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Abstract: The rice leaf folder (Cnaphalocrocis medinalis) is a significant pest affecting rice cultivation worldwide, ¢
ausing considerable yield losses and economic damage. This review provides a comprehensive examination of the lif
e cycle of the rice leaf folder, highlighting the developmental stages from egg to adult and the factors influencing its
population dynamics. Emphasis is placed on understanding the biology and ecology of this pest to inform effective m
anagement strategies. Biological control methods, including the use of natural predators, parasitoids, and entomopath
ogenic organisms, are critically evaluated for their efficacy and sustainability. Additionally, integrated pest managem
ent (IPM) strategies combining biological, cultural, and chemical controls are discussed, offering a holistic approach
to mitigating the impact of rice leaf folder infestations. The review underscores the importance of continuous monito
ring, farmer education, and the adoption of environmentally friendly practices to achieve sustainable pest manageme
nt. Future research directions are proposed to address current knowledge gaps and improve control measures, ultimat
ely enhancing rice production and food security.
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1-Introduction: environmental and economic repercussions. In
Rice is one of the most important cereal_crop and Pakistan, fine rice varieties, particularly basmati rice,
staple food for about half of the world's population. It are renowned worldwide for their unique aroma
is grown in about 114 countries, mostly developing (Chandio et al,2020). They make a substantial
nations in Asia and Africa. Rice production plays a contribution to Pakistan's economy, accounting for
vital role in the economy of these countries and any 3.5% of the added value in agriculture and 0.7%. In
hazard that reduces the yield of the product 2021, Pakistan cultivated rice on 3.335 million
significantly influence their economy (Babendreier et hectares and produced 8.419 million tons (Naseer, et
al.,2022). Rice is categorized under the grass family al.,2020). Pakistan is the 10th largest producer of rice
Poaceae. It’s a major source of nutrition around the in the world and the fourth-largest exporter (Abbas et
world, especially in African countries like Ethiopia. al.,2021). According to the USDA, Rice was planted
Around 50% of the world’s population, including on 3.3 million hectares of land in 2020-21. About 70%
more than 2 billion Asians eats it as a staple diet. It is of our farmers are cultivating paddy and the
predominantly a subsistence crop because half of it is production is about 104.32 million tonnes and
consumed where it is grown (Arun et al.,2023). The productivity being 2404 kg/ha (McClung et al.,2020).
cultivation of rice holds immense economic The production of rice in India was 74.68 MTs in
significance for these nations, and any potential risks 1991- 1992 increased to 124.1 MTs in 2022 — 2023.
impacting its output greatly affect their economies. In Rice provides up to 50% of the dietary caloric supply
response to the ever-increasing demand for higher rice and a substantial part of the protein intake for about
grain production, farmers worldwide are intensifying 520 million people living in poverty in Asia
their cultivation methods, leading to a rise in pest (Surendran et al.,2021). Nearly 90% of the world rice
infestations (Reddy ef al,2023). Consequently, is obtained from Asia (nearly 640 million tons), with
insecticides and herbicides have often been China and India as the major contributors (Fahad et
excessively  applied, resulting in  adverse al.,2019). Roughly, 75% of the world’s rice is obtained
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from 85 to 90 M ha of paddy lowland areas, where rice
can be grown on a same field up to three times in a
year. Rice is currently grown in over a hundred
countries that produce more than 715 million tons of
paddy rice annually (480 million tons of milled rice)
(Zhou et al.,2020). Fifteen countries account for 90%
of the world’s rice harvest.13 China and India alone
account for 50% of the rice grown. More than 120,000
rice varieties are grown worldwide, cultivated in
various growing conditions like irrigated rain-fed low-
lands and up-lands (Sarwar et al.,2022).

1.1-Share of rice in agriculture and GDP:

