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ABSTRACT 

 

In order to study the spread and distribution of a recently introduced invasive exotic 

annual plant, Parthenium hysterophorus L., a reconnaissance survey followed by 

phytosociological survey was carried out in 16 districts of the province Punjab, 

Pakistan. The entire study area was categorized into three zones, Zones I, II and III, 

receiving mean annual precipitation ranging from 500 to 1000 mm, 250 to 500 mm 

and >125 mm, respectively. On the basis of growth attributes like phenological stages 

and biomass (dry weight) and ecological indices like Cover and Importance Value 

Index (IVI), Zone I was found to be most suitable for the growth and spread of P. 

hysterophorus, followed by Zone II, where water regime has been modified by 

irrigation and canal system and finally by Zone III, where P. hysterophorus was 

restricted only to areas receiving artificial irrigation, resulting in a rise of local soil 

moisture content. Although Silt Loam, followed by Sandy Loam were recorded to be 

the most preferred soil textures for the growth of P. hysterophorus, the soil moisture 

content was predominantly the determining factor for its growth and distribution and 

masked the effect of soil texture. However, biomass of the target species was found to 

be more strongly correlated with the intensity of its Cover as compared to soil 

moisture content and hence could be considered as a better indicator parameter for its 

infestation. A comparison of the temporal productivity (biomass) revealed that the 

growth of P. hysterophorus was most favored by the humid conditions of Monsoon 

season, followed by Spring, Autumn and winter.  

Although in the present study, the quadrat analysis involved a bias, second highest 

IVI was recorded for P. hysterophorus in all districts, highest being for Cynadon 

dactylon. Seasonal phenological study carried out in the three zones revealed 

adaptability with regards to the appearance of different phenological stages in 

accordance with climatic conditions, as life cycle in Zone I was distinctly ahead of 

that in Zone III. Early germination and sprouting from the previous year’s stumps 

gave P. hysterophorus an advantage over other co-occurring annuals, thus conferring 

it greater invasaibility.  

A questionnaire based survey to assess community perception about prevalence and 

impact of  P. hysterophorus indicated  lack of awareness amongst majority of rural 
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and urban residents, whereas, farmers, foresters and florists were relatively well 

aware. Majority of the respondents did not date back the introduction of P. 

hysterophorus in Punjab to more than 10 years.  

Competition field experiments involving Replacement Series, carried out between P. 

hysterophorus and six coexisting annual species, and evaluated on the basis of 

mathematical indices like Relative Yield and Relative Crowding Coefficient and 

Graphic indices like Replacement Diagrams, clearly showed that the four species 

suppressed by P. hysterophorus in the order of increasing suppression were, 

Chenopodium album, Kochia indica, Cannabis sativa and Amaranthus viridis. 

However, Cassia occidentalis and Setaria glauca curtailed the growth of P. 

hysterophorus and were found to be competitively superior to the latter and offered to 

be a promising environmentally friendly solution in controlling the growth of P. 

hysterophorus by competitive displacement. 

The information generated by the overlay maps constructed on the basis of Cover of 

P. hysterophorus and the corresponding soil texture of the target site, could be utilized 

to predict the potentially threatened sites on non surveyed areas and hence could help 

in control and management strategies against P. hysterophorus. 
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Chapter 1 

Introduction 

 

Biological invasion by exotic plants is recognized as a primary and one of the most 

important threats to the health, diversity and integrity of ecosystems by suppressing and 

out-competing indigenous plant communities (Butcher, 1984; Balogh and Bookhout, 1989; 

Hanna, 1989; Blossey et al. 2001; Shabbir and Bajwa, 2006). Within the last two centuries, 

the spread of biological species, outside their native range, has immensely increased in 

scale and magnitude as a result of anthropogenic activity. This phenomenon is expected to 

accelerate in the upcoming years, due to rapidly increasing globalization of travel and 

commerce (Baskin, 2002). The increased human mobility and the consequent breakdown of 

geographic barriers aiding species dispersal, leads to dramatically enhanced rates of 

accidental and intentional introductions of exotic species (Vermeij, 1991; D´Antonio and 

Vitousek, 1992; Lodge, 1993; Vitousek et al., 1996; de Albuquerque et al., 2011).  

The terms ‘exotic’, ‘alien’, ‘non-native’, ‘non-indigenous’ and ‘introduced’ refer to those 

taxa or species that are generally viewed as ‘foreign’ and  arrive outside their natural range, 

where they did not originally occur but have established themselves in a new location as a 

result of direct or indirect human activity (White et al., 1993; Kalwij et al., 2008). Many 

such introduced or exotic species are reported to remain unsuccessful in establishing self-

sustaining populations in their new locations but sometimes, once a species moves out of 

its natural range it may become naturalized and its population may increase exponentially, 

as the species does not bring with it its natural pests and predators, and so, it may even 

draw more resources than the native species. The natives do not have the means to compete 

with exotics as they have not co-evolved with them. Consequently, exotics occupy more 

space and may even displace the natives becoming invasive (Richardson et al., 2000; 

Pimentel et al., 2001).  

Exotic plants may be categorized into three types – deliberate introductions, accidental 

introductions and introduced but escaped ones. Further classification may be made on the 

basis of competitive capacity of exotic plants. The first category of introduction includes 
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only locally persisting types that do not have effective impact on the native vegetation. The 

second category includes introductions that occupy disturbed habitats and prevent native 

plants from colonization. The third category includes introductions that being highly 

competitive and aggressive displace native plants (Given, 1994). Such alien aggressive 

species are called ‘Invaders’, ‘Alien Invasive Species’ or ‘AIS’. International Union for 

Conservation of Nature (IUCN, 2000), defines Alien Invasive Species as “an alien species 

which becomes established in natural or semi-natural ecosystems or habitat, is an agent of 

change, and threatens native biological diversity”.  

Although all species compete for survival, invasive species appear to possess specific traits 

or a complex of traits that enable them to compete with indigenous species. Sometimes 

they simply have the ability to reproduce and grow relatively more rapidly than native 

species, while at times a much more complex phenomenon involving a multiplex of traits 

and interaction exists (Reichard, et al., 1997). The traits that confer most of the invasive 

exotics the ability to successfully invade and establish themselves after arriving in a new 

geographic location, without further human intervention are, high growth and reproductive 

rates; short life cycle; high regenerative capacity and more than one reproductive strategies, 

like vegetative reproduction; large number of seed/propagule output; lack of dormancy; 

high germination rates; staggered germination; going unchecked by pathogens, parasites 

and predators that control their numbers in their native lands; lack of defensive mechanisms 

such as spines and prickles, thus redirecting energy into growth; having allelopathic effects; 

being usually self compatible; altering the rate of nutrient cycling; disrupting food web by 

destruction and removal of native primary producers, thus leading to trophic cascade; 

resistant to grazing (USDA, 2006). 

Biological invasion, ‘bio-invasion’ or ‘bio-pollution’ caused by non-native invasive plants 

alters ecosystem processes in multiple ways and may cause endangerment and extinction of 

indigenous species (Myers et al., 2000). This loss of biodiversity is one of the most 

negative impacts of the exotic species as it results in global homogenization of biota 

(McNeely, 1998).  After habitat loss, biological invasion has been considered to be the 
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second most important root cause of species endangerment (Wilcove et al., 1998; GEF, 

2003).    

Loss in biodiversity in turn triggers economic losses. This could be the result of direct 

problems caused by invasive species, loss of land’s living resources or loss due to any pest, 

brought with invasive species. Other negative results of invasive species include risk to 

human health, as the exotic species may bring with them human pathogens or allergies 

(Randall and Marinelli, 1996; O’Konnen et al., 1999) and damage to natural ecosystems as 

invasive species may alter the structure and function of an ecosystem, thereby bringing 

about large-scale changes in the environmental conditions of the area (Vitousek et al., 

1996; Mack et al., 2001; Pimentel et al., 2001).  

Biological invasion is a well documented global phenomenon (Senait, 2004) occurring at 

enhanced and unprecedented rates (Huenneke, 1997) in Pakistan, a sub-tropical country, 

most of it in arid and semi-arid zone, falling between 61° and 75°E longitudes and 24° and 

37°N latitudes, has also not been spared from the deleterious impacts of biological 

invasions that have been observed and reported for all forms of plant life (Pallewatta et al., 

2003). Although extensive and accurate research on AIS and its impact has not been 

undertaken in Pakistan so far, a rough estimate enlists about 700 alien species of vascular 

plants and 4500 of indigenous plants, out of which six that can be regarded as high impact 

invasives are: Broussonetia papyrifera, Prosopis juliflora, Eichhornia crassipes, Salvinia 

molesta, Parthenium hysterophorus, and Lantana camara (Khatoon and Ali, 1999).   

Although the information available on invasive exotics in Pakistan is meager, all forms of 

plant life (trees, shrubs and herbs) have been reported to become serious invaders, 

displacing the native plant community and triggering ecological problems. For instance, a 

comparison of the present landscape of the city Lahore, Pakistan, with that existing a few 

decades back, clearly reflects the consequences of deliberate introductions of woody exotic 

invasive plants like Prosopis juliflora, and Broussonetia papryifera, commonly known as 

Mesquite and Paper Mulberry, respectively. These trees have become completely 

naturalized replacing the native plants and resulting in the loss of original deciduous 

woodland of Lahore that was once dominated by dense thorn forest (Khan and Rashid, 
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1994).  Similar changes and replacements have taken place among shrubby vegetation 

whereby the invasive alien plant, Lanatana camara has affected areas in and around the 

capital city, Islamabad, and Leucaenia leucocephella has invaded various parts of the 

province Punjab.  Likewise, invasion of water bodies in Sindh and Punjab by an aquatic 

exotic plant Eichhornia crassipes has also been reported (Khatoon and Ali, 1999).  

Among the herbaceous flora, and one of the six, high-impact invasive exotic species, 

Parthenium hysterophorus L., (family Asteraceae), an erect annual herb up to 1.5 to 2 m 

high, a native of Mexico and Central America (Navie et al., 1996) is a recent introduction 

in Pakistan.  P. hysterophorus, one of the 10 worst weeds of the world (Oudhia, 2002) and 

a Declared noxious weed of Category A-Eradication (Navie et al., 1996), was first reported 

in Pakistan  in 1980 (Khatoon, 1980). Its introduction in the Sub-continent can be traced 

back to 1955, from Poona, India, where it was introduced accidently as a contamination in 

the wheat consignment from America  (Labrada, 1988; Oudhia, 2001). However, it was not 

included in Lahore District Flora (Kashyap, 1936), Forest Flora for the Punjab with 

Hazara and Dehli (Parker, 1956), Flora of West Pakistan (Stewart, 1972), Flora of Punjab 

(Ahmed, 1980), Identification of Angiosperms (Ahmed, 1984) and Wild Flowers of 

Rawalpindi- Islamabad Districts (Nasir et al., 1987). Neither was it reported in a study 

conducted by Khan and Rizwanullah (1988) on the herbaceous annual species that 

dominated the wastelands of Lahore.  Later, it was observed in small numbers in the 

suburbs of Lahore in early 1990’s (Meraj, 1998) and environs of Islamabad (Khalid, 2000), 

followed  by a report (Vehra and Khan, 2002) that it had  dominated  most of the 

wastelands of Lahore, Pakistan. A phytosociological survey carried out in Islamabad in 

2002 (Shabbir and Bajwa, 2006) indicated P. hysterophorus to be a major, ever-spreading 

pest plant in wastelands and urban areas of Islamabad. Besides its presence in Pakistan, 

reports from Israel (Joel and Liston, 1986), Taiwan (Peng et al., 1988), Nepal (Mishra, 

1991) and Ethiopia (Medhin, 1992; Tomado et al., 2002) suggest that P. hysterophorus is 

still spreading and may become more prominent in other parts of the world in future. 

