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polyphagous, highly destructive pests which cause significant loss to
agricultural crops, food, fibres, wood materials and other house hold
materials. However, for termite control different synthetic highly toxic
*Corresponding Author chemical insecticides were used. But these toxic chemicals were
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vertebrates. Besides targeting insects, these synthetic chemicals also
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Gorakhpur University, kill non-targeted organisms. These toxic chemicals enter into the food
Gorakhpur, 273009. chains and imposing adverse effects on various organisms. These
chemicals after metabolism move further inside biological system and
show bio-accumulation. These persist for a much larger time in the form of bound residues
which were proved harmful to parental components. Termite control by plant lattices is eco-
friendly and environmentally safe. Latexes are secreted by many flowering plant families. In
this article, the latex and other plant natural products have been suggested for termite control.
They inhibit metabolism in termites and kill them due to anti-feedant, repellent and toxic
action. This article also explains cultural, behavioral, microbial, genetical and biological
control of termites to to cut down termite menace in an eco-friendly manner. This article also
suggests production of plant based natural formulations for termite control to save the

ecosystem and its biotic components.

KEYWORDS: Plant natural products, plant latex, termites, apocynaceae, subterranean
termites, Coptotermes formosanus, Reticulitermes flavipes, Odontotermes, Calotripis

procera.

www.wipr.net | Vol 10, Issue 3,2021. | 1SO 9001:2015 Certified Journal | 2137



Rajesh et al. World Journal of Pharmaceutical Research

1. INTRODUCTION

Termites are polyphagous detritus feeders that belong to order Isoptera and class insecta.
They are the most successful and highly invasive insects on the earth. These are voracious
feeders show morphological variations and live eusocially within the colony. They feed
mainly on cellulose containing materials like wood, household furniture and other wooden
structures. Termites found worldwide in all climatic regions except few colder regions. These
are major pests and are causing great losses to field crops, damage valuable structure in
buildings, bridges, dams, roads or by damaging crops, forests tree. It must be recognized at
the outset that termites are a part of the natural ecosystem of the world. These are major pests
and are causing great losses to field crops, damage valuable structure in buildings, bridges,
dams, roads or by damaging crops, forests tree (Photograph 1le-1f). It must be recognized at
the outset that termites are a part of the natural ecosystem of the world.

Termites attack a variety of crops at any stage of development and cause great loss in
agriculture. A particular crop infested by some particular termite genera because different
species of termites live in a habitat with variable amount of moisture. Termite infestation
reduces crop Yyield up to a threshold level (Ahmad et al., 2021). Termites usually attack on
crops; they may usually feed on plant roots, aerial part of the plant and make several injuries.
They cause detectable damage that result in loss of yield quantity or quality. Wood-feeding
termites digest and degrade lignin biopolymers and release glucose and other fermentable
sugars from recalcitrant plant cell wall carbohydrates, including cellulose and hemicelluloses
with the help of gut symbionts (Scully et al., 2013). Thus, termites cause great economy loss
that approximately estimated to approach $30 billion worldwide (Culliney and Grace 2000).

There are 3,106 species of termites described while 500-1000 species still left to describe
worldwide. In India, total 337 species are known till now. Among them, 35 reported to
responsible for significant damage in agricultural crops and buildings. The major damaging
species of termites in India are Odontotermes, Coptotermes, Heterotermes, Microtermes,
Microcerotermes and Trinervitermes. Among them Odontotermes is responsible for major
loss infesting crops and building structures (Paul et al., 2018). Termites are soft-bodies
insects, so they do not inhabit a cool environment. The different species of termites inhabit
wood, crops and furniture with varying moisture content. Ecologically three types of termites

found all over the world except Antarctica. The main types of termites are:
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I. Subterranean termites

Subterranean termites are found all around the world except Alaska. These termites live
either underground colonies or above ground secluded area. Subterranean termites are a
major structural pest causing a tremendous amount of damage to homes, commercial
buildings and other historical structures. They consume valuable books, documents and
photograph (Zorzenon et al., 2015). Subterranean termites are most successful among
termites; their success can be attributed to their cooperative behavior. They are eusocial
termites, as well developed division of labor are found among the members of the colony and

each caste performs a specific job to benefit the whole colony (Sun et al., 2020).

Il. Drywood termites

Drywood termites infest dry wood. This species of termites established their colony in
woodroof or wooden support and they do not need contact with soil because they do not
require much moisture like other species of termites. Since they have the ability to
decompose wood with low moisture content, they may attack every kind of dead and dried
wooden structure such as timber, furniture and other wooden structures. But their colony may
also be found in wooden things situated near a water source (Cosme et al., 2017). This
species, mostly infest the wooden things in the houses, dried tree and other wooden
structures. They are found only some part of the world. Their distribution restricted to the
southern tier states, from North Carolina through the Gulf Coast and in the coastal areas of

California.

I11.Dampwood termites

Dampwood termites infest wood or wooden structures of varying level of decay and moisture
content. The size of these termites is longer than the other species of termites. They do not
infest wooden household structures because of low moisture contents. Their distribution also

restricted to only some part of the world such as in the Pacific coastal and southern Florida.

Termites are belonging to infraorder Isoptera. Once they are classified in a separate order, but
the studies in 1993 indicate that they are more similar to wood-cockroaches on the basis of
their gut symbionts. DNA sequencing of 16s RNA in 2008 also confirmed that termites more
related to wood-cockroach. Thus, it was concluded that termites are evolved from
cockroaches during Jurassic or Triassic period. Now, termites are classified at the taxonomic
rank order Isoptera within the cockroaches. There are 3106 species of termites described
while 500-1000 species still left to describe. The higher classification of those species splits
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into nine families. All family members are fully eusocial except some drywood termites

(Kalotermitidae) which may not have functionally active workers.

A. Seasonal infestation

Subterranean termites are major destructive pest worldwide. They use plant litter present on
the soil or ground. They feed on the wood structures for years without being detected. The
Indian white termite, Odontotermes obesus (Rambur) (Isoptera: Odontotermitidae), is highly
destructive polyphagous insect pest, lives in huge mounds, and feeds on cellulose material
and almost anything which contains carbohydrate. It causes economic damage to commercial
wood, fibers, cellulose, sheets, papers, clothes, woolens and mats, and woody building
material and infests green standing foliages, cereals stored in godowns. Termites invade crops
in agriculture field and garden plants and saplings (Photograph le-1f). In winter they avoid
cold by hiding inside the plant litter, mud holes or in the underground tunnels of termitarium.
In the spring season, as the temperatures warm up, mature termite colonies begin to send
winged reproductives in search of locations to establish new nests. These winged
reproductives, move out as swarmers and try to establish colonies before summer season.
They can swarm anytime during the warm months. Due to favorable climatic conditions
colony size and number gets increase and large numbers of workers and soldiers come out
invade crop or leafy vegetation wood, and other items and materials for feeding. For this
reason, it is important to move wood sources (especially damp wood) away from the

foundation perimeter.

In dry summer season, subterranean termites become active and worker termites form mud
tubes or shelter tubes to get from the ground to the wood man-made structures. Forest
termites do make plastering and surface the humidified mud on tree trunks (Photograph 1e-
1f). All these structures they eate hiding them in in dark places. Workers do not like light.
Workers can eate mud tubes any, and make termitariums inside feeding or foraging areas or
in their periphery. Invasion by colony members depend on seasonality when colony members
raid the crop field in large numbers. In the fall or post summer season, termite activity get
slow down, and they try to shift in, warm area ground the soil or underneath a man-made
structure. It is important for termites to feed and protect themselves all year long.
Subterranean termites don't like the light. This aversion to light will have these insects
feeding all the way up to rub the soil on the walls, make holes in wood and remain inside

without making noise.
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Climate change and its impact on termite control

The seasonal changes affect the foraging activity and wood consumption of the Formosan
subterranean termite, Coptotermes formosanus Shiraki (Isoptera: Rhinotermitidae). Wood
consumption is the lowest in December, February, and March. Prolonged periods of cold
weather, with average soil temperatures below 15 degrees C, caused a significant number of
termites to abandon underground (Cornelius and Osbrink 2011). Diet and length of time
affect the intercolonial agonism among Formosan subterranean termite, Coptotermes
formosanus Shiraki colonies. Aggressive behavior also decreased over time according to the
diet and length of time. Any changes in environmental factors affect intercolonial agonism
(Cornelius and Osbrink 2009).

Fungus-growing termites increased decomposition rates strongest (+123%) under the most
water-limited conditions, making overall decomposition rates mostly independent of rainfall.
Fungus-growing termites are of special importance in decoupling decomposition rates from
spatiotemporal variability in rainfall due to the buffered environment they eate within their
extended phenotype (mounds), that allows decomposition to continue when abiotic
conditions outside are less favorable (Veldhuis et al., 2017). Numbers of workers, soldiers,
and soldier/worker ratio are also significantly affected by month. The numbers of nymphs in
a colony are highly variable within the season mainly from March onwards (Cornelius et al,
2015).

2. Termite control

So far studies have been done on pest control, different synthetic toxic chemical insecticides
have been used for termite control were. Besides targeting insects, these synthetic chemicals
also kill non-targeted organisms. These toxic chemicals enter into the food chains and
imposing adverse effects on various organisms. These toxic chemicals were proven very
harmful to microbiota of soil, invertebrates and vertebrates. These chemicals after
metabolism move further inside biological system and show bio-accumulation. These persist
for much larger time in form of bound residues which were proved harmful to parental
components. The persistent use of synthetic termiticides resulted in serious environmental
problems; hence there is a need to search for plant-derived compounds as an alternative for
termite control (Xie et al., 2013). Green pest management is an environmental-friendly pest
management that helps to control pests and reduces harmful use of pesticides. Green pest

management is a relatively new concept. It includes sanitation, management, biological
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control, least toxic chemical pesticides and minimum use of chemicals and avoids killing of

non-target species by spraying in target locations (Srivani Maddala et al., 2019).

A. Termite control using plant natural product

So many natural products are used for termite control. Most of them are plant secondary
metabolites that are used to control infestations and physical damage caused by termites.
Plants produce specialized metabolites or chemicals for their defense against a diverse group
of organisms (Livshultz et al., 2018). Plants synthesize diverse chemical metabolites in
response to insect or pathogen attack and protection from predators, mainly latex producing
plants (Ernst M et al., 2019). The chief secondary metabolite of the families Apocynaceae,
Loganiaceae and Rubiaceae are monoterpenoid indole alkaloids (Szab6 2001 et al., 2001).
Few of alkaloid glycosides display antitermitic (Araya et al., 2012). Plant alkaloids target
insect pests effectively and efficiently (Runguphan et al., 2009).

Terpene indole alkaloids are plant natural products with diverse structures and biological
activities. The roots of Cynanchum stauntonii 18:20-triepoxy-5a:9a-peroxy-14, 15-
secopregnane-6,8(14)-diene named as stauntogenin G as the aglycones which show anti-
termite activity (Deng et al., 2017). The monoterpenoid indole alkaloids produced by
Ervatamia hainanensis also display antitermite efficacy (Zhang et al., 2015). Similarly, plant-
derived monoterpene indole alkaloids, which include vinblastine, quinine, and strychnine,
originate from a single biosynthetic intermediate, strictosidine aglycone are anti-termite in
nature (Stavrinides et al., 2015). In plant-derived ajmalan alkaloid pathways, are also
protective against termite infestation (Dang et al., 2017). Cardenolides are natural product

synthesized by plants in response to increase toxicity (Rasmann and Agrawal 2011).

Natural products from the various part of Isodon rugosus plant contain various flavonoids,
which have the potential to kill termites. The anti-termitic activities of flavonoids depend on
the compounds which are used during fractionation (Zeb et al., 2017). Chloroform extract of
the roots of Diospyros sylvatica contain various natural products including 2-methyl-
anthraquinone, plumbagin, diosindigo, diospyrin, isodiospyrin and microphyllone. Among
them all have capability to kill the termite except diospyrin (Ganapaty et al., 2004).
Chromene analogs derived from a natural-product-based chromene amide isolated from
Amyris texana is used to control C. formosanus. These compounds exhibited significantly
higher mortalities in termites (Meepagala et al., 2011). Secondary metabolites from Alpinia
galanga (L.) locally known as lengkuas show potency to repel two species of termites,
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Coptotermes gestroi (Wasmann) and Coptotermes curvignathus (Holmgren) (Isoptera:
Rhinotermitidae). The main repellent compound is 1,8-cineol. It shows repellency 250 ppm
of 1,8-cineol caused 50.00 * 4.47% for C. gestroi, whereas for C. curvignathus 750 ppm of
1,8-cineol is needed to cause similar repellent activity (Abdullah et al., 2015). Natural
products vulgarone B, apiol and cnicin exhibited significantly higher mortalities in
Coptotermes formosanus. These compounds are present at high levels in plant sources and
also possess other biological activities such as phytotoxic and antifungal properties
(Meepagala Osbrink et al., 2006).

