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ABSTRACT:

Echinochloacolona (L.) Link, commonly known as
jungle rice, is an aggressive annual grass weed
widely distributed in tropical and subtropical
regions. It thrives in a variety of habitats,
particularly in irrigated and rainfed agricultural
systems such as rice, maize, and cotton fields. The
species exhibits rapid growth, prolific seed
production, and strong adaptability to diverse
environmental conditions, making it a significant
challenge for crop management. In recent years, E.
colona has developed resistance to several
herbicide groups, including glyphosate, which
poses a serious threat to sustainable weed control
practices. Understanding its biology, ecology, and
resistance mechanisms is essential for designing
effective integrated weed management strategies.
This review highlights the morphological
characteristics, reproductive biology, ecological
adaptability, and  resistance  evolution  of
Echinochloacolona, emphasizing the need for
innovative and sustainable control measures.
Keywords: Echinochloacolona, jungle rice, weed
management,  herbicide resistance, ecology,
integrated weed control, glyphosate resistance

l. INTRODUCTION:

Echinochloacolona (L.) Link, commonly
known as jungle rice, is one of the most
troublesome and competitive weed species
affecting major agricultural crops across tropical
and subtropical regions of the world. Belonging to
the family Poaceae, this annual C, grass species is
highly adaptable to a wide range of environmental
conditions and soil types. It is particularly prevalent
in irrigated and rainfed cropping systems, including
rice, maize, soybean, sorghum, and cotton fields.[4]

The rapid growth rate, high seed
production, and short life cycle of E. colona
contribute significantly to its ability to dominate
agricultural  landscapes. Its  morphological
similarity to cultivated rice during the early growth
stages often makes it difficult to distinguish and
control effectively. Moreover, the widespread and
repeated use of herbicides has led to the evolution

of herbicide-resistant populations of E. colona,
especially those resistant to glyphosate and other
commonly used herbicide groups.

The increasing prevalence of resistant biotypes has
raised concerns about crop productivity and the
sustainability of chemical weed management
strategies. Therefore, a comprehensive
understanding of the biology, ecology, reproductive
behavior, and resistance  mechanisms  of
Echinochloacolona is essential for developing
effective and sustainable weed management
programs.[6]

Echinochloacolona (L.) Link, commonly

referred to as jungle rice, is an annual C, grass
species belonging to the family Poaceae. It is native
to tropical Asia but has now become a
cosmopolitan weed, infesting agricultural systems
across Asia, Africa, Australia, and the Americas.
The species is particularly problematic in direct-
seeded and transplanted rice fields, as well as in
other cereal and row crops such as maize, soybean,
cotton, and sorghum. Due to its high adaptability
and competitive ability, E. colona has become one
of the most persistent and damaging weeds in
tropical and subtropical agroecosystems.[8]

The success of E. colona as a weed lies in
its remarkable biological and ecological traits. It
exhibits a rapid growth rate, high fecundity, and the
ability to germinate under a broad range of
environmental conditions. A single plant can
produce several thousand seeds, which can remain
viable in the soil seed bank for extended periods.
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These characteristics enable the species to establish
dense infestations, leading to significant vyield
losses in crops through competition for nutrients,
light, and water.

Morphologically, E. colona closely
resembles cultivated rice, particularly during its
early growth stages. This resemblance makes
manual weeding and early detection difficult, often
allowing the weed to reach maturity and contribute
new seeds to the soil seed bank. The species is also
known for its adaptability to both flooded and
upland conditions, further enhancing its ability to
survive across diverse agroclimatic zones.[9]

One of the major concerns associated with
Echinochloacolona is its evolving resistance to
multiple herbicides. Over the past two decades,
several populations have developed resistance to
glyphosate, acetyl-CoA carboxylase (ACCase)
inhibitors, and acetolactate synthase (ALS)
inhibitors. The emergence of these resistant
biotypes has greatly reduced the effectiveness of
chemical control methods and increased the cost of
weed management. The spread of herbicide
resistance also highlights the urgent need for
diversified and sustainable weed management
strategies.

Integrated weed management approaches
that combine cultural, mechanical, and chemical
methods are now being explored to suppress E.
colona infestations effectively. Understanding the
biology, physiology, and resistance mechanisms of
this weed is crucial to formulating such strategies.
Moreover, research into the genetic diversity and
adaptive traits of E. colona populations can provide
valuable insights into their evolutionary dynamics
and potential management options.[10]

Taxonomy
Scientific classification of Echinochloacolona
(L.) Link
Rank Taxon
Kingdom Plantae
Subkingdom | Tracheobionta — Vascular
plants
Superdivision | Spermatophyta — Seed plants
Division Magnoliophyta — Flowering
plants
Class Liliopsida — Monocotyledons
Subclass Commelinidae
Order Poales
Family Poaceae — Grass family
Subfamily Panicoideae
Tribe Paniceae
Genus Echinochloa P. Beauv.