 P. hysterophorus , commonly known as white top, white head, congress grass, and bitter 

weed, is considered noxious because of its prolific seed production, which approximates to 

about 25,000 seeds per plant (Navie et al., 1996) and fast spreading ability (Haseler, 1976), 
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strong competitiveness with crops (Hammerton, 1981; Khosla and Sobti, 1981; Tomado et 

al., 2002) and health hazards to humans (Khosla and Soboti, 1979) as well as animals 

(Chippendale and Panetta, 1994).  

Human health hazards caused by P. hysterophorus include severe contact dermatitis, 

Rhinitis or hay fever and asthma (Evans, 1997; Matthews and Brandt, 2004; Nadeem et al., 

2005). Ill effects on livestock, while passing through P. hysterophorus infested fields, 

inhaling its pollen or ingesting it while grazing, are bitter milk disease (Towers and Subba 

Rao, 1992; Prasanta et al., 2005), inflamed udders, fever, dermatitis (Narasimhan et al., 

1977), ulcerations of mouth and digestive tract (Ahmed et al., 1988a), degenerative 

changes and necrosis of kidney and liver (Ahmed et al., 1988b; Rajkumar et al., 1988). In 

addition to this, there are reports that the livestock meat gets tainted (Tudor et al., 1982). 

The troublesome weed, P. hysterophorus exhibits a wide ecological tolerance, sets seeds all 

year through and possesses the ability to spread rapidly (Navie et al., 1996). Extensive and 

gregarious growth of invasive exotics like P. hysterophorus is primarily the result of 

human disturbance of habitats that creates a niche that can be exploited. Anthropogenic 

influence, such as urbanization and extensive irrigation has resulted in reduced aridity, in 

most of the Northern Indus Plains of Punjab. This provides most conducive and ideal 

conditions for the growth of P. hysterophorus, which probably is an escaped introduction 

from the Indian boarders, adjacent to Northwest of Pakistan in 1990’s (Pers.com). P. 

hysterophorus is well adapted to semi-arid region and has been pointed out to be a potential 

major weed of natural and agro-ecosystem in Pakistan (Adkins and Navie, 2006) but as the 

information of its infestation from Punjab, the most populous province of Pakistan (with 

about 56% of Pakistan’s population), falling in arid and semi arid zone, and well known for 

its agriculture, is very limited, it is imperative to carry out a survey in order to document its 

spread in this area of high economic significance. Survey information thus collected and 

complied into maps, depicting not only the distribution but the severity of infestation, aids 

in weed monitoring through repetitive surveys, thereby facilitating weed tracking overtime. 

The regional database thus developed can be incorporated into subsequent national 

database. 
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Moreover, as suggested by an earlier study (Vehra, 2002) a research project involving an 

investigation into the growth strategies of P. hysterophorus and its spread would be helpful 

in getting a deeper insight into its invasion and that would in turn facilitate the eradication 

of this noxious weed. 

Growth strategies involve the primary establishment phase, which is influenced by 

germination characteristics. Germinability in turn is an important feature of life forms 

conditioning success in competition, as the higher the percentage of germination as well as 

the ‘speed’ of germination, the greater the space occupied and the more the ability to 

maintain the rate of occupation (growth rate), thus providing an opportunity of being a 

superior competitor. 

One of the attributes of a successful invasive exotic is its superior competitiveness. Not 

only at the germination stage, but success of plants in a community is influenced by 

‘competition’ at almost all stages of life. Competition or interference, a term proposed by 

Harper (1964), is one of the most important factors that determine the expansion or 

restriction of plant species in a community.  

Most experiments on plant competition have involved two species in a mixture. Although 

intra- and inter- specific competitions are different aspects of the general phenomenon of 

inter-plant competition, they have been treated separately. The study of intra-specific 

competition primarily involves an examination of the response of plants to varying density, 

whilst the study of competition in mixtures has generally involved growing pairs of species 

in a range of relative frequencies, but at a constant overall density, the so-called 

‘Replacement Series’ or ‘deWit Series’, after deWit (1960). Such substitutive experiments 

have led to considerable insight into the nature of plant interaction. 

Intra-specific competitive ability has been investigated by studying the density-dependence 

of plants, which are grown in monoculture but at varying densities. The growth rate of a 

population is said to be density dependent when the rate increase declines as the density of 

the population increases. 
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Some plants have the capacity to react to the increasing density and the competitive stress 

of their neighbors in the form of increasing mortality or phenotypic plastic response in the 

size or reproductive capacity of individuals. Thus, density dependence and early 

establishment considerably influence the competitiveness of a plant species. Phenotypic 

plasticity is yet another phenomenon exhibited by many invasive plants, especially in 

context with the wide range of soil types on which they grow. Soil type/soil texture is one 

of the major factors that influence species distribution (Tamado and Milberg, 2000). 

Research on germination and growth strategies in relation with a range of soil textures and 

its possible outcomes in terms of phenotypic plasticity can provide some useful information 

in understanding the invasive strategies possessed by weeds like P. hysterophorus. 

A number of management options have been suggested for P. hysterophorus control but the 

most common one is Integrated Weed Management that includes physical, chemical, 

agronomic practices, fire, mycoherbicides, cultural methods, classical biological control as 

well as competitive displacement (Dhileepan, 2009). Although, Integrated Weed 

Management has its advantages, the usage of herbicides, fire and releasing biocontrol 

agents have their constraints. The option of competitive displacement, that involves highly 

competitive co-occurring plant species to displace invasive exotics, seems to be a 

promising option and needs to be explored further, as it does not involve any agent 

hazardous to the environment. 

 The scarce information available on the recent introduction of P. hysterophorus in 

Pakistan, and all the hazards involved with it, calls for an investigation on the extent of 

spread, dominance, growth strategies envisaging competitive abilities in comparison with 

co-existing species. 

AIMS AND OBJECTIVES 

Aims of the study:  

Since invasive exotic plants have a profound adverse impact on human health, economy, 

biodiversity and overall ecological integrity, action must be taken immediately to avert the 

negative consequences. This view is supported by the fact that international efforts are 
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being made to address the problem, for example, ‘Convention on Biodiversity’ which 

entered into force in 1992, calls on parties “ to prevent the introduction of alien species and 

to control or eradicate  alien species that threaten ecosystems, habitats or species” 

Although a lot of awareness, regarding biological invasions has been created at the global 

level, developing countries like, Pakistan, still lag behind and do not fully comprehend the 

aftermath of such alterations of ecological processes. There have been examples of 

deliberate introductions of non-native species, for short-term economic gains, such as 

medicinal uses, ornamental purposes and for stabilization of soil to combat soil erosion, but 

in doing so, the after effects of exponential growth that such type of species might have 

been totally ignored. Some research (Khan, 1994; Khan and Rashid, 1994) has been carried 

out on the replacement of thorn forests of  Punjab by exotic woody plants but only a few 

studies (Shabbir and Bajwa, 2006) have been carried out on the herbaceous exotic plants, in 

the province of Punjab.  

 In order to control the spread of P. hysterophorus, if not completely eradicate, it is highly 

important first to justify the action. If not considered to be a high management priority, the 

problem can become progressively more extensive and expensive to control. As invasive 

plant management is complex, time consuming, laborious and expensive, researchers, 

managers and stakeholders must identify priority target areas in order to focus weed control 

efforts and to make it cost effective. Therefore, it is highly important to carry out a survey 

of the sites that P. hysterophorus invades, in order to formulate effective management 

strategies.  

Supplementing the survey results with determination of prevalence and Cover of P. 

hysterophorus, over a range of soil textures would help to identify the best conditions of 

growth for P. hysterophours and this in turn will be helpful to point out the area most 

susceptible to P. hysterophorus invasion, so that prevention rather than control may be 

exercised in areas of potential infestation.  

Furthermore, because of environmental and human health concerns, intensive efforts are 

being made to minimize the heavy reliance on herbicides that are usually used for weed 
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control. Even biological control methods have their constraints as it involves a lot of 

caution before releasing biocontrol agents in a foreign environment. The safest method of 

using native competitor plants for replacing the exotic ones is gaining popularity. So far 

hardly any research has been carried out on this aspect in Pakistan. Therefore, additional 

experiments are required to screen the most suitable co-existing colonizers possessing 

growth strategies that suppress P. hysterophorus.  

The present study aims at providing, in depth, qualitative and quantitative data, identified 

in the bench mark study (Vehra, 2002), that will assist in evaluating ecological impact of P. 

hysterophorus in areas of infestation.  

The objectives of the present study are as follows: 

1. To carry out field experiments based on competition experiments, so as to make a 

comparison of the competitive abilities between P. hysterophorus and co-occurring 

plants, in order to predict the outcome of their competition and most importantly to 

screen stronger co-occurring competitors than P. hysterophorus, which could be 

used as potential candidates for competitive displacement. 

2. To inventory the spread and dominance of P. hysterophorus in 16 districts of 

Punjab through survey and mapping program. The information thus obtained will 

help to classify areas according to the preferential niches where it completes its life 

cycle more successfully and should be further helpful for not only understand the 

ecology of its invasion but also predict those areas that are potentially susceptible 

to invasion by P. hysterophorus that would helpful for planning and monitoring 

future invasive weed management projects. 

3. To evaluate community perception about prevalence and impact of P. 

hysterophorus to assess the existing level of awareness and attitudes of various 

sectors of public towards its hazardous impacts. 
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CHAPTER II 

REVIEW OF LITERATURE 

 

‘Biological invasion’ or ‘Bio-pollution’ is not a new phenomenon, being recognized by 

biologists as early as 1950’s. Elton  (1966) describes biological invasion as “ an enormous 

increase in numbers of some kind of living organisms that burst out from control of forces 

that were previously held in restraint by other forces”, and refers to it as ‘ecological 

explosion’. Grime (2001) considers ‘invasion’ a process whereby a plant species, 

spectacularly seems to ‘break out’ beyond its previous boundaries. He further considers 

invasion to be different from colonization, and regards the latter to occur when expansion 

or redistribution of a particular species takes place within its ecological or geographical 

range. As a rule of thumb, referred to as ‘tens rule’ (Williamson, 1996), out of the 

introduced species only 10 % establish (naturalize) and from the established ones only 

10% are able to act as Alien Invasive Species (AIS). 

The definition of Alien Invasive Species put forward by IUCN (2010) is as follows:  

“Invasive alien species are animals, plants or other organisms introduced by man into 

places out of their natural range of distribution, where they become established and 

disperse, generating a negative impact on the local ecosystem and species.” 

Invasive alien species (AIS) pose an increasing threat to world biodiversity, ecosystem 

service, world economic development as well as human well being (Perrings, 2003; GISP, 

2007). The impact of AIS is so huge that it alters ecosystem functioning, resulting in 

extinction of species (Van Wilgen et al., 1997; Birdlife International, 2000). The 

detrimental impact of AIS also includes reduction in crop yields, forest production, fishery 

output, water availability as well as increased incidence and spread of disease. Thus AIS 

leads not only to social instability and economic hardship but also places constraints on 

sustainable development, poverty alleviation, food security and overall economic growth 

(Perrings, 2003; GISP, 2007). 
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2.1 WEED STATUS OF PARTHENIUM HYSTEROPHORUS 

Parthenium hysterophorus is considered to be one of the ten worst weeds of the world 

(Oudhia, 2002). In Western Australia, it has been declared a ‘noxious’ weed of category A 

– Eradication (Navie et al., 1996). In Australia it is a Weed of National Significance 

(WoNS). In New South Whales, Parthenium is a Class I (State Prohibited) noxious weed 

and is ‘Declared’ under the Noxious Weeds Act 1993, that requires the plant to be 

eradicated from the land and the land be kept free of the plant. As a notifiable weed, its 

outbreaks have to be reported, within three days, to a local council. In response, the weeds 

officer advises the necessary action that should be taken for eradication of the infestation.  

Restrictions exist on its sale and movement within NSW, Australia. A border inspector 

must inspect agricultural machineries entering NSW from Queensland and heavy penalties 

are imposed on harvester owner- operators who fail to reasonably ensure that their 

machineries are weed-free. A fine up to $5500 can be imposed in case of non-compliance 

(NWS, 2008).  

