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Abstract: Parthenium hysterophorus L. is one of the world’s most invasive weeds, posing severe ecological, agricultural, and health
challenges. Native to the tropical Americas, it has rapidly expanded across Asia, Africa, and Australia through accidental introduction
and natural dispersal mechanisms. Its success as an invader stems from high phenotypic plasticity, prolific seed production, allelopathic
compounds, and broad environmental tolerance. Parthenium disrupts native plant communities, modifies soil microbial assemblages,
lowers crop yields, and provokes severe health issues in humans and livestock. This review synthesizes current knowledge on the weed’s
ecology, distribution, physiological traits, impacts, and management strategies, highlighting critical research gaps and proposing

integrated, ecologically informed management approaches.
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1. Introduction

The spread of invasive alien species is one of the most
pressing ecological challenges of the twenty-first century,
threatening biodiversity, ecosystem stability, agriculture, and
human well-being. Among these, Parthenium hysterophorus
L., commonly referred to as Parthenium weed or Congress
grass, has earned a notorious reputation for its rapid
colonization and widespread negative impacts (Adkins &
Shabbir, 2014). Although native to the Neotropics, P
hysterophorus now occurs widely in India, Pakistan, Nepal,
Bangladesh, Sri Lanka, Ethiopia, Kenya, Tanzania, Uganda,
South Africa, and Australia (Adkins & Shabbir, 2014). In
India, the species spread dramatically after the 1950s
following accidental introduction through imported wheat
shipments under the U.S. PL-480 program (Kohli et al., 2006;
Shang et al., 2023). In India, its invasion is especially severe.
The weed was introduced accidentally via contaminated grain
consignments and has since invaded fallow lands, pastures,
roadsides, and forest margins (Tripathi, Rai & Pandey, 2023).
Given its potent allelopathic chemicals, fast reproduction, and
ability to persist in soil seed banks, Parthenium poses a major
threat to native ecosystems, agricultural production, and
public health (Kumar et al., 2023). Its rapid proliferation and
severe ecological and socio-economic impacts have prompted
extensive scientific inquiry into its biology and management.
Understanding the ecology and life history traits of P
hysterophorus is essential for designing effective control
strategies, particularly in developing countries where the
weed severely affects agriculture and public health (Kohli et
al., 2006). This review synthesizes literature on its ecology,
impacts, and management, presenting a comprehensive
overview suited for ecological, agricultural, and
environmental research contexts.

2. Morphology, Life Cycle, and Phenotypic
Plasticity

P, hysterophorus is a fast-growing, erect annual herb typically
reaching 1-2 meters in height under favorable conditions
(Navie, Panetta & Adkins, 1996). It begins its life as a basal
rosette, with deeply lobed, grayish-green leaves, which later

gives rise to a branched stem covered in fine hairs. The
inflorescences are terminal panicles of small white capitula,
each producing several achenes (Navie et al.,, 1996). Its
inflorescences are small white capitula arranged in panicles.
Each capitulum produces four to five achenes, each 1.5-2.0
mm long, easily dispersed by wind, water, animals, and
human activities such as machinery movement (Tamado &
Milberg, 2000). This weed is especially notable for its high
reproductive output. It can produce tens of thousands of seeds
per plant; under optimum conditions, reports suggest up to
25,000 or more (Navie et al., 1996; Sushilkumar & Varshney,
cited in Microbiology Research, 2025). These seeds are light
and easily dispersed by wind, water, vehicles, livestock, and
human activity (Williams & Groves, 1980). Phenotypic
plasticity contributes to Parthenium’s invasive success. Igbal
et al. (2023) demonstrated clear structural and functional
differentiation between populations from wasteland,
roadside, and agricultural habitats. For instance, roadside
populations exhibited larger leaf areas, thicker lamina, and
greater antioxidant activity compared to other sites, indicating
adaptive morphological shifts (Igbal et al., 2023). The life
cycle of Parthenium is rapid: germination to flowering can
occur within 4-6 weeks under favorable conditions, with
overlapping generations throughout the growing season. The
seed bank is persistent, and seeds can remain viable for
several years, contributing to long-term invasion potential
(Chamberlain & Narwal, 1999; Tripathi, Rai & Pandey,
2023).

