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MESSAGE

Qver the past few decades, invasive alien species have seriously threatened
the environment, local biodiversity and human health. Biological invasions also
affect agriculture, forestry, and fisheries-the main livelihood sectors of people.
The rapid spread of invasive species has been recognised as a major threat to
biodiversity in Kerala.

The Kerala State Biodiversity Board took a commendable step to address this
issue by organising a national conference with the participation of more than
100 eminent scientists from across the country, in 2022. The proceeding of the
conference is being brought out titled ‘Biological Invasions: Issues in
Biodiversity Conservation and Management'.

It is a compilation of the research papers presented during the conference with
a focus on forest ecosystem, marine and freshwater ecosystems, and agro-
ecosystems. | hope that it will help to formulate action plans for the
management of invasive organisms both at the state and local levels.

Z=

Pinarayi Vijayan

My best wishes.

The Chairman
KSBB
E-mail : keralabiodiversity@gmail.com



Preface

Invasive alien species are recognised as one of the five major drivers of biodiversity loss globally,
others being land and sea-use change, direct exploitation of organisms, climate change, and
pollution. It has been reported that many alien plants introduced through global trade and
exchange of seeds and planting materials are negatively affecting agriculture and forestry.
Similarly, the presence of invasive plants and fishes in water bodies is posing massive threat to
our unique inland fish stocks and other natural aquatic species.

As the name suggests, ‘invasive’ species can displace native species and dominate them through
invasion. Consequently, biological invasion accelerates biodiversity loss at the local, national,
and global levels. The “Convention on Biological Diversity” stipulates that the invasion of
alien species that threaten the survival of species, habitats, and ecosystems shall be prevented
and controlled as early as possible. All the countries including India who signed the treaty are
bound to comply with it. Meanwhile, the Kunming-Montreal Global Biodiversity Framework
(GBF) was adopted during the 15th meeting of the Conference of the Parties (COP 15) held
in 2022. This historic Framework sets out an ambitious pathway for biodiversity, and it has 23
actionable targets for 2030, including a target on invasive alien species (TARGET 6: Reduce
the introduction of invasive alien species by 50% and minimize their impact).

A policy on invasive species at the state level is essential to prevent and control the invasion
of terrestrial and aquatic alien species in Kerala. A two-day National Conference, organized
by the Kerala State Biodiversity Board on the theme “Biodiversity: Trends, Threats and
Management” from 2 to 3 Dec. 2022, was the first step towards this goal. This Conference
stressed on three relevant areas—agriculture and managed systems, forest ecosystems, and
marine and freshwater ecosystems. The present docuemnt, “Biological Invasions: Issues in
Biodiversity Conservation and Management” is the proceedings of the Conference with 48
selected papers, consisting of invited and contributory, presented by various eminent scientists
and researchers. I hope that the papers included will be useful for an assessment of the status
of invasive species in Kerala.

We are extremely grateful to the Hon’ble Chief Minister of Kerala, Sri. Pinarayi Vijayan
for inaugurating the Conference and for the elegant message included in this publication.
Dr. V. Venu, Additional Chief Secretary, Department of Environment, Govt. of Kerala
presided over the function, and we acknowledge the constant encouragement provided
by him. Dr. Shiroma Sathyapala, expert from FAO, Rome delivered the keynote
address and Dr. AK. Singh former Director ICAR-DCFR and Emeritus Scientist
ICAR-National Bureau of Fish Genetic Resources, Lucknow delivered the plenary
talk. I also acknowledge the initiative and enthusiasm of the former Member Secretary,
Dr. A.V. Santhoshkumar and all the staff members of KSBB in successfully conducting the
Conference. The help from Dr. Preetha, N., Senior Research Officer and Ms. Hanna Thomas,
NBA Intern in editing and proof reading the book is acknowledged. I am also grateful to all the
Board members for their active involvement and cooperation. Thanks are also due to various
eminent scientists from different parts of India for their contributions and active participation.

Dr. C. George Thomas
Chairman, KSBB
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PLANT INVASIONS: A THREAT TO AGRO-ECOSYSTEMS

Prameela, P., Savitha Antony., * George Thomas, C., and Krishna, V.R.
All India Coordinated Research Project on Weed Management,
Kerala Agricultura University.

*Kerala State Biodiversity Board, Thiruvananthapuram

Abstract

Problems from invasive alien species are on the rise because of severa reasons leading to
ecological, economic, and socia impacts. Anthropogenic factors are the major reason for this
serious threat. Rapid loss of biodiversity and crop loss in terms of both quantity and quality
can negatively influence the ecosystem resilience and can have serious implications in
agriculture. The success of invasive plants depends on factors like prolific seed production,
efficient dispersal mechanisms, higher germination rate, rapid growth rate, rampant vegetative
spread with specia organs such as offsets, root suckers, or bulbs, and wide adaptability and
tolerance to changing environments and higher competitive ability. Invasive weeds like
lantana and Siam weed have alelopathic effect on agricultural crops making them more
competitive. The absence of natural enemiesin the new environment also provides favourable
conditions for invasive species. Although technological options are available for managing
invasive aliens, most often, economicaly and environmentally viable practical methods are
limited. Biological control measures suffer from many drawbacks, and they are successful
only in a few weeds and specific situations. Many studies have already been done on the
utilization of weed biomass produced from invasive weeds. However, its large-scale adoption
is still limited. A multipronged approach, which integrates biological, ecological and social
dimensions, can help in preventing further loss of biodiversity and sustaining the productivity
of arable lands for the benefit of future generations.

Introduction

Invasive species are a threat to the environment, acting as a key driver of biodiversity loss

besides disturbing ecosystem functions. Biological invasions have the potentia to
significantly affect species composition and alter species interactions within the invaded
community and even can have an adverse impact on the economy by affecting income-
generating activities, especialy in agriculture and allied sectors.

Prameela, P., Antony, S., Thomas, C.G., and Krishna, V.R. 2023. Plant invasions: A threat to agro-ecosystems.
In: Biological Invasions. Issues in Biodiversity Conservation and Management. Proceedings of a National
Conference, Bioinvasions, Trends, Threats and Management held from 3 to 4™ December, 2022 at
Thiruvananthapuram. Kerala State Biodiversity Board, Thiruvananthapuram, pp.1-23.



As defined by the Invasive Species Definition Clarification and Guidance Policy Frame
Work, approved by the Invasive Species Advisory Committee of USDA in 2006, “invasive
species are those that are not native to the ecosystem under consideration and that cause or are
likely to cause economic or environmental harm or harm to human, animal, or plant health”
(USDA, 2006). Note that plant and animal species that have been domesticated, introduced, or
cultivated by humans, which are under their control are not invasive species. Furthermore, it
is made clear that for a non-native to be deemed invasive, its detrimental consequences must
outweigh its favorable virtues. Additionally, a non-native species in one area may not be
regarded as invasive in another area. The status of a plant as an invasive species is greatly
influenced by human values. Even if they have some positive impacts, invasive non-native
species are deemed harmful to human health, the environment, or both.

Human intervention is the major factor behind species introductions and movements of
species, which began in the post Columbian times by European colonists. Plants were
introduced in vast scale to colonia regions and back, largely by European concerns such as
the East India Company, for agricultura and ornamental purposes (Heywood, 1989).
Botanical Gardens played a key role in this by acting as ‘ports’ where new species could be
propagated for wider distribution (Heywood, 1989; Hulme, 2011). International trade is the
primary source of introduction of alien plants on a global scale still now. In particular,
agriculture is a major introduction pathway, either accidenta or purposive. The United
Nations Convention on Biological Diversity held in 1992 as a part of the ‘Earth Summit’,
concluded that the biological invasion of alien species is the second worst threat to
biodiversity, after habitat loss. According to Pimentel et al. (2001), the adverse effects of
invasion can be broadly categorized into five mgor areas, 1) agriculture and plantation
forestry, 2) active biota, 3) ecosystems, 4) natura communities and human and livestock
health, and 5) industrial processes. In this paper, plant invasions are discussed with special
reference to agriculture in Kerala, including a brief history of introduction and research
findings.

From an agricultural point of view, ‘plant invasion’ is synonymous to ‘weed invasion'. Weed
invasion can be considered as a process of successful establishment of a plant in an arable
land posing serious threat to agricultural activities causing serious economic loss, by
competing with crops or by interfering with cultural practices. Out of the 1599 alien plant
species recorded in India, 225 species are invasive (Khuroo et al., 2012). In India, annua
losses in crop production due to weed invasion were estimated to be 37.8 billion US dollar
according to 1950-1981 estimates (Pimentel, 2002).

What makes a plant an invasive weed?

A weed is often defined as a plant where it is not desired to grow. In crop production, a weed
is an undesirable, injurious, and troublesome plant, which interferes with cultivated crops and
affects human affairs. To define invasive aien weeds, one must be familiar with three terms,
noxious, invasive, and alien. Noxious weeds are plant species that tend to be injurious to
public health, crops, livestock, or other properties. Invasive weeds are plant species that have
the potential to spread rapidly and become noxious. A species moved by human activities
beyond the limits of its native geographic range into an area in which it does not naturally



occur is called an alien species. When we say invasive alien species, we mean an introduced
species to a specific location, which has a tendency to spread and cause damage to crops,
biodiversity, economy, public health, or the environment. Plants that overcome geographical
barriers are known as alien plants, and mgor disturbances that promote the establishment of
alien plantsin anew habitat are agriculture, forest fire, and biome shift (Early et al., 2016).

For anew plant to establish itself successfully and to become aweed in a disturbed areg, it has
to overcome severa barriers as noted below (USDA, 2006).

. Large-scale geographical barriers: These can be geographical boundaries like mountains, sea
or any physical obstacles for the movement of seeds or any reproductive plant parts.

. Survival barriers: These include germination and survival barriers such as moisture
availability, physico-chemical properties of soil, nutrient availability, and competition ability.

. Establishment barriers. These are the barriers to establish itself successfully to form a
population that is self-sustaining and does not need re-introduction to maintain a population
base such that it continues to survive and thrive in its new environment. Once the non-native
plant survives this barrier, its population is considered established.

. Dispersal and spread barriers: Not only the species has to overcome the establishment
barriers but also ensure its succession by seed dispersal and progeny production. Additionally,
the rate of spread must be relatively fast. However, this movement or spread aone does not
necessarily make the non-native plant an invasive weed.

. Harm and impact: A plant is considered as an invasive weed, if it causes negative
environmental, economic, or human health effects, which outweigh any beneficial effects. For
example, Mikania micarantha is a source of nectar for bees. Nevertheless, the displacement of
native and other desirable plant species caused by this weed leads to biodiversity loss.
Further, it is reported that nectar and pollen availability from this plant is indirectly affecting
the pollination and seed set in native plants. As the negative effects greatly overshadow the
positive effects, it is considered an invasive species.

The success of invasive plants depends on factors like prolific seed production, efficient
dispersal mechanisms, higher germination rate, rapid growth rate, rampant vegetative spread
with special organs such as offsets (Eichhornia crassipes), turions (Hydrilla verticillata), root
suckers or bulbs, wide adaptability and tolerance to changing environments and higher
competitive ability. Invasive weeds like lantana and siam weed have allelopathic effect on
agricultural crops making them more competitive (Sahid and Sugau, 1993). The absence of
natural enemies in the new environment also provides favorable conditions for invasive
Species.

Often, invasive species are grouped as driver species, passenger species, and back seat drivers
(Barua and Deka, 2016). Weeds that can establish themselves easily in undisturbed habitats
and bear the capacity to alter the community structure within a short period of time in an
irreversible direction can be termed as driver species. Mikania micrantha is an example for a
driver species. Weeds that are abundant in disturbed areas where population of a primary
floral community isin adeclining phase can be classified as passenger species (Didham et al.,
2005), for example, lantana and Siam weed. The third type, back seat drivers can establish in
disturbed areas but they further deteriorate the native community over a period of time



(Bauer, 2012). Carrot grass (Parthenium hysterophorus) is a back seat driver, invading
cropped areas, which in its pure stand eliminates majority of resident plant populations.

A brief history of weed invasionsin India

Major plant introductions to India can be traced back to the establishment of a Botanica
Garden by East India Company during 1786 at Culcutta. The spread of invasive alien weeds
like Mikania micrantha, Lantana camara, and Chromolaena odorata in India are examples of
such introductions (Table 1). However weeds like Parthenium hysterophorus was accidentally
introduced along with the wheat import in 1950s.

Table 1. Invasion pathway of some agriculturally important alien weeds

Plant Country of origin Pathway of invasion
Parthenium hysterophorus Import of wheat from Australia
Lantana camara Central and South Introduced as ornamental
Mikania micrantha America \I?Jgﬁ?jh\s\}‘;rlcl:amouﬂagl ng army during
Eichhornia crassipes Introduced as ornamental
Salvinia molesta Accidental/ornamental

In Kerala, maritime trade also paved way for the introduction of many invasive weeds. In
addition to terrestrial invasive plants, aguatic invasive plants are also posing great challenges,
especialy to water resources of Kerala. It is believed that floods occurred in August, 2018,
hastened invasive weed growth by the transport of propagules through water thus encroaching
new areas. Some weeds like water hyacinth and Kariba weed, which were earlier noticed
mainly in the backwaters of Kuttanad, have now spread to severa low-lying paddy fields.
Some weeds like Hydrilla, Vallisneria, and Utricularia, introduced as aquarium plants are
now attaining the status of major weeds in rice fields. Many invasive plants continue to be
adored by people who may not be aware of their weedy nature. For example, Singapore daisy
(Sphagneticola trilobata), a problematic invasive weed, is still being used as an ornamental
plant due to its attractive bright yellow flowers. Several species are exploited by people for
various purposes, but eventually develop invasive traits and harm other plants. For example,
the leguminous cover crop, Mucuna bracteata used in rubber plantations to manage soil
erosion has attained the status of a noxious weed, spreading fast and inhibiting the growth of
native plants and trees.

Major invasive weeds of Kerala

Out of the 225 invasive plant species reported from India, 11 species are included in the list of
the 100 worst invasive species categorized by the International Union for Conservation of
Nature (Lowe et al., 2000). These 11 species are Acacia mearnsii, Arundo donax,
Chromolaena odorata, Clindemia hirta, Imperata cylindrica, Lantana camara, Leucaena
latisiliqua, Mikania micrantha, Opuntia stricta, Ulex europaeus and Sphagneticola trilobata.

According to Abraham et al. (2009), Lantana camara, Mimosa pudica, Chromolaena
odorata, Mimosa invisa, Merremia vitifolia, and Mikania micrantha are the major terrestrial




invasive alien weeds in humid tropics of the country. They listed Eichhornia crassipes,
Salvinia molesta, Limnocharis flava, Ipomoea carnea, and Alternanthera philoxeroides as
major aquatic alien weeds. The names of 51 major invasive weeds in Kerala selected by us
based on various studies and observations are listed in Table 2 (Listing has been done

alphabetically based on the most popular scientific name of the plant).

Table2. Major invasveweedsin Kerala

SI. No|Common name Scientific name Origin
1 Greater club rush ACtiNOsCirpus grossus SE. Asia
2 | Alligator weed Alternanthera philoxeroides Tropica America
3 | Cdico plant Alternanthera betzckiana Tropica America
4 | Purplejoy weed Alternanthera brasiliana Central and S. America
5 | Goat weed Ageratum conyzoides Tropical America
6 | Hossflower Ageratum houstonianum Central America
7 | Prickly amaranth Amaranthus spinosus Central and S. America
8 | Cord vine Antigonon leptopus Mexico
9 Red cabomba Cabomba furcata South America
10 | Heart of jesus Caladium bicolor South America
11 | Caopo Calapagoni um mucunoides Tropica Asia
12 | Siam weed Chromolaena odorata Tropicd America
13 | Koster’s curse Clindemia hirta South America
14 | Dodder plant Cuscuta spp. North America
15 | Cat’s claw Dolichandra unguis-cati South America
16 | Water hyacinth Bl chhornlg Crassipes South America
(Pontederia crassipes)
17 | Crofton weed Eupatorium adenophorum Central America
18 | Mexican fire plant Euphorbia heterophylla Central America
, - Asiaand North
19 | Water thyme Hydrilla verticillata Australia
20 | Cogon grass Imperata cylindrica Asial Africa
21 | Water spinach | pomoea aquatica China
22 | Railway creeper I pomoea cairica Tropica Africato Asia
23 | Bush morning glory | pomoea carnea Tropica America
24 | Common lantana Lantana camara Tropicd America
25 | Yellow velvetleaf Limnocharis flava South America
26 | Peruvian primrose bush Ludwigia peruviana South America
27 | Chocolate weed Melochia corchorifolia Tropica America
. Mesosphaerum suaveolens .
28 | Pignut (Hyptisspsuaveol ens) South America
29 | Grape vine weed Merremia vitifolia (I:rﬁ(r)];lMalasaand
30 | Mile-a-minute weed Mikania micrantha Central and S. America
31 | Giant sensitive plant Mimosa diplotrich var. diplotricha South America
32 | Sensitive plant Mimosa pudica South America
33 | Mucuna Mucuna bracteata Asia
34 | Jamaican cherry Muntingia calabura South America
35 | Guppy grass Najas guadalupensis Northand S. America
36 | Carrot grass Parthenium hysterophorus Tropical America
37 | Stinking passion flower Passiflora foetida North America
Pennisetum pedicellatum . .
38 | Deenanath grass (Cenchrus pgdic dllatus) Africaand Asia
39 | Mission grass (P((:agrr: éﬁ?tﬁénpggéizﬁrgsn Tropicd Africa




40 | Tropical duckweed Pistia stratiotes South America
41 | Brackenfern Pteridium aquilinum Tropica America
42 | Rangoon creeper Quisqualisindica g roApsli(:\I Africaand S.
43 | lItch grass Rottboellia cochinchinensis ,Isri%pl cal Africaand
44 | Interrupted cup scale grass | Sacciolepisinterrupta Tropica Africaand
Asia
45 | Water fern Salvinia molesta South America
46 | American cassia Senna spectabilis Tropica America
47 | Singapore daisy Fohagneticola trilobata Central America
48 | Synedrella Synedrella nodiflora West Indies
49 | Mexican sunflower Tithonia diversifolia M exicoto Central
America
50 | Bladderworts Utricularia spp. America
. L S. Europe, N. Africa,
51 | Ed grass Vallisneria spiralis and SW Asia

The menace of weeds normally increases in the Kharif season due to monsoon rains. In this
season, annual invasive weeds like Ageratum conyzoides, Alternanthera bettzckiana, Mimosa
invisa, Hyptis suaveolens, Synedrella nodiflora, Merremia vitifolia, Mikania micrantha, and
Rottboellia cochinchinensis dominate both cropped and non-cropped areas. By the end of the
season, their density decrease and dry off. Weeds like Pennisetum pedicellatum and
Pennisetum polystachyon are the major weeds during the Rabi season. Some magor Kharif
weeds are aso noticed in this period, for example, Ageratum conyzoides, Alternanthera
bettzickiana, and Synedrella nodiflora. During the summer, perennia weeds like
Chromolaena odorata and Clerodendrum infortunatum survive and predominate the weed
flora (NIWSP, 2011).

Management of invasive weeds

Prevention is the most important measure for managing invasive weeds, and it requires utmost
attention, as prevention is aways better than cure. Proper surveillance, monitoring, strict
guarantine laws, and treatment of imported goods that might include invasive species in the
entry points are the preventive measures that should be taken care of immediately to avoid
future introductions. Internationa organizations like International Union for Conservation of
Nature and Natural Resources (IUCN) and Convention on Biological Diversity (CBD) are
concerned with the prevention and management of this problem. At a globa level, IUCN
through a group of speciaists, the Invasive Species Specialist Group (ISSG), elaborated a list of
the invasive species and established a set of rules for the prevention of biodiversity loss caused by
invasive species.

Management practices can be targeted in two different ways, for those that have already been
established and those, which have the potential to become invasive. The potential invasive
weeds can be managed through environment impact assessment, collecting information
regarding pathways of invasion to prevent further spread, strict post quarantine measures to
eradicate the potential invasive weeds, and conducting awareness programmes to public.



Once a plant is introduced and become invasive, manual, mechanical, cultural, biological, or
chemical control measures can be adopted, but in an integrated manner as no single method
has been found effective for a long term and sustainable management. Understanding the
weed ecology and biology can help in devising proper management practices. Manual
collection and removal is largely followed in managing weeds in fragile ecosystems. Manua
hand pulling or mechanical weeding is possible only if the extent of spread is less.
Mechanical methods include mowing, slashing and digging with various implements. After
the removal of plants, they should be properly burnt or buried. Cultural control includes
mulching, cover cropping, crop rotation or frequent soil disturbances, and stale seedbed.

Biologica control has classical, augmentative, and conservative approaches. Classical
biological control includes searching for the efficient natural enemies (insects, mites, and
pathogens) from the native range of the weed, its introduction, multiplication, and finally
release, to reestablish the equilibrium between pests and natural enemies (Table 3).

Table 3. Classical biological control agentsintroduced to manage weedsin India

Weed

Biological control agent

Parthenium hysterophorus

Zygogramma bicolorata, Smicronyx lutulentus, and Epiblema
strenuana

Eichhornia crassipes

Neochetina eichhorniae, N. bruchi, and Orthogalumna terebrantis

Salvinia molesta

Cyrtobagous salviniae, Phoma glomerata, and Nigrospora sphaerica

Opuntia spp. Dactyl opius tomentosus
Ophiomyia lantanae, Orthezia insignis, Diastema tigris, Salbia
Lantana camara (Syngamia) haemorrhoidalis, Uroplata girardi, Teleonemia

scrupulosa, Octotoma scabripennis, and Epinctia lantanae

Alternanthera philoxeroides

Agasicles hygrophila

Eupatorium adenophorum

Procecidochares utilis

Chromolaena odor ata

Pareuchaetes pseudoinsulata, Apion brunneonigrum Cecidochares
connexa

Mikania micrantha

Puccinia spegazznii

Submerged aquatic weeds
(eg: Hydrilla, Vallisneria)

Ctenopharyngodon idella, Puntius javanicus, Pulchellus pulchellus,
Tilapia mossambica, T. melano pleura, and Oophorinum gourami

Source : Kumar, 2015

Although classical biological control is highly effective and environment friendly, it is time-
consuming and useful in non-cropped situations only. Sometimes, natural enemies may not
establish well as that of the native place or may give only partial control of weeds. Singh
(2004) reported that 56 per cent control was noticed in aquatic weeds and 24 per cent in
terrestrial weeds by classical biological control in India. Efforts to increase the population of
natural enemies either by propagation and release or by environmental manipulation and
conservation are followed in augmentative and conservative approaches. About 30 exotic
biological control agents have been introduced to control invasive weeds in India (Kumar,
2015). Of these 30, 6 bio-agents could not be released to the field. Among these, 7 well-
established bioagents gave excellent control, 4 gave significant control, and 9 gave partid
control (Kumar, 2015).



Bioherbicides consisting of phytopathogenic microorganisms or phytotoxins derived from
microorganisms can be used to control weeds. This method makes use of plant pathogens that
are cultured to produce significant amounts of infectious material. However, this approach has
only limited application because of many practical hurdles.

Table 4. Popular bioherbicides

Microorganism Trade name Targeted weed
Phytophthora palmivora Devine Morrenia odorata
Colletotrichum gloeosporioides f.sp. L
Aeschynomene Collego Aeschynomene virginica
Coalletotrichum gloeosporioides Bio Mal Malva pusilla
f.sp.malvae

Puccinia canalicuta Dr. bioSedge Cyperus esculentus

Chemica weed management is one of the efficient ways to control weeds. Suitable herbicides
can be chosen, and it can be applied at proper time depending upon the weed. Nevertheless,
continuous use of herbicides may result in herbicide resistance. Therefore, herbicide rotation
is mandatory. Possible chances of pollution of aguatic water bodies and the environment
should also be monitored.

Resear ch on invasive weed management in Kerala

Some of the major invasive species, which caused severe impacts in terrestrial and aguatic
ecosystem, along with the works undertaken in Kerala for managing them are detailed below.
In Kerala, salvinia, water hyacinth, and Siam weed are the first noticed and studied invasive
alien weeds. In Keraa, serious attempts to control invasive alien weeds started after the
establishment of two centres at Vellanikkara, Thrissur, one under the All India Coordinated
Research Project on Crops Pests and Weeds in 1977 and another under the All India
Coordinated Research Project on Weed Control in 1985.

Aquatic weeds
Salvinia molesta

Salvinia (Salvinia molesta), also called Kariba weed or locally as African payal, is ranked the
second most noxious weed in the aguatic system. In Kerala, this troublesome aquatic fern is
widespread in the water bodies including deep-water paddy fields. It was first reported in the
1950s at Vei Lake, Thiruvananthapuram, and attained the status of noxious weed in the
wetland rice ecosystems of Kerala in 1964 itself (Cook and Gut, 1971). In rice, during
preparatory cultivation time, this weed can be controlled to some extent. However, recently
salvinia is reported as a problem in paddy fields from few districts of the state, where it
interferes with cultural operations and reduce the rice yield by competing for available
nutrients.

In the 1970s itself, Kerala Agricultural University developed a salvinia harvesting machine,
with  conventional pump sets as the prime mover (Samuel and Jacob, 1977;




Sankaranarayanan et al., 1985; Hgjilal, 1987). A high capacity check device built into the
machine sucks, fluidizes, and pumps out the weed material to the desired height or location. A
10 horsepower machine achieved a harvesting rate of 16 tonnes/h for continuous operation.
M/s Kelachandra Precision Engineers, Kottayam, Kerala also developed a weed harvester,
with a steel barge fitted with conveyor belts, driven by a marine diesel engine of sufficient
capacity for operating the hydraulic system. Navigation is through propellers or paddie
wheels. The harvester consists of 3 conveyor belts. The first one to collect the weeds onto the
barge, another one for storage and the third one for discharge onto land or to a transport
barge.The harvester can remove 40-80 tonnes of weeds per day in an hour (Jayan and
Sathyanathan, 2012).

Biological control of salvinia was started with the establishment of Kerala Agricultural
University in 1972 (Joy, 1978). Earlier works were conducted with Chinese grass carp
(Ctenopharyngodon idella), snails, plant pathogens (Pythium sp), insects (Nymphula
responsalis, Rhopal osiphum nymphaea, Dysmicoccus sp., and Bagous sp.). All these attempts
were not effective (Joy et al., 2000). Later, three exotic biological control agents, aquatic
grasshopper (Paulinia acuminate), pyralid borer (Samea multiplicalis) and a weevil,
(Cyrtobagous salviniae), were tried in Thrissur, Kottayam, and Alappuzha districts (Joy et al.,
1985). Among these, salviniaweevil was highly successful for controlling kariba weed, which
found a place in the Package of Practices Recommendations- Crops (KAU, 2016). In a
particular area, 50 to 100 weevils have to be released and in cases, weevil collection is not
possible, one kilogram of infested salvinia can be used as a inoculums. Larvae tunnel the
rhizomes, whereas, adults feed on unopened leaf buds and tender leaves. Under field
conditions, complete weed destruction was observed after five to ten months of release
depending on the area of release. The weevil took more than a year to cover 30 metresin an
undisturbed canal at Kumarakom, while, it spread to a distance of three kilometers in six
months at Athirampuzha. This is attributed to quick dispersal of the weevil in tidal waves and
air currents experienced in navigation canals (Joy et al., 2000).

Eichhornia crassipes

Water hyacinth (Eichhornia crassipes; Syn: Pontederia crassipes), also caled lilac devil or
Kulavazha locally, is one of the world’s most troublesome aguatic weeds, native to South
America, was introduced to Indiain 1896 (Biswas and Calder, 1954). Its occurrence was first
reported from many parts of Kerala, and it has affected agriculture, fishing, and livelihoods in
the state. It is a free-floating perennial plant, producing daughter plants primarily from offsets
or stolons. Leaves are waxy green and waterproof. Inflated bulbous spongy structures are
present in petioles, which help to float in water and form a mat by spreading to larger areas.
This causes problems in irrigation and navigation. This weed prevents sunlight and oxygen
from reaching the water column and submerged plants. It drastically diminishes biological
diversity in aquatic habitats. Massive invasion of this weed to paddy fields caused a serious
threat to paddy cultivation in the Kuttanad region of Kerala. In addition, this forms a breeding
place for mosquitoes, which are vectors for many diseases. An example of this is the high
occurrence of elephantiasisin Cherthala and Alapuzha (Kerala), where the plant is flourishing
well compared to other locations in the state (Hag and Sumangala, 2003).



Studies to manage water hyacinth biologicaly were initiated with the introduction of
Neochetina eichhorniae, aweevil from USA in 1982. Field release of weevils started in 1983
in Alappuzha, Kottayam, Thiruvananthapuram, Ernakulam, and Thrissur districts. The insect
preferred the young unopened leaves and gave significant control. N. bruchi was introduced in
1983 and field trials were started in 1984. However, the species failed to establish in Keraa,
probably because of the preference of cooler climate by the weevil. In 1990, Oribatid mites,
Orthogalumna terebrantis were field released to control water hyacinth. However the field
level success was not promising, in spite of its widespread establishment (Joy et al., 2000).

Bio herbicidal potential of fungal pathogens of water hyacinth was studied at the Department
of plant pathology, College of Agriculture, Vellayani, and Colletotrichum gleosporioides,
Fusarium pallidoroseum, and Fusarium equiseti were identified as pathogens capable of
infecting water hyacinth. However, Colletotrichum gleosporioides was pathogenic to
amaranth, bhindi, chilli, and mango; Fusarium equiseti to amaranth; and Fusarium
pallidoroseum to napier grass. With the narrow host range and high intensity of infection on
water hyacinth, Fusarium pallidoroseum, Fusarium equiseti and their metabolites can be
effectively used in controlling water hyacinth. Coir pith, rice bran, and guinea grass straw
powder was found to be good substrates for mass multiplication of pathogens (Naseema and
Balakrishnana, 2001).Using Fusarium pallidoroseum as the bio-agent, 50 per cent infection of
the weeds could be observed, and it is found promising as a biocontrol agent (Praveen and
Naseema, 2004).

Efforts to manage water hyacinth by its utilization for various purposes were also reported
from Kerala. Good quality feed material can be prepared from water hyacinth as silage.
Indulekha et al. (2019) reported that the quality and palatability of water hyacinth silage
prepared with wilted water hyacinth and cassava powder (10%), wilted water hyacinth along
with rice straw (10%) and cassava powder (10%), and wilted water hyacinth along with
guinea grass (10%) and cassava powder (10%) had good fodder quality. Water hyacinth can
also be used for the preparation of compost by various composting techniques such as
Bangalore composting, Indore composting, phospho composting, and vermin composting.
Out of the various methods, the lowest C: N ratio (11.58) and maximum porosity (61.18%)
were recorded with vermin compost. Nitrogen content at three months after composting was
also found higher in vermin compost (Indulekha, 2018). Indulekha and Thomas (2018)
evaluated water hyacinth for its mulch value as a part of management strategies. Water
hyacinth performed equally well with that of other mulching materials—jack fruit leaves and
coconut leaves in turmeric. These mulch materials substantialy reduced weed density, weed
dry weight, and turmeric-weed competition for different growth factors.

Prabhu (2016) discussed various methods to change the perceived negative economic impacts
of aguatic weeds such as water hyacinth into positive income generating enterprises. He
mentioned severa alternative approaches such as making of furniture, handicrafts, paper,
packing material, mulching, composting, biogas production, organic manure, animal feed, and
bio-active compounds. Water hyacinth is used for making handicrafts by a few groups in
Kerala, and thereby generating employment for women groups.

10



Pistia stratiotes

Water lettuce (Pistia stratiotes L.; Family: Araceae) is a perennia free-floating aguatic
macrophyte which is stemless, stoloniferous and has fibrous roots. It is one among the world’s
worst weeds and is widely distributed in tropical and sub-tropical waters. It was listed as
invasive species in the Global Invasive Species Database due to its adverse effects on
biodiversity and the environment, where its mats clog waterways, block the air-water
interface, reduce oxygen levels in the water, and ultimately lead to degradation of water
quality.In a study conducted to identify the invasive alien plant species in the flood affected
areas of Alappuzha District, it was observed that P. stratiotes has invaded the wetlands of all
the 17 villages and was categorized as high risk species (Beevy and Kamarudheen
kunju,2019).

Actinoscirpus grossus (Syn: Scirpus grossus)

Actinoscirpus grossus, commonly called ‘greater club rush’ or ‘bulrush’ ( loca name,
Pottapullu) is a robust plant with sharp triangular stem, widespread and troublesome,
spreading by stolons, which is capable of colonizing rice crops and wetlands fast. It is native
to Southeast Asia. This perennial weed grows to a height of 2 m. It occurs in swampy and
inundated places, pools, ditches, and marshes. It is reported from Alappuzha, Kottayam,
Kozhikkode, Trivandrum and Ernakulam districts of the state. The weed has high tolerance to
a wide range of field conditions and ecological flexibility. It can accumulate heavy metals
with its huge biomass (> 30 t ha"), thus reducing heavy metal from contaminated soil. Thus it
has a potential for phytostabilisation of heavy metals (Gayathri, 2017).

For managing the wed, a demonstration trail was conducted by Kerala Agricultural University
in an area of 26 acres in Thekkumkulangara padasekharam, Vellankallur block of Thrissur
district. The area was cleared off the weeds and paddy seeds were sown. A post emergence
sprays of 2, 4-D at 1 kg/ha was sprayed 18-20 DAS to control the regrowth of weeds from
stubbles. This was a very effective method of management resulting in good growth of rice
seedlings (AICRP, 2010). However, later in the succeeding seasons, the fields were kept
fallow and the weed covered the entire area. Still, it has a complete coverage in the falow
land as per the recent diagnostic field visits of AICRP team. This indicates that leaving the
land uncultivated for along time provides open niches for the further spread of the weed.

