into whitish in colour and condition is known as
‘White Ears or White Head” (WH) (Baladhiya et al.,
2018). Agrosystem analysis estimated that economic
threshold level was 5 to 10% damaged tillers for
Scirphophaga incertulas (Walker) and 1.9-3.0% white
heads for Sesamia inference (Walker) whereas 2-8%
hill or damage tillers for Chilo suppressalis (Meyrick)
while 5% dead hearts recorded for Chilo polychrysus
(Meyrick) (Asghar et al., 2009; Cork et al., 1998). Stem
borers activity mostly has been recorded mostly on rice,
beside that they also aggregate on wild grasses like
Paniculums sp., Echinochloa sp., Cyperus sp., Dactylis
sp., Scirpus sp., Saccharum sp. etc. grown in and around
crop fields (Bhatt et al., 2018; Dutta and Roy, 2018b;
Jeevanandham et al., 2020).

B. Leaf folder

Rice leaf folder, Cnaphalocrocis medinalis (Guenee,
1854) (Lepidoptera: Pyralidae) were predominant
defoliator pests during nursery to harvest (Bhatt et al.,
2018). It encompasses egg, 5-6 larval instars, pupa and
adult (Gangwar, 2015). Damage generally done due
to voracious feeding by fourth and fifth instar inside
leaf by scrapping the green mesophyll tissue of upper
epidermis but the lower epidermis becomes dry and
falls off and longitudinal folding of leaves by stitching
the leaf margins with the help of salivary secretions
(Padmavathi et al., 2012). Within the folded leaves
reduction in chlorophyll content occur, influencing
on photo-system II activity in photophosphorylation
process in photosynthesis resulting membranous
patches resulting in scorching and drying of the leaves
which ultimately affecting in plant growth and reduce
yield (Pathak and Khan, 1994). Beside that faccal matter
of insect inside the folded leaf can cause development
of fungal and bacterial infections (Bhatt et al., 2018).
Researches have shown that economic threshold
level which are 3% folded leaves or 0.2-5 adult per
hill (Asghar et al., 2009). This deleterious leaf folder
mainly infested rice with that they aggregated on plant
like maize, Panicum decompositum, Leersia hexandra,
Echinochloa crusgalli, Leptochloa chinensis, Isachne
dispar, Eleusine coracana, and Pennisetum typhoides
(Hurali et al., 2020; Asghar et al., 2009).

C. Planthopper
Herbivorous sap-feeding homopterans brown
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plant hopper (BPH) Nilaparvata lugens (Stal, 1854)
(Hemiptera: Delphacidae) and white backed plant
hopper (WBPH) Sogatella furcifera (Horvath, 1899)
(Hemiptera: Delphacidae) have posed a serious threat
in summer Amon rice of Bengal (Matharu and Tanwar,
2020). Generally, two morphological types of plant
hopper, macropterous and brachypterous have noticed in
agrosystem (Catindig et al., 2009). Both morphological
types of N. lugens (Stal) and S. furcifera (Horvath)
encompass egg, six nymphal stages and adult (Bottrell
and Schoenly, 2012). Damages caused by nymphs and
adults of N. lugens (Stal.) and S. furcifera (Horvath)
actively in growing plants during tillering stage and
flowering stage by sucking phloem sap from stem
and leaf sheath resulting yellowing of leaves and by
ovipositional activity during booting and heading stages
causing damage to plant tissue (Catindig et al., 2009;
Bhatt et al., 2018). Severe infestation results complete
drying of the plants, known as hopperburn (Kaur et
al., 2015; Catindig et al., 2009). Feeding punctures
and lacerations caused by ovipositor predispose of
white-backed planthopper on plants to pathogenic
organisms and honey dew excretion encourages the
growth of sooty mould such as Cladosporium sp. and
Dematium sp. (Kaur et al., 2015). Passively N. lugens
(Stal.) can damage by transmitting Rice grassy stunt
virus (RGSV) and rice ragged stunt virus (RRSV)
result in rice yellowing syndrome (RYS) in rice
(Bottrell and Schoenly, 2012). Similarly, S. furcifera
(Horvath) act as an important vector of fiji virus,
Southern rice black-streaked dwarf virus (SRBSDV)
causing of Southern rice black-streaked dwarf disease
(Bhatt et al., 2018). ETLs have encounted for brown
planthopper 3-8 nymphs/hill (Matharu and Tanwar,
2020) whereas 4% hopperburn or 10-20 hoppers/ hill
have recordedfor white-backed planthopper (Bhatt et
al., 2018). Generally, the rice is considering the best
suitable host system for planthopper development but
they had also aggregate on a weed Leersia sp., Digitaria
sp., Echinochloa sp., Isachne globosa, Poa annua, Poa
repens (Bhatt et al., 2018; Matharu and Tanwar, 2020).

D. Leafhopper

The rice green leafthoppers (GLHs) Nephotettix
virescens (Distant, 1908) and Nephotettix nigropictus
(Stal, 1870) (Hemiptera: Cicadellidae) have considered
another devastating herbivorous pest of Kharif
crop season (Bhatt et al., 2018). During life cycle it
encompasses Egg, five instars nymph and adult stages
(Dey, 2016). Damage mainly cause by either directly
with their needle shaped piercing and sucking mouth
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part sucking the sap and plugging the vascular bundles
(xylem and phloem) with their feeding stylet sheaths
results in wilting and pieces of tissue pushed into these
vessels during exploratory feeding and oviposition or
indirectly by transmitting virus diseases during feeding
caused by Rice Tungro Viruses (RTV), Rice Tungro
Bacilliform Virus (RTBV), Rice Tungro Spherical
Virus (RTSV), Rice Waika Virus (RWV), Rice dwarf
virus (RDV) responsible for Milder Tungro symptoms,
Mild stunting Symptoms Wilting, Dwarf syndrome,
Transitory yellowing syndrome, Yellow dwarf
syndrome and Yellow-orange leaf symptom and also
transmit fungal and bacterial infection responsible for
Sooty Moulds in infected plant (Pathak and Khan, 1994;
Dey, 2016). Economic threshold level of leathopper
has found 10+ 9 insects per hill (Sabale et al., 2010).
Generally, the rice is considering the best suitable host
system for planthopper development but they had also
aggregate on Leersia sp., Digitaria sp., Echinochloa
Sp., Isachne globosa, Poa annua, and Panicum repens
etc. (Sarao and Bentur, 2018; Dey, 2016).

E. Rice hispa

The rice hispa or spiny beetle, Dicladispa armigera
(Olivier, 1808) (Coleoptera: Chrysomelidae), has
occupied a status of major pest of boro rice cultivation
(Bhattacharjee and Ray, 2017). This pest encompasses
egg, four instars larva or grubs, pupa and adult during
their development (Igbal et al., 2015).During vegetative
stage of plant, the grubs feed upon the chlorophyll
content of leaves and leaves became dry and give rise
to blisters or blotches (Bhattacharjee and Ray, 2017).
Adults also damaged through scrapping the upper and
lower surfaces of leaves result in white streaks parallel
to the midrib of leaves (Igbal et al., 2015). During
infestation photosynthetic activity of the leaves gets
affected and leaves became dry and give rise blisters
and blotches or burned appearance on surface of leaves
with parallel white lines on the leaf surface (Rahaman
etal., 2020). It has reported that ETL of this delitorious
pest recorded 2 damaged leaves/plant or 1-2 adults/hill
(Igbal et al., 2015). This notorious pest also aggregated
on Andropogon gayanus, Sorghum halepense, Imperata
cylindrica and Themeda anathera (Rahaman et al.,
2020).

F. Rice bug

The rice bugs have considered prevalent major
pests for rainfed wetland or upland rice belong to
Leptocorisa sp., Brevennia rehi (Lindinger, 1943) (Rath
et al., 2020a, 2020b). Leptocorisa acuta (Thunberg,
1783) (Hemiptera: Alydidae) and Leptocorisa
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oratorius (Fabricius, 1794) (Hemiptera: Alydidae)
are known as Gundhi Bug (GB) due to releasing of
characteristic graceless, bothersome, incursive odour
on inciting caused by chemicals released from the bug’s
abdominal glands (Dutta et al., 2020). Rice Mealy Bugs
(RMB), Brevennia rehi (Lindinger, 1943) (Hemiptera:
Pseudococcidae) are plant-sucking, sporadic insect
pest of rainfed rice (Bhatt et al., 2018). Life cycle of
Leptocorisa oratorius (Fabricius) include egg, five
nymphal stage and adult (Khare and Prakash, 2020;
Arora et al., 2019) but Leptocorisa acuta (Thunberg)
also shown developmental stages except they have
six nymphal stages instead of five stages (Dutta and
Roy, 2016, 2018a). Brevennia rehi (Lindinger, 1943)
has encompassed egg, four nymphal instars and adult
during their development (Bhatt et al., 2018; Pathak
and Khan, 1994). Damage occurs generally during
milk stage to dough stageby nymphs and adults of L.
acuta (Thunberg) and L. oratorius (Fabricius) through
piercing and sucking mouth part suck up the milky
juice of the developing rice grains resulting partially
filled grains (Dutta and Roy, 2016, Khare and Prakash,
2020; Dutta et al., 2020). Severe infestation resulting
chaffy and empty grains remain small in size (Bhatt et
al., 2018). The L. acuta (Thunberg) and L. oratorius
(Fabricius) passively transmit Sarocladium oryzae and
S. attenuatum, the cause of sheath rot disease which
results in damaging of the panicle of the rice plant and
infected plant may not produce rice grains (Arora et
al., 2019). Economic threshold level has encounted for
L. acuta (Thunberg) 2 bugs/ m?or 2 adults/ hill (Dutta
et al., 2020) whereas that level for L. oratorius was
0.5-1 individuals (adult and nymph)/ hill (Bhatt et al.,
2018). Similarly, damages occur by B. rehi (Lindinger)
by both nymphs and adults feed by sucking the sap
from stems and leaf sheaths resulting leaves become
yellowish, dried off, and curled (Bhatt et al., 2018). The
infestation also affects the panicle-bearing capacity of
plant and produces chaffy grains and also stunting and
wilting infected plant leading growth and development
of the affected plant with that infested fields show
isolated patches of stunted plants (Rath et al., 2020b).
Presence of this bug well marked by protruding white
waxy fluff between the leaf sheath and the stem and
mealybug-infested grains have not developed properly,
having bitter taste with spoil, flavour (Pathak and
Khan, 1994). Passively this insect pest is also known to
transmit chlorotic streak virus and Sarocladium oryzae
responsible for sheath rot disease (Bhatt et al., 2018).
Economic threshold level of B. rehi (Lindinger) has
estimated 3-5% affected tillers (Rath et al., 2020b).
L. acuta (Thunberg), L. oratorius (Fabricius) and B. rehi
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(Lindinger) are generally aggregated on rice host (Oryza
sativa) beside that they also aggregated on non rice
hosts also like, Echinochloa glabrescens, Paspalidium
flavidum, Paspalum scrobiculatum, Echinochloa
crusgalli, Echinochloa colona, Paniculum spp. Cyperus
sp. (Dutta and Roy, 2018a; Rath et al., 2020b).