Most natural products (NPs) are neuroactive and affect central nervous system (CNS). Bio-
organic compounds show high brain penetration potential in complex mixtures. The extracts
prepared from Tanacetum parthenium, Vinca major, Salvia officinalis, and Corydalis cava
contain different types of chemical diversity and complexity that are used against local
termite (Konczol et al., 2013). Thus, natural compounds can be used for potential control of
several important agricultural and household structural pests including termites. Among the
various natural plant products, cycasin caused significant mortality in termites (Schrader et
al., 2010).

B. Plant extract in termite control

Since long times extract of various plants is used in insect pest management. The extract of
various plants acts as repellent, anti-feedent and even toxic to the insects (Bernard et al.,
2020). Generally, plant extracts act as a repelling agent for insect and it is due to the presence
of various ingredients in the extract. Plant-based repellents have been applied for generations
in traditional practice as a protective agent against insects (Asadollahi et al., 2019). The
extract of the leaves, roots, peels of the fruits and other part of the various plant of family
apocynaceae have potential to control termites. The potential activity of extract depends on
the chemical which is used in extract. The plant extract formulation affects the orientation

and survival of subterranean termites (Blaske and Hertel 2001).

The linseed oil with the wood extract of Tectona grandis, Dalbergia sissoo, Cedrus deodara,
and Pinus roxburghii show excellent anti-termitic activity and could be used actively as
protectants of non-durable wood species against the termite, Heterotermes indicola. The
mixture of extract with linseed oil increase synergistic effect (Hassan et al., 2020). Similarly,

heartwood extract from white mulberry (Morus alba L.) (Rosales: Moraceae) cause excellent
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mortality in termites at 10 mg/ml and the LC50 of the heartwood extract is 1.71 mg/ml

against Reticulitermes flavipes (Kollar) (Blattodea: Rhinotermitidae) (Hassan et al., 2018).

The ethanolic extract of leaf from Cunninghamia konishii show excellent antitermitic
activities. Among the four fractions of wood ethanolic extract, the hexane-soluble fraction
shows the strongest antitermitic activities. In addition, f-elemol and a-cadinol show excellent
inhibitory action against C. formosanus (Cheng et al., 2014). Chloroform extract of dry
Lantana camara 'Mozelle' show anti-feedent and toxic effect against the eastern subterranean
termite Reticulitermes flavipes (Kollar). The anti-feedent and toxic effect of the latex is
concentration dependent as it cause 90% mortality and 78% reduction in feeding at 0.212
concentration while 52% mortality and 40% reduction in feeding occurred at 0.106 mg/cm?
(Yuan and Hu 2012). In the chloroform extract of the roots of Diospyros sylvatica, six
quinones are identified as 2-methyl-anthraquinone, plumbagin, diosindigo, diospyrin,
isodiospyrin and microphyllone. These compounds affect the the orientation and survival of
the subterranean termite, Odontotermes obesus. Quinones show higher repellent activity

against termites and are also proven toxic at higher concentration (Ganapaty et al., 2004).

From Juniperus procera cedrol, a tertiary tricyclic alcohol, is isolated that showed anti-
termitic activities such as anti-feedent, toxic and repellent (Kinyanjui et al, 2000). The ude
extracts as well as different fractions of C. anisata show excellent termicidal activity against
various termite species. The main compounds reported are marins, carbazole alkaloids and
limonoids (Mukandiwa et al., 2016).

From Echinops spp. eight thiophenes have been isolated and each of them possesses varying
degrees of termiticidal activity. 2, 2"5', 2"-Terthiophene and 5'-(3-buten-1-ynyl)-2, 2'-
bithiophene demonstrated 100% mortality against C. formosanus at 1 and 2 wt%
concentrations respectively. Among various thiophenes two show strongest termicidal
activities (Fokialakis et al., 2006). Plant extract from Pyllanthus niruri, Azadirachta indica,
Leucaena leucocephala and Andrographis paniculata affects the tunneling activity and the
behaviour of two subterranean termites, Globitermes sulphurues and Coptotermes gestroi.
The plants extracted with different solvents exhibit variable activity against termites. Plants
extracted with methanol demonstrated strong repellent properties with 0 tunneling activity on
the treated sand and low survivorship of both termites (Bakaruddin and Majid 2019).
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C. Termite control by Essential oils

Essential oils are liquid extracts from aromatic plants which are extracted from various plant
parts for and have multiple uses. Essential oils are derived from plants and considered as the
most efficient alternative in controlling insect pests like termites (Alavijeh et al., 2014). EOs
is mixtures of secondary metabolites or natural organic compounds obtained from plants.
These contain mixed functional groups and lipophilic in nature and are highly volatile at a
very low temperature. More than 200 constituents are present in essentials oils obtained from
different plants (Aziz et al., 2018). The essential oils used since long times for their
bactericidal, virucidal, fungicidal, antiparasitical and insecticidal properties. Now days it uses
in pharmaceutical, sanitary, cosmetic, agricultural and food industries increases (Bakkali et al
2008).

The essential oils show high repellent and antifeedent activity against Formosan subterranean
termite, Coptotermes formosanus Shiraki. The anti-termite potential of essential oils mainly
depends upon the plant material, exposure time, and concentration (Park and Shin 2005). The
essential oil of L. sidoides and thymol are more toxic to C. brevis pseudergates when applied
by contact (LD50 = 9.33 and 8.20ugmg-1, respectively) and by fumigation (LC50 = 9.10 and
23.6pLL-1, respectively) (Santos et al., 2017). Chinese cedar (Cryptomeria fortunei
Hooibrenk) shows antitermitic activity against Reticulitermes chinensis. In the essential oil
of Chinese cedar, a-terpineol is responsible for the antitermitic property and the lethal
concentration (LC50) value of leaf essential oil is 2.80 mg/mL. (Xie et al., 2013). Wood and
leaf essential oils from Cunninghamia konishii Hayata show excellent antitermitic activities.
Among various extract obtained using different solvent, the hexane-soluble fraction show the
strongest antitermitic activities against Formosan subterranean termite, Coptotermes
formosanus (Isoptera: Rhinotermitidae). The anti-termitic property of extract is due to the

presence of B-elemol and a-cadinol in extract (Cheng et al., 2014).

The essential oils of vetiver grass, cassia leaf, clove bud, cedarwood, Eucalyptus globules,
Eucalyptus citrodora, lemongrass and geranium) show antitermite properties against the
Formosan subterranean termite, Coptotermes formosanus Shiraki. Vetiver oil proved the most
effective repellent because of its long-lasting activity. Clove bud was the most toxic, killing
100% of termites in 2 days at 50 micrograms/cm2. Vetiver oil decreased termite tunneling
activity at concentrations as low as 5 micrograms/g sand (Zhu et al., 2001). Similarly, vetiver

oil and its components are also capable to disrupt food recruitment by termites. Sand treated
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with vetiver oil or nootkatone disrupted termite tunneling behavior. Wood consumption and
termite survival are significantly lower compared with cedrene-treated or untreated sand
treatments. Sand treated with vetiver oil or nootkatone at 100 microg/g substrate are effective
barriers to termites (Maistrello et al., 2001). Oil from citrus peel, referred as orange oil
extract (OOE), contains -92% d-limonene, and it is generally known to be toxic to the
Formosan subterranean termite, Coptotermes formosanus Shiraki (Isoptera: Rhinotermitidae).
It cause 68-96% mortality in termites at 5 ppm (vol: vol) (Raina A et al., 2007). Similarly,
Jatropha curcas L. (Malpighiales: Euphorbiaceae), nut oil shows repellent activity against
the Philippine milk termite Coptotermes vastator Light (Isoptera: Rhinotermitidae). Jatropha
curcas oil induced reduction in tunneling activity and increase mortality in C. vastator.
Behavior of termites exposed to sand treated with J. curcas oil indicated that it is toxic or
repellent to C. vastator (Acda 2009).

D. Termite control by plant Latex

Plants produce large amounts of secondary metabolites in their shoots and roots for their
defense. They store these secondary metabolites in those parts of the plant where the
probabilities of invasion by insect are higher. These secondary metabolite benefits plant
under herbivore attack (Huber et al., 2016). One of the secondary metabolite produce by
plants for their defense is latex. Plants that belong to certain families are well known to
exude a milky liquid if they are injured. This has been called latex due to its resemblance to
milk. The latex is secreted by 10% of plant families to prevent plants from chewing hervivory
(Ramos et al, 2019). The secretion of latex by plant is under the control of genetic,
environmental determinants and hormones (Agrawal et al, 2019).The plants families that
produce copious amount of latex are Euphorbiaceae, Asclepiadaceae, Moraceae, Caricaceae,
Papaveraceae, Apocynaceae, Cannabaceae and Asteraceae (Sytwala et al., 2015, Lewinsohn
et al.,, 1991). Some common latex secreting plants from family Euphorbiaceae are Hevea
brasiliensi, Euphorbia bicolor, Synadenium grantii, Sapium glandulosum, Jatropha
gossypiifolia, Hura epitans and oton urucurana. Major latex secreting plants from Moraceae
are Ficus carica, Maclura tinctoria, Maclura pomifera, Brosimum gaudichaudii, Antiaris
toxicaria, Artocarpus heterophyllus, and Dorstenia luamensis. Taraxacum koksaghyz,
Scorzonera  latifolia, Lactuca  serriola, Parthenium  argentatum,  Solidago
virgaurea, Artemisia annua are common latex bearing plants from family Asteraceae.
Cannabis sativa and Humulus lupulus are two common latex secreting plants from family
Cannabaceae (Metcalfe et al., 1967). (Table.1)
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The family Apocynaceae is one of the largest and important families in angiosperm. Many
members of this family secret milky latex if they are injured (Chan et al 2016). The member
of family Apocynaceae is widely distributed and many of which are used in folk medicine as
well as in agriculture. Over the past, they have received considerable phytochemical and
biological attention due to their various biological activities (Wu et al, 2009).The common
latex secreting plants of family Apocynaceae are Allamanda cathartica, Alstonia
angustiloba,Calotropis procera, Catharanthus roseus, Cerbera floribunda, Dyera costulata,
Nerium oleander, Plumeria alba, Vallaris glabra, Hancornia speciosa, Acokanthera
oblongifolia, Apocynum cannabinum, Thevetia peruviana, Rauvolfia serpentine, Plumeria
rubra, Tabernaemontana divaricata and Himatanthus drasticus (Bhadane et al, 2018)
(Table.2).

The tissues that are responsible for secretion of the latex are called laticiferous tissues. This
tissue consists of thick walled, greatly elongated and much branched ducts containing milky
or yellowish colored liquids (Ramos et al., 2019). More than 12.000 vascular plants possess
laticiferous tissues frequently distributed throughout the body of the plant (Hagel et al.,
2008). They contain numerous nuclei which lie embedded in the thin lining layer
of protoplasm. They irregularly distributed in the mass of parenchymatous cells. Latex cell is
also called as "non-articulate latex ducts”, these ducts are independent units which extend as
branched structures for long distances in the plant body (Dussourd et al., 2019). They
originate as minute structures, elongate quickly and by repeated branching ramify in all
directions but do not fuse together. Thus, they don’t form a network as in latex vessels found
in many latex secreting plant families such as Papaveraceae, Compositae, Euphorbiaceae and
Moracesae (Rosa et al., 2019).

Plant latex is exuded from latex secreting plants; due to color resemblance to milk these are
also given names milkweed. Plants in the Apocynaceae "Dogbane” family & the "Milkweed"
family (Asclepiadaceae) are renowned for their latex production. Plant latex is exuded from
the points of plant damage caused either mechanically or by insect herbivory (Tasca JA et al.,
2018). The ten genera of family apocynaceae which produce copius amount of latex are
Allamanda, Alstonia, Calotropis, Catharanthus, Cerbera, Dyera, Kopsia, Nerium, Plumeria
and Vallaris (Chan EW et al., 2016).