Cabomba furcata

Cabomba furcata is also known as pink forked fanwort. The first authentic report of spotting
Cabomba aquatica in India was in 1977 from Cochin (Alekutty and Inamdar, 1978). Over a
period of five decades, it has conquered the streams and inland waters in different parts of the
state, particularly, Ernakulam, Alappuzha, Pathanamthitta, Thrissur, and recently in
Kozhikkode (AICRP, 2020). It is a native of South America. Cabomba was probably
introduced as an aquarium plant, which later escaped to natural habitat. As per surveys, the
most serious concern is that visitors coming to this area are taking the stem cuttings for using
it as an ornamental aquarium plant. It was also observed that, clearing of riparian vegetation
favoured the growth of this aquatic weed due to heliophytic nature of the plant.
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| pomoea spp.

Ipomoea carnea and Ipomoea aquatica are two alien species seen in aquatic habitats.
Ipomoea carnea is commonly known as ‘Shoe flower” or ‘Gramaphone plant’. It is usually
noticed in low lands, shallow ponds, and ditches where water stagnation occurs for some part
of the year. It iswidely observed in the rice growing tracts of Kerala.

Ipomoea aquatica is aso a semi-aquatic vine, creeping on muddy streams and ponds. When it
reaches water surface, it forms a dense floating mats, which is an ideal breeding environment
for mosguitoes and also shading out native aquatic flora. Canals used for flood control and
drainage are heavily obstructed by tangled vegetation (GISD, 2006).

Limnoharis flava

Limnoharis flava (water cabbage) is another aien invasive weed of aguatic system. It can
also destroy the native aquatic flora and fauna by its quick spread. In a study to utilize water
cabbage as compost, it dong with water hyacinth, coir pith, and farm wastes were used as
substrates. Trichoderma reesei and Pleurotus sajor-caju and commercia enzyme cocktail as
composting inoculums. Among different combinations, water cabbage + composting
inoculum produced the best compost in terms of their chemical composition followed by
water hyacinth + composting inoculum (Anushma and Aparna, 2016). Jayapa et al. (2021)
reported that Limnocharis flava can be profitably converted into vermicompost for
commercia use.

Wetland rice ecosystem

Weeds pose recurrent threat to productivity of rice, which is the major food crop cultivated in
the state. Abraham and Thomas (2002) reported 38 weed speciesin Kole lands of Thrissur , of
which 22 were widely distributed. E crusgalli and E stagnina were important grass weeds in
Kole. Other dominant ones based on frequency and average density were Fimbystylis
miliaceae, Cyperus iria, and Cyperus diffomis. In general the predominant weed flora were
similar to that in Kuttanad, Alappuzha ( Abraham et al, 1993), which have aimost similar
physiochemical characteristics as that of Kole lands

Currently, weedy rice (Oryza sativa var. spontanea), locally termed 'Varinelu' in Malayalam
Is a major weed of rice tracts of Kerala and is a difficult to manage weed as herbicidal
measures are not effective due to close genetic similarity to cultivated rice. In some cases,
the alarming rate of infestation is forcing the farmers to even abandon rice cultivation. Weedy
rice is a superior competitor to rice cultivars due to its early vigour, greater tillering and plant
height. Yield losses largely depend on season, method of establishment, growth rate and
density of weeds, as well as the rice cultivar. Weedy rice at 35 percent infestation can cause
about 60 percent yield loss, and under serious infestation, yield loss of 74 percent is reported
in direct seed rice. Dwarf short varieties are usually more susceptible to weedy rice
competition than tall types. (AICRP-WM, 2021 )
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Sacciolepisinterrupta, locally called ‘Pollakkala’, is a troublesome invasive alien weed found
abundantly in semi-dry rice fields of Kerala The problem of S interrupta assumes
significance as many farmers resort to dry seeding mainly because of the uncertainty of the
receipt of rainsin time and to avoid the hassles of transplanting. Renu et al. (2000), from field
trials observed that adoption of stale seedbed technique reduced the competition from all the
weeds including S. interrupta. Stale seedbed with paraquat showed reduced weed incidence
than stale seedbed with hoeing. Pre-emergence application of oxyfluorfen 0.15 kg ha ™ was
efficient in reducing cupscale grass problem.

Leptochloa chinensis or Chinese sprangle top is another graminaceous weed in rice which was
earlier confined to akaline soils of Kerala and later spread to other rice tracts through
contaminated seeds. It is reported that the continuous use of broad spectrum herbicide
bispyribac sodium resulted in emergence of this weed as a problematic one. The same case
was earlier reported from Srilanka. However, the graminicides cyhalofop butyl as well as
fenoxaprop are effective in controlling this weed and are an example for the importance of
herbicide rotation in weed management (AICRP, 2012).

Upland ecosystems

Chromolaena odorata

Siam weed (Chromolaena odorata), is locally known as ‘Communist Pacha’, as it quickly
expanded throughout the state, just like Communism did in the 1950s. It is also known as
‘Christmas weed’ as it flowers in December. The plant is native to the America, introduced to
Kerala during 1940s from Assam and Sri Lanka, which took over the barren lands of Kerala,
after which many native species like the medicinal plant Sda cordifolia started disappearing
(GOI, 2022b). Chromolaena odorata is a very serious weed in plantation crops such as
coconut, rubber, cashew, and pepper as well as uncultivated areas. However, its population
showed a declining trend in recent past.

In Siam weed, earlier biological control attempts were tried with native insects. However
wide host range of these insects limited the scope for use in biocontrol. Therefore, exotic
insects, Apion brunneonigrum and Pareuchaetes pseudoinsulata were introduced. Among
these, Apion brunneonigrum couldn’t establish in the fieldand performance of Pareuchaetes
pseudoinsulata was unsatisfactory (Joy et al., 1985).

Mikania micrantha

Mile-aminute vine (Mikania micrantha) also called bitter vine, climbing hemp vine,
or American rope, islocally known as *‘American vally’ or ‘Dritharashtra pacha’ indicating its
smothering effect on other plants. This plant can grow luxuriantly even in nutrient poor soil.
The cregping and climbing nature of the weed makes cultural operations and harvesting
difficult. In Keraa, it was first reported from rubber plantations of Kottayam in 1968 (Sajeev
et al., 2012). It has some effects on the food chain as well. Numerous animals, including the
spotted deer, which is prevalent in Kerala’s Tholpetty and Muthanga regions, experience food
shortages because of the extinction of the natural plant species it inhabits due to dominance of
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this weed (GOI, 20224d). A single plant produced 45812 seeds (Abraham and Abraham, 2005)
and seed easily disperses in wind. It also reproduces through vegetatively by stem cuttings.
Sankaran and Sreenivasan (2001) reported that in the last 20 years, mikania has become
serious threat to large forest plantations in Kerala. The thin canopy of young plantations and
frequent cultural operationsincreased the infestations.

Abraham (1999) studied the biology, control, allelopathic effect and utilization of Mikania,
and observed the suppressive effect of mikania on crop growth in pineapple, banana, rubber,
coconut, cocoa and teak plants. Among the various test crops (rice, cowpea and rubber),
allelopathic effect was observed on rubber seedlings. Mikania was found to be an aternate
host for certain insect pests, aphids, tea mosquito bugs, thrips, and some pathogens. Sundried
or composted mikania can be used as an ideal organic manure, with nutrient contents of
around 2 per cent nitrogen, 0.4 per cent phosphorus, and 3 per cent potassium, and amost 100
per cent decomposition within one year. The pre-emergence herbicides, diuron at 1.5 kg/ha
and oxyflourfen at 0.2 kg/ha were effective in preventing germination and establishment of
Mikania micrantha. Post emergent application of 2,4 -D, glyphosate, and glufosinate
ammonium were a so effective.

Sphagneticola trilobata

Sohagneticola trilobata, also known as ‘Singapore daisy’, is a spreading, mat-forming
perennia herb, which strikes root from every node. The plant has already become a threat to
agricultural and forest biodiversity with its extensive spreading habit, and the plant is in the
IUCN(International Union for Conservation of Nature) list of 100 worst invasive species
(Lowe et al., 2000). The dense mats of Singapore daisy can be athreat to other plants because
they shade and cover native plant species, and can even prevent the regeneration of other
species from the soil seed bank (Macanawai, 2013).

Studies conducted in Kerala to manage Singapore daisy has brought out some promising
findings (KAU, 2018). Singapore daisy spreads rapidly through stem bits, and therefore, very
difficult to manage it through regular control measures. Herbicides such as glyphosate or 2,4-
D, generaly recommended for the post emergence control of common vegetation, are not
effective. Metsulfuron methyl (Algrip) at 7.5 g/ha or 10g/ ha is the most effective herbicide
for the control of Singapore daisy, which prevents regrowth as well. Removing the top 5cm of
soil and sowing cowpea was the most effective non-chemical way of managing Singapore
daisy. Digging and removing stubbles occasionally is the other alternative. In another trial,
(metsulfuron-methyl + chlorimuron-ethyl) at 10.0 g/ha or 12.0 g/ha and metsulfuron-methyl
alone at 10.0 g/hawere found very effective for controlling Singapore daisy (AICRP, 2021).

Parthenium hysterophorus

Parthenium hysterophorus, also called carrot grass or congress grass, introduced accidentally,
Is another example of invasiveness in amost all states of the country. It is believed that
Parthenium was introduced into India as contaminants in PL 480 wheat imported from the
USA and remained unreported until 1956 (Patel, 2011). Presently, it has spread to amost all
Indian states causing severe yield reduction in maor crops, and Karnataka government has
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declared it as noxious weed in 1975 as per Agricultural Pests and Diseases Act, 1968. Carrot
grass grows very rapidly in cropped as well as non-cropped areas. The pollen is known to
inhibit fruit set in many cultivated crops. This also causes alergic reactions in human and
animals. From an experiment in Kerala to control the weed in non-cropped areas, Abraham et
al. (1991) reported that application of sodium chloride as 15% spray, 2,4-D at 1.5 kg/ha,
glyphosate at 0.8 kg/ha, glyphosate at 0.6 kg/ha + 1% ammonium sulphate, and combined
application of glyphosate at 0.8 kg/ha + 2,4-D at 1.0 kg/hawere effective for its control.

Mimosa diplotricha

Giant mimosa (Mimosa diplotricha var. inermis), introduced as a cover crop for coffee
plantations, vigorously encroaches on indigenous plants and grows into dense, tangled
thickets that can reach a height of 3 m, preventing regeneration, reproduction, and growth of
native species. Both spiny and spineless forms are found in Kerala and first reported from
Kottayam district in 1964. The species is widespread in non-forested areas, and there is a
very high chance that it will invade forests (Sanjeev et al., 2012).

Another species, Mimosa pudica, is also a troublesome weed in tropica crops with
widespread occurrence in the state. All the plant parts of both Mimosa species are toxic to
livestock, if ingested, due to the mimosine content in the plant. However, ensiling could
reduce the mimosine content. Ensiling can be done with less than 50 per cent admixture of
giant mimosa with fodder grass (Jayasree, 2005). In a study to observe the toxic effects of
mimosine on the weight of rabbits and their internal organs, giant mimosa and Hybrid Napier
mixed in different proportions ranging from 50 to 90 per cent ensiled for 60 days and feeding
trials recorded rapid weight reduction, alopecia, and sluggishness. The proportion of pastures
with giant mimosa up to 50 percent was safe for feeding after cutting and ensiling (Jayasree et
al., 2007).

Jayasree and Abraham (2008) reported that giant mimosa could be effectively controlled by
applying glyphosate at 0.6 kg/ha during active vegetative stage. 2,4-D was ineffective for the
weed even at higher concentrations (5 kg/ha). Giant mimosa can be effectively used as a
green manure with 90 per cent decomposition in three months and an efficient nitrogen fixing
cover crop. The green material of the weed can also be used as a good substrate for vermin
composting along with banana pseudostem in 1:1 proportion and Eisenia foetida as
composting agent (Jayasree, 2005).

Alternanthera spp

Alternanthera bettzickiana and A. brasiliana are low growing plants capable of spreading
quickly in open areas and uncultivated lands. Surveys conducted in 2020 and 2021 in the
uplands/ garden lands of centra zone of Kerala showed dominance of Alternanthera
bettzickiana both in uncultivated and cultivated areas. Density and growth of A. bettzickiana
have significant positive correlation with organic carbon and nitrogen content of soil (Alex
and Menon, 20224). In 2008-11, it was reported as a major weed in the non-cropped areas of
central districts of Kerala only (NIWSP, 2011 Strong stimulation to germination was
observed in light condition and under higher temperatures (30-34°C), whereas lower
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temperature of 22 and 26°C and darkness caused inhibition of germination. Seed longevity
studies revealed that germination of A. bettzickiana seeds increased up to five months age and
thereafter exhibited a decline, and seeds beyond the age of nine months showed no
germination. Studies showed short persistence of A. bettzickiana seeds in soil, irrespective of
depth of burial (Alex, 2022). Allelopathy provided no significant contribution to the
dominance of A. bettzickiana (Alex and Menon, 2022b). Sankaran et al. (2012) attributed its
dominance to the dense coverage of the canopy. Vermi composting of A. bettzickiana biomass
along with banana pseudostem at various proportions (8:1, 4:1, 2:1, 1:1 and weed aone)
showed enhanced nitrogen, phosphorus and potassium content, but reduced organic carbon
content and C:N ratio in the compost.

Alternanthera philoxeroides, commonly known as ‘alligator weed’ is a stoloniferous herb
found in both aquatic and terrestrial habitat. The plant is capable of destroying the aquatic
environment by forming a blanket over the water surface thereby impeding penetration of
light and gaseous exchange. As Alternanthera philoxeroides had sprouting pieces in normal
aerobic composting for 45 days, it has to be composted for alonger time of more than 90 days
or anaerobic composting has to be opted (AICRP, 2010).

Lantana camara

Lantana camara, introduced in India in 1809 in the Calcutta botanical garden for its bright
flowers and ornamental value, poses serious threat to native flora and wildlife. The plant was
first reported from Malabar area in 1872. Native plant species lose vigour and productivity
due to lantana's allelopathic effects. The plant has included in top 100 invasive species of the
world by Global Invasive Species Database (GISD, 2022). Plant produces small berries,
which are eaten and spread by birds, developing into dense thorny shrubs. The weed is serious
problem in coffee, oil palm, coconut plantations etc, as well as in non-cropped areas.

Melochia corchorifolia

Melochia corchorifolia, also known as ‘Chocolate weed’, a common weed in both upland and
lowland rice during kharif season. According to a state-wide survey, 2011, Melochia
corchorifolia, which was only present in small patches ten years ago, was found to have
expanded to many regions and was now a problematic weed in rice and sesame (NIWSP,
2011). This weed has probably reached rice fields of Kerala through use of pulse seeds from
North Indian states sown as third crop in rice fallows. For post emergent control of melochia,
herbicide carfentrazone ethyl 0.02 kg a.i per ha applied 15-18 days after sowing rice is very
effective (AICRP, 2015).

Merremia vitifolia

Merremia vitifolia, grape leaf wood rose, localy caled ‘Velipada’ is a perennia climber,
which is frequently found in forest edges and fences. It has the power to fully smother native
vegetation, blocking the sunlight from reaching the native species beneath. Particularly when
the plant is afew years old and the stem is thick, it spreads quickly, reproduces vegetatively,
and is very challenging to remove manually.

16



Rottboellia cochinchinensis

Rottboellia cochinchinensis is a tropical grass weed commonly known as itch grass and in
Malayalam ‘Muriyanpullu’. The plant is native to the Old World Tropics, and probably
originated from present Vietnam (CABI, 2014). It is an annual erect, profusely tillering grass
with prop roots near the base of the plant. Stem and leaves are highly pubescent that can
irritate the skin. This grass is a facultative sciophyte. It was not recorded in the surveys
conducted during 2008-2011 in te premises of FCI godowns of Kerala. However, in recent
surveys of AICRP on Weed Management (2020-22), this weed has been observed in the same
premises of the earlier survey, which confirms the spread through seeds and grains.

Cuscuta spp.

Cuscuta spp. commonly known as dodder(‘Moodilathali’ in Malayalam) is an invasive,
obnoxious, complete stem parasite, which attach itself to leaf and stem of wide range of host
plants. Currently infestation of this parasitic weed is reported in different crops like pulses,
chilli, amaranth, ornamentals, brinjal and tomato in Kerala and this spread might have
occurred due to the floods 2018(A1CRP, 2022). Another source is through trade of ornamental
plants from other states. They can even transmit tomato leaf curl virus from infected plants to
healthy plants (Prasad et al., 2016).

Mucuna bracteata

Mucuna bracteata, locally known as ‘Thottapayar’, introduced as a cover crop in rubber
plantations has now escaped from plantations and occupied road sides, forest boundaries, and
non-cultivated and cultivated areas. Unless the growth is managed by periodic cutting, it isa
major threat to plantations also. Sruthi et al. (2014) developed a vermicomposting technique
for Mucuna bracteata with the native earthworm species, Perionyx ceylanensis. Mucuna was
first subjected to pre-compost with cattle dung in a ratio of 6:1 for 15 days. The partialy
decomposed product was fed into vermireactors and operated for 15 days.

In a study to transform the weed biomass to carbon rich humic substance, a mixture of weeds,
Chromolaena odorata, Macaranga peltata, Lantana camera, and Mikania micranta were
used in 3:2:1:1 proportion with various activators such as urea, cow dung, microbia
consortium (Bacillus subtilis), and jeevamrutham, an organic manure used by farmers as part
of zero budget farming. Among the different activators used, farm derived organic
formulation was the most effective to convert the weed biomass to carbon rich humic
substance within a period of 70-75 days. The final product was also rich in essential nutrients
and microorganisms (Sujatha et al., 2021).

In the recent years, new weeds such as Hydrilla, Vallisneria, Utricularia, Najas, Rhyncospora
corymbosa, Cyperus javanicus and Cyperus digitatus are invading wet land rice ecosystems,
Clerodendrum indicum, C. infortunatum, Syngonium podophyllum, and Pyrossia
piloselloides from tree crops were also reported. A new weed, Common Cocklebur (Xanthium
strumarium), belonging to Asteraceae family was recently found to invade large tracts of
‘Chimminey dam catchment area’ in Thrissur, replacing the native vegetation and has attained
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the status of a troublesome weed in the forest ecosystem. These are potential invasive plants
in the process of establishment and spread. Even though, these are not major weeds affecting
cultivation, in future, it can be a serious threat to cultivation, if they are not properly managed.

Conclusion

Weed invasions are increasing at an alarming rate year after year leading to ecological,
economic and social impacts. Annthropogenic factors are the major reason for this serious
threat. The rapid loss of biodiversity can negatively impact the ecosystem resilience and can
have serious implications on production sector. Declining agricultural productivity and
profitability is directly affecting the farming community, ultimately forcing them to stay away
from agriculture and shifting to some other income generating activities, keeping the land
fallow, which enhances the chances of weed invasion. Although technological options are
available for weed management, most often, economically and environmentally viable
practical methods are limited, especialy with respect to aquatic systems. Biological control
measures suffer many draw backs and are successful only in a few weeds and specific
situations. Although many studies have already been done on the utilization of weed biomass
produced from invasive weeds, its large scale adoption is limited.

The perception of all stakeholders including farmers, local people and those indirectly
benefited from the ecosystem services are important in successful implementation of
management and eradication programmes. In addition, the silent role played by many
invasive species like water hyacinth in phytoremediation of polluted water bodies cannot be
ignored. Hence measures to prevent point and non-point pollution also should be strictly
implemented through community awareness and participation. Unscientific land use,
urbanization, filling of wetlands, prevention of natural flow of runoff water leading to water
stagnation and pollution are favouring the process of colonization and establishment of many
alien species. A proper land use plan, which integrates ecological and social dimensions can
help in preventing further loss of biodiversity and sustaining the productivity of arable lands
for the benefit of future generations.
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QUARANTINE METHODSTO PREVENT INVASIVE SPECIES
MOVEMENT IN KERALA

Latha, M. and Venkatesan, K.,
ICAR-National bureau of Plant genetic Resources Regional Station, Thrissur, Keraa

I ntroduction

Alien species are those species while crossing over their natural distribution area get
introduced into new habitats (Saxena, 1991). When in a new location, these species almost
always gets freed from its natural enemies that checked its population in the native areas and
thus get an opportunity to explode its population size, if other abiotic factors are in favourable
condition (Keane & Crawley 2002). Those alien species which have increased its spread
outside their normal distribution range in the new locale by displacing the native loca biota
are caled ‘Alien Invasive Species’ (Torchin et al. 2002; Mitchell & Power 2003). Nowadays,
biological invasion has emerged as a global environmental issue and needs a systematic
scientific research to properly address it. Due to its enormity and complexity, it concerns
across countries, international organizations and agencies by affecting their economic
interests with a multitude of activities from local to global scales.

In the Indian context, its complex topography with diversified climate and vegetation made it
one of the favourite venues for alien species invasion. India being one of the fastest-growing
economies contributed an export and import of $330.07 and $462.9 billion, respectively in
2014 and as many as 190(export) and 140 (import) countries are involved. This excessive
trade among nations has made India an opportunistic target for the entry of the alien species.
It has been predicted that owing to the high adaptability of alien invasive species to new
environments, their threat is going to increase in the context of global climate change and
associated changes in local habitats.

Kerala with its year-long maritime history has paved way for introduction of a large number
of invasive species. There is an array of species which have established in India as well asin
Kerala and are spreading fast. They imposed huge amount of costs in terms of ecological
destruction, economic damage and detrimental social effects including animal and human
health. Keeping these in view, the present paper is formulated to discuss in brief about the
different aspects of invasive alien species such as their characteristics (including criteria to
identify whether a species is invasive or not), steps in invasion, pathways to introduction,
factors affecting invasion, impacts on biodiversity, current status, control and management
strategies with emphasis on plant quarantine measures.

Latha, M., and Venkatesan, K., 2023. Quarantine methods to control invasive species movement in Kerala. In:
Biological Invasions: Issues in Biodiversity Conservation and Management. Proceedings of a National
Conference - Bioinvasions, Trends, Threats and Management held from 3 to 4" December, 2022 at
Thiruvananthapuram. Kerala State Biodiversity Board, Thiruvananthapuram, pp. 24-34.
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Characteristics of an invasive alien species

The characteristic features of invasive aien species are presented in Fig. 1. Both the life
history traits and the environment in which invasive species is introduced are playing
important role in their invasiveness, because it is evidenced from the fact that all new species
introductions could not become invasive. However, if these species become invasive in that
new environment it could have profound effects on different fields such as industry,
agriculture and conservation lands within the new location where they become established
(Paini et a., 2016).

Fig. 1 Characteristic features of invasive aien species (IAS)

Different aspects of invasive alien species management with their stages of invasion are
presented in Fig. 2.
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Fig. 2 Different aspects of invasive alien species management with stages of invasion
(Source: Kocovsky et al., 2018)

Pathways of introductions

Pathways of introductions are the predicted routes that helps to invasive species in transit to
new habitat/ environments. The most common pathways include the sea, land and air. There
have been several examples of entry of various species through these pathways into India and
abroad. These are the major pathways by which live plants, animals and biological materials
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cross bio-geographical barriers that would usually block their way (Shine, 2005). In
particular, international trade in agricultura and horticultural goods plays a potentialy
important role in distributing plants and animals beyond the borders of their indigenous
habitats. The rise of introductions of invasive species beyond their natural range of
environments has been attributed to increased trade, transport, travel and tourism associated
with globalization of trade in line with agreements related to WTO. Analysing these possible
pathways for invasive species, a working group of the National Invasive Species Council
(NISC) and the Aquatic Nuisance Species (ANS) Task Force in the USA differentiated three
major pathway categories. (i) transportation related pathways; (ii) living industry pathways;
and (iii) miscellaneous pathways (NI1SC, 2006).

Impacts on biodiversity & society

The Convention on Biological Diversity (CBD) identified “Invasive Alien Species” as a
major factor in the loss of biodiversity based on their capacity to out-compete or prey on
native species and subsequently cause a degradation of the biodiversity in the area of their
introduction. The risks and damages caused by these IAS species can be massive, especially
for fragile island ecosystems (CBD, 2010). Though invasive species poses major threat to
natural resource management (Diwakar, 2003), India has no reliable empirica data on
invasive flora (Khuroo et al., 2012) and the impact of them on community structure and
ecosystem processes is also poorly understood (Mandal, 2011). Invasive species may cause
economic damages through yield losses or control costs and may aso adversely affect animal
and/or human health (e.g. zoonoses or plants with allergenic properties) (CBD, 2010). These
IAS species frequently monopolize the environment and cause heath hazards, reduce crop
yields, increase labour costs and prevent the re-establishment of native species such as fodder
grasses, shrubs and forest trees after land disturbance. In north-eastern India and the Western
Ghats, IAS plants, including Chromolaena odorata, Lantana camara and Mikania micrantha
infest extensive tracts of agricultural and forest land, displacing native flora and animals and
even human activities (Ramakrishnan, 2001). Interference with water flow and availability
following invasion by waterweeds such as water hyacinth (Eichhornia crassipes) has led to
decline in wetlands and associated wildlife. Parthenium weed (Parthenium hysterophorus)
dominates the vegetation in town and city wastelands and is a potential allergen threatening
human health.

Current status

India has harboured a total of 171 invasive species represented in ecosystem such as aguatic,
terrestrial, agricultural and Island as 32.7, 30.4, 27.5 and 8.2%, respectively. It includes 47
invasive species of agriculturally important, out of which 23 are insects [6]. In another study,
225 species (14%) of alien plant species in India are invasive, with another 134 (8%) having
the potential to become invasive in near future (Khuroo et al., 2012).In case of Kerala State of
India, a qualitative appraisal of the invasive alien species was reported by Sankaran et al.,
(2012) as “Handbook on Invasive plants of Kerala” which dealt about 82 species of terrestrial
and semi-aquatic plants species required most urgent attention in terms to control and
management of them. Further, they classified the probable impact risk due to each of these
species into high risk (21), medium risk (22), low risk (13) and insignificant (26). During
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exploration trips made by ICAR-NBPGR Regional Station, Thrissur across Kerala state over
the years noticed the presence of 24 out of 82 invasive alien species reported in 2012 and they
could pose a major threat to existing biodiversity of state. The list of weeds invaded into
Keralaand are at high risk level is presented in Table 1. In another study, Sajeev et d., (2012)
identified 38 aien invasive species on forests of Kerala and classified them as high risk (10),
medium risk (12), low risk (10) and insignificant (6) on basis of field surveys and using a risk
assessment protocol.

Table 1: Thelist of invasive plant speciesin Keralawith high-risk category

No Common L ocal name Scientific Cour]tr.y Regionsin Kerala
name name of origin
Black . .. | South East ,
1 wattle Karuva Acacia mearnsii Australia Idukki
Alapuzha, Idukki, Kollam,
Calopogonium | Tropical Kozhikode, K asaragod,
2 | Calopo ManjaPayar . . Malapuram, Pathanamthitta,
mucunoides Asia :
Thiruvananthapuram,
Thrissur
3 | Samweed Assam chha, Chromolaena Troplc_:al Throughout Kerala
Communist pacha | odorata America
Alapuzha, Ernakulam,
Central Idukki,Kollam,
4 | Knob weed| Nil Hyptis capitata X Kozhikode, Malapuram,
America ;
Thiruvananthapuram,
Thrissur
Bush Tropical Ernakulam, Malapuram,
5 | Morning Neyvelikatta Ipomoea carnea A Pie Thiruvananthapuram,
merica :
glory Thrissur
Arippu.Kongini, Central
6 | Lantana poochedi, Lantana camara | and South | Throughout Kerala
Unnichedi America
Mile- American vally, North,
) dhritharashtra Mikania Central
7 | minute : Throughout Kerala
weed pacha, micrantha and Sputh
Mayakkuvally America
Giant Mimosa Tropical
8 | sengtive | Anathottawadi ) : - Throughout Kerala
plant diplotricha America
North and Idukki, Kollam,
Congress Parthenium Kasaragod, Wayanad,
9 Congress pacha South .
grass hyster ophorus America Thiruvananthapuram,
Thrissur, Palakkad
. . . All district in the state
10 'V::;:O” Kothappullu Pglnréltfzt;:n on Z\;?E:' acal except Kasargod and
9 polysirachy Pathanamthitta
North,
Velvet . - South .
11 . Varuni Prosopisjuliflora| Central Idukki, Palakkad
mesquite and
America
12 Tropical Thottanavar Pueraria Tropical | All district in the state
Kudzu pay phaseol oides Asia except Wayanad
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, hani , Ernakulam, Kannur,
13 Prickly Kedangu,Killannu esoania As_aand Pathanamthitta, Palakkad
seshan bispinosa Africa .
and Thrissur
Singapore . Sphagneticola Tropical
14 daisy Veriappacha trilobata America Throughout Kerala

Management of invasive species

The process of management of invasive species includes management at three different levels
of invasion of pest: 8 When the pest has not been introduced; b) When the species is
introduced but is not spread to nearby areas and c) When the introduced insect has established
itself.

a) When the pest/species has not been introduced: Preventive measures are taken to avoid
the entry of the invasive pest, viz. pest risk analysis (PRA), quarantine and monitoring. Thisis
the best way in managing the invasive species,

Prevention is always better than cure and is also a most economical and safest way to manage
invasive species. Hence, strict quarantine is the best solution for the management of invasive
species, that is, a thorough investigation of al kinds of imported goods and products in order
to hamper the introduction of dangerous species by means of early detection and their rapid
response than trying to control at widespread infestation (Fig. 3). Thereis atotal of 71 plant
guarantine stations across major and minor ports (34 seaports, 12 airports, 14 land frontiers
and 11 foreign post offices) in India which deals exclusively on restricting the import of any
foreign contaminants.

Plant quarantine refers to the holding of plants in isolation until they are believed to be
healthy. Now, broader meaning of the plant quarantine covers all aspects of the regulation of
the movement of living plants, living plant parts/plant products between politically defined
territories or ecologically distinct parts of them. Intermediate quarantine and post entry
guarantine are used respectively to denote the detention of plants in isolation for inspection
during or after arrival at their final destination. Most of the quarantine pests could be
classified as invasive alien species according to the interim guiding principles of the CBD
(2001), as they are dien to a specified areal region, and threaten the ecosystems, habitats, or
species in that areal region. As a result of global trade, invasive species are often introduced
into new environments where they become established and cause harm to human health,
agriculture, and the environment. Prevention of new introductions is a high priority for
addressing the harm caused by invasive species, but unfortunately efforts to prevent new
introductions do not address the economic harm that is presently manifested where invasive
species have aready become established.

Importance of plant quarantine is ascertained as. To prevent the introduction & spread of
exotic pests that are destructive to the country by regulating the import of plants/plant
products through adequate policy and statutory measures; To support India’s agricultural
exports through credible export certification; To facilitate safe global trade in agriculture by
assisting producers, exporters & importers and by providing a technically comprehensive &
credible Phyto-sanitary Certification.
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The Indian government has framed certain legislative measures to cope with the invasive
species. Plant Quarantine Regulatory Measures (PQRM) in India operate on the basis of 1)
“The Destructive Insects & Pests Act, 1914’ promulgated to prevent introduction and spread
of destructive pests affecting crops (Rules promulgated for regulating import of live insects
in1941; of fungi in 1943; and of cotton in 1972); 2) New Seed Policy, 1988, formulated in
1988 to provide access to best available seeds and planting material to Indian farmers,
domestic & imported; 3) “The Plants, Fruits & Seeds (Regulation of Import into India) Order,
1989’ notified for prohibiting and regulating the import into India of plants/ plant materials
and the like, based on post-entry Quarantine checks and 4) The new Plant Quarantine
Order’2003 (84 amendments till date, the last being S.0.2390 (E) dated 20th July, 2020) to
replace the PFS Order 1989.

The Plant Quarantine Order 2003 includes new import policies with required statutory
measures which am to restrict the import of infested plants or plant products. The order
advocates a prior PRA to estimate the phytosanitary measures required to protect plant
resources against the invasive pest. In India, there are genera and specific conditions for the
import of plants (including bulbs, tubers, rhizomes, corms, cuttings, buddings, grafts, layers,
suckers, roots and flowers) and plant materials (including plant products such as ginned
cotton, unmanufactured tobacco etc.). General conditions are: 1. Import permits are essentia;
2. All plants should be accompanied by Phytosanitary certificate from the country of origin; 3.
All plants on arrival at port, shall be inspected and if necessary fumigated, disinfested or
disinfected by Plant Protection Adviser to the Government of India or any other officer
authorized by him on his behalf; 4. Plants and seeds which require post-entry quarantine
inspection shall be grown in post-entry quarantine facilities approved by the Plant Protection
Adviser to the Government of India; 5. Import of hay or straw or any material of plant origin
used for packing is prohibited; 6. Import of soil, earth, compost, sand, plant debris along with
plants, fruits and seeds is prohibited.

There are number of plant quarantine methods which are used separately or collectively to
prevent or retard the introduction and establishment of exotic pests and pathogens. For this
purpose, the following Plant quarantine facilities are used: 1) An integrated information
management system; 2) An integrated pest risk analysis system and a national pest risk
analysis unit for conducting an integrated pest surveillance; 3) An integrated phytosanitary
border control system; 4) A national phytosanitary database and 5) A national management
centre for phytosanitary certification to continuously review the national standards for export
phytosanitary certification.