G. Gall midge

Asian rice gall midge, Orseolia oryzae (Wood-
Mason, 1889) (Cecidomyiidae: Diptera) were considered
as one of the major destructive pests of lowland to
upland rice (Nacro et al., 1996). Development of
0. oryzae (Wood-Mason) involves egg, three larval
instars, pupa and adult completed in 15-34 days (Ogah
and Nwilene, 2017). Gravid females are laid tubular
or rod-shaped eggs in vicinity of plant below or above
ligules, on leaf blade, central whorl, standing water
near the plant (Mathur and Rajamani, 1984).Infestation
by O. oryzae (Wood-Mason)has seen from nursery to
the tillering stage (Bhatt et al., 2018). Larvae enter the
shoot apex and larval feeding secretes a chemical known
as cecidogen from its saliva which affecting nutrient
supply and resulting central leaf elongation and tubular
gall-like structure is formed, resembles as “onion leaf”’
beside that due to larval feeding on the meristematic
tissue of terminal and auxiliary shoot apices resulting
in gall formation the characteristic symptom is known
as “silver shoot” due to the shiny appearance of the
leaf (Ogah and Nwilene, 2017). Through mathametical
model that ETLs are 5-10% onion shoots or silver shoot
(Bhatt et al., 2018; Kumari et al., 2020). Rice Oryza
sativa has considered as most favourable host but this
pest also aggregated in Cynodon dactylon, Echinochloa
colona, Paspalum scrobiculatum, Brachiaria mutica,
Heteropogon contortus, Paspalidium geminatum and
Leersia hexandra (Bhatt et al., 2018).

H. Other pests

There are other insect pests of rice in West
Bengal having regional significance such as army
worm Mythimna separate (Walker), grasshoppers
Hieroglyphus banian (Fabricius), white stem borer
Scirpophaga innotata (Walker) and rice thrips
Stenchaetothrips biformis (Bagnall), etc. (Chatterjee
et al., 2008).

Management strategies (Table 3)

In this modern era with increasing human population
there is a need to increase rice production per unit
of land through sustainable management strategies
(Dutta et al., 2021; Chavez et al., 2018). To minimize
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yield losses and to increased productivity farmers use
different management strategies with minimum cost to
control pest population in agro ecosystem as described
below (Roy, 2019a, 2019b; Kunal et al., 2020).

A. Chemical control

Most popular method used by farmers for controlling
insect rice pest was through using synthetic chemical
pesticide (Roy, 2019a, 2019b). Application of aquous
or oily spray of fenvalrate, acephate, quinalphos,
cartap hydrochloride, flubendiamide, carbofuran,
carbosulfan, chlorantraniliprole, fipronil, thiamethoxam,
chlorpyrifos, spinosad, and N-((2,6-dimethyl-4-
(heptafluoropropyl-2-yl)phenyl) carbamoyl)-2,6-
difluorobenzamide has shown best efficacy against adult
and larva of rice leaf folder, gall midge, planthopper,
leathopper, gandhi bug, mealybug and stem borers
(Shyamrao and Raghuraman, 2019; Dutta and Roy,
2022; Zhao et al., 2019; Baladhiya et al., 2018).
Application of soil granular formulation of diazinon,
propaphos, endrin chlorfenvinphos, disulfoton, padan,
deltamethrin, propenphos, propenphos, chlopyriphos,
monocrotophos, imidacloprid, buprofezin, cycloxaprid,
pymetrozine, sulfoxaflor, indoxacarb, flonicamid,
malathion, dimethoate, phosphamidon, dinotefurain,
chlorpyriphos, cypermethrin, lindane, triazophos,
spinosad, rynaxypyr, and endosulfan during sedling
plantation have shown good result for managing adult
and larval incidence caused by major insect pests
(Dutta and Roy, 2022; Zhao et al., 2019; Achiri et al.,
2020; Matharu and Tanwar, 2020; Hurali et al., 2020;
Luo et al., 2023; Adhikari et al., 2019; Bhattacharjee
and Ray, 2017; Gupta et al., 2019; Kumari et al., 2020;
Adhikari et al., 2019). Monocrotophos, imidacloprid,
and triazophos were most economical on basis of cost
benefit ratio (CBR) (Tigga et al., 2018; Adhikari et al.,
2019).

B. Cultural control

For controlling deleterious rice pests, popular
mechanical and cultural techniques used by farmers
was based on crop sanitation because in most of casees
it has observed that source of infestation occurred
by egg, larva and adult of phytophagous rice insect
pests that persist during seedlings (Ayelo et al., 2021).
Another popular method was based on plant quarantine
technique which includes raising crop nurseries away
from light source avoids the early infestation have
done by rice insect pests (Seleiman et al., 2021). Most
commonly used crop sanitation technique are seed
soaking with fertilizer along with insecticide, clipping



309

Bioecology and management of major insect pests of rice in West Bengal

S Dutta et al.

(‘prod)

‘L “le10 o eo13oj01g sisua3up33ull “1eA saoduioyda.g Jo yonpoid] (NO[) uroAwSuedurf
10T 1 O [ed150]01 AR p opu !
) . *039 “[10 WU “[10 (sna.wo vydo.yvyr) eydonel ‘(1o (rumy.mvw . s
020z 123 fey S[eotuEIod uv3odoquiA)) esorewed ‘(opundau x231,4) IYOIOU ‘WU JO JOBIXS IPNID JBI| 1od Qoﬁ“ﬂﬁ“@uﬂﬁmﬂwﬂ:ﬂwﬂi
: “Ie 10 on BOTWID urzajoidnq ’
£¢0z "B e ol [EoRat) ‘pudexoo4d ‘qresordost ‘sojuAdioyo ‘wexoyloweny) ‘uizajoidng ‘pridojoepruy
S— - eor130101 SIUAOfLITIOD]2INSAIE] PUR ‘DUDISSDq s1oddoyyueld
teoc usp a8 [eotoolod pLI2ANDDg ‘apliinoavy py ‘avijdosiuv wniziyiviapy Jo uoisuadsns [eIPIUO))
'020C SIEOIURIO *039 ‘JORI)XQ [BUIDY PIIS WU ‘SOARI] 1.1qV]3 vIUDSUO PUE Suadn; vppaivdpiN
RISIJA] pue Jowny3uo| [eotuIod $212NUI0D SNUIDTY “DIIPUL DIDDAIPDZY ‘Opundau Xaji| ‘DoISDA bpoIvypy JO 19RIXT 1oddoyjuerd umorg
'020C T *030 ‘prureoruoy ‘pradoroeprun ‘soydojordouow ‘soydojororp
‘TeMUR], pue nIeyjejy feotttiay ‘uojowop-1Aypowr ‘oreroyd ‘soydurAugpIoqyo ‘uojojnsIp ‘ueInjoqied ‘uLIpuyg
"610C “Te 10 uelf [eorSojorg  (noyzSupg woy paje[ost) AD dwu) (ST Ad + [ AL +1Jd) UIEIS SLUOWOPNasd
'S00T “Te 19 ueyleN s[eoruejog UIqUIUIA}0ESp sipuIpaw $120.400pydpuy)
: ‘QuorperrpezeAxoIpAy-/1 ‘urunpad ‘urunpoS[Ajo0eop ‘Uruue[es ‘UnyoeIpezy 10p10] JEo] 10p[0J JeoT
: “Te 39 11eIN BOTUIY prdojovprul s
020 12 39 HeMMH [EoRat) ‘uej[nsoqed ‘ueinjoqed ‘soydojordouou ‘soyduidorys ‘soyduadord ‘ruordig
: “Te 10 Arenue ©o130]01 PUDISSDq DHoNbod
0zoz 18 ¥ { [eotoorotd ‘avyydosiup wmziyvppy voydijje St ‘S DIUDUDINDLOIN JO JORNXH snsdayodjod oy
. . uoinjeaou ‘oroidijruenuesoyd ‘[Ay3e-sojiAdioryo I1010q WS padding
020T 718 39 HiUoV [EOIRUD ‘QIeOBXOPUI 91e0ZU(-UNIIWERID ‘WLIIO[BYAO-BPQUIE] ‘ULIY}oWeR)[dp ‘pesourdg
. . 2D1ULISO [ PUR ‘TU1]OIPUIP
€20z "o 30 telley [poIzolorg L Suopyd puwpa3oyoriy ‘wnorodnl vuup.i3oyoriy Jo 19pmod joenxyg i
syvssa.ddns oj1
"800 “Te 10 ysexeld s[esruejog 9-TALL [0UBIIPEIUd] ‘O-JASLL AJOLIBA 911 JO JoRIIXH o0 zm S MHNM
‘020 ‘T [BOTST) [oprurezuaqoiongip -9‘z-(jAowreqresa(jAuoyd(jA-g-1Adoidorongeidoy)-1
10 uByy (610T “IB 9 oryZ ' -JAyawip-9°g)) -NJ 60HX 1 ‘Ueped uojoy[nsip ‘uouzerp ‘uemnjoqres ‘[uoidig
. “ "SAR[OSI 6G PUB 6€ ST “I1 8 °9 ¥ ‘[-qd ~IIVEAN PupIsspq vianvog
810C “I¥ 12 BAIypeIEyg featsoorg Jo soje[os] ‘o141 urxojoxd 1g ‘(urjo(q) 7vis vijja10qns I1MILd JO SAJROS] 20U2.42ful PIUDSIS 1910q Wals
'610C “Ie 19 oryZ . ‘ ’ ‘ . 10I0q WId)S NUIJ
. . BOII ueInjoqied djoidijiuenuelo[yo ‘pesoulds ‘WEXOYIQWEIY) QJeI[BAUD
‘9107 “Te 10 eAIypereg [edruayn Joq. [O1At 4o °p ! Y I [ d
720T ¢ Aoy pue eyng [eo13o101g ‘wnomodpl vuun.130yoLL] JO JoRIIXH
. . *019 ‘10 (vp7dydo.sovu vIU2I2IMG) AuRSOURW ‘(10 WU Pue (DDUWDD
6102 MMWMMHM@M SIEOIUEIO pupjupy) euejue| ‘(Ladidoipdy wnuodqjo) 1ereyslq ‘(v.qo}3 pIUDSUO]) somsout pSpudoudis
P us [eotueIod eluerey] ‘(wnovqoy puod1N) 0998q0) ‘(P21PUI DIYIVAIPDZE ) WU JO JOBIXI Jed] m h&g EM\G \No:.o M
epng ¢ NWWMHMMW %M ; BOI OPHEIPULqny
nnq .mSNwEN oSEM\EM [EOIIRL) ‘soydeurnb ‘sojuiAdioryo qruoidy ‘ojeydooe ‘[uoidy ‘uejnsoqies ‘ueinjoqie)
SOOUDIYO So1321S sjuage juowadeur ol sad aor
3o JUWOSBURIA ! ! W OYIIULIIS PUB SUIBU UOTUIO)) ! Hd

