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Abstract  
 

The pervasive spread of Parthenium hysterophorus, a noxious weed native to the subtropical regions of the Americas, poses 

significant threats to biodiversity, human health, and environmental stability. Known by various names such as white head 

weed, congress grass, and Santa Maria feverfew, Parthenium has invaded numerous countries. This review highlights the 
adverse effects of Parthenium on agricultural productivity, native plant communities, and human and livestock health. The 

weed's allelopathic properties inhibit the germination and growth of surrounding flora, leading to substantial biodiversity 

loss and ecosystem disruption. Parthenium's prolific seed production, rapid spread, and adaptability to diverse 

environmental conditions facilitate its dominance, often resulting in the near-complete displacement of indigenous plant 
species. The health impacts on humans include allergic reactions such as dermatitis, bronchitis, and hay fever, while 

livestock consuming the weed suffer from alopecia, dermatitis, and reduced milk and meat quality. Effective management 

strategies are crucial for mitigating the spread and impact of Parthenium. These include physical removal, chemical 

herbicides, biological control agents, and the use of allelopathic plants. Despite ongoing efforts, challenges such as 
herbicide resistance and socio-economic constraints persist, necessitating continued research and integrated weed 

management approaches. Future directions should focus on understanding herbicide resistance mechanisms, exploring 

sustainable management practices, and leveraging emerging technologies like remote sensing and genetic engineering for 

precision management. Community involvement and public awareness campaigns are also essential for successful long-
term control. This comprehensive review underscores the urgent need for coordinated efforts to manage Parthenium 

invasions and protect biodiversity, human health, and environmental integrity. 

Keywords: Invasive weed, biodiversity loss, human health hazards, agricultural impact, weed management, ecosystem 

disruption. 
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INTRODUCTION 
Undesirable plants, known as weeds, pose 

significant challenges due to their detrimental effects on 

productivity and human health. They not only compete 

with agricultural crops and forest plants for essential 
resources like nutrients, water, and light but also 

contribute to allergies and skin diseases. Parthenium 

hysterophorus L., commonly referred to as parthenium 

weed, is a member of the Asteraceae family. In Pakistan, 

it is recognized as an invasive weed under the local 

names 'gajar booti' or 'gajar ghaas' (Shabbir and Bajwa, 
2006). This herbaceous plant has a deep taproot system 

and an erect stem that can grow up to 2 meters in height, 

gradually developing a woody appearance as it matures. 

The leaves are bi-pinnate; in the early stages of growth, 
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they resemble rosettes, but as they grow older, they can 

reach a length of 30 cm and are placed alternately. At the 
terminals of the branches are terminal panicles 

containing cream-colored flower-heads, or capitula, that 

have a diameter of 4-5 mm. According to Navie et al., 

(1996) every capitulum contains four to five wedge-
shaped seeds that are two millimeters long and covered 

in thin, white scales. 

 

 
Figure 1: The different plant parts of Parthenium hysterophorus (Masum et al., 2013) 

 
Parthenium hysterophorus has emerged as one 

of the most aggressive weeds in both grazing land and 

cereal-based agriculture, as well as crop lands (Tamado 

and Milberg, 2000). It is considered a noxious weed due 
to its prolific seed production, rapid spread (Haseler, 

1976), allelopathic effects on other plants (Adkins, 

1996), strong competitiveness with crops (Tamado et al., 

2002), and health hazards it poses to humans and animals 
(Chippendale and Panetta, 1994). Its devastating impact 

often leads to the dominance of Parthenium in affected 

areas, with little to no presence of other plant species 

(Shabbir and Swhsana, 2005). In regions infested with 
this weed, forage productivity can decline by up to 90%, 

rendering lands infertile and compromising the quality of 

grazing land, animal health, and agricultural production 

(Rezene et al., 2005; Tahir et al., 2024). Additionally, 

Parthenium poses a serious threat to the environment and 

biodiversity due to its high invasive potential and 
allelopathic effects, which can rapidly replace native 

vegetation (Tamado and Milberg, 2000). Through strong 

allelopathic interactions, Parthenium inhibits the growth 

and reproduction of associated crops by releasing 
phytotoxins from its decomposing biomass and root 

exudates into the soil. Various studies, including 

bioassays, pot cultures, and field investigations, have 

demonstrated the toxic effects of all parts of the plant 
(shoot, root, inflorescence, and seed) on other plants 

(Mulatu et al., 2009). 
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Figure 2: The life cycle of parthenium weed (Masum et al., 2013) 

 

Parthenium poses a significant threat to the 

integrity of native ecosystems by reducing their 
biodiversity. It accomplishes this by outcompeting and 

inhibiting the germination and growth of other flora 

through the secretion of phytotoxic allelochemicals 

(Saxena, 1991). As a result, valuable native vegetation 
with feed, medicinl, or commercial value starts to 

disappear in regions invaded by this weed globally 

(Shabbir and Bajwa, 2006; Nigatu et al., 2010). 
Parthenium's competitive and allelopathic abilities can 

lead to a decline of up to 90% in the herbaceous 

component of natural plant communities (Mahadevappa 

et al., 2001). 

 

 
Figure 3: Weed invasion phases, along with the goals, management objectives, and actions associated with each phase 

(Australian Weeds Committee, 2012) 
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The ongoing and unchecked spread of 

parthenium worldwide necessitates a comprehensive 
understanding of its ecological impact and various 

management strategies to control this invasive weed. 

Given the severity of the situation, parthenium has been 

classified as a noxious weed in numerous countries. This 
review aims to compile existing knowledge on 

parthenium's interference in agro-ecosystems and its 

management, drawing from diverse examples and 

research findings. This information will aid weed 
scientists and farm managers in regions affected by 

parthenium in making informed decisions regarding its 

management (Arshad et al., 2024). 