Pakistan produced 7,410 million tons of rice according
to the financial year survey. Pakistani rice has been
cultivated in 3,304 hectares of agricultural land and
exported worldwide. Rice is also increased by 0.6% of
Pakistan's Gross Domestic Product (GDP) (Arsani et
al.,2020). It contributes 1.9 percent of value added in
agriculture and 0.4 percent in GDP. During 2022-23,
the crop was cultivated on 2,976 thousand hectares,
recorded decline of 15.9 percent over 3,537 thousand
hectares last year. Its production declined from 9.323
million tonnes in 2021-22 to 7.322 million tonnes in
2022-23, registering a negative growth of 21.5 percent
(Maitah et al.,2020). The old and manual process of
rice classification is more expensive and time-
consuming. Rice is the second largest crop among
these in Pakistan. Sindh and Punjab are the two-
leading rice-growing provinces that produce 92% of
rice around the total area. Punjab covers nearly one
million (Hectares) per year (Afzal et al,2021). The
soil condition was perfected for rice production in the
Punjab districts: Sialkot, Bahawalpur, Jhaang,
Gujranwala, Okaraa, Sheikhupuraa, and Multan (Shah
et al.,2020). These districts produced more than 70%
of rice in Pakistan. Pakistan’s agriculture sector still
stands at 2nd important position in contribution to
economy. In the year 2019-2024, this sector
contributed 19.3% to gross domestic production
(GDP) which has increased in comparison to previous
year (18.5%) in year 2018- 2024 (Rizwan et al.,2019).
Conferring to Food and Agriculture Organization
(FAO) report nearly, 2.57 billion people rely on
agriculture, hunting fishing forestry for their
livelihood. On the other side rice yield per hectare was
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highest in Australia followed by Egypt, USA, and
Uruguay with the yield 10386, 8826.5, 8621.1, 8500
kg/hectare respectively (Dey et al.,2020). In this
ranking, Pakistan falls at 57th position yielding 3844.4
kg/ hectare whereas in the production it was ranked as
10th in the major rice producer countries (Javed et
al.,2020). Asian farmers produce about 90% of the
total, with China and India accounting for 50% of the
global rice supply. Asian farmers accounted for 92%
of world rice production. Agriculture has historically
been a dominant sector in South Asian economy,
employing about 60% of the labor force and
contributing 22% of the regional GDP (Laiprakobsup
et al,2019). The agricultural GDP share of the total
GDP of Bangladesh at the current price was 30% and
rice alone occupied 75% of the cultivable land which
became 79.4% (Khushi et al,2020). In Nepal,
agriculture remains the principal economic activity,
employing 66% of the population and providing 39%
of GDP (Gadal et al.,2019). Rice alone accounted for
87.5% of the agriculture share of its total GDP. Sri
Lanka’s rice sector contributes 30% to the agricultural
GDP. Rice is the single most important crop occupying
34% (0.77 /million hectares) of the total cultivated
area in Sri Lanka. India and Bangladesh together
contributed 28% (22 and 6 respectively) of global rice
production and 33.57% in 2009 (26 and 7.5
respectively) (Manik, M. H. 2023). However, the share
of rice in total agricultural output (Figure 4) and total
GDP has been declining. Rice accounted for 8.4% of
GDP in South Asia, declined to 2.7% (Aslam et
al.,2021). According to the Food Balance Sheet, feed
use of rice is less than 1.8% of total production. In
recent years, a rice production deficit due to high
population growth has threatened the historic trend of
sustainable global rice production. Rice (Oryza sativa)
stands first among the cereal crops in Nepal, which
accounts for 50% of total edible cereal production and
about 20% to Agricultural Gross Domestic Product
(AGDP) on the country and provides more than 50%
of the total calories required to the Nepalese people
(Gairhe et al,2021). Also, in terms of area under
cultivation rice comes first among the cereals which
account about 50% of the total area under food crops
of 3.2 million hectare (Hoang et al.,2021).
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Leading countries on the production of Milled rice in

2020-2024

Production of Milled rice

China India

Countries

1.2-Rice bran components

It has been reported to show anticancerous activity via
various mechanisms involving antiapoptosis activity,
anti-inflammatory activity, chemo-protective action,
and so forth (Sapwarobol ef al,2021). Other
phytoactive compounds of rice bran have also been
documented to show other pharmaceutical activities
like antidiabetic  activity, anti-inflammation,
antihypertensive  activity, cholesterol-lowering
activity, antioxidant activity, antimicrobial activity,
and others, which elucidates the medicinal
significance of rice bran in present time reported that
in high-fat diet-fed mice, red rice bran extract
mitigates the different pathological complications of
dyslipidemia and hepatosteatosis by regulating the
expression of various major genes involved in
apoptosis, oxidative stress, inflammation, and lipid
metabolism (Spaggiari ef al,2021). The role of rice
bran oil in health-related and disease-preventive
benefits has been also documented in various
literature. Rice is the most important dietary staple for
about 3.5 billion people, accounting for at least 35-
75% of total calories (Yu ef al.,2019). The rice-wheat
(RW) system is critical to food security in Pakistan.
One strategy to satisfy the expected increase in future
food demand is to produce more food from
existing agricultural land. In addition, the studies
showed that the seeding methods influence the rice
yield and milled rice quality (Behl et al.,2021).
However, researchers are divided on the best method
for planting rice. Some believe that the transplanting
method is a new approach to increasing grain yield, for
improving water and fertilizer use efficiency, for
improving significantly the milling characters and the
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1,000-grain weight (Sahini etal.,2023). Others argue
that the direct seeding and broadcasting methods get
many advantages like less labor, low production cost,
less water use, less methane emission, high economic
profit, low crop maturity duration. Facing this
scientific divergence, determining the difference in
yield and milled rice quality and farmers’ profitability
under various (Ilias et al.,2020).