s3sad 9011 10J $o1393B1S JUSWASRURA "€ 9[qRL



Review

Indian Journal of Entomology 86(1) 2024

310

€20 “Te 19 qeury [eo13oj01g avsisojdip 123sp3w)g Jo S[[e3 paznisered
"L10T “QUIIMN pue yesQ Sjedgtuelog (IISND) 10BIIXH [QUIDY] PAIS WAN avzd.10 D1]0dSA()
. . oSpru [[eD
. D — - ‘soydozern ‘ureingajourp ‘oreydose ‘oprzousjAxoyow ‘welojourds o8pru [[e3 201y
020z "o ! A [Eo1tRt) ‘wizojordng ‘wexoyroweny) ‘rruordy ‘ueingajourp IAdAxeuds ‘oreydooy
QuLIN MOD
"020¢ ‘epeleg pue Jewny [eo130101g ‘(ovyydosiuv wniziyvapy
pue pupISSDq PLIANDIG) SUSSOYIRAOWOIUS JO SITB[OS] a1 pruuda.g nq Afeaut 0L
030 ¢( N) Jopmod [ouIoYy pass wadu SM1A0IDAO DSL40001d] 3nq Qo1
'020T “'Te 12 neaAry s[earuejog . . ! @m p 1ot p 8nq ypun3 ‘vnov vs110203doT 49ord
: SIUNWUOD SNUIDTY ‘DIIPUI DIYIDAIPYZY ‘DIDLOPO DUID]OUIOAY) JO YORIIXT :
3nq peayleq
. “12 15 w1dn . *0)9 ‘auepul| ‘uoryle[ew
6102 "18 33 BidnD [EortR ‘1A1eqIRD ‘geydoce ‘wexoyiowery) ‘soydojoroouowr ‘soydozern ‘pridojoepruy
: “Ie 39 ewIILIN eo130[01 PUDISSDq g
£102 e Hnd [eotootod Jo uonoenxos o10ds ‘[[mA (‘sfeq) vuvissvq pLI2ANDIEG JO UOTIR[NULIOJ IOPMOJ
¢ ’ N . . . . pA231ULID DASIPDIOIT
1202 T8 19 Tewny] s[eoruejog WU NA] “WAUOIG-IP [a00AIRT ‘V)sed[e)) ‘[90BZY [10 WAIN wdSI 99T edsiy oory
L10T . Jrere[eAud) ‘uLouddLo ‘soydojoroououw ‘soyduiAdioryo ’ ’
‘Key pue oolreyoeneyg [EOIIRU) ‘uejnsopuo ‘uoprwreydsoyd ‘oreoyjowip ‘uoryierews ‘soydreurng)
"120T ‘ewIeyS pue euLIRyS [eo13o101g pup1ISSDQq DLI2AND2G JO Sa10ds0)Se[q PUE BIPIUO))
‘ psowpnbs puouuy Jo 108IXd JINIJ pue Jed| snyordoadiu
10T “Te 30 Tewmny] S[edruejog ¢ ¢ ‘ ¢ iy
pue [10 paas ‘1o djdde-preysno Jro wadu ‘fro reuurd ‘1o enyew ‘1o [uereyy X1joj0ydoN pue suadsa.L1a Joddoyyeay
. 12 10 TTEST eoTs uojoyynsip ‘soydedord xnar0ydo 10ddoyyes] usalD
610T 718 3 1Py [eorRt) ‘uzojoxdng ‘pruredsiuoy ‘rogexojns ‘uerngajourp ‘prdojoeprur ‘ourzonowid
(‘pruod ¢ 219n1)



Bioecology and management of major insect pests of rice in West Bengal 311

of leaves of rice plants during highest tillering stage,
removal of stubbles through plough and then burn at
ground, drain out water in infested paddy field, seedling
root dipping, removal of alternate grassy and other
weeds hosts from seedbed, crop field and adjacent area
shown very effective against leaf folder, stem borer, gall
midge, rice hispa and rice bug (Bhatt et al., 2018; Kunal
etal., 2020). Cultivation of certain suseptable aromatic
rice cultivares like Pusa Basmati-1, Gobindabhog near
main crop can be used as trap crop to reduce damage
to the main crop (Katti et al., 2023). Crop rotation
with leguminous pulse seed, potato, oil seed in low
land and cultivation of maize in upland area are also
shown good efficacy against different insect pests
(Breidenbach et al., 2017; Chen et al., 2018). Uses of
oil or electric light traps are very helpful against stem
borer and planthopper (Bhatt et al., 2018). Even, use
of fish like, Puntius conchonius (F. Hamilton, 1822),
Clarias batrachus (Linnaeus, 1758), Punctius ticto (F.
Hamilton, 1822), frogs like, Euphlyctis cyanophlyctis,
Duttaphrynus melanostictus (Schneider, 1799) etc. and
Anas poecilorhyncha (Forster, 1781) are preyed on adult
of rice pest thereby reduce the population (Khatiwada
et al., 2016; Yuan et al., 2022).

C. Biopesticides

Plant formulations, so called ‘green pesticide’
were also effective and have minimal residual activity
(Raveau et al., 2020). Natural oil, cake and crude
extract of different part of neem plant [Azadirachta
indica (Juss, 1830)] neem oil, neem oil soap solution,
neem seed oil, cake extract, leaf extract, leaf crude
extract, seed kernel extract, limonoid, salannin,
deacetylgedunin, gedunin, 17-hydroxyazadiradione,
deaceytlnimbin, azadirachtin, neemgold, nimbicidine,
neemax, azacel, and larvocelhave shown good efficacy
against deleterious pest incidence (January et al., 2020;
Shyamrao and Raghuraman, 2019; Dougoud et al.,
2019). Application of extract of different part from
other plants like seeds of Pongamia pinnata, Madhuca
longifolia, Calophyllum inophyllum, Neorautanenia
mitis, Derris elliptica, Nicotinatobacum, Pongamia
glabra, Chromolaena odorata, Ricinus communis,
Adhatoda vasica, Andrograpis paniculata, Prosopis
Juliflora, Polygonum hydropiper, Lantana camara, Vitex
negundo, mixture of Polygonum hydropiper,L. camara
and ginger-garlic-chili effectively reduced incidence
caused by herbivores insect pests (Raj et al., 2020;
Longkumer and Misra, 2020). Oil formulation from
Mahogany, Palmarosa, Jatropha, custard-apple seed,
Karanj (Pongamia pinnata), Eucalyptus (Eucalyptus
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obliqua), Cedar Wood, Mahua (Madhuca longifolia),
Pinnai (Calophyllum inophyllum), Citronella, Vetiver,
Catnip, were effective against Dicladispa armigera
(Olivier), Sogatella furcifera (Horvath), Nephotettix
virescens (Distant), Nephotettix nigropictus (Stal),
Scirphophaga incertulas (Walker) population (Raj et
al., 2020; Kumar et al., 2021; Raveau et al., 2020).
Animal derived cow urine also acts as antifeedant and
disinfectant against rice pests and their transmitting
pathogens (Kumar and Sarada, 2020).