 
Geographical Distribution of Parthenium 

hysterophorus 

Parthenium hysterophorus originates from the 

subtropical regions of North and South America. It is 
frequently found in the United States, especially in 

Texas, as well as in parts of Mexico, the Caribbean, and 

Central and South America (Navie et al., 1996). It has 
widely spread across Africa, impacting countries 

including Ethiopia, Kenya, South Africa, Uganda, and 

Tanzania. The weed flourishes in disturbed areas, 

agricultural lands, and along roadsides, leading to 
substantial ecological and economic repercussions 

(Tamado and Milberg, 2000). In Asia, Parthenium 

hysterophorus is prevalent in India, Pakistan, Nepal, and 

China. Initially reported in India in the 1950s, it has since 
emerged as a significant weed problem, especially in 

agricultural areas, urban settings, and along 

transportation routes (Kaur et al., 2014; Abbas et al., 

2021). Parthenium hysterophorus entered Australia in 
the 1950s, possibly via contaminated agricultural goods. 

Currently, it is widespread in Queensland and New South 

Wales, presenting a risk to pastures and agricultural areas 

(Navie et al., 1996). 

 

 
Figure 4: A worldwide map of parthenium weed distribution. Parthenium weed is invasive in the countries shaded 

or circled in red. Blue-shaded countries represent transient populations of the weed in the Europe. Countries 

shaded green are considered to be within its native range (Bajwa et al., 2016) 

 

The spread of the weed has extended to 
numerous Pacific Island nations, such as Fiji and Papua 

New Guinea. Its establishment in these areas jeopardizes 

indigenous biodiversity and agricultural output (Evans, 

1977; Arshad et al., 2021). The dissemination of 
Parthenium hysterophorus is chiefly driven by human 

activities, encompassing the transport of contaminated 

agricultural goods, vehicles, and machinery. Moreover, 

natural dispersal agents like wind, water, and animals 
play a role in its propagation. Parthenium hysterophorus 

displays remarkable adaptability to diverse climatic 

conditions, spanning tropical to temperate regions. 

Anticipated climate change and the rise in global trade 
are poised to augment its expansion into novel territories 

(Shabbir et al., 2016). 
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Figure 5: Distribution of Parthenium weed and Zygogramma bicolorata in Punjab, Pakistan as surveyed in 2009. The red 

circles indicate the sites where both Parthenium weed and Zygogramma beetle were recorded (Shabbir et al., 2012). 

 

Factors contributing to its rapid expansion 

 

 
Figure 6: Factors Contributing to the Rapid Expansion of Parthenium hysterophorus 

 

High Reproductive Potential 

Parthenium hysterophorus displays abundant 
seed production, with a single plant capable of yielding 

thousands of seeds. This heightened reproductive 

capacity significantly contributes to its rapid spread and 

establishment in new environments (Shabbir et al., 
2016). Parthenium also possesses remarkable vigor in 

growth and establishment. It can thrive in diverse soil 

types, although it shows less affinity for lateritic soil. Its 

seeds exhibit year-round germination, independent of 
photoperiod, temperature fluctuations, or seasonal 

variations. Given favorable moisture conditions, it forms 

dense monocultures. When conditions are water-
stressed, the plant remains in rosette form until the 

beginning of rainfall or additional moisture. However, it 

grows vigorously during the rainy season and in humid 
climes. Furthermore, it grows quickly from root stumps 

and leftover components in the soil, like midribs and 

petioles (Kohli and Rani, 1994). Partheniums flower 

copiously, producing a large number of seeds (about 
25,000 per plant; Navie et al., 1996) that build up a large 

seed bank in the soil. Its lightweight, tiny seeds are easily 

carried by the wind or water, allowing new regions to be 

colonized quickly. These seeds may flourish in 
challenging environmental conditions and last for long 

periods of time (Williams and Groves, 1980; Abbas et 

al., 2021a). The lack of dormancy and the small weight 
of its pappus-equipped seeds contribute to its widespread 
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occurrence and establishment (Ramaswami, 1997; 

Rafeeq et al., 2020). The parthenium is a fast-growing 
annual plant that flowers for several months after usually 

starting to bloom at 4 to 8 weeks of age. Within four 

weeks, the weed can sprout, expand, develope, and set 

seeds even in unfavorable conditions like drought stress. 
Moreover, it exhibits a high capacity for regeneration 

(Dagar et al., 1976; Akhter et al., 2017).  

 

 
Figure 7: High Reproductive Potential Parthenium hysterophorus displays abundant seed production, with a 

single plant capable of yielding thousands of seeds 

 

Allelopathy: 

Allelopathy is a technique by which weeds 

successfully establish themselves in an unfamiliar 

environment. It involves a plant releasing chemicals into 

the environment that negatively affect the growth of 
other plants (Bais et al., 2003; Heirro and Callaway, 

2003). Through the production of phenolic acids and 

sesquiterpenes from both fresh plant parts and residues, 

parthenium disturbs the emergence, early growth, and 
development of crops and allied species (Batish et al., 

2002; Singh et al., 2003). Parthenium hinders the 

germination and development of other plants by 
allelopathy. Aqueous extracts of leaves and flowers were 

found to impede barley, wheat, and pea germination and 

growth (Srivastava et al., 1985). 

 
Singh et al., (2005) have describe the 

phytotoxic results of pathenium remains on Brassica 

campestris, B. oleracea, and B. rapa in a more recent 

study. Likewise, the detrimental effects of parthenium 
residues on Cicer arietinum and Raphanus sativus 

development were reported by Batish et al., (2002). The 

weed has been shown to contain a number of 

allelochemicals, including sesquiterpene lactones like 
parthenin and coronopilin and water-soluble phenolics 

including caffeic, ferulic, vanillic, anisic, and fumaric 

acids (Kanchan, 1975; Jarvis et al., 1985; Picman and 
Picman, 1984). 

 

 
Figure 8: Presents the picture-wise competition and allelopathic war between weed and crop plants for different 

available resources in the shape below ground such as minerals, nutrient and basic foods, and above ground like 

sunlight, space, air (Zareen et al., 2022) 
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Adaptability to Diverse Environments 

Parthenium weed demonstrates extensive 
ecological resilience and can flourish across a spectrum 

of environmental settings, encompassing arid, semi-arid, 

and humid climates. Its versatility facilitates rapid 

invasion and establishment in various ecosystems (Singh 
et al., 2002). 