2.2  BIOLOGY OF PARTHENIUM HYSTEROPHORUS  

 Valid Scientific (Botanic) Name 

Parthenium hysterophorus L. (1753)  

 Synonyms 

Argyrochaeta bipinnatifida Cav.  

Villanova binnatifida Ortega 

Parthenium lobatum Buckl.  (GSID, 2005) 

 Common names 

The word ‘Parthenium” has been derived from Latin word ‘parthenice’, suggestive 

of its medicinal usage (Bailey, 1957). This plant was described in Flora Medica by 

Lindley as early as 1838, highlighting its medicinal uses as “the whole plant is 

bitter and strong scented, reckoned tonic, stimulating and anti-hysteric. It was once 

popular remedy in ague. Its odour is said to be particularly disagreeing to bees and 

that insects may be easily kept at a distance by carrying a handful of flower heads, 

hence its name Dog Flea Weed. The species name ‘hysterophorus’ is derived from 
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a Greek word ‘hystera’ meaning ‘womb’ and ‘phorus’ meaning ‘bearing’ thus 

referring to its prolific seed producing nature  Parthenium hysterophorus has a 

variety of common names, the reason being that it is a successful exotic and has a 

recent history of occurrence in many countries other than its native ones. These 

vernacular names usually reflecting a trait or character specific to it are as follows:  

American Names : 

Ragweed parthenium (CABI, 2006) 

False ragweed (CABI, 2006) 

English names: 

Bitter weed (Maharjan et al., 2007; Tcm (r&d), 2006) 

Barley flower (FAO, 2010) 

Bastard Ragweed (Foster, 1991) 

Congress Grass (FAO, 2010; Tcm (r&d), 2006) 

Congress Weed (Oudhia, 2000) 

Carrot Grass (Tcm (r&d), 2006.) 

Carrot weed (Motooka et al., 2003 ; Oudhia, 2000) 

Dog-flea Weed (CABI, 2006) - 

False ragweed (Maharjan et al., 2007; Tcm (r&d), 2006) 

Fever few (Oudhia, 2000; Maharjan et al., 2007; Tcm (r&d), 2006) 

Mugwort (CABI, 2006) 

Parthenium weed (Maharjan et al., 2007; Tcm (r&d), 2006) 

Ragweed (Maharjan et al., 2007; Tcm (r&d), 2006)  

Star Weed (Oudhia, 2000) 

Santa Maria (Foster, 1991) 

Wild Wormwood (Foster, 1991) 

Wormwood (CABI, 2006) 

Whitetop (FAO, 2010; Oudhia, 2000; Maharjan et al., 2007; Tcm(r&d),2006.) 

Whitehead (FAO, 2010) 

White cap (Motooka et al., 2003)  
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Ethiopian Names: 

arama-kuba (CABI, 2006) 

arama-sorgo (CABI, 2006) 

Biyabassa, meaning ‘leave the place or region’, after its competitive nature (CABI, 

2006; Wegari, 2008) 

Chebchabe (CABI, 2006) 

Dayessa (CABI, 2006) 

 Faramssiisa, meaning ‘sign to leave the land’(CABI, 2006; Wegari, 2008) 

 Kaligonale, reflecting its competitive nature, as it means no one to compete with 

(CABI, 2006; Wegari, 2008) 

Kinche arem, for the resemblance to ground wheat grain, (Wegari, 2008) 

 Merrenta, for the bitter taste it imparts to cow’s milk (Wegari, 2008) 

Qinche (CABI, 2006) 

Terekabi  (CABI, 2006) 

In Ethiopia, Parthenium hysterophorus, has a local name that means ‘no crop’, 

because of the devastating effect it has on crop production (Cock, 2001; Mathews 

and Brandt, 2004)  

French Names: 

 Fausse camomille (USDA, 2009)  

Camomille balais  

Camomille z'oiseaux 

herbe blanche 

German Names 

Karottenkraut  

Indian Names 

Bethu ghans, 

Broom-brush (Tamado and Milberg, 2000) 

Congress Grass (FAO, 2010; Tcm(r&d), 2006.) 

Congress Weed (Oudhia, 2000) 
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Gajor Ghas (Oudhia, 2000) 

Kanike ghans (Maharjan et al., 2007) 

Padke phul (Maharjan et al., 2007) 

Ramphool (Oudhia, 2000) 

Demonia Weed (Tcm (r&d), 2006.) 

Pakistani Names: 

Bui (Pers.com) 

Gandi Booti 

Spanish Names: 

Ajenjo Cimarron 

Amargosa (FAO, 2010) 

Camalote 

Cicutilla (Foster, 1991) 

Escoba amarga 

Hierba amargosa  

Istafiate   

Requeson  

Escoba Amarga (USDA, 2009)  

 

2.3 PLANT PROFILE FOR PARTHENIUM HYSTEROPHORUS 

(USDA, NRCS. 2010) 

Kingdom  Plantae – Plants 

Subkingdom  Tracheobionta – Vascular plants 

Superdivision  Spermatophyta – Seed plants 

Division  Magnoliophyta – Flowering plants 

Class  Magnoliopsida – Dicotyledons 

Subclass  Asteridae 

Order  Asterales 
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Family  Asteraceae – Aster family 

Genus  Parthenium L. – feverfew  

Species  Parthenium hysterophorus L. – Santa Maria feverfew 

 

2.4 DESCRIPTION OF THE PLANT 

Habit 

Parthenium hysterophorus is an erect, branched, aromatic, annual herb, 1.5 – 2 m 

tall (Parsons and Cuthbertson, 2001; PAG, 2003). The juvenile stage is 

characterized by a rosette but at maturity plants become erect (PAG, 2003). 

Roots 

It has a deeply penetrating tap root with finely branched lateral roots. 

Stem 

The stem is erect and branched, becoming profusely branched in the upper half at 

flowering (NSW, 2008), glabrous to sometimes pubescent above and hirsute 

below. It is longitudinally grooved and becomes woody with age. 

Leaves: 

The phyllotaxis is usually alternate (FAO, 2010) with the size of the leaves varying 

from 2-10 x 3-5 cm. The leaves of  P. hysterophorus show polymorphism.  

Cotyledonary leaves: The cotyledonary leaves are isocotylar and opposite, obovate, 

entire, green, smooth with less distinct veins and persist up to 6th true leaf stage 

(Singh and Singh, 2008). 

First True leaves: The first true leaves are ovate, dark green, entire and unicostate 

reticulate (Singh and Singh, 2008) 
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Juvenile leaves: The juvenile leaves are generally pale-green and lobed (PAG, 

2003).  At the 2nd and 3rd leaf stage, the leaf margin becomes dentate and 5th and 6th 

true leaves are peltate possessing lyrate margin and oblique base. 

Mature leaves: The mature leaves are deeply dissected (Daizy et al. 2004; FAO, 

2010) and usually fall at flowering. 

Trichomes: Both abaxial and adaxial surfaces of the leaves are covered with 

trichomes. At seedling stage the leaves are quite hairy but later become less hairy. 

Four types of glandular and non-glandular trichomes have been reported (Rodriguez 

et al. 1976) and have been identified as cylindrical, moniliform, simple multiseriate 

and shaggy types (Sahu, 1982).  

Inflorescence 

The inflorescence is much branched, bearing white to creamy-white compact flower 

heads (capitula), each 4 to 10 mm in diameter. Flower heads are grouped in highly 

branched clusters and arise from stem nodes and terminate approximately at the 

same height (Parsons and Cuthbertson, 2001; FAO, 2010). According to some 

reports (Tcm r&d, 2006) flowers are white and in a large lax panicle of 

hemispherical with five cornered capitulae, 3 to 4mm across, on slender pedicels. 

Inflorescence starts from the terminal leaf axil and progresses downwards, followed 

by elongation of the stalks of the lower flower head, thus bringing all flower heads 

roughly to the same level.   

Flowers: 

Flowers are arranged in capitula or heads. Two kinds of ceramic white to creamy white 

florets are present in each flower head:  

i. Ray Florets: 5 per flower head, ligulate, each about 0.6 mm long (Wagner et al., 

1999; PIER, 2007), unisexual, all pistillate, stigma-parted, style short, ovary 

inferior, oval, dorsiventrally flattened. 

ii. Disc florets: 40 per flower head, tubular, unisexual, all staminate, 4 stamens per 

disc floret, anther exerted, ovary sterile. 
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Fruit 

Fruit, a cypsela, is present in an ‘achene- complex’. Each ‘achene complex’, representing 

a flower head, comprises 5 cypsela. Each cypsela flat and triangular with white thin 

spoon-shaped appendages attached at the apex (Meraj, 1998; Parsons and Cuthbertson, 

2001; Maharjan, 2006). 

Seeds 

Each flower head contains four to five smooth and black , obovoid seeds (achenes) , that 

are flattened, wedge shaped, 2 to 3.5 mm long, topped with two thin white membranous 

scales or appendages, each about 0.5 mm long. Seeds may be retained in the flower head 

till senescence or a few may be shed earlier. 

2.5 NATIVE RANGE 

P. hysterophorus is native of Mexico and Central America (Navie et al., 1996). It is 

present in tropical America but has widely naturalized (PIER, 2007) 

 

2.6 HISTORY OF INTRODUCTION OF PARTHENIUM HYSTEROPHORUS  

P. hysterophorus is a relatively recent introduction in the subcontinent as it was first 

recorded in 1955 in Poona, Maharashtra, India (Oudhia, 2001). Its introduction in Asia, 

Africa and Oceania has been thought to be through wheat shipment contaminated with its 

seed, from United States during 1950’s (Labrada, 1988). The introduction in Pakistan has 

been hypothesized to be an escaped one from the Indian border next to Northern Punjab, 

Pakistan (Vehra, 2002). 

Introduction of P. hysterophorus in Australia dates back to about four decades, when 

through United States of America a shipment of pasture seeds or through machinery 

during world war II in 1950’s (NSW, 2008). Initial isolated outbreaks turned into large 

core areas of established and self-regenerating populations that presently extend across 

Central Highlands of Queensland, with relatively smaller populations in the South and 

West, and patchy occurrences in the Northern Territory and New South Whales (PAG, 

2003). P. hysterophorus has become a major weed in Australia in a short span of time as it 

was not mentioned in the Weeds of Australia (Lamp and Collet, 1976) and in the classic 

treatise on the World’s Worst Weeds (Holm et al., 1977). In Australia two biotypes, 
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differing in aggressiveness, resulting from two separate introductions, have been reported 

(PAG, 2000). 

 

2.7  GLOBAL DISTRIBUTION OF PARTHENIUM HYSTEROPHORUS 

P. hysterophorus has been reported (Fig.2.1) to have invaded more than 20 countries and 

many islands in five continents of the world (IPaWN, 2010). South East Asia, Western 

Africa and the Pacific are reported to be under huge threat of invasion. 

 Reports from various parts of the world such as Ethiopia (Medhin, 1992), Nepal (Mishra, 

1991), Taiwan (Peng et al.,1988), South Africa (Richardson et al., 1997) eight provinces 

of China (IPaWn, 2010) and Israel (Joel and Liston, 1986) about introduction and spread 

of P. hysterophorus suggests the possibility that it may extend to yet other parts of the 

world in near future. 

 

Fig. 2.1.  Global distribution of P. hysterophorus – 2009. (courtesy Asad Shabbir-  
          International Parthenium news, 2010) 
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2.8  DISTRIBUTION OF PARTHENIUM HYSTEROPHORUS IN PAKISTAN 

The earliest published records of the presence of Parthenium hysterophorus in Pakistan is 

from the province of the Punjab, the very first one being from District Gujrat (Razzaq et al., 

1994). Its presence in District Lahore (Meraj, 1998; Vehra 2002), District Rawalpindi and 

Capital Islamabad (Hussain et al., 2000; Khalid, 2000; Shabbir, 2000) has also been 

documented. 