D. Biological control

Most popular biological controlling agents include
mycobial powder and pesticide extracted from
Bacillus thuringiensis, Trichogramma japonicum, T.
chilonis, T. dendrolimi, T. ostriniae, Lecanicillium
lecanii, Beauveria bassiana, Metarhizium anisopliae,
Skermanella sp., Pseudomonas stain, CnmeGV galls of
Platygaster diplosisa and Jinggangmycin (JGM) had
shown good antibiosis effects through egg parasitic,
larvicidal activity on rice insect pests (Dutta and Roy ,
2022; Hajjar et al., 2023; January et al., 2020; Kumar
and Sarada, 2020; Minab et al., 2023; Jian et al.,
2019; Ge et al., 2017). Using of conidial suspension
of Metarhizium anisopliae, M. flavoviride, Beauveria
bassiana, and Hirsutella citriformis, preparations
of marcescent mycelium of Paecilomyces lilacinus,
wetable powder formulation, spore extract, conidia and
blastospores extract of Beauveria bassiana had shown
egg parasitoid activity on C. polychrysus (Meyrick), D.
armigera (Olivier), plant and leathopper (Purnima et
al., 2013; Sharma and Sharma, 2021). Bio-pesticides
Btprotoxin Crylca, NBAII- Bb-1,4, 6, 8, 11, 15, 39 and
59 isolates, NBAII-Ma-1, 6, 10, 13, 15, 23, 25, 26, 41
and 42 isolates effective against D. armigera (Olivier)
population (Baladhiya et al., 2018).

E. Resistant variety based control

Rice variety D518, IR-42, ASD7, and IR46 were
effective against incidence by N. lugens (Stal.) and
S. furcifera (Horvath) (Gao et al., 2020). Infestation
potential of C. medinalis (Guenee) has recorded low in
cultivar Ptb-12, TKM-6, Prasanna, Radha-4, Ramdhan,
IRRI-6, KSK-282, DR-83, Bas-385 (Adhikari et
al., 2022; Chen et al., 2022; Chatterjee et al., 2021).
Similarly, GAR-13, IR-22, Gontra Bidhan 3, MTU-
2020, IR-50, TKM 6, KMD1, KMD2, MTU15, and
IR50 have shown good efficay against S. incertulas
(Walker), C.suppressalis (Meyrick) and C. polychrysus
(Meyrick) (Jha et al., 2023; Chavan and Patel, 2018a,
2018b; Xu et al., 2022). Pankhari 203, WRC25,
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WRC34, WRC37, WRC40, WRC6, WRC7, WRCA4S,
and WRCS5 has recorded effective against V. virescens
(Distant) and N. nigropictus (Stal) (Thein et al., 2019).
Rice variety like IET-6286, Surekha, Usha, Sahbhagi
Dhan, Sudha, Abhisek, ARC-5833, ARC-5984,
TKM-6, and PTB-10 were effective against O. oryzae
(Wood-Mason) and S. inference (Walker) incidence
(Sanchit and Sanchit, 2019). Rice cultivar like Garem
and Bengaubisi found effective against D. armigera
(Olivier) infestation (Dutta and Hazarika, 1994). GR-
9, Jaya, Dandi, Pawana, Gurjari, Narmada, Pawana,
and GR-104 have shown good efficacy against B. rehi
(Lindinger), L. acuta (Thunberg) and L. oratorius
(Fabricius) (Khalifa and ElI-Rewainy, 2012; Morya and
Kumar, 2019; Rath et al., 2020b).

F. Phoromone and allomone based control

Now a days farmers often use attractant sex
pheromones (Z)-11-hexadecinal, (Z)-9-hexadecenal,
(Z)-9-hexadecenal and (Z)-11-hexadecenal with PVC
matrix, Z11-16 Acetate, (Z)-hexadec-9-enal, (Z2)-
11-octadecenal, (Z)-11-hexadecenyl acetate, (Z)-13-
octadecenyl acetate, pymetrozine, 2-(E)-octenyl acetate,
octanol, n-tridecane and 2S,6S-diaxetoxyheptane which
help in attract male and female mass trapping and
mating disruption of insects for management of rice
pest (Gunawardena and Ranatunga, 1989; Dutta and
Roy , 2022; Liu et al., 2020; Dang et al., 2016; Song
et al., 2022). Some repellent allomone 5: 1 mixture of
2-(E)-octenyl acetate and octanol 3-octenal, 1-octanol,
(Z2)-3-octenyl acetate, extracts of Bamboo (Bambusa
levis L.), Ginger (Catimbium haenkei L.), Malubago
(Hibiscus tiliaceus L.) repel herbivore stem borer, leaf
folder and gandhi bug population (Gunawardena and
Bandumathie, 1993).

G. Population based control

Several demographical models described the
biotic and abiotic mortality factors affecting its
abundance, development, survivorship, reproduction,
in agroecosystem (Mobarak et al., 2020). Developing
of'age-specific (horizontal) and stage-specific (vertical)
life tables for assessing population density, fluctuation,
most vulnerable stage or stage having higher mortality
rate of different rice pests under different agroclimatic
field conditions (Dutta and Roy, 2016; Dutta et al.,
2020, 2021). Population growth and reproductive
parameters [probability of survival from birth to age
x (1), survival rate (s ), average population alive in
each stage (L), total individuals at age x and beyond
k (T,), life expectancy (e ), generation survival
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(GS), age specific fertility or fecundity (m ), gross
reproductive rate (GRR), net reproductive rate (NRR
or R)), intrinsic rate of population increase (r, ), finite
rate of population increase (A), weekly multiplication
rate (A7), increase rate per generation (L), total fertility
rate (F ), population growth rate (PGR), and population
momentum factor of increase (PMF)], mortality profiles
[proportion dying each age (d, ), mortality rate (q ), and
mortality coefficient (MC)], span of generation time
(T)) and doubling time (DT) dpend on temperature,
nutritional quality [quantity of carbohydrates, protein,
lipid, phenol, phytate, saponein etc.] host system
[rice host (O sativa), non rice host (eg. E. colona, C.
rotundus, etc.)], presence of egg and adult predator
parasitoid (Babamir-Satehi et al., 2022; Schoonhoven
et al., 2005; Dutta and Roy, 2018a, 2018b; Harborne,
1973, 1984; Manikandan et al., 2015; Havelka and
Zemek, 1999). By analyzing life table data of rice peests
in different host and agro-climatic condition type -II
survivorship has shown by S. furcifera (Horvath) but
type-I11 survivorship obtained in S. incertulas (Walker),
N. lugens (Stal), L. acuta (Thunberg) and even, type
IV exhibited by C. suppressalis (Meyrick) and C.
polychrysus (Meyrick) (Dutta and Roy, 2016, 2018b;
Shivasharanappa et al., 2010). By studying population
dynamics, sixth nymphal stage of L. acuta (Thunberg),
first instar larva of S. incertulas (Walker), C. suppressalis
(Meyrick), D. armigera (Olivier), fourth nymphal stage
of N. lugens (Stal) and first nymphal stage and adult of
green leathopper have identified most vulnerable stages
(Win et al., 2009, 2011). Ecological limiting factors
like relative humidity in winter, low moisture, predator
density and dispersal loss during larval stage, egg
predator [eg. Conocephalus chinensis (Redtenbacher)],
high temperature, low relative humidity, parasitisation
by the entomopathogenic nematode, adult migration,
parasitoids of of egg, nymphal and adult, moulting
failure of larva into pupa and host nutritional quality
appeared as limiting factors N. virescens (Distant),
N. nigropictus (Stal), S. furcifera (Horvath), D.
armigera (Olivier), C. suppressalis (Meyrick), L. acuta
(Thunberg) and O. oryzae (Wood-Mason) (Kumar et al.,
2012; Dutta and Roy, 2016; Win et al., 2011; Suzuki
et al., 1996; Roy, 2022). Parasitoids and disease on 3™
and 4™ instar larva and pupal parasitism also appeared
as limiting factor for C. medinalis (Guenee) (Huang et
al., 2020; Padmavathi et al., 2008). By identifying most
vulnerable stages and population dynamics along with
limiting factors of rice insect pest are very essential for
the timely adoption of different management practices
(Mobarak etal., 2020; Roy, 2019a, 2019b, 2020, 2021).
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CONCLUSIONS

Rice, one of the most consumable sataple crop
of most of Bengal household cultivzted 56.63 lakh
hectare areas with a production of 274.37 lakh tones,
contributing about 20.69% to the total net State
Domestic Product (SDP) (Dutta and Roy, 2022; Jha
et al., 2023; Adak et al., 2020; Chakraborty and Deb,
2012). Rice in West Bengal has cultivated in the six
agro-climatic zone during three different cropping
seasons, Aus (autumn rice), Aman (winter rice) and
Boro (summer rice) (Adhikari et al., 2012; Chakraborty
and Deb, 2012). But this rice production in West Bengal
was hampered by different biotic stresses causing
33% production loss (Aryal et al., 2018; Jha et al.,
2023). Most important biotic stress caused to hamper
production of rice in West Bengal was through direct or
indirect infestation by phytophagous rice pest (Adhikari
et al.,, 2012; Dutta and Roy, 2022). The remarkable
deleterious rice insect pest fauna has observed mostly
are S. incertulas (Walker), S. inference (Walker), C.
polychrysus (Meyrick), C. suppressalis (Meyrick),
C. medinalis (Guenee), N. lugens (Stal.), S. furcifera
(Horvath), N.virescens (Distant), N.nigropictus (Stal),
D. armigera (Olivier), L.acuta (Thunberg), L. oratorius
(Fabricius), O. oryzae (Wood-Mason) etc. (Azgar and
Hembram, 2018; Dhaliwal et al., 2010; Jha et al., 2023).