 

Human-Mediated Dispersal 

The dispersal of parthenium weed seeds over 
considerable distances is largely influenced by human 

activities, including trade, transportation, and 

agricultural practices. Contaminated agricultural 

produce, machinery, and vehicles act as carriers for seed 
dissemination (Singh et al., 2003). 

 

Disturbance and Land Degradation 

Parthenium weed frequently establishes itself in 
disturbed habitats and degraded lands, such as roadsides, 

wastelands, and agricultural fields. Human activities that 

result in soil disturbance and land degradation provide 
conducive environments for its proliferation and 

dissemination (Singh et al., 2005; Arshad et al., 2024c). 

 

Lack of Natural Enemies 

In areas outside its native habitat, Parthenium 

hysterophorus frequently encounters a dearth of natural 

predators capable of effectively managing its population. 

This deficiency in biological regulation fosters its 
unrestrained proliferation and supremacy in invaded 

ecosystems (Dhileepan and Strathie, 2009; Pervaiz et al., 

2024). 

 
Biodiversity Loss Due to Parthenium Invasion 

Invasive alien plants pose a significant threat to 

biodiversity comparable to habitat destruction. They can 

result in the loss of biodiversity, potentially leading to 
species extinctions. These plants have also been 

implicated in the decline of 42% of endangered and 

threatened species in the U.S. (Wilcove et al., 1998). 

Additionally, the allelopathic properties of these weeds 
have the potential to disrupt the growth and distribution 

of natural vegetation, consequently affecting animal 

diversity (Ayele, 2007). Moreover, these weeds can 

diminish species richness and abundance in natural 
ecosystems by inhibiting the physiological processes of 

other plant species (Nguyen et al., 2010). 

 

The region's biodiversity is seriously threatened 
by the presence of this plant. It has been extensively 

shown to have a significant effect on natural populations, 

displacing them and creating imbalances in agricultural 
and natural ecosystems (Sakai et al., 2001). This weed, 

alongside rubber vine, is identified as one of the two most 

threatening weeds to biodiversity in the Einasleigh 

uplands bioregion (Sattler and Williams, 1999). Reports 
indicate that it has induced complete habitat 

transformations in native Australian grasslands, open 

woodlands, riverbanks, and floodplains (McFadyen, 

1992; Chippendale and Panetta, 1994). Recent 
observations in Southern India have also revealed similar 

invasions in national wildlife parks (Evans, 1997; Aleem 

et al., 2024). Preliminary surveys have highlighted 

extensive infestations of this weed in the Jessore district, 
particularly along roadsides near the BARI sub-station 

(Karim, 2008; Karim and Nag, 2008). Additionally, 

other districts including as Faridpur, Norail, Magura, 

Rajshahi, Natore, Sirajgonj, Manikgonj, Dhaka, and 
Mymensingh have all been shown to have the weed 

(Karim and Farzwa, 2010). 

 
Impact on native plant communities 

The intrusion of non-native exotic species into 

unfamiliar environments presents a significant menace to 

indigenous plant communities, leading to profound 
modifications in the fundamental structures and 

operations of ecosystems. This intrusion represents one 

of the gravest perils to biodiversity, instigating 

substantial alterations in vegetation on a global scale 
(Vitousek et al., 1996; Mack et al., 2000). Several 

research findings have highlighted the disruptive impact 

of parthenium weed on the structural integrity of natural 

ecosystems, leading to the displacement of numerous 
native plant species (Shabbir and Bajwa 2006). This 

weed has emerged as a major threat to various protected 

areas, forest reserves, and national parks worldwide. For 

instance, it has encroached upon the Kruger National 
Park in South Africa (Strathie et al., 2011) the Chitwan 

National Park in Nepal (communication with Bharat BS, 

private), and the Masai Mara/Serengeti ecosystem in 

Kenya and Tanzania, a critical habitat for approximately 
2 million wildebeest that rely on this ecosystem for their 

survival. In Australia, the presence of this weed has been 

documented in Carnarvon National Park (Vogler, 2002; 

Rasheed et al., 2024) and 22 other reserves, along with 
two listed wetlands. It is identified as a significant threat 

to the native grasslands of Queensland and the Einasleigh 

uplands bioregion (Sattler and Walliam, 1999). 
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Figure 9: The figure shows the effects of invasive plants on the native plants (Afzal et al., 2023) 

 

Disruption of natural ecosystems 

The invasion of P. hysterophorus induces 

notable changes in soil nutrient levels, pH, and organic 

material, consequently impacting the composition and 

diversity of plant species (Timsina et al., 2011). 
Livestock grazing patterns are influenced by the toxicity 

and poor palatability of P. hysterophorus, resulting in 

alterations to vegetation composition (Narasimhan et al., 

1977). 
 

Case studies highlighting biodiversity loss in various 

regions 

1. India: Impact on Grassland Ecosystems 

In India, Parthenium hysterophorus has invaded 

vast areas of grasslands, severely affecting biodiversity 

by displacing native vegetation and altering ecosystem 

functions. This invasion has led to the decline of native 
plant species, with cascading effects on herbivores and 

pollinators. Parthenium has reduced the abundance of 

native grasses by 60% and lowered the diversity of 

herbaceous plants by 70%. It has also been found to 
significantly reduce native herbivore populations that 

rely on indigenous grasses (Khosla and Sobti, 1981). 

 

2. Ethiopia: Displacement of Native Flora 

In Ethiopia, Parthenium hysterophorus has 

caused severe biodiversity loss, particularly in 

agricultural and pastoral lands. The weed's aggressive 

spread has led to the displacement of native plants, 
reducing the diversity of forage species essential for 

livestock. In rangelands, Parthenium invasion has 

resulted in a 90% reduction in native herbaceous species 

and a 50% decline in the richness of forage plants, 
leading to reduced grazing capacity (Tamado and 

Milberg 2000). 