Components of plant quarantine activitiesinclude:

1. Complete embargoes - It involves absolute prohibition or exclusion of specified plants and
plant products from a country infected or infested with highly destructive pests or diseases
that could be transmitted by the plant or plant products under consideration and against
which no effective plant quarantine treatment can be applied or is not available for
application;

2. Partial embargoes - It applies when a pest or disease of quarantine importance to an
importing country is known to occur only in well-defined area of the exporting country and
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an effectively operating internal plant quarantine service exists that is able to contain the
pest or disease within this area;

3. Inspection and treatment at point of origin - It involves the inspection and treatment of a
given commodity when it originates from a country where pest/disease of quarantine
importance to importing country is known to occur;

4. Inspection and certification at point of origin - It involves pre-shipment inspection by the
importing country in cooperation with exporting country and certification in accordance
with quarantine requirements of importing country;

5. Inspection at the point of entry - It involves inspection of plant material immediately upon
arrival at the prescribed port of entry and if necessary subject to treatment before the same
related and

6. Utilization of post-entry plant quarantine facilities - It involves growing of introduced
plant propagating material under isolated or confined conditions.

b) When the species is introduced but not spread to nearby areas: Post quarantine measures
are taken in such cases such as regection of the consignment from which the pest has
introduced and eradication by means of fumigation of the consignment |ot;

Eradication of invasive species is often impractica once they have become established
(Britton et al., 2011). In some cases, it is possible to contain invasive species at the site where
the initial introduction occurred and eradicate the population before it has the opportunity to
spread beyond the limits of the area where eradication measures are effective (Steck et a.,
2019). In other cases, eradication is not considered an option and management plans are
instead implemented as a means of preventing further spread. Most control efforts primarily
focus on limiting the harm associated with the invasive species to an acceptable level. In
many cases this may involve integrated pest management (IPM), an approach which utilizes
multiple pest management tools in the hopes of obtaining a synergistic control effect (Kogan,
1998). Although the result of such an approach can be expensive and sometimes inefficient,
there are few options to effectively limit the harm associated with invasive species. If
eradication is not possible, the invasive species may be subject to control and management
efforts.

c) When the introduced insect has established itself: Various curative measures such as
cultural, biological and chemical means of management are adopted.

Cultural control: It includes manipulation of habits to increase mortality of invasive
species or reduce its rate of damage (selection of pest-resistant crops, winter cover crops,
changing planting dates). Cultural measures are aimed at changing human behavior to address
the issue of spreading invasive species -- using opportunities to educate people about practices
to increase awareness to prevent the spread of invasives (signage, public awareness
campaigns). Cultural practices adso include mulching, soil solarization with plastic film,
thermal weed control (e.g., flaming, hot water, and steam), prescribed burning, water
manipulation, and prescribed grazing with domesticated herbivores (e.g., cattle, sheep, goats,
and horses).
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Mechanical control techniques: It include mowing, hoeing, tilling, girdling,
chopping, and constructing barriers using tools or machines. Mechanica treatments
complement herbicide (chemical) control and sometimes increase efficiency.

Physical or manual control: It involves physical activities (i.e. harvesting) such as
hand-pulling, digging, flooding, mulching, manual destruction or removal of nests, egg
masses, larva or other life stages; generally includes the destruction of invasive species by
hand.

Biological control: It isthe intentional manipulation of natural enemies by humans for
the purpose of controlling pests reducing the population using prey targeting the invasive
species. Natural enemies used in classica biological control of weeds include different
organisms, such as insects, mites, nematodes, and pathogens. Sometimes the biological
control comes with a consequence which should be pre-analysed before the introduction of
the bioagent. For example, Zygogrammabicolorata was introduced in India to manage
Parthenium hysterophorus which ended up as a pest of sunflower. There must be prior
research to prevent such introduction of natural agents which may have a negative impact.

Chemical control: It includes the use of pesticides, herbicides, fungicides, and
insecticides. Although chemica use can be very effective, they can be dangerous to other
species or to the ecosystem in general.

CBD and Invasive Alien Species

The Convention on Biological Diversity (CBD) and its members recognize that there is an
urgent need to address the impact of invasive alien species. The CBD lays down global
priorities, guidelines, collects information and helps to coordinate international action on
invasive alien species. The CBD has adopted guidance on prevention, introduction and
mitigation of impacts of alien species that threaten ecosystems, habitats or species.

IUCN and Invasive Alien Species

To address the Invasive Alien Species (IAS), IUCN follows these three steps:
1. Assess

The IUCN’s Invasive Species Specialist Group (ISSG) under the auspices of the Species
Survival Commission (SSC) aim to reduce threats to ecosystems and their native species
by increasing awareness of ways to prevent, control or eradicate IAS.

IUCN has developed two knowledge platforms:

The Global Invasive Species Database (GISD);

The Global Register of Introduced and Invasive Species (GRIIS)

IUCN isworking on new platformsto track and reduce the spread of invasive species:
Island Biodiversity and Invasive Species Database;

IAS Pathways M anagement Resource;

Classifying the environmental impact of different IAS
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2. Plan

IUCN, will work along with the ISSG to provide technical and scientific advice towards
achieving Aichi Target 9.

In order to manage and assess the risk of Invasive aien species, the 1SSG provide
technical and scientific advice to national and regiona agencies when developing policy
and strategies.

3. Act

IUCN develop capacity for combating IAS on the ground. The InvaZiles Project for
example, works with organisations in the Western Indian Ocean to develop capacity and
networks for preventing and managing IAS.

The most effective way to stop the negative impacts of 1AS is through prevention of
spread by regulating the trade or movement of a species.

Early detection, monitoring and eradication can stop the species spreading.
Suggestionsfor the control of invasive alien species

Strengthening domestic quarantine measures to contain the spread of invasive species to
neighbouring areas.

Developing a national database on invasive alien species reported in India.

Developing appropriate early warning and awareness systems in response to new
sightings of invasive alien species.

Providing priority funding to basic research on managing invasive species.

Prevention of new introductions at a local level is the prime most activity to control the
invasive alien species followed by eradication of early invasions;

Surveillance campaigns on important pathways of introduction to prevent or minimize
their risks;

Monitoring should be continual, and articulated across severa activities; Extensive
monitoring of vast areas of possible invasions;

Intensive monitoring of vulnerable sites for invasion (loading stations, nurseries, import—
export material checking points);

Use of sentinel plants;

Early warnings assisted by both conventional and innovative molecular diagnostic tools;
and

Involving volunteersin early detection.
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Invasive alien species (IAS) are species that have been introduced outside of their natural
range and have a negative impact on biodiversity. IAS disrupt native flora and fauna, most
importantly threatening the livelihood of humans and countries’ well-being. India is the 4™
largest economy in the world and agriculture is the backbone. Invasive insects cause
significant damage to crops, resulting in financial loss to farmers and leads to inflation due to
loss in trade. The International Union for Conservation of Nature (IUCN) describes IAS as
one of the top causes of biodiversity loss and the second most common cause of species
extinctions. The study reveas that the introduction of new invasive species has steadily
increased over the past 200 years, with more than a third of al first introductions occurring
between 1970 and 2014, especially, invasive insects in India. It also points out that, with the
exception of mammals and fishes, more new species invasions are expected shortly across all
groups of species. Agriculture and fisheries are particularly vulnerable to the effects of
invasive insect species, threatening food security and livelihoods. The recent livelihood
threats like fall armyworm, Spodoptera frugiperda (JE Smith) (Lepidoptera: Noctuidae)
introduced to Sub-Saharan Africa in 2016, most likely from the United States, is rapidly
spreading across the continent, causing yield losses of more than 40 per cent for small holder
maize farmersin small countries.

How did they get here?

The packaging, crop contamination, transport containers, and ship cargo are heldto
contribute unwittingly introducing IAS into the ecosystem. The number of species being
introduced into new locations is growing as a result of the expansion in globa trade, the
movement of people and goods, the opening of new trade routes, and improved transportation.
One of the most lucrative industries is thought to be the trade in logs. Although it generates a
significant amount of foreign exchange, it also has the side effect of introducing Invasive
Alien Species. The logs are responsible for the introduction of insect species as they are
breeding grounds for numerous insects and viruses due to their extended time of untreated
storage in godowns. Additionally, logs importation also spreads the resident alien species.
The living industry refers to the trading of living things, such as horticulture, agriculture,
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aquaculture/aquariums, the pet trade, and live seafood. These live things could very well
accompany their respective pests as they are exported. For instance, it has been anticipated
that Apple woolly aphids may infiltrate India through the importation of apple rootstock from
England. Different food items and seeds have been imported into India from other nations. An
admixture of pollutants in the food lot is harmful to the importing country in the past when
there was a lenient lega restriction for the importation of food goods. For example,
Parthenium hysterophorus was imported from the US together with food grains as part of the
US PL 480 scheme (afood assistance programme run by the US government for India). Some
invasive alien insects are excellent flyers at 100km/per night, there is a rumour that fall
armyworms have travelled from Africa continent to India. In India, domestic transportation
has been improved, and the networks of highways, airports, and ports have all been improved.
This has made it easier for introduced insects to spread throughout the nation, usualy by
accidentally travelling with people.

Process of |nvasion

The invasive species must first move from its current habitat or arrange to be moved to settle
in anew area outside of its normal range. Passive transport is the movement of invasive alien
insect species caused by vectors. Humans or human consignments are currently the most
prevalent vectors. Invasive species are frequently transported passively, which makes them
challenging to control. It is challenging to find the cryptic early stages of the insect that might
be brought in by tourists, even after rigorous quarantine examinations. For example, a single
gravid female insect can likewise cause havoc in the newly introduced environment because it
is a prolific producer and lacks a natural opponent. Insects occasionally possess a built-in
ability for long-distance migration. Therefore, they migrate away from that location once the
favourable conditions change. In India, Spodoptera frugiperda, a recent invasive insect pest,
known as the fall armyworm are excellent flyers that can travel approximately 100 kilometres
in a few hours and are believed to have escaped from Africa to the Indian subcontinent,
though the exact way the invasive insect arrived is still unknown. Another illustration is the
North American native Monarch butterfly, Danaus plexippus (Nymphalidae), which was
discovered migrating to Australiain the early nineteenth century.

Establishment

Even while brief colonisation is fairly common, an insect cannot be considered invasive
unless it has successfully established itself in the new environment, which is only achievable
once the invaded insect overcomes the environmental obstacles. The establishment of an
invasive species is based on the quantity of propagule introduced, as opposed to loca
colonisation. It is thought that perturbations made in the receiving environment help to
encourage the establishment. IAS are frequently adapted to disturbance and are so
predisposed to colonisation in such ecosystems, while native species are poorly suited to the
number, severity, or timing of human-mediated disturbances. Due to increasing resource
availability and decreasing biotic resistance, insects are more vulnerable to invasiveness.
Global warming has modified the resource availability and habitat suitability, thereby
deteriorating the biological regime of the native insects, hence favouring the establishment of
alien insects.
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Spread

Spreading is the process where the species initially established in an area spread to other
areas. Spreading is guided by environmental factors such as weather conditions, microclimate
and habitat quality. The success rate of the spread is highly dependent on the habitat
permeability of the habitat to which the insect spread. The invasive alien insects spread very
easily due to local transportation, mechanization, lack of awareness among the farmers and
lack of regular monitoring by quarantine officials.

Characteristics of an invasive species

The invasive dien insects are very resilient, adaptable to new environments very easily,
reproduce quickly with high fecundity, and can attack numerous hosts. They are voracious
feeders, have high dispersal abilities, and benefit from mutualist interaction.

Current status of invasiveinsectsin India

There are 195 invasive species introduced to India, including 54 terrestrial plants, 56 aquatic
organisms, 47 organisms having agricultural importance, and 14 organisms of an island
ecosystem. On the other hand, 24 insect pests wreak havoc in India. The chronological order
of invasiveinsectsin Indiaisgivenin Table 1.

M assive economic costs incurred due to biological invasions

One of the main causes of the current biodiversity crisisis biological invasions. The extent of
economic effects of invasive is one underappreciated side effect. For expanding economies
like India—the world's fastest-growing economy—knowledge gaps on the economic losses
caused by Invasive Alien Species (IAS) are widespread. Bang et al. (2022) compiled
information on the financia costs of IAS in India to highlight and close this gap. The IAS
costs are distributed in terms of space, the environment, sectors, taxonomies, time, and
introduction paths. The IAS costs change according to socioeconomic indices. The IAS has
cost the Indian economy between US$ 127.3 billion and US$ 182.6 billion (about 8.3 trillion
to 11.9 trillion in Indian Rupees) between 1960 and 2020, and these expenses have risen over
time. These information gaps are more evident in India than anywhere else in the world,
despite the enormous recorded costs, as the mgority of them were not attributed to specific
places, settings, sectors, cost categories, and causal IAS. When costs were specificaly
assigned, invasive alien insects in semi-aguatic habitats caused the highest costs in West,
South, and North India. These costs were primarily borne by the public and socia welfare
sector and were linked to damages and losses rather than management costs. Some of the
invasive alien insects with the incurred cost are given in Table 2.
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Table 1. Chronology of invasiveinsectsreported in India

Common o - Entry to -
S. No Scientificname | Origin y Hosts Highlights Reference
Name India
Eriosoma lanigerum The average production loss per
. (Comstock) . 1889, tree was 24 kg (13 apples), | Thakur and Dogra, 1980
1 Woolly aphid (Hemiptera: China Kashmir Apple, Pear which trandates to a gross loss | and Brown et al. 1995
Diaspididag) per hectare of $465.18.
Qua(.jr.asp|d|0tus Populus §pp.; Betulas This pest can destroy entire trees
PErnICiosus 1914, pp.; Celtis spp.; Fagu shortly after being introduced to a
2. San Jose scale (Hausmann) China Coonoor/ S spp.; Morus spp., y 9 Fotedar, 1941
. . . new area. The trees age more
(Hemiptera: Tamil Nadu | Salix spp.; Aesculuss Uicklv and lose their viaour
Aphididae) pp.; Alnus spp.; a y gour.
The control costs for P. xylostella
in China are estimated at
US$100/ha for each crop for the
Plutella xylostella peak periods of April/May and
Diamondback Linnaeus Cruciferous September/October. If no sprays | Fletcher, 1914 and
3. . [taly 1914 : .
moth (Lepidoptera: vegetables were applied, the crop losses of | www.cabi.org
Plutellidae) the summer crop of cabbage there
were 99% in 1992 and 80% in
1994, compared with the plots
treated with insecticides.
Teleonemia Lantana, coffee,
srupulosa Sri Jacaranda, Citrus, Muniappan and Viraktamath,
4. Lantana bug P . Lanka/W | 1915 sweet potato, - 1985
Stal (Hemiptera: o
Tingidae) est indies gumwood,
g brinjal, rose
Acacia
decurrens, Acacia The pest attacks a wide range of
. Icerya purchase .. | dealbata, and also a plants, including some of the
5. ;(;ltt;)ny cushion Maskell (Hemiptera: | Australia ;Q;t Tamil wide range of forest endemic flora, and could | Rao, 1951
Margarodidae) trees and agriculture endanger the native flora and the

are affected by this
insect

fauna dependent on it.
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The range of damage is from

Phthorimaea 1937, East 3.3% in deep-planted tubers to
Potato, Tobacco, :
Potato tuber operculella Zeller Bengal . 16% in shallow-planted tubers. It | _.
6. ) Italy . tomato, brinjal, beet . L Singh, 2004
moth (Lepidoptera: (Now in and stored potato is also a significant post-harvest
Gelechiidag) Bangladesh) P pest on potatoes in the same
regions.
Pineus  boerneri  infestation
. - reduces productivity and results
Pine wooll E)I\I/Inaecu SUF;':)' g;ﬂem 1970, Pinus Pinus in up to a 50% loss of growth
7. . y q ] Nilgiris, Pp- increment and up to 20% tree | McAvoy et al. 2007
aphid (Hemiptera; Centrd . patula )
Adelgidae) Europe Tamil Nadu death by causing premature
g P needle shedding and shortening
of infected needles.
Leucaena was first cultivated in
1972, and it is grown on 10,000
Heteropsylla 1088, Tamil acres of land in Karnataka State
. Cubana Crawford Centrd ' alone. Only six months after H. | Veeresh, 1990
8. Subabul psyllid . i . Nadu & Leucaena p. . . .
(Hemiptera: America Bangalore Cubana arrived in India,
Psyllidag) 9 Leucaena cultivation decreased
drasticaly throughout the entire
region.
Hypothenemus 1990 Crop losses caused by this pest
Coffee berry hamperi Ferrari Northeas ' Arabica and robusta can be severe, ranging from 50-
9. . Gudalur, i . Kumar et al. 1990
borer (Coleoptera: t Africa . types of coffee 100% of berries attacked if no
. Tamil Nadu .
Curculionidae) control measures are applied
Serpentine lesf Liriomyza trifolii 1990, There is no significant impact of
10. mi nper (Burgess) (Diptera: USA Hyderabad, | Polyphagous pest serpentine leaf miners on the | Viraktamath et al. 1993
Agromyzidae) Telangana yield.
Aleurodicus Caribbea The pest could lower crop yield,
Spiraling disperses Russdll n region, | 1993, Widerangeof plants | and crop vaue (including . .
1L whitefly (Hemiptera: Central Keraa (481 hosts) increasing crop production costs) Palaniswami et al. 1995
Aleyrodidae) America and trigger the loss of markets.
Aceria guerreronis 1997, The accurate crop loss due to this .
12. gci)go;:uit d mite Keifer (Arachnida: Mexico Ernakulam, | Coconut pest ranges from 7.5% and 30% ﬁgj:;;\jztrii :;?789
Py Eriophyidae) Kerala to 60% '
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Silver leaf

Bemisia argentifolii
Gennadius

Tomato, Squash,
Poinsettia, Cucumber,

13. whitefly (Hemiptera: - 1999 Eggplants, Okra, Polyphagous pest Singh, 2004
Aleyrodidae) Beans, and Cotton
Blue gum Il;iesr:;)rcéble_:] ;:ISIE; 2001,
14. g ] Australia | Karnataka/ Eucayptus - Jacob et al. 2007
chalcid (Hymenoptera: .
. Tamil Nadu
Eulophidae)
Quadrastichus Tanzania
15, Erythrina gall erythrinae Kim East 2006, Erythrina sp black ) Faizal et al. 2006
wasp (Hymenoptera: ) Keraa pepper vanilla
. Africa
Eulophidae)
Phenacoccus - .
solenapsis Tindey 2005, Cotton, brinjal, okra, | In India 2008, the cottop CrOP | T owar et al. 2005
16. Cotton mealybug . ) USA . tomato, sesame, severely destructed by this pest
(Hemiptera: Gujarat . Nagarare et al. 2009
. sunflower, rose and yield losses up to 50-60%
Pseudococcidae)
Paracoccus Mulberry, .
mar ginatus Williams 2007, tapioca, Jatropha, .Thls papaya mealybug, severely
Papaya Central . impacted the low margina
17. and Granarade . Coimbatore, | cotton and severd . Tanwar et al. 2010
mealybug . . America . . farmers and resulted in 100%
Willink (Hemiptera: Tamil Nadu | fruits, flowersand
. . losses
Pseudococcidae) plantation crops
Tuta absoluta The pin hole sized holes on the
South American . fruit reduces the market value of
18. tomato leaf ELM e}ilggkéetg__ﬂ) ion::ica i/loi:érzlsjr?tia Tomztro,b[:ior:i\tlo, the crop and unable to detect the | Shashank et al. 2015
miner epidop Pepper. briny pest. The pest causes 100% yield
Gelechiidag) .
losses without control measures
Thrips parvispinus . .
19 Invasive thrips (Karny) Thailand 2015, Chilli, fruit crops and ”:oLeICeen:t |ynear :h|::| bzcna:jmemi\nblg Tyagi etal. 2015,
P (Thysanoptera: Karnataka vegetables P - 9 NPPO 2019
- cultivation
Thripidae)
Rugose Aleurodicus Coconut, guava,
. . , o E00 .
20. spiralling rugppercula?us . Centrfal 2016, Tamil banana, mango, It can cause38% - 50% nut yield Srinivasan et al 2016
) Martin (Hemipterac | America | Nadu L . loss
whitefly drumstick, jackfruit

Aleyrodidae)
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America

-530, 1
SJO(_joptera . 0 FAW cayse 21 53_A) loss in Sharanabasappa 2018
frugiperd (JE Smith) . 2018, annual maize production
21. Fall armyworm . i Africa, Polyphagous pest . Montezano et al. 2018
(Lepidoptera: . Karnataka It attacks 353 plant species
A Africa to . . Subyet al. 2020
Noctuidae) India belonging to 76 families
Aleurothrixus Th_e woolly whitefly be_com| ng
floccosus (Maskell) | Neotropi | 2019 serious threat to  fruit and
22. Woolly whitefly . P ' Guava, Citrus species | plantation crops. This whitefly | Sundarargj et al. 2020
(Hemiptera: cal Keraa . . .
. species dominates the remaining
Aleyrodidag) .
species
Aleurotrachelus Distributed widely in the tropics
Neotropical atratus Hempel Neotropi 2019, Cocos nucifera and and subtropics and colonize more
23, orop s hemp P Mandyar . P . Selvargj et al. 2019
whitefly (Hemiptera: cal Dypsis lutescens than 110 plant species
. Bangalore
Aleyrodidae)
Phenacoceus CMB damages 50-60% of | Joshi et al. 2020
Cassava o : cassava and reduction in crop | Sampathkumar et al. 2021
manihoti Matile- . 2020, o
24, mealybug Ferrero (Hemiptera: Africa Kerala Cassava acreage from 9300ha to less than | Farmers training cum
(CMB) P 2000ha in Tamil Nadu due to the | awareness program- SPAC,

Pseudococcidae)

severity of CMB

Erode 0.pdf (nbair.res.in)
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Table 2. Invasive insect species with reported costs in India, geographical origin,
introduction pathways, reasons for introduction and year of the first record

Invasiveinsect species | US$ billion Pathway Reason Flir:tI:]%cgd
Paracoccus marginatus 0.14 Contaminant Trade_; Live plant 2008
material
Soodoptera frugiperda 0.04 Contaminant Tourism/Trade 2018
Hypothenemus hampel 3.81 E-03 | Contaminant Trade; Plant materia 1990
Aleurodicus 0.13E-06 | Contaminant | |20 Liveplant 2016
rugioperculatus material

Management of invasive insects

For the management of Invasive alien insects, a number of laws have been enacted by the
Indian government. The Destructive Insects and Pests Act (DIPA) of 1914 was the first law
made specifically to prohibit the arrival of invasive species into India. These statutes
underwent periodic modifications as time went on and the plant quarantine order 2003 now
addresses Indias main plant quarantine concerns. New import regulations and needed
statutory measures are part of the plant quarantine order 2003, which aims to prevent the
import of infected plants or plant products. The directive encourages an earlier Pest Risk
Anaysis (PRA) to determine the phytosanitary safeguards needed to guard plant resources
against the invasive pest.

Three main degrees of pest invasion are managed during the management of invasive
insects

When a pest is not yet present: Pest Risk Analysis (PRA), gquarantine, and monitoring are
preventative methods attempted to stop the spread of the invasive insect. This method of
handling invasive species is the best.

When a species is first introduced, but it does not spread to surrounding areas:. Post-
quarantine actions are conducted, such as rejecting the consignment from which the pest was
imported and eradicating it by fumigating the consignment lot.

Presently in India monitoring includes 71 plant quarantine stations, spread out among large
and minor ports (including 11 foreign post offices, 14 land frontiers, 12 airports, and 34
seaport offices) these are dedicated to limiting the import of any external contaminants Early
discovery of invasive insects is one of the key management strategies. However, the precise
identification of the insect is the issue (at the species level) and taxonomical knowledge of
insectsisarestrictionin India.

After the newly introduced bug has become established: Different treatments, including
cultural, biological, and chemica methods of management are used.
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Strict quarantine is the best solution for the management of invasive insects that is a thorough
investigation of all kinds of imported goods and products to hamper the introduction of
dangerous species. After the breaching of this barrier, the next prompt control measure is
pesticides - pesticides are quick acting and are very efficient in reducing invasive insects. Due
to the absence of their natural opponent and an endless supply of food, invasive insects
reproduce rapidly in new environments. The use of natura enemies (predators and
parasitoids) from their native environments in timely introductions (classical biological
control), mass releases of native or exotic natural enemies, and habitat management are all
examples of biological control, an age-old method for reducing the population of introduced
pests to non-harmful levels. Once the natural enemy is established, biological control is
sufficient to curb the worrisome invasiveness because it has lasting effects and is aso
reasonably cost-effective. Before the introduction of the bio agent, it is sometimes necessary
to examine the consequence of the bio agent in a new environment.
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Abstract

Coconut (Cocos nucifera) eulogised as “Tree of Life” is the mainstay of agrarian economy in
Kerala. However, coconut has witnessed extensive bio-invasion by trans boundary pests that
has upset its production and result in biodiversity loss. Increased trade, travel and tourism
could be few of the modes of pest introduction into the country. Incursions by the non-native
coconut eriophyid mite, Aceria guerreronis Keifer (Eriophyidae: Acarina) during 1988
resulted in significant crop loss including setbacks to coir industry. Non-chemical pest
management solutions including botanicals and nutrients have subdued infestation by
eriophyid mite significantly. Invasion by four exotic whiteflies during 2016-2022 viz., rugose
spiraling whitefly, Aleurodicus rugioperculatus Martin, Bondar’s nesting whitefly,
Paraleyrodes bondari Peracchi, non-native nesting whitefly, Paralyerodes mine laccarino
and palm whitefly, Aleurotrachelus atratus Hempel (Aleyrodidae: Hemiptera) in to Kerala
changed the pest scenario and the emergence of sucking pest complex on coconut. In a span
of 4-6 years, non-native whiteflies have invaded coconut all over the country including
L akshadweep and Bay Islandson most other crops as well. Climate extremes and transport of
planting materials without proper phytosanitary certificate within the country attributed to
inadvertent introduction and area-wide distribution of invasive pests. Morphological
identification of these exotic whiteflies using the puparium and adults as well as molecular
characterization using cytochrome oxidase sub-unit-1 gene has been established with
decoding of evolutionary significance. Pesticide holiday approach and conservation biological
control using the aphelinid parasitoid, Encarsia guadeloupae Viggiani, predators such as
Apertochrysa sp. (Chrysopidae: Neuroptera), Jauravia pallidula Motschulsky (Coccinellidae:
Coleoptera), Cybocephalus sp. (Cybocephalidae: Coleoptera) in synergy with sooty mould
scavenger beetle, Leiochrinus nilgirianus Kaszab (Tenebrionidae : Coleoptera) have reduced
the invasive potential of exotic whiteflies. Heterogenous landscapes with crop pluralism in
coconut garden induced stimulo-deterrence by disorientation of exotic whiteflies and de-
risking farming community by realising sustainable farm income. Competitive displacement
of native arecanut whitefly, Aleurocanthus arecae David & Manjunatha (Aleyrodidae:

Josephrajkumar, A., Merin Babu, Regi, J. T, Anes, K.M., Jilu V. S., and Hegde,V., 2023. Exotic pests and
preparedness for potential invasive alien species on coconut. In: Biological Invasions: Issues in Biodiversity
Conservation and Management. Proceedings of a National Conference, Bioinvasions, Trends, Threats and
Management held from 3" to 4™ December, 2022 at Thiruvananthapuram. Kerala State Biodiversity Board,
Thiruvananthapuram, pp.46-56
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Hemiptera) and intense regulation of A. rugioperculatus by nesting whiteflies could be
documented. Indiscriminate use of insecticides invariably affects the natural defenders and
pollinators in coconut auguring agro-ecosystem based principles in restricting invasive pests.
Occurrence of leaf beetle, Wallacea jarawa Prathapan and Shameem (Chrysomelidae:
Coleoptera) from Andaman and Nicobar Islands warrants strict domestic quarantine in
transport of planting materials of coconut. Some potential invasive pests viz., Coconut |eaf
beetle, Bronstispalongissma Gestro (Chrysomelidae: Coleoptera) and false coconut scale
Aspidiotus rigidus Reyne (Diaspididae: Hemiptera) ravaging South-East Asian coconut are at
our doorsteps for possible entry at any time. Implementing strict quarantine protocols,
systematic surveillance surveys and timely awareness campaign are the best options to
combat such incursion in future. Regulatory measures could effectively restrict biological
invasions into the country for which an inclusive approach on biosecurity measures including
emergency preparedness module is the need of the hour.

Keywords: Bioinvasions, Biosecurity, Non-native pests, Emergency preparedness, Bio-
control

I ntroduction

Coconut (Cocos nucifera L.) is the backbone of agrarian economy of Kerala, the “land of
coconuts”. In the recent past, due to expansive trade, travel and tourism there had been
incursions by a wide array of non-native trans boundary pests, causing biosecurity risks and
coconut is no exception to such pestilence. Exotic pests cause biodiversity decline and
impacts economic livelihood of mankind. Furthermore, invasions by invasive aien species
(IAS) imbalance native ecosystems and are likely to breed profusely in the absence of natural
enemies in the new environment and cause upsets in biodiversity by out-competing native
species (Josephraikumar et al., 2016).Changes occurring in cropping patterns, adoption of
modern agro-techniques, climate change and indiscriminate use of chemicals leading to
diminishing defenders and pollinators add to the biotic imbalance and consequent emergence
of new pest problems (Paini et al., 2016).Invasive alien insects alone, due to their impacts on
agriculture and forestry, cost at least US$70 billion/year globally. Agriculture and fisheries
are particularly vulnerable to the impacts of IAS, placing food security at risk and
jeopardising livelihoods (IUCN, 2018). The timeline of IAS on coconut, the potential invasive
pests waiting at the country’s borders and the possible incursion management strategies to
suppress the biosecurity risks on coconut is reported. The paper aso highlights on
conservation biological control in the bio-suppression of non-native whitefly complex,
displacement of native whitefly, Aleurocanthus arecae David and Manjunatha in coconut
system as well as the natural occurrence of the sooty mould scavenger beetle, Leiochrinus
nilgirianus Kaszab (Tenebrionidae: Coleoptera) during monsoon phase in bio-cleansing sooty
mould encrustations on pams infested by whiteflies.

M ethodology

Systematic surveillance was undertaken at regular and periodic intervals to monitor and
document different pestilence on coconut at all strategic points of entry and characterise the
possible IAS by critical observations on the damage symptoms. Insect samples were aso
routinely taken to the laboratory for precise identification and comparison with the existing
literature on the possible entry of transboundary pests. Puparium of whiteflies and their adults
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intercepted during these investigations were characterised as outlined by Martin et al. (2000).
Characteristic puparium and adult features were documented using stereomicroscope LEICA
EZ4W and were further confirmed by Nikon Eclipse Ni trinocular research microscope for
diagnostic features on vasiform orifice. Other pests were also diagnosed by the characteristic
morphological features. In support of the morphological identity, molecular characterization
using mitochondrial cytochrome oxidase subunit 1 (COIl) was also attempted on the adult
whiteflies as described by Josephrajkumar et al. (2020).

Results and Discussion

The first invasive insect known to India was the San Jose scale, Diaspidiotus perniciosus
(Comstock) (Hemiptera: Diaspididae) probably introduced from China during 1879 into
Jammu and Kashmir invading the temperate crops including apple, plum, pear, peach etc.
Subsequently D. perniciosus was effectively bio-suppressed by the natural enemy population
of Aphytis sp., Encarsia perniciosi, and the ladybird predator, Coccinella infernalis in the
region though its invasive potential was well felt during the initia phase of introduction
(Fotedar, 1941).

In Kerala, however, the first report of the exotic pest viz., spiraling whitefly (Aleurodicus
dispersus Russell) (Hemiptera: Aleyrodidae) was on cassava during 1993(Palaniswamiet al.,
1993). A. dispersus was also recorded on coconut in 1996 causing very limited damage in
Kerala (Prathapan et al., 1996). Despite insecticides recommended for the management of this
exotic whitefly on flower and vegetable crops, it proved ineffective and by and large the pest
remained unchecked. However, after the fortuitous introduction of Encarsia guadeloupae
Viggiani (Hymenoptera: Aphelinidage) from Minicoy, Lakshadweep Island into the main land,
A. dispersus was successfully subdued in India (Ramani et al., 2002). Soon afterwards, Faizal
et al. (2006) reported the exotic gal wasp, Quadrasticus erythrinae Kim (Hymenoptera:
Eulophidae) on Erythrina variegata from Kerala which was expected to collapse the black
pepper standards,but fortunately failed to establish aggressively due the co-introduction of
natural enemy complex which reduced its invasive potential. Very recently, cassava meay
bug, Phenacoccus manihoti Matile-Ferrero (Hemiptera: Pseudococcidae)was also reported on
tapioca from Thrissur, Kerala (Sunil Joshi et al., 2020) which has never caused severe
setbacks in Kerala, however, the nation has introduced the exotic parasitoid, Anagyrus
lopezi(De Santis) (Hymenoptera: Encyrtidae) through ICAR-National Bureau of Agricultural
Insect Resources, Bengaluru which was successfully re-isolated from the cassava gardens in
Tamil Nadu after itsintroductory release (Poorani et al., 2022).