It has observed that most of polyphagous major
rice pests in rice mainly beside that they were also
aggregated on some alternative non rice weeds found in
and around rice field (Bhatt et al., 2018; Dutta and Roy,
2018a, 2018b). Population growth, reproductive and
mortality parameters of different rice pests are greatly
varied depending on host system and agroclimatic
conditions (Roy, 2017, 2022; Reji and Chander, 2008).
Modern agriculture concerned with ecofriendly and
sustainable climate smart agriculture (CSA) as a part
of ecological pest management (EPM) based integrated
pest management (IPM) for of different economic
crops (Pedigo et al., 1986; Pedigo and Higley, 1992;
Aryal et al., 2018; Chavez et al., 2018; Roy, 2019b).
Therefore, basic information reguaring pest ecology is
necessary before deciding any strategy to combat with
deleterious rice pest (Rahaman et al., 2014; Roy, 2019b).
Commonly most of farmers use different synthetic
pesticides for controlling pests (Aktar et al., 2009; Bais
etal., 2017). But some plant extract botanicals are also
seen against rice pests (Aryal et al., 2018; Shitiri et al.,
2014; Dutta and Roy, 2022). Beside these most popular
controlling methods usually mechanical and cultural
control strategies include mechanical synchronised
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planting, cultivation of certain rice varieties like Pusa
Basmati-1 as trap crop, soaking sprouted seed in
synthetic pesticide, seedling root dipping in pesticide
and fertilizer, remove, burn or plough the stubbles,
and using of fish, frog ducklings etc. also seem to be
useful for controlling these pest population (Ayelo et al.,
2021; Khatiwada et al., 2016; Bhatt et al., 2018). Some
attractant sex pheromones like, (Z)-11 hexadecinal, (Z)-
9-hexadecenal, (Z)-11-hexadecenal, (Z)-9-octadecenal
are show good efficacy in mass trapping and mating
disruption of deleterious insect pests (Liu et al.,2020;
Dangetal., 2016; Gunawardena and Ranatunga, 1989).
Beside that repallent allomones like, 5: 1 mixture of
2-(E)-octenyl acetate and octanol 3-octenal, 1-octanol
and extracts of resistant rice varieties distracts rice pests’
population from cultivated field (Gunawardena and
Bandumathie, 1993; Pathak and Khan, 1994). Farmers
some time use biological agents as pesticides derived
from strains of Bacillus thuringiensis, Beauveria
bassiana, Metarhizium anisopliae, M. flavoviride etc.
which were effective against major paddy pests (Dutta
and Roy, 2022; Purnima et al., 2013; Sharma and
Sharma, 2021). Certain resistant rice cultivers like,
Pankaj, Triveni, IR-19362-183, IR-20, H4, IR-36, IR-
50, IR-9828-23-1, IR-13429-57-1, IR-44, IR-22, and
GR-9 etc. have impart resistance effect against rice
pest population growth, development and reproductive
parameters (Sanchit and Sanchit, 2019; Huang et al.,
2019; Rath et al., 2020b).

Recent days, farmars generally use synthetic
chemical insecticides indiscriminately against those
pests for the hope of high production of rice, but it has
seen that these pesticide not only target phytophagous
rice pests but also targeted beneficial natural enemies of
pest, pollinator resulting destabilizing of biodiversity,
decrease the sustainability by bio-magnification and
bio-accumulation of toxic substance which result in
ecologically and environmentally imbalance and creates
health hazars (Katti et al., 2023; Biswas et al., 2006;
Aktar et al., 2009; Kumari et al., 2020). It has seen that
excessive use use of insect lethal insecticides leads to
increase the amount of primary nutrient like amino acids
and sucrose available in the phloem of rice plants results
in insecticide-induced resurgence, and cross resistance
leads to of periodic outbreaks pest populations, known
as “Moran effect” (Bottrell and Schoenly, 2012; Dutta
and Roy, 2016, 2022). To overcome this constrains
caused by rice pest researchers usually use insecticide
by considering several parameters like cost: benefit
ratio, economic threshold level (Selvaraj et al., 2012),
population dynamics by exploring of allelopathy-based
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strategies and enhancing use of green pesticides and
cultural methods for appropriate management strategies
for rice pests (Dutta and Roy, 2022). Thus, population
ecology based sustainable management of such pest
species will support E? strategy [Ecosystem service-
based Ecological engineering for Ecological pest
management (ESS-EE-EPM)] of pest management for
successful cultivation of rice in the near future.

REFERENCES

Achiri T D, Atakan E, Pehlivan S. 2020. Susceptibility of Chilo partellus
Swinhoe, 1885 (Lepidoptera: Crambidae) to some commonly used
insecticides. Turkish Journal of Entomology 44(2): 135-147. https:/
doi.org/10.16970/entoted.609195.

Adak S, Datta S, Bhattacharya S, Ghose T K, Majumder A L. 2020.
Diversity analysis of selected rice landraces from West Bengal and
their linked molecular markers for salinity tolerance. Physiology
and Molecular Biology of Plants 26: 669-682.

Adhikari B, Bag M K, Bhowmick M K, Kundu C. 2012. Rice in West
Bengal-rice knowledge management portal (www.rkmp.co.in).
Directorate of Rice Research, Rajendranagar, Hyderabad, Andhra
Pradesh. pp. 1-88.

Adhikari B, Mohapatra L N, Senapati R, Mohapatra M, Muduli L,
Mohapatra S D. 2022. Biochemical changes in rice leaves due to
rice leaf folder Cnaphalocrocis medinalis (Guenee) infestation.
The Pharma Innovation SP11(8).1463-1468.

Adhikari B, Padhi J, Sthitapragyan S. 2019. Efficacy of new molecules
against green leafhopper in rice. Journal of Entomology and
Zoology Studies 7(2): 194-197.

Aktar M W, Sengupta D, Chowdhury A. 2009. Impact of pesticides
use in agriculture: their benefits and hazards. Interdisciplinary
Toxicology 2(1): 1-12.

Al-Haddad, A S, mezel AL-Rubaei H, Dewan M M. 2018. Life cycle
of rice Mealybug Brevennia rehi (Lindinger, 1943) in cultivars
rice plants under the laboratory conditions. Plant Archives. 18
(1): 847-851.

Arora S, Sehgal M, Srivastava D S, Arora S, Sarkar S K. 2019. Rice pest
management with reduced risk pesticides in India. Environmental
Monitoring and Assessment 191(241): 1-20.

Aryal J P, Jat M L, Sapkota T B, Chhetri A K, Kassie M, Rahut D B,
Mabharjan S. 2018. Adoption of multiple climate smart agricultural
practices in the Gangetic plains of Bihar, India. International Journal
of Climate Change Strategies and Management 10(3): 407-427.

Asghar M, Suhail A, Afzal M, Khan M A. 2009. Determination of
economics threshold levels for the stem borers (Scirpophaga sp.)
and leaffolder (Cnaphalocrosis medinalis) of rice (Oryza sativa)
in the kallar tract of Punjab, Pakistan. International Journal of
Agriculture and Biology 11: 717-720.

Ayelo P M, Pirk C W, Yusuf A A, Chailleux A, Mohamed S A, Deletre
E. 2021. Exploring the kairomone-based foraging behaviour of
natural enemies to enhance biological control: A review. Frontiers
in Ecology and Evolution, 9: 1-22.

Azgar M A, Hembram K T. 2018. A comparative studies on the population
dynamic and survival of green leaf hopper and zigzag leaf hopper
transmitting rice tungro virus in West Bengal. The Bioscane 13(2):
607-611.

Babamir-Satehi A, Habibpour B, Aghdam H R, Hemmati S A. 2022.
Interaction between feeding efficiency and digestive physiology

Review

of the pink stem borer, Sesamia cretica Lederer (Lepidoptera:
Noctuidae), and biochemical compounds of different sugarcane
cultivars. Arthropod-Plant Interactions, 16(3-4): 309-316.

Bag M, Adhikari B, Bhowmick M, Kundu C. 2011. Status paper on rice
in West Bengal. Rice Research Station, Chinsura. Government of
West Bengal, West Bengal. pp. 1-89.

Bais B, Kumar A, Khan H H, Sahu R, Kaiwart P K. 2017. Efficacy of
certain chemical insecticides against rice gundhi bug (Leptocorisa
acuta Thunberg) under field condition. International Journal of
Current Microbiology and Applied Sciences 6(9): 1697-1701.

Baladhiya H C, Sisodiya D B, Pathan N P. 2018. A review on pink stem
borer, Sesamia inferens Walker: a threat to cereals. Journal of
Entomology and Zoology Studies 6(3): 1235-1239.

Bhatt N, Joshi S, Tiwari S N. 2018. Pests of rice. In: Omkar (eds) Pests
and their management, Springer, Singapore, pp. 9-50. https://doi.
org/10.1007/978-981-10-8687-8_2.