2-Sowing methods

Sowing methods is the way to sustainable rice
growing. The objective is to assess the effects of rice
sowing methods on yield and milled rice quality for
improving the small farmers’ income and
consequently enhancing the rate of transplanting
method uptake (Kumar et al.,2019). Timely screening
rice of different growth stages to do field operation,
such as fertilizer, irrigation, cultivation and disease
control, is of great significance of crop management
(Ali, et al.,2019). During the whole growth cycle, rice
panicles change significantly in their external
morphological structures, such as shape, color, size,
texture, and posture, which enables us to explore new
technologies to automatically observe, detect and
distinguish rice panicles of different critical growth
stages (Kashid ef «l.,2022). Computer vision and
machine learning has been widely reported in the
application of phenotypic traits detection of crops
(Roseli et al.,2021). Lepidopteron insect-pests are the
main class of pests causing significant damage to crop
plant yields. The rice leaf folder (RLF),
Cnaphalocrocis medinalis (Guenee) (Lepidoptera:
Pyralidae), is a predominant foliage feeder and one of
the most destructive pests, affecting in all the rice
ecosystems in Asia (Rautaray ez al.,2019). An increase
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in C. medinalis population could be attributed to the
large-scale cultivation of high yielding wvarieties,
application of fertilizers, and continuous use of
insecticides leading to outbreak of this pest in several
countries, including India) (Liu et al,2021). The
larvae fold the leaves longitudinally by stitching the
leaf margins and feed by scraping the green mesophyll
tissue from within the folded leaves (Singh & R. K.
2021). This feeding causes linear, pale white stripes
that result in membranous patches. Out of the eight
species of leaf folder, the most widespread and
important one is Cnaphalocrocis medinalis cause
significant losses to rice ecosystem (Kamakshi et
al.,,2020). In their studies, 17.5% damaged leaves
resulted in 16.5% yield loss, and 21.3% yield loss
corresponded to 26.6% damaged leaves. Second
instars leaf folder larvae glue the growing paddy

leaves longitudinally for accommodation and feeds on
green foliage voraciously which results in papery dry
leaves (DALVI & N. S. 2020). A single larva can
damage a number of rice leaves, disturbing
photosynthesis and reducing the rice yield. Loss
incurred to the growing paddy crop is insurmountable
(Marina et al.,2019). Feeding often results in stunting,
curling or yellowing of plant green foliage. The extent
of loss may extend up to 63 to 80 percent depending
on agro-ecological situations (Bilal et al.,2019). The
heavy use of insecticides and high fertilizer rates seem
to favors leaf-folder population outbreaks. Rice leaf
folder, Cnaphalocrocis medinalis is an important rice
pest and become a major threat to rice production in
many Asian countries including China, Sri Lanka,
Vietnam Pakistan, Japan, Korea, Malaysia and India
(Hajjar et al.,2023).

3-Life History:

