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Abstract: Parthenium hysterophorus L. (Asteraceae), commonly known as famine weed in South Africa,
is one of the most invasive weeds worldwide, accountable for losses to biodiversity, agriculture, the
economy, and the health of livestock and human beings. The spread of this weed is not easy to manage
or reverse. With globalization, trade, and human movement, it will continue to spread, allowing its
range to expand into new areas. This weed has serious adverse effects on rangeland and agricultural
crop production. Because of its unique characteristics, its invasiveness and competitive success
rates are attributed to its high reproductive ability, fast growth rate, tolerance to environmental
stresses, climate change adaptability, allelopathic potential, and unpalatability to animals. Parthenium
hysterophorus dominates diverse habitats by spreading quickly as a contaminant of grain and other
crop products and through farm machinery. It is widely distributed and has become problematic
in various countries, including South Africa. It has successfully invaded several provinces in the
country since its introduction in 1880. Since plant invasions are not universal, this study aimed to
review research that has been conducted on the aggressive weed P. hysterophorus to understand the
ecological characteristics that enable its successful establishment, the economic costs associated with
its detrimental impacts, and to briefly assess knowledge gaps to improve its management strategies.

Keywords: alien invader weed; ecological traits; Parthenium hysterophorus; socio-economic impacts;
South Africa

1. Introduction

Invasive alien plants (IAPs) are recognized as one of the major threats to biodiversity,
agriculture, health, and socio-economic livelihoods around the world [1–3]. The intro-
duction of IAPs into a new habitat may be deliberate or accidental [1] and, subsequently,
some have become naturalized, while others have become invasive [4]. In addition, climate
change is thought to exacerbate the situation caused by weeds and invasive alien plant
species globally in the future [5,6]. Thus, the success of IAPs is generally attributed to
differences in ecological traits compared to native species [7].

In South Africa, rangeland covers over 70% of the land surface and supports domestic
livestock and wildlife, but is usually invaded by hundreds of alien plant species [8]. It
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is estimated that over 383 invasive plant species must be controlled to prevent further
damage [9], of which about 44 (11.5%) species of herbaceous plants are declared weeds or
invaders [10]. Among the 44 species, Parthenium hysterophorus L., belonging to the family
Asteraceae and commonly known as famine weed, has been identified as one of the most
invasive noxious weeds. Famine weed causes ecosystem degradation with significant
negative impacts on ecological functions, natural biodiversity, agricultural productivity,
and human and animal health [11,12].

The nature and severity of the impacts of Parthenium hysterophorus on biodiversity loss
and native species extinction are of global concern for the conservation of many natural
and managed areas [13]. It is a weed plant native to Central America, South America, and
Mexico [14], and has been introduced both accidentally and intentionally in many parts of
the world, including many countries in Africa [15–17]. It is spreading at an alarming rate
and has become a severe invader in the southern and eastern parts of the continent [12,18].
Reports from different countries suggest that Parthenium is still spreading, and African
countries are at a high risk of invasion [15].

Parthenium hysterophorus was introduced accidentally into South Africa through im-
ported pasture, grain seeds, and livestock feed [18,19]. It was first recorded in KwaZulu-
Natal in 1880, but has only became prevalent from the 1980s onwards [16,18,20]. Currently,
the weed is widely distributed and has become problematic. It is now an emerging and
established weed in the country, and the core infestations are in KwaZulu-Natal and
Mpumalanga, as well as the North-West and Limpopo Provinces [21]. Moreover, dense
and extensive infestations occur along roadsides, watercourses, natural and man-made
ecosystems, grassland habitats, woodlands, wildlife parks, crop fields, and yards [15,22].

Successful invasive plants have advantageous ecological traits (high reproductive
capacities, high dispersal ability, range size, life history, geographical distribution, climatic
tolerances, habitat types, environmental indicator values, edaphic preferences, and phe-
notypic plasticity) that support their invasiveness [23]. Not every invasive species shares
all these characteristics. However, ecological traits best describe the alien’s success over
native plants. Numerous ecological characteristics support the invasiveness and competi-
tive advantage of this weed. In addition, allelochemicals released from this weed inhibit
germination and the growth of co-occurring plants [24,25].