Numerous components from extracts and latex of apocynaceae are identified and plants of
this family have with a polyvalent therapeutic activity (Cristina et al, 2014). Plant latex are
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potential source of bioactive compounds against post harvest pathogens, including insects and
microbes (Sibi et al., 2013). The latex secreted from the members of family Apocynaceae are
rich in cardenolides, proteiase, alkaloids, terpenoids, steroids, flavonoids, glycosides, simple
phenols, lactones, and hydrocarbons and other bioactive compounds (Bhadane et al., 2018).
Cysteine proteases and chitin-related proteins and other proteins play major role in defending
plants from herbivores (Kotaro konno et al., 2011). These ingredients are responsible for their
antibacterial, antifungal, anthelmintic, cytotoxic, and insect-repellent activities (Salomé
Abarca LF et al., 2019). They show synergism to prevent the plants from herbivory or
infection (Ramos et al., 2019).

a) Bio-orgamic products from latxes

i. Cardenolides

Cardenolides are chief constituent of latex of family apocynaceae members. Cardenolides in
latex are sporadically distributed across 12 botanical families, but dominate the Apocynaceae
where they are found in > 30 genera (Agrawal et al, 2012). The leaves, flesh, seeds and juices
of numerous plants from the genera of Nerium, Thevetia, Cerbera, Apocynum and
Strophanthus in Apocynaceae family, are the major sources of natural cardenolides. So far,
109 cardenolides have been isolated and identified from this family (Wen et al, 2016).
Although milkweed plants (Asclepias spp.) produce up to 200 structurally different
cardenolides, all compounds seemingly share the same well-characterized mode of action,
inhibition of the ubiquitous Na+/K+ ATPase in animal cells (Zust et al, 2019). Milkweeds in
the genus Asclepias are a classic chemically defended clade of plants with toxic cardenolides
(cardiac glycosides) and pressurized latex employed as anti-herbivore weapons (Rasmann et
al, 2009).

Cardenolides are highly specific inhibitors of an essential ion carrier, the sodium pump. In
insects exposed to both kinds of toxins, carriers either enabling the safe storage of the
compounds away from the activating enzymes or excluding the toxins from sensitive tissues,
play an important role as anti-feedent in termites (Dobler et al., 2011). Cardenolides are also
known as cardiac glycosides (CGs) and members of this class are of clinical use and these are
used to make medicine as arrow poisons, abortifacients, heart tonics, emetics, and diuretics as
well as in other applications. The major use of CGs today is based on their ability to inhibit

the membrane-bound Na+/K+-ATPase enzyme, and they are regarded as an effective
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treatment for congestive heart failure (CHF), cardiac arrhythmia and atrial fibrillation (EI-
Seedi et al., 2019).

Four cardenolides were isolated from acokanthera oblongifolia i.e. acovenosigenin a 3-0-a-
I-acofriopyranoside, 14-anhydroacovenosigenin a 3-o-[f-d-glucopyranosyl-(1"—4'")-0-a-I-
acofriopyranoside], 14-anhydroacovenosigenin a 3-0-[5-d-glucopyranosyl-(1"—4")-0-o-I-
acovenopyranoside], 14-anhydrodigitoxigenin 3-o0-4-d-glucopyranoside and acospectoside a
show significant anti-feedent activies against termites (Pecio et al., 2019). Similarly, ischarin
and ischaridin from calotropis procera show termicidal activity (Sweidan et al., 2015).
Cerberin a cardenolide named isolated from Cerbera odollam proven to be toxic to termites
and cause significant mortality (Menezes et al., 2018). Three new cardenolides from Nerium
indicum reported namely 3-beta-O-(beta-D-diginosyl)-14,15alpha-dihydroxy-5alpha- card-
20(22)-enolide, uzarigenin and cardenolide N-land all of these have termicidal activitities
(Wang et al., 2009). A cardenolide named 15beta-hydroxycardenolides isolated from
Calotropis gigantean also show toxicity against termites (Seeka et al., 2010). Cardenolide 6'-
hydroxy-16alpha-acetoxycalactin isolated from Pergularia tomentosa act as termicides
through the inhibitor of Na+/K+-ATPase (Piacente et al., 2009). Asclepias curassavica latex
contains cardenolides named 12beta, 14beta-dihydroxy-3beta, 19-epoxy-3alpha- methoxy-
5alpha-card-20(22)-enolide 12beta-hydroxycalotropin, it is highly toxic to termites (Li et al.,
2009) (Table 3).

ii. Alkaloids

Indole alkaloids are also major components of the latex in latex secreting plants. It attracted
the attention because of their therapeutic properties, being anti-inflammatory, antinociceptive,
antitumoural, antioxidant, insecticidal and antimicrobial. These compounds present a wide
structural diversity, which is directly related to the genera of the producing plants, as well as
the biological activities (Rosales et al., 2012). Their biosynthesis has involved the formation
of reactive intermediates by responsible enzymes to elaborate several different chemical
scaffolds. Modification of scaffolds through different substitution reactions has produced
chemically diverse MIAs and related biological activities (Williams et al., 2019).

The alkaloids vinblastine and vincristine are bisindole alkaloids derived from coupling
vindoline and catharanthine, monoterpenoid indole alkaloids produced exclusively by the
Madagascar periwinkle (Catharanthus roseus). These are used for insect suppression of
insect population (Liscombe et al.,, 2011). Aspidospermidine, vincadifformine, 1, 2-
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dehydroaspidospermidine, goniomitine, and quebrachamine, five Aspidosperma alkaloids
distributed within three structurally diverse topologies are synthesized from a single

molecular scaffold, namely indole-valerolactam 6 (Mijangos et al., 2018).

The latex of Ervatamia hainanensis is a rich source of alkaloids. In this plant, nine new
monoterpenoid indole alkaloids, ervatamines A-I (1-9), and five known ones (10-14) are
isolated. Ervatamine A (1) is a ring-C-contracted ibogan-type monoterpenoid indole alkaloid
with an unusual 6/5/6/6/6 pentacyclic rearranged ring system. Ervatamines B-E (2-5) display
a nitrogen-containing 9/6 ring system, which is rarely observed in nature. The ephemeris
ervatamines B (2) and C (3) possess a 22-nor-monoterpenoid indole alkaloid carbon skeleton,
which was only found in deformylstemmadenine (Zhang et al., 2015). Iridoids alkaloids are
markers of oviposition and feeding preference to species which have became specialist
feeders. Some herbivore species evolved to the point of been able to sequester iridoids and
use them as defenses against their predators. However, iridoids also exhibit anti-insect
properties, and therefore they may be good lead molecules to develop botanical pesticides
(Castillo et al., 2010).

The alkaloids found in the latex possess insecticidal properties and also act as molluscides,
acaricides, nematocides, fungicides and bactericides. Pure alkaloids as well as water and/or
alcohol extracts cause lethal and sublethal effects in insects, which is important from the
economical point of view (Chowanski et al.,, 2016). Iridoid alkaloids possess good to
excellent activities against phytopathogenic fungi Fusarium graminearum (LC50 value of
34.5 pg/mL with a 95% confidence interval of 33.4-35.5 pg/mL), Rhizoctonia solani (18
pug/mL, 15.7-20.8 pg/mL), and Botrytis cinerea (26 pg/mL, 22.4-30.4 pg/mL), thereby
emerging as a potential new fungicidal lead. Moreover, iridoid alkaloids also exhibited good
insecticidal activity against insects and could be used as commercial insecticide rotenone
(35.4 pg/mL, 95% confidence interval 22.2-56.4 ng/mL) (Xia et al., 2020).

The alkaloid rauvomitorine A-1 and C-9-methoxymethylene-sarpagine are major constituents
of the latex of Rauvolfia vomitoria, it show toxicity against termites through
acetylcholinesterase inhibitory (AChE) activities (Zhan et al., 2020). The alkaloids namely
melotenine A and aspidosperma isolated from the latex of Melodinus axillaris, it proven to be
toxic against termites (Fang et al., 2019). Similarly, Tabernaemontana bufalina latex contains
alkaloid taberhaines which show toxicity against termites through inhibition of xanthine
oxidase (Shi et al., 2019). The alkaloids melodinhenines A-F and melodinines isolated from
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the latex of Melodinus henryi have anti-termite properties (Ma et al., 2014 and He J et al.,
2019). Alkaloids from Tabernaemontana divaricata named Taberniacins A and B show anti-
termite efficacy (Hirasawa et al., 2019). Alkaloids named melotenuines A-E obtained from
Melodinus tenuicaudatus proven to be toxic against termites (Liu et al., 2019). Alkaloids
leucophyllinines A and B isolated from Leuconotis eugeniifolia show antiplasmodial

activities and toxic to termites (Tang et al., 2019). (Table.4)

iii. Peptidases

Latexes from the family apocynaceae are rich in cysteine-protease activity. Cysteine
proteases, such as ficin and bromelain, show toxicity against termites. Thus, plant latex and
the proteins in it, cysteine proteases in particular, provide plants with a general defense
mechanism against herbivorous insects (Konno et al., 2004). Cysteine peptidases (EC 3.4.22)
are the most abundant enzymes in latex fluids. Their activity mainly related to defense
against phytopathogens. All peptidases exhibited optimum activity at 35 °C and followed
Michaelis-Menten Kkinetics. The peptidases promoted membrane permeabilization,
morphological changes with leakage of cellular content, and induction of ROS in F.
oxysporum spores (Freitas et al., 2020). The latex of Calotropis procera is a rich source of
proteolytic activity. This latex is known to contain two distinct cysteine peptidases: procerain
and procerain B. These enzymes exhibited discrete differences in terms of enzymatic activity
in a broad range of pH and temperature conditions and contained identical N-terminal amino
acid sequences (Ramos et al., 2013). The presence of enzymatic activities in latex from C.
procera may confirm their involvement in the resistance to phytopathogens and insects,
mainly in its leaves where the latex circulates abundantly (Freitas et al., 2007).

The latex from Thevetia peruviana is rich in plant defense proteins, including a 120 kDa
cysteine peptidase with structural characteristics similar to germin-like proteins. Latex of
Thevetia peruviana (Pers.) contains 33 proteins (86 %) including storage proteins. It also
contains peptidase inhibitor, cysteine peptidases, peroxidases and osmotins (de Freitas CD et
al., 2016). Asclepain is a plant cysteine protease. It is a successful enzyme for biocatalysis of
protein hydrolysis processes at alkaline pH (Torres et al.,, 2019). The enzyme, named
philibertain g I, is the most basic component present in latex of Philibertia gilliesii Hook. et
Arn., Apocynaceae. The new protease was inhibited by E-64 a cysteine peptidases inhibitor
Philibertain g | show the higher degree of identity (73%) with caricain, one of the Carica

papaya endopepetidases (Sequeiros et al., 2005). Cysteine proteases from some members of
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family apocynaceae plants latex exhibited both thrombin and plasmin like activities. Plant
latex used to stop bleeding and wound healing by traditional healers all over the world
(Shivaprasad et al., 2009). Latex-bearing plants also host insects. The peptidase inhibitors of
laticifer origin inhibited the proteolysis of gut homogenates. Although latex peptidase
inhibitors inhibit gut peptidases (in vitro), the ability of gut peptidases to digest latex proteins
(in vivo) regardless of their origin seems to be important in governing the resistance-

susceptibility of termites (Ramos et al., 2015).

Few cysteine CpCP1, CpCP2, and CpCP3 have been isolated isolated from Calotropis
procera, these compounds show anti-fungal properties through promoting membrane
permeabilization, morphological changes with leakage of cellular content, and induction of
ROS (Freitas et al., 2020). From Araujia angustifolia latex cystein peptidases named
Araujiain is isolated; it shows proteolytic activity and can be used as a potent termicidal agent
to kill the symbionts of termites (Obregdn et al, 2011). Cg24-1 a cysteine is a peptidase
isolated from yptostegia grandiflora proven to be toxic to phytopathogens (Ramos et al.,
2014). Cysteine peptidases named 12, 16-dihydroxicalotropin, calotropin, corotoxigenin 3-O-
glucopyranoside and desglucouzarin isolated from the latex of Asclepias subulata, it promote
cell death through caspase-dependent apoptosis in termites (Rascon-Valenzuela et al., 2016).
Philibertia gilliesii latex contains a cystein peptidase i.e. philibertain, it shows high
proteolytic activity and can be used as termicides (Sequeiros C et al., 2016). Similarly,
cystein peptidases from Thevetia peruviana named peruvianin-1I exhibit high specific activity
towards azocasein (de Freitas et al., 2016), Calotropin from Asclepias curasavica exert strong
inhibitory and pro-apoptotic activity (Mo et al, 2016), procerain B from Dregea sinensis
degrade a-casein (CN) (Zhang et al., 2015) and cystein peptidases ervatamin-A, ervatamin-B
and ervatamin-C from Ervatamia coronaria show Anti-termitic activity (Ghosh et al, 2008).
(Table.5)

iv. Flavonoids

Flavonoids are an important class of natural products; particularly, they belong to a class of
plant secondary metabolites having a polyphenolic structure, widely found in fruits,
vegetables and certain beverages. They have miscellaneous favourable biochemical and
antioxidant efficacy (Panche et al.,, 2016). Methylated flavonoids showed anticancer,
immunomodulation, insecticidal and antioxidant activities. Though methylated flavonoids

are widely present in plants, their levels are usually low (Wen et al., 2017). In the latex of
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apocynaceae members, the chief flavonoids are genistein, biochanin A, apigenin, quercetin,
and glyceollin. Among these Biochanin A is most effective in reducing fecundity and it also
act as anti-feedent against Coptotermes formosanus Shiraki (Boué and Raina 2003).
Flavonoids exhibit antioxidant activity and have a strong 1, 1-diphenyl-2-picrylhydrazyl
(DPPH) and hydroxyl radical-scavenging ability with  1Cso of 0.984 and 1.084 mg/g,
respectively (Zhou et al., 2018).