In broad daylight, moths hide under leaves and on
stems as they are nocturnal. During the early hours of
the morning, moth activity is at its peak, but as the day
continues, the moth activity lessens (Manikandan et
al.,2023). Moths are attracted to light. As adults, the
moths are very small, and they have a yellowish-
brown appearance. They are 10—12 mm in length with
wingspans of around 13—15 mm (Marina et al.,2019).
When the wings are not moving, they form an equal-
sided triangle. Three oblique lines of different lengths
run across the forewings. The area of the hind wings is
large (Zhang et al.,2019). The male moth’s tibiae are
tufted with black hairs, whereas the females are not.
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Males have a broad abdomen tip, while females have
a pointy tip (Hajjar ef al,2023). The female uses a
pheromone to attract its mate, and they usually mate
between the hours of dusk and midnight. Adults have
a life expectancy of one week. After one or two days
of mating, the eggs begin to be laid (Ardestani, M.
2023). On both surfaces of young leaves, females lay
flat, oval, creamy golden eggs, either singly or in rows
parallel to the midrib of the leaf, and either in one or
two layers (Jian et al.,2019). Eggs are laid in batches
of ten to twelve. Female moths have the ability to
deposit up to 300 eggs during the course of their lives.
The duration of incubation can range anywhere
between 3 and 6 days (Mahesh et al.,2019). Upon
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hatching, the newly hatched larva has a light brown
head and a white, transparent body. Nevertheless, the
larva’s body turns green once it starts feeding (Arya et
al.,2023). It starts feeding on the youngest leaf that is
yet to open immediately after hatching by climbing to
the bottom of the leaf that has just emerged. The
second instar moves to a more mature leaf and wraps
it together (Lella, N., & Jagadeesh, K. 2023). Some of
the freshly born larvae hang from the leaf tip on silken
threads and are dispersed by the wind to adjacent
plants. A total of five larval instars are present. Upon

« Moth typically
has a wingspan of

approximately 16
millimeters.

« The color of pupa is dark
brown.

4-Mode of Damage of Rice Leaf Folder:

They scorch the leaves by folding them inward and
scraping away at their green tissues from within,
causing them to dry and scorch. To survive, each larva
must consume several leaves. Each attacked rice crop
may have several rolling leaves during a serious
infestation that reduces its capability to manufacture
food. Filling grain may be partly completed when flag
leaf stage plants are attacked (Adhikari ef al.,2022).
4.1-Bio- ecology of Rice leaf folder

The heavy use of (nitrogen) fertilizer persuades rapid
multiplication of the leaf folder population in rice
field. High humidity, high temperature and shady areas
of the field favor their growth and developments
(Dutta et al.,2024). The presence of alternate host in
rice fields and around the field provided shelter for
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reaching full size, the larva measures roughly 16 mm
in length and 1.7 mm across the thorax (Amer et
al.,2019). In appearance, it has a yellowish-green head
and a dark brown prothoracic shield. When touched,
larvae quickly jump or squirm. The larval stage takes
15 to 25 days to complete. Pupation occurs in looser
woven silk strands inside the leaf roll. The pupa is
slender and greenish-brown when it is first created, but
it eventually turns b rown. After 6-8 days, the molt
develops (Rajadurai ef al.,2023).

« Golden or yellow brown colour
+8-10 mm inlength

+ 16-20 mm in wing expanse

- Wings have 2-3 wavy lines with
dark bands

- Creamy white
colored eggs

«Oval shape are
laid singly

« Light yellow or dull
white with brown head
«20-25 mmin length
« Larvae passes
through 5 instars.

insect and create favorable environment for complete
several generations in one growing season (Nagdev et
al.,2022). Expanded rice areas with irrigation systems,
multiple rice cropping and insecticide induced
resurgences are important factors in the leaf folder’s
abundance. The adults of leaf folder are nocturnal they
hide in rice leaf during the day time to escape
predation. They are active year-round and moths fly
short distances when disturbed (Panse et al.,2022).
4.2-Nature of Damage:

The leaf folder damages the crop in its larval stage.
Mostly Damage is caused by the Second instars larvae
due to the folding of leaves and feeding on the green
mesophyll tissue which caused the loss of output by
20% to 30% generally (Senthil-Nathan, S. 2019).
From within the folds which results in papery dry
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leave. However, the young larvae feed on open leaves
but later feed inside the rolled leaf formed by folding
the leaf longitudinally with a sticky substance
(Morshed et al.,2020). The larvae chew inside the fold
by scraping the green matter. The scraped leaves
become membranous, turn whitish and finally wither.
This results in longitudinal white streaks causing
reduced photosynthesis and plant vigor, ultimately
affecting the plant growth and yield (Jasrotia et
al.,,2019). At vegetative stage, crop generally recovers
from the leaf folder damage but at reproductive stage,
feeding damage on the flag leaf significantly reduces
the grain filling resulting in yield loss. Generally, one
larva was found in each leaf fold and after feeding on
that leaf it moves to another leaf (Moses et al.,2019).
Thus, single larvae feeds on a number of leaves can
damage during its growth period. Heavily infested
fields show many folded leaves and a scorched
appearance of leaf blades. The damaged plants also
pre-dispose the plants to fungal and bacterial infection.
Severe infestations may annihilate the plant totally
(Huan et al.,2019).

