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o530%0 Weeds are defined as plants growing in undesirable locations that cause significant
economic losses, ecological disruption, and health hazards to humans and animals.
2850 They are characterized by aggressive growth, high reproductive capacity and a strong
&% competitive ability against both crops and native vegetation. Weed migration refers to the
0525%0 movement and spread of weed species from their native habitats to new geographical regions
& where they successfully establish and proliferate. While weed migration is a natural
o5, phenomenon, its intensity and impact have increased substantially in recent decades due to
&% globalization, increased human activities, and climate change. When weeds expand beyond

Y their natural range and form new populations, they can alter ecosystem structure, reduce
CET\i'“—:O - - - - - - - -

& biodiversity, and negatively affect agricultural productivity. Understanding these movements
R is vital for maintaining sustainable agricultural systems and protecting indigenous biomass.
Tang Climate change plays a critical role in influencing weed migration dynamics by affecting
Q0 weed distribution, abundance, and competitive interactions. Changes in temperature,
@E%%@ atmospheric carbon dioxide (CO:) concentration, and precipitation patterns directly influence
Q0 crop—weed relationships and the composition of weed flora.

w\ti%;’%:xw

& Range Expansion and Phenology

' As climatic conditions shift, weed species tend to expand their geographical range, often
moving towards higher latitudes and altitudes. Additionally, climate change can alter species
composition, dominance patterns, and the phenology or life cycles of weeds. Due to their
high genetic variability and ecological plasticity, weeds adapt more rapidly than crops,
resulting in significant changes in weed community structure in both natural and agricultural
ecosystems.

The C; and C, Competitive Interaction

The interaction between elevated CO: levels and rising temperatures creates complex
competitive scenarios between crops and weeds. Elevated CO- generally enhances the growth
of Cscrops by improving photosynthetic efficiency. However, increased temperatures tend to
favor C4 weeds, which are more tolerant to heat stress. C;As a result, the initial advantages
gained by crops under elevated CO: conditions may be offset by the superior adaptability of
weeds under warming climates.

The migration of weeds into new arable ecosystems is facilitated by eight distinct dispersal
mechanisms that allow them to overcome geographical barriers.

Wind Lightweight seeds equipped with wings, hairs, Tridax procumbens,
(Anemochory) or plumes carried by air currents. Physalis minima

Water Transport via rivers or irrigation systems can Russian thistle
(Hydrochory) spread weeds across vast distances. (Salsola tragus)
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. External attachment of seeds to animal fur,
Epizoochory

feathers, or human clothing. Xanthium strumarium
Ingestion of seeds by animals; seeds survive L .
Endozoochory s R . Various invasive
digestion and are deposited in droppings. shrubs
Human- Introduction through trade pathways like Avena fatua, Phalaris
Mediated contaminated grain, timber, or ballast water. minor
Mechanical Specialized pods or capsules that twist or burst
to eject seeds from the parent plant. Geranium spp.
Movement of vegetative propagules
Soil Dispersal (rhizomes/bulbs) durmg construction or Cyperus rotundus
landscaping.
Cultivation Direct spread within agricultural systems
through tillage and ploughing practices. Perennial grasses

The Mechanism of Weed Invasion: A Four-Phase Sequence

The progression of an invasive species following its introduction into a new environment

follows a predictable chronological sequence:

1. Introduction: Entry into the ecosystem via natural agents or human-mediated pathways.

2. Establishment: The species successfully overcomes ecological barriers and adapts to local
climatic and edaphic conditions to compete with native flora.

3. Lag Period: A critical evolutionary stage characterized by little to no visible population
growth as the species undergoes genetic or ecological adaptation (averaging 20 to 30
years).

4. Expansion Phase: The most destructive stage, characterized by rapid increases in
population density and spatial spread, leading to significant displacement of native

Biological and Evolutionary Adaptation Traits

Weeds utilize several primary adaptation traits tos colonize and dominate new environments.
These biological advantages allow them to outcompete crops even under sub-optimal
conditions:

Phenotypic Plasticity: The ability to alter physical traits (e.g., height, leaf shape) in response
to varying environmental conditions.

Allelopathic Potential: Production of biochemicals that inhibit the growth of neighbouring
vegetation.

Early Germination: Securing sunlight and nutrients before native species or crops can
emerge.

Efficient Resource Use: Utilization of deep root systems to access water from lower soil
horizons.

Continuous Seed Bank: Maintenance of viable seeds in the soil over long periods to ensure
persistence through unfavourable seasons.

Management and Technological Strategies

Effective management of weed migration requires a combination of preventive, control, and
technological strategies. As climate change intensifies migration patterns, management must
become more proactive and data driven.

Seed Bank and Dormancy Management

Understanding seed bank dynamics is essential. For instance, in species like Cyperus
rotundus, tubers can emerge from depths exceeding 40 cm, requiring management through
solar exposure and progressive drying. For dormant seeds like barnyard millet, chemical
treatments (GA3 at 500 ppm) or acid scarification are necessary to trigger germination for
controlled depletion of the soil seed bank.
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Modern Control Frameworks

® Preventive Measures: Biosecurity regulations, quarantine systems, and early detection
programs.

® Control Measures: Mechanical removal, targeted chemical control, and biological
control using natural enemies.

® Technological Integration: Use of remote sensing, GIS mapping, and predictive
modelling to monitor and forecast weed spread across landscapes.

Conclusion

Weed migration is a complex ecological and agricultural issue driven by climate change,
human activities, and the inherent adaptability of weeds. Understanding the mechanisms of
introduction and establishment is essential for developing effective management strategies.
Integrating scientific knowledge, technological innovations, and policy interventions is
crucial to mitigate the adverse impacts of weed migration and ensure sustainable agricultural
and ecosystem management.
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