The chief flavonoids from the latex of Apocynum venetum are plumbocatechin A, 8-O-
methylretusin and kaempferol 3-O-(6"-O-acetyl)-pB-D-galactopyranoside. All these
compounds have antimicrobial activity and thus, can be used in termites control; they kill the
symbionts of termites which lead to the death of termites (Kong et al., 2014). Similarly,
flavonoids  Kaemperol-3-O-rutinoside, quercetin-3-O-glucoside and kaemperol-3-O-
glucoside isolated from Holarrhena floribunda show antioxidant activity (Badmus et al.,
2016). Flavonoids named kaempferol 3-rhamnogluco-7-glucoside, kaempferol 3-
rhamnogluco-7-galactoside, quercetin 3-rutino-7-glucoside and quercetin 3-rhamnogluco-7-
glucoside from the latex Vinca minor show termicidal activity (Szostak et al., 1975).
Cynanchum acutum latex contains flavonoids named kaempferol-3-O-p-xylopyranosyl-(1-2)-
B-rhamnopyranoside, quercetin-3-O-f-xyloside, kaempferol-3-O-B-glucosid, quercetin-3-O-
B-glucoside, kaempferol-3-O-p-rhamnopyranoside and kaempferol-3-O-f3-d-
neohesperidoside. Theses flavonoids have antiproliferative effects (Yildiz et al., 2017).
Flavonoids naringenin, aromadendrin (dihydrokaempferol) and kaempferol are chief
constituents of Echites hirsute latex, they show termicidal properties (Chien et al., 1979) and
flavonoids isolated from Trachelospemum jasminoides named apigenin, apigenin 7-O-beta-
glucoside, apigenin 7-O-beta-neospheroside, narngin and 6,8-di-C-glucopyanosylapigenin
show anti-feedent activity (Tan et al., 2010) (Table.6).

v. Terpenes

Like alkaloids, the abundance of terpenes and their derivatives has been reported in many
members of the family Apocynaceae. Terpinoids isolated from Nerium oleander are mainly
oleandric acid, ursolic acid, betulinic acid, betulin, and derivatives of epoxydammarane 33,
25-diol show significant anti-termitic activity (Fu et al., 2005). Among the various isolated
terpenes, vulgarone B, apiol and cnicin exhibit significantly higher mortalities in termites.
These are highly toxic compounds to termites (Meepagala et al., 2006). The terpenoids

constitute the largest class of natural products and many interesting products are extensively
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applied in insect pest management such as termicides (Singh et al, 2015). In the latex of
Taraxacum koksaghyz there are more than 13 triterpenes identified till now including
pentacyclic compounds lup-19(21)-en-3-ol and its ketone lup-19(21)-en-3-one (Ptter et al.,
2019). In the latex of Euphorbia kansui, there are 6 triterpenoids, one of them are identifies
as euphane-3p, 20-dihydroxy-24-ene. The ring part of tetracyclic triterpenoid compounds can
insert into the hydrophobic core of h11B-HSD1 and the alkane chain orientates toward the
outside. This is the reason why it is used in diabeties (Guo et al., 2012).

Major terpenes in the latex of Periploca somaliensis are perisomalien A, lupeol acetate, /-
amyrin cycloart-23Z-ene-3B, 25-diol and g-sitosterol-3-O-4-D-glucopyranoside. These
compounds show toxic effects against termites (Jabal et al, 2020). Similarly, terpenes from
Epigunum griffithianum named saponin and epigynosides A-B show immunosuppressive
activities (Wang et al, 2020). Terpenes named saponins from Gymnema sylvestre show anti-
microbial activities (Fabio et al, 2014). Terpenes ursolic acid isolated from Pleiocarpa
pycnantha show toxic against termites (Omoyeni et al, 2014). Pentalinon andrieuxii latex
contains urechitol A terpenes show anti-feedent activity (Hiebert-Giesbrecht et al, 2016).
(Table.7)

vi. Sterols

Sterols, also referred as phytosterols or steroid alcohols, are present with potential bioactivity
in several Apocynaceae plants. Bioactivities shown by sterols include hepatoprotective,
anti-inflammatory, andantihyperlipidemic activities (Bhadane et al., 2018). Among all
members, Wrightia tinctoria and Alstonia scholaris are quite rich with different kinds of
phytosterols. Stigmasterol, [-sitosterol, and campesterol are commonly present in different
parts of these plants (Adotey et al., 2012). The predominant sterols in plants of family
apocynaceae are [-sitosterol, campesterol, and stigmasterol (Valitova et al., 2016). These
show play important role in insect growth and development and its scarcity seize them at any
stage of life including larval to adults forms. Sterols show strong insecticidal activities

against adult termites and a negative impact on fecundity (Beaulieu et al., 2018).

Sterols pentalinonside and pentalinonsterol isolated from Pentalinon andrieuxii show
termicidal activity (Pan et al., 2012). Alstonia scholaris latex contains sterols named
poriferasterol, epicampesterol, [-sitosterol, 6B-hydroxy-4-stigmasten-3-one, and ergosta-
7,22-diene-3B,5a,6B-triol show anti-termitic activities (Wang et al.,, 2017). Latex of

Gymnema sylvestre contains sterols named beta-sitosterol, campesterol and stigmasterol. All
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these copmpounds show anti-feedent activity against termites (Vats et al., 2013). Similarly,
Cynanchum limprichtii latex contains limproside A and limproside B which are proven to be
toxic against termites (Liu et al., 2018). B-sitosterol and B-daucosterol are chief sterols found
in the latex of Periploca forrestii, they are highly toxic to termites (Zhang et al., 2016). In the
latex of Pergularia tomentosa 3-acetyltaraxasterol, 3-taraxasterol and 16a-
hydroxytaraxasterol-3-acetate are chief sterols which are responsible for the significant

mortality in termites (Babaamer et al., 2012) (Table.8).

vii. Simple phenolic compounds

Simple phenolic compounds are mostly derivatives of hydroxybenzoic and hydroxycinnamic
acid, which contain C6C1 and C6C3 skeleton with carboxyl group attached to aromatic ring
(Dewick 2002). They have been studied for potential bioactivities in some members of family
Apocynaceae (Bhadane et al., 2018). There are total 16 simple phenolic compounds reported
from the different species of Carissa genus (Kaunda and Zhang. 2017). Among them, 5
simple phenolic compounds named syringic acid, vanillic acid, p-coumaric acid, caffeic acid,
and chlorogenic acid are reported from Carissa carandas fruits alone (Patil et al., 2012).
Later, scopoletin and chlorogenic acid are also reported from Carissa carandas with
anti-inflammatory activity (Begum et al., 1999). Chlorogenic acid, vanillic acid, along with
gallic acid, hydroxytyrosol, and ferulic acid, are later reported from Catharanthus roseus
leaves (Choi et al., 2004).

The phenolic compounds show insecticidal activity and use in insect control because of their
odor, color and taste (Nieto et al., 2018). These compounds also exhibit many physiological
functions, such as insecticidal, molluscicidal and antimicrobial activities, as well as various
kinds of biological activities such as antioxidant, cytotoxic, anti-diabetic and anti-
inflammatory properties (Lin et al., 2019). Phenolic compounds named integracin D, (7'R,
8'S, 8S) -8-hydroxyisoguaiacin, (2R, 3R) pinobanksin-3-caffeoylate and threo-8S-7-
methoxysyringylglycerol found in the plants as natural compounds show significant anti-
oxidative activity and protein kinase inhibitory activity. The ellagic acid derivatives have

insecticidal activity against a number of insects including termites (Shi et al., 2010).

Phenolic compound named protocatechuic acid, catechin and quercetin isolated from
Hancornia speciosa act as a deterrent for termites (Bastos et al., 2017). Similarly, the
phenolic compounds present in the latex of Asclepias linaria named p-coumaric and ferulic

acid show toxic effect against termites (Sanchez-Gutiérrez et al., 2019). Phenolic acids
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present in the latex of Carissa macrocarpa have antimicrobial activities (Souilem et al,
2019). The phenolic compound present in the latex of Cynanchum wilfordiiis 2-O-f-
laminaribiosyl-4-hydroxyacetophenone responsible for significant mortality in termites
(Uchikura et al., 2018). (Table.9)

viii.  Lignans

There are only few lignans reported from the members of family apocynaceae. A lignan
named reveledcarinol as phenolic lignan isolated from the extract of genus Carissa carandas
(Pal et al., 1975). Later on, three new lignans namely (6R, 7S, 8S)-7a-[(b-glucopyranosyl)
oxy]lyoniresinol, carissanol, and (-)-nortrachelogenin isolated from the stem of Carissa
carandas (Bhadane et al,, 2018). Recently, syringaresinol 4-O-b-glucopyranoside was isolated
from Vinca major (Sohretoglu et al., 2013). A new lignan glycoside, (+)-pinoresinol 4-O-[6"-
O-vanilloyl]-B-d-glucopyranoside isolated from the latex of Calotropis gigantea show
insecticidal activity (Parhira et al., 2014). (Table.10)

b) Insecticidal activity of latex

Latex components if used as insecticide are are safe and do not put any adverse effects on
environmental quality and non target organisms including human health (Ghosh et al., 2012).
Latex ingredients are bioactive substances and are useful as medicines and pesticides (Konno
et al., 2006). Plant latex provides an alternative way in the insect control strategy. These are
secondary chemicals synthesized by plants (Tan et al., 2018) which are non-toxic and
biodegradable and can be used to control insects as an alternative to chemical insecticide
(Govindarajan et al., 2013). The latex from the different plant families used since long time in
medicine as well as in the control of some insects (Hoekou et al., 2016). Latex from various
plants shows diverse biological activities against bacteria, fungi, viruses, protozoans,
nematodes and insects. It also shows some anti-cancer properties and used since long times as
disinfectant, anticoagulant, anti-inflammatory, antioxidant and antiproliferative agent
(Upadhyay 2012). Latex fractioned with different solvents shows a variable degree of anti-
termitic activities. In the latex of Euphorbia kansui, there are 6 triterpenoids, one of them are
identifies as euphane-3p, 20-dihydroxy-24-ene. All these compounds have insecticidal
activity (Guo et al., 2012). The insecticidal activities of latex are dose-dependent
(Chandrasekaran et al, 2018). In the latex of Euphorbia Tirucalli L total phenolic content

ranged from 7.73 to 30.54 mg/100 g gallic acid equivalent and it show higher antioxidant
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activities. The extracts of Euphorbia tirucalli L. have excellent antioxidant capacity and

moderate antimicrobial activity (de Aradjo et al., 2014).

The constituents of latex are well known in some plant families for their phytotoxic,
insecticidal, cytotoxic, antibacterial and antifungal activities (Ayatollahi et al., 2010). Latex
fractioned with different solvents shows variable degree of anti-termitic activities. Among
various soluble latex fractions from different plants, chloroform fractions show highest
toxicity against insects. The insects show comparative tolerance in the course of increasing
age and time (Nikkon et al., 2011). Secondary metabolites and their secretary structures are
commonly help the plant in their defense. Most of them act as insect growth control agents
(Huber et al., 2016). This is the main reason insects feed on plants, and died due to the plant

secret copious amount of latex to defend themselves (Dussourd et al., 2019).

The latex from the leaves of Aloe trigonantha is well known for their antibacterial and
antifungal properties. Insects when feed on hardwood trees, the elongate canals follow leaf
veins and contain latex under pressure; rupture which causes the immediate release of sticky
poisonous exudates (Dussourd et al., 2015). Plant possesses highly specialized metabolite
diversity in hotspots, geographic regions, which exhibit strong reciprocal selection on the
interacting species (Ernst et al., 2019). The latex of Garcinia morella (Gaertn.) possesses
many bioactive compounds with insecticidal activities. The major compounds in the latex are
5-Oxohexanenitrile (18.7%), phenol, 2, 4-bis (1, 1-dimethylethyl) - (24.64%) and
Hexadecanoic acid (22.85%). The latex shows toxicity against many insects (Murthy et al.,
2017). In cucurbit plants, phloem latex exudates from phloem from cut sieve tubes used to
make defense against herbivores (Gaupels et al., 2012). In the latex of Taraxacum koksaghyz
there are more than 13 triterpenes identified till now including pentacyclic compounds lup-
19(21)-en-3-ol and its ketone lup-19(21)-en-3-one (Putter et al, 2019).