Due to its aggressive coverage and threat, P. hysterophorus has severe consequences
for the agricultural economy, human health, and biodiversity. This has contributed to
its selection as a species of concern in the country [16]. Previously listed as a Category 1
weed under the Conservation of Agricultural Resources Act (Act 43 of 1983), P. hysteropho-
rus is now classified as a Category 1b species according to the National Environmental
Management Biodiversity Act (NEMBA) regulations [17]. As this weed proliferates across
the country, the present review highlights the critical ecological traits that promote its
invasiveness and assesses the socio-economic impacts of this weed to understand to what
extent it is detrimental and/or beneficial. The possible uses of this weed can help with
effective management. However, there is a paucity of information on its benefits in South
Africa, since efforts have not been made yet by the scientific community, the local people,
and other stakeholders to investigate its potential benefits. Such information is essential
for determining the need for either upgrading or downgrading the invasion status of the
species as per regulations, particularly Section 70 of the South African Regulations of the
National Environmental Management: Biodiversity Act (NEMBA; Act 10 of 2004). In this
context, this study aimed to review research that has been conducted on the aggressive
weed P. hysterophorus to understand the ecological characteristics that enable its successful
establishment, the economic costs associated with its detrimental impacts, and to briefly
assess knowledge gaps that need to be addressed to improve management strategies.
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2. Taxonomy and Description

Parthenium hysterophorus L., commonly known as famine weed in South Africa, is
an aggressive, invasive alien weed belonging to the Asteraceae family. Various common
English names include congress grass, Demoina weed, ragweed Parthenium, Parthenium
weed, carrot grass, false ragweed, bitterweed, Santa Maria, and feverfew. This family
comprises over 1900 genera within the order Asterales and more than 32,000 known
species of flowering plants distributed worldwide [26]. The genus Parthenium, to which P.
hysterophorus belongs, comprises 16 species [27].

Parthenium hysterophorus is an annual herbaceous weed growing up to 1.5 m high at
maturity (Figure 1a) with an erect, greenish, longitudinally hairy branched stem (Figure 1b)
and a deep tap root system [15,28]. The stems are usually octangular and woody as the
plants develop to maturity. The alternately arranged leaves are deeply lobed, simple with
petioles, variable in shape and size, elliptic to obovate, about 4–5 cm long, and glossy
dark green and hairless, with fine and numerous lateral veins and a margin with very
fine, gland-tipped teeth [29]. The lower leaves are relatively large and deeply divided
(bi-pinnatifid or bi-pinnatisect), whereas the upper leaves decrease in size and are less
divided. The attractive flowers are whitish or pinkish and ephemeral. Numerous small
flower heads are arranged in clusters at the tips of the branches. The fruit of P. hysterophorus,
which is light brown in color in its young days and later turns dark brown when mature,
takes on an oblate and ellipsoid shape [30]. The tiny seeds have two slender, spoon-
shaped achenes, usually produced in each flower head (capitulum), and are dispersed with
minimal effort [31].

Figure 1. Illustration of Parthenium hysterophorus L. (a) Growing Parthenium weed; (b) whitish
flowers [32].

3. Ecological Traits of Parthenium hysterophorus Invasiveness

The characteristics that increase the probability of Parthenium hysterophorus to invade
new habitats successfully are related to its high seed production and dispersion, capability
of spreading fast, high phenotypic plasticity, adaptability to new areas, tolerance to biotic
and abiotic stresses, and allelopathic chemical properties that suppress crops and pasture
plants [33,34].
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3.1. Reproductive Potential

Parthenium hysterophorus is an invasive, noxious weed considered as one of the worst
weeds in the world. The success of P. hysterophorus as an invasive weed lies in its ability
to reproduce large amounts of seeds, which have a prolonged seed viability of up to
five years [35]. A single mature plant can produce 25,000 seeds in its entire lifespan [36],
leading to a large and persistent seed bank in the soil [37]. Parthenium hysterophorus has
the potential for rapid germination and a fast growth rate. It grows vigorously during the
warm spring and summer months compared with the winter months [37,38]. The large
production of small, lightweight seeds with a wide dispersal range enables their fast spread
and colonization [39]. The successful invasion of this weed also depends on its dispersion
strategies. Parthenium hysterophorus seeds are dispersed by wind, water, animals, vehicles,
attachment to packaging materials, tools, and clothing, which enables them to invade new
areas quickly and extensively [35,40]. Moreover, most of the long-distance dispersal is
through vehicles, farm machinery, and flooding [15].