A map (Fig.2.2) based on previous reports and observations for the period 2005 to 2008 

(PPAG, 2008), showing distribution of P. hysterophorus, reveals its presence in Khaber 

Pakhtoon Khawah (North West Frontier) Province, Kashmir and various districts of Punjab, 

namely, Rawalpindi, Jehlum, Sialkot, Gujrat, Sheikhupura, Lahore,  Kasur and Okara. It 

was also found to be the second most frequently occurring weed in most of the areas 

surveyed. 

 

 Fig. 2.2 Distribution of P. hysterophorus in Pakistan (Courtesy PPAG, 2008) 
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2.9 ECOLOGY AND GROWTH STRATEGIES OF PARTHENIUM 

HYSTEROPHORUS  

 Habitat:  

P. hysterophorus is known to flourish in a wide range of environments, most commonly 

occurring in semi-arid environment (PAG, 2003).  It is even known for its survival in 

severe droughts and frosts, provided it once establishes. Ramaswami (1997) also reported 

its tolerance to drought to some extent and documented its prevalence in marshy lands, 

fertile lands and in shady places. However, it is not known to grow in stagnant water or 

where flooded conditions prevail or in arid, dry or very wet areas (Walia and Brar, 2001). It 

is predicted that P. hysterophorus is expected to become more competitive in future, with 

the increase in carbon dioxide in the atmosphere, due to green house effect  (PAG, 2000). 

 Soil:  

Although P. hysterophorus can grow over a wide range of soil types, it grows best on clay-

loam to heavy clay soils that are alkaline where rainfall is greater than 500 mm per year 

with abundant rainfall in summer season (PAG, 2003). Similar report from Kohli and Rani 

(1994) reveal that areas that receive less than 500 mm of rainfall are usually unsuitable for 

P. hysterophorus although it possesses strong adaptive strategies to tolerate moisture stress. 

Soil moisture has been suggested to be the key contributing factor to the life span as well as 

the duration of flowering (Williams and Groves, 1980). 

 Moreover, P. hysterophorus is highly prolific in neutral to high pH soils than other soils 

and has high water requirement (Motooka et al., 2003). On the contrary, Labrada (1988) 

reported widespread occurrence of P. hysterophorus in neutral and acidic soils of arable 

land. However, it has been found to be more common in vertisols than alfisols 

(Ramaswami, 1997). On heavy cracking clays it has an ability to out-compete other plant 

species during the germination phase (PAG, 2000).  

Qureshi et al., (2006) reported that P. hysterophorus has an ability to grow in a range of 

soil types having different pH values but sandy loam and clay loam were found to be most 

suitable for its growth. Due to its adaptability to a different soil types it was found to be 
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replacing Cannabis. However, Cannabis plants that were well-grown competed with P. 

hysterophorus. 

In order to study the adaptive nature of root architecture, Fitter et al. (1991) correlated  

architecture plant root systems with exploitation efficiency and found an association 

between high exploitation efficiency and herringbone topology (where branching of root is 

predominantly on the main axis). 

Annapurna and Singh (2003) evaluated the performance of P. hysterophorus, for response 

to soil quality, based on phenological and quantitative growth variables and observed that 

the rosette stage was prolonged in soils with high clay content, but relative growth rates in 

height and diameter were enhanced and the biomass allocation to shoots was also 

prolonged,  whereas root growth was hampered. Only 33.3 % individuals survived to 

reproduce in soils with higher clay content. Increase in seed production and seed mass was 

observed as coarseness of soil increased, except for in pure sand. A smaller seed output 

with relatively large sized seeds was observed in soils with higher clay content.  

 

 Occurrence 

Parthenium hysterophorus invades disturbed, degraded and even bare soil and may be 

found in a wide range of areas such as pastures that are overgrazed, heavily stocked areas 

or those areas that have poor grass cover (PAG, 2003). Normally, it does not establish in 

vigorous pastures or places with intact native vegetation (PAG, 2003). Similar reports 

(NRM facts, 2003) revealed that P.  hysterophorus colonizes weak pastures that have 

sparse ground cover.   

P. hysterophorus establishes in degraded, disturbed and bare soils such as fallow land and 

neglected areas and along roadsides and fence lines as well as in areas where excavation 

machinery is in operation (Blackmore and Gray, 2008). Its presence in disturbed areas has 

also been reported by Smith (2002).  It also naturalizes in low elevation dry pastures and 

along road sides in Hawaii (Wagner et al., 1999). It readily colonizes tracks and eroded 

sites as well (PAG, 2000). It is of common occurrence in recently ploughed or cleared 

areas, and quickly dominates pastures and crop fields (Matthews and Brandt, 2004). 

Ramaswami (1997) reports its presence not only along roadsides but also in wastelands. It 
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has been named a weed of croplands, pastures and recreational areas by Motooka et al. 

(2003). P. hysterophorus has been termed as  an emerging major weed of a variety of 

crops, such as, sorghum, wheat, sugarcane and sunflower (Navie,  2002) , cotton, fodders 

and vegetable crops  and is also found to be spreading in established gardens as well as in 

plantations  (Walia and Brar, 2001). It is widespread in grasslands and fruit tree orchards 

(Labrada, 1988). It is especially common around watering points (NSW, 2008), drainage 

and irrigation canals (Walia and Brar, 2001). Moreover, it is found in uncultivated lands as 

well as unbuilt or under-construction residential colonies on the outskirts of towns, railway 

tracts (Walia and Brar, 2001). P. hysterophorous has also been observed growing in harsh 

environments like solid wastes (caustic soda) of Ittehad Factory, Kala Shah Kaku, Lahore, 

Pakistan (Vehra, 2002).          

     

 Life span 

 P. hyterophorus flowers 30 to 45 days after germination and the life cycle is completed 

within about 5 months (Labrada, 1988; FAO, 2010). Navie et al. (1998) observed flowering 

in 6 to 8 weeks after germination.  Parsons and Cuthbertson (2001) reported commencement 

of flowering within 4 to 8 weeks along with the tendency to flower earlier i.e. usually within 

4 weeks, in drier conditions. Not only germination and flowering but also seed setting in P. 

hysterophorus has also been reported (NSW, 2008) to take place within a short period of 4 

to 6 weeks. The weed is known to attain 50 % of seed setting even during flowering 

(Ramamoorthy et al., 2003). Under favorable conditions flowering may continue for an 

additional period of 6 to 8 months (Navie et al., 1998) and depending upon the pattern of 

rainfall, P. hysterophorus makes its appearance in four to five flushes and sometimes more 

in one year (Walia and Brar, 2001). Under optimum conditions, P. hysterophorus keeps on 

growing throughout the year (Ramaswami, 1997) and senescences with the onset of drought 

or frost (Navie et al. 1998). 

 Germination 

Although P. hysterophorus can germinate across a temperature range of 8°C to 30°C, 

highest germination rates have been reported at temperatures ranging from 12°C to 27°C, 

with optimum being 22 to 25°C. Germination flushes have been found to coincide with 
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rainfall in spring, early summer and autumn. Navie et al., (1998) has also reported 

germination after rain irrespective of the season. Similar observations by Parsons and 

Cuthbertson (2001) revealed that seeds germinate all year round provided sufficient 

moisture is available, but the main germination period follows heavy rains. Wittenberg 

(2004) reported that unlike majority of the native plants whose germination coincides with 

the commencement of the rainy season, the germination of P. hysterophorus is not restricted 

to specific period. Germination is known to reach a maximum from 1 to 6 months after the 

achenes ripen (Labrada, 1988; FAO, 2010). 

 Dormancy and Seed Bank 

A controversy regarding dormancy exists in literature for P. hsterophorus. Parsons and 

Cuthbertson (2001) rule out seed dormancy in P. hysterophorus and report that seeds are 

germinable as soon as they are shed, making it possible for the plants to have four 

generations in one year, provided favorable conditions persist.  Seed viability even at 

immature stage has been documented (Ramamoorthy et al., 2003). 

On the contrary, several studies report that the seeds of P. hysterophorus do not germinate 

immediately after ripening because after dispersal the achenes must first release several 

inhibitors of germination (Picman and Picman 1984; Kohli et al. 1985; Kumari and Kohli, 

1987). In places where rainfall is irregular, the mechanism of dormancy prevents untimely 

germination (PAG, 2000).  Seeds on the surface can remain viable, for two years, in case of 

no rain and buried seeds for as long as 20 years (Navie et al. 1998; Matthews and Brandt, 

2004). Increased viability of buried seeds as compared to those on soil surface has also been 

reported (WONS, 2003) but with a significant proportion being able to germinate after 8 to 

10 years. However, seeds do not germinate below a depth of 5cm (Labrada, 1988; FAO, 

2010). Over 340 million/hectare parthenium weed seeds can be found in the surface soil in 

comparison to 120,000 native grass seeds (WONS, 2003). 

 Photoperiod 

Although flowering in P. hysterophorus occurs over a wide range of photoperiods, a 

photoperiod of 13 hours and warm conditions are favorable for flowering (Williams and 

Groves 1980). 
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 Pollination 

There are controversial reports on the self-compatibility of P. hysterophorus. Lewis et al., 

(1988) detected 95 % self-compatibility and concluded that self fertilization accounted for 

some seed production and that wind was the main mode of pollen dispersal. On the contrary, 

Gupta and Chandra (1991) observed that P. hysterophorus was entomoplilous (insect 

pollinated) or amphiphilous (insect pollinated as well as wind pollinated), as bees, 

houseflies, ants and some dipterans visited its flowers frequently. 

 

 Dispersal and spread 

P. hysterophorus spreads through seeds and is known to tolerate a variety of conditions 

(Blackmore and Gray, 2008).The dispersal and spread of P. hysterophorus, has been 

attributed natural forces and to human-facilitated mechanisms. Natural forces have been 

found to be responsible for its spread especially at the margins of the infested core areas 

(PAG, 2003), and include water and wind (WONS, 2000). However, limited seed spread 

through wind has been reported (WONS, 2000). On the other hand, movement of seeds in 

sheet water flow has been pointed out to be significant as indicated by establishment of 

large colonies on drainage flood plains and along water ways (WONS, 2000). Long distance 

dispersal of seeds is often facilitated by humans, for instance, P. hysterophorus seed is 

dispersed through, vehicles, especially harvesting and other farm machinery (PAG, 2003) as 

evidenced by its common occurrence along road sides. Another mode of spread is through 

contamination in hay and grain as well as through livestock (Blackmore and Gray, 2008). 

Another set of ideal conditions for its spread is a period of drought followed by rainfall. 

Drought is known to reduce pasture cover (competition) and consequently increased 

movement of livestock and stock fodder promotes the spread of P. hysterophorus seed 

Flood, as a dispersal mechanism is also well known for P. hysterophorus, especially if it 

follows drought (WONS, 2000).   

The seed ecology of P. hysterophorus contributes largely to its success in establishing itself 

in semi-arid environments (PAG, 2003). Seeds are light and are produced in large quantities, 

often within three weeks of germination" (Smith, 2002). 
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Mode of Reproduction 

There is a controversy regarding mode of reproduction in P. hysterophorus. Some studies 

(WONS, 2000; PAG, 2003) report that the only means of reproduction is by seeds, whereas 

some report regeneration through last year’s stumps that over-tide winter. The stumps that 

remain on the plant after it’s cutting, re-sprout in the following spring, giving rise to a 

number of shoots from the latent crown buds (Ramaswami, 1997; Ramamoorthy et al., 

2003). Pandey and Dubby (1989) considered the reproductive ability of P. hysterophorus to 

be one of the major biological characteristics contributing to its success as a weed as four or 

even more successive cohorts of seedlings could be produced in a season. 

 

 Reproductive output/ capacity: 

Reproductive output or capacity in terms of flowers or seeds produced a single mature plant 

of P. hysterophorus has been estimated by various research workers but a variation exists in 

the reported estimations. A single plant is known to produce 810 flower heads on average 

basis (Labrada, 1988). Ramamoorthy et al. (2003) report a production of 5000 to 10000 

seeds per plant, whereas Brahman (2003) documented a production of 10,000 to 15000 

viable seeds by a single plant. Same number of seeds production i.e. 15000 seeds by a single 

plant have been reported by NSW (2008) whereas a slightly greater output of 15000 to 

25000 seeds by a typical mature plant is also documented (Haseler, 1976; Joshi, 1991). 