3. Ecological traits, Environmental Tolerances
and Germination Ecology

The invasiveness of P. hysterophorus stems from multiple
ecological and physiological traits. Foremost among them is
phenotypic plasticity, which allows the weed to adapt to
diverse climatic, edaphic, and anthropogenic conditions
(Shabbir & Bajwa, 2006). It thrives in nutrient-poor soils,
overgrazed lands, roadside corridors, and urban wastelands,
often outcompeting native plant species. Parthenium’s broad
environmental tolerance underlies its widespread distribution.
A study by Malik, Singh, Padhan, and colleagues (2023)
assessed the effects of abiotic factors on germination and
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growth. They found optimal germination at 25 °C, neutral pH
(~7), no osmotic stress, and full light exposure (Malik et al.,
2023). The species also tolerates moderate salinity, but
germination significantly declines at high salt concentrations
(Malik et., 2023). Temperature and light sensitivity studies
suggest that Parthenium’s germination window is flexible,
enabling establishment across diverse climates. Its capacity to
germinate under a variety of osmotic and pH regimes favors
colonization in degraded and disturbed soils. Structural
plasticity, as reported by Igbal et al. (2023), further enhances
tolerance. For example, populations from wastelands had
thicker storage parenchyma, enhanced vascular tissues, and
modified root-to-shoot ratios, traits associated with drought
resilience and nutrient storage (Igbal et al., 2023).

4. Allelopathy and Chemical Ecology

One of the most striking ecological traits of P. hysterophorus
is its allelopathic potential. The plant produces a variety of
secondary metabolites, notably sesquiterpene lactones such as
parthenin, and phenolic acids that inhibit germination and
growth of nearby plants (Picman & Towers, 1982; Kanchan
& Jayachandra, 1980). Parthenin interferes with cell division,
root elongation, and enzyme activity, exerting strong
inhibitory effects on both monocot and dicot species (Batish,
Singh, Kohli & Saxena, 2002).

Beyond plant—plant interactions, Parthenium’s
allelochemicals influence the soil microbial community. Belz,
Reinhardt, and Foxcroft (2007) showed that decomposition of
Parthenium litter releases bioactive compounds that suppress
beneficial microbes. More recently, Shang et al. (2023)
studied soil from invaded sites in the Yellow River Delta
(China) and found significant shifts in microbial community
composition, including reductions in nutrient-cycling bacteria
and fungal taxa, potentially impeding long-term soil health
and native plant regeneration. Moreover, these compounds
may affect mycorrhizal colonization and nitrogen-fixing
bacterial populations, thereby altering soil nutrient dynamics
(Belz et al., 2007). The enduring presence of allelochemicals
in the soil contributes to “legacy effects” that hinder
recolonization by native species even after Parthenium
removal.

5. Population and

Associations

Ecology Community

Recent phytosociological research by Tripathi, Rai & Pandey
(2023) in Gorakhpur, India, provided important insights into
Parthenium’s  population structure and community
relationships. They found that in highly disturbed or cleared
sites, Parthenium rapidly aggregates and dominates, whereas
in natural grasslands the weed coexists with a higher number
of neighbor species (Tripathi et al., 2023). Their data reveal
that seedling recruitment occurs year-round, with peaks in
July, November, and March, indicating no distinct lapse
between seed dispersal and germination (Tripathi et al.,
2023). Their study highlights that effective control should
target early plant stages, before the reproductive phase,
because Parthenium seedlings are constantly recruited
(Tripathi et al., 2023). Such community-level understanding
is critical for devising management strategies that align with
the weed’s ecological dynamics.

6. Impacts on Native and

Ecosystem Functioning

Biodiversity

The invasion of P. hysterophorus dramatically alters plant
community composition. By outcompeting native species for
light, nutrients, and space — and through chemical suppression
— it reduces species richness and diversity (Kohli, Batish &
Singh, 2006; Kaur, Aggarwal & Kumar, 2014). Such
homogenization leads to Parthenium-dominated stands that
suppress regenerating native flora and alter successional
trajectories (Tripathi & Singh, 2018). Parthenium also
disrupts ecosystem functions. Its dense cover reduces habitat
suitability for native fauna, including herbivorous insects and
ground-dwelling vertebrates. Khan, Dogra & Singh (2014)
reported lower insect diversity in Parthenium-invaded areas.
Pollinator behavior may also shift: generalist pollinators may
prefer Parthenium flowers, reducing pollination services to
native plants (McConnachie et al., 2011). On the soil level,
the weed’s litter decomposition is slow, and its
allelochemicals impair microbial activity (Belz et al., 2007),
creating feedback loops that maintain invasion. In invaded
soils, nutrient cycling is often disrupted, while pH and organic
matter content may shift, further disadvantaging native
species (Tripathi, 2011).