 

 

3. Australia: Impact on Native Grasslands 

In Australia, Parthenium hysterophorus has 

severely impacted biodiversity, particularly in native 

grasslands and pastures. The invasive species has 

outcompeted native plants and led to ecosystem 
degradation. In heavily infested areas, Parthenium has 

been found to reduce native grass species richness by 

over 90%. Its proliferation also negatively affects 

insects, birds, and small mammals that depend on the 
native flora (Adkins and Shabbir, 2014). 

 

4. Kenya: Biodiversity Loss in National Parks 

In Kenya, Parthenium hysterophorus has 
invaded protected areas, including national parks, 

leading to significant biodiversity loss. The weed 

outcompetes native plant species, posing a serious threat 

to wildlife and the overall ecosystem health. In affected 
areas of Nairobi National Park, Parthenium has reduced 

the population of native herbaceous species by 65% and 

caused a marked decline in wildlife that depends on these 

plants for food, particularly herbivorous mammals 
(Maina and Brown, 2013). 

 

5. South Africa: Effects on Wildlife and Habitat 

In South Africa, Parthenium invasion has been 
linked to the degradation of savanna ecosystems, leading 

to habitat loss for wildlife. The weed’s dominance in 

disturbed areas has been shown to reduce the availability 

of native forage plants. Studies show that in Parthenium-
infested areas, native plant species richness has 

decreased by over 40%, with significant reductions in the 

populations of native grazers like impala and other 

herbivores (Witt and Luke, 2017). 
 

6. Nepal: Agricultural Biodiversity Loss 

In Nepal, Parthenium hysterophorus has 

invaded agricultural fields, leading to significant 



 
 

Huma Nawaz et al, Sch Bull, Mar, 2025; 11(3): 21-41 
 

 

© 2025 | Published by Scholars Middle East Publishers, Dubai, United Arab Emirates                                                                                        29 
 
 

biodiversity loss in cropping systems. The weed affects 

crop yields and reduces the diversity of other weed 
species, which are important for soil health and 

ecosystem balance. Parthenium infestations have led to a 

reduction of crop yields by up to 40%, with native weed 

diversity in croplands decreasing by 75% in severely 
affected areas. This has further impacted soil fauna and 

beneficial insects (Shrestha, 2019). 

 

Human Health Hazards Associated with Parthenium 

The presence of this weed presents health risks 

to both humans and livestock, resulting in allergic 

reactions such as eye inflammation, skin dermatitis, and 

allergic dermatitis (Karki, 2009). Concerns among 
agriculturists arise from the potential impact of 

parthenium on ediables and forage crops, as its fine 

particles and dust can induce allergic contact dermatitis 

in humans (Gunaseelan, 1987; Morin et al., 2009). 
Exposure to P. hysterophorus pollen is known to trigger 

allergic bronchitis (Towers and Subba Rao, 1992). 

Ecological and Socio-Economic Impact of Parthenium 

hysterophorus L. Invasion in Two Urban Cities of South-
Central Nepal. MSc thesis, Central Department of 

Botany, Tribhuvan University, Kathmandu, Nepal. 

 

 
Figure 10: Result of Parthenium in human (Ataei et al., 2021) 

 

Parthenium contains many harmful 
components, such as chlorogenic acid, anisic acid, p-

anisic acid, caffeic acid, and benzoic acids, which pose 

significant health risks to both humans and cattle. 
Prolonged exposure to Parthenium can lead to 

respiratory conditions like asthma and allergic 

bronchitis, often manifesting after years of continual 

contact, along with symptoms such as rising fever and 

respiratory illness. In animals, consumption of 
Parthenium has been linked to reduced food intake, 

leading to weight loss and other health issues (Ataei et 

al., 2021). Studies on animals have shown that 
Parthenium adversely affects reproductive functions, and 

excessive ingestion can lead to fertility problems, 

including infertility, abortions, and miscarriages 

(Jayakrishna et al., 2023). 
 

 
Fig 11: Harmful aspects of Parthenium (Khanal, 2014) 
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Carrot-weed has been documented to cause 

various health issues in humans, including asthma, 
bronchitis, dermatitis, and hay fever upon exposure 

(Sriramarao et al., 1991; Kololgi et al., 1997). 

Additionally, it has been linked to allergic eczematous 

reactions and mental depression (Sharma et al., 2005). 
Moreover, contact with carrot-weed can result in general 

illness, skin irritations, pustules on the hands, skin 

irritation, and stomach pains (Wiesner et al., 2007). 

Exposure to sunlight after contact with carrot-weed may 
lead to health effects such as violaceous papulae and 

plaques on exposed areas like the ears, forehead, cheeks, 

and upper chest. Furthermore, exposure to carrot-weed 

has been associated with health effects such as 
hyperkeratotic papules and prurigo nodules (Jayaramiah 

et al., 2017). 

 

The health impacts on livestock and milk 
quality have led farmers to abandon techniques like 

utilizing P. hysterophorus as animal bedding (Karki, 

2009). Adkins and Navie (2006) have recognized this 
weed as a significant danger to the sustainability of 

natural agro-ecosystems worldwide, as it poses a health 

hazard to both humans and livestock. Exposure to P. 

hysterophorus also induces systemic toxicity in livestock 
(Gunaseelan, 1987). Animals feeding on P. 

hysterophorus have reported symptoms such as alopecia, 

loss of skin pigmentation, dermatitis, and diarrhea. (In 

addition, degenerative alterations in sheep and buffalo 
have been reported, along with inhibition of liver 

dehydrogenases and liver and kidney abnormalities 

(Rajkumar et al., 1988). It has been discovered that 

sheep, cattle, and buffalo that consume this herb have 
lower-quality milk and meat (Lakshmi and Srinivas, 

2007). 

 

Environmental Integrity and Ecological 

Consequences 

The presence of Parthenium can induce 

alterations in soil nutrient dynamics. Research indicates 

that Parthenium infestation has the potential to elevate 
soil nitrogen levels, attributed to its high nitrogen 

absorption and subsequent release via leaf litter. 