A major component of the latex aloesin a C-glycosylated chromone exhibits antibacterial
activity against pathogens (Megeressa et al., 2015). In the latex of mulberry (Morus sp.) latex
posses protein a and b (LA-a and LA-b). These proteins showed small but significant
chitinase and chitosanase activities. LA proteins hydrolyze chitin surface of insects (Kitajima
et al., 2010). Lobelia siphilitica shows reduced latex production and high herbibores attack
(Parachnowitsch et al., 2012). The Carica papaya latex solvent extracts showed larvicidal

properties against a number of insects (Chandrasekaran et al., 2018).
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Plants also bear morphological structures i.e. waxes, trichomes, and latices make the feeding
more difficult for the insects (Firstenberg-Hégg et al., 2013). Plants release volatile
compounds in air to repel herbivores, attract insect predators. Latex triterpenes are
exclusively synthesized via the mevalonate (MVA) pathway are proven to be toxic to insects
(Gastaldo et al., 2019). Jaburetox is a recombinant peptide derived from the latex of
Canavalia ensiformis (Jack Bean) urease that presents biotechnological interest since it is
toxic to insects of different orders. Its toxic effect leads to hemocyte aggregation and
hemolymph darkening, among other effects. Nanomolar doses of Jaburetox triggered cation-

dependent, aggregation of hemocytes in insect larvae and adults (Fruttero et al., 2016).

From the seeds of Albizia procera (ApCP) a 25kDa cysteine protease extracted, it show
insecticidal activity and since long times it used as nanocarriers against stored grain insect
pests. Its insecticidal activity of ApCP much improved when it encapsulated with graphene
quantum dots (GQDs) (Batool et al., 2020). The sites of protease toxic activity range from the
insect midgut to the hemocoel (body cavity) to the cuticle. So these proteases can be used as
potential pesticides in place of synthetic insecticides (Harrison et al., 2010). The leaf latex of
the Aloe species is traditionally used for the treatment of various pathogenic conditions and in
insect control. The leaf latex ingredients are found to be active against microbes and insects
(Asmerom et al., 2020).

Milkweeds in the genus Asclepias are a classic chemically defended clade of plants with toxic
cardenolides (cardiac glycosides) and pressurized latex employed as anti-herbivore weapons
(Rasmann et al., 2009). Plant latices with various formulations are toxic by contact or
airborne compounds against termites. However, high termite mortality is occur by forced
direct or forced indirect exposure to the plant material. So, extracts of plants could be used
for soil treatments to protect a food substrate against R. santonenis infestation (Bléske et al.,
2001). Subterranean termites are major pest worldwide, causing billion of loss in crops and
household things annually. The latex provides an alternative way to control termites. Use of
lattices in control of termites is eco-friendly and environmentally safe. The various latex
components from family apocynaceae directly affect termites acting as anti-feedent, repellent

and toxic.

The latex of Euphorbia kansui contains five ingenane compounds, 1-5, including kansuinins
A and B. The ingenane compounds have termiticidal activity against the Japanese termite,
Reticulitermes speratus. The ingenane compounds 1 to 5 caused 100% mortality in R.
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speratus at 50, 25 and 12.5 microg/disk. The compounds 1 to 5 show more termiticidal
activity than kansuinins A and B and their derivatives (Shi et al., 2008). In the latex of
Chinese cedar (Cryptomeria fortunei Hooibrenk), a-terminal is the chief constituents which
show antitermitic activity of against Reticulitermes chinensis. The LC50 values of a-terpineol
are found to be 2.80 mg/mL (Xie et al., 2013).

Three  pterocarpans, (-)-homopterocarpin (1), (-)-pterocarpin  (2), and (-)-
hydroxyhomopterocarpin (3) and the sesquiterpene alcohol, (+)-pterocarpol (5) obtained from
dichloromethane extract of the heartwood of P. macrocarpus, among these natural products,
the most active insect antifeedant against R. speratus was 1. In comparision to sesquiterpene,
pterocarpans show high antifeedant activity against subterranean termite, Reticulitermes
speratus (Morimoto et al., 2006). When chloroform extract of dry Lantana camara 'Mozelle'
leaves, applied to the soil, the termite mortality is greatly increased. It causes 90% and 78%
reduction in feeding, and approximately 52% mortality and 40% reduction in feeding at 0.212
and 0.106 mg/cm? concentration respectively (Yuan et al., 2012).

E. Termite control by synthetic pesticides

Synthetic compounds are widely used to control termite since long times. It can be applied in
large areas and crop field. Synthetic chemicals are highly toxic to termites, but other non
targeted organisms are also affected and its use also concern with environmental problems.
The various synthetic pesticides used in termite control are fipronil, chlorpyrifos, bifenthrin,
chlorantraniliprole, pyrethroid and many more. The control of subterranean termites is
predominantly through the application of chemical barriers in the soil beneath and
surrounding buildings. The chemicals used to repel or kill termites are the organophosphorus
insecticide, chlorpyrifos, and the synthetic pyrethroid, bifenthrin. These are applied through
surface sprays and subfloor injection by licensed pest control operators (Smith et al., 2002).

Fipronil is a broad-spectrum insecticide belonging to the phenylpyrazole chemical family.
This is highly toxic to ustaceans, insects and zooplankton as well as to termites, rabbits and
certain groups of gallinaceous birds (Charalampous et al., 2019). Fipronil is the most
frequently used product to protect seedlings in the field for up to 6 months after application.
(dos Santos et al., 2016). Soil treatments of fipronil and cypermethrin prevent eastern
subterranean termite, Reticulitermes flavipes access in 75% of the homes. The number of
active monitoring stations only declined within 2 m of the fipronil-treated zone.
Hexaflumuron exhibited a reduction in activity for at least a 15-m radius (Ripa et al., 2007).
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It is a potent disrupter of the insect central nervous system via interference with the gamma-
aminobutyric acid (GABA-) regulated chloride channel. Fipronil degrades slowly on

vegetation and relatively slowly in soil and in water (Tingle et al., 2003).

Chlorpyrifos, an organophosphorus insecticide, have been used as a termite control (Asakawa
et al., 1989). It displays broad-spectrum insecticidal activity against a number of important
arthropod pests. Chlorpyrifos is used in crops including rice, and soil application to control
termites. Its various formulations of chlorpyrifos have been developed to maximize stability

and contact with pests and minimize human exposure (Racke 1993).

Another synthetic compound used to control termites is bifenthrin. The embedded and
immobilised bifenthrin is very well protected from free release and has a long-term stability
allowing slow release with a high efficiency against termites at a low dose of 1.25 pg cm(-2)
(Guan et al., 2011). Bifenthrin is more persistent than fipronil under all treatment conditions
(Manzoor F et al., 2017). Altriset (Chlorantraniliprole) is another insecticide used to control
termites. Its effectiveness depends upon the concentrations, distance, and application
methods. 100% termite control is achieved at 100 and 50 ug/g and it shows greater efficacy
applied prior to termite tunnel establishment in soil treatments (Barwary et al., 2015).
Chlorantraniliprole exhibited a more delayed mortality on termites than fipronil in sand. In
soil, chlorantraniliprole did not cause higher mortality to either donor or recipient termite. A
greater number of donors died in the soil treated with fipronil at 14 h postinteraction, and
higher death of recipients occurred at 60-ppm concentration tested. Thus, chlorantraniliprole
show high mortality in substrate with low organic matter against termites (Gautam et al.,
2011).

Termite workers exposed to sand and soils treated with chlorantraniliprole at 50 ppm
exhibited delayed mortality and, for most of the exposure times, it took some time to observe
90-100% mortality in termite workers. Exposure to chlorantraniliprole-treated sand (50 ppm)
for as little as 1 min stopped feeding and killed 90-100% of the workers (Saran et al., 2014).
Chlorantraniliprole was highly toxic to termite workers in brief and continuous exposure
across a range of concentrations from 5 to 100 ppm. It cause 100% mortality in the termites
in 14 d. exposure route has no significant effect on chlorantraniliprole toxicity and
chlorantraniliprole is highly active by feeding and contact (Buczkowski et al., 2012).
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Several rare and common monosaccharides are toxic to Formosan subterranean termite,
Coptotermes formosanus Shiraki. Myo-Inositol and phytic acid, which are nontoxic to
mammals, can be used as potential termite control compounds. Myo-Inositol show toxicity at
160.2 to 1,281.7 pg/mm concentration and its toxicity is concentrtion-dependent (Veillon et
al., 2014). A cellulose-acetate powder containing either 0.05% wt: wt or 0.25% wt: wt
chlorfluazuron (Requiem, Ensystex, Fayetteville, NC) are caable of eliminating colonies of
the xylophagous mound-building subterranean termite Coptotermes acinaciformis (Froggatt).
Colony decline can be seen 12 wk after bait application (Peters et al., 2003). Silafluofen is
used as an agricultural insecticide for 15 years since 1995 for various plants, especially useful
for paddy rice protection because of its low fish toxicity. Silafluofen-based termiticides
including emulsifiable concentrate (EC) and oil formulations are widely used for soil
treatment and timber treatments (Katsuda et al., 2011).

There is little dissipation of chlorfenapyr in soil treated at the labeled rate for perimeter
treatments for the prevention and control of termite infestations. Chlorfenapyr may be
detected in soil immediately below the initially treated soil in the packed soil columns. This is
likely due to settling of soil. The soil treated with display chlorfenapyr slow-acting properties

regarding toxicity to termites (Peterson and Davis 2013).

2, 4-D amine salt (2,4-D), Vestamine and Ultrazine used to control termites since long times.
It is highly toxic to termites and chiefly used in the control of Macrotermes bellicosus
(Ejomah et al., 2020). Fipronil is another synthetic compounds used to control termites
Macrotermes bellicosus. It is highly toxic to termites and cause significant mortality in
termites at 0-64 ppm and its act as a neurotoxic. Similarly, Imidacloprid also cause significant
mortality at 0-250 ppm and it is also a neurotoxic (Igbal et al., 2018). Chlorantraniliprole is
used in the control of termite species Reticulitermes flavipes. It is act as anti-feedent at 5-ppm
concentration (Buczkowski et al, 2012). Similarly 1, 4-dichlorobenzene is also used in the
control measure against Reticulitermes flavipes. It is used to protect woody thing from
termites (Morita et al., 1977).

Similarly, Mancozeb is widely used in the control of termites. It’s proven to be an anti-
feedent at 100 g/L (Brandford et al., 2019). Other synthetic compounds used in the control of
termites are Chlorpyrifos, Chlordane and Spinosad. These compounds are used against

Coptotermes formosanus (Phillips et al, 2010). Chlorpyrifos is chiefly used in agriculture as
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well as soil barriers. It is highly effective at 10 mg/kg soil (Das et al, 2015). Spinosad is
effective against Coptotermes formosanus at 50 ppm (Bhatta et al, 2016). (Table.11)

F. Biological control of termite

Natural enemies of insects are employed for planned invasions, with the opportunity to select
both the invader and the invaded environment (Abram and Moffat 2018). For biological
control of insects, various groups of pathogens mainly bacteria, fungi and viruses are
employed to kill insects. Biopesticide show multiple effects on life and life cycle of insects.
Biopesticides cause modification of development of insect and behavior exerts unique
approach for management of insect population. Pathogens are host specific and cause
diseases in insects. Mainly three approaches are used for biological pest control: in first phase
natural enemies of insects are introduced, a second phase large population of natural enemies
is administered for quick pest control; in third or inoculative phase maintain natural enemies
through regular reestablishmen. For better control and operational level various predators,

parsitoids, pathogens and competitors are employed.