| Species | Echinochloacolona (L.) Link |
Common Names

e English: Jungle rice, Awnless barnyard grass
Hindi: Samak, Shama

Tamil: Samai pullu

Telugu: Shama gaddi
Malay/Indonesian:Rumputsambau, Jelai
liar[12]

Synonyms

e Panicum colonum L.

e Echinochloawalteri (Pursh) A. Heller var.
colona (L.) Hitchc.

e Echinochloacolonum (L.) Link (orthographic
variant)

Distribution and Ecology of Echinochloacolona
Geographical Distribution

Echinochloacolona (L) Link is a
cosmopolitan species with a wide geographical
range across tropical, subtropical, and warm-
temperate regions of the world. It is believed to
have originated in tropical Asia, but it has now
become naturalized in Africa, Australia, the
Americas, and several Pacific Islands. The species
is particularly abundant in South and Southeast
Asia, including India, Bangladesh, Thailand, and
the Philippines, where it thrives in both cultivated
and non-cultivated lands.

In Australia and the United States, E.
colona is considered a major agricultural weed,
especially in summer crops such as rice, maize,
sorghum, and cotton. Its spread has been facilitated
by agricultural activities, irrigation systems, and
contaminated crop seed movement. It is now listed
as one of the world’s most widespread and
problematic grass weeds, particularly in irrigated
and rainfed cropping systems.[14]

Habitat Preferences

Echinochloacolona thrives in a wide range of

habitats, demonstrating remarkable ecological

flexibility. It is most commonly found in:

e Cultivated fields, particularly rice paddies,
maize, and cotton fields.

e \Wetlands, irrigation channels, and riverbanks.

e Disturbed soils, roadsides, and construction
sites.

e Pastures and abandoned lands, where moisture
and nutrients are available.

The species prefers moist to wet
conditions and can tolerate periodic flooding,
making it highly suited to paddy ecosystems.
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However, it can also establish under semi-dry or
upland conditions, showing adaptability to a wide
moisture gradient.[15]

Ecological Adaptations

Several biological traits contribute to the ecological

success of E. colona:

1. C4 Photosynthetic Pathway — This enables
efficient carbon fixation under high light
intensity and temperature, giving it a strong
competitive advantage over C3 crop species in
warm climates.

2. High Seed Production — A single plant can
produce several thousand seeds, ensuring rapid
colonization of disturbed areas.

3. Seed Longevity and Dispersal — The small,
lightweight seeds are easily dispersed by wind,
water, animals, and farm equipment. Some
seeds remain viable in soil for extended
periods, contributing to a persistent seed bank.

4. Phenotypic Plasticity — The plant can adjust
its morphology, growth rate, and reproductive
output according to environmental conditions,

The ecological role of Echinochloacolona:

such as soil fertility, moisture, and competition
pressure.

5. Tolerance to Flooding and Drought -
Although it prefers moist soils, E. colona can
survive temporary drought periods, allowing it
to thrive in both irrigated and rainfed systems.

Ecological Role

In natural ecosystems, Echinochloacolona
can serve as a pioneer species, quickly colonizing
bare or disturbed soils and contributing to initial
soil stabilization. However, in agroecosystems, it
acts as a dominant weed, competing aggressively
with crops for light, water, and nutrients. Its
presence often leads to significant yield reductions,
particularly in rice and maize systems.[16]

The species also serves as a host plant for
several pests and diseases that affect cereal crops,
further complicating its impact on agricultural
productivity. Additionally, its emergence as a
herbicide-resistant weed in several countries has
raised ecological and management concerns.

Ecological Role

Description / Function

Impact

Pioneer Species

stabilizes soil

Colonizes disturbed
wastelands, and margins; | may

soils, | Positive: prevents erosion; Negative:

outcompete
successional plants

native early

livestock

Habitat & Food Source | Provides cover, nesting sites, | Positive: supports animals and insects;
and fodder for wildlife and | Negative: can harbor pests/pathogens

affecting crops

Soil &
Dynamics

Nutrient | Contributes organic matter; | Positive: adds biomass to soil; Negative:
absorbs nutrients rapidly

depletes soil nutrients, affecting native
vegetation

Ecosystem Succession Early

colonizer
wetlands/agricultural fields

in | Positive: facilitates initial ecosystem
recovery; Negative: inhibits native
species regeneration

Interactions with Other | Influences
Organisms communities and
cycling

microbial | Positive:  supports  soil  microbes;
nutrient | Negative: may disrupt native ecological

interactions

Environmental Tolerances

e  Temperature: Optimum growth occurs between
25-35°C.

e Soil: Grows in a variety of soils, from loamy to
clayey textures, with a preference for nutrient-
rich and moist conditions.

e Water Regime: Tolerant to waterlogging, but
growth slows under prolonged drought stress.

e Light: Prefers full sunlight but can also grow
in partially shaded conditions.