Nonetheless, this may disrupt the equilibrium of other 

crucial nutrients such as phosphorus and potassium, 
consequently affecting overall soil fertility. Parthenium 

invasion exerts significant effects on soil microbial 

communities and their activity. Depending on the 

specific circumstances, it can either bolster or suppress 
microbial populations. For instance, an upsurge in 

microbial biomass might temporarily enhance nutrient 

availability; however, sustained decreases in nitrifier 

abundance could result in diminished soil nitrification 
rates, thereby adversely impacting plant growth. 

Parthenium exerts an influence on soil organic carbon 

(SOC) levels. Invasive species like Parthenium have 

been found to modify the decomposition rates of organic 
matter, thereby influencing SOC concentrations. 

Maintaining high SOC levels is vital for preserving soil 

structure, fertility, and overall soil health. Parthenium-

induced alterations in SOC can contribute to soil 
degradation and a decline in agricultural productivity. 

The extensive root systems of Parthenium plants have the 

potential to compact soil, reducing its porosity and water 

infiltration rates. This physical alteration can exacerbate 
soil erosion and diminish water availability for both 

crops and native vegetation, further deteriorating soil 

quality. 

 
Economic Implications and Social Consequences 

Parthenium weed presents a major threat to both 

pastures and crops. Aqueous extracts from various parts 

of Parthenium, such as shoots, leaves, flowers, and roots, 
have been shown to exhibit allelopathic effects on seed 

sprouting, sprouting rate, shoot and root growth, and dry 

weight production in soybean and haricot bean seedlings 

(Netsere and Mendesil, 2011). Maharjan et al., (2007) 
reported notable obstructive effects on seed sprouting 

and sapling growth of several grain crops, cruciferous 

vegetables, and Asteraceae species when exposed to 
Parthenium hysterophorus leaf extracts. Similarly, Khan 

et al., (2012) observed marked suppression of wheat seed 

germination and seedling growth caused by extracts from 

Parthenium roots, stems, and leaves. Devi and Dutta 
(2012) also found that aqueous extracts of Parthenium 

inhibited seed sprouting and sapling vigor in Zea mays. 

The allelopathic effects of Parthenium microspores and 

other plant section have been shown to impede seed 
germination and fruit development in crops like chili, 

tomato, and brinjal, leading to significant crop losses 

(Jarvis et al., 1985). Parthenium is recognized as a major 

weed in upland rice, responsible for yield reductions 
exceeding 40% in rice and other crops in India (Oudhia, 

1998). Its aggressive nature can lead to pasture 

production losses of up to 90% (Anonymous, 2011). 

Parthenin, a compound found in Parthenium, has been 
reported to inhibit germination and radicle growth in 

both dicot and monocot plants by entering the soil 

through decomposing leaf litter (Gunaseelan, 1998). 

Burning P. hysterophorus in fields has been found to 
reduce seed sprouting, wood chips, and plumule and total 

length in Phaseolus mungo (Kumar and Kumar, 2010). 

Moreover, infestations of P. hysterophorus have been 

linked to reduced fruiting in leguminous crops and 
decreased chlorophyll content in crop plants (Lakshmi 

and Srinivas, 2007). 

 

Management Strategies and Control Measures 

A range of management approaches, 

encompassing chemical, cultural, mechanical, and 

biological methods, have been employed worldwide in 

weed control efforts (Melander et al., 2017; Korres, 
2018). While these strategies prove highly effective on a 

small scale, their cost-effectiveness diminishes 

considerably when applied at larger scales (Zimdahl, 

2018). Singh (1997) regarded the utilization of 
biocontrol agents such as insects and fungal pathogens, 

along with the exploitation of competitive plants through 
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allelopathy, as the most economically viable and 

practical approach to managing Parthenium. However, 
despite these efforts, the weed persists above threshold 

levels, threatening biodiversity and posing health risks to 

humans and animals. Several processes, including 

physical, chemical, bioherbicidal, and integrated 
approaches, are currently being implemented globally to 

combat this weed and are under discussion. 

 

 
Figure 12: Schematic presentation of the management of Parthenium hysterophorus (Dukpa et al., 2020) 

 

 
Fig 13: Biological, chemical and physical control of Parthenium hysterophorus (Lalita et al., 2018) 

 

Physical Control  

1. Manual Removal (Hand Weeding) 

Manual removal is one of the most widely used 
physical methods, especially in small and localized 

infestations. It involves pulling out the Parthenium plants 

before they mature and set seed. Hand weeding is 

effective but labor-intensive. A study conducted in India 
demonstrated that repeated manual removal of 

Parthenium (before flowering) reduced the soil seed 

bank by 70% over two years. Regular removal prevented 
seed dispersal, leading to a significant decline in 

infestation density (Sharma and Chauhan 2004). 

 

2. Mowing/Cutting 

Mowing is commonly used for controlling 

Parthenium along roadsides, urban areas, and parks. 

Cutting the plants before flowering reduces seed 

production, although repeated mowing is necessary due 

to the weed's ability to regrow. Research conducted in 

Australia found that mowing Parthenium before 

flowering reduced seed production by over 90%, but 
regrowth from the base of the plant required mowing 

every 3-4 weeks to prevent full re-establishment (Navie 

et al., 1996). 

 
3. Tillage 

Tillage, particularly deep plowing, has been 

found to reduce Parthenium populations by burying 
seeds deep in the soil, where they are less likely to 

germinate. However, shallow tillage can sometimes 

stimulate seed germination by bringing dormant seeds to 

the surface. A study in Ethiopia demonstrated that deep 
plowing reduced Parthenium seedling emergence by 

80% compared to no-tillage plots. However, shallow 

tillage resulted in increased germination due to exposure 
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of buried seeds to sunlight and favorable conditions 

(Tamado et al., 2002). 
 

4. Burning 

Burning of Parthenium hysterophorus is 

sometimes practiced to destroy standing plants and seeds 
on the soil surface. Controlled burning, though not 

always feasible, can help reduce the seed bank if 

performed carefully. A study in India demonstrated that 

controlled burning of Parthenium-infested fields after the 
plants had matured reduced the seed bank by 60-70%. 