Even up to 100,000 seeds per plant have also been reported (PAG, 2000; WONS, 2003). 

 Allelopathic properties: 

The allelopathic potential of P. hysterophorus is a consequence of the release of phytotoxic 

substances such as, vanillic, chlorogenic ferulic, caffeic, p-hydroxybenzoic acids and p-

coumaric, parthenin, coronopilin and ambrosin, which inhibit the germination and retard the 

growth of several multi-purpose trees and crop plants (Basak 1984; Jarvis et al. 1985; 

Dharmaraj and Ali 1985; Swaminathan et al. 1990)   

Batish et al., (1997) reported parthenin to be an important constituent of P. hysterophorus. 

On evaluation for herbicidal activity against Ageratum conyzoides under in vitro conditions, 

parthenin was found to inhibit its germination at concentrations ranging from 0.02 to 0.1 
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mg/ml, severely reducing radicle elongation and seedling length. However, germination of 

wheat remained unaffected under similar conditions. 

Parthenin, a sesquiterpene lactone was found to act as a germination and radicle growth 

inhibitor in many dicotolydenous and monocotyledonous plants and entered the soil via 

decomposing litter Gunaseelan (1998). Gupta (2000) reported the allelopathic potential of 

the root extracts of P. hysterophorus. 

The allelopathic properties of P. hysterophorus were re-confirmed by Batish et al., (2002), 

who reported parthenin to be a natural constituent of P. hysterophorus and to be responsible 

for the allelopathic and phytotoxic properties. Its herbicidal potential was explored by 

studying its effect on two weedy species i.e. Bidens pilosa and Avena fatua. A dose-

response relationship was observed as increasing concentration of parthenin decreased 

germination in both weeds. Root and shoot lengths were inhibited by parthenin, resulting in 

loss of seedling dry weight. Growth of root was inhibited to a greater extent than that of the 

shoot. Similar observations were made with test weeds that were grown in soil to which 

different concentrations of parthenin was added. Moreover, a reduction in the chlorophyll 

content of the seedlings was also observed. It also resulted in water loss in weedy species.  

Bajwa et al., (2004) reported that aqueous extracts from aerial parts of P. hysterophorus 

resulted in inhibition of germination and seedling growth of Helianthus annus L. 

(sunflower). Increase in the concentration of the extract resulted in increased inhibition. 

Marwat et al. (2008) studied the allelopathic nature of P. hysterophorus. in order to explore 

its bioherbicidal potential. It was found to inhibit seedling length and weight in Triticum 

aestivum, Avena fatua and Lepidium sp in the order of decreasing tolerance, thus suggesting 

a bioherbicidal use of P. hysterophorus. 

2.10  USES OF PARTHENIUM HYSTEROPHORUS 

Although most of the research workers advocate eradication of P. hysterophorus, 

Ramaswami (1997) proposes its utilization as green manure, compost for crops and as a 

biopesticide. As green leaf manure, P. hysterophorus positively influenced the plant height 

and grain yield in ratoon rice crop. Parthenium compost was found to increase the carbon 

status of the soil. P. hysterophorus was also found to lower the weed population in the rice 

field when added as compost, thus its biocontrol value can also be exploited.  
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The juice of P. hysterophorus, in combination with oil had been used as a lotion for hair fall 

treatment and a root decoction has been used for the treatment of dysentery (Foster, 1991). 

P. hysterophorus is used as a folk remedy for health problems such as ulcerated sores, facial 

neuralgia, some skin diseases, anaemia and dysentery. It usage as an insecticide has also 

been reported. A study conducted at the Cancer Research Institute, Mumbai indicated that 

the principal ingredient, parthenin, possesses anti- cancer properties.  Further more, P. 

hysterophorus could be used as a feed for the livestock after it has been detoxified by 

ensilation (anaerobic fermentation). The fibrous nature of the stem of P. hysterophorus 

could be used manufacturing paper and other materials like moulded furniture etc. Its utility 

as firewood and packing material for fruits has also been proposed. As P. hysterophorus 

shows tolerance to drought, it is suggested that it may be beneficial to bring down CO2 level 

in the atmosphere when other species fail to grow. P. hysterophorus has been observed to 

possess pesticidal and nematicidal properties (Datta and Sexena, 2001). 

 

2.11  NEGATIVE IMPACTS OF PARTHENIUM HYSTEROPHORUS 

The complexity of AIS impact is evident form the fact that there are contradictory views 

regarding the severity of impact of AIS (Weis and Weis, 2003) but as far as Parthenium 

hysterophorus is concerned huge negative impacts have been documented by researchers 

and are as follows:  

 Impact on human health                                                                                                      

P.  hysterophorus is known for its detrimental impact on human health (Khosla and Sobti, 

1979) and these health problems are continuously on the rise (McFadyen, 1995). Contact 

with pollen or plant parts can cause allergic reactions and the most common ones are 

dermatitis, hay fever (allergic rhinitis) and asthma i.e. allergic bronchitis (Oudhia and 

Tripathi, 1998; PAG, 2000; Henderson, 2001; WONS, 2003; Ramamoorthy et al., 2003; 

Matthews and Brandt, 2004). Rhinitis has been reported from P. hysterophorus in Texas as 

early as 1936 and is found to be responsible for most of the late summer-induced pollen 

allergies in Americans (Foster, 1991). 
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A survey on property workers in P. hysterophorus infested areas, in Queensland, Australia 

showed that 10 percent of them suffered from visible allergies due to the weed (Chippendale 

and Panetta, 1994). Similar results were reported by Tower and Subbarao (1992), who 

observed that in India exactly the same percentage (10%) of people living in close vicinity 

to P. hysterophorus infested areas suffered from allergic rhinitis and sinusitis. 

Maishi et al., (1998) reported contact dermatitis, eczema, itching on the sides of neck, “V” 

of the neck, antecubital (front of elbows) and popliteal (back of knees), hay fever (allergic 

rhinitis), and breathlessness. 

Characteristically, exposure to P. hysterophorus results in air borne contact dermatitis 

(ABCD) which begins at the exposed surfaces of face, neck and flexures with erythema, 

papules, occasional blistering and intense pruritus resulting later in skin thickening and 

development of  hyperpigmentation (Shenoi and Srinivas, 1997).  

Airborne Contact Dermatitis caused by P. hysterophorus has also been reported by Agarwal 

and D´Souza (2009), who reported 50 patients (36 men and 14 women), aged 24 to 75 years, 

with Parthenium –induced ABCD, on the basis of patch tests. The majority (90%) were 

farmers, with 46% experiencing the classic pattern of dermatitis, 30% suffering from mixed 

pattern of dermatitis, 14% from erythroderma and 10% from chronic actinic dermatitis.  

Allergic Eczematous Contact Dermatitis (AECD) has been reported to develop on close and 

continued contact with P. hysterophorus (Evans, 1997). 

Phytophotodermatitis, a kind of dermatitis that develops on exposure to sunlight has been 

observed on exposure to P. hysterophorus and the skin, especially on hands and face 

becomes itchy, red and water filled. The typical symptoms also include puffy eyes, peeling 

skin, fatigue and even weight loss. Its exposure also results in cross sensitivity reactions i.e. 

enhanced sensitivity reaction to other plant species as well (PAG, 2000). Other patterns of 

manifestation include atopic dermatitis, seborrheic dermatitis and photosensitive lichenoid 

dermatitis (Shenoi and Srinivas, 1997). As contact dermatitis due to P. hysterophorus 

presents a widely variable morphology, it has been suggested that diagnosis should be 

supported by histopathology and patch test (De Jindal and Kanwar, 2010). 

 Exposure to P. hysterophorus also results in cross sensitivity reactions i.e. enhanced 

sensitivity reaction to other plant species as well (PAG, 2000).  NRM Facts (2003) reveal 
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that on developing reaction to P. hysterophorus some people may also develop similar 

reactions to related plants like sunflower too. At times the severity of the reaction has forced 

people to quit the weed-infested areas. Thus the farmers are cautioned against touching the 

plant with bare hands and are suggested to use dust mask in case they work in close vicinity 

to the plants for an extended period of time. Similar observations of sensitization to P. 

hysterophorous on constant exposure for a period of 3 to 12 months was made by 

Mahadevappa (2003) who further reported a specific case of a forty year old female whose 

skin was secreting 1 to 1.5 liters of water per day, during the season when P. hysterophorus 

growth is at its peak. Furthermore, majority of air borne contact dermatitis cases were 

reported to be due to P. hysterophorus and except root, contact with all other plant parts 

caused allergic reaction. 

P. hysterophorus is also known to cause gangrene and semi-clad individuals have been 

found to be more sensitive to its ill effects whereas children who have not attained puberty 

are generally spared (Walia and Barar, 2001).  

P. hysterophorus contains sesquiterpines and phenolics, which cause dermatitis and other 

allergic reactions in humans and livestock (Motooka et al., 2003). Similar reports 

(Ramaswami, 1997; Oudhia and Tripathi, 1998) indicate that parthenin, a sesquiterpene 

lactone is responsible for contact dermatitis and it is present in the dense pubescent hair. 

Furthermore severe infection can lead to scepticaemia. In addition to this respiratory 

allergies on contact with the plant can also occur. P. hysterophorous is hepatotoxic and 

causes increased copper accumulation in liver that causes a liver disease called Indian 

Childhood Cirrhosis (ICC) in children (Tanner and Mattocks, 1987) 

It is not necessary that the allergic reactions caused by P. hysterophorus be experienced 

right after the first contact and may be delayed following a number of exposures (Trounce 

and Gray, 2004) and the severity of sensitivity may worsen over the passage of time (PAG, 

2000) and may become chronic (Tower and Subbarao, 1992). 

 

  Impact on animal health 

P. hysterophorus is known for its health hazards not only on humans but also on animals 

(Chippendale and Panetta, 1994). Cattle generally do not eat P. hysterophorus but grazing 
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through its patches or simply passing through the weed growth results in ill effects on the 

health of animals. One such ill effect is inflammation of udders, followed by fever and 

rashes. Feeding buffaloes and bull calves with P. hysterophorus can cause chronic and acute 

toxicity. Mouth and digestive tract develop ulcerations and more alarmingly, degenerative 

changes and necrosis were observed in liver and kidney and interestingly when ‘Labelled 

parthenium’ was administered to lactating cows, rabbits and guinea pigs it was found to be 

excreted in their milk (Mahadaveppa, 2003). 

P. hysterophorus affects animal health by causing respiratory problems and dermatitis. It 

taints milk and meat (Matthews and Brandt, 2004) provided the stock consumes P. 

hysterophorus within one month of slaughter (Trounce and Gray, 2004). Bitter milk disease 

in livestock results on ingestion of grass mixed with Parthenium (Walia and Barar, 2001). 

P. hysterophorus can cause eye irritation in working dogs. In animals, death has also been 

reported due to haemorrhaging and rupturing of internal tissues and organs (PAG, 2000). 

Maishi et al.,(1998) also reported that contact with P. hysterophorus could be fatal as the 

animals not only suffer from diarrohea and erythematous eruptions but also from choking 

that could result in death.  

 ‘Parthenin’ present in P. hysterophorus is known to be responsible for causing dermatitis in 

livestock and is poisonous to sheep (Ramamoorthy et al., 2003). Similarly, Motooka et al., 

(2003) report that P. hysterophorus contains sesquiterpines and phenolics that cause allergic 

reactions in livestock, and especially in horses. Parthenin was even detected in the milk of 

cattle that grazed in areas with P. hysterophorus infestation. 

 

Impact on crop production 

Parthenium weed poses a threat to agriculture because besides being unpalatable to 

livestock, it competes with crop seedlings and pastures. Parthenium infestation results in 

significantly reduced livestock carrying capacity in areas where it becomes established.  Its 

spread adds to weed control costs for grain producers (NSW, 2008). 