Bhattacharjee P P, Ray C D. 2017. Effect of season on the development of
rice hispa, Dicladispa armigera in Barak Valley of Assam. Tropical
Ecology 58(1): 199-203.

Biswas T K, Rahman M A, Khan M M H, Alam M M, Jahan M. 2006.
Toxic effects of two insecticides on brown plant hopper, Nilaparvata
lugens and its predators Micraspis discolor and Lycosa
pseudoannulata. International Journal of Zoological Research
2:192-203.

Bottrell D G, Schoenly K G. 2012. Resurrecting the ghost of green
revolutions past: the brown planthopper as a recurring threat to
high-yielding rice production in tropical Asia. Journal of Asia-
Pacific Entomology 15(1): 122-140.

Breidenbach B, Brenzinger K, Brandt F B, Blaser M B, Conrad R. 2017.
The effect of crop rotation between wetland rice and upland maize
on the microbial communities associated with roots. Plant and Soil
419: 435-445.

Bunawan H, Dusik L, Bunawan S N, Amin N M. 2014. Rice tungro
disease: from identification to disease control. World Applied
Sciences Journal 31(6): 1221-1226.

Carvalho F P. 2017. Pesticides, environment, and food safety. Food and
Energy Security 6(2): 48-60.

Catindig J L A, Arida G S, Baehaki S E, Bentur J S, Cuong L Q, Norowi
M, Rattanakarn W, Sriratanasak W, Xia J, Lu Z, Heong K L. 2009.
Situation of planthoppers in Asia. In (eds): Planthoppers: new
threats to the sustainability of intensive rice production systems in
Asia. International Rice Research Institute, Los Bafios, Philippines.
pp. 191-220.

Chakraborty K. 2012. Effective management of Scirpophaga incertulas
Walker on rice crop during kharif season in West Bengal, India.
American-Eurasian Journal of Agricultural and Environmental
Science 12(9): 1176-1184.

Chakraborty K, Deb D C. 2012. Incidence of rice Hispa, Dicladispa
armigera (Coleoptera: Crysomellidae) on kharif paddy in the
agroclimatic conditions of the northern parts of Bengal, India.
Global Journal of Science Frontier Research Biological Sciences
12(8): 52-61.

Chatterjee S D, Adhikari B, Ghosh A, Ahmed J, Neogi S B, Pandey

N. 2008. The rice bio-diversity in West Bengal. Department of
Agriculture, Govt. of West Bengal. pp. 1-50.

Chatterjee S, Gangopadhyay C, Dana I, Roy S K, Mondal P. 2021. Host
plant resistance against yellow stem borer and rice leaf folder
through varietal screening of rice. Plants and Environment 3(1):
23-29.

Chavan S M, Patel K G. 2018a. Biochemical basis of resistance in rice



Bioecology and management of major insect pests of rice in West Bengal 315

varieties against yellow stem borer Scirpophaga incertulas. Indian
Journal of Entomology 80(3): 1074-1079.

Chavez J P, Jungmann D, Siegmund S. 2018. A comparative study of
integrated pest management strategies based on impulsive control.
Journal of Biological Dynamics Journal of Biological Dynamics
12(1): 318-341.

Chen P, Dai C, Liu H, Hou M. 2022. Identification of key headspace
volatile compounds signaling preference for rice over corn in adult
females of the rice leaf folder Cnaphalocrocis medinalis. Journal
of Agricultural and Food Chemistry 70(32): 9826-9833.

Chen S, Liu S, Zheng X, Yin M, Chu G, Xu C, Yan J, Chen L, Wang D,
Zhang X. 2018. Effect of various crop rotations on rice yield and
nitrogen use efficiency in paddy-upland systems in south-eastern
China. The Crop Journal 6(6): 576-588.

Cork A, De Souza K, Krishnaiah K, Reddy A A, Zainullabuddin S.1998.
Season-long control of yellow stem borer, Scirpophaga incertulas
(Lepidoptera: Pyralidae) by mating disruption with the natural ratio
of pheromone components. Bulletin of Entomological Research
88(2): 109-116.

Dang C H, Nguyen C H, Im C, Nguyen T D. 2016. Synthesis and
Application of Pheromones for Integrated Pest Management in
Vietnam. Integrated Pest Management (IPM): Environmentally
Sound Pest Management 5: 103-127.

Dey N, Biswas S, Ray Chaudhury T, Dey S R, De M, Ghose T K. 2005.
RAPD based genetic diversity analysis of aromatic rice (O. sativa
L.). Plant Cell Biotechnology and Molecular Biology 6: 133-142.

Dey S R. 2016. Green Leathopper (GLH), Nephotettix virescens (Distant)
and Rice Tungro Disease (RTD). The Beats of Natural Sciences
3(3-4): 1-7.

Dhaliwal G S, Jindal V, Dhawan A K. 2010. Insect pest problems and
crop losses: Changing trends. Indian Journal of Ecology 37(1): 1-7.

Dougoud J, Toepfer S, Bateman M, Jenner W H. 2019. Efficacy of
homemade botanical insecticides based on traditional knowledge.
A review. Agronomy for Sustainable Development. 39(37): 1-22.

Dutta B C, Hazarika L K. 1994. Screening of some rice cultivars for
resistance to rice hispa, Dicladispa armigera (Olivier) (Coleoptera:
Chrysomelidae). Journal of Agricultural Science Societies 7(1):
31-34.

Dutta S, Roy N. 2016. Life table and population dynamics of a major
pest, Leptocorisa acuta (Thunb.) (Hemiptera: Alydidae), on rice
and non-rice system. International Journal of Pure and Applied
Bioscience 4(1): 199-207.

Dutta S, Hossain A, Roy N. 2020. Population Ecology and Economic
Thresholds for Sustainable Management of Leptocorisa acuta
(Thunb.) on Three Rice Cultivars. Annals of Entomology 38(01-
02): 55-76.

Dutta S, Hossain A, Roy N. 2021. Rice cultivar selection against
Leptocorisa acuta (thunb.) and their economic thresholds based
ecological management. Journal of Entomological Research 45
(3): 405-414.

Dutta S, Roy N. 2018a. Host preference and population dynamics of
a major pest, Leptocorisa acuta (Thunb.) for their ecological
management. International Journal of Biological Research 3: 31-39.

Dutta S, Roy N. 2018b. Population dynamics and host preference
of a major pest, Scirpophaga incertulas Walker (Pyralidae:
Lepidoptera). International Journal of Advanced Science and
Research 3: 120-127.

Dutta S, and Roy N. 2022. Review on bionomics and management
of rice stem borer. Journal of Entomology and Zoology Studies
10(5): 301-310.

S Dutta et al.

Gangwar R K. 2015. Life cycle and abundance of rice leaf folder,
Cnaphalocrocis medinalis (Guenee)-A review. Journal of Natural
Sciences Research 5 (15): 103-105.

Gao X, Guo C, Li M, Li R, Wu X, Hu A, Hu X, Mo F, Wu S. 2020.
Physicochemical properties and bioactivity of a new guar
gum-based film incorporated with citral to brown planthopper,
Nilaparvata lugens (Stal) (Hemiptera: Delphacidae). Molecules
25(9): 1-15.

Ge L Q, Huang B, Jiang Y P, Gu H T, Xia T, Yang G Q, Liu F, Wu
J C. 2017. Carboxylesterase precursor (EST-1) mediated the
fungicide jinggangmycin-suppressed reproduction of Sogatella
furcifera (Hemiptera: Delphacidae). Journal of Economic
Entomology 110(5): 2199-2206.

Ghosh A, Bandyopadhyay P, Mondal D, Shamurailatpam D, Karmakar
A, Ghosh RK. 2015. Estimation of losses due to pests in rapeseed
(Brassica campestris). In Weed Science for Sustainable Agriculture,
Environment, and Biodiversity. (Eds. Rao A.N. and Yaduraju
N.T.), Proceedings of 25th Asian Pacific Weed Science Society
Conference, Hyderabad, Andhra Pradesh. India. 571 pp.

Ghule S D, Patel K G, Pandya H V. 2008. Seasonal incidence of rice
earhead bug (Leptocorisa acuta) of paddy in south Gujarat. Insect
Environment 14(1): 7-8.

Gunawardena N E, Bandumathie M K.1993. Defensive secretion of rice
bug, Leptocorisa oratorius Fabricius, (Hemiptera: Coreidae): A
unique chemical combination and its toxic, repellent, and alarm
properties. Journal of Chemical Ecology 19(4): 851-861.

Gunawardena N E, Ranatunga R P. 1989. Laboratory and field studies of
a natural attractant of the rice pest, Leptocorisa acuta (Hemiptera:
Coreidae). Tropical Pest Management 35(2): 210-211.

Gupta K, Kolhekar S, Paikra M, Nidhi. 2019. Cost benefit ratio
for the management of rice gundhi bug, Leptocorisa acuta
(Thonberg) under field condition. Journal of Pharmacognosy and
Phytochemistry 2: 219-221.

Hajjar M J, Ahmed N, Alhudaib K A, Ullah H, 2023. Integrated Insect
Pest Management Techniques for Rice. Sustainability 15(5): 4499.

Harborne J B. 1973. Methods of Plant Analysis. Phytochemical Methods
1: 1-32.

Havelka J, Zemek R. 1999. Life table parameters and oviposition
dynamics of various populations of the predacious gall-midge
Aphidoletes aphidimyza. Entomologia Experimentalis et Applicata
91(3): 483-486.

Huang X, Jiang T, Wu Z, Zhang W, Xiao H. 2020. Overwintering
parasitism is positively associated with population density in
diapausing larvae of Chilo suppressalis. Journal of Integrative
Agriculture 19(3): 785-792.