In biological control introduction of specialist natural enemy of insects are employed, these
are species and show no negative effects on the environment (Gregnvold et al., 1996). There
are a wide variety of natural predators of termites are available which can control highly
invasive species of termites (Mills and Heimpel 2018). There are hundreds of different
species of birds that love to make a meal out of termites. These include redheaded
woodpecker, chickens, doves, sparrows, spotted eagle owls, starlings, swifts, weavers and
Egyptian goose. There are many species of insect which eat termites such as oogpister beetle,
ants, assassin bugs, flies, spiders and wasps (Culliney et al., 2000). Spiders use their inherent
abilities to catch termites in flight. With a well-placed web, arachnids will enjoy a full meal
more often than not (Petrakova et al., 2015). Perhaps one of the biggest predators of termites
is the ant. There are six different species of ants that will actively seek out and prey on
termites. Ants live similarly termites, utilizing widespread colonies to further their survival
(Fayle et al., 2015). Predators of termites don’t just live above ground. eatures like moles and
shrews will certainly help themselves to a meal should they stumble upon a termite colony.
Some may be surprised to learn that primates can also be included on the list of natural
predators of termites. Some reptiles are also fed on termites, reptiles geckos, lizards and

snakes are good termite eater. Frogs and some mammals like Aardvarks, anteaters,
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armadillos, bats and primates is termite eater causing a significant decrease in termite
population (Sahayaraj et al., 2018). (Table.12)

I. Microbial control

In recent years, increasing attention has been directed to biological methods of control
termites. Many species of bacteria and fungi are parasitoids on termites and thus, they can be
used termite control agents (Burges et al., 1982). In the biological control natural enemies of
termites such predator, parasitoids: viruses, bacteria, fungi and nematodes used as
components of integrated pest management (Lacey et al., 2015). The bacterium Trabulsiella
odontotermitis is associated with fungus-growing termites (Sapountzis et al., 2015). This
bacterium serves as a 'Trojan Horse' for expression of gene products in termite colonies.
When engineered strains of T. odontotermitis transformed with a constitutively expressed
GFP plasmid fed on termites, it expressed GFP in the gut and formed a biofilm in the termite
hindgut and T. odontotermitis can serve as a ‘Trojan Horse' for spreading gene products in
termite colonies (Tikhe et al., 2016).

The entomopathogenic fungus Metarhizium anisopliae is widely used as biocontrol agents
against many insect pests. M. anisopliae TK29 had desirable attributes for the development
of a mycoinsecticide against C. formosanus. Conidial spore of potential isolate of M.
anisopliae (TK29) cuases high mortality in termites (Keppanan et al., 2018). Alates of the
Formosan subterranean termite, Coptotermes formosanus Shiraki infected with a fungus
Metarhizium anisopliae show significant mortality. A single fungal isolates, C4-B caused
rapid mortality of Formosan subterranean termite alates. When Formosan subterranean
termite alates are exposed to a known concentration of C4-B spores of 10 (6) spores/microl, it
show 100% of the alates and worker termites infected with 10(6) and 10(5) spores/microl also
show 100% of the workers (Wright et al., 2005). Termites, Odontotermes spp. workers are
susceptible to entomopathogenic fungal isolates through the direct spraying of conidia
suspensions at 1 x 108 conidia/mL. all entomopathogenic fungal strains cause 100%
mortality. The most virulent isolates are Metarhizium brunneum Cb15-111; the M. anisopliae
isolates ICIPE 30 and ICIPE 60; Hypocrea lixii F3ST1; and the Beauveria bassiana isolates
ICIPE 279, ICIPE 706 and ICIPE 662 (Ambele et al., 2020).

The fungus Beauveria bassiana is combined with the non-repellent chemical termiticide
imidacloprid show synergistic effect. When fungal strain, B. bassiana ATCC 26037
combined with imidacloprid, it causes 82.5% mortality in comparison to mortality rate of
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65.0% for the fungus alone. When another fungus Isaria fumosorosea (Ifr) combined with the
bacterium Bacillus thuringiensis (Bt), it also increases the mortality rate in termites in
concentration dependent manner (Wright et al., 2013). Trehalase is the hydrolytic enzyme
that catalyzed the hydrolysis of trehalose to glucose. Trehalase activity in digestive tract and
carcass of Odontotermes feae is higher than that in wood-feeding termite. Validamycin is
used to inhibit trehalase activity of O. feae in vivo and caused high mortality, indicating that

this trehalase inhibitor is valuable tools for termite control (Tatun et al., 2014).

The fungal species Isaria fumosorosea cause significant mortality in Coptotermes
formosanus by producing infectious conidia and another fungal species Metarhizium
anisopliae also infect Coptotermes formosanus and cause alarm, aggregation and defensive
reactions in termite species (Wright et al., 2012). Similarly, Fusarium infects Reticulitermes
flavipes and produce Infectious conidia which cause significant mortality in termite (Teetor-
Barsch et al., 1983).

Bacteria named Trabulsiella odontotermitis spread gene products in termite Coptotermes
formosanus and thus, engineered Trabulsiella odontotermitis species proven to be an
alternative way to control termites (Tikhe et al 2016). Similarly, another bacterial species,
Photorhabdus luminescens is able to express termicidal genes in Coptotermes formosanus
(Zhao et al, 2008). Macrotermes gilvus (Hagen) soldier termites are parasitoid by parasitic
Diptera the scuttle fly, Megaselia scalaris (Loew) (Diptera: Phoridae). Thus Megaselia
scalaris could be used as a biological control agent of termites (Noknoy et al, 2020).

Entomopathogenic nematodes (EPNs) which are also called beneficial nematodes
commercially used to control insect pests. A wide range of EPNs is effective against various
termite species. (Lacey et al, 2015). Various strains of nematodes Heterorhabditis
bacteriophora such as H. bacteriophora Poinar (IRQ.1 strain) and Steinernema carpocapsae
are pathogenic to termites Microcerotermes diversus causing high mortality in termites (Al-
Zaidawi et al, 2020). Another strain of Heterorhabditis bacteriophora Poinar (HP88 strain)
able to infect and kill termite species Heterotermes aureus (Snyder), Gnathamitermes
perplexus (Banks), and Reticulitermes flavipes (Kollar) (Yu et al, 2006). Similarly, two
other nematodes such as Termirhabditis fastidiosus, Rhabpanus ossiculum are pathogenic to
protozoan symbionts in termites gut, they kill the protozoan symbionts which ultimately
results in the death of termites Reticulitermes flavipes and Coptotermes spp. (Massey 1971).
Another nematode named Steinernema riobrave strain 355 has the capacity to infect
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Heterotermes aureus, Reticulitermes flavipes, and Coptotermes formosanus termite species

and causing significant mortality in them (Yu et al, 2010). (Table.13)

G. Behavioral control of termite

The behavior of termites is in the control of various agents such as physical conditions and
pheromones. The foraging patterns of termites are strongly related to physiological limits in
overcoming desiccation stress (Hu et al., 2012).

Groups of R. flavipes when exposed to several concentrations of commercial formulations of
fipronil and indoxacarb then it is found increasing insecticide concentration resulted in a
reduction in the ability of R. flavipes to walk, tunnel and form tunnel branches. Exposure of
R. flavipes to 1, 10 or 50 mg L (-1) of fipronil or 50, 100 or 200 mg L (-1) of indoxacarb
significantly reduce termite walking and tunneling and the number of tunnel branches
(Quarcoo et al., 2012). The ground-applied termiticides affect the above-ground foraging
behavior of Coptotermes formosanus. When Termites treated with three termiticides, viz.
fipronil, imidacloprid and chlorantraniliprole, the termites treated with fipronil had the lowest
percentage of survival (3%-4%). Termite survival ranged from 31% to 40% in the case of
imidacloprid treatments and 10 ppm chlorantraniliprole when mixed in poison baits
(Henderson et al., 2016).

Aggressive behavior is related to colony defense in the territories and feeding grounds. The
distance among colonies and resource availability affect the aggression level and responses to
chemical cues of Nasutitermes aff. coxipoensis (Holmgren) (Termitidae: Nasutitermitinae).
Individuals from colonies with less resource show a higher number of fighting with neighbors
than those from non-neighbors colonies (Ferreira et al., 2018).

Reticulitermes virginicus (Banks) would carry more sand into wooden blocks containing
corpses compared to a corpse-free wooden blocks. During the decay of dead termites oleic
acid, is released that is used by R. virginicus in corpse recognition. Oleic acid released
significantly reduced the amount of wood consumed by R. virginicus (Ulyshen and Shelton
2012). Reticuliternes virginicus (Banks), treated with sublethal doses of imidacloprid
(Premise) it imposes behavioral aversion in them (Thorne and Breisch 2001). Formosan
subterranean termites (Coptotermes formosanus Shirakii), when provided myo-inositol-2-
monophosphate as the dicyclohexylammonium salt. It proves toxic to C. formosanus could

not consume cellulose food, and died (Grimball et al, 2017). Using RNA-interference
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(RNAI) techniques, short-interfering synthesized RNAs (siRNAS) gene injected into worker
termites, trail following accuracy is significantly reduced in termites that results in
obstruction of feeding behavior (Schwinghammer et al., 2011). In the termite Reticulitermes
flavipes, the novel gene, named deviate, encodes an apparent ligand binding protein from the
takeout-homologous family. Deviate has ubiquitous caste and tissue expression, including

antennal expression.

Termite use pheromone for communication purpose and regulate individual behavior with the
rest of the colony. Pheromones are discharged in air from external glands. These are
produced by the reproductive individuals (queens) and use for establishing and maintaining
the dominant reproductive status over hundreds of thousands of workers (Kocher et al.,
2011). Sophisticated social behaviors in termite colonies are mainly regulated via chemical
communication of a wide range of pheromones. Trail pheromones play important roles in
foraging behavior and building tunnels and nests in termites (Gao et al., 2020). Different ant
and termite species show variations on the theme of mass communication that likely are

associated with the foraging ecology of individual species (James F.A. Traniello et al., 2009).

Sex pheromone is used for couple formation and maintenance, and it is produced by and
released from the female sternal gland and is highly attractive to males. (3Z, 6Z) -dodeca-3,6-
dien-1-ol is the female sex pheromone of A. dimorphus as it evoked the tandem behavior at
short distance, and the active quantities ranged from 0.01ng to 10ng. Another compound
specific to the female sternal gland is (3Z)-dodec-3-en-1-ol, which show a clear GC-EAD
response. The higher amount of (3Z) -dodec-3-en-1-ol (1ng) inhibit the attraction achieved by
(3Z, 62)-dodeca-3, 6-dien-1-ol. It is used to assess the long-distance attraction, or informing
about presence of other colonies using the compound as a trail-following pheromone (Wen et
al., 2015). In the black winged subterranean termite, Odontotermes formosanus (Shiraki),
females secrete the pheromone from their sternal gland to attract males. (Z, Z)-dodeca-3, 6-
dien-1-ol and (Z)-dodec-3-en-1-ol, is pheromone sex-pairing pheromone. These compounds
act in synergy at long distance, but only (Z, Z)-dodeca-3, 6-dien-1-ol is active at short
distance. The pheromone may be useful in efforts to control this pest, which is considered

one of the most harmful termite species in the world (Wen et al, 2012). (Table. 14)

H. Genetic control of termite
RNA interference (RNAI) is used to target insect pests. The termite Reticulitermes flavipes
when feed on material containing high-dose double-stranded (ds) RNA, it causes silence of
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two termite genes: one encoding an endogenous digestive cellulase enzyme and the other a
caste-regulatory hexamerin storage protein. Silencing of either gene through dsRNA feeding
led to significantly reduced group fitness and mortality (Zhou et al., 2008). Met homolog
(ZnMet) expression in heads increased just after the presoldier molt. It reduced by ZnMet
double stranded (dsRNA) injection before the presoldier molt (Masuoka et al., 2015).
Similarly, inhibition of the cellulase enzyme system is an important approach for termite
Coptotermes formosanus (CfEGs). Both dsRNA injection and oral delivery resulted in
significant gene silencing of CfEGs and it led to mortality, reduced enzyme activity, and

reduced weight compared to control worker termites (Wu et al., 2019).

In addition, transposon Tn5 vector containing genes (tcdAl and tcdB1) encoding orally
insecticidal proteins from the entomopathogenic bacterium Photorhabdus luminescens subsp.
laumondii TTO1 is used for termite control (Zhao et al., 2008). Protozoan parasites found in
the the hindguts of workers a Formosan subterranean termite, Coptotermes formosanus assist
in wood digestion (Husseneder et al., 2010). This protozoan parasite is killed by lytic
peptides that are also a part of the nonspecific immune system of eukaryotes, and destroy the
membranes of microorganisms (Javadpour et al., 1996). Feeding workers of the Formosan
subterranean termite genetically engineered yeast strains that express synthetic protozoacidal
Iytic peptides has been shown to kill the cellulose digesting termite gut protozoa, which
results in death of the termite colony (Husseneder et al., 2016). Caste-specific genes regulate
antioxidant defense in winged imagoes, nymphs, soldiers and workers of Formosan
subterranean termites (Hussain et al., 2017). These could be disturbed by gene knock out use
of chemical obstructs (Cristaldo et al., 2015).