P. hysterophorus has been reported to be a serious weed of crop lands as well as grazing 

lands (Tamado and Milberg, 2000). Its weedy nature is due to its allelopathic effect and its 

high competitive ability (Swaminathan et al., 1990; Adkins and Sowerby, 1996).  A yield 
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loss up to 40% due to P. hysterophorus infestation in several crops has been documented in 

several crops (Khosla and Sobti, 1979). Crops such as sunflower and sorghum are known to 

be affected severely by P. hysterophorus (Seier et al., 1999) 

Pollen of P. hysterophorus inhibits fruit development in tomato, chilli and brinjal when 

artificial pollination was carried out. A reduction of 50 % in grain filling in maize was 

observed when 100 to 150 clusters of P. hysterophorus accumulated on its floral parts 

(Towers and Subbarao, 1992; Mahadaveppa, 2003). Its spread adds to weed control costs for 

grain producers (NSW, 2008). P. hysterophorus is especially problematic in banana and 

sugarcane plantations (Matthews and Brandt, 2004). 

 

Impact on Productivity 

Parthenium weed poses a threat to agriculture because besides being unpalatable to 

livestock, it competes with crop seedlings and pastures. Parthenium infestation results in 

significantly reduced livestock carrying capacity in areas where it becomes established 

(NSW, 2008).  P. hysterophorus invades heavily grazed pastures, thereby excluding the 

forage plants and consequently reducing the pasture productivity, vigor and seed set, thus 

reducing the reliability of improved pasture establishment (NRM facts, 2003). It is menace 

to agriculture due its tendency to compete with pastures thereby causing reduction in 

carrying capacity of the land making the area economically less viable (NSW, 2008). It has 

been reported to cause a reduction up to 90% in the carrying capacity of pastures (Motooka 

et al., 2003). Similarly, Nath (1988) observed up to 90% reduction in forage production. 

Furthermore, its presence near grain- producing areas threatens to reduce the export quality 

of grains with increased possibility of its contamination in the grains. 

 

Impact on Biodiversity 

Biodiversity loss has been considered to be one of the most negative impacts of exotic 

species because it leads to global homogenizations (McNeely, 1998). This loss in 

biodiversity leads to economic losses, which may, either, be caused directly by the invasive 

species or indirectly as a consequence of loss of lands living resources or even due to any 

pest accompanying the invasives. Due to complexity in interactions, limited studies are 
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available on the impact of AIS on native biodiversity (Wyckoff and Webb, 1996) but P. 

hysterophorus is known to threaten biodiversity in some areas of Australia (WONS, 2003). 

Due to the allelopathic properties and invasive ability, it has been known to cause a drastic 

habitat change in native grasslands, river banks, open woodlands and flood plains of 

Australia (Chippendale and Panetta, 1994). 

Shabbir and Bajwa (2006) studied the allelopathic potential of P. hysterophorus and 

considered it to be responsible for displacing natural vegetation and interrupting natural 

succession, thus becoming dominant and affecting biodiversity. Furthermore, they suggested 

the decline in the population of common medicinal plants to be due to rapid colonization by 

P. hysterophorus. 

Economic costs: 

The socio-economic impacts of AIS are huge. For instance, according to an estimate only 79 

invasive plant species in United States of America caused a loss of $ 97 billion during the 

period 1906 to 1991. A North American study reported a loss of US$ 138 billion per annum 

to America due to AIS (Pimental et al., 2000). 

 

2.12 MANAGEMENT STRATEGIES OF PARTHENIUM HYSTEROPHORUS 

The increasing awareness regarding Alien Invasive species has led to successful fight back 

against their adverse impact in some parts of the world (Saunders, 2004). Most of the 

research workers (Ramamoorthy et al., 2003; Seier et al., 1999; Daizy et al., 2004) 

undertaking Parthenium weed management, advocate an integrated, holistic approach, also 

involving education and community awareness (Tcm r&d, 2006). ‘Precautionary principle’ 

is considered as a key to successful management of AIS (Wittenberg, 2004). Following are 

the different practices that have been suggested for Parthenium weed control. 

 Cultural Method/Physical control 

Hand pulling is recommended as soon as the weed emergence takes place. In case of vast 

area of spread a serious hand pulling campaign is required for effective control 

(Ramamoorthy et al., 2003). Pulling up plants especially if they are in the seed setting stage 

is discouraged because of the danger of dispersing seeds and thus increasing the infestation 

area (NSW, 2008). Hand hoeing has also been found to be effective in small areas provided 
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it is done at early growth stage because re-growth from crown buds makes hoeing 

ineffective in mature plants (Gupta and Sharma, 1977). Deep ploughing during land 

preparation for crop growth has been reported to reduce P. hysterophorus (Gupta and 

Sharma, 1977). Crop rotation is another method that has been found to be useful in 

controlling P. hysterophorus in cultivated land and in this context rotation of normal crop 

with marigold has been practiced (Ramamoorthy et al., 2003). Growing Cow Pea as a 

smother crop has also been suggested (Tcm, r&d, 2006). 

Composting has also been recommended for P. hysterophorus especially at flowering and 

seeding stage as the raised temperature during the composting process makes seeds lose 

their viability. Not only does it control P. hysterophorus, it serves as a source of nutrient and 

enhances soil properties by promoting aggregate formation. Moreover, the ‘Parthenin’ 

content functions as a growth regulator and improves the next crop production 

(Ramamoorthy et al., 2003).  

Mulching has been reported to have a smothering effect on weeds as it restricts 

photosynthesis (Ramamoorthy et al., 2003) 

In addition to the above mentioned methods, simple precautionary steps, such as sowing 

uncontaminated seeds of crops and pasture grasses, proper cleaning of field equipment and 

harvesting vehicles and short-term quarantine of Parthenium -contaminated stock, were 

reported to be effective in limiting the spread of P. hysterophorus. 

       Chemical Control 

Herbicide 

Herbicides have been found to play a vital role in controlling weeds in cropped areas. In 

case of P. hysterophorus, pre-emergence herbicides like Simazine and atrazine for  

sorghum , sugarcane and maize; Butachlor and Alachor  for cotton and pulses, respectively, 

have been used selectively (Ramamaoorthy et al., 2003). Repeated spraying with 

herbicides on isolated patches   of the weed is recommended (NSW, 2008). Metsulphuron 

Methyl has also received commendation.  In addition to this other herbicides used include, 

2, 4-D + picloram, Hexazinone, Dicamba and Gluphosinate, (Tcm, 2006).  Fomesafen (in 

soyabean), oxadiazon and linuron (in garlic and onion) and Metribuzin (in potatoes and 

tomatoes) are used for the control of P. hysterophorus (FAO, 2010). 
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Contrary to the above reports, one study (Dougal and Atkinson, 2003) reported that 

spraying herbicide (Atrazine and 2,4-D) remained ineffective to control P. hysterophorus, 

and rather enhanced its spread by lessening pasture competition and resulting in denuded 

patches, thus permitting P. hysterophorus to establish more easily.  

Similarly in Central America and Caribbean, P. hysterophorus, thrives in areas treated 

repeatedly, with paraquat or some soil-acting herbicides, such as trifluralin and 

diphenamid, which are selectively used in legume crops and vegetables and is also not 

controlled by herbicides like napropamide and the acetanilides, alachlor, metolachlor and 

propachlor (Labrada, 1990; FAO, 2010).  

Chemicals other than herbicides that have been used to control P. hysterophorus growth 

include 15% common cooking salt solution especially at the active growth stage. 2,4-D 

esters at 2-5 kg a.i/ha when applied with a wetting agent is also known to control the weed 

(Ramamoorthy et al. 2003). 

Biological control 

Zygogramma bicolorata, a beetle that feeds on the leaves of P. hysterophorus, has been 

identified as a highly effective defoliating biocontrol agent (Rammamoorthy et al., 2003; 

Tcm, 2006). Puccinia abrupta var parthenicola, a rust, is also known to control P. 

hysterophorus (Ramamoorthy et al., 2003) which damages leaves and stems. Another 

species, Puccinia melampodli that damages leaves is also effective (Tcm, 2006). A number 

of weevils, namely, Listronotus setosipennis (stem-boring), Smicronyx lutulentus  (seed 

boring), and Conotrachelus albocinereus (stem galling) are known to control P. 

hysterophorus (Tcm, r&d,  2006). 

Among the moths that have been reported to control growth of P. hysterophorus include 

Bucclatrix parthnica (leaf mining) and Carmentia ithacae (stem-boring) but Epiblema 

strenuana has reduced P. hysterophorus incidence by 95% (Tcm r&d, 2006). 
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Competitive Displacement 

A novel and an environmentally friendly approach to weed management that exploits 

natural mechanisms is the use of allelopathic plants which chemically antagonize 

neighbouring plants in order to achieve competitive advantage. This approach has recently 

been used to outcompete P. hysterophorus.  For instance, in heavily infested areas, in India, 

replacement of  P. hysterophorus has been achieved by using Cassia plants (Joshi, 1991). 

Such a practice involves manual removal of P. hysterophorus plants and then seeding of 

plants of C. sericea or C. uniflora Mill. This resulted in an increase of the population size 

of Cassia plants as compared to P. hysterophorus and after two years Cassia: Parthenium 

ratio higher than 21:1 was observed (Mahadevappa and Ramaiah, 1990). The ethnobotanic 

qualities, such as usage in the prevention and treatment of diabetes and in cardiovascular 

diseases, makes C. sericea a promising competitor.  

Another promising suppressor of P. hysterophorus is American Marigold, Tagetes erecta. 

Crude extracts of Imperata cylinderica, an aggressive perennial grass from Pakistan is 

known to reduce the population densities of P. hysterophorus by 80% (Anjum et al., 2005). 

Other grasses from Pakistan that have been reported to suppress seedling growth and 

reduce germination are Dicanthium annulatum Stapf., Cenchrus pennisetiformis Hochest 

and Sorghum halepense Pers. (Javaid and Anjum, 2006). 

Invasion by exotic plants usually involves relative competitive abilities of exotic and native 

plants. Previously a number of studies based on competitive abilities have been carried out 

to evaluate the success of a species, and involves inter- and intra- competition experiments 

by using Space Occupation Experiment and Replacement Series Experiment (de Wit, 

1960). Such type of experiment was performed by Jollife et al., (1984) who concluded that 

Echinochloa crusgalli (barnyard grass) was more competitive than Setaria viridis (green 

foxtail). Likewise, Martin and Field (1987), conducted a competition experiment between 

wild oat (Avena fatua L.) and Wheat (Triticum aestivum L.) vegetative plants, based on 

Replacement Series Model and observed that wild oat was much more competitive than 

wheat.  Khan and Morton (1994) carried out a comparative study on the growth strategies 

of two varieties of Arrhenatherum elatius - and wheat, and studied intra specific 
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competition by using β- parameter and the results thus obtained clearly indicated that wheat 

suppressed Onion Couch to a greater extent than the Tall Oat grass, and that the latter was 

more aggressive than the former.  Fetene (2003) evaluated the competitive influence of 

perennial grass (Hyparrenia hirta) on the establishment of the seedlings of the tree (Acacia 

etbaica) by using Replacement Series and concluded that the perennial grass was 

aggressive and more competitive towards the seedlings of the tree. 

Invasion success of a species is not only dependent on space occupation but on post-

introduction as well, as reported by Siemann and Rogers (2001), who carried out a 14 year 

experiment on invasive Chinese Tallow tree (Sapium sebiferum) and pointed out significant 

post- invasion genetic differences. The invasives were found to be usually more vigorous in 

newly introduced ranges as compared to their native ones. The former were larger in size, 

generally produced more seeds but had poorly defended, lower quality leaves. They further 

concluded that post-introduction adaptation added to the invasive success and made it hard 

to predict problem species. 