Timeline of coconut exotic pests

The spiraling whitefly, A. dispersus was reported as the first invasive whitefly on coconut in
1996 with mild damage on leaflets (Prathapan, 1996). Sathiamma et al. (1998) reported the
most severe nut feeding coconut eriophyid mite, Aceria guerreronis Keifer (Acarina
Eriophyidae) from Ernakulam, Kerala which caused economic impact and affected the fibre
quality significantly. During 2010, the Asian grey weevil, Myllocerus undatus Marshall
(Curculionidae: Coleoptera), native of Sri Lanka was reported as a minor pest on coconut in
root (wilt) disease endemic region (Kayamkulam, Kerala) [Josephraikumar et al., 2011].
During 2016-2019, four exotic whiteflies (Hemiptera: Aleyrodidae) were reported on coconut
in the country viz., rugose spiralling whitefly, Aleurodicus rugioperculatus Martin in 2016
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from Changanasseri, Kerala (Shanaset al., 2016; Chandrika Mohan et al., 2017), Bondar’s
nesting whitefly, Paraleyrodes bondari Peracchiin 2018 from Kayamkulam, Keraa
(Josephrajkumaret al., 2019a), non-native nesting whitefly, Paraleyrodes minel laccarino in
2018 from Kayamkulam, Kerala (Chandrika Mohan et al., 2019b) and the palm whitefly,
Aleurotrachelus atratus (Hempel) in 2019 from Mandya, Karnataka (Selvarg et al., 2019)
and later from Kannur, Keralain 2022 (Jilu et al., 2022). Timeline of coconut exotic pests is
pictorially represented in Fig 1.
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Fig 1. Timeline of exotic pests on coconut

Coconut eriophyid mite

Coconut eriophyid mite, A. guerreronis Keifer damage was invariably recorded from all
coconut gardens in the surveyed locations. The occurrence ranged from 22%-44% mostly
with mild to moderate damage scale. Re-occurrence of the acaropathogenic fungus, Hirsutella
thompsonii was observed from the dead mites on infested nuts at Kayamkulam, Kerala and
was re-isolated during 2022. Natural incidence of predatory phytoseiid mites belonging to
Neoseiulus baraki Athias-Henriot subdued the pest incidence quite considerably.
Conservation of the natural enemies and need based intervention by neem based botanical
formulation as well as soil-test based nutrition improved the palm health status and reduced
the mite incidence significantly (Nair et al., 2005). Though the pest incidence has been
reported from Ernakulam, Kerala in 1998 (Sathiamma et al., 1998), the damage potential of
the pest has reduced in subsequent years.

Exotic whiteflies

Whitefly identity is very important because different whitefly species co-occur on the same
niche leading to confusion in their identification even for experts. Whiteflies are identified by
the puparium features in general and the male genitalia characteristics are used in the
identification of nesting whiteflies.
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Fig. 2: Exotic whiteflies - Aleurodicus dispersus Russell a) colony b) puparia c) adults
d) lingula e) compound pore Aleurodicus rugioperculatus Martin f) colony g) puparia
h) adults i) lingula j) compound pore Paraleyrodes bondari Peracchi k) eggs |) puparia
m) adult n) lingula o) male genitalia Paraleyrodes minei laccarino p) eggs q) puparia
r}) adults s) compound pore t) male genitalia Aleurotrachelus atratus Hempel u) eggs
v) nymphs w) puparia x) adult y) lingula

Morphological identification is also supported by molecular characterization using the
cytochrome ¢ oxidase subunit-1 gene (COI). Features of the immature stages are aso
documented and characterized for the five exotic whiteflies reported on coconut
(Josephrajkumaret al., 2020). Operculum is smooth, compound pore with conical process and
lingula tongue-like for A. dispersus, whereas operculum is rugose, compound pore dagger-
shaped and lingula is acute and triangular for A. rugioperculatus (Shanas et al., 2016;
Josephrajkumar et al., 2020). While the puparium and compound pores are mostly identical
for nesting whiteflies, the male genitalia have an anterior horn with a pair of lip-like structure
at the posterior end for P. bondari and the male genitalia is cock-head like for P. minei
(Josephrajkumar et al., 2019a; Chandrika Mohan et al., 2019b). Puparium is black, lingula
round and submarginal fold interrupted at vasiform orifice for A. atratus (Josephrakumar
et al., 2020). Life stages, puparium and adult identification features of exotic whiteflies are
presented in Fig 2. Establishment of these exotic whiteflies have competitively replaced the
native arecanut whitefly, Aleurocanthus arecae David & Manjunatha.

Molecular characterization of adult whiteflies using COI gene revealed three distinct clades
for Aleurodicus, Paraleyrodes and Aleurotrachelus genera. The aleurodicinae genera
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(Aleurodicus, Paraleyrodes) are closely linked than the aleyrodinae genus, Aleurotrachelus
which is phylogeneticaly too far. In addition, correct identification would lead to effective
management of exotic whiteflies including identification of natural enemies (Josephrajkumar
et al., 2020).

Defenders and bio-suppression

High maximum temperature favoured whitefly outbreak, whereas high humidity and
precipitation subdued whitefly population. The aphelinid parasitoidsviz, Encarsia
guadel oupae and Encarsia dispersa are found to be very effective in the bio-suppression of
exotic whiteflies A. dispersus and A. rugioperculatus. Parasitism ranged from 5% to >80%
under favourable weather conditions. Unfavourable weather conditions and parasitism by
aphelinid parasitoids reduced the invasive potential of A. rugioperculatus which was currently
brought down to <10% in many parts of the state from as high as 60% to 80% during 2016-
2017. The organic policy promulgated by the state had favoured the successful survival of
these defenders. The chrysopid predator, Apertochrysasp., the cybocephalid predator,
Cybocephalus sp. and the coccinellid predators, Jauravia pallidula, Scymnus sp. also reduced
the aggressiveness of exotic whiteflies in the state (Chandrika Mohan et al., 2017,
Josephrajkumar et al., 2019b; Josephrajkumar et al., 2022c). As part of the National task force
team, pesticide holiday approach was advocated for the management of exotic whiteflies and
no insecticide is recommended due to the predominance of natural defenders in the system.
Furthermore, entomopathogenic fungus, Aschersonia sp. was also isolated from severely
infested coconut gardens.

Bio-cleansing of sooty mould deposits

One of the key production constraints of whitefly infestation is the interruption of functional
photosynthesis due to the deposit of sooty mould on the pam leaflets. ICAR-CPCRI has
discovered a sooty mould scavenger beetle, Leiochrinus nilgirianus Kaszab (Tenebrionidae:
Coleoptera) which would feed away the sooty mould on the pam leaflets and revitalize the
pams during monsoon phase (Josephrgkumar et al., 2018). Emergence of these sooty mould
scavenger beetles during monsoon period was recorded during 2017-2022. This action of bio-
cleansing on palm leaflets to dispense off the sooty mould deposits is one of the ecosystem
services of insects in coconut system and reported for the first time (Josephralkumar et al.,
2022c).

Crop-habitat diversification for pest regression

Heterogenous landscaping with coconut (Kalpa Sankara hybrid) and intercrops including fruit
trees, spices, banana, flower crops etc as well as honey bees, fish system and bird perches
produced diverse volatile cues and reduced pest attack on coconut by 2-3 folds. The coconut
yield from ecologica engineering garden was found to be 161 nuts per palm per year for a
period of six years which provided a sustained income. Such a crop pluralistic climate-smart
garden is highly preferable for its de-risking effect than the mono-cropped coconut plantation
auguring sustainable developmental goal (Josephrakumar et al., 2022b; Josephrajkumar et
al., 2022c).
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Conservation Biological Control

Conservation biological controls using the natural defenders as well as the in-situ preservation
of the sooty mould scavenger beetles have effectively subdued the invasive potential of exotic
whiteflies infesting pams. Through this conservation tactics, natural defenders, scavenger
beetles and the pollinators are conserved in the coconut system which enhanced ecosystem
vitality and delivered economic benefits to the tune of 1760 crore rupees (Josephrajkumar et
al.,2019b; Josephrajkumar et al., 2022c). Natural enemies of exotic whiteflies, sooty mould
scavenger beetle and crop habitat diversification model are presented in Fig 3.
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Fig. 3: Conservation biological control of exotic whiteflies infesting coconut a) Apertochrysa sp.
b) Cybocephalus sp. c) Jauravia pallidula d) Scymnus nubilis e) Encarsia guadeloupae f) Aschersonia
sp. g) Menochilus sexmaculatus h) Leiochrinus nilgirianus i) crop pluralistic approach

Potential invasive pests on coconut

The coconut leaf beetle, Brontispa longissima Gestro (Chrysomelidae: Coleoptera), the false
coconut scale, Aspidiotus rigidus Reyne (Diaspididae: Hemiptera) and the Red ring nematode,
Bursaphelenchus cocophilus(Cobb) Baujard are potential invasive pests that are looming
large in the country’s doorstep (Rajan et al.,2012; Josephrakumar et al., 2022a). These
potential I1AS have the ability to destroy the production potential of coconut in no time and
impacts the economic livelihood of the nation. Efforts are to be made strenuously to avoid
entry of these pests in to the country. During 1920’s strict quarantine regulation under DIP
Act 1914 effectively curtailed the movement of coconut |eaflets across the state and halted the
spread of black headed caterpillar, Opisina arenosella Walker (Lepidoptera: Oecophoridag).
As a follow up, parasite breeding station was set up at different locations in Kerala with a
functional boat laboratory for parasitoid rearing and releases in 1929 itself, indicating a
classic success story on biological control suppressing black headed caterpillar.
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Fig. 4: Scale insects a) Aspidiotus destructor b) A. rigidus damage symptom c) scales d) Brontispa
longissima e) Callispa keram t) Wallacea jarawa

The country has already witnessed a mild incidence of chrysomelid coconut leaf beetles,
Callispa keram Shameem and Prathapanand Wallacea jarawa Prathapan and Shameem on
coconut from Alappuzha, Kerala and Port Blair (Andaman and Nicobar Island), respectively.
Callispa keram was reported on adult pams whereas W. jarawa was observed on older
nursery seedlings. These pests are under check due to the possible natural enemies. Domestic
guarantine needs to be further strengthened to avoid entry of W. jarawa from Andamans into
the mainland as well as root (wilt) disease from Kerala to other parts of the country (Thomas
et al., 2015; Josephrakumar et al., 2022a). Similarly, Aspidiotus destructor (Diaspididae:
Hemiptera), a close relative of A. rigidus has been reported from different parts of the state is
subdued by the conservation biological control of the aphelinid parasitoid, Aphytis sp. and by
the coccinellid predators Chilocorus nigritus Fab., Sasajiscymnus dwipakalpa Ghorpade and
Pharoscymnus horni Weise quite successfully (Chandrika Mohan et al., 2019a). The potential
invasive alien species waiting at the doorstep and other native coconut leaf beetles are
presented in Fig 4.

Invasive pests and horticultural nurseries

Most of the exotic pests are introduced in to the country through contaminated planting
materials of exotic varieties reaching horticultural nurseries without proper phytosanitary
certification. The rugose spiraling whitefly reached Kadiyam nursery at Andhra Pradesh in
2017 itself. In general, most of the horticultural nurseries import exotic plants through
inappropriate means laced with exotic pests. The quarantine station at Kochi is not
empowered to examine invasive alien species of planting materials as well. Due to excessive
demand of exotic fruit plants in Kerala many are imported through illegal trade without
proper phytosanitary certificate for which stringent measures are to be undertaken. Very
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recently, we have come across invasive nematode infesting guava through contaminated
planting medium. The state of Kerala is aso known to harbour eight exotic whiteflies on
coconut, guava (Aleurothrixus floccosus Maskell), chillies (Aleurotrachelus trachoides Back)
and on a green leaf manure Gliricidia sepium(Tetraluerodes acaciae Quaintance) in a very
short period (Josephrajkumar et al., 2020; Sundararg et al., 2020; Josephrgkumar et al.,
2022d).

Incursion management strategies (Josephrajkumar et al., 2022a)

a) Strengthening quarantine

v
v
v

Enforcement of strict domestic quarantine and insistence of phytosanitary certificate
Fumigation of vehiclesin trans-boundary strategic sites

Nursery act to be enacted in all states and licensing of horticultural nurseries to be
made mandatory. Stringent penalty to be enforced for those who operate nurseries
without proper certification and license.

Monitor coconut and other horticultural nurseries and inspect planting materials for
the presence of exotic pests and destruction if intercepted.

Baggage check for ornamental plants, paims and commercial flowers at air ports and
sea ports

b) Surveillance surveys

v

ANRNRN

(\

Enforce direct surveillance surveys in sensitive zones including other host plants. This
activity can be clubbed with Pest & Disease scouting work done at different blocks all
over the country under the aegis of Agricultural Technology Management Agency
(ATMA).

Movement of seeds, planting materials (even soil and potting mixture materials) from
seaports, airports, railway stations (near international boundary) and check posts near
international boundaries should be done employing “Bharat Bio security App” so that
the point of origin and point of destination of the consignment can be tracked.
Critically examine plants for transboundary pests

Formation of Incursion Management Team with scientists from all discipline

State Referral Laboratory on Plant Health Inspection Services

Development of emergency preparedness module for potential invasive pests

c) Awar eness campaign

v
v

ASANENRN

Organizing nation-wide seminars, workshops and sensitization campaigns

Bio security, Bio safety and related topics to be made mandatory topic for school and
college students

Capacity building on mass production of bio-control agents

Intensive bio-control programme in endemic regions

Display postersin lounges of airports and seaports

Mass media programme in Prasar Bharati, Doordarshan (News Clippings)

Conclusion

Bio security risks are looming large in the state for which enforcing strict quarantine measures
is the need of the hour. Regular capacity building initiatives are to be undertaken to empower
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all stakeholders about the exotic pests and other potential invasive pests at the country’s
doorstep. An emergency preparedness module to tackle invasive pests are to be evolved.
Conservation biological control was found to be effective in the management of exotic
whiteflies infesting palms. A state referral laboratory on plant health inspection services
should be introduced for timely diagnosis and crop advisory services to the coconut
community. It is the need of the hour to develop a National Bio security Policy.
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Weeds pose serious threats to agricultural production and agrobiodiversity as they are hardy,
climate resilient and ubiquitous across the world. Total economic loss caused due to weeds, in
10 major crops of India, was estimated to be about USD 11 billion (Gharde et al., 2018).
Despite the development of weed management technologies from time to time, they continue
to be a magor problem and weed related problems have been mounting due to the threats
posed by aien invasion, climate change, globalization, herbicide resistance development in
weeds and commercialization of herbicide-tolerant crops.

Kerala, bestowed with wide variability in climate in different regions has rich diversity of
weed florain crops indifferent parts of the state. Moreover, weed problems are very severein
majority of crops because of intermittent rains and hot humid conditions in the state causing
substantial yield loss (Table 1). The regular disturbance and high fertility of cropped fields
favour species with extreme ruderal strategies characterized by high specific leaf area, early
flowering and long flowering duration. The alien intruders had also interfered with the growth
and production of food and commercial crops of Kerala and also exercised adverse effects on
the biodiversity of native species.

Important weed species, weed shift and their management in Kerala

The major weed flora associated with different crops varied with crops (Table 2) and agro
ecological situation. Traditionally, ploughing and hand weeding were adopted, which were
then replaced with mechanised agriculture. Labour scarcity had led to the era of chemical
weed management using herbicides. The first trial on testing the efficiency of herbicides in
Kerala was conducted by Nair et al.(1974) with achlor and propanil to control the weeds in
direct seeded rice at the then Rice Research Station (now Regional Agricultural Research
Station), Pattambi. They concluded that these herbicides can be safely used in rice fields and
it is economical to use herbicides over hand weeding. Later Nair et al. (1978) evaluated new

Ameena M., Kayani, M.S.S.R., Umkhulzum, F., Susha, V. S., and Shdini P, P. 2023. Weeds and weed
management in Kerala: Recent trends - A review. In: Biological Invasions: Issues in Conservation and
Management with Special Reference to Kerala. Proceedings of a National Conference, Bioinvasions, Trends,
Threats and Management held from 3" to 4™ December, 2022 at Thiruvananthapuram. Kerala State Biodiversity
Board, Thiruvananthapuram, pp. 57-78.
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pre-emergence herbicides for the control of weeds in flooded rice a RARS, Pattambi.
The study identified 2, 4-D isopropyl ester (IPE) as the best one over unweeded control and
was on par with al herbicidal treatments.

Weed shifts also occur due to changes in agricultural practices over the years. Due to
continuous use of the herbicide 2, 4-D, broad |eaved weeds were controlled efficiently, but it
led to the dominance of grass weeds. 2, 4-D also led to the dominance of Marsilia quadrifolia
which was later controlled using Almix (metsulfuron methyl 10%+ chlorimuron ethyl 10%
WP). 2, 4-D induced grass dominance was brought under control using propanil. But it was
not much effective and led to the dominance of grass weeds such as Echinochloa sp. The use
of cyhaofop butyl (Clincher) brought about appreciable control of grasses. A study was
conducted by Abraham et al. (1999) to evaluate the bioefficacy of cyhaofop butyl to control
Echinochloa spp. in direct seeded rice of Kole lands of Kerala. The study revealed that al
doses of cyhalofop butyl 10 EC (45, 60, 75, 90 and 120 g ha') controlled Echinochloa.
Effectively with significantly higher yield with no phytotoxicity to the crop even with the
highest dose tested in the experiment.

The introduction of bispyribac sodium in 2005-06 for the control of grasses, broadleaved
weeds and sedges gained popularity among farmers for broad spectrum weed control in rice.
However, continuous use of the herbicide by the rice farmers resulted in the dominance of
Redsprangletop (Leptochoa chinensis); heavy infestation of this weed has been reported from
the major rice tracts of Kerala, viz., Kuttanad, Kole and Palakkad. Jacob (2014) reported that
Leptochoa chinensis emerged as one of the problematic weeds in rice due to shift in weed
florain the paddy fields of Kerala. Sekhar (2021) reported that the application of fenoxoprop-
p-ethyl @ 0.06 kg ha recorded least population count of L. chinensis weed at all stages of
crop and it was on par with HW (Hand weeding) twice at 20 and 45 DAS.

Several herbicida mixtures were tested and employed for efficient weed control. Post
emergence application of penoxsulam + cyhalofop butyl @ 135 and 150 g ha* recorded
efficient weed control for al types of weeds in wet seeded rice (Abraham and Menon, 2015).
Another premix herbicide mixture in granular form in green triangle with pre-emergence
application viz., benzsulfuron methyl + pretilachlor @ 60 + 600 g haapplied on the day of
sowing recorded efficient weed control during initial stages in semidry rice (Arya and
Ameena, 2016).

A serious threat to rice cultivation in the form of weedy rice (Oryza sativa f. spontanea)
appeared first in Palakkad district during 2007-08 and many farmers were forced to abandon
rice cultivation. Heavy infestation of weedy rice in rice fields of Kerala caused a yield
reduction of 30 to 60 per cent with a severity of infestation ranging from 3 to 10 mature plants
per m? (Abraham et al., 2012). At present, weedy rice has infested large rice growing areas
across major rice tracts of Kerala viz., Palakkad, Kuttanad and Kole lands with its diverse
morphotypes. Absence of selective herbicide, close morphological similarity, higher
competitive ability and seed shattering has further worsened the problem.

The research programme undertaken at Rice Research Station, Moncompu, Keraa
Agricultural University, for the post-emergence management of weedy rice by direct contact
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application (DCA) of broad-spectrum non-selective herbicides using specially designed novel
hand held weed wiper device could selectively dry the panicles of weedy rice at 60-65 DAS,
taking advantage of the height difference of 15-20 cm between weedy rice and cultivated rice.
The novel “Weed wiper device’ (WWD) could thus prevent the build-up of soil seed bank in
weedy riceinfested areas, its further spread and invasion (Jose et al., 2020).

Tablel. Yield lossdueto weedsin major cropsof Kerala

. . Wet .
Direct | Rainfed . Semi Cowpea | Cassava . Chilly
direct . Brinjal
Crops | seeded | lowland ed dry rice (%)
ice(® ice (9 9 % % %
rice(%) | rice (%) rice (%) (%) (%) (%) (%)
Extent of | 52.3- 56.7-
yiddloss | 556 59.7 63.1 52.2 70 45-75 | 49-51 | 93.6
Arya Redgly Sekhar ;ﬁa Sinchana| Suja SZ::;C Fasna
an
Reference etal. etal. et al. etal.
(2018) | Ameena " | Ameena Geetha
(2021) (2020 Q) (2016) (2022) | (2020) (2007) (2021)

Table2. Dominant weed florain major cropsof Kerala

Rice (Kuttanad)

Rice (Kolelands)

Rice (Pokkali)

Direct seeded low

land rice
Kharif- Echinochloa | Grasses Grasses. Diplachne  |Grasses:
stagnina, E colona, fusca , E crusgalli, Echinochloa
Salvinia molesta, Echinochloa stagnina, | Fimbrisrylis miliacea, |colona,
Fimbristylis E crusgalli, Fimbristylis Echinochloa
miliacea, miliacea, Monochoria | Eleocharisdulcis, stagnina,
Monochoria vaginalis, Sacciolepis | Cyperus difformis,
vaginalis, interrupta, Isachne Eichhomia crassipes, |Oryza sativa
Sacciolepis miliacea, Cyperusiria, | Monochoria f.spontanea (weedy
interrupta, Isachne | C.difformis, Marsilia vaginalis,ohenoclea |rice)
miliacea guadrifoliata, Salvinia | zeylanica,and and
molesta Sohaeranthus Leptochloa
Punja- Monochoria africanus chinensis.
vaginalis, Marsilia
guadrifoliata Sedges: Cyperus
iriaand
Fimbristylis
miliacea
Broad |eaf weeds:
Ludwigia perennis,
Monochoria
vaginalis,
Sohenoclea
zeylanica and
Limnocharis flava
Abraham et al. (1990)| Abraham and Thomas Vidyaet al. (2004) |Reddy and Ameena
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(2002) (2021)
Direct seeded rice Wet seeded rice Upland rice Pulsesin summer
fallows
Grasses. Grasses. Grasses. Sedge: Cyperus
rotundus and
Echinochloa Leptochloa chinensis, Dactyloctenium broad-leaf weeds:
crusgalli, Echinochloa colona, and |aegyptium, Setaria Boerhavia diffusa

Echinochloa stagnina
and Leptochloa
chinensis

Sedges: Fimbristylis
miliacea, Cyperusiria
and Cyperus difformis

Dicot: Ludwigia
parviflora

Sedges. Fimbristylis
miliacea, Cyperusiria
and Cyperus difformis

| sachne miliacea.
Broad-leaf weeds

Sohenocleaa zeylanica,
Bergia capensis,
Monochoria vaginalis,
Limnocharis flava,
Ludwigia perennis,
Alternnathera
philoxeroides and
Lindernia parviflora.

Sedges. Cyperusiria,
Cyperus difformis,
Fimbristylis miliacea.

barbata, Eleusine
indica, Digitaria
ciliaris

Sedges: Cyperus
rotundus

Broad |eaf weeds:
Alternanthera sessilis,
Phyllanthus niruri,
Mimosa pudica

Jacob et al. (2014) Sekhar et al. (2020 @) | Ravikiran et al. (2019) | Adarsh and John
(2021)
Cowpea Okra Cassava Elephant foot yam
Grasses. Setaria Grasses. Setaria barbata, |Grasses: Grasses. Digitaria

barbata, Digitaria
sanguinalis

Broad |eaf weeds:
Alternanthera sessilis,
Phyllanthus niruri,
Synedrella nodiflora

Sedges: Cyperus
rotundus

Digitaria sanguinalis

Synedrella nodiflora,
Phyllanthus niruri,
Boerhavia diffusa,
Mimosa pudica, Tridax
procumbens.

Dactyloctenium
aegyptium, Digitaria
sanguinalis, Cynodon
dactylon , Echinochloa
crusgalli, Sedges:
Cyperus rotundus.

Broad |eaf weeds:
Borreria hispida,
Celosia argentia,
Ageratum conyzoides,
Commelina
benghalensis, Cleome
viscosa, Mimosa
pudica, Phyllanthus
niruri

ciliaris, Panicum
maximum and
Cynodon dactylon

Sedges: Kyllinga
monocephala

Broad |eaf weeds:
Borreria hispida,
Alternanthera
bettzickiana,
Commelina
benghalensis and
Cleome viscosa

Sinchana et al. (2022)

Chacko et al. (2021)

Nedunchezhiyan et al.

Sekhar et al. (2017)
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(2017)

. , Rubber
Ginger Pineapple Groundnut plantations
Monocots. Kyllinga |Mikania micrantha, Grasses: Cynodon Chromolaena
monocephal a, Chromolaena odorata, |dactylon and Eleusine |odorata, Axonopus
Mollugo pentaphylla, [Merremia umbellata, indica. COMpressus,
Cyperus rotundus. Mimosa pudica, Clerodendron
Alternanthera Sedges: Cyperus infortunatum,

Spoermacoce latifolia |bettzickiana, Cyclea rotundus Borreria hispida,

Mimosa pudica

peltata, Cleome

Mimosa pudica,

Ageratum conyzoides, |burmanii, Centrosema Cyathula
Oldenlandia pubescens, and prostrata, Justicia
auricularia, Cleome |lchinocarpus frutescens simplex and
rutidosperma, Oxalis |schaemum
corniculata and indicum
Ludwigia hyssopifolia

Thankamani et al. Girijaand Menon Sarin et al. (2021) Abraham and

(2016) (2019) Abraham (2000)
Coconut Cocoa Cardamom Black pepper

Axonopus Borreria hispida, Bidens pilosa, Ageratum
compressus, Mimosa |Mollugo pentaphylia, Ageratum conyzoides, |conyzoides,
pudica, Synedrella  |Amaranthusviridisand |Crassocephalum Peperomia
nodiflora, Ageratum |Ludwigia perennis. crepoides, Drymaria  |pellucida,
conyzoides, cordata, Paspalum Spermacoce
| schaemum rugosum, conjugatum, Synedrella |latifolia, Mimosa
Borreria hispida, nudiflora and Elusine |diplotricha.
Chromolaena indica
odorata, Ischaemum Monocots:
indicum, Desmodium Cynodon dactylon,
triflorum, Hyptis Commelina diffusa,
suaveolens and Kyllinga
Alternanthera monocephala
philoxeroides Rottob, Pteris

guadriuarita

Ramya et al. (2009) Shylgja (2001) Sudheesh (1996) Sgjini (2010)
Table4. Weeds of economic significance in specific crops of Kerala
ﬁo Rice Dominant weed Yield loss (%) Reference
Direct and wet seeded
. . Abraham and
1 r!ce & Transplanted Weedy rice 30to 60 Jose (2015)
rice
2 | Wet seeded rice Isachne miliacea 61.81062.9 Renjan (2018)
3 | Wet seeded rice Leptochloa chinensis | 56.7 to 33.1 Sekhar (2021)
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Weed Management in major cropsof Kerala

Hand-weeding and mechanical control were commonly used to achieve acceptable weed
control from the beginning.Hand weeding, though effective, is now fetching less attention and
more difficult owing to increased labour paucity, mounting wages and its dependence on
weather conditions. Moreover, the morphological similarity of weeds especially grass weeds
with cultivated rice makes hand weeding incomplete and ineffective. Since the discovery of 2,
4-D for broad-leaf weed control in rice and non-crop situation, farmers relied on herbicides
for weed management in rice fields. Herbicides provided superior weed control and were
found more labour efficient than hand/manual or mechanical methods of weed management
and ensured a high B: C ratio. The most economical weed management practices identified
for mgjor crops are given in Table 5.

Changes in management practices resulted in major shift of weedy flora in many instances.
Within the group of weedy plants, agricultural intensification filtered out species adapted to
intermediate levels of soil fertility characterized by arelatively large seed, later flowering and
short stature. Even human intervention and contamination can cause weed shift as in the case
of a study in Sasthamkotta Lake by Thomas et al. (2009) where fish excreta and detergents
from households changed the pH of water and promoted the rampant growth of submersed
aguatic weeds like Hydrilla verticillata and floating weed Salvinia molesta.

Table 5. Most economical weed management methods for managing weeds in major
cropsof Kerala

S Crop Weed Economical weed management Reference
no. methods
1 | Transplanted | All weeds Pre-emergence application of anilofost | Jacob and
rice 2,4-D ethyl ester (0.40+0.53 kg ha®) at | Syriac (2005)
six days after transplanting
supplemented with 2,4-D Nasalt (1.0 kg
ai ha') at 20 days after transplanting
(DAT)
2 | Semi dry All weeds Pre-emergence application of either Aryaand
rice benzsulfuron methyl + pretilachlor @ 60 | Ameena
+ 600 g ha' or pyrazosulfuron ethyl @ | (2016)
25 g ha* on the day after sowing
followed by post emergence application
of azimsulfuron @ 30 g ha' at 25 DAS
3 | Semidry Sacciolepis | Pretilachlor + bensulfuron-methyl 0.6 + 0.06 | Sreelakshmi
rice interrupta kg/ha’5 DAS followed by (fb)cyhal of op- and Menon
butyl + penoxsulam 0.15 kg/ha 15 to 20 (2020)
DAS fb one hand weeding
4 | Wet seeded | All weeds Bensulfuron-methyl + pretilachlor 60 + | Reddy and
rice 600 g/haat 3 DAS or penoxsulam + Ameena
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cyhalofop-butyl 150 g/haat 20 DAS (2021)
both foHW at 40 DAS
5 | Uplandrice | All weeds Stale seedbed method with Ravikiran et
penoxsulamat 25 g ha* at 10-15 DASfb | al. (2019)
HW at 35-40 DAS
6 | Wetlandrice | Scirpus Application of glyphosate @ 0.5 kg ha® | Karthikeyan
grossus L +2,4-D @ 1.0kgha' a the (2017)
reproductive stage was found to be the
best, giving complete weed kill with no
further regrowth
7 | Groundnut | All weeds Application of imazethapyr @ 70 gha* | Sarin et al.
at 20 DAS (2021)
8 | Cowpea All weeds Stale seedbed or normal seedbed + dried | Sinchana et
bananaleaf mulching @ 10t ha al. (2022)
Yfbquizal of op-p-ethyl @ 50 g ha™ at 25
DAS
9 | Greengram | All weeds Imazethapyr + imazamox80 g ha* at0-3 | Gopakumar
DA Sfb hand weeding at 25 DAS or and Menon
diclosulam fb hand weeding at 25 DAS | (2022)
10 | Cassava All weeds Pre-emergence (PE) herbicide, Sujaet
oxyfluorfen at 0.2 kg ai ha al.(2020)
11 | Elephant All weeds Mulching with black polythene/ Pre | Sekhar et al.
foot yam emergence application of oxyfluorfen | (2017)
0.2 kg ha* + manual weeding at 75 days
after planting (DAP)/ post emergence
application of glyphosate 0.8 kg ha™ +
manual weeding at 75 DAP
12 | Baranapier | All weeds Oxadiargyl @ 90 gha’ on 3-5 DAPfb | Swathy and
hybrid hand weeding on 25-30 DAP Thomas
(2020)
13 | Ginger All weeds Paddy straw 6 t ha' along with green | Thankamani
leaf mulch 7.5t ha™ at 45 and 90 DAP | et al. (2016)

and application of dried coconut leaves
at the time of planting 5.4 t ha™*

Stale seed bed method (SSB)

Renu (1999) reported that SSB with oxyfluorfen @ 0.15 kg ha' had effectively controlled
Polla (Sacciolepis interrupta) in semi dry rice. According to Renu et al. (2000) SSB with one
or two weed flushes destroyed before the main crop being planted and the final seed bed
withheld from planting is the most effective method for managing mimicry weed i.e.,
Sacciolepisinterrupta in Kerala under semi dry rice conditions.

Sheela et al. (2007) assessed different weed management practices and conveyed that SSB
was effective in suppressing weeds thereby improving the yield of Bhindi crop. Sindhu et al.
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(2010a) evaluated different seed bed manipulative techniques and non-chemical methods of
weed control in wet seeded rice during Rabi season in Kole lands of Thrissur district, Kerala.
They inferred that SSB+ pre-emergence herbicide along with hand weeding or simultaneous
adoption of green manuring would provide better weed control and improve grain yield.

Sindhu et al. (2010b) concluded that adopting SSB for 14 days significantly reduced the weed
dry weight and increased B:C ratio in dry seeded rice. They further concluded that integrating
SSB with simultaneous growing of cowpea is an effective way for weed management in dry
seeded rice. Preparation of stale seed bed method by ploughing the land at 25-30 days interval
before sowing in between two germinations of rice, helped in germination of most of the
weed seeds. Comparatively wet ploughing was more efficient over dry ploughing to control
weedy rice (Jose et al., 2012a)

Soil solarization

Sheela et al. (1991) found that soil solarization using black polythene sheets for 45 days and
then for 30 days resulted in suppressing weeds effectively except for purple nutsedge. They
also found that soil solarization combined with application of herbicide can control weeds
considerably as well.

Sainudheen and Abraham (2001) evaluated the effect of soil solarization using transparent
sheet for perennial weed control. Results showed that soil solarization for 2-6 weeks during
summer increased the temperature of about 8-10°C in upper layers, destroyed all weed seeds
and helped in reducing weed growth for next season, but it was found ineffective to control
perennial weeds.

Syriac and Geetha (2007) reported that soil solarization carried out for one month recorded
higher fruit yield (18.92 and 18.12 t ha™, respectively) in both the years i.e., 1998-99 and
1999-2000. It was comparable with alachlor @ 2.0 and 2.5 kg ha*, pendimethalin @ 2.0 kg
ha* and oxadiazonen @ 0.5 and 0.75 kg ha™.

A study conducted at KAU revealed that soil solarization using polythene of 100 microns
transparent sheets for 30-45 days in summer led to nearly 90 per cent of weedy rice control.
This practice is helpful to produce seedlings free from weedy rice during nursery stages (Jose
et al.,2012a)

Mulching

According to Sainudheen (2000), among weed management practices, mulching with black
polythene is the most efficient weed control practice in okra.Bin et al. (2018) revealed that
among different mulches evaluated, polythene sheet (black) recorded higher weed control
efficiency (WCE) of about 95.21 per cent and higher yield (15.6 t ha). It was followed by
paper mulch (94.21%) and mango leaves (90.77%) in Okra. Further, silver-black polythene
mulch was noted to be the best for weed control in cabbage (Akshata et al., 2018). Fasnaet al.
(2021) concluded that polythene mulch and straw mulch recorded reduction in weed dry
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matter and increased yield of chilli. These were considered as the best non-chemical methods
of weed control and are economical.