According to Leishman et al. [41], the size and number of seeds produced by invasive
plants affect the species’ ability to colonize new habitats and form a stable population.
Parthenium hysterophorus seeds can germinate and establish new individuals in a variety
of environmental conditions and different habitats [18,33,42,43]. It aggressively colonizes
disturbed habitats; roadsides; pastures; agricultural areas; urban areas; industrial areas;
playgrounds; and roadsides in semi-arid, subtropical, tropical, and warmer temperate
regions [44].

Reproduction ability is one of the most crucial biological traits for the effectiveness
of Parthenium as a weed [45]. The viability of the seeds and their dispersal are also major
concerns for the successful invasion of this weed. Bajwa et al. [35] reported that the tiny
seeds of this weed usually remain viable in the soil longer and form more permanent
seed banks. Jeyalakshmi and Valluvaparidasan [46] emphasize that Parthenium seeds do
not undergo a dormancy period, and they can germinate at any time when moisture is
available. The spread of seeds and their ability to remain viable in the soil for a long period
pose one of the most complex problems for control [47]. Bhowmik et al. [48] stated that the
viability of Parthenium seeds under suitable environmental conditions is more than 85%.
This weed can form a large seed bank at dense infestations, estimated at 200,000 seeds per
m2, which usually remain viable in the soil longer [49,50]. Where conditions are favorable,
the production of many seeds allows P. hysterophorus to infest crops heavily. Even though
the reproductive process of P. hysterophorus conducted in other countries revealed that this
weed species has wide ecological tolerance to germinate and grow in various environmental
conditions successfully [33], it seems to be poorly documented in South Africa and, thus,
needs to be investigated.

3.2. Distribution and Habitat Suitability

Parthenium hysterophorus has been reported in various countries [30,40], and many
reports suggest its widespread distribution worldwide. Within the last few decades, this
weed has expanded its geographic range and is threatening to invade much larger areas of
the world [18,51]. The distribution and density of Parthenium are still increasing in many
parts of the world, even in areas where it has been present for many years [35]. Research
literature studies on ecological niche models suggest that this weed can perform better
under climate change scenarios and expand into uninvaded regions in the future [11]. In
Africa, its current and potential geographical distribution has been reported in Egypt [52]
and several countries in eastern and southern Africa [14,17,18]. In South Africa, P. hys-
terophorus is particularly distributed in the KwaZulu-Natal, Mpumalanga, and North-West
Limpopo Provinces [18,37,53]. It can also be found in Gauteng Province. The occurrence
data for P. hysterophorus in South Africa, employed in this study, were sourced from the
Global Biodiversity Information Facility (GBIF) [54]. It is, however, classified as an alien
invader in Category 1b [55].
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As this species has invaded the rangelands of these provinces, it has disrupted the
natural balance of plant communities and, thus, has resulted in a reduction in plant diversity
and the abundance of native plant species (Figure 2) [56]. Kriticos et al. [51] indicated the
risk of a substantial further spread of P. hysterophorus under a climate change scenario. As
Parthenium grows vigorously in semi-arid, subtropical, tropical, and warmer temperate
regions [14,17,33,44], parts of South Africa experience high mean annual temperatures of
approximately 28 ◦C. Hence, this weed is projected to spread further in other provinces
because of the favorable climatic conditions of the country. It is highly adaptable to a
wide range of environmental conditions, from wet to warm areas, and to different soil
types, mostly sandy loam and sandy clay loam [57]. Its tolerance to various pH values
intensifies its exponential growth and spread, especially to newly invaded and disturbed
landscapes [58]. Its growth is best suited under high light intensities [59] and elevated
nitrogen levels [60]. The high phenotypic plasticity allows this weed species to settle in
novel surroundings via suitable biomass allocation [61,62]. It is a very common ruderal
species, particularly prolific in disturbed habitats [21]. Because of its invasiveness, in many
countries where it grows, including South Africa, it can establish luxuriantly in wastelands,
roadsides, along railways, pastures, fallow land, seasonal floodplains, grasslands, riparian
zones, woodlands, lawns, gardens, and agricultural fields [21,30,63].