Moen and Meurk (2001) carried out an outdoor pot experiment to study the competitive 

abilities of three indigenous plant species of NewZealand in relation to introduced and 

locally invasive Hieracium pilosella. The competitive ability was categorized into 

competitive effect (ability to deplete resources) and competitive response (ability to tolerate 

resources of low level). The plants grown with and without Hieracium were placed in 

shade and full sunlight, along with high or low fertility treatments. The competitive 

rankings based on competitive responses were found to be relatively more sensitive 

measures of competitive abilities. Moreover competitive response and competitive effect 

was found to be negatively correlated and reflected trade-offs in competitive situations. 

On the contrary, Peltzer and Kochy (2001) carried out experiments to study the competitive 

effects of woody plants and grasses in mixed grass prairie and observed that variation in 

competitive ability determined their abundance and presence, which in turn may be 

influenced by differences in competitive effects exercised by neighbors rather than by 

variation in competitive response. 

Competitive ability of garlic mustard (Alliaria petiolata), an Eurasian herb invasive in 

forested areas in parts of Southern Canada and Northern United States was studied 
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(Meekins and McCarthy,2000) and it was reported that the invasive often displaced the 

under story species. In  order to determine its competitive ability a deWit replacement 

Series experiment was conducted in green house with the exotic and three native species, 

namely Impatiens capensis (herbaceous annual),  Acer negundo and Quercus prinus 

(woody perennials). All species were grown in monoculture and in mixtures with A. 

petiolata. It was found that A. petiolata had greater competitive potential and aggressitivity 

than Q. prinus, suggesting that oak regeneration may be affected negatively. 

 

2.13   EFFORTS TO COMBAT SPREAD OF ALIEN INVASIVE SPECIES 

 International Efforts against exotic species 

The problem of Alien Invasive Species was recognized by the scientific community in the 

early 1950’s but still there is lack of public awareness in many parts of the world. The issue 

of AIS was highlighted in the World Conservation Congress in Montreal in 1996 and the 

first attempt at global level to address the issue of AIS was also made in 1996 at Norway 

UN-conference on Aliens. In this conference, scientists concerned with SCOPE (Scientific 

Committee on Problems in the Environment), collaborated with representatives of more 

than eighty countries to tackle the AIS problem. The outcome was GISP (Global Invasive 

Species Program), an initiative that raises awareness at global level by combining scientific 

research and development initiatives. It provides advice that assists in dealing with AIS in a 

broad sense that includes developing national strategies as well as providing management 

options (Wittenberg and Cock, 2001). GISP is an off shoot of DIVERSITAS, a program on 

biodiversity science, at international level. 

At the operational level, GISP is actually a partnership between SCOPE and three other 

organizations i.e. the United Nations Environment Program (UNEP), the International 

Union for Conservation of Nature (IUCN) and Centre for Agricultural Bioscience 

International (CABI). Under GISP various workshops have been held that have provided 

invasive database and suggestions with regards to the priority of species to be included in 

the “100 Worst Invasive Species”. UNEP (2001) highlighted the importance of invasive 
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plants by stating that “invasive alien species are considered to be the most important threat 

to biological diversity loss after habitat”. 

Additionally, Declaration of Méze , 2005, based on initiatives on invasive plants states: 

"Urge governments and donor agencies to increase funding to facilitate the 

development of prevention, management and monitoring programmes, 

essential research, and economic analysis on invasive alien plants"  

  International Efforts to combat spread of P. hysterophorus  

        Some of the societies working on the management of P. hysterophorus are: 

1. Parthenium Action Group Inc. (Australia) 

2. Philosophy and Social Action  (India) 

3. Society for Parthenium Management (SOPAM) India 

4. International Parthenium weed Network - IPaWN ( Australia) 

5. International Parthenium Research News Group   (IPRNG)       

http://www.iprng.org/     by Dr. Pankaj Oudhia - India 

  Efforts against exotic species in Pakistan 

Previously prevention and mitigation actions against AIS have mainly been focused on 

developed countries, although in developing countries similar or even worse problems are 

faced as regards the conservation of biodiversity (GEF, 2003). The impact of AIS on 

economy is greater in developing countries as agriculture accounts for a major proportion 

of GDP (Perrings, 2005). Furthermore, when the impacts of introduced plants between the 

continents were compared, it was found that the problems regarding AIS were much more 

severe in Asia as compared to Africa, due to longer trade history between Asia and Europe 

(Heywood, 1989). The first workshop on invasive exotic species in Pakistan was conducted 

in 1999 at National Agricultural Research Center (NARC) in Islamabad, organized by the 

collaborative efforts of IUCN and CABI. Pakistan Environment Protection Act (PEPA), 

1997, that came into force on December 1997, calls for ‘protection, conservation, 

rehabilitation and improvement of the environment, for the prevention and control of 

pollution, and promotion of sustainable development”. Article 31 of PEPA, 1997, deals 

with formulation of rules for implementing the provisions of specified International 
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Environmental Agreements and Convention on Biological Diversity (CBD), Rio de 

Janerio, 1992 is one of the specified ones. The Government of Pakistan signed CBD on 

June 5, 1992 and ratified it on July 26, 1994. One of the subsidiary principles of this 

convention involves, ‘Preventing the introduction of, controlling and eradicating alien 

species that could threaten ecosystems, habitats or species’. In dealing with alien species 

the Thematic Report and the Fourth National Report (2009) reveals that the positive 

outcome of the Convention has been that previously exotic flora and fauna species were 

being introduced indiscriminately in our natural habitats, but now it has played a key role 

in raising awareness regarding the threats and issues related to alien invasive species, the 

introduction of which is presently being regulated. 

Pakistan completed the Biodiversity Action Plan in 2000 however, a number of actions 

have only been partly implemented. The Biodiversity Action Plan (BAP) for Pakistan 

comprises thirteen components, and Action 6.6 deals superficially with the issue of 

invasives and states, “take measures to control invasive alien species of fauna and flora, 

and to prevent further introductions.” One of the progressive steps has been the 

establishment of the Biodiversity Secretariat in the Ministry of the Environment in 2006. In 

response to the above mentioned Action 6.6, the Fourth National Report (2009) documents 

measures being undertaken taken to control Alien Invasive species for marine ecosystem 

and funding of $ 913,000 and 867,700 being provided by  GEF and UNDP, respectively, 

for the period 2010 to 2013. 

 Efforts to combat spread of P. hysterophorus in Pakistan 

Pakistan Parthenium Action Group (PPAG) was established in 2002 under the leadership of 

Dr. Rukhsana Bajwa, Chairperson, Mycology and Plant Pathology Department, The 

University of the Punjab, Lahore. Higher Education Commission (HEC) in collaboration 

with PPAG held symposium in 2004 and 2005 based on awareness of impacts of P. 

hysterophorus (Parthenium News, 2006). The Departments of Botany and the Sustainable 

Development Study Centre (SDSC) Government College University, Lahore have 

conducted various research projects on P. hysterophorus.  
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CHAPTER III 
 

COMPETITION EXPERIMENTS 
 

 
One of the major attributes of a successful exotic invasive plant is its competitiveness. 

The competitive ability of a plant is its ability to acquire resources, and consequently 

make them limited to others. Interplant competition can occur below ground involving 

resources of soil water and nutrients; above ground involving light as the resource; and 

both below and above ground, involving the resource of space.  Plant competition has 

usually involved experiments based on two species mixture. In such a mixture, 

competition may occur between plants of different species (intraspecific competition) 

or between plants of the same species, (interspecific competition). Although both inter- 

and intra-specific competition are two facets of the same phenomenon of interplant 

competition, they have usually been treated separately. 

The study of interspecific competition primarily involves analysis of the response of 

plants grown in mixtures, whereby, pairs of species are grown at a particular range of 

relative frequencies but at overall constant density (‘Replacement Series’ or deWit 

Series, after deWit, 1960).  de Wit (1960)  suggested that the reason for limited growth 

of an individual may be due  ‘biological space’ which may be  affected by any factor 

that is in limited supply, e.g. water, light, nutrients, CO2  etc. Thus, the complex of 

resources that are required for the growth of a plant may be collectively known as 

‘biological space’. Therefore, the growth of a plant over a specific period of time is 

considered to be the measure of the space it occupies, or in other words the resources to 

which it has access. 

In Replacement Series Experiment plant species are grown in mixtures and 

monocultures at overall constant density but in varied proportion. A range of mixture of 

two species ‘a’ and ‘b’ is generated, beginning with monoculture of species ‘a’ followed 

by a progressive replacement of species ‘a’ with  that of species ‘b’, till  a monoculture 

of ‘b’ is achieved, resulting in a constant total density. This enables a comparison to be 

made between the growth of species in monocultures and in mixed cultures. The 

Replacement Series has been widely used to assess interference in a mixture of species 
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(Jolliffe, 2000). Moreover, the following trends may be exhibited on growing two 

species together: 

1. Each species may behave as if it grows in a monoculture with the final yield being 

only density and time dependent (competition absent) 

2. One of the two species may become dominant with the total yield remaining 

constant (co-existence,  mutual exclusion or mutual compensation) 

3. One of the two species may become dominant but the total yield may exceed or be 

lower than the yields in monocultures (competitive exclusion) 

The interactions among plant species in a mixture can be analyzed mathematically by 

indices such as Relative Crowding Coefficient and Relative Yield Total (RYT), as well as 

graphically through Replacement Diagrams. Such investigations have been used in a 

number of studies for the interpretation of interaction between species in a mixed 

population (Baeumer and de Wit, 1968; Hall, 1974). 

Intraspecific competitive ability is generally investigated by studying the density 

dependence of plants, by growing same species (monocultures) at varying densities.  

Three principle effects of Intraspecific competition have generally been identified: 

Density-dependent growth rate of the population, as the growth rate declines with the 

increase in population density. This may happen when dense aggregates of seedlings 

germinate in close vicinity to the parent plant and compete for resource of limited 

supply, resulting in slow growth, production of lesser number of seeds and greater 

probability to die at an early age. Usually an annual plant population might react to 

increasing density by becoming self regulatory by showing phenotypic plasticity 

response in size reproductive output of individuals. This second principle is competition 

–density effect, which focuses on decreasing mean size of surviving plants with 

increasing density (Park et al., 2003). The third principal, the density-dependent 

mortality or self thinning is yet another self-regulatory outcome of Intraspecific 

competition (Yoda et al., 1963; Li, 2002).  

Competition for resources usually determines the occurrence and abundance of a species 

in a plant community (Pyke and Archer, 1991). Although among species the response of 

a single fitness component may vary, interspecific and interspecific competition plays a 

significant role and influences the relative abundance of individuals in semiarid 
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ecosystems (Reichenberger and Pyke, 1990). Information regarding the competitive 

abilities of P. hysterophorous in comparison with its co existing plants is extremely 

fragmentary. The current work deals with investigating the competitive abilities of P. 

hysterophorous with respect to it co- occurring colonizer plant species, in order to find 

out the competitive superiority among the species so as to make suggestions for the 

control of the invasive exotic, P. hysterophorous. It is hoped to offer a context whereby 

the researchers can think about the potential directions for future research in studies on 

competition and its application in weed management strategies. 

In order to study the competitive abilities the exotic, P. hysterophorous, and six other co 

occurring plant species, Replacement Series Experiments were carried out to study  

interspecific competition. 

 

 REPLACEMENT SERIES EXPERIMENTS 
 
The Replacement Series Experiments were conducted between P. hysterophorus and six 

other common co- existing species, to study the interspecific aspect of competition, in 

order to, firstly, predict the possibility whether P. hysterophorus will out compete the 

already established colonizer species, and secondly, identify a species, if any, with 

superior competitive ability that could be of help in integrated management by 

suppressing the highly invasive Parthenium weed. 

 

        3.1 MATERIALS AND METHODS 

3.1.1 Site of the experiment 

The Replacement Series Experiments were carried out at the Government College 

Botanical Gardens (GCBG). It is located within the premises of Jinnah Gardens, Lahore, 

Pakistan and lies between 31.38N. 73.38 E, with an altitude of 234 meters.  