I ntercropping

Resmy (2003) evaluated different weed management practices with green manure
intercropping in semi dry rice. They concluded that cowpea was superior over others and
helped in suppressing weeds effectively. Intercropping reduced weed population of about
42.8- 56.8 per cent up to 60 DAS.

Dua cropping of cowpea and incorporation of cowpea using 2,4-D at 45 DAS helped in
reducing weeds under semi-dry rice along with 25 per cent N supplementation and increased
yield (Anitha et al., 2009).

Weed cloth

Weed cloth covering ground surface acts as mulch thereby preventing the growth of weeds
providing physical barrier, decreased light penetration and altering the soil temperature. Suja
et al. (2020) reported that the use of weed cloth suppressed weeds to the extent of nearly 35
percent with increased yield of about 15 per cent over hand weeding and chemical weed
control methods in cassava.

Weed wiper

Weed wiper is a new architype standardised by Kerala Agricultural University (KAU). It
showed better weed control efficiency (WCE) by drying panicles of weedy rice at 60-65 DAS
when used with broad spectrum herbicides i.e., glyphosate, and glufosinate anmonium at the
concentrations of 15-20 per cent of the formulated product by direct contact application. It
was based on the advantage of height difference i.e., 15-20cm difference occurring between
weedy rice and cultivated rice (Jose, 2015).

Whedl hoe weeding

Chacko et al. (2021) reported that among the weed management practices adopted, wheel hoe
weeding at 15, 30 and 45 DAS, recorded lowest the weed biomass and was concluded as the
best weed management option which promotes the availability and uptake of nutrients by crop
and decreasing the nutrient uptake by weeds thereby improving the yield of okra.

Biological weed control

Biological control of weed is the intentional manipulation of natural enemies by humans for
controlling harmful weeds. Introducing a natural enemy (e.g. water hyacinth weevil,
Neochetina spp. for Eichhornia; Lantanophaga pussilidactyla insect for Lantana camara,
Zygogramma bicolorata insect and Cassia uniflora plant species for Parthenium
hysterophorus) for the eradication of invasive species is a focus of interest for biological
conservationists. However biological control may not be evenly effective over all areas
infested by the invasive species. Cyrtobagous salviniae dispersed quickly and devoured the
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weed within two years of its first release, clearing over 1,000 square km of water bodies (Joy
et al., 1986). Praveena and Naseema (2004) identified Myrothecium advena and Fusarium
pallidoroseum. as promising biocontrol agents of water hyacinth as they caused more than 50
per cent infection of the weed.

Nymphs and adults of Aphis fabae and A. spiraecola fed on tender leaves and shoots of
Chromolaena odorata cause severe leaf crinkling (Lyla et al.,1995). Re-occurrence of
Pareuchaetes pseudoinsulata larvae was reported in Thiruvananthapuram which feeds
voraciously on auxiliary and terminal buds of Chromolaena odorata. It has to be further
investigated for its further spread for this weed control (Arjun et a., 2016).

Chemical weed management

Y adav (2006) evaluated bio-efficacy and residue effect of pyazosulfuron ethyl, in transplanted
rice. Application of pyazosulfuron ethyl @ 20, 25 and 30 g ha' at 10 DAT were found
effective in controlling all the grasses, sedges and broad - leaf weeds. With respect to net
returns and B:C ratio, application of pyazosulfuron ethyl @ 20 g. ha™ at 10 DAT was efficient
and economical in rice lowlands.Spray of tank mixture of glyphosate @ 1.0 kg ha'+ 2,4-D @
2.0 kg ha' after giving an initial mowing was effective in controlling greater club rush weed
(Scirpus grossus L.) and was found sustainable enough to bring the infested land into
cultivable form (Sreethu, 2011).

Application of oxyfluorfen 0.2-0.3 kg ha’ during the initial stage successfully controlled
weedy rice dry weight of about 84 per cent, when applied 3 days before sowing on 2cm
standing water (Jose et al. 2012b). Ilangovan et al. (2012) evaluated the efficacy of herbicide
mixtures under rice-rice cropping system. Results showed that sequential application of
herbicides was effective with respect to weed control. Among various herbicide combinations,
bensulfuron-methyl+ pretilachlor (pre-plant application) applied in combination with
glyphosate (pre-planting) was effective followed by glyphosate (pre-planting)+ butachlor
(post planting).

Prameela et al. (2014) reported that the best herbicide treatment with low weed dry matter
production in wet seeded rice was fenoxaprop - p- ethyl or cyhalofop-butyl with follow up
spray of Almix. Bispyribac sodium registered the highest weed control efficiency next to hand
weeding which was comparable to application of cyhaofop - utyl/fenoxaprop — p -
ethyl/metamifop with follow up spray of Almix.

Karthikeyan (2017) evaluated different chemical treatments to manage greater club rush
(Scirpus grossus L.), invasive weed species in rice wetland ecosystems. They stated that the
application of tank mixture of glyphosate @ 0.5 kg ha*+ 2,4-D sodium salt @ 1.0 kg ha’at
the reproductive stage helped in effective control of this weed thereby recovering the paddy
fields. Arya (2018) concluded that application of flucetosulfuron @ 20, 25 and 30 g ha'
in wet seeded rice a 10-12 DAS recorded significantly higher weed control efficiency
controlling all sedges, grasses and broad-leaved weeds with higher yield and net returns.
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Kumar et al. (2019) stated that pre-emergence application of pendimethalin in elephant foot
yam was very effective in suppressing weeds associated with increased corm yield and net
income. Tembotrion followed by propaquizafop - two sprays [new generation herbicide
combination] and treatment having weed free control were the other better treatment.
Prameela et al. (2011) stated that diuron @ 2 kg ha™ recorded better weed control with 86 per
cent savings over manua weeding in sole tapioca crop. However, in tapioca intercropped with
green gram, diuron can not be recommended due to the mortality outcome on green gram.

Application of ready mix of either bensulfuron-methyl + pretilachlor 60 +600 g/haat 3 DAS
or penoxsulam + cyhalofop-butyl 150 g/ha at 20 DAS both foHW at 40 DAS was observed as
the most effective weed management strategy in wet-seeded lowland rainfed rice (Reddy and
Ameena, 20213a)

Interaction of favourable soil condition and management practices resulted in dominance of
L. chinensisin wet seeding. Among herbicidal treatments, application of fenoxofop-p-ethyl @
0.06 kg ha'was to have least population count of L. chinensis at all stages of crop and it was
found on par with HW (Hand weeding) twice at 20 and 45 DAS aong with bispyribac sodium
@ 0.025+ fenoxofop-p-ethyl @ 0.06 kg ha™ in wet seeded rice (Sekhar et al., 2020 a).

New generation herbicides

During the last 20 years, a generation of low application rate herbicides called ‘New-
generation herbicides’ or low dose high efficiency herbicides has been developed that act by
inhibiting the action of key plant enzymes, resulting in arrested growth and eventual plant
death. They are applied at lower doses with less environmental persistence and exceedingly
low toxicity to non-target organisms, and therefore gained popularity among farmers. Low
dose high efficacy herbicide functions by inhibiting the action of key plant enzymes. Major
groups include sulfonylurea, sulfonamide, imadazolinone etc, applied either pre or post
emergence to crops at rates ranging from 30-60 gm a.i/ha low closes than many traditiona
herbicides. Recommended dose of widely used traditiona rice herbicides like butachlor,
pendimethalin, 2,4-D etc. ranges from 1 to 2 kg ai/ha. New generation herbicides are more
effective, applied at lower rates and have low mammalian toxicity and reduce the risk of
environmental pollution. Application rates have been reduced from 1.8 — 3 kg/hato just 20-25
g/ha. They showed high herbicidal potency at very low rates making them environmentally
safe. (Table 6.)

Yadav (2006) evaluated bio-efficacy and residue effect of pyazosulfuron ethyl, a new
herbicide in transplanted rice. Application of pyazosulfuron ethyl @ 20, 25 and 30 g ha* at 10
DAT was effective in controlling al the grasses, sedges and broad -leaved weeds. Whereas,
with respect to net returns and B:C ratio, treatment with the application of pyazosulfuron ethyl
@20¢g ha' at 10 DAT was efficient and of economic significancein rice lowlands.

Kunnathadi et al. (2014) found that post emergence application of cyhalofop-butyl @ 1 kg ha
! followed by metsulfuron-methyl 10%+ chlorimuron-ethyl 10% recorded higher net income
and B:C ratio when applied at 20 days after transplanting in rice under SRI method. It was on
par with hand weeding and conoweeding followed by post emergence herbicides. In
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transplanted rice, the lowest weed dry matter production and weed control efficiency, and
highest grain yield were recorded by triasfamone combined with ethoxy sulfuron, and
bispyribac-sodium combined with premix of (chlorimuron-ethyl + metsulfuron-methyl)
(Menon et al., 2016).

Raj (2016) reported that the application of penoxsulam+ cyhaofop butyl @ 135, 130 and 125
g ha' was effective in controlling weeds at all stages of crop with lower total weed dry weight
in direct seeded puddled rice conditions. Sekhar et al., (2020 b) reported that a combination of
stale seedbed followed by glyphosate plus oxyfluorfen at 15-20 days after land preparation
followed by either bispyribac sodium plus fenoxaprop-p-ethyl, bispyribac sodium plus
cyhalofop butyl orpenoxsulam plus cyhalofop butyl could be a viable option in managing a
broad spectrum of weeds especialy in areas with high soil weed seed bank. The study also
signifies the importance of herbicide combinations for managing complex weed flora and
enhanced the weed control efficiency in DSR to reduce the development of herbicide
resistance and weed shift.

Table 6. New generation herbicides based on target weed flora

Grass herbicides

Chemical Name Trade Name Dose Tw_ne C.’f Colour
application code
Cyhalofop butyl 10 EC Clincher 80gha' 15 DAS Green
Fenoxaprop-p-ethy7.5 EC Rice star, 56 g ha* 15DAS Blue
Whip super
Metamifop Critel 100 g ha* 15-20 DAS
Quizalofop-ethyl - 37.5gha 15-20 DAS Blue
Haloxyfop R Methyl 10.5% | Gallant 108-135 g ha* 20 DAS Green
w/w EC
Sedges and broad-leaf weeds
Chorimuron ethyl + , 1
metsulfuron methyl Almix 4gha 20-25 DAS Blue
Carfentrazoneethyl Affinity 20-25 g ha” 20-25 DAS Green
Ethoxysulfurom Sunrice 12.5-18 g ha' 20-25DAS | Blue
Diclosulam Strongarm 12.5gha™ 0-3DAS Green
Hal osulfuron methyl 1 3-4 leaf stage
Sempra 67.5g ha of weed Green
Pyrazosulfuron ethyl Sazthi 20gha’ 3-6 DAS Blue
Broad spectrum herbicides
Bispyribac sodium Nominee 25-30g ha” 15- 18 DAS | Blue
10% SC gold, Tarak,
Adora
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Penoxsulam 24 SC Granite 22.5- 25g ha’ 15-18 DAS Green
Imazethapyr, |mamox Pursuit 30gha’ 10 DAS Green
Flucetosulfuron - 15-30 g ha' 10-12DAS | -
Herbicide mixtures
Bensulfuron methyl Londax 60 + 600 gm 0-6 DAS Green
0.6%+Pretilachlor 6% GR power
Metsulfuronmethyl 10% + | Almix 4gha’ 15-20 DAS Blue
Chlorimuron ethyl 10% WP
Penoxsulam+ cyhal ofop Vivaya 135g ha* 15-20 DAS | Blue
butyl
Table 7. Herbicides banned in Kerala (GOMS N0.123/2011/Agri.Dated12.5.2011)
Common name | Colour Code Substitute Colour code Dose
Paraquat Yellow Glufosinate Blue 500g /ha
ammonium/
Glyphosate 0.8 kg /ha
Thiobencarb Blue Butachlor Blue 1.25 kg /ha
50 % EC
Pretilachlor Green 1.5kg/ha
50% EC
Anilophos Yellow Butachlor Blue 1.25 kg /ha
50 % EC
Pretilachlor Green 1.5kg/ha
50% EC

* Glyphosate under restricted use

I ntegr ated weed management

Rajan (2000) standardised an integrated weed management practice for rice-based cropping
system taking rice-rice-sesame cropping system in Onattukara tract. Among different
treatments, during the first season, pre-emergence application of pendimethalin alone or
integrating it with hand weeding or post-emergence application of 2,4-D was effective in
controlling weeds. Nair (2001) evaluated integrated weed management methods in upland
rice. Application of pendimethalin @ 1.5 kg ha™* + one hand weeding recorded high yield and
net income followed by butachlor application @ 1.25 kg ha™.

As reported by Ameena (2003) stale seed bed method with polythene mulching or pre-
emergence and post-emergence application of glypho sate was effective in controlling under
cropped area. Nishan (2012) stated that 2,4-D was effective in controlling water cabbage in
rice wetlands. Among the new generation herbicides, amix (metsulfuron methyl+
chlorimuron methyl @ 6 g ha') and BS (bispyribac sodium @ 30 g ha') were equaly
effective in controlling water cabbage (Limnocharisflava L.) in wetland rice.

Thomas et al. (2012a) investigated different integrated weed management methods in aerobic
rice. The study concluded that the application of PE (pre-emergence) herbicide pendimethalin
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@ 1.0 kg ha™* followed by bispyibac sodium or 2,4-D sodium salt @ 20 DAS integrated with
hand weeding @ 40 DAS was effective in controlling weeds in aerobic rice in central Kerala,
The study conducted by Thomas et al. (2012b) in dry direct seeded rice in Kerala concluded
that pretilachlor 50 EC application @ 0.75 kg ha-* at 4-6 days after effective rainfall followed
by HW (hand weeding) at 20 DAS or the application of metamifop 10 EC @ 1.0 kg ha* at 2-
3 leaf stage of grasses were suitable weed management approaches.

Reshma et al. (2015) reported that application of oxyfluorfen as pre-emergence @ 0.15 kg ai
ha* and hand weeding once at 20 days after sowing recorded higher WCE of about 89.43 per
cent with higher yield of 3500 kg ha® and net returns (Rs. 31967 ha?), in rice thus
considering economical over hand weeding. Renjan (2018) evaluated the management of
blood grass (Isachne miliacea Roth) in rice wetlands. Among the various management
practices, integrated management of intensive tillage (three ploughings followed by
puddling), deep water ponding (more than 7.5 cm till panicle initiation and thereafter
saturation) and at 3-5 leaf stage of weed with the application of azimsulfuron @ 35g ha*
showed efficient management of blood grass.

The ready mix herbicides bensul furonmethyl + pretilachlor (at 3DAS) and penoxsulam+
cyhaofop butyl (at 20DAS) each fb HW at 40DAS provided a minimal weed presence at the
critical period and resulted in superior grain yields (5461and 5355 kg ha*, respectively), dry
matter production (13.17 and 13t ha®, respectively,) crop NPK uptake and weed NPK
removal in direct seeded rain fed lowland rice (Ameena and Reddy, 2021b).

Weed management strategiesin commercial crops
Pineapple

In Kerala, pineapple is grown mainly as an intercrop in rubber and coconut, and also as pure
crop in garden land and in converted paddy fields. Planting of pineapple is done throughout
the year, except in the days of heavy monsoon. Planting is done in trenches of about 90 cm
width and 15-30 cm depth, aligned at a distance of 165 cm from centre to centre (KAU,
2016). The bare spaces between trenches and the high rainfall, which is a characteristic of the
state promote the abundant growth of weeds. Black plastic mulching is a worldwide practice
in pineapple cultivation for weed control. In the absence of mulching, pre-emergence
herbicides are sprayed in the areas between trenches with subsequent growth managed by
spraying post-emergence herbicides.

According to Girija and Menon (2019), the highest representation of weeds was observed
from the family Asteraceae (10), followed by Poaceae (8) and Fabaceae (5). Frequency
generally refers to the degree of uniformity of occurrence or dispersion of a speciesin an area
and represents the number of sampling units in which that particular species occurred. In
pineapple, highest frequency values were obtained for Mikania micrantha (63), Chromolaena
odorata (60), Merremia umbellata (53.3), Mimosa pudica (50), Alternanthera bettzickiana
(50), Cyclea peltata (46.6), Centrosema pubescens (43.3), Cleome burmanii (46.6),
Commelina diffusa (43.3), and Ichinocarpus frutescens (43.3). Out of these ten weed species,
five were climbers and the others were fast growing invasive species commonly found on
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disturbed soils. The higher frequency values reflect the greater uniformity and spread of these
species and climbers were thus, a major problem in pineapple cultivation. Seasona influence
on weed diversity in the pineapple fields was observed with broad leaf weeds dominating
from June-July to December and grasses from August to December. The population of
climbers was almost uniform throughout the growing period.

Ginger

Pillai et al. (2015) studied variations in the weed florain ginger in the four districts in Kerala
where ginger is the mgjor crop. In the plains (Thrissur and Palakkad) the major weed species
were Cyperus difformis, Cyperus haspan, Alternanthera betzickiana, Scoparia dulcis,
Ageratum conyzoides, Mollugo pentaphylla and Ludwigia parviflora. whereas in the high
ranges Spilanthes radicans, Ageratum conyzoides, Crassocephalum crepidioides, Scoparia
dulcis, Erigeron Canadensis were dominant. Ageratum conyzoides, Scoparia dulcis,
Ludwigia parviflora, Cyperusiria, Mimosa pudica and Eragrostis japonica were the common
weed species observed both in plains and high ranges. This indicated their adaptation to the
micro climatic conditions in ginger crop. Usually high ranges (Idukki and Wayanad districts)
have forest soil rich in organic matter and suitable for weed growth. At the same time,
variation in weed species was observed between the plains and the high range ecosystems of
Kerala due to the variability in climatic conditions mainly temperature. The results indicated
that the growth and distribution of weed flora largely depend on the climatic conditions of the
region.

Black pepper

Black pepper being widely spaced crop and grown in high rainfall tropica humid climate
offers great scope for weeds to emerge and compete with crop at different magnitude
(Parthasarathy and Kandiannan, 2009). Ageratum conyzoides, Cynodon dactylon. and
Soermacoce latifolia were the most frequently occurring weeds in blackpepper crop having
average frequencies of 62, 62and 52 per cent, respectively (Sgjini et al., 2012).

Herbicide use and residues

The continuous use of herbicides leads to the problem of soil persistency which possesses far
reaching environmental consequences. The longer persistence of herbicides poses a hazard to
subsequent land use and is undesirable. The persistent quantity of herbicide present in soil in
its original or closely related phytotoxic form after its operational function is referred as
herbicide residue. Ameena (1999) reported non residual effect of glyphosate on germination
and growth of successive crops. Yadav (2006) emphasized the safety of the herbicide
pyrazosulfuron ethyl to soil environment and to the produce as the herbicides at all doses
tested have dissipated before the harvest of crop and concluded that pyrazosulfuron ethyl did
not leave any harmful level of its residuesin the post experiment soil.

The effect of the herbicide flucetosulfuron 25 g ha™* on soil enzymes viz., dehydrogenise, acid

phosphatase, and urease and organic carbon content of soil under wet seeded system of rice
cultivation was tested. Significant and positive correlation was noticed between
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dehydrogenase enzyme and organic carbon content of the soil. Acid phosphatase enzyme
activity was found to be non-significant at 15 and 30 days after herbicide application, during
both the seasons. It was also observed that herbicide application could increase the urease
enzyme activity irrespective of dose and time of application, in both the seasons. Overall, the
results revealed that none of the maor enzymes were harmfully influenced by the sulfonyl
urea herbicide, flucetosulfuron at the tested doses and time of application (Aryaet al. 2018).

A long-term herbicide trial in rice- rice system showed that continuous application of
butachlor/pretilachlor in rice for 13 years from 2001 to 2014 in alateritic soil did not result in
build-up of residues in soil, grain and straw. Farmyard manure application significantly
improved the bioefficacy of herbicides. Increasing organic matter content increased the rate of
adsorption of herbicides as well as degradation by soil micro flora. However, research results
indicated that indiscriminate use of 2,4-D in lowland paddy fields in Kuttanad region (lying
below the sea level) resulted in the persistence of residues in water bodies. Long-term
application of herbicides had no significant negative effect on the basic soil properties, viz.
pH, organic C and available nutrients (Durgadevi et al., 2019).

The effect of pre and post emergence herbicides on microbia biomass carbon and
dehydrogenase activity in soils was studied by Amritha and Devi (2017). Results indicated
that the herbicides had negative effect on microbial biomass carbon. Dehydrogenase activity
also showed a decline due to the application of herbicides, but to a lesser magnitude than
microbial biomass carbon. The adverse effect was pronounced only at 15 days after
application of herbicides and followed the order viz., pendimethalin >bispyribac-sodium >
oxyfluorfen > cyhalo fop-butyl. The adverse effects were of lower magnitude in the soils of
high organic matter content.

Future outlook in developmentsin weed science

The weed science research is getting diversified with increased research activities in areas
such as alelopathy, bio control, weed ecology, weeds utilization, crops cultivars with
combined (stacked) herbicide tolerant traits, genome sequencing to understand weed
populations; use of unmanned aeria vehicles (UAVS), imaging sensors-based tools and
geospatial information technology, harvest weed seed control (HWSC) and integrated weed
management (IWM). Revolutions in machine learning and automation have led to use global
positioning system (GPS) to distinguish weeds from crops and deliver spot herbicide
application. These technologies open multiple possibilities for efficient weed management,
whether through chemical or mechanical mechanisms

Conclusion

The impact of weed management tactics on crop yield must be evaluated case by case for
economic benefits to farmers. A system approach with emphasis on weed seed bank is critical
in developing a strategy for management of annual weeds. A good understanding of biology
and ecology of few mgor weeds in the system will further strengthen the efforts. Such an
approach based on ecological principles and system concept in mind will ensure management
of weeds on a sustainable basis. It is important to frame multi-tactic approach involving
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relevant preventive and cultural methods with little reliance on herbicides to help the small
holder farmers.

The overall objective of the approach would be to: (i) reduce recruitment of weed seedlings
from the soil seed bank,(ii) alter crop—weed competitive relations to the benefit of the crop
and (iii) ensure gradua reduction of the size of the weed seed bank. Potential higher income
with any new technologies would be an incentive for farmers. Farmers must be educated for
implementing new and sustainable technologies. Weed science research must aim at
developing integrated weed management systems that give farmers more flexibility and
options which use both chemica and nonchemical practices in order to offer a more robust
sustainable weed management system.
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Abstract

Laevicaulis alte also known as the Tropical Leather leaf is a slug native to Africa. It has
spread to many countries. It has been reported from many parts of India and is expanding its
range stealthily. Field studies have been conducted in the early morning hours to record the
terrestrial gastropod diversity in various ecosystems of Central Keralafrom 2019 -2021. Data
from direct field surveys and citizen science surveys through pictorial google forms shows the
presence of Laevicaulis alte in al the 14 districts of Kerala. Studies in the forest ecosystem
have also recorded the slug but only from the disturbed forest areas. In one recorded instance
in Piravom municipality in Ernakulam, the slugs were observed to be comparatively bigger in
size and turned pestiferous in nature. The morphometrics of the slugs of the area was also
recorded for further study. Usually the slug spreads by ornamental plant trade. In some places
where slugs have turned pestiferous, they pose athreat to vegetable crops. Laevicaulis alte has
already established its population in many countries like USA and has attained the invasive
pest status. Hence, it is necessary to monitor the slug population and its distribution.

Keywords: slug, gastropod, invasive maaco fauna, Tropical leather leaf, African slug
Introduction

Laevicaulis alte is a terrestrial slug which belongs to Class Gastropoda under Phylum
Mollusca (Brodie and Barker, 2012).Gastropods include organisms like snail, slug and semi-
dug. They perform a wide variety of ecologicaly important roles like nutrient cycling,
detritivory, calcium reserves, pollination, seed dispersal and so on (Cyril and Joseph, 2023).
Globally, the terrestrial gastropod fauna has many infamous invasive species like Achatina
fulica, Euglandina rosea etc. which have wreaked havoc by spreading fatal diseases,
destroying crops, causing aesthetic nuisance and affecting the native malaco fauna (Brodie
and Barker, 2011).

Originaly a native of Africa, Laevicaulis alte has expanded its range to Asia, Australia and
most Pacific islands. The species have spread to new regions through horticultural trade(Ali
and Robinson, 2022). They are phytophagus and feed on many ornamental plants and
vegetables. Hence, they are aso known as garden slug (Brodie and Barker, 2012).

Cyril ,A.E. and Joseph,G.K. 2023. Certain observations on the spread of the invasve slug Laevicaulis altein Kerala.
In: Biological Invasions. Issues in Biodiversity Conservation and Management. Proceedings of a National
Conference, Bioinvasions, Trends, Threats and Management held from 3 to 4™ December, 2022 at
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Laevicaulis alte has many adaptations that helps it to thrive well in the tropical region. They
possess good ability to camouflage against the soil and leaf litter layer. They have a leathery
dorsa side and a narrow foot which help minimize the waterloss. At rest they shrink to a near
oval shape to reduce the exposed area (Brodie and Barker, 2012).

Laevicaulis alte is an invasive pestiferous slug which can pose serious threat to many crops.
They also affect the native species negatively (Ali and Robinson, 2022). The slug is infamous
as a carrier of the Rat Lungworm which causes Human Eosinophilic Meningitis (Mahagan et
al.,1992). Hence, it is important to study the ecology and population dynamics of such
invasive species for effective management and control of these species.

M aterials and methods

The study was conducted in different ecosystems of selected districts in Kerala namely
Kottayam, Ernakulam, Idukki and Pathanamthitta. The study was conducted for three years
from 2019 to 2021 during the pre-monsoon, monsoon and post-monsoon seasons. Random
sampling was employed during early morning hours in quadrats of 1*1 sg. mtr. Opportunistic
observations were also made whenever possible to study the ecology and biology of the slug.
Citizen science survey was done by circulating a pictorial google form through peer groups,
social media and mailing lists. Citizen science surveys were done during two years. It covered
various aspects like local malaco fauna, local pest status, crops affected, natural predators of
slug and the mitigation measures adopted. Five morphometric parameters viz., length, width,
live weight, circumference and width of foot were studied. Measurements were taken using a
twine and scale. Mean values were calculated using MS Excel.

Results and discussion
. Observationson the Ecology of Laevicaulis alte

The slug was mostly observed in moist and shady habitats especialy under leaf litter and
damp soil. They are very active during the late evening and early morning time. The egg
masses were recorded in the late monsoon period. The translucent eggs are seen in clusters.
They are found in moist soil. Specia faecal pellets with high soil content are also observed on
top of this egg mass. This helps them to maintain humidity and prevent the eggs from drying
off.

They feed on leaves of plants. They were observed to feed on leaves of tomato, cucumber,
cabbage and brinjal during the study. The natural predators of the slug as observed during the
study include duck, crow pheasant and glowworm larvae.

The dlime is transparent and less viscous at normal state and it becomes thick whitish and
sticky substance when the slug is disturbed. Similar observations were made by (Bhavare and
Magare, 2017). The faecal matter appears as slender thread like substance. The colour of the
faecal matter varies depending on the diet.
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Il. Distribution of Laevicaulis alte

From the systematic field surveys, opportunistic visits and citizen science surveys, it was
found that Laevicaulis alteisfound in all fourteen districts of Kerala

Table 1. Presence of Laevicaulisaltein various ecosystemsin Kerala

S No | Ecosystem Presence of Laevicaulis alte
1 Agroecosystem Yes
2 Wetlands Yes
3 Disturbed Forest Yes
4 Undisturbed Forest No
5 Sholas No

Laevicaulis alte was recorded in wetlands, agroecosystems and in some disturbed forest
patches. It was found absent in the sholas and undisturbed forest areas. Laevicaulis alte was
recorded from monoculture plantations as well as mixed crop agroecosystems. They were also
recorded from uncultivated fallow lands. All Laevicaulis alte recorded during the study was
observed from under leaf litter or moist hiding places like fallen logs.

Normally, the slug population has caused only minimal damages to the crops in our state. But
in one instance from Piravom, Ernakulam, the slug population has become a nuisance in the
agroecosystems and households near the Piravom river after the flood. The slugs increased in
number and had comparatively bigger size. They mostly affected vegetable crops.

Table 2: Summary of morphometric analysis of Laevicaulis alte from Piravom region

Morphometric M easurement

Parameter Minimum Maximum Mean SD
Length (cm) 3.2 10.7 55 +2.0
Width (cm) 1.1 2.4 1.7 +0.5
Circumference (cm) 6.1 12.8 10 +2.7
Width of foot (cm) 04 1 0.7 +0.2
Live weight (g) 11 14.3 5.7 +3.2

Although the mean length of population is approximately equal to that reported from Odisha,
standard deviation values show great variation in the slug population from Piravom
region(Das and Parida, 2015).The mean live weight of the slug population is5.7 + 3.2g which
is higher than that obtained in the previous studies (Das and Parida, 2015). Both these indicate
that the slug population in the region attain higher growth which may be due to the ambient
conditions like moisture, lush vegetation and moderate leaf litter layer near the riverine areas
that facilitates their survival.
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Conclusion

Laevicaulis alte has expanded its range al over Kerala through trade and ornamenta routes.
Though the slug population normally causes only minima damages to the crops, in isolated
instances, they have caused serious damages to vegetable crops. The slug was also recorded
from disturbed areas of forest ecosystems which is indicative of the forest degradation due to
anthropogenic interferences. A constant monitoring of the dlug population using
morphometric studies is advisable to know their status and effects on the society. If not
controlled at early stages, the situation may run out of hand as in case of the Giant African
Snail.
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A CHECKLIST OF INVASIVE PLANTSOF THREE MAJOR
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PATHANAMTHITTA DIST.

Alen Alex, P.* & Thomas, V.P.2
'Department of Zoology, 2Department of Botany,
Catholicate College, Pathanamthitta 689645

Abstract

An exploratory survey conducted on three major wetlands of Kodumon Gramapanchayth of
Pathanamthitta district reveals the presence of 24 species of invasive aien plants.
Among which Mikania micrantha, Mimosa diplotricha, Salvinia molesta  and
Sohagneticola trilobata shows serious levels of invasion and needs further attention.

Keywords: Invasive Alien Species, Wetland, Pathanamthitta, Invasive plants, Mikania,
Mimosa, Sohagneticola trilobata.

I ntroduction

Biological invasion is considered to be the second biggest threat to natural ecosystems
after habitat loss (CBD, 1994). Invasive Alien Plant Species (IAPS) refers to any plant
species that are not native to that ecosystem which may have been accidentally or
deliberately introduced to the ecosystem (Enserink, 1999; Van der Putten 2007), without
any predator pressure to keep their populations in check they thrive and become invasive
by displacing native plant species. The impacts of IAPS include displacement of native
plant species, change of soil chemica profile and rewarding pollinators better than the
native species thereby reducing the reproductive success of local species (Nilsson &
Grelsson, 1995).

Invasive species can change the function of an ecosystem. Invasive species are closely
related with rare native species and have the potential to hybridize with the native species.
Harmful effect of hybridization has led to a decline and even extinction of native species
(Kumar et al., 2009). Trivedi (2009) well illustrated the diagnostic features of invasive
exotic which includes their ability to reproduce both asexually and sexualy, fast growth
rate, rapid reproduction, high dispersa ability, tolerance of a range of
environmental conditions, and the ability to live off of awide range of food types.

Alex, A. P. and Thomas, V. P. 2023. A checklig of invasive plants of three major wetlands of
Kodumon Gramapanchayath, Pathanamthitta dist. In:, Biological Invasions. Issues in Biodiversity
Conservation and Management. Proceedings of a National Conference, Bioinvasions, Trends, Threats and
Management held from 3 to 4™ December, 2022 at Thiruvananthapuram. Kerala State Biodiversity Board,
Thiruvananthapuram, pp. 83-87.
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M ethodol ogy

The study was conducted on IAPS of Edathitta, Manjippuzha and Moozhikka wetlands of
Kodumon Gramapanchayath, Pathanamthitta district, Keraa (9°12N 76°46'E). The
surveys were conducted during the months of September - November 2022. The study
site covers 147 acres comprising paddy fields and uncultivated fields, along with a small
water body that exists year-round and a small stream that runs through the middle of the
wetland. The study area has an elevation below 50 m from sea level and lies within 10
km of the Konni reserve forest. The site was divided into square cells measuring 30.5 x

30.5m and the flora was surveyed. The IAPS were identified using the 'Handbook on
Invasive Plants of Kerald (KSBB, 2012) and with the help of subject experts. The abundance
of IAPS was estimated visualy and recorded. A detailed checklist of Invasive plants was
prepared with scientific name, family, habit and country of origin.

Results & Discussion

Taxonomy: The study on IAPS of the area has revealed that the area is composed of
24 species of IAPS belonging to 21 genera and 11 families (Table 1). Among
Dicotyledons, Polypetalae is represented by two families (18.18%), five genera and seven
species; Gamopetalae represented by three families (27.27 %), nine genera and nine species
and Monochlamydeae represented by one family (9.09 %), two genera and three species.
Monocotyledons represented by three families (27.27 %), three genera and three
species. Pteridophytes (18.18 %) are represented by two genera and two species.

Habit: Among the IAPS, 37.5 % represented by herbs, 16.66 % represented by
shrubs,

12.5% represented by floating herbs, 8.33% represented by creepers, 12.5 % represented by
climbers and 12.5 % represented by sub-shrubs.

Contribution of Geographical Area: The contribution of Tropica Americais 54.16%,
Tropical Asia 8.33 %, Tropica Africais 12.5 %, Central America is 25 %. The American
continents have contributed mgjority of the IAPS of the study area.

Out of the IAPS recorded, Mikania micrantha, Mimosa diplotricha, Salvinia molesta and
Sohagneticola trilobata showed the most invasive nature and possess a threat to the
ecosystem.