Figure 2. A dense thicket of famine weed engulfs farmland in KwaZulu-Natal Province, South
Africa [56].

Like many other invasive species, Parthenium hysterophorus can establish and exten-
sively expand its range under climate change [40,64] due to its tolerance to a wide range of
environments, including high temperatures, extreme soil moisture, and increasing carbon
dioxide (CO2) concentrations [64]. Despite potential Parthenium infestation risks in South
Africa, only a few studies have documented Parthenium distribution [18]. Hence, there is a
need to accurately predict the potential distribution of Parthenium in South Africa, as many
reports from different countries suggest that this weed is still spreading and may become
prominent in different terrestrial ecosystems of the world [35,65]. The local adaptability
of invasive species like Parthenium to a wide range of environmental conditions and, thus,
to more diverse habitats is an essential factor in its successful invasion. According to
Cowie et al. [66], P. hysterophorus is a highly detrimental invasive species in South Africa,
particularly in the savanna regions (Figure 3).



Diversity 2024, 16, 205 6 of 15

Figure 3. Current distribution of Parthenium hysterophorus L in South Africa based on GBIF and SAPIA
records (GBIF: Global Biodiversity Information Facility; SAPIA: Southern African Plant Invaders Atlas).

3.3. Allelopathy

Parthenium has been termed the worst invasive alien plant species, and it is considered
a cropping, grazing, and environmental weed [67]. It can outcompete annual crops, causing
tremendous yield loss and suppressing the growth of surrounding native species. [68].
Famine weed changes the community structure in invaded ecosystems, and the decline in
species heterogeneity could possibly be due to its strong allelopathic effect on neighboring
species. The release of allelopathic substances into the surrounding environment results in
the formation of dense monospecies stands of the weed [68,69].

Allelopathy is a phenomenon observed in many invasive plant species that involves
the release of secondary compounds by a plant that affects the growth of surrounding
plants in a stimulatory and inhibitory manner. Hassan et al. [70] reported that releasing
allelochemicals in low amounts stimulates growth, while greater amounts result in the
inhibition of surrounding plants. Allelopathy is one of the fundamental mechanisms
responsible for the success of invasive alien plant species. The success of aggressive
plant species such as Parthenium concerning invasion and establishment in new areas is
thought to involve their ability to suppress and replace other species within the existing
plant community [71]. Phenolics and sesquiterpene lactones are two major classes of
allelopathic compounds produced by Parthenium, and these chemicals are known to have a
significant adverse effect on the germination, seedling emergence, and growth of various
plant species [67]. The allelopathic properties of different parts of this weed have been well
demonstrated in the germination and seedling growth of surrounding plant species.

Several laboratory experiments conducted under laboratory conditions have tested the
allelopathic effect of the weed by applying the aqueous extract directly to test plants under
natural conditions. For instance, Imad et al. [72] revealed that the aqueous leaf extract of
P. hysterophorus significantly reduced germination and suppressed the growth parameters of
the tested species. Similarly, Bashar et al. [25] showed that the allelopathic potential of leaf,
stem, and flower extracts of P. hysterophorus on the germination and seedling growth of selected
plants and weeds decreased drastically. Furthermore, Netsere and Mendesil [73] reported that
the aqueous extracts of the shoot, leaf, flower, and root of Parthenium hysterophorus inhibited
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the germination of crops (Glycine max L. and Phaseolus vulgaris L.). Under natural conditions,
Putri [67] examined the allelopathic effect of Parthenium leaf litter and reported that wheat
growth reduction (Triticum aestivum L.) increased as the amount of Parthenium leaf litter
increased. Similarly, Khosla and Sobti [74] reported that Parthenium caused a yield decrease of
40% in crops and up to a 90% reduction in forage production in grasslands in India.

It was reported in eastern Ethiopia that sorghum grain yield was reduced by between
40 and 97% in different seasons due to this weed [75]. In South Africa, if uncontrolled,
Parthenium has the potential to reduce crop yields by as much as 97% [37] due to poisonous
phenolics and lactones produced by the leaves [18,24].