4.3-Seasonal occurrence and abundance:

Although moths are recorded in the warm tropic’s
region around the years but during the rainy season,
they usually are most abundant. In cool regions, the
insect is active from May to October, during these
periods they completes four to five generations; the
later generations usually overlap (Morshed et
al.,2020). High humidity and optimum temperature
are the important factors for the insect's abundance.
Every year the initial population migrates to these
temperate countries from tropical regions. Leaf folders
have importance both in upland as well as lowland rice
growing fields in the last few to the growing paddy
crop are insurmountable (Samrit ef al.,2019).
5-Control of Rice leaf folder:

Rice belongs to the grass family, along with wheat and
maize, is one of the three crops on which the human
species largely depend. Around the global level rice
now become one of the most important crops, as in
most countries of the world it is used as a staple food
and will continue to be for the foreseeable feature
(Soomro et al.,2020). According to the FAO, the crop
is grown in at least 114 mostly developing countries
and in Asia and Africa is the main source of income
and providing jobs for more than 100 million
households. Countries like China and India contribute
together for more than half of world’s rice area, while,
along with Indonesia consume more than three fourth
of the worldwide rice production (Javvaji et al.,2021).
Brown planthopper (Nilaparvata lugens) is the
potentially very damaging secondary pest for rice
crop. In the past, disastrous losses have occurred by
largescale sudden occurrence of this small but mighty
insect although these sudden occurrences were mainly
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pesticide induced — triggered by pesticide subsidies
and policy mismanagement (Quan et al.,2020).
However, the brown planthopper still remain a
restricted problem, especially in those areas where
pesticide overuse and mistreatment are common, and
can therefore be well thought-out as an ecological hub
around which both ecological understanding and
management are vital to get gainful and constant rice
cultivation (Karthikeyan, K. 2019). For all Integrated
pest management educational programs, brown
planthopper has also become the major entrant
because it is always needed to take protective actions
against an outbreak during crop management
(Bhardwaj et al.,2019).

5.1-Biological Conservation Control of Rice leaf
folder

Conservation Biological Control

There is an ecological complexity associated
with the rice crop, which is characterized by a high
diversity of cultivated plants and a redundant food web
among them (Zhu et al,2020). Predators and
parasitoids from a variety of classes and orders prey
on and parasitize herbivorous insects in rice
ecosystems, including  Araneae, orthopterans,
coleopterans, aquatic and terrestrial heteropteran,
hymenopterans, strepsipterous, and dipterans (Sharma
et al.,2020).

At a very early stage of the crop season, showed
that generalist predators (e.g., spiders and mirid bugs)
were abundant through the irrigated rice production
sites in Java at an early stage of the crop season
(Tamba, K. 2021). An increase in the organic matter
prior to the season led to an increased abundance of
decomposers and a further increase in populations of
predators. These correlations show that rice predators
use decomposer communities as alternative prey
before phytophagic insects arrive (Shyamrao et
al.,2019). Widespread staggered planting in the
intensive cultivation areas of rice could further ensure
continued availability and abundance of prey and hosts
in rice fields.

In rice environments, biological conservation
management capitalizes on and increases the natural
pest controls provided by these prevalent natural
enemy populations (Bodlah er «l.,2019). Annual
monoculture cropping practices are frequently linked
to high disturbance regimes in natural enemies’
habitats. Pesticide use is high, and there may be a
dearth of adult food and shelter in certain agricultural
systems. Conservation biological control tries to
address this problem by reducing insecticide use,
promoting selective insecticides, and changing crop
habitats to improve natural enemy populations’
support (Jaglan et al 2024).
5.2-Augmentative Biological Control
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Whilst the irrigated rice ecosystem is a redundant food
network, it is plausible that the populations of insect
pests sometimes have economic damage. Cure
measures are necessary, and the first curative option,
wherever available, should be increased biological
control (Guo et al,2024). While conservation
biological controls aim to improve the effects of
indigenous enemy communities, increased biological
control usually aims to increase the number of specific
natural enemies for a short period of time, to
temporarily suppress pesticide populations and
activities, and to prevent economic damage to the
yield, as opposed to conservation biological controls,
which aim to improve the effects of indigenous enemy
communities (Pathak et al.,2020). A good way to
achieve enhanced controls is usually by releasing
predators, parasitoids, or pathogens into the field that
are predicted to produce the desired effects for a long
or short period of time. Inoculate biological control,
with the expectation of rapid increase of the small
number of natural enemies released during that short
period of time (inundate biological control [mass
releases], where a natural enemy is unlikely to
reproduce quickly enough), is one way to achieve this
(Bonaventure, J. 2020).