I. Hormonal control of termites

Juvenoids and juvenogens found promising candidates for control of pest insect species
including termites. Due to the prolonged action of juvenogens, e insect juvenile hormone
bioanalog from the juvenogen molecule by means of enzymic systems target insects.
Juvenogens are species-targeted structures due to their different physicochemical properties
(Wimmer et al., 2006). Polyphenic caste characteristics of termites are hormonally regulated,
and juvenile hormone (JH) is particularly involved in caste determination, as is the case with
many other social insects (Cornette et al., 2007). Reticulitermes santonensis de Feytaud
workers have been provided wood impregnated with a juvenogen, ethyl cis-N-{2-[4-(2-
butyryloxycyclohexylmethyl) phenoxy] ethyl} carbamate, labelled with tritium in the
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benzene ring (305 GBg mmol (-1)). The activity in workers is significantly higher than in
pre-soldiers, which had differentiated under the influence of the labelled juvenogen (Tykva et
al., 2008).

Juvenogens with fatty acid esters of two parent juvenoid alcohols shows high juvenilizing
effect against termite Prorhinotermes simplex (Hagen). It causes excessive differentiation of
soldiers in a termite colony. Differentiation of excessive soldiers induced by a juvenile
hormone-mimicking compound may cause disruption of the social structure and ultimately
the death of the colony (Hrdy et al., 2004). In termites, multiple extrinsic factors have been
shown to impact caste differentiation. Application of exogenous methoprene a juvenile
hormone analog in termites results in irregular termite differentiation. It causes more soldier
differentiation in a termite colony. The temperature variation and methoprene treatments on
termite cause irregular functions of proteins responsible for differentiation. Specifically, the
temperature makes changes in Hexamerin-1, Hexamerin-2, Endo-beta 1, 4 glucanase, and
myosin proteins. So, use of juvenile hormone analog could maximize efficiency of termite
eradication in the field (Tarver et al., 2012).

J. Modern methods and technological development

For termite control highly specific poison bait formulations are used. These are made after
the addition of one attractant a more palatable substance and mixed with poison. These are
quite effective in inducing mortality in termites. Termite baiting is now one of the two main
management tools in developed countries. It has two main goals: to use small amounts of
active ingredient and 'colony elimination’, i.e. death of all individuals in the colony (Evans
and Igbal 2015). This unique bait matrix will be available to termites continuously and allows
for an annual monitoring interval. The durability of this bait matrix is unprecedented,
allowing for bait to remain active for years and thus providing continuous structural

protection (Hamm et al., 2013).

a) Control of termites using baits

Chitin synthesis inhibitor (CSI) -baits are sued to kill the colony of Coptotermes formosanus
Shiraki mainly workers, they stop molting after consuming a lethal dose. The 10-day lag post
treatment corresponds to the fasting period during which workers to prepare for ecdysis on
the 11th day, at which time mortality occurs due to the effect of CSI (Kakkar and Su 2018).
Similarly for controlling colony of Macrotermes gilvus, chitin synthesis inhibitors (CSIs) are
used with Chlorfluazuron (CFZ) cellulose bait when applied to the population size of termite
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decrease by 90%, and the queens appeared unhealthy (Lee et al., 2014). In place of chitin
synthesis inhibitors, fipronil and imidacloprid could be used potential bait active ingredients
against Macrotermes gilvus (Hagen). Baits containing imidacloprid show less toicity whereas
bait containg fipronil show significant colony elimination (Igbal and Evans 2018).

Bait formulations containing 250 ppm of the three chitin synthesis inhibitors namely
diflubenzuron, hexaflumuron, and chlorfluazuron show significant repellent or feeding
deterrent to the termite workers of Formosan subterranean termite, Coptotermes formosanus
(Rojas and Morales-Ramos 2001). Baits containing two chitinolytic enzyme inhibitors,
pentoxifylline and psammaplin show concentration-dependent mortality in Reticulitermes
flavipes (Kollar). Both chitinase inhibitors are toxic to R. flavipes. Concentration-dependent
toxicity occurred within the pentoxifylline treatments over the range of 0.01-0.08%, with
0.08% treatments producing an LT50. However, mortality in response to psammaplin A

treatments lacked concentration-dependent toxicity (Hiusen and Kamble-Shripat 2013).

Hexaflumuron (0.5% [Al]) baits also reduced termite populations in approximately 2 yr.
Adjustments in the specific bait formulations and application procedures might reduce time to
suppression. Establishment of new independent termite populations provides a mechanism to
minimize the effects of baits (Osbrink et al., 2011). When Bait with Noviflumuron applied to
planar area's population of Coptotermes formosanus, elimination of baited termite occurred
and subsequent reinvasion of the territory by neighboring termites. Territories held by
unbaited neighbors termites increased significantly, nearly doubling after reinvasion.

Exposed termites are eliminated in large numbers (Bernard et al., 2017).

Table 1: Some latex secreting plants from different families.

Plant family

Plant name Common name Reference
Hevea brasiliensis Rubber tree Metcalfe et al., 1967
Euphorbia bicolor Spurge Metcalfe et al., 1967

Synadenium grantii

African milk bush

Metcalfe et al., 1967

Sapium glandulosum

Gumtree, milktree,

Metcalfe et al., 1967

Euphorbiaceae

Jatropha gossypiifolia

Bellyache bush, black
physicnut or cotton-leaf
physicnut

Metcalfe et al., 1967

Hura epitans

Sandbox tree

Metcalfe et al., 1967

Croton urucurana

Rushfoil and oton

Metcalfe et al., 1967

Ficus carica

common fig

Metcalfe et al., 1967

Maclura tinctoria

Old fustic and dyer's mulberry

Metcalfe et al., 1967

Moraceae Maclura pomifera Osage orange Metcalfe et al., 1967
Brosimum gaudichaudii | Mama Cadela Metcalfe et al., 1967
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Antiaris toxicaria

Bark cloth tree, antiaris, false
iroko, false mvule or upas tree

Metcalfe et al., 1967

Artocarpus heterophyllus

Jackfruit

Metcalfe et al., 1967

Dorstenia luamensis

Grendelion or Shield flower

Metcalfe et al., 1967

Nerium oleander

Kaner, Oleander

Bhadane et al, 2018

Calotropis procera

King's own

Bhadane et al, 2018

Thevetia peruviana

Yellow oleander

Bhadane et al, 2018

Apocynaceae Rauvolfia serpentina Devil peppers, Sarpagandha Bhadane et al, 2018
Plumeria rubra frangipani, red-jasmine Bhadane et al, 2018
Catharanthus roseus Madagascar periwinkle Bhadane et al, 2018
Alstonia angustiloba Blackboard tree or devil's tree Bhadane et al, 2018
Taraxacum koksaghyz Kazakh_dandehon_, rubber root, Bhadane et al, 2018
or Russian dandelion
Scorzonera latifolia Viper’s grass Metcalfe et al., 1967
Asteraceae Lactuca_serriola Prickly lettuce Metcalfe et al., 1967
Parthenium argentatum | Guayule Metcalfe et al., 1967
Solidago virgaurea European goldenrod Metcalfe et al., 1967
or woundwort
Artemisia annua Sweet sagewort Metcalfe et al., 1967
Cannabis sativa Charas; ganja, marijuana, dagga, Metcalfe et al., 1967
Cannabaceae maconha

Humulus lupulus

Common hop

Metcalfe et al., 1967

Table 2: Some common latex producing plants from family apocynaceae.

Scienctific name

Common name

Reference

Allamanda cathartica

Golden trumpet

Bhadane et al 2018

Alstonia angustiloba

Blackboard tree or devil's tree

Bhadane et al 2018

Calotropis procera

Apple of Sodom, Sodom apple, stabragh,
king's own, rubber bush, and rubber tree

Bhadane et al 2018

Catharanthus roseus

Bright eyes, Cape periwinkle, graveyard
plant, Madagascar periwinkle, old maid,
pink periwinkle, rose periwinkle

Bhadane et al 2018

Cerbera floribunda,

Sea mango

Bhadane et al 2018

Dyera costulata

Jelutong

Bhadane et al 2018

Nerium oleander

Kaner, Oleander, Rosebay, Rose Laurel

Bhadane et al 2018

Plumeria alba

White Frangipani

Bhadane et al 2018

Vallaris glabra

Bread Flower, Siku Dengan, Bunga
Tongkan, Kerak Nasi, Bunga Kesidang,
Kesedengan

Bhadane et al 2018

Hancornia speciosa

Mangabeira

Bhadane et al 2018

Acokanthera oblongifolia

African wintersweet, dune poison
bush, Hottentot's poison, poison arrow
plant or wintersweet

Bhadane et al 2018

Apocynum cannabinum

dogbane, amy root, hemp dogbane, prairie
dogbane, Indian hemp, rheumatism root,
or wild cotton

Bhadane et al 2018

Thevetia peruviana

Yellow oleander, be still tree, digoxin,
lucky nut, yellow bells

Bhadane et al 2018
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Rauvolfia serpentina

Devil peppers, Sarpagandha

Bhadane et al 2018

Plumeria rubra

frangipani, red paucipan, red-jasmine, red
frangipani, common frangipani, temple tree

Bhadane et al 2018

Tabernaemontana
divaricata

rosebay and Nero's own

Pinwheel flower, ape jasmine, East India

Bhadane et al 2018

Himatanthus drasticus

Bhadane et al 2018

Janaguba

Table 3: Cardenolide from latex of different plants (apocynaceae).

Plant name Cardenolide Biological effect References
acovenosigenin A 3-O-a-L- Anti-feedent Pecio et al,
acofriopyranoside 2019
14-anhydroacovenosigenin A 3-O-[4- Pecio et al
D-glucopyranosyl-(1"—4")-0-a-L- Anti-feedent 2019 '

Acokanthera acofriopyranoside] -

oblongifolia 14-anhydroacovenosigenin A 3-O-[f- Pecio et al
D-glucopyranosyl-(1"—4")-0-a-L- Anti-feedent 2019 ’
acovenopyranoside]
14-anhydrod|g|tOX|gen|n 3-0-p-D- . Pecio et al,
glucopyranoside Anti-feedent 2019
acospectoside A

_ scharin An_ti-_termitic Sweidan et
Calotropis activity al, 2015

procera scharidin Anti-termitic Sweidan et
activity al, 2015

ggglblgrna]l Cerberin Toxic to termites M;?%T;t
3beta-O-(beta-D-diginosyl)- -

. 14,15alpha-dihydroxy-5alpha- card- Nem_at_|0|dal, Wang et al,
Nerium . termicidal 2009
indicum 20(22)-enolide (1)

Uzarigenin Termicidal Wang et al,
2009

i - Wang et al,
Cardenolide N-1 Termicidal 2009

Calotropis 15beta-hydroxycardenolides pel_l a_lctivity Seeka et al,

gigantea - inhibitor 2010
16alpha-hydroxycalactinic acid methyl
ester

. Cytotoxic: .

;?Tr]gﬁ:ggga 6'-hydroxy-16alpha-acetoxycalactin inhibitor of P;z?czrétgget

Na+/K+-ATPase '
12beta,14beta-dihydroxy-3beta,19- Cytotoxic activity

Asclepias epoxy-3alpha- against HepG2 Li et al. 2009

curassavica methoxy-5alpha-card-20(22)-enolide | and ’
12beta-hydroxycalotropin Raji cell lines
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Table 4: Some alkaloids from the plants of apocynaceae.

Plant name Alkaloids Biological effect References
Rauvomitorine A-1 C-9- | acetylcholinesterase Zhan et al
Rauvolfia vomitoria | methoxymethylene- inhibitory (AChE) 2020 ’
sarpagine activities
Melodinus axillaris Me!otenlne A Cyto_toxm against Fang et al,
aspidosperma termites 2019
Tabernaemontana Taberhaines Inr_nbltor of xanthine Shi et al, 2019
bufalina oxidase
. . . . Ke Ma et al,
Melodinus henryi rl\n/lgllggilgif:]eer;lnes AF énté-ttg)r(?glte 2014 and He et
N al, 2019
T_a bernaemontana Taberniacins A and B vasorelaxant activity Hirasawa et al,
divaricata 2019
Melc_)dlnus melotenuines A-E cytotoxic Liuetal, 2019
tenuicaudatus
Leuconotis Leucophyllinines A and | antiplasmodial activities | Tang Y et al,
eugeniifolia B and toxic to termites 2019
Table 5: Cystein peptidases in the latex of some plants (apocynaceae).
Plant name Cystein Peptidases Biological effects References
Anti-fungal: promoted
Calotropis membrane permeabilization,
P CpCP1, CpCP2, and CpCP3 | morphological changes with Freitas et al, 2020
procera
leakage of cellular content,
and induction of ROS
Araujia I . . ,
angustifolia Araujiain Proteolytic activity Obregon et al, 2011
Cryptostegia i . .
grandiflora Cg24-1 Toxic against phytopathogens Ramos et al, 2014
12, 16-dihydroxicalotropin,
Asclepias calotrop_m, . Cell death trough caspase- Rascon-Valenzuela et
corotoxigenin 3-O- .
subulata ) dependent apoptosis al, 2016
glucopyranoside and
desglucouzarin
gn; i“egieima philibertain g | Proteolytic activity Sequeiros et al, 2010
Theve_tla peruvianin-| Exhibit high speplflc activity de Freitas et al. 2016
peruviana towards azocasein
Asclepla}s Calotropin Exert strong |nh|l_3|t_ory and Mo et al, 2016
curasavica pro-apoptotic activity
Dregea sinensis | procerain B Degrade a-casein (CN) Zhang et al, 2015
Ervatamia Ervatamin-A, ervatamin-B | api_ termitic Ghosh et al, 2008
coronaria and ervatamin-C.
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Table 6: Some Flavonoids from different plants (apocynaceae).