The method, however, must be followed by other control 

measures to prevent recolonization from adjacent areas 

(Joshi, 1991). 
 

5. Mulching 

Mulching involves covering the soil with 

organic or inorganic materials to suppress weed 
germination and growth. Organic mulches, such as straw 

or plant residues, have been shown to be effective in 

reducing Parthenium emergence. A study in Kenya 
showed that applying a 10 cm thick layer of organic 

mulch (e.g., straw) reduced Parthenium seedling 

emergence by 85%. The mulch created a physical barrier 

that prevented sunlight from reaching the soil, thereby 
inhibiting seed germination (Maina and Mathenge 2006). 

 

6. Flooding 

Flooding is a less common physical control 
method but has been used in areas where water 

management is possible. Prolonged submergence of 

Parthenium plants and seeds in water can reduce their 

survival and prevent seedling emergence. Research in 
India found that flooding Parthenium-infested fields for 

10 days led to a 90% reduction in seedling emergence. 

Submergence deprived the seeds of oxygen and light, 

inhibiting germination (Patel, 2011). 
 

Chemical Control  

1. Glyphosate (Non-selective Herbicide) 

Glyphosate is a systemic, non-selective 
herbicide that is commonly used to control Parthenium 

hysterophorus. It is particularly effective when applied to 

young plants, as it inhibits essential plant enzyme 

pathways. A study conducted in Australia found that 
glyphosate (1.0 kg a.i. ha⁻¹) controlled Parthenium 

seedlings by up to 90% when applied during the early 

growth stages (2-4 leaf stage). However, mature plants 

were less susceptible and required higher dosages 
((Navie et al., 1996). 

 

2. Metribuzin (Selective Herbicide) 

Metribuzin is a selective herbicide commonly 
used in crops such as wheat, soybeans, and potatoes. It 

acts as a photosynthesis inhibitor and is effective against 

broadleaf weeds like Parthenium. In a study conducted 

in India, metribuzin (0.35 kg a.i. ha⁻¹) was found to 
control Parthenium hysterophorus in wheat fields, 

reducing weed biomass by 80%. The herbicide provided 

effective control for up to 4 weeks post-application 

(Sharma and Singh 2004). 
 

3. Atrazine (Photosynthesis Inhibitor) 

Atrazine, a triazine herbicide, is used for pre-

emergence and post-emergence control of broadleaf and 
grassy weeds. It is particularly effective in crops like 

maize and sorghum. Research conducted in South Africa 

demonstrated that atrazine (2.0 kg a.i. ha⁻¹) applied as a 

pre-emergence treatment significantly reduced 
Parthenium seedling emergence by 90%. Atrazine's long 

residual activity prevented the re-establishment of 

Parthenium for up to 3 months (Chikoye and Ekeleme 

2001). 
 

4. 2,4-D (Growth Regulator Herbicide) 

2,4-D is a selective herbicide that mimics plant 

growth hormones (auxins), leading to uncontrolled 
growth and eventual death in broadleaf weeds like 

Parthenium hysterophorus. A field trial in India found 

that 2,4-D (1.5 kg a.i. ha⁻¹) applied at the pre-flowering 
stage of Parthenium reduced plant density by 85%. The 

best results were achieved when 2,4-D was applied to 

young plants before they reached the reproductive stage 

(Tewari and Shukla 2006). 
 

5. Imazapyr (ALS Inhibitor) 

Imazapyr is a broad-spectrum herbicide used 

for both pre- and post-emergence control. It inhibits the 
enzyme acetolactate synthase (ALS), which is crucial for 

amino acid synthesis in plants. A study conducted in 

Australia found that imazapyr (0.75 kg a.i. ha⁻¹) provided 

excellent control of Parthenium when applied as a pre-
emergence herbicide. It reduced seedling emergence by 

over 90% and provided long-lasting control for up to 6 

months (Adkins and Shabbir 2014). 

 
6. Paraquat (Contact Herbicide) 

Paraquat is a fast-acting contact herbicide that 

destroys green plant tissue on contact. It is often used for 

the immediate suppression of Parthenium infestations, 
particularly in non-crop areas. In a study conducted in 

Ethiopia, paraquat (0.75 kg a.i. ha⁻¹) applied to young 

Parthenium plants reduced weed biomass by 85%. 

However, because paraquat only affects the plant tissue 
it contacts, regrowth from the root system was observed 

within 3-4 weeks, necessitating repeated applications 

(Taye et al., 2007). 

 
7. Pre-emergence Herbicides 

Pre-emergence herbicides such as oxyfluorfen 

and pendimethalin have been used to control Parthenium 

in non-crop areas by inhibiting seedling establishment. 
In an experiment conducted in Kenya, the application of 

pendimethalin (1.0 kg a.i. ha⁻¹) as a pre-emergence 

treatment reduced Parthenium seedling emergence by 

75-80%, with effects lasting for up to 8 weeks (Kanchan 
and Jayachandra 1980). 
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8. Integrated Chemical Control 

Combining herbicides with other control 
methods, such as mechanical removal or cultural 

practices, has shown improved results in managing 

Parthenium hysterophorus over time. A study in India 

combined the application of 2,4-D with manual removal 
and mulching, which reduced Parthenium density by 

over 90% after two growing seasons. The integrated 

approach provided more sustainable and long-term 

control than herbicides alone (Pandey and Joshi 2003). 
 

Management through allelopathic plants: 

1. Cassia tora and Cassia sericea 

Allelopathic Effect: These plants release 
secondary metabolites through root exudates and leaf 

litter that inhibit Parthenium seed germination and 

seedling growth. A field study reported that 

intercropping Cassia tora reduced Parthenium 
emergence by 45% and biomass by 40% after one 

season. The chemical compounds in Cassia tora were 

found to inhibit Parthenium growth by interfering with 
nutrient uptake (Kohli et al., 2006). 

 

2. Sorghum bicolor (Sorghum)  

Sorghum produces a natural compound called 
sorgoleone, which is exuded by its roots and inhibits seed 

germination of surrounding plants, including Parthenium 

hysterophorus. A greenhouse study found that Sorghum 

bicolor extracts reduced the germination of Parthenium 
by 50% and its seedling growth by 60%. This is due to 

sorgoleone's inhibitory effect on root elongation and cell 

division (Cheema and Khaliq 2000). 