Conclusion

The farmers engage in yearly weeding practices which keep the IAPS under control, but they
go unchecked in uncultivated fields and can pose a serious threat to endemic flora and
fauna if no proper measures are taken. This study was limited to only 3 small
wetlands of Pathanamthitta district. The level of biological invasions has yet to be
studied in the remaining habitats of the district. This study has not shown any significant
monocot invasions, the extent of invasion by monocot members isto be re-evaluated.
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Table 1: Checklist of Invasive AlienPlant Species.

5| 4|o| 8
S > 5 A (925
No:l & O Family Species Habit Country / Region of
8
1|5 Salviniaceae Salvinia molesta [Aquatic Herb Brazil
5
©
2|5 Dennstaedti acead| Pteridium aquilinum Herb Tropical America
o
Calopogonium
3 mucunoides Creeping Tropical Asia
4 Centrosema Climbing America
Mimosa diplotricha
5 8 & var. diplotricha Sub shrub Tropical America
gl s
6 S § Mimosa pudica Herb South America
2la Fabaceae
7 Senna alata Shrub Tropical America
8 Senna occidentalis Shrub South America
Tropical Central and
9 Melastomatacead Clidemia hirta Shrub South
Central America and
10 Ager atum conyzoides Herb Caribbean
11 g " Cosmos sulphur eus Herb North America and
g| 8 _ _
12 @- [ © Chromolaena Shrub Tropical America
2 o| o North, Central and
13| < c_fg ‘= Mikania micrantha | Climbing South
S =
14 é’ Fhagneticola Creeping Tropical America
8 Asteraceae
15 Synedrella nodiflora Herb West Indies
16 Tridax procumbens Herb Tropical America
@
17 @_ Convolvulaceae| Ipomoea cairica Climbing Tropical Africa and
S
18 % Lamiaceae Hyptis capitata Subshrub Central America
8l g Alternanthera Herb Tropical America
19 1> bettzickiana
E g Alternanthera Subshrub Mexico to Brazil
20 FC)) Q| Amaranthaceae brasiliana
5| 3
21 = Amar anthus spinosus Herb South and Central
22 Alismataceae | Limnocharis flava |Aquatic Herb America
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(@]

23 ” g Araceae Pistia stratiotes [Aquatic Herb Africa

B

Q Q

e @

5 £

= > . . .
24 0] Poaceae Pennisetum Herb Tropical Africa
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Abstract:

Taxonomic documentation of the Invasive Alien Angiosperms (IAA) in Pathanamthitta
Municipality revealed that the area harbours 48 species of IAA composed of 49 species of
IAA belonging to 39 genera and 21 families. Among Dicotyledons, Polypetalae is represented
by 7 families (33.3 %), 9 genera and 12 species; Gamopetalae is represented by 8 families
(38.09%), 20 genera and 26 species and Monochlamydeae is represented by 5 families
(21.00%), 8 genera and 9 species. Monocotyledons are represented by 1 family (4.7 %), 2
genera and 2 species. Asteraceae is the most dominant family in the study area. Most of the
invasive aien plants in Pathanamthitta municipality are indigenous to the American
continents.

Keywords: Taxonomic documentation, Invasive, Alien Angiosperms, Pathanamthitta,
Municipality

I ntroduction

Aninvasive alien species is a plant or animal those are not native to a specific location, and
has the tendency to spread which is believed to cause damage to the environment and the
human health. Invasive alien plants leads to loss of biodiversity including species extinction,
and changes in hydrology and ecosystem function (Pandey et al., 2009). These biological
invasions of plants are believed to be the 2™ largest cause of current biodiversity loss, after
habitat destruction (Vitousek, et al., 1997). Most aien plant species that are known to be
invasive in India were 1% introduced in to the country as ornamentals. They decline the yield
of agricultura crops, forests, decrease the water availability and also contribute to the spread
of disease (Srivasthava & Srivasthava, 2009).Biologica invasions are intentionaly or
unintentionally introduced species in to a new area or alter ecosystem in ways that promote
invasions. Global factors both primary and secondary that supports the introduction and
spread of aien invasive species. Trivedi (2009) well illustrated the diagnostic features of

Thomas,V.P, Sajna, S., Soorg] Krishnan, K.V., and Thomas, B. T. 2023. Taxonomic documentation of invasive
dien angiosperms in Pathanamthitta Municipal area. In: Biological Invasions. Issues in Biodiversity
Conservation and Management. Proceedings of a Nationa Conference, Bioinvasions, Trends, Threats and
Management held from 3 to 4™ December, 2022 at Thiruvananthapuram. Kerala State Biodiversity Board,
Thiruvananthapuram, pp 88-95.
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invasive exotic which includes their ability to reproduce both asexually and sexualy, fast
growth rate, rapid reproduction, high dispersal ability to live off awide range of food type.

Materials and Methods

The present study is based on the repeated collection of available specimens of invasive alien
angiosperms from 32 wards of Pathanamthitta Municipality area in its reproductive and
vegetative stages. The specimens of appropriate size with relevant plants were collected from
the field and sealed in polythene covers after treating with formaldehyde. Herbaria were
prepared following wet method. The dried specimens were mounted on the herbarium sheet
and labelled properly, after including all the relevant information. The specimens were
deposited in the herbarium of Catholicate College, Pathanamthitta. The specimens were
identified with available literature. After identification, worked out each material and drawn
in Gate way tracing paper using Micro tip pen (ROTRING). Illustration consists of habit,
flower, sepal, petal, stamens, gynoecium, ovary c.s., seed and fruit.

The materials collected were brought to laboratory for the detailed study of microscopic
characters. Observations were made using a dissecting microscope. Invasive aien plants were
identified using Kumar et al. (2009), Chatterjee et al. (2009), Singh and Singh (2009),
Srivastava and Srivastava (2009), Sgjeev et a.,.(2012), Sasidharan (2012) and Surendra et al.
(2013).The present work is based on the survey and the taxonomic studies on invasive alien
angiosperms of Pathanamthitta Municipality and the consultation of herbarium specimens
deposited at CATH and KFRI. The specimens were identified using Floras, Monographs,
publication, etc. The identity of the taxon was confirmed with materials deposited at CATH
and KFRI.

Citations of all taxa published were obtained from IPNI. The databases of the International
Plant Name Index (IPNI). (http:www.ipni.org) was utilized. Author names were given
following Author of plant name index by Brummitt and Powell (1992). Acronyms of
herbarium (Thiers, 2011).The risk status if the species were tentatively identified and grouped
based on Sgjeevet al., 2012.

Results and Discussion

A preliminary taxonomic investigation on the Invasive Alien Angiosperms (IAA) of
Pathanamthitta Municipality has revealed that the area is composed of 49 species of 1AA
belonging to 39 genera and 21 families (Table 1). Among Dicotyledons, Polypetalae are
represented by 7 families (33.3 %), 9 genera and 12 species, Gamopetal ae are represented by
8 families (38.09%), 20 genera and 26 species and Monochlamydeae are represented by 5
families (21.00%), 8 genera and 9 species. Monocotyledons are represented by 1 family
(4.7 %), 2 genera and 2 species.
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Table 1. Representing families

Families

Number of Genera

Number of Species

ACANTHACEAE

1

AMARANTHACEAE

3

ASTERACEAE

[
[

CAESALPINACEAE
CAPPARIDACEAE
CONVOLVULACEAE
EUPHORBIACEAE
LAMIACEAE
MALVACEAE
MELASTOMACEAE
MIMOSACEAE
PAPILIONACEAE
PASSIFLORACEAE
PHYTOLACEAE
PIPERACEAE
POACEAE
PONTEDERIACEAE
RUBIACEAE
SOLANACEAE
SCROPHULARIACEAE
VERBENACEAE
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Taxonomic distribution of alien flora: In the alien flora of the Pathanamthitta Municipality,
Asteraceae are the most dominant family with 11 genera and 12 species (Table 2). It may be
due to their prolific seed production and ability to spread fast. Asteraceae are the dominant
invasive family and contributed most of the exotic weed species in our country (Reddy,
2008). Singh et al. (2010) also recorded the dominance of Asteraceae in invasive alien flora of
Uttar Pradesh. Rao and Murugan (2006) also recorded that Asteraceae are the dominating
family in dien flora of India. Amaranthaceae are the second largest family represent by 3
genera and 4 species. Due to the suitable conditions, they grow abundantly. Fabaceae are the
third largest family represented by 3 genera and 3 species, and having the potential of
Nitrogen fixing capacity which would be helpful to them in colonizing the empty niches. Due
to the nitrogen-fixing bacteria associated with these taxa, these species improves the soil
fertility. Other families viz. Convolvulaceae are represented by 2 genera and 6 species,
V erbenaceae are represented by 2 genera and 2 family Euphorbiaceae are represented 2genera
and 2 species, Poaceae are represented by 2 genera and 2 species.

Table 2. Relative dominance of families of invasive alien angiosper msin the study area

Family Number of Genera Number of Species

ASTERACEAE 11 12
AMARANTHACEAE
PAPILIONACEAE
CONVOLVULACEAE
EUPHORBIACEAE
POACEAE
VERBENACEAE

NININN W W
NINNO|IW &~
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Figure 1: Relative dominance of families of IAA

Habit-wise Distribution: Among the Invasive Alien Angiosperms, 53.06% is represented by
herbs, 28.57% by shrubs 2.04% by floating herbs, 12.2% by climbers, 4.08% by sub-shrubs.
Habit-wise analysis shows herbaceous species share 151 species of Invasive alien speciesin
India (Reddy, 2008). The herbs having greater vegetative and tolerance to harsh conditions
could results in the dominance (Surendra et al., 2013).

Contribution of Different Geographical Regions: Contribution of different geographical
regions in terms of nativity is shown in Figure 2 (Table 3). The contribution of Tropical
Americais 48.98%, South Americais 16.32%, Central Americais 10.20%, North Americais
2.04%, Africais 6.12%, Australia is 2.04%, West Indies is 4.08%, Asia is 8.16%, and Pan-
tropical is 2.08%. The American continent contributed majority of the Invasive Alien plantsin
Pathanamthitta Municipality.

0, 0,
) 4.08% 8 165 2.08%
6.12% _2.04%

10.20% ___ 2.08% @

= Tropical America Ao et] Central America
North America  n1&f3d&e = Australia
= West Indies m Asia = Pan Tropical

Figure 2: Contribution of different geographical region

Potential Uses of Alien flora: A search in the literature indicated that several of these species
have potential uses for different purposes (Figure 3.) This can be important for management
of these alien floras in sustainable way. The analysis of uses of Invasive Angiosperm of
Pathanamthitta Municipality indicates (in the Figure 3. 8) 77% of 1AA are medicinal, 4.08%
are edible, 6.1% are cover crops, 4.08% are fodder, 6.12% are ornamental, and 40.85%are
unknown.

6.12%

= Medicinal Edible Cover crops

Fodder = Ornamental = Unknown

Figure 3: Potential uses of alien flora
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Possible mode of Introduction of Alien flora: Based on literature, only 11 (22.91 %) seems
to have been introduced deliberately and the rest of them unintentionally through trade
exchanges including grain import (Surendra, et al., 2013). The mode of introduction of plants
Is represented in the Figure 4. In this study 6.12% of plants are introduced as ornamentals,
6.1% as cover crop, 1.85% as food and 40.85% as unintentional .

Risk analysis

| 40.85% '

= Ornamental

Cover crop

) 4.08%

Food

Unintentional

Figure 4: Possible mode of introduction of alien flora

The IAA of Pathanamthitta Municipality has been tentatively grouped into 4 classes based on
their nature, specificity and risk viz. High risk, Medium risk, Low risk and Insignificant
following Sgjeev et al. (2012).

Table 3. Alien invasive speciesin Pathanamthitta municipality & their risk classes

PURPOSE OF
SPECIES FAMILY HABIT RANK NATIVE USES INTRODUCTION

Ageratum conyzoides  |Asteraceae Herb Low Trop. America |Medicinal |Ornamental
Ageratum haustonium  |Amaranthaceae |Herb Low Trop. America _ _
Alternanthera . Tropica
bettzikiana Amaranthaceae |Herb High America
Alternanthera brasiliana|Amaranthaceae |Herbs  |Insignificant i?nng?::;‘ South Ornamental |Ornamental
Amaranthus spinosus  |Amaranthaceae |Herb Low Trop. America |Medicinal _
Blumea lacera Asteraceae Herbs |Low Tr0p|pal _ _

America
Calopogonium . Trop. America
mucUNoides Papilionaceae |Herb Low West Indies Cover crop
Centrosema molle Papilionaceae |Climber |Medium Central America |Cover crop |Cover crop
Chromolaena odorata |Asteraceae Shrub  [High Trop. America _ _
Cleome burmannii Capparidaceae |Herb Low Indo-Malesia _
Cleome viscose Capparidaceae |Herb Medium Trop. America l\EAd?(tj)llg ndl, Ornamental
Clidemia hirta Melastomaceae |Shrubs  |Medium Tr0p|pal _

America -
Cras_S(_)C_ephal um Asteraceae Herbs |Low Tropi pal _
crepidioides America -
Cuscuta refloxa Convolvulaceae|Climbers|Medium Mediterranian _ _
Dactyl octenium Poaceae Herb Low South America |Medicina
aegyptium
Datura innoxia Solanaceae Shrub  |Low Trop. America _ Ornamentd
Eclipta prostrata Asteraceae Herb Insignificant| Trop. America _ _
Eichhornia crassipes  |Pontederiaceae |Floating [High Trop. America _ Ornamental
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herb
Euphorbia hirta Euphorbiaceae |Herb Low Trop. America |Medicina
Gomphrena celosioides |Amaranthaceae |Herb Medium South America _
Hibiscus hispidissmus  |Malvaceae Shrubs |Medium Asia _ _
Hyptis capitata Lamiaceae Shrub  |Medium Central America _ _
Hyptis suaveolens Lamiaceae ;urtl)Jb Medium Trop. America |Medicina _
| pomoea cairica Convolvulaceae|Climber |Medium Africa& Asia  |_ _
| pomoea carnea Convolvulaceae|Shrub  |Medium Trop. America |Medicinal _
| pomoea hederifolia Convolvulaceae|Climbers| Low Trop. America |Ornamental _
|pomoea purpueria Convolvulaceae|Climbers| Low Trop. America |_ _
Lantana camara Verbenaceae [Shrub | High Central America |Medicinal  |Ornamental
Merremia vitifolia Convolvulaceae|Climber |High Asia Medicinal
Mikania micrantha Asteraceae Climber [High South America Eggsrercmp’ Cover crop
. . . . Sub . . Cover crop,
Mimosa diplotricha Mimosaceae srub High South America Fodder Cover crop
. . . . Sub . . Cover crop,
Mimosa diplotricha Mimosaceae srub High South America Fodder Cover crop
. : : Trop. America
Mitracarpus hirtus Rubiaceae Herb Low & Trop. Africa |-
E arthenium Asteraceae Herb High North America |Medicina
ysterophorus
Passiflora foetida Passifloraceae |Climber [High South America I\E/Ideﬂgnal,
Pennisetum Poceae Herb  |Medium Paleo-Tropical |_
polystachyon
Peperpm|a Piperaceae Herb Insignificant|South America |_ _
pellucida
Pueraria phsilioides Ppilionaceae  |Herbs |High
Ricinus communis Euphorbiaceae [Shrub  |Medium Trop. Africa Bio-fuel
Rivina humilis Phytolaceae  [Shrubs |Low Trop. America |_ -
Ruellia tuberosa Acanthaceae  |Herb Low Trop. America |Medicinal |
Scoparia dulcis Euphorbiaceae |Herb Low Trop. America |_ -
Senna alata Caesdlpiniaceae|Shrub  |Low South America |Medicina |Ornamental
Senna occidentalis Caesdlpiniaceae|Shrub  |Low South America |Medicina |
Spilanthess radicans Asteraceae Herbs |Low Trop. America |Medicinal |
_Stachyter pheta Verbinaceae  |Shrubs |Insignificant| Trop. America |_ _
jamaicensis
Synedrella nodiflora Asteraceae Herb Low West Indies _
Tridax procumbens Asteraceae Herb Low Central America |Medicinal
Wedelia trilobata Asteraceae Herb Low West Australia  |Ornamental

Studies are also needed to understand their introduction pathway and status and to quantify
the severity of invasion in different habitat. Global Invasive Species Program (GISP) proposes
three mgjor management options— prevention, early detection and eradication (Syrett et al.,

2000).

Invasive alien species are increasingly seen as a threat not only to biodiversity and ecosystem
services, but aso to economic development and human well-being. They reduce yield of
agricultural crops, forest and fisheries, decrease water availability, cause costly land
degradation, block transport routes and contribute to the spread of disease. They also reduce
effectiveness of development investment by chocking irrigation canas, fouling industrial

pipelines and impeding hydroel ectric facilities (Pandey et.al, 2009).

Invasive species are tolerant against environmental extremes and possess greater flexibility
for survival in wide range of condition with high water, light and nutrient use efficiencies.
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Some of the invasive species also exhibit fire resistance besides better competitive ability and
alelopathy (Dey, 2009).

Although an invasive species is often defined as an introduced species that has spread widely
and causes harm, some species native to a particular area can, under the influence of natural
events such as long term rainfall changes or human modifications to the habitat, increase in
numbers and become invasive (Kumar et.al, 2009).

Prevention is the most cost efficient and effective method against invasive alien species.
Halting the establishment of potentially invasive species in the first place is the first line of
defense. Government conduct customs checks, inspect shipment, conduct risk assessments
and set quarantine regulations to try to limit the entry of invasive species. However, global
inspection and risk analysis capacity is usually not sufficient (Kumar et.al, 2009). Exotic
invasion is often associated with declinesin local plant diversity (Richardson et al., 1989). To
verify this quantitatively in Pathanamthitta municipality area, further study on correlation
between native species richness and abundance of alien flora should be carried out.

Conclusion

This present work is an attempt to document the Invasive Alien Angiosperms (IAA) of
Pathanamthitta Municipality area and to prepare a brief account on the taxa with a key for
identification. The listed invasive exotic species will serve as basic information for future
research towards the conservation of endemic and natural vegetation of this area. In
Pathanamthitta Municipality area, 49 species of 1AA are distributed in 39 genera under 21
families. From the study it is noticed that terrestrial plants are dominant than aquatic forms.
Out of the 48 species of IAA in the Pathanamthitta Municipality 11 falls under high risk
category, 12 pose medium risk category, 21 pose low risk category and 5 are insignificant
category. Majority of the species are native to Tropical America (48.98%). The present study
also suggests some of the control measures to check the spread and development of 1AA of
Pathanamthitta Municipality area.
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Abstract

An invasive speciesis a plant, fungus or animal that is not native or non-indigenous and can
displace native habitat, disrupt nutrients and cause changes in an ecosystem. According to the
convention for biologica diversity, invasive species are the second most threat to
biodiversity. Generally, they are introduced as a consequence of anthropogenic activities.
Invasive dien plants have caused extensive economic and ecologica damage by
homogenizing the flora of native ecosystems. Roads play a key role in spreading invasive
species as it serves as prime habitats and corridors for invasive plant species. Thus it can
gradually affect and can contribute significantly to the spread and establishment of weeds
along urban to rural areas. Urban ecology deal with the interactions between organisms and
human-dominated environment and linear intrusions enhance the spread of invasive species.
According to the study of global invasive species, data reported 242 invasive species. Of these
173 plant species were recorded from India. Species such as Lantana Camara L., Euphorbia
Heterophylla L., Parthenium Hysterophorus L., and Mikania Micrantha are widely
established in various parts of India. Hence, it is very essentia to study the extent of the
proliferation of invasive species in urban areas. The current study aims to know the status of
invasive species aong the roadside areas of the Tirur to Parappanangadi region. The survey
was conducted on the Tirur to Parappanangadi road which connects Tirur and Kozhikode. A
total of thirty 30mx3m rectangular plots were randomly selected along the road. The number
and area occupied by invasive and native plant species encountered within these plots were
recorded and identified with the help of the “Handbook on invasive plants of Kerala”
published by Kerala Forest Research Ingtitute. This study delivers detailed information on the
density and diversity of invasive alien species and co-occurring species aong an urban-to-
rural gradient.

Keywords:. Invasive plants, Urban ecology, Diversity, Abundance

Introduction

Anthropologica disturbance alters both structure and function of biodiversity (Blair 2004).
Such disturbances reduce species abundance, and habitat loss, and spread zoonotic diseases

(Covid 19) directly or indirectly (The global assessment report on Intergovernmental Science-
Policy Platform on Biodiversity and Ecosystem Services 2019). Rapid changes in landscapes

Aswathy Nair, R. and Dhanya, R. 2023. A study on the distribution of invasive plant species along an urban-
rural gradient, Malappuram, Kerala. In: Biological Invasions. Issues in Biodiversity Conservation and
Management. Proceedings of a National Conference, Bioinvasions, Trends, Threats and Management held from
3% to 4™ December, 2022 a Thiruvananthapuram. Kerala State Biodiversity Board, Thiruvananthapuram,
pp. 96-102.
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adversely affect both humans and biodiversity (Dhanya 2011). Agricultural expansion and
urbanization lead to urban heat islands; intensity impacts many aspects of biodiversity
(Marzluff 2001).

In India, urban ecological studies are till in the preliminary stage. The linear intrusions (roads
and railways) promote the dominant spread of invasive alien species (IAS) in an urban
ecosystem. Invasive species canspread mainly through the 3T’s Travel, Trade and Tourism
(Thomas & Moloney, 2013). IAS include animals, plants or organisms introduced through
human activities that can establish and spread rapidly across large areas by replacing natural
ecosystems (Deparis et a., 2022). 1AS have rapid reproduction and growth, high dispersal,
physiological adaptation to new conditions and the ability to survive in different
environmental conditions. In India, most plant species are exotics which are natives of
America, Africa, Europe and Australia. (Sharma et a., 2001) and led to the biotic
homogenization of urban habitats (McKinney and Lockwood 1999). Biotic homogenization
is the process of replacement of endemic or native communities by widespread exotic species
(McKinney & Lockwood 1999). The spread of IAS through transportation increases the rate
of extinction of native species.

The state urbanisation report shows a rapid increase in the urban population in Kerala. This
depicts the growth of the economy with the high rate of foreign exchange of money as
compared to other states (Lal & Nair, 2017). According to development, road density in
Kerala rose each year. Keraas total road length for 2019-20 is 3,31,904.11 km (ENVIS,
Kerald). Both classified and unclassified routes are included in this. Such fragmentation of
landscapes leads to a significant loss of natural habitats and water bodies, reducing open
spaces in KeralalAS spread rapidly in urbanized areas which converts natural ecosystems,
decreases the rate of native plant-pollinator interaction, and extinction of endemic plants
(Kohli et al., 2004). They indirectly affect hydrology and soil quality, affecting the
provisioning of ecosystem services, and due to costs incurred in their control or management.

Objective

To quantify the distribution and diversity of invasive and native plant species along an urban-
rural gradient.

M ethodology
Study area

Malappuram is Kerala’s largest district, situated at 11.0510° N latitude and 76.0711° E
longitude. The climate of the study area is tropica monsoon and the average rainfall is 3266
mm and the temperature ranges from 28° ¢ to 38.8°. This region has a well-developed
transport system with roads and railways. An intensive study was conducted along the 20 km
from Tirur to Parappanangadi stretch.
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Fig 1: Study area (Source: Google earth pro)
Method

Sample plots (30m x 3m) were selected randomly aong the urbanization gradient at every
1 kminterval (Fig.1) All plants were identified and documented by species level with the help
of the Handbook of Kerala Forest Research Institute and the International Plant Name Index
(2019). The co-occurring plants in the same quadrant were identified and quantified using
keys pertinent to the study area. To assess the quantitative distribution and density indices on
species richness and proportional abundance (Shannon Index H’) Species dominance was
estimated by using Pielou’s evenness index (Prasannaet al.2019)

Results

According to the study, the IASin the Tirur areawere intermediately diversified. There are 14
invasive plants and 12 native plants identified from the 20 plots in the study area and were
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representatives of six families, such as Amaranthaceae, Fabaceae, Asteraceae, Euphorbiaceae,
Lamiaceae and Combretaceae (Fig.2). As for the results of the study site Shannon diversity
values significantly vary. The Highest Shannon diversity index (H = 0.30) was observed in
plot number 6. This point tended to show the highest IAS diversity and species distribution
over al the other points. In contrast least, the Shannon diversity index (H = 0.00) was
observed in plot 12, where only one species of |AS was recorded. The highest evenness value
(E = 0.35) was observed in plot 6 while the lowest evenness value (E = 0.00 was observed in
plot 12.

Discussion

The Asteraceae family has about 2162 individuals followed by the Lamiaceae, which has just
one species (Hyptis suaveolens) but has a large number of that one species. The highest
family represented in the study area was Asteraceae, followed by almost equal numbers of
individuals represented from thefamilies Fabaceae and Combretaceae Similarly from the
family Amaranthaceae only one species was represented in the family (Fig.1).

2500
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Amarnthacea Fahaceae Asteraceae Fuphorhiacea Lamiaceae Combrelaceas

Family

Fig 2: Graph showing Familie

The highest density occured in plot number 6 (Fig.3). This particular point was located near a
vacant area with traffic passing by on both sides, the availability of water, as well as the
absence of canopy coverage, may have contributed to the largest abundance of speciesin plot
number 6. Chromolaena odorata and Hyptis suaveolans species have been found in this plot

(Fig.4).
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Fig 3: Graph showing Densities
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Fig 4: Graph showing abundance

The Plot number 1 has a high species accumulation due to the diversity of six species. This
vacant property was close to the town of Tirur. In the research area, there is avariation in the
spread of 1AS. Additionally, plots 5, 10, and 15 showed high species accumulation, which
was located 3m from the road, and lacked canopy cover. (Fig.6).

The number of species

0 5 10 15 20 25

Number of plots
Fig 5: Graph showing abundance Species accumulation in plots
The sixth plot has the best evenness, followed by plots 15 and 19. The evenness shows an
ascending and descending pattern. Because it is clear from the analysis that habitat

characteristics significantly impact the dominance of plant species aong the roadsides (Graph
No.5).
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Conclusion

From the study area 14 Invasive alien species and 12 co-occurring plants were identified.
According to the study site's Shannon diversity values, the results were notably different from
one another. The plot with the highest Shannon diversity index (H = 0.30) was plot number 6.
The Asteraceae family contained a large number of members in the study area. The most
common species was Hyptis suaveolens, followed by Chromolaena odorata. This shows that
invasive plants can spread quickly along urban gradients without taking into account
environmental disturbance elements that occur along roadsides. The roadside also encourages
the growth of 1A S, which can endure in disturbed environments. Habitat characteristics have a
significant impact on the growth of plant species aong the roadside. Therefore, deliberate
efforts should be made to control these species and inform the community about the
proliferation of these plants. Public participation is necessary for the eradication of invasive
plants.
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Abstract

Globally, introduction of exotic species or organisms have created serious problems in their
new environments, including India. These exotic species are aso known by other names like
invasive species, non-indigenous species or bioinvaders. Once introduced deliberately or
accidentally outside their natural distribution areas, these alien species become ‘invasive’
when they out-compete the native species and upset the ecological balance. Recently a new
aquatic plant species, Red cabomba (Cabomba furcata) attracted the attention of many people
for its panoramic view, in the Avaappandi canal area, Kozhikode District of Kerala state,
South India. An exploratory survey on this alien invasive species revealed that it was non-
native to this agro-ecosystem of Kozhikode which is predominantly one season paddy
cultivation area. Certain morphological observations were recorded on Red cabomba i.e. plant
habit, stem width, leaf and floral characters. Moreover, the study indicated that the presence
of alien species in the Avalappandi cana area not only concerns the immediately affecting
paddy crop farmers but also other stakeholders of the region. Now the Red cabombais on the
invasive mode, fast spreading into the fresh waterbodies of other districts also. If unchecked,
under the changing climatic conditions, it can fast spread to other ecologically sensitive areas
of Kerala state leading to economic, environmental harm or even adversely affect human
health. Hence, there was an urgent need to investigate the mode of spread and risk assessment
on the Red cabomba aquatic plant to mitigate the menace in this agro-ecosystem of India.

Key words: Alien species, Changing climate, Epidemics, Invasion, Red cabomba
Introduction

Humans have been responsible for the introduction of exotic species or organisms throughout
the world which have created serious problems in their new environments (Gopal, 1998) and
India was no exception to this. These exotic species are aso known by other names like
invasive species, non-indigenous species or bioinvaders. An alien species become ‘invasive’
when they are introduced deliberately or accidentally outside their natural distribution areas,

Prabhakara Rao, G. and Syamala Rani, K.M.S. 2023. A report on the biological invasion of alien plant species
Red Cabomba in the Kozhikode district of Kerala state and its impact on agro-ecosystem.
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Conference, Bioinvasions, Trends, Threats and Management held from 3 to 4™ December, 2022 at
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where they out-compete the native species and upset the ecological balance. The most
common characteristics of invasive species are rapid reproduction and growth, high dispersa
ability. Bio-invasion may be considered as a form of biological pollution and significant
component of global change and one of the maor causes of species extinction (Mooney and
Drake, 1987; Drake et al. 1989; Powell et. al. 2011). In India, around 173 species of invasive
alien plants were identified so far (Reddy et al., 2008; Sandilyan, 2022), which include 33
aquatic most seriousinvasive species. Among the 33 invader species of wetlands,
Alternanthera philoxeroides, Eichhornia crassipes, Aerva javanica, Aeschynomene
americana, Alternanthera paronychioides, Asclepias curassavica were on the top of the
list. The alarming situation of different plant invasions into India and their ecological impacts
leading to the loss of biodiversity and also in terms of ecosystem services were well
documented (Gopal, 1998; Rasmi and Balakrishnan, 1998; Powell et. al. 2011; The Hindu,
20224). They also create heavy economic losses globally (Reshi and Khuroo, 2012; Pimentel
et. al. 2001) and also to the Indian economy (Ghosh,2022).

Recently the authors have observed an aquatic plant species- Red cabomba, locally known as
‘Mullan payal’ in the water bodies of Avala Pandi area of Kerala state, India (Rao, 2022). It
was commonly known as Red cabomba and forked fanwort. Red cabomba belongs to the
clade- Angiosperms, order- Nymphaeaes, family- Cabombaceae, genus-Cabomba, and
species-Cabomba furcata(Schult and Schult, 1830). The alien species was non-native to the
agro-ecosystem of Kozhikode District(The Hindu, 2022a; Rao, 2022).This can cause
economic devastation, environmental harm and even adversely affect the human health of the
surrounding people. Due to the changing climatic conditions, often it can spread quickly into
the new environment, can cause epidemics and economic loses to the local population. Since,
no studies were conducted so far on this species, a preliminary investigation was undertaken
on the aquatic plant, Red cabomba to identify its basic nature and possible threats to the agro-
ecosystem of Kozhikode District, India.

M aterials and methods

The aguatic plant, Red cabomba was native to the Central and South America, tip of the
Florida and as far north as Cuba. This alien plant was found to be growing in several cana
areas of Kerala state, South India. An investigative study was conducted during 2022 at the
water bodies of AvalaPandi area in Cheruvannur Grama Panchayat near Perambra in
Kozhikode District of Kerala state. A map of the Avala Pandi area in CheruvannurGrama
Panchayat |location and shaded relief of Kozhikode District, Kerala state, India is depicted in
Fig.1.Cheruvannur grama panchayat of Kozhikode district is one of the 78 panchayats with a
total population of 22150 and number of households are 4663 (Census, 2001). It lies between
North Latitude 11° 32" 37.11" and 11° 36’ 4.67", East Longitude 75° 40’ 26.32" and 75° 43’
55.22". It has a total area of 21.61 square kilometers. The adjoining grama panchayats are
Thiruvallur and Velom in the north, Perambra in the east, Nochad, Meppayur, and Thurayur
in the south, Maniyur and Thiruvalur in the west. The Kuttiyadi river, erstwhile known as
Kotta river was flowing fromnorth to south, through the eastern side, detaches the grama
panchayat from Vatakara taluk. The physiography was not planar. The ridges of smaller and
medium hills and low lying valleys make the area an undulating terrain. This Grama
panchayat can be divided into three, according to the physiography — viz, hilly area, slopes
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and valleys. The highest area in grama panchayat was Purakkamala noted with a height of 115
meters above sea level. Cheruvannur Grama panchayat includes some of the lowest lying
places of the region and parts of these areas are often flooded during monsoon season.
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Fig.1. Geographical map of the Avala pandi area Cheruvannur Grama Panchayat location and shaded
relief near Perambra in Kozhikode Didtrict of Keraa state.

During the site visit, a survey was conducted with the local farmers to know more about the
occurrence of Red cabomba and its impact on their routine agricultural activities. In general,
in the Cheruvannur Grama Panchayat agricultural areas get fresh water flowing through
irrigation canals for their paddy field irrigation. A field view of the canal area filled with the
Red cabomba and images of other plant parts were recorded by using camera.Some important
morphological features of the aquatic plantswere recorded using measuring tape. Plant height
(cm), stem width (mm), canopy width (cm) and flower width was measured in cm.Color of
the leaf and flowers were noted.

Results and discussion

Puncha farming system is prevalent in the Cheruvannur Grama Panchayat of Kozhikode
District, Keraa state. This Agro-ecosystem is specific to this area where farmers cultivate
paddy crop in one season. In the Avala Pandi area farmers practice paddy cultivation during
summer season which begins from October-November, since some of the low lying places of
the region, are often flooded during monsoon. A total number of 65 ponds and 12.629
kilometers of irrigation cana are present now. The aien aquatic plant - Red cabomba spread
in one of the water bodies of Avalappandi areain Kozhikode District is currently under study.
A view of the canal areafilled with the Red cabombais depicted in Fig.2.
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Fig.2: A panoramic view of the canal covered with Red Cabomba plants.