4. Socio-Economic Impacts of Parthenium Invasion

Invasive alien species are a major threat to biodiversity and human well-being, result-
ing in ecosystem degradation and causing economic costs globally. Parthenium hysterophorus
is of great concern among the invasive alien plant species identified in South Africa. It is con-
sidered one of the worst weeds responsible for causing several ecological and agricultural
problems, such as the loss of crop productivity, fodder scarcity, health problems for human
beings and livestock, and biodiversity depletion [66,67,76]. Parthenium is progressively
spreading in the country and covering vast areas in KwaZulu-Natal and Mpumalanga, as
well as the North-West, Limpopo, and Gauteng Provinces (Figure 3), resulting in a negative
impact on crop production, native biodiversity, livestock feed supply, and the health of the
local people. The range of socio-economic problems caused by this weed impacts the lives
of local communities and national economic development. Studies in various countries
have shown that the impact of the Parthenium invasion on animal and human health and
the economic loss in agriculture are becoming severe [16].

With the increase in global trade, the transfer of invasive alien plants with both
beneficial and deleterious impacts will continue [77]. Therefore, the geographic extent of
IAPs such as P. hysterophorus will increase, leading to enormous costs to ecosystems, the
economy, and society [78]. The harmful effects of P. hysterophorus are well documented
in several studies (Table 1); however, the weed does have several benefits (Table 1) [79].
In South Africa, Parthenium is classified as an alien invader in Category 1b [55], and the
scientific community, local people, and other stakeholders do not view the weed as having
benefits. Plants in this category are prohibited and must be controlled. They serve no
economic purpose and possess characteristics that are harmful to humans, animals, and
the environment [17].

Table 1. Harmful and useful effects of Parthenium hysterophorus.

Harmful Effects Useful Effects References

Removal of heavy metals from environment to sequester
Cd (II) ions from soil [80]

Biodiversity loss [81]

Parthenium exhibits significant anticancer property [82]

Ovicidal, anti-fleedant, and nematocidal activity [83]

P. hysterophorus can be used as low-cost substrate for
xylanase production [84]

Reducing pasture productivity [85]

Allergenic respiratory reactions and allergic contact Additive with cattle manure in biogas production [86]

As compost; green manure for maize and mungbean
production [87,88]

Sequestration of Ni (II) from aqueous solution onto
activated carbon [89]

Dermatitis in humans and livestock [90]
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Table 1. Cont.

Harmful Effects Useful Effects References

Black spots, blisters around eyes, burning, rings and
blisters over skin, asthma diarrhoea, severe papular
erythematous eruptions, breathlessness, and choking

[91,92]

As analgesic in muscular rheumatism and vermifuge to
eliminate helminths
Treat inflammation, eczema, skin rashes, herpes,
rheumatic pain, and cold heart trouble, and as a remedy
for female ailments
Flea-repellent for ridding dogs

[91]

Animal feed due to high potash, oxalic acids,
and protein [93]

Eradication of salvinia and water hyacinth from water
bodies [94]

Silver nanoparticles formation for biomedical uses [95]

Carbonized Parthenium can be used for removal of dyes,
heavy metals, nitrates, and phenols [96]

Treat fever, diarrhoea, neurologic disorders, urinary
infections, dysentery, and malaria, and as emmenagogue [97]

Folk remedy against skin diseases, ulcerated sores, facial
neuralgia, fever, and anemia [98]

5. Effect of Parthenium hysterophorus on Biodiversity

Parthenium hysterophorus has been ranked as one of the most problematic weeds in
the world, since it poses serious challenges to biodiversity [99]. The ability of this weed to
occupy available niches has reduced the availability of habitats for the local flora, which
affects the biodiversity of the invaded areas [100]. Parthenium hysterophorus can easily
outcompete native grasses, causing fodder shortages for livestock. Several studies have
shown that high seed production in Parthenium enhances its spread and it replaces native
plant species by creating homogenous stands [13,50]. The release of allelochemicals by
this weed, which inhibits the germination and growth of various crops and native plant
species, is essential for its invasion and survival in a wide range of native and non-native
habitats, resulting in ecosystem change [101]. Several studies have documented the effects
of P. hysterophorus on the diversity and abundance of native plant species [13,50,102].