 
3. Helianthus annuus (Sunflower) 

Allelopathic Effect: Sunflower extracts contain 

phenolic compounds such as p-coumaric and chlorogenic 

acids, which inhibit seed germination and root growth in 
competing plants like Parthenium. In a study testing the 

aqueous extracts of Helianthus annuus on Parthenium, 

seed germination was inhibited by 70%, and root growth 

was reduced by 80%. This indicates that sunflower 
residues can significantly suppress Parthenium growth 

(Batish et al., 2007). 

 

4. Tagetes minuta (Mexican Marigold) 

Allelopathic Effect: Tagetes minuta is known to 

produce compounds like thiophenes, which have 

herbicidal properties that can suppress the growth of 

invasive weeds. In a controlled experiment, soil 
incorporated with Tagetes minuta residues reduced 

Parthenium seed germination by 60%. Furthermore, the 

application of Tagetes minuta leaf extracts inhibited 

Parthenium seedling growth by 55% (Kumar and 
Kaushik 2005). 

 

5. Eucalyptus species 

Allelopathic Effect: Eucalyptus species are 
known for producing allelochemicals such as eucalyptol 

and cineole, which inhibit the growth of neighboring 

plants by reducing their seed germination rate and root 

elongation. A study using Eucalyptus leaf extracts 
showed that Parthenium hysterophorus seed germination 

was reduced by 50-60%, and its seedling growth was 

inhibited by 65%. The chemicals in Eucalyptus affect 

cell division and nutrient uptake in Parthenium (Singh et 
al., 2003). 

 

6. Azadirachta indica (Neem) 

Allelopathic Effect: Neem produces several 
bioactive compounds, including azadirachtin, which 

suppresses the germination and growth of weeds like 

Parthenium. In an experiment, neem leaf and bark 

extracts reduced the germination of Parthenium seeds by 
55% and 68%, respectively. The bioactive compounds in 

neem inhibited the root growth and overall biomass 

production of Parthenium (Javid and Anjum 2006). 

 
Biological management:  

1. Use of Biocontrol Agents 

Biological management of Parthenium 
hysterophorus primarily focuses on using natural 

enemies, including insects, fungi, and competitive plant 

species. Among the most effective biological agents are 

the following: 
 

1. Insects: 

The Zygogramma bicolorata beetle, a leaf-

feeding beetle, has shown significant success in 
controlling Parthenium. It consumes leaves, reducing 

plant vigor and seed production. Listronotus 

setosipennis, a stem-boring weevil, reduces plant growth 

by feeding on the root system. In a field study conducted 
in India, the release of Zygogramma bicolorata resulted 

in a reduction of Parthenium cover by up to 55% after 

three months (Jayanth, 1987). 

 
2. Pathogens 

Puccinia abrupta var. partheniicola is a rust 

fungus that has been reported to significantly suppress 

Parthenium populations by attacking leaves, stems, and 
inflorescences. This fungus weakens the plant and 

reduces its seed bank, though it requires specific 

environmental conditions to thrive. Studies in Ethiopia 

show that rust fungus reduced Parthenium biomass by 
65-70% over a growing season (Taye, 2007). 

 

3. Competitive Crops and Cover Crops 

Competitive crops like sorghum and cowpea 
can suppress Parthenium growth due to their aggressive 

canopy and fast growth, which shades out Parthenium 

and reduces its ability to thrive. Research in Australia has 

shown that cultivating sorghum can reduce Parthenium 
seedling emergence by 80% in the field (Navie et al., 

2004). 

 

4. Integrated Biological Management 

Combining biological agents with other control 

strategies, such as mechanical removal or herbicides, has 
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shown improved long-term control of Parthenium 

hysterophorus. For example, combining the use of 
Zygogramma bicolorata with manual weeding increased 

the reduction of Parthenium biomass by up to 80% 

compared to using biological agents alone. In a study in 

India, integrated biological and mechanical management 
reduced Parthenium density by over 90% within two 

growing seasons (Pandey et al., 2003). 

 

 
Fig 14: Biological control of Parthenium hysterophorus (Kaur et al., 2014) 

 

Table 1: Biological control agents of Parthenium around the world (Weyl et al., 2021) 
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Management by utilization: 

A highly effective strategy for managing 
Parthenium involves its diverse applications. Extensive 

studies have highlighted its insecticidal properties 

(Gajendran and Gopalan, 1982) nematicidal activity 

(Bala et al., 1986) and herbicidal potential (Pandey et al., 
1993). Furthermore, Parthenium is also employed in the 

production of oxalic acid and biogas (Gunaseelan, 1987; 

Bhan et al., 1997). 

 
Legal Management: 

Legislators need to pass national-level laws and 

acts aimed at controlling Parthenium. Collaboration 

between federal and provincial government 
administrations, along with scientists, is crucial. Public 

awareness campaigns via radio, TV, videos, posters, and 

seminars are essential to educate people about the 

importance of implementing these laws and acts. 
Previous research indicates that an integrated approach 

is necessary for effective Parthenium management. This 

approach should combine minimal use of potent 
herbicides, biological control agents, and cultural 

practices. 

 

Challenges in eradication and containment 

High Seed Production and Dispersal 

Parthenium hysterophorus exhibits extensive 

seed production, with seeds capable of maintaining 

viability in the soil for extended periods. This abundant 
seed production, coupled with the seeds' dispersal 

through various means such as wind, water, animals, and 

human activities, presents considerable challenges for 

eradication efforts (Navie et al., 1996). Parthenium weed 
demonstrates rapid growth and versatility in adapting to 

a wide range of environmental conditions, spanning from 

arid to semi-arid regions. This adaptability enables its 

establishment in various habitats (Shabbir et al., 2006). 
 

Herbicide Resistance 

Continuous application of identical herbicides 

may result in resistance, diminishing the efficacy of 
chemical control techniques. Hence, there is a need to 

formulate and rotate various herbicides and implement 

integrated weed management strategies (Adkins and 

Shabbir, 2014). 
 