The plant grows in fresh water bodies and it reached a maximum height of 70 to 90 cm and its
canopy spreads from 7 to 9 cm wide. Stem width ranged from 2-3 mm and it bears simple
leaves which are in light brown in color. On the surface of water, purple colored flowers
blossoms having six petals and the flower width ranged from 2-3 cm (Fig.3).This was used as
an aquarium plant and usually it needs carbon dioxide addition to the aquarium water. This
plant requires high light, because mostly in shaded areas its growth is low and also required
regular fertilization for its optima growth.Cabomba furcata is a rapidly growing invasive
speciesin Kerala now.The ability of a species to survive on various food types, and in awide
range of environmental conditions and the ability to adapt physiologically to new conditions,
is caled phenotypic plasticity. Due to the panoramic view of its purple colored flowers
(Fig.2), instantly, it attracted the attention of many people. Moreover, several visitors from
faraway places are carrying these plants along with them, leading to the spread of the species
to distant locations such as Kottayam district.

Fig.3: Images of the Red Cabomba plant with purple colored flowers

Moreover, these plants become hazardous for the water bodies due to its active stem
propagation which prevents light from entering the water.Red cabomba requires huge quantity
of oxygen, resulting in decline of water quality and biodiversity.The plants clog the entire
canal area,causing free flow of irrigation water to the sorrounding agricultural fields (Fig.4).
Views of the un-cultivated agricultural area of Avalappandi are depicted in Fig. 5. This quick
growth of these plants suffocates the water bodies ecologicaly and hinder the growth of
native aquatic plants and freshwater fish leading to considerable economic loss to the farmers.
Severa reports reveal the invasion by fast-growing plant species in catchments as well as
aquatic weeds infestation such as water hyacinth in the water bodies which drastically reduce
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the flow of streams and rivers of Kerala (The Hindu, 2019) and severa states in India
Moreover, several species of birds, especially migratory birds were abundant now in the area,
will be affected in due course of time due to scarcity of food.

Fig.5. A view of the un-cultivated agricultural area of Avalappandi.

TheKerala Scenario

Floods and landslides in Kerala have brought several alien invasive species of plants into the
State’s water bodies, posing a threat to native biodiversity and the aquatic environment (The
Hindu, 2022). The physical routes and paths formed due to landslides and the overflow of
rivers had paved the way for the establishment of primary colonies of invasive species like
Nila grass (Mimosa diplotricha), Mikania (Mikania micrantha), Lantana (Lantana camara)
and Siam weed (Chromolaena odorata). In many areas, seeds of invasive species have spread
to new spaces from mountainous areas due to landslides. These species can grow very fast in
landslide-affected areas, while native species cannot adapt to such conditions.

India is one of the mega biodiversity centers of the World. Avalappandi area in Kozhikode
District of Kerala constitutes a part of Western Ghats area which is a mgor ‘biodiversity
hotspot” in India. The potential Agro-biodiversity is under threat in different ecosystems due
changing environmental conditions. The cultivable lands are under threat due to colonization
of the paddy fields by invasive species presence, and further it may lead to the conversion of
marshy wetlands into dry lands. Many species of fauna including migratory birds were
abundant which, may be affected badly. The invasion of Eicchornia crassipes and |pomoea
carnea in the wetland water bodies of Kerala had considerable impact on aquatic species
diversity. Moreover, these aquatic weeds clogged various water bodies, causing obstruction to
the inland water ways. Regular removal ofthese plants by mechanica means causing
considerable financial loss at large.
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The Convention for Biologica Diversity (CBD, 1992) emphasis the biological invasion of
alien species was the second worst threat to the agriculture, forestry and aquatic ecosystems.
The present study shows that the alien Red Cabomba species may cause detrimenta effect on
productivity and stability of agro-ecosystem of Avalappandi area in Kozhikode District.
Hence, there was an urgent need to strengthen domestic quarantine measures to contain the
spread of invasive species to neighboring areas and a so to develop a nationa database on this
invasive aien species in India. The awareness at farmer’s level was a pre-requisite to control
the penance of plants. One of the chief control measures of these plants was by means of
manual weeding and destruction in the field itself.

Conclusion

Throughout the globe including India, the native genetic resources of flora and fauna were
under continuous erosion due to anthropogenic activities and changing environmental
conditions. Human beings have been responsible for the introduction of exotic species or
organisms, which were creating serious problems in their new environments (Gopal, 1998).
These exotic, non-indigenous, alien species become ‘invasive’ when they were introduced
outside their natural areas, where they out-compete the native species and upset the ecol ogical
balance. The Convention on Biological Diversity(1992) recognized the urgency to address the
impact of invasive aien species. The present preliminary study on the alien Red Cabomba
(Cabomba furcate) species indicated its rapid growth in Kerala. The species may become
invasive on course of time, can cause detrimental effect on productivity, stability of agro-
ecosystem and biodiversity of Avalappandi area in Kozhikode District of Kerala. Visitors
from faraway places are also playing arole by carrying the plants along with them. This may
be one of the reasons to spread the species at distant locations in Kerala. Once adequate
scientific information including risk assessment on the new species accumulates, it can be
included in the list of bio-invaders in the Indian provinces. R&D efforts are needed for
strengthening the domestic quarantine measures to control and mitigate this alien species
menace and also to develop a national database on this alien speciesin India.
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Weeds are the magjor abiotic factor that limits crop yield. It is evident from years of
experimentation that the scenario of weed shift and herbicide resistance are gaining
momentum. Thus, an urgency can be noticed to bring some fundamental changes to the theory
of weed management. In this context, the change in weed flora diversity as influenced by
weed management practices was analyzed from the thesis works done at College of
Agriculture, Vellayani. The study reveaed that selecting same cultural practices added to the
probability of creating a dense population of a certain dominating weed species. Certain weed
management practices successfully decreased the species richness in crop fields, especialy
due to the adoption of selective herbicides. This has paved the way for certain weed species to
adapt to the situation and wreak havoc in cropping systems. Still, the weed control practices
today aim to reduce the weed diversity in the field, relying predominantly on herbicides.
Diversity can be used as a basis for improved weed management in two ways. Inclusion of
genetic variation (different species or cultivars) within crops would render the weed
population guessing and delay weed adaptation. Weed diversity in a crop field having high
evenness and species richness have been found to interact and compete with each other. Not
all weed species in a complex weed dynamic system have similar effect on crop yield loss.
Significant crop losses are associated with dominance of few competitive species capable of
high biomass production as in the case of weedy rice (Oryza sativa f spontanea). Such
dominant weed species are in high risk of developing resistance to herbicides. Thus, the
future of weed management needs to focus on understanding complex crop weed interactions
and should aim to exclusively target a specific competitive and dominant species in order to
maintain higher evenness in weed population to sustain crop yield and minimize dependence
on chemical weed control while not disrupting the agro-ecological balance of the system.

Key words: Species richness, weed diversity, weed shift, herbicide resistance, crop weed
interactions

Introduction

Weed menace is amgjor constraint in achieving potential yield and may cause yield losses up
to 34 per cent, highest among all biotic factors (Oerke, 2006). Modern methods of weed
control, relying mostly on the use of chemicals, have reduced the weed diversity and species

Arindam Deb and Ameena, M., 2023. Diversity: A remedy for weed menace in agriculture.
In: Biological Invasions: Issues in Biodiversity Conservation and Management. Proceedings of a National
Conference, Bioinvasions, Trends, Threats and Management held from 3“ to 4" December, 2022 at
Thiruvananthapuram. Kerala State Biodiversity Board, Thiruvananthapuram, pp.110-118
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richness to a fraction of levels recording during 1950s (Meyer et al., 2013). Use of simple
crop rotations have aso contributed to the loss of biodiversity. This has led to the increased
dominance of few highly adapted weed species, that cause significant yield reduction in crop.
In a typical cropping scenario, crop-weed competition is a result of competitive pressure of
complex weed community that interact with each other. However, few highly competitive
dominant weed species capable of producing higher biomass (hence low weed diversity),
rather than all weed species in the community generate significant crop yield loss (Cordeau et
al., 2020). Weeds in a system aso provide food, shelter and habitat for natural enemies of
crop pests or for pollinating insects. They also prevent erosion and enhance soil structure,
during non-cropped phases. Thus, it is being hypothesized that a more diverse weed
community can prevent establishment of few dominant species and check yield loss. The
importance of weed diversity in mitigating yield losses has been identified as one of the top
five research priorities in current weed science (Neve et al., 2018).The concept of weed
diversity mitigating yield loss might sound illogical and contradicting to current method of
weed control. However, the Resource Pool Diversity Hypothesis (RPDH) put forward by
(Smith et al., 2009) provides an interesting outlook to the situation. It states that crop-weed
competition isinversely related to increasing diversity of soil resource pool. The hypothesisis
based on three underlying principles: (i) degree of niche differentiation and partitioning of
resources among the species dictates the inter specific competition, (ii) management practices
in agricultural system, viz.,, crop rotation, manuring, fertilization, weed management, etc.,
makes it a unique and (iii) management practices in agriculture directly or indirectly adds to
the size and number of soil resource pools.

Simple cropping systems

EEHIVEEIE Mineral fertilizer Green manure Animal manure

Crop rotation Monoculture Simple rotation Complex rotation

Weed

Herbicides Integrated Mechanical/cultural
management

Fig. 1. Gradient in soil resource pool as influenced by fertility source, crop rotation and weed
management (Smith et al., 2009)

Single rescurce pool Single rescurce pool Multiple resource pools Multiple resource pools
Crop and weeds similar Crop and weeds differ ~ Crop and weeds similar Crop and weeds differ

P

Fig. 2. Resource pool diversity and crop-weed competition (Smith et al., 2009)
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The second and third principle of RPDH suggests direct effect of management practices in
cropped lands on the resource pools and hence on the intensity of crop-weed competition.
Management decisions, such as, selection of crop species, crop rotation, intercropping,
fertilization, manuring, etc., dictates the resource pool. A cropping system with intercrops and
crop rotation will have higher number of resource pools as compared to monocrop. Different
types of crops, would add to the resource pool by root exudations, decomposition of roots and
plant parts after harvest. Even diverse weed population may contribute to overall increase in
resource pools. Similarly, combined use of manures and fertilizers would also increase the
resource pools (Fig.1). A system with higher resource pool would reduce competition among
crop and weeds. In such a system, weeds and plants would acquire nutrients from separate
resource pools, in contrast to poorly managed system (monocrop with only NPK fertilization)
where weed and crops would compete for limited resource pools (Fig. 2).Weed species that
utilizes same resource pool as crops would exert high competitive stress and a weed
community dominated by such species (low diversity) would wreak havoc in agricultural
field. A more diverse weed population in a field with higher number of resource pools, both
characteristics of a diversified cropping system (Gabriel et al., 2006), would lead to less
competitive interactions among crop and weed.

Considering the above discussion, the following objectives were proposed for the study.

1. Evauating an existing management approach to determine the effect of weed speciesin a
community inflicting yield loss.

2. Studying the effect of crop diversification on weed growth.

3. Investigating the effect of weed diversity in managing yield loss.

M aterials and method

A field experiment conducted in two seasons, 2018 and 2019 (kharif) to manage Leptochloa
chinensis in wet direct seeded rice by Sekhar (2021), was referred to determine the effect of
weed species in a community inflicting yield loss. In the study various mixtures of herbicide
was used to control the weeds. The weed density data 45 days after treatment in both the
seasons were correlated with yield data to identify weed species contributing yield loss.

The effect of crop diversification on weed density was explained based on the meta-analysis
done by Weisberger et al., 2019. total of 54 studies were selected for comparing the diverse
and simple crop rotations in the study. Monocrop, monocrop-fallow and two-year rotation
with two species were considered under simple rotations.

A study by Adeux et al. (2019) was referred to understand the possibility of mitigating yield
loss using weed diversity in which weed data was recorded from three winter wheat growing
season. Based on the weed community composition, the area under experimentation was
divided into six weed clusters, C1, C2, C3, C4, C5 and C6 (Fig. 3 and Table 1). The Pielou’s
evenness index was used for calculating the evenness of weeds.
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Fig.3. Weed community clusters (WCC) (Adeux et al. (2019)

Table.1. Weed species with their abbreviations (Adeux et al. 2019)

Abbreviation | Species

CENCY Cyanus segetum
VERPE Veronica persica
STEME Sellaria media

GERDI Geranium dissectum
VIOAR Viola arvensis

VERHE Veronica hederiflora
GALAP Galium aparine
ALOMY Alopecurus myosuroides

Pielou’s evenness index=H’/In S
Where, H’ is Shannon-Weiner diversity index and S is species richness

Shannon-Weiner index =-Y7_,p (1 )
Where, pi is the proportion of individual belonging to i™ species and S i's species richness
Results and discussion

The correlation study (Table 2) reveded that in the first year, even after the application of
weed management measures negative significant correlation of Leptochloachinenis and
Echinochloacolona with rice grain yield was observed at 5 per cent and 1 per cent level of
significance, respectively. However, in the second season when same management practices
are applied again, the interference of these two weeds were decreased compared to first
season. This meant that, the management measures applied was successful against Leptochloa
chinensis and other grass weeds. When the dominant weeds in the system are removed, it
gives opportunity for other weeds to explore the resources and increase their dominance
(MacLaren et al., 2020). In this study, as the dominance of grassy weeds were controlled
other weeds such as Sphenocleazeylanica, Monochoriavagialis and Fimbristylismiliaceae
started interfering with crops as evident by their significant negative correlation with rice
yield a 1 per cent level of significance. Therefore, if these management practices are
continued, it may lead to any of these weed to dominate the system and wreak havoc. Such
weed shift in managed agricultural lands is very common. The classic example being the shift
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from a broad leaf dominated weed flora in wheat to a grass dominated one after the
introduction of 2,4-D in India during 1950s. This was the reason of emergence of the
notorious weed Phalaris minor as a major weed of wheat (Sushilkumar and Mishra, 2018).
Hence, the conventional method of sole use of herbicide as a cheap method of weed control
has more often led to weed shift. Thus, it traps us in a vicious cycle of a new weed emerging
every few years, adopting measures to specifically control that weed which in turn favours
some other weed, and the cycle goes on. Therefore, there is a need to make some fundamental
changes in the concept of weed management.

Table 2. Correlation of yield with prevalent weed species (Sekhar, 2021)

Yield
Weed Species 2018 | 2019
Pear son correlation coefficient

Leptochloa chinensis -.637* -.460
Echinochl oacolona -.922%* -.668*
Ishacnamiliaceae -.119 -.403
Sphenocleazeylanica -.380 -.790**
Bergia capensis -.178 -.267
Monochoria vaginalis -.164 - 770**
Limnocharis flava -.322 -.652*
Ludwigia perennis -.090 -.578
Lindernia sp. 448 - 759*
Cyperusiria -.100 -.388
Cyperus difformis -.256 017
Fimbristylismiliaceae .057 - 770%*
Marsilea quadrifolia 323 .366

*. Correlation is significant at the 0.05 level, **. Correlation is significant at the 0.01 level

The diversification of crop rotation significantly reduced the density of weeds when compared
to ssmple crop rotations (Weisberger et al., 2019). The mean reduction in weed density due to
diversification in 51 studies (247 observations) was found to be 49 per cent (p < 0.001).
However, the effect of crop diversification on weed biomass showed lower (21 %) and non-
significant reduction (p = 0.22) (Fig. 4). This might be due to the availability of lower number
of studies associated with weed biomass (16 studies and 64 observations). Moreover, the
weed biomass and density showed significant positive correlation (Pearson correlation
coefficient = 0.67, p < 0.001) (Fig.5). Thus, Weisberger et al. (2019) inferred that, reduction
in weed densities equated to lower weed biomass. Similarly, Scott and Freckleton (2022),
observed that both temporal and spatia crop diversification resulted in lower parasitic weed
density. The weed suppressing ability was higher for spatial diversification compared to
temporal.
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Adeux et al. (2019) reported positive significant correlation of crop biomass in al growth
stages with weed evenness (Fig. 6). Negative significant correlation was observed crop
biomass and weed biomass (Fig. 7 and 8). Reduction in crop biomass was also reported with
increase in weed evenness. As increase in weed evenness was observed, it lowered the weed
biomass which decreased the interfering ability of the weed community as a whole by not
allowing any specific weed to become highly competitive and thus prevented yield |osses.
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Fig.6. Crop biomass influenced by weed evenness (Adeux et al. 2019)
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Fig.8. Weed biomass influenced by weed evenness and biomass (Adeux et al. 2019)

The results suggest differencesin competing ability of weed community were dependent more
on the weed species composition rather than weed density. Significant yield reductions were
associated with C1, C2, C5 and C6 (19 % to 51 %) (Table 3). Highest reduction in yield was
noticed in C2, followed by C6 and Cl. C1 and C2 both the cluster have Alopecurus
myosuroides as the most dominant species. In C6, Galium aparine was the most dominant
species followed by Alopecurus myosuroides. This suggests the competitive ability of
Alopecurus myosuroidesis high and is capable of causing yield loss. This is more evident
from the fact that C1 has lower weed density compared to C3 (dominated by Veronica hederi
flora). Comparison between C2 and C6 shows that both weed communities can cause > 50 per
cent yield loss, athough C6 has significantly lower weed density, suggesting higher
competitive ability of Galium aparine compared to Alopecurus myosuroides. Thus, the study
suggests not all weed communities are detrimental to crop productivity (Adeux et al., 2019).
This might be due to the fact that the resource utilization from the weeds (that cause yield
losses) and crop under consideration occurs from similar pools.
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Table.3. Effect of WCC on grain yield (Adeux et al. 2019)

Grain Yidd gm™ %

WECC MWeed free | Weedy | difference | © VaU®
Cl | 560+34 | 419+25| 25 0.0007
C2 | 58842 | 258t18 | 56 | <0.0001
C3 | 534+40 | 522439 | 3 0.78
C4 | 584l | 53838 | 8 0.35
C5 | 54833 | 445:27 | 19 0.01
C6 | 518+35 | 254+17 | 51 | <0.0001

Conclusion

The weed management strategies based solely on the application of herbicides might trap us
in the vicious cycle of weed shift. Based on various works referred for this study, it may be
inferred that a holistic approach is the need of the hour for sustainable weed management.
Diversified crop rotation has been found to decrease the weed density and may increase the
resource pools in the soil. It has also been established that a more diverse weed population or
a weed community with higher evenness increases the crop biomass while decreasing the
weed biomass. Among various weeds present in a community, only a few has been found to
exert higher competitive pressure to the crop. Current weed management practices suggest
eradication of those dominant weeds, but from this study it may be inferred that no weed in
the crop lands should be completely eradicated. Instead, more focus must be administered in
maintaining a healthy weed diversity, so that the plant communities might explore diverse
resource pools, reducing extravagant yield losses, saving herbicide, and making crop
cultivation economically more profitable and ecol ogically more sustainable.

The research in weed diversity affecting yield lossis still in nascent stage. More work should
be performed to differentiate and define good and bad weed diversity.
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Abstract

Weedy rice (Oryza sativa f. spontanea), progeny of wild and cultivated Oryza sp. has
emerged as a strong, morpho-physiologically similar competitor in the rice fields of Kerala
The main objective of the study was to assess the eco-morphology of weedy rice in the
diverse paddy ecosystems in the State viz. Trivandrum, Kuttanad, Thrissur (Kole lands),
Palakkad, Kozhikode and Kannur (Kaipad lands).Morphological similarity of weedy and
cultivated rice grains, seed dormancy and early seed shattering helps the weed to replenish the
soil seed bank. Weedy rice morphology showed characteristic variations in different rice
growing tracts and its diversity was maximum in the un-weeded bunds. Though early-stage
identification of weedy rice from cultivated rice is difficult, ligule length and culm thickness
show characteristic difference upto 15 days after sowing. Presence or absence of awn,
variations in awn length and awn colour (white coloured in Kozhikode, straw coloured in
Trivandrum and Kuttanad, brown coloured in Kole lands, light green in Palakkad and purple
awns in Kaippad lands), presence or absence of anthocyanin in the nodal region showed
marked difference throughout the paddy fields of Kerala. Strong tillering habit (11 to 20 tillers
plant™) distinguishes weedy rice from the cultivated rice varieties Jyothi and Umawith 10 and
9 tillers plant™ respectively during active vegetative stage. At reproductive stage, taller nature
(105 to 115.67 cm) and early flowering (49 to 51 DAS) compared to cultivated rice helpsin
the identification and management of weedy rice before seed shattering. Changes in the weed
morphology in different rice growing tracts could be attributed to the hybridization of weedy
rice with the cultivated rice variety of the location to suit the diverse habitats and management
practices. Compact panicles similar to rice in the short weedy rice plants makes it difficult to
distinguish between the two even during flowering stage. Escape of weedy rice in
reproductive stage is dangerous as it potentially contaminates the seed lot, gain entry to newer
areas and adds to the seed bank reserves. Increased resemblance of weedy rice to cultivated
rice could be attributed to the high rate of natural hybridization and backcrossing.
Microscopic analysis of weedy rice seeds showed the presence of trichomes that helps in
dispersal through implements, humans, animals. The morphological traits of weedy rice
strongly favour invasive growth, intrusion into newer habitats and better adaptive potential.
Rapidity of natural hybridization and backcrossing in the maor rice growing tracts of Kerala
highlights the need for elucidating better management practices against weedy rice.

Umkhulzum, S.F., Ameena, M., Anjai, K., Jose,N., and Shalini Pillai, P. 2023. Weedy rice diversity in the
paddy ecosystems of Kerala. In: Biological Invasions: Issues in Biodiversity Conservation and Management.
Proceedings of a National Conference, Bioinvasions, Trends, Threats and Management held from 3" to 4"
December, 2022 at Thiruvananthapuram. Kerala State Biodiversity Board, Thiruvananthapuram, pp.119-125.
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Introduction

Rice is the global staple that satiates the hunger needs of more than 3.5 billion human
population (CGIAR, 2022). The escalating rate of population growth demands for increased
production of rice for meeting the basic diet requirements. Weeds, the competitive counterpart
of crops outperform the latter with its ephemeral nature, superiority in extraction of nutrients,
water, high seed production potential and rapid adaptation to changes in environment. Among
the three groups of weeds viz. grasses, sedges and broad-leaved weeds, grasses pose severe
threat to rice being in the same family.

Weedy rice (Oryza sativa f. spontanea), the natural inter specific hybrid of wild rice and
cultivated rice (Oryza sativa) is a mgor challenge to rice farmers world over. Morphological
similarity with rice during early growth stages, early seed shattering and varying seed
dormancy profiles attributes to the persistent invasion of the weed in paddy ecosystems
(Chauhan, 2013). Yield reduction due to weedy rice infestations in paddy growing tracts of
Kerda grew at an aarming rate during 2007-2008. Taller stature and profuse tillering
contribute competitive advantage to weedy rice while early flowering and seed shattering
replenishes the weed seed bank (Abraham and Jose, 2015). Invasive species is the second
most important contributing factor for the loss of biodiversity, next to habitat destruction
(TUCN, 2021).IRRI (2022) enlisted weedy rice among the twelve most troublesome weeds in
the world due its potential to threaten rice cultivation.

In India, the first attempt for identification and characterisation of weedy rice diversity in
paddy fields was done in Madhya Pradesh (Varshney and Tiwari, 2008). Infestation rate of 3-
10 mature weedy rice plants m™ cause 30-60% decline in paddy yield (Abraham et al., 2012).
Major rice growing tracts of Kerala viz. Kuttanad, Palakkad, Thrissur, Trivandrum and
K ozhikode have been reported to be severely invaded by weedy rice (Anjali et al., 2018).

Morphological similarity with cultivated rice during initial stages of growth, leaves back
weedy rice after hand weeding which is otherwise the most effective weed management
practice. Biochemical and genetic similarity of the weed with cultivated rice further
aggravates the situation by making herbicide application impossible. However, the relative
earliness in panicle emergence helps in weed identification and removal, but it will be
favourable only for the next season crop due to prevention of seed addition to soil weed seed
bank. Possibility of distinguishing the weed only during the reproductive stage is a major
concern of paddy farmers as it causes considerable yield reduction within that period. In this
background, the present study for assessing the eco-morphology of weedy rice in the diverse
paddy ecosystems of Keralawas carried out.

Materials and Methods

Characterization of weedy rice morphotypes was conducted in pot culture experiments at
College of Agriculture, Vellayani, Thiruvananthapuram, located at 8° 25’49 N latitude and
76° 39°04”" E longitude at an altitude of 29 m above msl. Experimental design was
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Completely Randomised Design with eight weedy rice morphotypes and two popular rice
varieties, replicated thrice. T1: weedy rice morphotype from Trivandrum with red coloured
awn, T, weedy rice morphotype from Trivandrum with white coloured awn, T3: weedy rice
morphotype from Kuttanad with white coloured awn, T4: weedy rice morphotype from Kole
with white coloured awn, Ts: weedy rice morphotype from Palakkad with red coloured awn,
Te: weedy rice morphotype from Palakkad with white coloured awn, T;: weedy rice
morphotype from Kozhikode with white coloured awn, Tg: weedy rice morphotype from
Ezhome with pink coloured awn, Tg: Pth39 - Jyothi (short duration) and T10: MO16 - Uma
(medium duration). Pregerminated seeds of weedy rice @ 2 seeds per pot was sown in earthen
pots of dimension 50 cm x 30 cm, filled with clayey soil collected from un-infested paddy
fields, maintaining flooded situation throughout the growing period. All the cultivation
practices viz. liming, application of fertilizers and irrigation were provided as per the Package
of Practices, KAU (2011).

Comparison of weedy rice morphotypes with cultivated rice varieties were carried out by
observing the pots ssimultaneously. The qualitative and quantitative characters such as leaf
blade attitude, ligule colour and length, presence or absence of awn, awn colour and length,
and anthocyanin pigmentation on nodes were scored according to the morphometric
descriptors for wild rice and cultivated rice (IRRI, 2007). Grain thresh ability was determined
by hand grip technique. The data was recorded and statistically analysed using ANOVA for
CRD.

Results and Discussion

The morphotypes from the maor paddy growing tracts of Keraa exhibited diverse
morphological attributes. Mimicking cultivated rice at the initial stages of growth makesearly
identification of weedy rice impossible and aids in its escape. Differences in plant height,
earliness in panicle emergence, presence of awns are late identification traits. From the
present study, morphological distinctness of weedy rice plants in the early growth stages viz.
presence of ligules, attitude of leaf blade, ligule colour, ligule length and anthocyanin
pigmentation in the nodes were observed (Table 1).

Out of the eight weedy rice morphotypes, five had semi erect attitude of leaf blade and three
morphotypes had no anthocyanin pigmentation on nodes, same as Jyothi and Uma. This
suggests the rapidity of natural hybridisation and backcrossing in the paddy fields of Kerala
which confer increased morphological similarity with cultivated rice. Ligule length and culm
thickness can be used for demarcating weedy rice in a cropped field. Shorter ligules during 15
DAS and thick, flat cuims of weedy rice differentiate it from the longer ligules and round,
brittle culms of cultivated rice. Significantly taler plants with greater LAl provides
photosynthetic superiority to weedy rice over cultivated rice.
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Table 1. Morphological traits of weedy rice morphotypes and cultivated rice varieties,
Jyothi and Uma

Treatments Attitude of Ligule colour Anthocyanin Panicle Awn colour
leaf blade in nodes type

Ty: Trivandrum red Semi erect  Yellowishgreen  Purple Compact Red

T, Trivandrum Semi erect White Absent Intermediate  Straw

white

T5: Kuttanad Semi erect White Absent Intermediate  Straw

T4 Kole Semi erect  Purplelines Light purple  Compact Brown

Ts: Palakkad red Semi erect  Yellowishgreen  Light purple  Compact Red

Te: Palakkad white Descending White Purplelines  Intermediate Light green

T+: Kozhikode Erect Light purple Absent Open White

Tg: Ezhome Descending Purple Purple Open Purple

Jyothi Semi erect  Yellowishgreen  Absent Compact Absent

Uma Semi erect  Yellowishgreen  Absent Compact Absent

Morphotypes from Palakkad and Thrissur with clear black ring at the node region, Kozhikode
with bent at the node region and Kuttanad with adventitious roots points out them from other
morphotypes. Presence of adventitious roots in Kuttanad morphotypes confirms the
evolutionary adaptation to thrive better in submerged conditions.

Weedy rice from Kole lands flowered earlier than other morphotypes but was statistically
non-significant with other weedy rice treatments. On an average, weedy rice reached 50%
flowering in 51 days which was 11 days and 30 days earlier than Jyothi and Uma,
respectively. Another striking feature of weedy rice was the profuse tiller production capacity
(11 to 20 tillers plant™) compared to Jyothi (10 tillers plant™) and Uma (9 tillers plant
1).Ferrero and Vidotto (1999) reported the identification of weedy rice during tillering stage
due to the presence of numerous, long and slender tillers. All the weedy rice morphotypes
were taller (105.07 to 115.67 cm) than Jyothi (96.17 cm) and Uma (91.17 cm) varieties at
50% flowering stage (Table 2).

Table 2. Growth attributes of weedy rice morphotypes and cultivated rice varieties,
Jyothi and Uma at 50 % flowering

Treatments Ligule Culm No. of Plant Days to LAI Awn
length, thickness, tillers height, cm 50% length,
mm cm plant™ flowering cm
T, 11.00 2.57 15.67 108.97 51.43 524 431
T, 14.00 3.23 16.67 115.67 51.03 422 141
T3 7.30 3.37 13.67 110.20 50.36 390 348
T, 5.00 243 16.00 110.80 49.63 49 411
Ts 5.30 247 19.67 113.27 50.13 574  6.69
Te 22.30 2.57 13.00 112.77 50.19 563 238
T, 4.30 2.27 11.67 108.83 51.13 377 7.36
Ts 14.30 2.43 8.33 105.07 50.43 220 9.23
SEm (%) 0.40 0.08 0.94 0.73 2.65 032 003
CD (0.05) 1.60 0.22 2.68 2.19 NS 094 012
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Jyothi 10.30 1.93(9 10.33(S) 96.17(S) 6158(S) 330  Absent
(NS) (S

Uma 770(S)  227(S) 9.00(S)  9117(S) 81.88(S) 344  Absent
©)

Early seed shattering of weedy rice replenishes the weed seed bank before the crop harvest.
Grain thresh ability varied with the treatments and ranged from 29.73% to 46.32% against
34.35% and 17.83% for Jyothi and Uma varieties, respectively. The grains aso had different
longevity periods from 5 to 15 months compared to 6 and 9 months for Jyothi and Uma,
respectively (Table 3).

Table 3. Yield attributes and root characters of weedy rice and cultivated rice varieties,
Jyothi and Uma

Treatments No. of Grain thresh Seed Root volume, cm®  Root dry weight, g
grains  ability, % longevity 15DAS Harvet 15DAS Harvest
panicle™ (months)

T, 59.00 35.28 12.00 21.20 70.65 0.15 7.15

T, 57.00 37.80 10.67 7.07 84.31 0.12 9.60

T3 50.00 46.32 15.00 35.33 77.61 0.49 14.80

T, 45.67 34.04 9.00 14.13 70.31 0.73 9.15

Ts 53.33 30.02 14.00 28.26 84.78 0.26 13.25

Te 59.00 29.73 10.00 7.07 77.72 0.35 7.45

T, 60.33 30.13 8.00 14.13 70.33 0.17 9.00

Ts 48.67 41.17 4.97 14.13 84.39 0.15 12.50

SEm (&) 3.20 2.02 0.80 0.78 0.16 0.02 0.34

CD (0.05)  9.60 6.07 241 5.83 0.49 0.03 1.01

Jyothi 66.33(S) 34.35(NS) 6.00 (S 14.13 56.48 021(S 10.10

S S (NS)

Uma 23.73(5 17.83(S 9.03(NS) 7.07(S 6351 0.06(S) 6.70(9

©®

Awnsin weedy rice helpsin distinguishing the weedy rice panicles. Colour of the awns varied
from red colour in Trivandrum and Palakkad, straw colour in Trivandrum and Kuttanad,
brown colour in Kole lands of Thrissur, light green colour in Palakkad, white in Kozhikode
and purple in Kaipad lands of Kannur. Awn colour ranges from white to black and is the best
indicator of weedy rice diversity (Anjali, 2016). Awns with straw colour, brown colour and
black colour has been reported from the various agroclimatic zones of India (Rathore et al.,
2016).Weedy rice from Ezhomepossessed the longest awns (9.23 cm) and the morphotype
Palakkad white had the shortest awns (2.38 cm).Pericarp of weedy rice morphotypes aso
showed marked variation in colour from straw colour to red.

Microscopic view of weedy rice and cultivated rice grains showed trichomes on grain surface

of the former. Awns and trichomes favour seed dispersal of weedy rice by animals, humans,
implements and water (Jose, 2015).
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The root volume of weedy rice morphotypes were 2.5 to 5 times and 1.3 to 1.5 times more
than cultivated rice varieties at 15 DAS and at harvest, respectively. Root dry weights were
also superior for weedy rice than Jyothi and Uma varieties of rice (Table 3). Changes in the
weed morphology in different rice growing tracts could be attributed to the hybridization of
weedy rice with the cultivated rice variety of the location to suit the diverse habitats and
management practices.