Biology and Growth Characteristics of
Echinochloacolona
Introduction

Echinochloacolona (L.) Link, commonly
known as jungle rice, awnless barnyard grass, or
deccan grass, is an annual grass species belonging
to the family Poaceae. It is one of the most
widespread and competitive weed species in
tropical and subtropical agricultural systems,
especially in rice-based ecosystems. Its ability to
adapt to varying environmental conditions and its
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rapid growth make it a dominant weed in both
irrigated and rainfed areas.[18]

General Biology

Echinochloacolona is a C4 photosynthetic
plant, which gives it high efficiency in carbon
assimilation under warm temperatures, intense
light, and limited water availability. This
physiological advantage enables it to grow
vigorously during the summer season and in
tropical climates.

The species reproduces solely by seed, and
its life cycle is completed within a single growing
season, typically lasting 6-8 weeks under favorable
conditions. Seed production is prolific — an
individual plant can produce 10,000 to 40,000
seeds, depending on environmental conditions and
competition levels. These seeds are non-dormant or
have short dormancy periods, allowing quick
germination after dispersal when moisture is
available.[20]

Germination is influenced by temperature,
soil moisture, and light. Optimum germination
occurs at 25-35°C, and the seeds can germinate on
or near the soil surface. Under flooded conditions,
germination and seedling establishment can still
occur, which gives E. colona a strong advantage in
paddy environments.

Morphological Characteristics
Echinochloacolona exhibits distinct morphological
features that support its identification and
ecological success:

e Growth Habit: Erect or slightly spreading
annual grass that grows between 30-100 cm
tall,  sometimes taller in  favorable
environments.

e Root System: A well-developed fibrous root
system, enabling efficient absorption of
nutrients and water and providing tolerance to
transient drought or flooding.

e Culms (Stems): Smooth, round, and solid,
with several tillers emerging from the base.

e Leaves: Flat, linear, and green with a distinct
midrib. The leaves are typically 10-30 cm long
and 5-15 mm wide, and the ligule is absent —
a key diagnostic trait distinguishing it from
other Echinochloa species.

o Inflorescence: A loose or compact panicle
consisting of multiple branches bearing dense
clusters of spikelets. Each spikelet generally
contains one fertile floret that produces a
single grain (seed).

e Seeds: Oval to ellipsoidal, smooth, and
brownish when mature, facilitating easy
dispersal by wind, water, and farm
machinery.[21]

Growth Characteristics

The growth pattern of E. colona is
characterized by its rapid emergence, fast
vegetative growth, and high tillering capacity. The
plant establishes quickly after germination, forming
dense clumps that suppress competing vegetation
through  light interception and  resource
competition.

Under ideal conditions, E. colona can
complete its life cycle in 45-60 days, allowing
multiple generations per year in tropical regions.
This short life cycle, coupled with its high seed
output, contributes to its persistence and dominance
in cropping systems.

Its phenotypic plasticity — the ability to
alter its growth form in response to environmental
variations — enables it to survive under different
management practices, soil types, and climatic
conditions. For example, in flooded rice fields, the
plant produces elongated stems to remain above the
water surface, whereas in upland fields, it develops
a compact and robust form.

Reproductive Biology

Reproduction in E. colona is entirely
sexual, occurring through seed formation.
Pollination is primarily self-pollinated, though
cross-pollination can occur to a limited extent.
Seeds are dispersed through water flow, agricultural
equipment, animals, and human activity. The ability
of seeds to remain viable in the soil for several
months to years ensures the species’ persistence
even when aboveground plants are controlled.[22]

Environmental Requirements and Adaptations

e Temperature: Thrives best in warm climates
with temperatures between 25-35°C.

e Moisture: Highly tolerant to both waterlogged
and semi-dry conditions.

e  Soil: Prefers fertile, moist soils but can grow in
a wide range of soil textures from clayey to
sandy.

e Light: Grows best under full sunlight but can
tolerate partial shading.

These adaptive traits make E. colona a successful

colonizer of disturbed habitats and agricultural

lands.
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Competitive Ability and Crop Losses of
Echinochloacolona
Introduction

Echinochloacolona (L.) Link, commonly
known as jungle rice, is one of the most
competitive and troublesome weeds in tropical and
subtropical cropping systems. It thrives particularly
well in rice, maize, sorghum, soybean, and cotton
fields, where it competes aggressively for essential
resources such as light, nutrients, water, and space.
Its rapid growth, high seed production, and
adaptability to various environmental conditions
make it a dominant competitor in both irrigated and
rainfed systems.

Competitive Ability

The competitive strength of
Echinochloacolona arises from several biological
and ecological traits that allow it to outcompete
crop plants.

1. Rapid Germination and Early Growth

E. colona germinates quickly after rainfall
or irrigation, often emerging earlier than most crop
species. Its rapid early establishment provides a
head start in resource capture, enabling it to
dominate the canopy and shade slower-growing
crops.

2. High Tillering and Biomass Production

The plant exhibits vigorous tillering
capacity, producing multiple shoots per individual.
This dense growth form helps the weed monopolize
light and nutrients, thereby suppressing crop
growth. It also develops a fibrous root system that
efficiently extracts water and nutrients from the
soil, intensifying competition.[24]

3. C4 Photosynthetic Pathway

As a C4 plant, E. colona has high
photosynthetic efficiency, particularly under high
temperature, light, and limited water conditions.
This gives it a significant physiological advantage
over C3 crops such as rice and wheat, especially
during dry or hot periods.