Biological

Plant name Flavonoids References
effects
plumbocatechin A , Antimicrobial
Apocynum 8-0O-methylretusin and activit Kong et al,
venetum kaempferol 3-O-(6"-O-acetyl)-p-D- Ity . 2014
. toxic to termites
galactopyranoside
Holarrhena Kaemperol-3-O-rutinoside , Antioxidant Badmus et
. quercetin-3-O-glucoside and .
floribunda . activity al, 2016
kaemperol-3-O-glucoside
Kaempferol 3-rhamnogluco-7-
glucoside , kaempferol 3- Szostak et
Vinca minor rhamnogluco-7-galactoside, quercetin | Termicidal
. : . al, 1975
3-rutino-7-glucoside and quercetin 3-
rhamnogluco-7-glucoside
Kaempferol-3-O-B-xylopyranosyl-(1-
2)-B-rhamnopyranoside,
quercetin-3-O-B-xyloside,
Cynanchum kaempferol-3-O-p-glucosid , Antiproliferative | Yildiz et al,
acutum quercetin-3-O-B-glucoside, effects 2017
kaempferol-3-O-B-rhamnopyranoside
and
kaempferol-3-O-3-d-neohesperidoside
Naringenin,
Echites hirsuta aromadendrin (dihydrokaempferol) Termicidal Chien et al,
and 1979
kaempferol
Apigenin,
apigenin 7-O-beta-glucoside,
Trachelgspemum apigenin 7-O-beta-neospheroside, Anti-feedent Tan etal,
jasminoides . 2010
narngin and
6,8-di-C-glucopyanosylapigenin
Table 7: Terpenes found in apocynaceae members.
Plant name Terpenes Biological effects References
Perisomalien A,
Perinloca lupeol acetate,
somgliensis S-amyrin Toxic effects Jabal et al, 2020
cycloart-23Z-ene-3f,25-diol, and
p-sitosterol-3-O-4-D-glucopyranoside
Epigunum N . immunosuppressive
griffithianum Saponin epigynosides A and B activities Wang et al, 2020
Gymnema Saponins Anti-microbial Fabio et al, 2014
sylvestre
Pleiocarpa L . . Omoyeni et al,
oycnantha ursolic acid cytotoxic activity 2014
Pentalinon Hiebert-
S urechitol A Anti-feedent Giesbrecht et al,
andrieuxii
2016
www.wipr.net | Vol 10, Issue 3,2021. | 1SO 9001:2015 Certified Journal | 2173




Rajesh et al.

World Journal of Pharmaceutical Research

Table 8: Some Sterols from apocynaceae family.

Plant name Sterols Biological References
effects
Pentalinon Pentalinonside. pentalinonsterol antileishmanial Pan et al,
andrieuxii P activity 2012
Alstonia porlr:‘egasterol, eplcampesterol, B-sﬂgsterol, anti-proliferative | Wang et al,
scholaris 6p-hydroxy-4-stigmasten-3-one, an activity 2017
ergosta-7,22-diene-3p,5a,6B-triol
Gymnema beta-sitosterol, campesterol and . Vats et al,
. Anti-feedent
sylvestre stigmasterol 2013
Cynanchum . . . . . Liuetal,
limprichtii limproside A and limproside B Cytotoxic 2018
Periploca . . Zhang et al,
forrestii [-sitosterol and B-daucosterol Cytotoxic 2016
Pergularia 3-acetyltaraxasterol, . . Babaamer et
tomentosa 3-taraxasterol and Toxic to termites al. 2012
16a-hydroxytaraxasterol-3-acetate '
Table 9: Phenolic compounds from apocynaceae members.
Plant name Phenol compound Biological effects References
Han_cornla Protoc_a techuic acid, . Detterent Bastos et al, 2017
speciosa catechin, and quercetin
Asclepias _coumaric and ferulic acid Antioxidant and Sanchez-Gutiérrez
linaria P ' | cytotoxic activities et al, 2019
Carissa Phenolic acids An_tlr_n_lcroblal Souilem et al, 2019
macrocarpa activities
Cynanchum | 2-O-B-laminaribiosyl-4- Termicidal Uchikura et al, 2018
wilfordii hydroxyacetophenone

Table 10: Lignans from the member of family apocynaceae.

Plant name Lignan Biological Reference
effect
Calotropis (+)-pinoresinol 4-O-[6"-O-vanilloyl]-B-d- - Parhira et al,
! : Insecticidal
gigantea glucopyranoside 2014
reveledcarinol Insecticidal | Pal etal, 1975
6R,78,88_)-7(31-[(b-gIucopyranosyl) Insecticidal Bhadane et al,
. oxy]lyoniresinol 2018
Carissa Bhadane et al
carandas carissanol Insecticidal '
2018
. - Bhadane et al,
(-)-nortrachelogenin Insecticidal 2018
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Table 11: Some chemical used in termite control.

Chemical name Concentration | Used against Effect References
2,4-Daminesalt | Toxic Ejomah et al,
(2,4-D) 2020
Vestamineand | Macrotermes Toxic Ejomah et al,
Ultrazine bellicosus 2020
Fipronil 0-64 ppm Neurotoxic | Igbal et al, 2018
Imidacloprid 0-250 ppm Neurotoxic | Igbal et al, 2018
- . Buczkowski et
Chlorantraniliprole 5-ppm Anti-feedent al. 2012
1,4-dichlorobenzene |  ------ Anti-feedent Morita et al,
1977
Silafluofen | e soil Katsuda et al,
Reticulitermes termiticide 2011
Bifenthrin 1.25 pgecm? | flavipes Highly toxic | Guan et al, 2011
Chitosan solutions 38mg g Highly toxic | Raji et al, 2018
Mancozeb 100 g/L Anti-feedent Brand2f8£g etal,
Lambda cyhalothrin 4 ml/L Anti-feedent Brand2f8£g etal,
Chlorpyrifos 10 mg/kg soil Toxic Das et al, 2015
Chlordane Coptotermes Toxic Ph"ggigt al,
formosanus Bhatta et al
Spinosad 50 ppm Toxic 2016
Table 12: Some Natural enemies of termites.
Natural enemy Categories References
Oo_gplster Beetle, Ants, Assassin bugs, Flies, Insects Culliney et al., 2000
Spiders and Wasps
Red-Headed Woodpecker, Chickens, Doves,
Sparrows, Spotted Eagle Owls, Starlings, Swifts, . .
Weavers and Egyptian goose (Alopochen Birds Sahayaraj etal., 2018
Aegyptiacus)
Geckos, Lizards and Snakes Reptiles Sahayaraj et al., 2018
Frogs Amphibians | Sahayaraj et al., 2018
Qe}rdvarks, Anteaters, Armadillos, Bats and Mammals | Sahayaraj et al., 2018
rimates
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Table 13: Microbes in termite control.

Microbe Name Used against Biological effects References
category
. Coptotermes Produce infectious Maureen Wright et
Isaria fumosorosea -
formosanus conidia al 2012
. T Coptotermes Alarm, aggregation Maureen Wright et
. Metarhizium anisopliae and defensive
Fungi formosanus . al 2012
reactions, repellent
Beauveria bassiana Reticulitermes flavipes | Infectious Wright et al, 2013
. I . Produce infectious Teetor-Barsch et al,
Fusarium Reticulitermes flavipes -
conidia 1983
Bacillus thuringiensis Soptotermes Produce infectious Wright et al 2012
ormosanus propagules
Bacteria TrabuIS|eIIa_1 _ Coptotermes Spreadlng gene Tikhe et al 2016
odontotermitis formosanus products in termite
Pho_torhabdus Coptotermes Expr_es:s Zhao et al. 2008
luminescens formosanus termicidal genes
Heterorhabditis
bacteriophora
H. bacteriophora Poinar | Microcerotermes Pathogenic to Al-Zaidawi et al,
(IRQ.1 strain) diversus termites 2020
Steinernema
carpocapsae
Heterotermes aureus
Heterorhabditis (Snyder),_ . :
. . Gnathamitermes infect and kill
bacteriophora Poinar erplexus (Banks) termites Yu et al, 2006
Nematodes | (HP88 strain) perp ’

and Reticulitermes
flavipes (Kollar)

Termirhabditis
fastidiosus

Rhabpanus ossiculum

Reticulitermes flavipes
and Coptotermes

Kill protozoan
symbionts in termites
gut

Massey et al., 1971

Steinernema riobrave

Heterotermes aureus,
Reticulitermes

: flavipes, and virulence to termites Yuetal, 2010
strain 355
Coptotermes
formosanus.
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Producing | Termite Pheromone
Pheromones . Role References
gland species category
Female Silvestritermes Attract Doleizova
tergal heyeri, S. males, ot al JZOIS
(32,6Z)-dodeca-3,6- | gland minutes, Sex elicits, Wer; ot al
dien-1-ol Female Odontotermes pheromone | Trail- . 2015
sternal fOrmosanus following
gland behavior
Female . . Enhance the
Silvestritermes
tergal . long- o
land minutus distance Dolejsova
(32)-dodec-3-en-1- g Sex ; etal, 2018
attraction of
ol Female pheromone Wen et al,
Odontotermes male at
sternal hiah 2015
land formosanus igher
g cocentration
Female . Sex Pairing Dolejsova
tergal E. neotenicus
pheromone | hormone etal, 2018,
glands
Alates and | Reticulitermes | trail-
(32,62,8E)-dodeca- female Iumfug_us following Pairing Wobst, et
. sternal grassei and R. | and sex hormone al, 1999
3,6,8-trien-1-ol :
gland santonensis pheromone
Cornitermes trail- Species-
bequaerti, C. following speci fic Bordereau
cumulans and | and sex girin etal, 2011
C. silvestrii pheromone P g
Hodotermopsis
Male sjoestedti, Trail-
syn-4,6- | . followi |
dimethylundecan-1- sterna Zootermopsis ollowing Pairing Lacey et al,
ol gland nevadensis and | and Sex 2011
Zootermopsis | pheromone
angusticollis
(5E)-2,6,10- Female | odotermopsis
g sjoestedti, Sex . Lacey et al,
trimethylundeca-5,9- | sternal : Pairing
. Zootermopsis pheromone 2011
dienal gland ;
nevadensis
Norsesquiterpene Male and .
alcohol (E)-2,6,10- female Mast(_)tgrm(_es Trail Trail Slllqm
. darwiniensis . Dusses et
trimethyl-5,9- sternal pheromone | following
. al, 2007
undecadien-1-ol gland
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Photograph 1: (a-f) showing plastering of green trees, termite worker inside mound,

invaded tree, green biomass and digested soil.

3. CONCLUSION

This article emphasizes use of various plant latexes as insecticides to control forest,
household and garden termite population. Latex components show multiple deleterious
effects like toxic, anti-feedant, repellent growth and reproductive inhibitory in a number of
insect species. It delays egg maturation, development and inhibit gonad development in
insects. Besides this, toxic microbial metabolites, whole organisms, feeding inhibitor
chemical synthesize genus, radiations for chromosomal damage, essential oils, growth
inhibitors, hormone analogues can be used for potential control of agricultural, household and
garden termite population. In addition, Juvenoids and juvenogens considered to be promising
method for control of termites. Make them more active and selector as antifeedent, repellent,
fumigant or bait formulation as well. Feeding in workers of termite species could be withheld
by using genetically engineered yeast strains that express synthetic protozoacidal lytic
pepdies. These early kill the cellulose digesting termite gut protozoa that result in mass
mortality of termite colony members. Employment and release of natural enemies of termite
also safe method for controling them. Plant derived natural products are easily catabolized in
nature, show less side-effects, do not present for longer time and do not kill non-targated
organisms. Due to the rising toxicity of synthetic pesticides in agriculture soil and its
biomagnfication there pesticides have been fully banned. Therefore, this article suggests use

[www.wigr.net | Vol10, Issue 3,2021. | 1SO 9001:2015 Certified Journal | 2178 ]
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of

natural control methods, so that poisoning of food chains and problem of

biomagnifications and toxicity could be minimized.
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