In Ethiopia, the impact of P. hysterophorus on grazing land communities showed that
the diversity and evenness of native plant species reduced as the density of P. hysterophorus
increased, implying that the heterogeneity of the community was significantly affected [102].
A negative relationship between the density of P. hysterophorus and the species richness and
abundance of native species was also recorded [13]. Several researchers have observed the
dominance of Parthenium in grassland ecosystems.

In another study conducted in Kenya, the effects of P. hysterophorus on herbaceous plant
species diversity revealed that P. hysterophorus significantly reduced the species diversity
and richness of the native plant species. These adverse effects of P. hysterophorus on plant
species diversity and abundance are likely to lower the availability of pasture species, as
reported by Nguyen et al. [11]. Furthermore, the weed has changed the habitat in native
Australian grasslands [92]. Even though studies conducted in different parts of the world
revealed the aggressiveness of P. hysterophorus on native plant species, data on the impacts
of P. hysterophorus on the species richness, evenness, diversity, and composition of native
plants in invaded communities are limited in South Africa. It is recommended that future
studies focus on the restoration of P. hysterophorus in an invaded savanna using perennial
grass seed.
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6. Effect of Parthenium hysterophorus on Crops and Livestock Production

Parthenium hysterophorus severely decreases the recruitment of native species, causes a
yield decline, and affects livestock productivity by reducing the amount of forage. More-
over, it increases agricultural production costs and causes environmental damage [85,103].
It is also known to be poisonous and unpalatable to livestock due to its odor, taste, and the
presence of trichomes, which affects milk production and the quality of meat [15,43,79].
Ojija et al. [104] reported that this weed negatively affects foraging behavior and flower visi-
tation in bees. Its invasion in Ethiopia has not only devastated crop production, but has also
resulted in grazing shortages, since the weed is unpalatable to livestock [105]. In Pakistan,
the farming communities of different cropping regions in rural Punjab reported significant
effects of Parthenium on their cropland and livestock production [43]. In Australia, it has
become a major weed on grazing lands in central Queensland and New South Wales [106].
Invasions by P. hysterophorus severely degrade and remove valuable grazing land, reducing
the carrying capacity of pastures and limiting livestock and game production [102].

Crop production is the main source of food and means of income for most of the
people living in the KwaZulu-Natal, Mpumalanga, North-West, and Limpopo Provinces,
where these weed species have naturalized. The infestation of P. hysterophorus in these
provinces may have a detrimental effect on crop and livestock production. Even though
some scholars have reported its presence in South Africa’s rangelands [16,37,53], few
studies have documented the detrimental invasion of Parthenium on agricultural lands and
livestock production to date.

7. Impact of Parthenium hysterophorus on Human and Livestock Health

The spread of P. hysterophorus may have deleterious impacts on human and livestock
health in different communities. Bhowmik et al. [48] reported that the weed is toxic to
humans, as well as cattle. When humans encounter this weed, it may cause dermatitis,
nausea, eczema, bronchitis, black spots and blisters around the eyes, and skin redness [79].
Inhalation of the pollen can cause allergenic rhinitis, which can develop into bronchitis and
asthma if the pollen enters the respiratory tract during breathing. Evans [85] reported that
10% to 20% of the human population have developed severe allergic reactions after being
exposed to the weed for a period of 1 to 10 years, based on research conducted in Australia.
Based on their study in Islamabad, Shabbir and Bajwa [107] suggested that Parthenium
may cause pollen allergy and high fever. The health of animals feeding on this weed is
also affected.

Some studies have reported that animals that ate this weed were affected by continuous
diarrhea and weight loss [79]. A study conducted in India on the toxicity of the weed to
cattle and buffalo showed that a significant amount (10–50%) of the weed in the diet can kill
animals within 30 days [108]. Similarly, Tudor et al. [109] reported taints in meat from sheep
grazing in Parthenium-invaded Australian grasslands. Furthermore, TNAU [110] reported
that cattle walking or grazing on patches of this weed were affected by an inflamed udder
and, subsequently, suffered from fever and rashes. According to Singh et al. [111] and
Kaur et al. [112], Parthenium compounds are lethal to humans and animals.