4. Phenotypic Plasticity

E. colona displays remarkable phenotypic
plasticity, allowing it to alter its morphology
according to crop type, competition intensity, and
environmental stress. In dense crop canopies, it can
elongate its stems to reach light, while in open
conditions, it produces more tillers and seeds,
maximizing its reproductive output.

5. Allelopathic Effects

Some studies have suggested that
Echinochloa species, including E. colona, may
release allelopathic compounds that inhibit the
germination and growth of nearby plants, further
enhancing their competitive dominance.[25]

Impact on Crop Yield

The interference caused by
Echinochloacolona leads to significant reductions
in crop yield and quality. The extent of crop loss
depends on factors such as weed density, timing of
emergence, and duration of competition.

1. Rice

In rice fields, E. colona is one of the most
damaging weeds. When allowed to compete
throughout the growing season, yield losses may
range from 35% to 80%, depending on crop variety
and management  practices. Early-season
competition (within the first 30-45 days after
transplanting) is particularly harmful, as the weed
and crop compete for light and nutrients during
critical growth stages.

2. Maize and Sorghum

In maize and sorghum systems, E. colona
can reduce grain yield by up to 60% at densities of
20-30 plants per square meter. Its rapid growth and
similar height to these crops make it difficult to
suppress without proper management.

3. Soybean and Cotton

In broadleaf crops such as soybean and
cotton, yield losses of 25-50% have been reported.
The weed forms dense stands that interfere with
crop canopy closure and nutrient uptake, leading to
stunted crop growth and reduced pod or boll
formation.

Resource Competition

The competitive interactions between E. colona and

crops are primarily based on:

e Light interception: The weed quickly
overtops crops, reducing light availability for
photosynthesis.

e Nutrient uptake: Its fibrous roots exploit soil
nitrogen and phosphorus more efficiently than
most crops.[23]

e Water use: In rainfed systems, E. colona
depletes soil moisture before the crop can fully
establish.

As a result, even moderate infestations can lead to

substantial economic losses if not controlled early.
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Long-Term Effects

Persistent infestations of
Echinochloacolona contribute to weed seed bank
buildup, making future control increasingly
difficult. Furthermore, the species has developed
resistance to several herbicides, including
glyphosate and ACCase inhibitors, in various
regions of the world. Herbicide resistance further
enhances its competitive advantage, resulting in
reduced effectiveness of chemical control and
higher management costs for farmers.

Herbicide Resistance in Echinochloacolona
Introduction

Echinochloacolona (L.) Link, commonly
known as jungle rice, has become one of the most
herbicide-resistant weed species in tropical and
subtropical cropping systems. The species’ high
adaptability, prolific seed production, and frequent
exposure to herbicides have accelerated the
evolution of resistance to multiple herbicide
groups. Herbicide resistance in E. colona poses a
serious challenge to sustainable weed management,
particularly in rice-based systems and glyphosate-
reliant conservation agriculture.[19]

Development of Herbicide Resistance

Herbicide resistance in Echinochloacolona
has evolved primarily due to intensive and repeated
use of herbicides with similar modes of action.
Over time, susceptible plants are eliminated, and
individuals with resistance genes survive and
reproduce, leading to resistant populations.

The resistance mechanisms may be target-
site (changes at the herbicide’s binding site) or non-
target-site  (enhanced detoxification, reduced
translocation, or sequestration of the herbicide).

Major Herbicide Groups with Reported
Resistance
1. Glyphosate (EPSPS Inhibitor)

Resistance to glyphosate is the most
widely  documented in  Echinochloacolona.
Glyphosate inhibits the enzyme 5-
enolpyruvylshikimate-3-phosphate synthase
(EPSPS), which is essential for aromatic amino
acid synthesis.

However, resistant E. colona biotypes have been

identified in Australia, India, Thailand, the United

States, and South America.

Mechanisms of glyphosate resistance include:

e Target-site mutations in the EPSPS gene
(commonly at Prol06 position), reducing
herbicide binding.

o Gene amplification leading to overproduction
of EPSPS enzyme, allowing normal metabolic
activity despite herbicide presence.

e Reduced herbicide translocation within the
plant, preventing glyphosate from reaching
meristematic tissues.

In some cases, resistant populations
survive field rates several times higher than the
recommended dose, making chemical control
ineffective.

2. AC Case Inhibitors[17]

Resistance to acetyl-CoA carboxylase
(ACCase) inhibitors, such as cyhalofop-butyl,
fenoxaprop-p-ethyl, and quizalofop-ethyl, has been
reported in several rice-growing regions, including
India, Vietnam, and Australia.

The ACCase enzyme is essential for fatty acid
synthesis in grasses. Point mutations in the ACCase
gene (particularly at positions 11e1781, Trp2027, or
Asp2078) confer resistance by reducing herbicide
binding.