As a biological control agent, provided a
bibliography of all major fungal groups, bacteria,
viruses, and nematodes that have been identified as
rice insect pests between 1960 and 1985. Since then,
there have been a number of studies that have
demonstrated the effectiveness of rice pests of two
entomopathogens, Metarhizium and Beauveria.
Furthermore, toxins from Bacillus thuringiensis (Bt)
were found to inhibit feeding larvae from rice-stray
borer (Chilo Suppressalis (Walker)) during a
laboratory experiment using an artificial diet (Ahmed
et al.,2021).

As an alternative to using invertebrate pathogens
in rice production as a biocontrol agent, a common

argument is that invertebrate pathogens take a long
time to control and have only limited effect at the field
level (Mitku et al.,2021).

5.3-Bacteria

Microbial pesticides, also known as biopesticides,
have gained popularity as an alternative to chemical
pesticides in the pesticide market. In the years 1988—
1995 in the United States, 90% of the bio pesticide
market was dominated by Bacillus thuringiensis (80).
Even though BT insecticides still make up only around
1% of the global market for insecticides, they have
been used for decades as a means of controlling larvae
of lepidopterous insects, and they have recently been
combined with strains capable of controlling other
insects (Karenina et al.,2019). It produces crystalline
insecticide protein (1CP) or 6-endotoxins in protein
crystalline parasphorus inclusions that are released
into the soil by Gram-positive, aerobic soil bacteria
(Reuolin et al.,2021). It is known that Bt 6-endotoxins
are oral toxins that do not demonstrate any contact
activity. The processes that explained the modes of
operation of endotoxins are ingestions, Solu
ionization, proteolytic  activation, transit via
peritrophic, binding of the receptor, insertion of the
membrane, creation of the ion channel, and lysis of a
cell (Baruah et al.,2023). The downside of Bt as a bio
pesticide is that UV sunlight can make the toxin
ineffective against insect pests quickly. Because of
high transgenic crop selection pressure, Bt endotoxin
resistance is of great concern to the population of
pests, and this may also apply to other insecticide
proteins (Zang et al.,2021). It is recommended that the
use of Bt endotoxins (hatural or biotechnology-based)
and synthetic chemical pesticides should be combined
with a pest complex with little selection of resistance
to ensure efficient control of the pests. The other
potentially useful toxic proteins made in crop plants
(protease inhibitors, lectins, etc.) are of less field use
(Chakravorty et al.,2023).

Biological Control Family Life Stage Reference
Acinetobacter Moraxellaceae Capsid (Karenina et al.,2019).
Lactococcus garvieae Streptococcaceae Capsid (Reuolin et al.,2021).
Aeromonas media Aeromonadaceae Capsid (Baruah et al.,2023)
Chryseobacterium Weeksellaceae Capsid (Zang et al.,2021)
cucumeris
Brucella Brucellaceae Capsid (Chakravorty et al.,2023)
pseudogrignonensis
Klebsiella pneumoniae Enterobacteriaceae Capsid (Mitku et al.,2021)
Enterobacter asburiae Enterobacteriaceae Capsid (Bonaventure, J. 2020)
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5.4-Fungi
Metarhizium, Beauveria, Hirsutella, Nomur

aea, and Paecilomyces are among the most regularly
collected entomopathogenic fungi in agricultural
crops. As biological pesticides, they offer a great deal
of promise (Das et al.,2023). Because of the harmful
consequences of chemical pesticides, there has been a
renewed interest in exploring their possibilities in
recent years. Entomophagy fungi probably do not
acquire a large portion of the pesticide sector but have

a specialist place in the field of insect pest control
systems and integral applications (Abdullah et
al.,2021). The rice ecosystem in Pakistan should be the
focus of future growth rather than a single pest or
pathogen. Unless genetic alterations increase the
number of fast-damaging pathogens, in the future, the
number of successful inundative augmentations will
probably be restricted. Natural L, a recognized product
based on Beauveria species, is the only one available
in Pakistan (Nilamudeen et al.,2020).