8. Management Approaches to Control Parthenium

Some invasive alien plants (IAPs) can positively affect several areas, including agricul-
ture, the ornamental horticulture industry, and wood production. However, their use can
result in harmful effects, representing a conflict of interest in their management [113]. Due
to the degree of their environmental, economic, social, and aesthetic impacts, harmful IAPs
such as P. hysterophorus need to be controlled. Despite the aggressive effects on crops and
livestock production, the control of P. hysterophorus is difficult. Parthenium hysterophorus
produces many seeds that have prolonged seed viability [35]. The weed has a rapid growth
rate and a preference for a wide range of ecological conditions for its establishment [15,101].

All these ecological traits have been highlighted as factors contributing to the invasion
success of P. hysterophorus [101]. Additionally, global climate change is predicted to increase
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P. hysterophorus invasions in the future [11,43]. Hence, the eradication of this weed might
be challenging and expensive. This highlights not only the severity of the weed, but also
the importance of developing strategies for its control. However, to control P. hysterophorus,
several methods, including physical, chemical, and biological management approaches with
varying degrees of success, have been used in many parts of the world [15,114]. Among
the chemical methods to control Parthenium, chlorimuron ethyl, glyphosate, atrazine,
ametryn, bromoxynil, and metsulfuron are known to be very effective [15]. According
to Kaur et al. [15], chemical management is the most widely used method to control the
growth of Parthenium hysterophorus, and physical methods, such as manual hand plucking
before flowering and seed setting, are the most effective. However, manual hand plucking
does not seem to be recommended, since it might cause serious health hazards. There
is evidence to suggest that high populations of Parthenium, even if removed from the
field, could potentially have lasting allelopathic effects on crop germination and seedling
establishment. Burning Parthenium is ineffective and not recommended because it can
stimulate its regeneration, posing a great risk to soil, plant, and animal diversity. Biological
control might be a useful approach for controlling this weed, using insects that feed on
the weed.

Parthenium can be managed by its natural enemies like insects, fungi, nematodes
snails, slugs, and competitive plants [115]. Currently, about nine insect species have been
introduced to control Parthenium [116], of which Zygogramma bicolorata and Epiblema strenu-
ana have shown a strong capacity to manage this weed [15]. In addition, Puccinia abrupta
var. partheniicola and phytoplasma of faba bean phyllody are the two most important
pathogens causing disease to P. hysterophorus [117]. Another important management ap-
proach that has shown potential in many countries to control Parthenium is by planting
other competitive plant species such as Cassia sericea, C. tora, C. auriculata, Croton, bon-
plandianum, Amaranthus spinosus, Tephrosia purpurea, Hyptis suaveolens, Sida spinosa, and
Mirabilis jalapa [118]. Some plant species from South Africa, namely, Panicum maximum,
Digitaria eriantha, Imperata cylindrica, Cenchrus pennisetiformis, and Sorghum halepense, have
been recorded to effectively compete with Parthenium [24].

Even though the spread of Parthenium has been successfully managed in Australia
and India using biological agents such as insects, pathogens, and competitive indigenous
plant species [17], Kaur et al. [15] suggested that an integrated approach should be a better
way to manage this noxious weed. Hence, the integrated method should be implemented
effectively to manage this weed in South Africa.

9. Conclusions

This review showed the ecological characteristics that promote the success of Parthe-
nium hysterophorus in various habitats and environmental conditions. The invasiveness
and competitive advantage of this weed are supported by several traits, such as its ability
to adapt to a wide range of climatic conditions, its numerous seed production, its high
capacity for dispersion and growth, its large seed bank in the soil, its capability of spreading
fast, its allelopathic effect, its short life cycle, its high phenotypic plasticity, and its tolerance
to biotic and abiotic stresses. Hence, its proliferation is progressing at an alarming rate in
South Africa and it has become a severe invader in many provinces. In the next few coming
years, the invasion by P. hysterophorus is likely to aggressively expand in various vegetation
types in South Africa, including grassland and savanna biomes. This study demonstrated
that P. hysterophorus outcompetes native and crop plants and transmits diseases, resulting in
social instability and economic hardship. Management approaches are important to prevent
the further introduction and spread of this weed in new areas that are not yet infested in the
country. Further studies on its socioeconomic impact are crucial and should be regularly
assessed. It is also recommended that future studies focus on the phenotypic variants of
P. hysterophorus and the impacts of its debris/residues on other plant and soil properties.
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