These resistant populations often show cross-
resistance  to multiple  ACCase-inhibiting
herbicides, complicating chemical management in
paddy and upland rice systems.

3. ALS Inhibitors

Resistance to acetolactate synthase (ALS)
inhibitors, such as bispyribac-sodium and
penoxsulam, has also been confirmed in E. colona
populations. ALS inhibitors disrupt the biosynthesis
of branched-chain amino acids (valine, leucine,
isoleucine).

Target-site mutations in the ALS gene—
especially at positions Pro197, Trp574, or Ser653—
are commonly associated with this resistance.
These mutations enable the enzyme to function
even in the presence of the herbicide.[13]

4. Photosystem 11 (PSI11) Inhibitors

Although less widespread, resistance to
PSII inhibitors such as propachlor and atrazine has
been observed in some populations. Resistance
mechanisms include alterations in the D1 protein
(the target site of the herbicide) or increased
herbicide metabolism.

Cross-Resistance and Multiple Resistance
Several Echinochloacolona populations
exhibit cross-resistance (resistance to different
herbicides within the same mode of action group)
and multiple resistance (resistance to herbicides
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from different groups).
For instance, in Australia, certain biotypes show
resistance to both glyphosate and ACCase
inhibitors, while in India and Thailand, populations
resistant to ALS and ACCase inhibitors have been
documented.

This multidimensional resistance makes E. colona a
formidable weed in modern agriculture.

Factors Contributing to Resistance Evolution

1. Frequent use of herbicides with similar modes
of action without rotation.

2. Monocropping systems (e.g., continuous rice
or cotton) that favor uniform selection
pressure.

3. Minimal use of non-chemical control methods,
such as tillage or crop rotation.

4. High reproductive rate and seed dispersal
capacity, enabling rapid spread of resistant
genes.

These factors collectively accelerate the selection
and establishment of resistant populations in
agricultural fields.

Management of Herbicide Resistance
Effective  management  requires an

Integrated Weed Management (IWM) approach,

focusing on preventing further resistance evolution

while controlling existing populations.

Recommended strategies include:

e Herbicide rotation: Use herbicides with
different modes of action across seasons.

e Tank mixtures: Combine herbicides with
different target sites to reduce selection
pressure.

e Cultural practices: Adopt crop rotation, cover
crops, and competitive cultivars to suppress
weed emergence.[11]

e Mechanical control: Timely weeding, inter-
row cultivation, or flooding in rice fields to
disrupt weed growth.

e Resistance  monitoring:  Regular  field
surveillance and laboratory testing to detect
resistant populations early.

These integrated practices help sustain
herbicide efficacy and minimize crop yield losses
due to E. colona infestations.

Management Strategies for Echinochloacolona
Introduction

Echinochloacolona (L.) Link, commonly
called jungle rice, is among the most problematic

weeds in tropical and subtropical agricultural
systems. Its fast growth rate, high seed production,
phenotypic plasticity, and herbicide resistance
make it extremely difficult to control using single
management approaches. Therefore, effective
control of E. colona requires a comprehensive
Integrated Weed Management (IWM) strategy that
combines cultural, mechanical, chemical, and
biological methods to reduce its population and
minimize economic losses.[22]

1. Cultural Management

Cultural  practices aim to create
unfavorable conditions for weed establishment and
growth  while  promoting  vigorous  crop
development.

a. Crop Rotation

Rotating rice or maize with crops such as
legumes (e.g., soybean, mung bean, cowpea)
disrupts E. colona’s life cycle by altering soil
moisture regimes, nutrient availability, and timing
of field operations. Crop rotation also allows the
use of different herbicide groups, reducing the
selection pressure for resistance.

b. Use of Competitive Crop Varieties

Planting fast-growing and high-biomass
cultivars helps crops establish quickly and suppress
weeds through shading and root competition. In
rice systems, direct-seeded varieties with early
vigor are more competitive against E. colona.

¢. Optimum Planting Density and Time

Early sowing and narrow crop spacing
increase canopy closure, reducing the light
available for weed germination. Timely planting
after irrigation or rainfall also allows pre-sowing
weed flushes to be controlled through tillage or
shallow flooding before crop emergence.[7]

d. Water and Nutrient Management

Maintaining intermittent flooding in rice
fields can effectively suppress E. colona, which
prefers aerobic or semi-moist conditions. Balanced
fertilization prevents excessive nitrogen levels,
which otherwise favor weed proliferation.

2. Mechanical and Physical Control

Mechanical methods provide non-
chemical means to physically remove or destroy
weeds.
a. Tillage

Pre-sowing or pre-planting shallow tillage
can uproot germinated E. colona seedlings and
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reduce the seed bank. Deep plowing at least once a
year can help bury weed seeds to depths where they
cannot germinate.

b. Manual and Mechanical Weeding

In smallholder systems, hand weeding or
the use of mechanical weeders (such as cono
weeders in rice fields) remains effective, especially
during early growth stages. Weeding 20-30 days
after crop emergence is critical to prevent the weed
from establishing dominance.