Biological Control Family Life Stage Reference

Metarhizium Clavicipitaceae Spores (Das et al.,2023)
Beauveria Cordycipitaceae Spore (Nilamudeen et al.,2020)
Hirsutella Ophiocordycipitaceae Spore (Abdullah et al.,2021)
Nomuraea Clavicipitaceae Spore (Sharma et al.,2020)
Paecilomyces Thermoascaceae Spore (Jaglan et a/ 2024)
Metarhizium anisopliae Clavicipitaceae Spore (Bonaventure, J. 2020)
Nomuraea rileyi Clavicipitaceae Spore (Shyamrao et al.,2019)
Verticillium lecanii Cordycipitaceae Spore (Bodlah ef al.,2019).
Fusarium spp Nectriaceae Spore (Zhu et al.,2020)

5.5-Viruses

Insects can be infected by viruses in many
different ways. Among all lepidopterous pests, only a
small number of them have baculoviruses, which have
not been shown to have negative health effects or be
harmful to the environment (Basit et al,2021). As
control agents, they have been used in a variety of
ways; however, issues such as sluggish action and
photosensitivity restrict their usefulness and economic
value (Satheesha et al.,2020). Several attempts have
been made to improve the potency and speed with
which baculoviruses kill by incorporating other genes
to express them, such as chitinase, poisons, insect
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hormones, and juvenile hormone esterase; however,
none have been successful. So far, there has not been
a single report of baculoviruses being used to control
insects in Pakistan (Igbal, S. 2020).

6-1PM Strategies

6.1-Cultural Practices

A key component of IPM is cultural practices. The
following practices are used for pest management in
rice paddies: removing weeds from fields, raising
healthy nurseries, planting at the right time, selection
of healthy seeds, summer plowing, and applying
fertilizers as recommended (Morya et al.,2019).
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a balanced dose of tertilizer.

Cultural Practice of Rice Leaf Folder

Ophionea nigrofasciata (Schmidt

6.2-Mechanical Practices

Biocontrol agents are conserved in bamboo cages by
removing and destroying pest-infested plant parts,
clipping the tips of rice seedlings, and collecting egg
masses and larvae of pests (Chatterjee ef al.,2021).
6.3-Biological Control Practices

It is important to conserve biocontrol agents such as
coccinellids, spiders, damsel flies, and dragonflies.
Rice seedlings are treated with chlorpyriphos as part
of a root dip treatment. The eggs and masses of borers
are collected and placed in bamboo cages until they
flower. By allowing the parasites to escape, it also
traps and kills the hatching larvae (Nayak et al.,2024).
7-Conclusion:

It is clear from this study that indiscriminate use of
pesticides harms human health and the environment.
Insects that are beneficial to the environment are
destroyed by excessive pesticide use, resulting in pest
outbreaks. Hence, to manage rice insect pests in fields,
integrated pest management is the best alternative to
pesticides. Therefore, it is necessary to understand the
problems of farmers better so that the key constraints
can be reduced and control strategies developed more
adequately. Considering the fact that foreign exchange
is spent on importing chemical pesticides, it is evident
that Pakistan has a good potential for developing
organic pest control technology and incentive
programs. Work is available, and incentives to
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Cultural practices that can prevent leaf
folder are crop rotation, avoldance of
ratoon plants, removal of grassy weeds
from the field and borders, application
of standard plant density and the use of

In most rice fields, ground beetles

22

. ‘\’

Allelochemicals ] ) ,) Phenolics and momilactones are
-\ the most common allelochemicals

3 7 responsible for herbicidal effects

> 4 in rice.

Neem (Azadirachta indica) and garlic
acts, for instance,

internalize pest control economies are strong,
considering that foreign exchange is spent on
importing chemical pesticides. As far as differences
between IPM’s different approaches are concerned,
the participatory approach often proves to be more
effective in solving the complex problems that small-
scale, risk-prone rice farmers face on a local level.
Integrated biological control approaches and the
useful development of the IPM for farmers’ resistance
to host plants should be made use of. To discover the
various eco-friendly integrated pest control methods,
different studies must be conducted in different parts
of the world. Farmers should be involved in pest
control activities through the implementation of
integrated pest control methods.
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