Huang Y, Jiang C, Liu C, Liu H, Yang Q, Wang H, Zeng W, Ouyang
J, Xu K, Li Q. 2019. Overall evaluation of resistance capability
of different rice varieties to Sogatella furcifera (Hemiptera:
Delphacidae) using radar charts. Euphytica 215(58): 1-15.

Hurali S, Biradar R, Vinoda H M, Masthanareddy B G, Gowdar S
B. 2020. Bio-efficacy of new formulation of carbofuran against
major insect pests of rice Oryza sativa L. International Journal of
Chemical Studies 8(1): 1030-1035.

Igbal M F, Farooq M, Ahmad M, Latif M, Ahmad Z, Ali M A. 2015.
Incidence of Rice Hispa (Dicladispa armigera) on paddy crop in
Agro-Ecological Zone of District Sialkot. International Journal of
Advanced Research in Biological Sciences 2(9): 64-66.

January B, Rwegasira G M, Tefera, T. 2020. Rice stem borer species
in Tanzania: a review. The Journal of Basic and Applied Zoology
81(1): 36.



316 Indian Journal of Entomology 86(1) 2024

Jeevanandham N, Ramiah N, Chockalingam V, Jegadeesan R. 2020. An
Overview of the Bionomics, Host Plant Resistance and Molecular
Perspectives of Sesamia inferens Walker in Cereals and Millets.
Agronomy 10(1705): 1-18.

Jha S K., Monobrullah M, Singh P K, Prasad R. 2023. Performance of
aromatic rice varieties against yellow stem borer Scirpophaga
incertulas. Indian Journal of Entomology pp. 1-3.

Jian X, Qin L, Chuan-ming L, Guang-jie H. 2019. Field effect of
Cnaphalocrocis medinalis granulo virus (CnmeGV) on the pest of
rice leaffolder. Journal of Integrative Agriculture 18(9): 2115-2122.

Kakde A M, Patel K G. 2018. Screening of rice varieties against earhead
bug, Leptocorisa acuta stal. (Hemiptera: Coreidae). International
Journal of Agriculture Sciences 10: 5223-5226.

Kakde A M, Patel K G, Tayade S. 2014. Role of life table in insect pest
management-a review. [OSR Journal of Agriculture and Veterinary
Science 7(1): 40-43.

Katti G, Padmavathi C, Kumar R M. 2023. Integrated pest management
in rice-based cropping systems in India. In integrated pest
management in diverse cropping systems. Apple Academic Press.
pp. 111-135.

Kaur R, Suri K S, Singh G. 2015. Influence of rice varieties on behaviour
and reproductive physiology of Sogatella furcifera Horvath.
Agricultural Research Journal 52(2):143-147.

Keary M. 2023. A green theory of technological change: Ecologism
and the case for technological scepticism. Contemporary Political
Theory, 22(1): 70-93.

Khalifa A A A A, El-Rewainy IM. (2012) Study some physiological
characters, yield and yield component for five new rice varieties
under different sowing dates. Advances in Applied Science
Research 3(1): 440-445.

Khare V K, Prakash R. 2020. Effect of abiotic factors on the population
dynamics of paddy earhead bug, Leptocorisa oratorius F. Journal
of Entomology and Zoology Studies 8(6): 157-160.

Khatiwada J R, Ghimire S, Khatiwada S P, Paudel B, Bischof R, Jiang
J, Haugaaseng T. 2016. Agriculture, ecosystems and environment
frogs as potential biological control agents in the rice fields of
Chitwan, Nepal. Agriculture, Ecosystems and Environment 230:
307-314.

Kumar G S, Sarada O. 2020. Evaluation of Cow Based Fermented
Organic Products for Non-insecticidal Pest Management in
Castor. International Journal of Current Microbiology and Applied
Sciences 9(10): 292-300.

Kumar H. 2019. Resistance in rice against Brown planthopper,
Nilaparvata lugens (Homoptera: Delphacidae) and White
backed planthopper, Sogatella furcifera (Horvath) (Homoptera:
Delphacidae): Role of new sources of resistance, BPH populations
and screening methodology. Journal Biological Series 2(1): 001-
026.

Kumar J, Ramlal A, Mallick D, Mishra V. 2021. An overview of
some biopesticides and their importance in plant protection for
commercial acceptance. Plants 10(1185): 1-15.

Kumar LV, Patil S U, Chakravarthy A K. 2012. Biochemical basis of
resistance in rice against Asian rice gall midge, Orseolia oryzae
(Wood-Mason) (Diptera: Cecidomyiidae). Current Biotica 6(2):
163-170.

Kumari S, Yadav M, Prasad R, Prasad R, Kumar U. 2020. Effect of
chemical insecticides on the incidence of gall midge (Orseolia
oryzae Wood mason) in terms of silver shoots (SS%). Journal of
Entomology and Zoology Studies 8(6): 781-785.

Kunal G, Kumar R, Das R, Golda S. 2020. Life cycle of gundhi bug

Review

Leptocorisa oratorious F on alternate host Echinochloa colonum
L under laboratory condition. Journal of Pharmacognosy and
Phytochemistry 9(1): 543-546.

Liu B, Syu K J, Zhang Y X, Gupta S, Shen Y J, Chien W J, Tseng J C,
Lou D W. 2020. Practical Synthesis and Field Application of the
Synthetic Sex Pheromone of Rice Stem Borer, Chilo suppressalis
(Lepidoptera: Pyralidae). Journal of Chemistry 2020: 1-9.

Longkumer 1Y, Misra A K. 2020. Efficacy of essential oils against rice
insect pest in Pusa, Bihar. Journal of Entomology and Zoology
Studies. 8(3): 1980-1983.

Luo D, Xia F, He M, Wu S, Zhao X, Liao X. 2023. Sublethal effects of
the cis-nitromethylene neonicotinoid insecticide cycloxaprid on
the white-backed planthopper, Sogatella furcifera (Hemiptera:
Delphacidae). Crop Protection 166(2023): 106172.

Luo G H, Yao J, Yang Q, Zhang Z C, Hoffmann A A, Fang JC. 2016.
Variability in development of the striped rice borer, Chilo
suppressalis (Lepidoptera: Pyralidae), due to instar number and
last instar duration. Scientific Reports 6(1): 1-7.

Mandal K G, Thakur A K, Mohanty R K, Mishra A, Sinha S, Biswas B.
2022. Policy perspectives on agricultural water management and
associated technologies suitable for different agro-climatic zones
of West Bengal, India. Current Science. 122(4): 386.

Manikandan N, Kennedy J S, Geethalakshmi V. 2015. Effect of
temperature on life history parameters of brown planthopper
(Nilaparvata lugens Stal). African Journal of Agricultural Research
10(38): 3678-3685.

Matharu K S, Tanwar P S. 2020. Efficacy of different insecticides against
brown planthopper, Nilaparvata lugens (Stal) in rice. International
Journal of Chemical Studies 8(3): 870-873.

Mathur K C, Rajamani S. 1984. Orseolia and rice: cecidogenous
interactions. Proceedings: Animal Sciences 93(4): 283-292.

Mobarak S H, Roy N, Barik A. 2020. Two-sex life table and feeding
dynamics of Spilosoma obliqua Walker (Lepidoptera: Arctiidae)
on three green gram cultivars. Bulletin of Entomological Research
110(2): 219-230.

Minab F, Rakhshani E, Talamas E J, Moghaddam M G. 2023. A checklist
of Platygastridae and Scelionidae (Hymenoptera, Platygastroidea)
of Iran. Journal of Insect Biodiversity and Systematics 9(2): 343-
383.

Morya G P, Kumar R. 2019. Screening of rice germplasm resistance
against major insect pests under eastern Uttar Pradesh conditions.
Journal of Entomology and Zoology Studies. 7(6): 706-712.

Nacro S, Heinrichs E A, Dakouo D. 1996. Estimation of rice yield losses
due to the African rice gall midge, Orseolia oryzivora Harris and
Gagne. International Journal of Pest Management 42(4): 331-334.

Nathan S S, Kalaivani K, Murugan K, Chung P G. 2005. Efficacy of neem
limonoids on Craphalocrocis medinalis (Guenée) (Lepidoptera:
Pyralidae) the rice leaffolder. Crop Protection 24(8): 760-763.

Ogah E O, Nwilene F E. 2017. Incidence of Insect Pests on Rice in
Nigeria: A Review. Journal of Entomology 14: 58-72.

Ouattara D, Nacro S, Latévi K, Coulibaly A, Somda 1.2020. Ecology
of the African Rice Gall Midge, Orseolia oryzivora (Diptera:
Cecidomyiidae) in Western Burkina Faso, West Africa. Advances
in Entomology 8: 1-14.

Padhan S, Raghuraman M. 2018. Bio-Efficacy of newer insecticides
against Rice Gundhi Bug, Leptocorisa acuta (Thunberg) in
Varanasi region. Journal of Pharmacognosy and Phytochemistry
7(3): 2068-2071.

Padmavathi C, Katti G, Padmakumari A P, Voleti S R, Subba Rao L V.
2012. The effect of leaffolder Cnaphalocrocis medinalis (Guenee)



Bioecology and management of major insect pests of rice in West Bengal 317

(Lepidoptera: Pyralidae) injury on the plant physiology and yield
loss in rice. Journal of Applied Entomology 137(4): 249-256.

Padmavathi C, Katti G, Padmakumari P A, and Pasalu I C. 2008.
Mortality and fertility life tables of leat folder Cnaphalocrocis
medinalisGuenee (Lepidoptera: Pyralidae) in rice. Entomon
33(1): 1-13.