¢. Mulching

Organic or synthetic mulches suppress
weed germination by blocking light and modifying
soil temperature and moisture. Crop residues like
rice straw, sugarcane trash, or plastic films can
significantly reduce E. colona emergence.[5]

3. Chemical Control

Herbicides play an important role in
managing Echinochloacolona, particularly in large-
scale farming systems. However, careful use is
necessary to prevent the evolution of herbicide
resistance.

a. Pre-Emergence Herbicides

Pre-emergence herbicides control weeds before
they emerge from the soil. Commonly used
products include:

e Pendimethalin (dinitroaniline group)

e Pretilachlor

e Oxadiargyl

e Butachlor

These herbicides form a chemical barrier in the soil
that inhibits germination and early seedling growth
of E. colona.

b. Post-Emergence Herbicides

For established weeds, post-emergence
herbicides such as cyhalofop-butyl, fenoxaprop-p-
ethyl,  bispyribac-sodium,  penoxsulam, or
quinclorac are commonly applied. In non-selective
systems (such as fallow fields), glyphosate or
glufosinate-ammonium may be used.[4]

c. Herbicide Rotation and Mixtures

To prevent herbicide resistance, it is crucial to:

e Rotate herbicides with different modes of
action.

e Use tank mixtures or sequential applications
combining pre- and post-emergence
herbicides.

e Avoid repeated use of glyphosate or ACCase
inhibitors in the same season.

d. Resistance Management

Monitoring for early signs of resistance
and conducting periodic sensitivity tests can help
identify resistant populations before they spread.
Integration of non-chemical methods is vital to
reduce reliance on herbicides.

4. Biological Control

Although still under research, some biological

control  agents  show  potential  against

Echinochloacolona.

e Certain pathogenic fungi, such as Alternaria
alternata and Fusarium moniliforme, have
shown selective activity against Echinochloa
species.

e Natural seed predators and soil microbes may
also reduce seed viability in the soil.
However, biological control is currently
limited to experimental use and has not yet
been widely adopted in field conditions.

5. Integrated Weed Management (IWM)
The most effective strategy for managing

E. colona is an Integrated Weed Management

(IWM) approach that combines multiple

compatible practices.[3]

A successful IWM program includes:

e Crop diversification and staggered planting
schedules.

e  Cultural practices such as water management,
competitive cultivars, and residue retention.

e Mechanical weeding at critical stages.

e Judicious herbicide use with rotation and
mixtures.

e Monitoring and record-keeping of weed
populations and resistance status.

IWM not only minimizes the economic impact
of E. colona but also enhances environmental
sustainability and delays herbicide resistance
evolution.

Genomic & Whole-Genome Analyses

e A key study assembled reference genomes of
three species of the genus Echinochloa —
including  the  hexaploid E. colona
(allohexaploid) — and re-sequenced 737
accessions from 16 rice-producing countries.
(PubMed)

e For E. colona var. frumentacea (a domesticated
millet form of E. colona) the genome size was
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estimated at ~1.13 Gb with high continuity
(N50 ~24.8 Mb) using PacBio HiFi + Hi-C
data. (PMC)

These analyses revealed that E. colona and its
relatives have complex polyploid origins
(multiple sub-genomes) and that adaptation
(including herbicide resistance) appears to be
linked to population differentiation and
gene-copy number variation (for example,
disease-related gene copies are constrained) in
this genus. (PubMed)

Implication: Having a high-quality genome for
E. colona enables more precise molecular
studies (e.g., identifying resistance genes,
comparing weed vs crop forms) and may
inform weed-management strategies.[2]

Genetic Diversity & Phylogeny

Studies using molecular markers such as
AFLP, microsatellites (SSR), Start-Codon
Targeted (SCoT) markers, and DNA barcoding
have examined genetic variation in E. colona
and allied Echinochloa species.

For example, an AFLP/SSR study comparing
E. colona, E. crus-galli, and E. crus-pavonis
found E. colona samples clustered as a distinct
group, despite high within-field genotype
diversity (even 4 genotypes in a 4 mx4 m
area). (ugspace.ug.edu.gh)

In Ningxia (China) paddy-field populations, a
study used ITS, psbA/trnL-F barcodes and
SCoT markers to classify 46 barnyard grass
accessions. E. colona was the most prevalent
species, and morphological vs molecular
classifications were both required due to
complexity. (MDPI)

A Korean study used 23 SSR markers to assess
77 accessions; morphological and molecular
traits were combined to clarify phylogenetic
relationships among  Echinochloa  spp.
(Cambridge University Press & Assessment)
These efforts show that E. colona has
substantial genetic variation and is part of a
taxonomically challenging group (polyploidy,
complex lineage).[1]

Implication: Understanding population
structure and genetic diversity helps in
predicting spread of traits (e.g., herbicide
resistance) and may guide regional
management.