7. Agricultural and Livestock Impacts

Parthenium has severe implications for agriculture. Its
aggressive growth and allelochemical suppression reduce
crop yield in staples such as sorghum, maize, sunflower, and
legumes (Singh, Batish & Kohli, 2004; Aravind et al., 2023).
Parthenin from decomposed plant residues inhibits seed
germination and root growth in many crops, weakening their
competitiveness (Batish et al., 2002). Root exudates and
decaying plant parts release toxic compounds, which can also
degrade soil fertility (Aravind et al., 2023). In grazing
systems, Parthenium reduces the availability of palatable
grasses and herbs. Livestock that ingest this weed suffer
health problems, such as ulcers, dermatitis, digestive
disturbances, and reduced weight gain (Narasimhan, Murthy
& Chetty, 1980). The weed can also reduce forage quality and
quantity, with cascading effects on livestock production and
rural livelihoods.

8. Human Health Hazards

Human exposure to Parthenium poses serious public health
risks. The plant produces aeroallergens and contact allergens:
its pollen causes allergic rhinitis and asthma, while direct
contact provokes chronic contact dermatitis (Sriramarao,
Venkata Rao & Uma, 1994; Kang, Agarwal & Shivpuri,
2007). The sesquiterpene lactones in Parthenium are potent
sensitizers, capable of inducing severe immunological
reactions (Picman & Towers, 1982). Epidemiological studies
reveal that Parthenium dermatitis is endemic in many rural
and peri-urban populations where the weed is prevalent
(Tripathi, 2011). These health impacts complicate manual
control efforts, as uprooting or mowing Parthenium without
protective gear can exacerbate allergic responses (Kumar et
al., 2023).
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9. Management and Control Strategies
9.1 Mechanical and Cultural Control

Traditional physical control —methods—hand-pulling,
ploughing, mowing—are widely used but have limitations.
Manual removal before flowering is most effective, but labor-
intensive and hazardous due to allergenic compounds (Adkins
& Shabbir, 2014). Repeated disturbance often exposes the soil
seed bank, triggering further germination (Tripathi et al.,
2023). Cultural strategies include competitive planting with
cover species such as Cassia tora, Desmodium triflorum, and
Stylosanthes scabra, which suppress Parthenium through
resource competition (Journal of Applied & Natural Science
biocontrol review, 2023; IJARIIE, 2023). Mulching and soil
solarization also reduce seed germination (Aravind et al.,
2023).

9.2 Chemical Control

Herbicides like glyphosate, 2,4-D, paraquat, and metsulfuron-
methyl are commonly used to manage Parthenium (IJARIIE,
2023). However, reliance on chemical control raises
ecological concerns, such as non-target effects, potential
resistance, and loss of beneficial species. Moreover, herbicide
use may adversely affect biocontrol agents. For instance, a
recent study documented that pendimethalin exposure
reduces fecundity, increases mortality, and induces oxidative
stress in Zygogramma bicolorata, a major beetle biocontrol
agent (Singh, Maheshwari & Qamar, 2024).

9.3 Biological Control

Biological control offers a promising, sustainable approach.
The leaf-feeding beetle Zygogramma bicolorata has been
widely mobilized as a classical biocontrol agent. Its biology,
life history, and host specificity have been reviewed in depth
(Cambridge Entomologist, 2024), providing guidance for
mass rearing and release programs (turnOsearch11). Another
significant biological agent is the rust fungus Puccinia
abrupta var. partheniicola. Tsehaye and Semere (2023)
documented field-level disease incidence of 20-100% in
parthenium populations in Ethiopia, causing defoliation,
necrosis, sterility, and reduction in seed production
(turnOsearch4). Such mycoherbicidal agents complement
insect biocontrol and can sustainably reduce Parthenium
density.