Pathak M D, Khan Z R. 1994. Insect pests of rice. International Rice
Research Institute, Los Bafios, Philippines. pp. 1-89.

Pedigo L P, Higley L G. 1992. A new perspective of the economic injury
level concept and environmental quality. American Entomologist
38:12-21.

Pedigo L P, Hutchins S H, Higley L G.1986. Economic injury levels in
theory and practice. Annual Review of Entomology 31: 341-368.

Purnima D, Hazarika L K, Bora D, Puzari K C, Surajit K. 2013. Influence
of storage conditions on viability and infectivity of talc based WP
formulation of Beauveria bassiana against rice hispa, Dicladispa
armigera (Olivier). Journal of Biological Control 27(3): 229-233.

Rahaman C R, Arko P S, Ali M E, Khan M A I, Apon S H, Nowrin F,
Wasif A. 2020. Identification and recognition of rice diseases and
pests using convolutional neural networks. Biosystems Engineering
194: 112-120.

Rahaman M M, Islam K, Jahan M, Mamun M. 2014. Relative abundance
of stem borer species and natural enemies in rice ecosystem
at Madhupur, Tangail, Bangladesh. Journal of the Bangladesh
Agricultural University 12(2): 267-272.

Raj R S, Muthukrishnan N, Sathiah N, Prabakar K. 2020. Baseline
susceptibility of different population of whitebacked planthopper,
Sogatella furcifera from rice growing areas of Tamil Nadu, India
to imidacloprid 17.8% S L. Journal of Entomology and Zoology
Studies 8(5): 1894-1898.

Rath P C. Bose, L K Subudhi, H. N. Lenka, S. and Jambhulkar, N. N.
(2020a) Biodiversity of insect pests of rice in India. International
Journal of Chemical Studies. 8(1): 2998-3002.

Rath P C, Bose L K, Subudhi H, Lenka S, Jambhulkar N N. 2020b.
Biodiversity of Pests of Rice in Odisha. International Journal of
Current Microbiology and Applied Sciences. 9 (3): 566-569.

Raveau R, Fontaine J, Lounés-Hadj Sahraoui A. 2020. Essential oils as
potential alternative biocontrol products against plant pathogens
and weeds: A review. Foods 9(3): 1-31.

Reji G, Chander S. 2008. A degree-day simulation model for the
population dynamics of the rice bug, Leptocorisa acuta (Thunb.).
Journal of Applied Entomology 132(8): 646-653.

Rothschild G H L. 1970. Observations on the ecology of the rice-ear
bug Leptocorisa oratorius (F.) (Hemiptera: Alydidae) in Sarawak
(Malaysian Borneo). Journal of Applied Ecology 7(1): 147-394.

Roy N. 2017. Life table and nutritional ecology of Epilachna
vigintioctopunctata Fab. (Colioptera: Coccinellidae) on three host
plants. International Journal of Horticulture 7(2): 7-19.

Roy N. 2019a. Jute leaf physicochemical cues mediated behavioural
responses of Diacrisia casignetum Kollar. Agricultural Research
8:287-296.

Roy N. 2019b. Life table and economic threshold concept for
ecologically sustainable management of Diacrisia casignetum
Kollar (Lepidoptera: Arctiidae) on jute. Entomon 44(2): 103-110.

Roy N. 2020. Population ecology and ETs based time series for climate
smart pest management of Spilosoma obliqua Walker. Entomon
45(1): 15-30.

Roy N. 2021. Population dynamics and economic thresholds based time
series for smart pest management of sesame. International Journal
of Tropical Insect Science 41: 2573-2584.

S Dutta et al.

Roy N. 2022. Population ecology and economic thresholds-based time
series for climate smart pest management of Spilosoma obliqua
Walker (Lepidoptera: Arctiidae) on three sesame cultivars. The
Journal of Basic and Applied Zoology 83(1): 1-13.

Sabale J P, Das C, Samui R P. 2010. Influence of weather factors on light
trap catches of green leaf hopper at Pattambi, Kerala. Journal of
Agrometeorology 12(1): 108-110.

Sanchit S M, Sanchit S. 2019. Studies on host plant resistance against rice
ear head bug, Leptocorisa acuta Thunberg, Master Degree theses,
Navsari Agricultural University, Navsari, Gujarat, India. 996 pp.

Sankar S S H, Rani RPO. 2018. Pathogenicity and field efficacy of the
entomopathogenic fungus, Lecanicillium saksenae Kushwaha,
Kurihara and Sukarno in the management of rice bug, Leptocorisa
acuta Thunberg. Journal of Biological Control 32(4): 230-238.

Sarao P S, Bentur J S. 2018. Quantification of antibiosis levels in nine
different rice genotypes against Nilaparvata lugens (Homoptera:
Delphacidae). International Journal of Tropical Insect Science
38(4), 330-339.

Sarkar S K, Patra B C, Jana K, Ghosh K. 2016. Impact of different
herbicides and their combinations on production economics of
winter rice in West Bengal. Indian Journal of Weed Science 48(4):
442-444.

Schoonhoven L M, Van Loon J J A, Dicke M. 2005. Insect-plant biology.
Oxford University Press, Oxford, United Kingdom.

Seleiman M F, Al-Suhaibani N, Ali N, Akmal M, Alotaibi M, Refay Y,
Dindaroglu T, Abdul-Wajid, H H, Battaglia M L. 2021. Drought
stress impacts on plants and different approaches to alleviate its
adverse effects. Plants 10(2): 1-25.

Selvaraj K, Chander S, Sujithra M. 2012. Determination of multiple-
species economic injury levels for rice insect pests. Crop Protection
32: 150-160.

Sharma R, Sharma P. 2021. Fungal entomopathogens: a systematic
review. Egyptian Journal of Biological Pest Control, 31: 1-13.

Shitiri A, Jamir I T, Neog P. 2014. Effect of cultivars and botanicals on
the incidence of major insect pests in lowland rice. International
Journal of Bio-resource and Stress Management 5(1): 58-63.

Shivasharanappa Y, Pradeep S, Kumar M A A, Venkatesh H,
Siddalingappa R. 2010. Biology of sugarcane internode borer, Chilo
sacchariphagus indicus (Kapur). Karnataka Journal of Agricultural
Sciences, 23(1): 140-141.

Shyamrao I D, Raghuraman M. 2019. Bio-efficacy of insecticides against
yellow stem borer (Scirpophaga incertulas Walker) in rice (O.
sativa L.) ecosystem of Varanasi region. Journal of Pharmacognosy
and Phytochemistry 8(2): 301-304.

Song X Y, Peng Y X, Wang L X, Ye W N, Pei X G, Zhang Y C, Zhang
S, Gao CF, Wu SF. 2022. Monitoring, cross-resistance, inheritance,
and fitness costs of brown planthoppers, Nilaparvata lugens,

resistance to pymetrozine in China. Pest Management Science
78(10): 3980-3987.

Suzuki Y, Sogawa K, Seino Y. 1996. Ovicidal Reaction of Rice Plants
against the Whitebacked Planthopper, Sogatella furcifera Horvath
(Homoptera: Delphacidae). Applied Entomology and Zoology
31(1): 111-118.

Tandon V, Srivastava A. 2019. Studies on life cycle of white stem borer,
Scirpophaga fusciflua Hampson under Mid Hill conditions of
Himachal Pradesh. Oryza 56(1): 33-37.

Thein HW, Yamagata Y, Van Mai T, Yasui H. 2019. Four resistance alleles
derived from Oryza longistaminata (A. Chev. & Roehrich) against
green rice leathopper, Nephotettix cincticeps (Uhler) identified
using novel introgression lines. Breeding Science 69(4): 573-584.



318 Indian Journal of Entomology 86(1) 2024

Tigga V, Kumar A, Sahu S P, Khan H H, Naz H. 2018. Assessment of the
efficacy of certain chemical insecticides against rice gundhi bug,
Leptocorisa acuta (Thun.) in Naini, Allahabad region. International
Journal of Chemical Studies 6(1): 959-961.

Win S S, Muhamad R, Ahmad Z, Adam N. 2011. Life Table and
Population Parameters of Nilaparvata lugens Stal. (Homoptera:
Delphacidae) on Rice. Tropical Life Sciences Research 22: 25-35.

Win S S, Muhamad R, Ahmad Z A M, Adam N A. 2009. Life table and
population parameter of Sogatella furcifera (Horvath) (Homoptera:
Delphacidae) on rice. Journal of Biological Sciences 9: 904-908.

Xu J, Wang X, Han C, Jiang Y, Zhong W, Liu B. 2022. Trait-based

Review

comparison of transgenic Bt rice and its non-Bt counterpart in
response to soil copper pollution. Environmental Science and
Pollution Research, 29: 2773-2782.

Yuan P L, Wang J P, Can G U O, Guo Z Y, Yao G U O, Cao C G. 2022.
Sustainability of the rice—crayfish farming model in waterlogged
land: A case study in Qianjiang County, Hubei Province, China.
Journal of Integrative Agriculture 21(4): 1203-1214.

Zhao X, Li C, Xu J, Zhang X, Xiong H, Huang Q, Cao S. 2019. Field-
scale evaluation on the efficacy of a novel benzoylphenylurea
TXHO09 against chewing insect pests harming vegetables and rice.
Crop Protection 126: 1-6.

(Manuscript Received: December, 2022; Revised: May, 2023;
Accepted: May, 2023; Online Published: May, 2023)
Online First in www.entosocindia.org and indianentomology.org Ref. No. €23949