Gene

Expression & Herbicide Resistance

Mechanisms

A transcriptome study (RNA-seq) compared
imazamox-treated and untreated plants of both
sensitive and resistant E. colona biotypes. The
study generated a de novo leaf transcriptome
and identified genes (transcription factors,
protein modifying enzymes,
metabolism/signalling) up- or down-regulated
upon herbicide exposure. (PubMed)

Another study focused on a
multiple- herbicide-resistant E. colona biotype
(resistant to imazamox, fenoxaprop-P-ethyl,
quinclorac and propanil). Differential gene
expression (RNA-seq + gPCR) found
upregulation of a kinase and a glutathione S-
transferase (GST) in the resistant plants, and
downregulation of an F-box protein. Also,
application of a cytochrome P450 inhibitor
(malathion) reduced resistance to imazamox
and quinclorac, suggesting involvement of
P450 metabolism (non-target site resistance,
NTSR). (Cambridge University Press &
Assessment).[12]

A more specific study on quinclorac resistance
found that a resistant biotype showed elevated
expression of genes related to stress tolerance
(e.g., trehalose biosynthesis), detoxification
(UDP-glycosyltransferase family), and
antioxidant defence — pointing to metabolic
and non-target site resistance mechanisms in E.
colona. (PubMed)

Additionally, the ALS gene (target site for
ALS-inhibitor herbicides) was cloned and
partially sequenced in E. colona; however, the
study did not find nucleotide differences
associated with target-site resistance in the
accessions tested. (awsjournal.org)

Implication: Both target-site and

non-target-site mechanisms are relevant in E.
colona resistance. Expression and metabolism
changes (GSTs, UGTs, P450s) appear
important. Genetic studies are uncovering
candidate genes, but full functional validation
is still underway.

Key Findings & Practical Implications

Polyploidy complexity: E. colona is an
allohexaploid; the complex genome makes
molecular work (marker development, gene
cloning) more challenging but also indicates
evolutionary flexibility.

High genetic variation: Populations across
locales show considerable diversity, meaning
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resistance traits can evolve independently in
different regions.

e Multiple resistance mechanisms: Resistance
to herbicides in E. colona frequently involves
non-target site mechanisms (detoxification,
metabolism, gene expression changes) rather
than (or in addition to) simple target-site
mutations.

e Marker development: Studies emphasize
need for reliable molecular markers specific
for E. colona (and differentiation from other
Echinochloaspp), for monitoring spread and
managing resistance. (MDPI)[14]

e Weed management link: Understanding
genetic basis of resistance can inform more
precise management (e.g., avoiding herbicides
to which a local population is resistant,
rotating modes of action, integrating
mechanical/cultural control).

e Future research avenues: Functional
validation of candidate genes (via gene editing,
knock-downs), further genome annotation,
associations between genotype and phenotype
(resistance, adaptation) are required.[1]

Ecological and Environmental Implications of
Echinochloacolona
Introduction

Echinochloacolona (L.) Link, commonly
known as jungle rice, is a fast-growing, prolific,
and highly adaptable weed found across tropical
and subtropical regions. Its success as a colonizer
of disturbed and agricultural ecosystems has
significant  ecological and environmental
consequences. Due to its competitive nature,
herbicide resistance, and ability to thrive under a
range of climatic conditions, E. colona not only
threatens  agricultural  productivity but also
influences  biodiversity, soil dynamics, and
ecosystem stability.

1. Impact on Agroecosystem Biodiversity
Echinochloacolona poses a major threat to crop
biodiversity and native plant communities.

e Its rapid germination, dense canopy formation,
and prolific seed production allow it to
dominate crop fields, displacing both native
vegetation and less competitive weed species.

e In rice, maize, and cotton systems,
monocultures combined with E. colona
infestation lead to reduced plant diversity and
simplified ecosystem structure, which in turn
affects the associated fauna such as insects and
soil microbes.

e The suppression of diverse weed and crop
species reduces ecological resilience and may
increase susceptibility to pest and disease
outbreaks.

2. Effects on Soil and Nutrient Dynamics

The presence of E. colona significantly alters soil
nutrient cycling and microbial composition.

e Its dense root system competes aggressively
for soil nutrients such as nitrogen, phosphorus,
and potassium, often depleting these resources
before crop uptake.

e Studies suggest that E. colona may influence
soil microbial activity, as its residues
decompose quickly, altering the carbon-to-
nitrogen ratio.

e Continuous infestations can modify soil
structure and porosity, influencing water
infiltration and retention, particularly in
flooded rice fields where the weed adapts
easily to anaerobic conditions.[4]

Over time, these changes can degrade soil
health, reduce productivity, and increase
dependency on fertilizers, creating a negative
feedback loop that harms long-term soil
sustainability.