Socio-Economic Constraints 

Efficient management of parthenium weed 

infestations frequently demands significant financial and 
labor investments, which might not be readily accessible 

in heavily affected regions. Constraints in funding and 

resources can impede ongoing control endeavors 

(Adkins and Navie, 2006). 
 

Future Directions and Research Needs 

Additional exploration into the management 

and consequences of Parthenium hysterophorus is 
imperative to formulate enhanced control tactics and 

grasp the comprehensive scope of its impacts. The 

following outlines crucial domains necessitating further 

investigation based on recent research: 
 

Mechanisms of Herbicide Resistance 

Comprehending the genetic and biochemical 

mechanisms responsible for herbicide resistance in 
Parthenium hysterophorus is pivotal for devising 

approaches to counter resistance and enhance herbicide 

effectiveness (Sharma and Singh 2019). 

 
Impact on Soil Health and Microbial Communities 

Exploring the impact of parthenium infestation 

on soil health, encompassing alterations in soil microbial 

communities and nutrient cycling, is crucial for 
comprehending its wider ecological ramifications and 

guiding restoration initiatives (Wakjira and Mekuria 

2018). 

 
Long-term Efficacy of Biological Control Agents 

Assessing the enduring efficacy and ecological 

repercussions of biological control agents on parthenium 
populations is imperative to ensure sustainable weed 

management practices (Dhileepan and Strathie 2009). 

 

Allelopathic Interactions and Natural Herbicides 

Additional investigation into the allelopathic 

characteristics of various plants and the formulation of 

natural herbicides derived from these sources could offer 

environmentally sustainable alternatives for managing 
parthenium (Batish et al., 2007). 

 

Climate Change Impacts 

Investigating the potential impacts of climate 
change on the distribution, proliferation, and 

management of parthenium is essential for devising 

adaptive approaches to weed control amid evolving 

environmental dynamics (Kriticos and Leriche 2010). 
 

Integrated Weed Management (IWM) Approaches 

Further research into the creation and 

application of Integrated Weed Management (IWM) 
strategies, integrating various control techniques adapted 

to specific regional contexts, is imperative for achieving 

sustainable management of parthenium (Adkins and 

Shabbir 2014). 
 

Socio-economic Impacts and Community 

Involvement 

Researching the socio-economic ramifications 
of parthenium invasion and identifying effective 

approaches to involve local communities in control 

endeavors can bolster the adoption and efficacy of 

management strategies (Mcconnachie et al., 2003). 
 

Emerging technologies for Parthenium management 

Progress in genetic engineering and 

biotechnology is offering fresh avenues for parthenium 
management by facilitating the creation of genetically 

modified organisms (GMOs) and biotechnological 
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interventions (Belhaj et al., 2015). The CRISPR/Cas9 

gene-editing technology presents an opportunity for the 
development of herbicide-resistant crops or for directly 

targeting specific genes in parthenium to diminish its 

growth and reproductive capabilities (Belhaj et al., 

2015). RNAi technology offers a promising approach to 
silence critical genes in parthenium, thereby decreasing 

its viability and competitive prowess (Caste and 

Martienssen 2013). 

 
Remote sensing and Geographic Information 

Systems (GIS) are increasingly recognized as potent 

instruments for overseeing and controlling parthenium 

infestations at a broad scale. Through the utilization of 
satellite imagery and unmanned aerial vehicles (UAVs), 

scientists can accurately detect and map parthenium 

infestations, facilitating precise and targeted 

interventions (Everitt et al., 2005). GIS can be fused with 
additional data reservoirs to construct decision support 

systems aiding in the formulation and execution of 

management strategies. Advanced agricultural 
technologies like precision agriculture, featuring 

automated weed identification and robotic weed 

management, provide accurate and effective approaches 

to parthenium management. Utilizing machine learning 
algorithms and image recognition software enables the 

identification of parthenium plants within crop fields, 

facilitating targeted herbicide application or mechanical 

eradication (Lottes et al., 2018). 
 

Autonomous robots, outfitted with sensors and 

actuators, can autonomously traverse fields to 

mechanically eliminate or administer targeted treatments 
to parthenium plants. Exploration of bioherbicides and 

botanical extracts presents eco-friendly substitutes to 

synthetic herbicides. Specific fungi and bacteria have 

been recognized for their ability to infect and inhibit the 
growth of parthenium in a selective manner (Bailey, 

2014). 

 

CONCLUSION 
Extensive data on the biodiversity impact 

caused by the invasion of parthenium underscores the 

urgent necessity for comprehensive management 
strategies to alleviate its adverse effects. Parthenium, 

alongside other invasive plant species, presents a 

significant threat to ecosystems worldwide, comparable 

to habitat destruction in its ability to disturb natural 
equilibriums and induce biodiversity decline. The 

encroachment of parthenium not only displaces 

indigenous plant communities but also poses significant 

health risks to humans and livestock, exacerbating socio-
economic difficulties in affected areas. Its allelopathic 

characteristics, coupled with its prolific seed production 

and adaptable nature, render it a formidable opponent in 

both agricultural and natural environments. Efforts to 
address parthenium invasion demand a multifaceted 

approach, integrating chemical, biological, cultural, and 

integrated weed management tactics. Nonetheless, 

obstacles such as herbicide resistance, socio-economic 

limitations, and the necessity for sustainable, 
environmentally friendly solutions persist. Future 

research endeavors should concentrate on 

comprehending the mechanisms behind herbicide 

resistance, evaluating the long-term effectiveness of 
biological control agents, examining allelopathic 

interactions, and exploring emerging technologies like 

genetic engineering and remote sensing for efficient 

parthenium management. Community engagement and 
awareness campaigns are also pivotal for the successful 

implementation of control measures. By tackling these 

challenges and capitalizing on innovative solutions, we 

can endeavor towards the sustainable management of 
parthenium and the preservation of biodiversity, human 

health, and agricultural sustainability for generations to 

come. 
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