Conclusion

The morphological traits of weedy rice strongly favour invasive growth, intrusion into newer
habitats and better adaptive potential. Compact panicles similar to rice in the short weedy rice
plants makes it difficult to distinguish between the two even during flowering stage. Escape
of weedy rice in reproductive stage is dangerous as it potentialy contaminates the seed lot,
gain entry to newer areas and adds to the seed bank reserves. Rapidity of natural hybridization
and backcrossing in the major rice growing tracts of Kerala highlights the need for elucidating
better management practices against weedy rice.
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Abstract

Allelopathic effects of aqueous leaf extracts of Lantana camara (an internationally recognized
invasive alien weed) on germination and seedling growth Macrotyloma uniflorum and Vigna
radiata were evaluated. The experiment was carried out in sterilized petri dishes throughout a
24-hour photoperiod at a room temperature of 28-30°C. Seeds of M.uniflorum and V.radiata
were soaked in different concentrations of L. camara solution (10%, 25%, 50%, 75%, and
100%) and germination, radicle length, and plumule length were measured and compared to
control (i.e., digtilled water). Radicle length and plumule length data were subjected to
stetistical analysis (Two factorial analysis) using GRAPES software. Seed germination,
radicle and plumule length of M.uniflorum and V. radiata were significantly inhibited by
different concentrations of agueous leaf extracts of L. camara, according to the bioassay. The
inhibitory impact was related to the concentration of the extracts and was more pronounced at
higher concentrations. M. uniflorum showed more inhibitory effect than V. radiata. With
increasing concentration, the tolerance index declined and phytotoxicity increased both the
receptor plants. The results of the present study suggested that L.camara had a deleterious
impact on agricultural crops. As aresult, it is critical to prevent the spread of this poisonous
weed.

Key words : Allelopathic effects, Lantana camara, Vigna radiata, Macrotyloma uniflorum,
Phytotoxicity

Introduction

Allelopathy is a phenomena in which secondary metabolites produced by the viruses, fungi,
microorganisms and plants which will cause stimulatory or inhibitory effect on germination,
growth and development, reproduction and distribution of other plants and microorgani sms of
agriculture systems and natural communities. Rice (1984) redefined it as the beneficia or

Lakshmy, P. J., Sreedharan, K., Naveena, K., Shegja, P. P., and Satheesh, R. 2023. A study on the allelopathic
effects of aqueous leaf extracts of Lantana camara on seed germination and seedling growth of Macrotyloma
uniflorum and Vigna radiate. In: Biological Invasions: Issues in Biodiversity Conservation and Management.
Proceedings of a National Conference, Bioinvasions, Trends, Threats and Management held from 3" to 4"
December, 2022 at Thiruvananthapuram.Kerala State Biodiversity Board, Thiruvananthapuram, pp.126-136.
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harmful effect of one plant on other plant including microorganisms by the production and
release of biochemical substances into the environment. The biochemical substances produced
by plants are called alelochemicals. These chemicals are actually secondary metabolites
which are non-nutritious produced as the by-products of metabolic pathways in plants. These
allelochemicals are released in different parts of plants which includes leaves, stem, roots,
bark, seeds, flowers and pollen (Archana et al., 2019; Farooq et al., 2011).

These allelopathic effects favour the spreading, establishment and surviva of invasive plants
(Chou, 1999; Mallik, 2003; Field et al., 2006; Inderjit et al., 2006; Zheng et al., 2015), which
includes spotted knapweed (Centaurea stoebe L. ssp. micranthos) (Broeckling and Vivanco,
2008), garlic mustard (Alliaria petiolata M. Bieb) (Vaughn and Berhow, 1999), water
hyacinth (Eichhornia crassipes Mart. Solms) (Jin et al., 2003; Gao and Li, 2004). Lantana
camara L. is aso an invasive plant (Kato-Noguchi and Kurniadie, (2021); Parsons and
Cuthbertson, (2001).

Lantana camara L., (Verbenaceae) is also known as wild sage and red sage (Parsons and
Cuthbertson, 2001).It is considered as one of the world’s 100 worst invasive alien species.
L.camara is native to tropical America. It is distributed throughout the tropical regions of
earth and this weed is spreading to the pastures and Native forests of more than 60 countries
worldwide (Parsons and Cuthbertson, 2001).In India lantana was introduced at the beginning
of the 19"century. Now it is growing densely throughout India. Studies have been conducted
to explain the alelopathic effects of invasive species on native plants. The different
concentration of leaf extract of Lantana camara inhibitory effect on seed germination of
Parthenium hysterophorus (Mishraand Singh et al., 2009), and shows inhibitory effect on the
seed germination, root and shoot elongation of six agricultura crops of Bangladesh which
includes Cucumis sativus L., Phaseolus mungo L., Raphanus sativus L., Vigna unguiculata
(L.) Walp. and Cicer arietinum L. (Ahmed et al., 2007). Allelopathic effects of Lantana
camara in seed germination and seedling growth also studied on agriculture crops which
includes rice (Bansal, 1998, Oudhia, and Tripathi, 1999) wheat (Oudhia and Tripathi. (2000);
maize (Ngonadi et al., 2019); black gram (Nawab and Y ogamoorthi, 2016); chickpea and
green gram (Sharmaet al., 2017).

Pulses are an important part of the human diet. They are quite nutritious. Macrotyloma
uniflorum and Vigna radiata are the two most important legume crops which belongs to the
Fabaceae family. Mung bean (V. radiata) is one of the most significant pul se crops, with more
than 6 million hectares cultivated worldwide, primarily in Asian countries. It is widely
cultivated in many Asian nations, including China, India, Pakistan, Bangladesh, and certain
South Asian countries (Dahiya et al., 2015). The horse gram (Macrotyloma uniflorum) is an
underutilized, low-cost, drought-resistant pulse crop.Within 120-180 days of planting,
M.uniflorum completes its life cycle (Cook et al., 2005). These agricultura crops are an
excellent source of carbohydrates, proteins, minerals, and vitamins (Bravo et al., 1998, Saroj
and Manoj, 2014). Therefore, the present study was carried out to investigate the possible
allelopathic effects of aqueous leaf extract Lantana camara on seed germination and seedling
growth of Macrotyloma uniflorum and Vigna radiata.
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M aterials and methods

Healthy, mature L. camara |leaves were collected from nearby areas of Kannadi, Palakkad
district, Keralain April 2022. The leaves were washed in running tap water for removing the
surface contaminants and dust.

For the preparation of aqueous L. camara leaf extracts, 100g of fresh L. camara leaves was
soaked in 500-mL distilled water and grind it with a mixer grinder. The aqueous leaf extract
was kept in a flask and covered with aluminium foil and kept in room temperature of 28-
30°C, without allowing any possible chemical changes. After 24 hrs the aqueous extract was
filtered by using filter through a What man No. 1 filter paper and diluted the filtrate with
distilled water to prepare different concentrations (10%, 25%, 50%, 75%, and 100%)
according to the standard treatments.

The germination test was carried out in sterile petri dishes of 9cm diameter placing a
Whatman® no.3 filter paper on petri dishes. The extract of each concentration was added to
each petri dish of respective treatment daily in such an amount just enough to wet the seeds.
The first petri dish was used for application of distilled water (control), and the succeeding
received 10%, 25%, 50%, 75% and 100% extract concentrations.10 seeds of each receptor
crop were placed in each petri dish. The experiment was arranged in a randomised complete
block design (RCBD) replicated 3 times. About 10 mL of each concentration was added to
each petri dish for the first day. The seeds were kept moist by applying about 10 mL of each
extract daily for the next 5 days. The germination was recorded daily and the results were
determined by counting the number of germinated seeds, and measuring the length of primary
root and main shoot on fifth day of the experiment. Shoot and root length were measured
using aruler. Germination percentage (GP), Tolerance index (TI)(Turner and Marshal, 1972);
Percentage of toxicity/ Phytotoxicity (Chiou and Muller, 1972) were calculated as per the
standard procedures.

Radicle length and plumule length data were subjected to statistical analysis (Two
factorial analysis) using GRAPES (Genera R-shiny based Anaysis Platform Empowered by
Statistics) software. Treatment means were discriminated using Least Significant Difference
(LSD) test at a probability p<0.05.

Results and Discussion

The present study was about allelopathic effects of different concentration
(10,25,50,75,100%) of agueous leaf extracts of Lantana camara (donor species) on seed
germination and seedling growth of horse gran (Macrotyloma uniflorum) and green gran
(Vigna radiata). (receptor species) Number of seeds germinated, Radicle length (RL) and
plumule length (PL) were recorded for 5 days. Seed germination percentage, tolerance index
and phytotoxicity was calculated. The results indicated that the germination, radicle length
and plumule length of M.uniflorum and V.radiata L. decreased with increase in concentration
of L.camara solution. It was also clear that L.camara has a more inhibitory effect on seed
germination and seedling growth of M.uniflorum than V.radiata
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Aqueous leaf extract of L.camara shows inhibitory effect on seed germination and seedling
growth of M.uniflorum and V.radiata. As the concentration of L.camara solution increases the
germination and seedling growth of recipient species decreases and the higher concentration
had the strongest inhibitory effect. For example, after five days in M.uniflorum the GP was
maximum in T1 (100%) and minimum in T5 (60%) and that of control was 97.5% (Fig.1).
Increases in concentration of the aqueous leaf extracts of L. camara inhibit the germination
process. In case of V. radiata the germination was not much inhibited. After 5 days the GP of
V. radiata was maximum in control, T1, T2, and T3 (100%) and minimum in T5 (90%)
(Fig.2). The aqueous extract of L. camara exhibited a significant decrease in GP of M.
uniflorum than V. radiata. The aqueous extract of L. camara exhibited a significant decrease
in GP of M. uniflorum than V. radiata. The GP is not much affected in V. radiata. Only T4
and T5 treatment shows slight inhibition in seed germination.
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Fig.1 Seed germination percentage of M. uniflorum under different concentrations of
Lantana camara solution

Control 0% (T1)  25%(T2) S0% T3 75%(T4)  100% (T5)
Concentrations of L. Camera Leaf extract

120
10

2 & 2 8 B

=

Seed germination of Fl.radiara (%0)

mDay! mDay2 mDay3 wDay4 mDay?d
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Additionally, both plumule (PL) and radicle (RL) of two recipient species were affected
negatively by the addition of different concentrations of L. camara leaf extract. This effect
was directly proportional to the concentration of the extract. although it was more prominent
in the case of M.uniflorum than V. radiata. For instance, in the case of M.uniflorum RL was
reduced after 5 days of sowing from 8.57 cm (control) to 2.1 cm (T5). PL of M.uniflorumwas
also reduced from 1.61 cm (control) to 0.10 cm (T5) (Fig. 3&4).Obvioudly, after 5 days from
seed sowing, the RL of V. radiata was reduced from about 10 cm (control) to 3.2 cm (T5).
Similarly, the plumule length was also reduced from about 2.8 cm (control) to 0.01 cm (T5)
(Fig.5&6). Also the tolerance index was found to be reduced with increase in concentration in
both M. uniflorum and V. radiata (Fig.7&8). The tolerance index was maximum in control
and T1 and minimum in T5. The phytotoxicity of these receptor crops increased with increase
in concentration (Fig.9& 10). Phytotoxicity was minimum in control and T1 and maximum in
T5.
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Fig. 3 Allelopathic effects of different concentrations of L. camara aqueous |eaf extracts on
radicle length of M.uniflorum
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Fig. 4 Allelopathic effects of different concentrations of L. camara agueous
leaf extracts on radicle length of V. radiata.
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Fig. 5 Allelopathic effects of different concentrations of L. camara agueous
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Fig. 6 Allelopathic effects of different concentrations of L. camara agueous
leaf extracts on plumule length of V. radiata
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The present study found that aqueous leaf extracts of L. camara inhibited M.uniflorum and
V.radiata seedling germination and growth. In M.uniflorum, the donor species has a more
negative effect on seed germination and growth than V. radiata. Julio et al. (2019) found that
different concentrations of aqueous leaf extract of L. camara inhibited germination and
seedling growth of V. radiata. Maiti et al. (2010) also reported that different concentrations of
L. camara leaf extracts and leaf leachates inhibit mung bean seed germination. As the
concentration of leaf extract increased the germination, radicle and plumule length was
inhibited. Maximum inhibition observed at 100% concentration (Ahmed et al., 2007).

It has also been reported that different concentrations of cold and hot aqueous leaf extract L.
camara inhibit germination, radicle and plumule length of Phalaris minor Retz. and Sorghum
bicolor. All these studies indicated that as the concentration of aqueous leaf extract of L.
camara increases the germination and seedling growth decreases (El-Kenany and El-
Darier,2013; Choyal and Sharma, 2011; Abha Manohar et al., 2017; Aparna and Ravindra,
2009). The results of the present study confirmed that both plumule and radicle length of M.
uniflorum and V. radiata were extremely affected due to the addition of L. camara agueous
leaf extract. It was more significant in M. uniflorum. The germination was more inhibited in
M.uniflorum, and it was less affected in V. radiata. Allelochemicals found in the leaf of L.
camara, primarily phenols and triterpenes, sesquiterpenes, and flavonoids, may be responsible
for the inhibition of M. uniflorum and V. radiata growth.

Conclusion

The result of the study showed that the agueous leaf extracts of L. camara suppress the
germination and seedling growth of M.uniflorum and V.radiata. The inhibitory effect was
directly proportional with the amount of extract concentration and was more pronounced at
higher concentrations. M.uniflorum show more inhibitory effect on seed germination, radicle
length and plumule length than V. radiata. The experimenta results also suggest that the
tolerance index was found to be reduced and phytotoxicity increased with increasing the
concentration of leaf extracts in M.uniflorum and V.radiata. Although, laboratory bioassay
trials for investigating Allelopathy in plants are critical, a field study to confirm the
alelopathic effects of Lantana camara on diverse agricultural crops in varied field
circumstancesis required.
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Abstract

Invasive plants are non-native species that show a tendency to spread out of control. At first
glance they appear pretty, but invasive plants can pose serious environments threats. Invasive
plant species is found to form monotypic stand a condition whereby a plant species forms a
large population, clustered within a habitat thereby preventing or replacing other plant
species.Monotypic stand formed by invasive plant is due to either competition or alelopathy
as proposed by different ecologist.Allelopathy includes both positive and negative effects of
one plant on the other through environment, though most of the studies seem to focus on its
deleterious impacts. The present study was also aimed to find out the negative impact on
aqueous leaf extracts of the three invasive plants on seed germination and seedling growth of
Vigna radiata, Vigna unguicul ata,Abel moschus esculentus seeds. The results revealed that the
invasive plants Mimosa diplotricha, Combretum indicum and Chromolaena odorata have
profound negative impact on the vegetable seed germination and growth. Of these three plants
Mimosa diplotricha was found to have more growth inhibitory property than others. The leaf
extract of the plant completely inhibited okra seed germination even at low concentrations.
Aqueous leaf extracts of Chromolaena odorata at different concentrations showed that al the
concentrations of leaf extracts slowed down the process of germination of seeds and led to
retardation of seedling growth in germinated seeds. Mimosa diplotricha, the invasive weed is
widely used in coconut plantations in Kerala as a green manure or cover crop. Apart from the
beneficial reports of this plant our focus was on the study of its allelopathic effects when it is
used as a green manure. The results revealed that M.diplotricha has strong allel opathic effect
on inhibiting seed germination of the vegetable seeds used for the study. The present data
could also be of use in ecological studies, because these species evaluated here can influence
the diversity and spatial distribution of individualsin natural communities.

Kavitha, C.H. 2023. Allelopathic effect of aqueous leaf extracts of invasive plant species Chromalaena odorata,
Mimosa diplotricha and Combretum indicum germination and seedling growth of some widely cultivated
vegetable crops. In: Biological Invasions: Issues in Biodiversity Conservation and Management. Proceedings of
aNational Conference, Bioinvasions, Trends, Threats and Management held from 3 to 4™ December, 2022 at
Thiruvananthapuram. Kerala State Biodiversity Board, Thiruvananthapuram, pp. 137-144.
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Introduction

An invasive species is introduced as an alien, exotic, and non-indigenous species non-native
to that location but very aggressive leading to damage to the other plant species, human health
and economic structure, and such organisms immigrating from their native place to a new
locality are referred as exotic species (Mack et al. 2000). Invasion is raised as one of the
major causes of biodiversity loss (Inderjit et al. 2008, Rastogi et al. 2015). Invasive plants
are aleading cause of declines in native plant and animal numbers. Invasive plants can reduce
the amount of tree cover by preventing trees from becoming established, causing them to fall
down prematurely or reducing their growth rate. They can aso inflict big changes on native
vegetation, altering the frequency of fires, nutrient cycling, water availability and soil erosion.

Like other living organisms, plants also compete for sunlight, nutrients, water, space etc. and
this competition is the basis for allelopathy. Allelopathic plants, use their chemical tools to
win the competition and use the available resources more efficiently. Most of the allelopathic
plants store their protective chemicals within their leaves, especially during fall. As leaves
drop to the ground and decompose, these toxins can affect nearby plants. Some plants aso
release toxins through their roots, which are then absorbed by other plants and trees.
Allelopathy has both positive and negative effects, some positive effects are agricultural
management, weed control, crop protection, or crop re-establishment and negative ones are
autotoxicity, soil sickness, or biological invasion.

In this juncture the aim of the present study isto study the allelopathic effect of three invasive
plants commonly found in and around the locality of our college campus on seed germination
and seedling growth of commonly cultivated vegetable seeds like Vigna radiata, Vigna
undiculata and Abel moscus esculentus.

M aterials and methods

For the present study three invasive plants were selected. Mimosa diplotricha: A species of
leguminous woody shrub native to the Neotropics belonging to family Fabaceae, subfamily
Caesalpinioideae commonly known as the giant sensitive plant, giant false sensitive plant or
nila grass. Combretum indicum, also known as the Rangoon creeper, a vine with red flower
clusters which is native to tropical Asia belonging to family Combretaceae. Chromolaena
odorata commonly known as siam weed belongs to family Asteraceae.

Vegetable seeds selected for the alelopathic study of these invasive plants were seeds of
Vigna radiata (green gram), Vigna unguiculata (cowpea) and Abelmoschus esculentus (Okral
ladies finger).
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Extract preparation

Fresh leaves of Mimosa diplotricha, Chromolaena odorata and Combretum indicum were
collected and shade dried for 7 days. Aqueous leaf extract was prepared by grinding 10 grams
leaves using mortar and pestlein 100 ml of distilled water and 10% stock solution is prepared.
Using this stock solution various concentrations of solution with 2%,4%,6% and 8% solutions
were prepared by proper dilution.

Experiment

Ten uniform seeds of Vigna radiata (green gram), Vigna unguiculata (cowpea) and
Abelmoschus esculentus (Okral ladies finger) were kept for germination in sterilized petri-
dishes lined with blotting paper and moistened with 10 ml of different concentrations of
agueous extracts (2 to 10%). Each treatment had three replicas (total number of test seeds: 10
x 3 = 30). One treatment was run as control with distilled water only. The seeds were
observed daily and moistened with appropriate solution when the blotting paper were seemed
to be dry. The number of germinated seeds were counted and, the root and shoot length were
measured. The changes were observed for 5 days after the treatment.

Germination percentage

Germination was confirmed by the initial appearance of the radicle by visual observation. The
germination percentage of seeds was calculated using the following formula.

o Number of seeds germination
Germination Percentage = X100
Total number of seeds sown

Result and discussion

The germination rates, root length and shoot length of the seeds of control and treatment with
the extract are tabulated in the table below (Table 1)

Table 1 - Germination and growth of seedsin distilled water after 5 days (Control)

Seeds Germination percentage (%)  Root length (cm) Shoot length (cm)
Vigna radiata 100% 155 6

Vigna unguiculata 90% 5.7 37

Abel moschus esculentus 100% 12.3 15

Seeds soaked in distilled water serve as control. V. radiate and A. esculentus showed 100%
germination in 5 days while V. unguiculata showed 90% germination (Table 1). The radicle
emerged out of al the V. radiata seeds in the first day itself after soaking in distilled water
whereas the plumule emerged on the second day. The same was for V. unguiculata seeds,
while it took two days for the emergence of radicle in A. esculentus seeds. The length of the
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radicle and plumule were measured regularly and the results after 5 days are tabulated in
Tablel. All the seeds showed good growth in distilled water.

Different concentration of leaf extracts of Combretum indicum (2%-10%) showed inhibitory
effect on seed germination of all the seeds analysed compared to control. All the
concentrations of leaf extracts slowed the germination of al the seeds. Of the five
concentrations 10% concentration showed the maximum inhibition in the three seeds. Of the
three vegetable seeds V.radiata showed maximum resistance to the allelopathy of
Combretum. The rate of germination of all seedsis clearly tabulated in table 2. Abelmoschus
seeds was affected most by the inhibitory effect of the Combretum indicum leaf extracts.
Increase in concentration of the extracts showed an increase in inhibitory effect on seed
germination and seedling growth.

Screening leaf litter of Combretum indicum using the sandwich method by Fujiiet al., 2003,
indicates increasingly strong inhibitory activity. Resmi & Vijay, 2015,studied the effect of
Combretum on the germination and early seedling growth of test plant material, Vigna radiata
showed that the inhibition shown by the species is statistically highly significant (at 1% level)
in terms of morphological parameters viz., shoot length, leaf length and leaf breadth when
compared to the control seedlings.

The effect of Chromolaena odorata leaf extract of different concentrations on germination
and seedling growth of selected vegetable seeds showed that al the concentrations of |eaf
extracts slowed the germination of seeds. Here also V.radiata seeds showed maximum
resistance to the inhibitory effect on germination. Even though the germination rate was little
affected the growth parameters like root and shoot length of the germinated seedling was
found to be very poor when compared to control (Table-3). In Vigna unguiculata a
concentration dependent decrease in the germination rate of the seeds was observed with
complete inhibition of seed germination at 100%. Even though germination occurred the
growth of the seedlings was found to be greatly affected by the alelochemicals in the leaf
extracts of Chromolaena.

Ajewole et al. (2021), investigated the effects of fresh shoot biomass of Chromolaena
odorata on okra Abel moschus escul entus the | eachate of Chromolaena odorata resulted to a

Table 2- Effect of Combretum indicum leaf extracts on seed germination and seedling growth
measured after 5 days

Germination percentage Root length Shoot length
S Concentration of extract | Concentration of extract | Concentration of extract
2% | 4% | 6% 8% | 10% | 2% | 4% | 6% | 8% | 10% | 2% | 4% | 6% | 8% | 10%
Vlgna 100 | 80 (60|50 30 | 3 115111309 (35/21(15/18]| 11
radiata
Vigna | oyl a0 30| 0 | 2 |1.3|08l05] - |26|19|15|14| -
unguiculata
Abdmoschus) o4 | 151 o | o | 0 |06]09] - | - | - 12|15 - | - | -
esculentus
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reduction in radicle length, plumule length and number of roots. It also affected the food
content of Abelmoschus esculentus. The present study results are substantiated by the above
report. Okra seeds showed the allelopathic effect from the germination stage onwards. Here
the rate of germination was reduced to less than 50% even at the lowest concentration of the
extract. The germinated seeds showed extremely retarded growth rate for the period of
analysis (5 days).Due to its high allelopathic potential this plant might therefore be used as a
herbicide to control other weeds.

Table 3- Effect of Chromolaena odorata leaf extracts on seed germination and seedling
growth measured after 5 days

Germination percentage Root length Shoot length
Seeds Concentration of extract | Concentration of extract | Concentration of extract
2% | 4% | 6% | 8% | 10% | 2% | 4% | 6% | 8% | 10% | 2% | 4% | 6% | 8% | 10%
Vigna
radiata 1001008 (8| 6 |64(12| 1 12|11 | 6 [35(14/05| 08
Vigna | a5 | 40 30| 10| 0 |18/13]09l07| - | 3 |18/15 1| -
unguiculata
Abelmoschus
esculentus 40 | 20| 1/10| O |(11/09|/08|04| - |15/ 1 |06|08| -

Mimosa diplotricha, the invasive weed is commonly seen in arable croplands, plantation crop
farms, fallow lands, roadsides, abandoned lands and deforested areas. This plant vigorously
scrambles over other plants forming dense thickets and, in this process, prevents regeneration,
reproduction and growth of indigenous species. In coconut plantations in Kerala, India, an
experiment was conducted using the area around the base of each pam (1.8 m radius) for
raising green manure crops (Thomas and George, 1990). M. diplotricha was superior to other
species tested in green matter production and nitrogen yield and was most effective in raising
soil fertility parameters. The use of M. diplotricha enhanced the yield of coconuts suffering
from root wilt disease by over 20%. Another study in Kerala showed benefits, but also
showed that both thorny and thornless M. diplotricha have the potential to become weedy in
agricultural and agroforestry systems (Suresh, 2014). The vigorous growth of M.
diplotricha led to its use as a green manure or cover crop (Sankaran, 2017).

Apart from these beneficial reports of this plant our focus was on the study of its allelopathic
effects when it is used as a green manure. The results revealed that M.diplotricha plant has
strong allelopathic effect on the inhibiting seed germination of the vegetable seeds used for
the study. The seed germination percentage of Vigna radiata seeds showed a concentration
dependent decrease. Among the three invasive plants studied this plant is found to inhibit the
V radiata seed germination and seedling growth the most. Similar results were obtained for
Vigna unguiculata seeds also. Interestingly the leaf extracts at different concentrations
completely inhibited the germination of okra seeds (Table-4).
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Even though reports on rapid invasion of this plant species is extensively available studied
regarding its allelopathic effect when used as green manure is little. It is understood that the
growth pattern of M. diplotricha forming thickets and preventing sunlight from reaching
below has severely affected the growth and germination of native plant species. Methods of
controlling this weed include uprooting and using it as a green manure and it is widely
practiced in Kerala due to its nitrogen fixing roots enhancing soil fertility. But the present
study reveals that this practice affects the germination and growth of the seeds of vegetable
seeds studied. The alelochemicals present in the leaf extracts retards the germination and
growth of the vegetable seeds. Hence utmost care should be given while using these as a
green manure.

Table 4- Effect of Mimosa diplotricha leaf extracts on seed germination and seedling growth
measured after 5 days

Germination percentage Root length Shoot length
Seeds Concentration of extract | Concentration of extract | Concentration of extract
2% | 4% | 6% | 8% | 10% | 2% | 4% | 6% | 8% | 10% | 2% | 4% | 6% | 8% | 10%
Vigna
radiata 80 |70 70| 70 | 40 |04]03/03/03|01(03/0.2|02|02| 01
vVigna | g 13 30| 25 | 20 |02]01/01/02 04 |01]01]01/01] 01
unguiculata
Abelmoschus
esculentus | | | | L L
Conclusion

Monotypic stand is a condition whereby a plant species forms a large population, clustered
within a habitat thereby preventing or replacing other plant species. Some invasive plants
create monotypic stand that replace and/or prevent other plant species especially native plant
species from growing there, forming a dominant colonization. Monotypic stand formed by
invasive plant is due to either competition or allelopathy as proposed by different ecologist.
This can occur from nutrient monopolization or lack of natural controls such as herbivores or
climate that keep them in balance with their habitat and retardant chemicals exuded.

The results revealed that the invasive plants Mimosa diplotricha, Combretum indicum and
Chromolaena odorata have profound negative impact on the vegetable seed germination and
growth. Of these three plants Mimosa diplotrichawas found to have the more growth
inhibitory property than others. The leaf extract of the plant completely inhibited okra seed
germination even at low concentrations.Chromolaena odorata or siam weed has been
extensively studied for its allelopathic properties and it has been recorded that stems and roots
of Chromolaena odorata contained allelopathy compounds such as eugenol; eugenol acetate;
caryophyllene; isocaryophyllene; acoradiene; palmitic acid; 2,6-dimetoxy phenol and furfuryl
alcohol (Agusta et a., 2000). Based on the present investigation, it is suggested that the rate
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of inhibitory effect on the vegetable seeds noticed can be due to the presence of these
alelochemicals.

Allelopathic inhibition on hypocotyl and radicle growth on lettuce seedlings by Combretum
indicum has been reported by Suwitchayanon et al.,(2017). The present investigation aso
showed negative impact of leaf extract of this plant on the vegetable seed germination and
growth. Based on the findings, it could be speculated that low germination rate of the test
species after treatment by extracts may be due to the allelochemicals present in the extracts.
Allelopathic chemicals alter plant growth and seed germination through a multiplicity of
effects on physiological and biochemical processes, as many of the compounds have multiple
phytotoxic effects. According to Singh et al. (2009), phytotoxins can affect enzyme activities
or plant hormones, increasing amylase activity and promoting a greater release of reserves
that would otherwise be provided to the embryo, extending oxidative stress and seed
dormancy through the increase of abscisic acid production and inhibiting water absorption via
alterations in membrane permeability. Therefore, the observed difference between the control
and treatment groups, in terms of the number of germinated seeds, might be attributed to the
presence of allelopathic compounds. The seedling growth results for aimost al of the
vegetable species showed that the roots as well as the shoots were sensitive to the leaf
extracts.

The present data could also be of use in ecological studies, because al the species evaluated
here can influence the diversity and spatial distribution of individualsin natural communities.
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Abstract

The three basic variables for monitoring invasion are the occurrence of alien species, the
status of the species, and the impact that the species has on biodiversity. The Earth
observation approach integrates observations of the planet based on in situ and remote sensing
data to track changes in its conditions over space and time. Over the past five decades,
geospatial technology has progressed significantly. This review provides insight into the
contributions of remote sensing to the monitoring and managing of biological invasions.
Remote sensing is an essentia tool that, in conjunction with field data, ecological modelling
and spatial analysis, contributes to the mapping, prediction and management of invasive
species populations. The effectiveness of remote sensing data for detecting invasive plants
depends on the spatia and spectra resolution of the sensors. Mapping of invasive plant
species using multispectra and hyperspectral data is feasible when species have unique
phenology and spectra. Invasive plants can be better demarcated if they are gregarious as
large stands in open forest canopies, grasslands and scrublands. Significant progress has been
made in understanding the physical pathways of invasion, which species invade, how they
spread, and what makes ecosystems vulnerable to invasion. However, we need to identify
ecological factors that are key determinants of their success and ecological variables that
could significantly affect the invasion process. Unmanned aerial vehicles would provide an
alternative to satellite remote sensing for mapping invasive aien plant species and evaluating
management effectiveness. The application of hotspot anaysis and species distribution
modelling prioritizes areas for invasive species management.

Keywords: Invasive species, Invasibility, Modelling, Hotspots, Remote sensing
Introduction

Profound biodiversity changes lead to new communities where the species composition
transforms into a new configuration (Pandolfi et a. 2020). Invasive aien species are non-

Sudhakar Reddy, C. and Saranya, K.R.L. 2023. Earth observation based approach for assessment, modelling and
management of biological invasions — Scope and future. In: Biological Invasions: Issues in Biodiversity
Conservation and Management. Proceedings of a Nationa Conference, Bioinvasions, Trends, Threats and
Management held from 3" to 4™ December, 2022 at Thiruvananthapuram. Kerala State Biodiversity Board,
Thiruvananthapuram, pp.147-157.
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native plants, animals and microorganisms that are deliberately or accidentally introduced into
new areas outside their origina ranges and then spread beyond cultivation and human care to
affect biodiversity. The Convention on Biological Diversity (CBD) (1992) presented that
"biological invasion by alien species’ is the greatest threat to the existence of native
biodiversity (https://www.cbd.int/). Biologica invasion is the process by which species with
no historical record in an area breach biogeographic barriers and extend their range (Ruesink,
2020). The process of biologica invasion involves entry, dispersal and impact. linformation
on biological invasions is needed to inform three main management processes. designing
surveillance and field surveys, prioritizing sites for management interventions and supporting
regulatory decision-making (Sofaer et a., 2019; van Rees et a., 2022).

The CBD calls for “the collection and dissemination of information on alien species that
threaten ecosystems, habitats or species to be used in context with any prevention,
introduction and mitigation” (CBD 2000). The CBD’s post-2020 target activities to halt
biodiversity loss from invasive alien species include pathway management, species
prioritization, spatial prioritization, restoration and recovery (Esd et a. 2020). The factors
that account for differences in invasibility between habitats are evolutionary history,
community structure, propagule pressure, disturbance and stress (Alpert et al. 2000). Catford
et a. (2009) reviewed 29 hypotheses in invasion ecology. Research indicates that plant
invasion is a function of propagule pressure, abiotic characteristics of a site, and biological
characteristics of invaders and recipient community (Catford et al., 2009). A review by
Catford et al. (2012) aimed to identify the best way to quantify the level of invasion and
recommended using relative alien species richness and relative alien species abundance as
ecologically meaningful indicators.

The main attributes used for designating ‘species’ as invasive alien species are invasiveness,
impacts and invasion areas. Many invasive species checklists are in circulation, but the
criteria used in these lists are not clearly stated (Reddy, 2008). Biologica invasions and
natural disasters are similar phenomena. Their causes are implicit, but their occurrences are
unpredictable and uncontrollable (Ricciardi et a. 2011). The Group on Earth Observations
Biodiversity Observation Network (GEO BON) has identified three essential variables for
invasion monitoring: (1) alien species occurrence, (2) alien status of a species and (3) impact
that a species has on biodiversity and ecosystems (https.//www.geobon.org/). This is related
to the concept of Essential Biodiversity Variables, which are the subset of biodiversity
variables needed for studying, reporting and managing biological invasions. Ecological
flexibility can be measured as the number of different habitats a species occupies is strongly
related to impact. Blackburn et al. (2014) developed a classification scheme for invasive alien
species (i.e. massive, mgjor, moderate, minor and minimal). Overall, the impacts of aien
species are heterogeneous and not unidirectional, even within specific types of impacts. Green
& Grosholz (2021) proposed functional eradication as a framework for invasive species
control (Fig 1). In the case of large-scale invasions, resources could be allocated to
suppressing populations in high-priority locations. Invasive species management requires
accurate mapping and modelling techniques at arelatively low cost.
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Fig 1. Relationship between stage of invasion, geographic extent and management resources available
for intervention

Remote sensing applications

Earth Observation-based approach based on both insitu and remote sensing data alows
efficient monitoring in space and time. Earth observation-on-biodiversity monitoring provides
aframework for invasive species management by integrating remote sensing data, in-situ field
measurements, and geographic information system (GIS) (Fig 2).
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