3. Influence on Water Resources and Wetland

Ecosystems

Echinochloacolona is highly tolerant to both

flooded and semi-aquatic conditions, allowing it to

invade irrigation channels, riverbanks, wetlands,
and drainage systems.

e Its rapid growth can block waterways, reduce
water flow, and contribute to sediment
accumulation.

e Inaquatic or semi-aquatic environments, dense
stands of E. colona can reduce oxygen
availability and light penetration, negatively
affecting aquatic biodiversity and ecosystem
functioning.

e The weed’s ability to thrive under varying
hydrological regimes also makes it a potential
colonizer of wetland restoration sites, where it
may hinder the re-establishment of native
aquatic vegetation.

4. Contribution to Herbicide Resistance Spread

The widespread herbicide resistance observed in E.

colona has broader environmental implications.

o Repeated herbicide use leads to chemical
buildup in soils and nearby water bodies,
posing risks to non-target organisms such as
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beneficial soil microbes, earthworms, and e It can serve as an alternate host for several
aquatic life. pests and pathogens that also infect major

e Resistant E. colona populations promote
overreliance on chemical control, leading to
higher  herbicide application rates and
increasing environmental contamination.

e Gene flow from resistant biotypes may also
contribute to the evolution of resistance in
related Echinochloa  species,  thereby
expanding the environmental footprint of
resistance evolution.[15]

5. Climate Change Adaptation and Invasiveness

The physiological and ecological plasticity of E.

colona positions it as a potential climate change

beneficiary.

e Its C4 photosynthetic pathway allows efficient
carbon fixation under high temperature, light,
and drought conditions — traits that may give
it an advantage in warmer and drier future
climates.

e Rising atmospheric CO, and temperature
fluctuations may extend its growing season
and enable northward or altitudinal range
expansion into areas previously unsuitable for
its growth.

e This expansion could intensify weed-crop
competition in new agroecological zones and
contribute to ecosystem homogenization,
reducing native plant diversity.

6. Ecological Interactions and Food Web

Dynamics

Although primarily known as an agricultural weed,

E. colona can influence ecological interactions at

multiple trophic levels:

crops like rice and maize, contributing to

disease carryover between seasons.

e Its presence can alter insect and microbial
communities, potentially reducing beneficial

pollinators or natural enemies of crop pests.

e In natural ecosystems, its dominance can alter
nutrient and energy flows, affecting higher

trophic levels and ecosystem stability.[13]

7. Socio-Environmental Consequences

The spread of E. colona also carries indirect socio-

environmental costs:

e Farmers are forced to increase herbicide use,
production costs and

leading to higher
chemical exposure risks.

e Overuse of herbicides can

animal populations.

e Declines in biodiversity and soil fertility
sustainability  of
agroecosystems, affecting food security and

threaten the long-term
rural livelihoods.

8. Role in Ecosystem Functioning
Despite its negative impacts, E.

disturbed habitats.

e |t acts as a pioneer species, stabilizing soil
after disturbance and preventing erosion in

degraded lands.[23]

e |ts biomass can contribute to initial

organic matter buildup, though these benefits
are typically short-lived and outweighed by its
managed

competitive dominance in

ecosystems.

Ecological and Environmental Implications of Echinochloacolona

Aspect Positive Impacts Negative Impacts

Biodiversity | Provides temporary cover for some | Outcompetes native plants, reduces local biodiversity
insects and small wildlife

Crop Can be used as fodder in some | Competes with crops for nutrients, water, and light;

Interaction regions reduces yields

Soil & | Helps prevent soil erosion in | Alters wetland hydrology; nutrient depletion in soil

Water disturbed areas

Seed Enables colonization of degraded | High seed output and dispersal make it invasive; persistent

Production soils (soil stabilization) seed banks

& Spread

Allelopathic | — Inhibits germination and growth of neighboring plants

Effects

Ecosystem Provides temporary habitat for | Disrupts native wetland ecosystem functions (water

Services wildlife purification, native plant habitats)

Management | — Requires extra labor, herbicides, and resources to control;

Implications may lead to herbicide resistance
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1. CONCLUSION

Echinochloacolona (L.) Link, commonly
known as jungle rice, is one of the most aggressive
and adaptable weed species affecting agricultural
systems worldwide. Its remarkable biological
plasticity, rapid growth rate, and high seed
production enable it to establish and dominate
across a wide range of environmental conditions.
The species thrives particularly well in rice-based
ecosystems, where its C4 photosynthetic efficiency
and tolerance to both flooded and dry conditions
provide a strong ecological advantage over
cultivated crops. Over time, E. colona has evolved
multiple  herbicide  resistance  mechanisms,
including both target-site and non-target-site
resistance, mainly due to repeated use of herbicides
with similar modes of action. This has rendered
conventional chemical control strategies less
effective and led to severe crop vyield losses.
Molecular and genetic studies have further revealed
that the species’ polyploid genome, genetic
diversity, and metabolic flexibility contribute
significantly to its adaptability and resistance
evolution. Ecologically, E. colona alters soil
nutrient dynamics, reduces biodiversity, and
competes intensely with both crops and native
flora, posing long-term threats to agroecosystem
stability and environmental sustainability. The
weed’s ability to invade disturbed and aquatic
habitats also raises concerns about its role in
ecosystem homogenization and water resource
degradation.
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