9.4 Ecological and Integrated Management

Biocontrol is most effective when used in an integrated weed
management (IWM) framework. A review in the Journal of
Applied and Natural Science (turnOsearch9) advocates
combining insect agents, fungal pathogens, and competitive
plants for long-term suppression. Vermicomposting is an eco-
friendly disposal method: a study using Eisenia fetida and
Eudrilus eugeniae converted Parthenium biomass into
nutrient-rich compost, significantly increasing nitrogen,
phosphorus, and potassium content (turnOsearch7). This
approach not only manages Parthenium but also recycles it
into useful organic fertilizer. Distribution modeling also
informs strategic control. A species distribution modeling
study for Bhutan compared mechanistic (CLIMEX) and

correlative (Random Forest) models, highlighting regions at
high risk and proposing targeted early-detection strategies
(turnOsearch10). Strategic management in such predicted
hotspots could maximize resource efficiency.

10. Recent Advances and Research Frontiers

Recent studies (2023-2024) have deepened understanding of
Parthenium at structural, physiological, and ecological levels.
Igbal et al. (2023) revealed habitat-based structural
differentiation in plant anatomy, suggesting potential for
locally adapted control strategies. Shang et al. (2023) studied
soil microbial communities in invaded areas, revealing drastic
shifts in the diversity and function of microbial taxa, pointing
to long-term soil legacy effects. On the management front,
Tsehaye and Semere (2023) demonstrated the highly
promising role of Puccinia rust as a mycoherbicide in field
conditions, including flower and leaf infection, reduced
reproduction, and potential for uredospore application
(turnOsearch4).

However, non-target effects of herbicide on biocontrol agents
(Singh, Maheshwari & Qamar, 2024) raise concern.
Furthermore, the mass rearing and release protocols of Z.
bicolorata continue to be refined to ensure effectiveness and
host specificity (turnOsearchll). Public health—oriented
research is also gaining momentum. Kumar, Srivastava, and
colleagues (2023) synthesized the role of Parthenium in
human respiratory and dermal illnesses, pushing for
community-based awareness and protective measures
(turnOsearch6). Moreover, long-term ecological modeling
integrating climate change projections (e.g., the Bhutan study
by turnOsearch10) enables preemptive management in areas
likely to become invaded (Table 1).

11. Challenges and Research Gaps

Despite considerable progress, several critical research and
management gaps remain.

First, the persistence and dynamics of the soil seed bank are
not fully understood across varying climates and disturbance
regimes. This limits our ability to predict long-term invasion
trajectories and effective timing for control interventions.

Second, while allelopathy has been well studied in controlled
conditions, translating these findings to field-level
ecosystems and understanding the soil legacy effects (as
revealed by Shang et al., 2023) require further long-term
investigation.

Third, integrated biocontrol strategies need optimization.
While Z. bicolorata and Puccinia rust show promise,
interactions between these agents, native species, and abiotic
stressors need detailed evaluation. In particular, optimizing
mass rearing, release timing, and synchronization with
Parthenium phenology remains a challenge. Fourth, socio-
economic dimensions remain under-addressed. Local
communities’ knowledge, willingness to adopt integrated
management, and capacity for large-scale manual removal or
vermicomposting must be studied.
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Fifth, rapid detection tools using remote sensing and Al can
significantly enhance monitoring efforts. Deployment of
precision agriculture technologies, such as robotic weeding or
UAV-based detection, may offer new scalable solutions
(though current works in general weed detection still need to
be adapted specifically to Parthenium). Finally, public health
interventions need scaling: protective measures for manual
removers, awareness campaigns, and integration of health
monitoring in community management schemes are urgently
needed.

12. Conclusion

Parthenium hysterophorus is a highly invasive weed with
extensive ecological, agricultural, and human health impacts.
Its success lies in a suite of traits: rapid reproduction,
phenotypic plasticity, allelopathy, and broad environmental
tolerance. Contemporary research — including the
phytosociological study by Tripathi, Rai & Pandey (2023) —
reveals its continuous recruitment, population structure, and
community associations, emphasizing that effective control
must target early growth stages. Management requires a
holistic, integrated strategy: combining mechanical removal
before flowering, herbicides used judiciously, biological
control via insects and pathogens, and ecofriendly disposal
such as vermicomposting. Modeling of habitat suitability
under climate change scenarios can guide priority areas for
control. However, challenges remain, including seed-bank
persistence, soil legacy effects, non-target risks, and socio-
economic constraints. To curb the Parthenium menace,
researchers, policymakers, and local communities must
collaborate. Enhanced ecological research, coupled with
participatory management and public health engagement,
offers the best path forward to sustainably manage this
noxious weed.
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Table 1: Synthetic Summary of Ecological Traits, Impacts, and Management of Parthenium hysterophorus

Ecological/Functional

Key Findings / Characteristics

Evidence / Representative References

antioxidant activity; adaptive to variable conditions.

Aspect
. Fast-growing annual; rosette to erect morphology; height 1-2 m; . . .
Morphology & Life produces 20,000-25,000+ seeds; seeds disperse via wind, water, Navie et al,.(199.6), Iqbal et al. (2023);
Cycle humans, livestock; persistent soil seed bank. Tripathi etal. (2023)
Significant structural variation across habitats (roadside,
Phenotypic Plasticity wasteland, agricultural fields); altered leaf area, tissue thickness, Igbal et al. (2023)

Germination Ecology

Optimal germination at 25 °C, neutral pH, full light, low osmotic
stress; tolerates moderate salinity; year-round recruitment peaks
(Jul-Nov—Mar).

Malik et al. (2023); Tripathi et al.
(2023)

Produces allelochemicals (parthenin, phenolic acids); inhibits

continuous colonization; effective competitor.

Allelopathy & Chemical L L . . Picman & Towers (1982); Batish et al.
germination/growth of crops & natives; alters microbial
Ecology o . (2002); Shang et al. (2023)
communities; strong soil legacy effects.
Dominates disturbed areas; less dominant but persistent in semi- . . . .
Population Ecology natural communities; rapid seedling recruitment enables Tripathi et al. (2023); Kohli et al.

(2006)

Biodiversity Impacts

Reduces plant species richness & diversity; alters pollinator
behavior; reduces insect fauna; disrupts soil processes and
nutrient cycling.

Kaur et al. (2014); Khan et al. (2014);
Tripathi (2011)

Agricultural Impacts

Strong interference with major crops; allelopathy reduces crop
emergence & growth; contamination in fodder; decreased soil
fertility under long-term infestation.

Singh et al. (2004); Aravind et al.
(2023)

Livestock Impacts

Causes ulcers, dermatitis, toxicity, reduced palatability of
pastures; overall loss in livestock productivity.

Narasimhan et al. (1980)

Human Health Effects

Pollen causes allergic rhinitis & asthma; plant contact leads to
chronic dermatitis; handling increases sensitization risk.

Sriramarao et al. (1994); Kang et al.
(2007); Kumar et al. (2023)

Mechanical Control

Manual uprooting & mowing effective before flowering; risk of
allergenic exposure; disturbance may reactivate seed bank.

Adkins & Shabbir (2014); Tripathi et
al. (2023)

Chemical Control

Effective herbicides: 2,4-D, glyphosate, paraquat; overuse risks
non-target effects; herbicides may harm biocontrol agents
(Zygogramma).

IJARIIE (2023); Singh et al. (2024)

Biological Control

Zygogramma bicolorata (leaf-feeding beetle) suppresses foliage;
Puccinia abrupta var. partheniicola rust reduces growth & seed
production; high potential for classical biocontrol.

Tsehaye & Semere (2023); Cambridge
Entomologist (2024)

Ecological / Integrated

Competitive crops (e.g., Cassia tora, Desmodium spp.) suppress
weed; vermicomposting converts biomass into nutrient-rich

Journal of Applied Natural Science

increasing relevance.

Management compost; integrated weed management most effective. (2023); turnOsearch?
. Remote sensing, Al for detection; species distribution modeling Kriticos et al. (2024); Al/robotic weed
Emerging Tools & ] . . . . ) .
Modeling for hotspot prediction; precision-weed management technologies studies (Ahmadi et al., 2023; Rahimi

Azghadi et al., 2024)
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