3.1.2 Plant species under study 

The replacement Series Experiments were set-up for following species: 

i. Parthenium hysterophorus, an exotic species. 

ii. Chenopodium album 

iii. Kochia indica 

iv. Cannabis sativa 
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v. Amaranthus viridis 

vi. Cassia occidentalis 

vii. Setaria glauca 

3.1.3 Collection of seeds 

Since all the species under study were summer annuals, so their seeds were collected 

from the wastelands in the suburbs of District Lahore, Pakistan, from September to 

November, for the competition experiments. The seeds were stored in paper bags at 

room temperature. 

3.1.4 Schedule for the Replacement Series Experiment 

The experiment for Chenopodium album and Kochia indica were carried out in the year 

2007; for Cannabis sativa with P. hysterophorus in 2008 and for Amaranthus viridis, 

Cassia occidentalis and Setaria glauca with P. hysterophorus in 2009. Each experiment 

was initiated in April and terminated in August. 

3.1.5 Stock plants for investigation 

A stock of plants of all the above mentioned species was maintained at the experimental 

site. As all of the seeds sown were not expected to germinate, a stock of plants was 

generated. Moreover, as even-aged plants were required for the Replacement Series 

Experiments, the stock served as a reserve, in case some plants died during the 

experiment. However, no such replacement was needed during the experiment. The 

seeds were planted in 1 m2 separate plots. For sowing, topsoil was raked from the 

surface of each 1 m2 plot, to a depth of about 2.5 cm. The seeds were spread evenly on 

the 1 m2 plot, and then the previously removed soil was replaced. The seeds for stock 

plants were sown in December, transferred to plots designed for Replacement Series 

Experiment in March and harvested in August.  

3.1.6 Harvest 
 
Analysis for the Replacement Series experiment was based on assessment made by a 

single destructive harvest carried out in mid August. The results were based on oven dry 

weights. Plants were gently extracted from the soil, with intact roots. The plants were 

washed to remove any soil adhering to plant parts and then were blotted with ordinary 

blotting paper, to remove excess water. The roots were carefully cut, from the shoots. 
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Both were placed in pre-weighed and properly pre-labeled paper bags. The paper bags 

were placed in oven at 100oC for 24 hours, after which the bags were re-weighed and 

dry weight or roots and shoots were calculated after deducting the weights of the empty 

paper bags.  

3.1.7 Design of Replacement Series Experiments 
 
The Replacement Series was carried put in randomized complete block design, one 

block for each species and was laid out in three replicates. The experiments were 

initiated by transplanting plants from stock area to plots prepared for Replacement 

Series Experiment. 

3.1.7.1 Transplantation   

Transplantation of experimental species involved removal of plants along with blocks of 

soils containing their roots, carrying them on wheel barrows to the experiment site and 

planting them according to the required planting densities. The plants were watered, a 

couple of times, till they were established at the experimental site and then were left un-

watered, to provide as much natural conditions as possible. 

3.1.7.2 Plot Lay Out 
 
An area of 75m2 was demarked and for ‘Replacement Series Experiment’ for each 

species. Plots, each 1 x 1 m2 were laid out for setting up the competition experiment. As 

each series consisted of seven different combinations, seven plots were arranged in a 

row, but with 0.25 m strip of land between each plot. In order to obtain statistically valid 

results, Randomized Complete Block (RCB) design was selected. The proportion of 

plants in each series was 12:0, 10:2, 8:4, 6:6, 4:8, 2:10 and 0:12 the corresponding 

relative planting frequencies being 1/0, 0.83/0.17, 0.67/0.33, 0.5/0.5, 0.33/0.67, 

0.17/0.83 and 0/1.  

3.1.8 Estimation of Competitive Ability 
 
Replacement series has been widely used in competition studies of mixed populations 

because it seems to offer a clear-cut method for the interpretation of the interaction 

between species (Hall, 1974; Willey, 1979; Ivens and Mlowe, 1980). In the present 

study the competitive ability of the concerned species was estimated on the bases of the 

following parameters of indices of competitive ability: 
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 I. Mathematical Indices 

i. Absolute yield (oven dry weight) of: 

a) Shoots 

b) Roots 

c) Whole plants 

ii. Root/shoot ratio 

iii. Relative Yield (r) and Relative Yield Total (RYT). 

iv. Relative Crowding Coefficient (k). 

  II. Graphical Indices: 

i. Replacement Diagrams based on absolute yield 

ii. Replacement Diagrams based on Relative yield. 

3.1.9 Indices of Competitive abilities 
 
The following indices were used to analyze competitive ability of the species under 

study: 

 Absolute yield 

The dry weight of roots, shoots and whole plants (Absolute Yield) in monocultures 

and mixed plots was expected to provide a direct consequence of competition. Here 

the term ‘yield’ refers to the total dry weight or biomass of the whole plant and is not 

related to the term ‘yield’ that is usually used for agricultural purpose. The oven dry 

weight was measured in grams. The dry weights of the whole plants (absolute Yield) 

were also displayed in the form of a Replacement Diagram, where the yields of each 

species were plotted against the Relative Planting Frequencies of species. In addition 

to this root/shoot ratios, on the basis of dry weights for all species were also 

calculated. 

 Relative Yield (r) and Relative Yield Total (RYT): 

The interactions between species in mixtures were also mathematically analyzed, 

through indices such as ‘Relative Yield Total’ (de Wit and Bergh, 1965). The basic 

technique involved  a comparison of  growth of each species in a mixture with its 

growth in pure stand, and thus the degree of ‘competition’ occurring between these 
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species could be described mathematically, as given below, for species ‘a’ grown in 

association with species ‘b’ (in a two component species). 

ra =   Oab , and 

         Ma 

rb=    Oba , and 

       Mb 

        Where 

ra=     Relative Yield for species ‘a’ 

rb=    Relative Yield for species ‘b’ 

Ma=  Yield of species ‘a’ in monoculture. 

Mb=  Yield of species ‘b’ in monoculture. 

Oab = Yield of species ‘a’ in a mixture with species ‘b’. 

Oba = Yield of species ‘b’ in a mixture with species ‘a’. 

 

Therefore, relative yield of a species is the ratio of yield of species in mixture to its 

yield in monoculture.  

 

Values of relative yields were plotted against planting frequency of the species in the 

mixture. 

 

Relative Yield Total (RYT) based on raw data were also calculated for analysis of 

competition and interpretation (deWit, 1960) of the Replacement Series experiments. 

Relative Yield Totals is the sum of relative yields of species ‘a’ and species ‘b’ in a 

mixed culture of both species, therefore, RYT = ra +  rb. 

 

The relative Yield totals were also plotted against planting frequency of species, in the 

same graph drawn between Relative Yields and relative planting frequencies of the 

species in a mixture. Use of Relative Yield overcomes the difficulty of comparing the 

performance of different species in Absolute Yields (Van den Berg, 1968). 
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When RYT > 1, the species are partly competitive and partly indifferent because of 

niche differentiation; When RYT = 1, the species occupy the same niche and are 

competitive.   

 
 Relative Crowding Coefficient (k):  
 
Another mathematical derivative, frequently used as a measure of ‘competitive’ power 

e.g., by Bakhuis and Kleter (1965), is the Relative Crowding coefficient (k) by 

definition, the value of ‘k’ gives an indication of the intensity of ‘competition’ taking 

place. 

The Relative Crowding coefficient (k) for species ‘a’ grown in association with 

species ‘b’ (in a two completion mixture) is: 

kab =   Oab Za 

          (Ma – Oab) Zb 

The Relative Crowding Coefficient for species ‘b’ would be: 

kba =   Oba Za 

          (Mb – Oba)   Z b 

Za  and Z b are respective frequencies of species ‘a’ and ‘b’. 

deWit (1960) states that when two species ‘compete for the same space’ (competitive 

interference) the product of their Relative Crowding Coefficients for yield should be 

equal to 1 (kab x kba = 1) and the two species are ‘mutually exclusive’. If kab x kba > 1, 

although they may be competing for the same resource or resources, they are also 

‘competing for different space’, i.e. non-competitive interference is perhaps taking 

place in addition to competitive interference. 

3.1.10 Statistical analysis 

The statistical analysis carried out included calculation of Standard Error and 

Duncan’s New Multiple Range Test (Steel and Torrie, 1980), which was applied using 

software package COSTAT, version 3.03 to check the significance of results between 

treatment means at a certain probability level to reach conclusions. 

 

 

 



48 
 

 

3.2  RESULTS AND DISCUSSION 

3.2.1 Interpretation on the basis of Absolute Yield (dry weight) 

Chenopodium album  vs Parthenium hysterophorus 

Table 3.1 presents the mean dry weight analysis of roots, shoots and whole plants of 

C. album and P. hysterophorus from Replacement Series Experiment. 

The average total dry weight of C. album in monoculture (810.98) was two-folds more 

than that of P. hysterophorus (309.56). In addition to this the length of one of the 

longest plants of C. album, recorded was over 31/2 meters, whereas P. hysterophorus 

plants hardly exceeded 2 meters in height.  

The average dry weights of whole plants of C. album and P. hysterophorus in each 

plot (in different planting densities) were significantly different from each other. A 

statistically significant reduction was recorded in every successive decrease in planting 

density and vice-versa. A similar pattern was observed for the dry weights of the 

shoots of the plants. However, in case of roots, a variable pattern with non-significant 

increase/ decrease was observed. 

Kochia indica  vs  Parthenium hysterophorus 

The data recorded in Table 3.2 shows the average dry weights per plot, of roots, shoots 

and whole plants of K. indica and P. hysterophorus from the Replacement Series 

Experiment. As observed for competition between C. album and P. hysterophorus from 

Table 3.1, the competition between K. indica and P. hysterophorus also exhibited a 

similar trend, with reduction in dry weights at decreasing planting densities. However, 

the decrease was rather insignificant for K. indica in planting densities of 6:6 and 4:8 for 

K. indica and P. hysterophorus, respectively. Same pattern was followed for dry weights 

of roots and shoots of K. indica as well. 

As far as the results of average dry weights of P. hysterophorus were concerned (in the 

same series), the increase in the dry weights of shoot and whole plant corresponding 

with increasing planting frequency was statistically significant. Just as observed for K. 

indica, the dry weights of roots of P. hysterophorus showed a variation in increase and 

decrease.  
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Table 3.1 Average dry weights of shoots, roots and whole plants of C. album and P.  

             hysterophorus at corresponding relative planting frequencies in Replacement 

             Series Experiment. 

 

Relative planting 

frequency 

 

Average Dry Weight (g) 

Chenopodium album Parthenium hysterophorus 

Shoot Root Whole 

plant 

Shoot Root Whole 

plant 

C
. a

lb
u

m
 

 


 P
. h

ys
te

ro
ph

or
u

s 

1/0 740.29a 

±7.14 

70.69a 

±1.68 

810.98a 

6.99 

- - - 

0.83/0.17 388.08b 

±6.39 

21.17b 

±1.81 

409.23b 

±7.52 

91.51f 

±2.82 

12.40c 

±0.92 

103.90f 

±3.71 

0.67/0.33 265.73c 

±5.12 

16.94cd 

±0.94 

287.67c 

±5.24 

124.73e 

±1.84 

12.43c 

±1.99 

137.16e 

± 

0.5/0.5 249.48d 

±4.21 

19.42c 

±2.49 

268.90d 

±4.34 

190.15d 

±6.35 

21.66a 

±3.20 

211.81d 

±9.47 

0.33/0.67 195.51e 

±5.56 

19.96cd 

±2.05 

212.46e 

±6.52 

237.32c 

±3.39 

20.44b 

±0.77 

257.96c 

±4.18 

0.17/0.83 81.45f 

±2.33 

6.21e 

0.21 

87.67f 

±2.53 

254.06b 

±3.30 

25.79a 

±1.02 

279.85b 

±3.03 

0/1 - - - 282.44a 

±7.01 

26.95a 

1.88 

309.56a 

±7.25 

 

Treatment means within each column with different letters are significantly different.  

P = 0.05 according to Duncan’s New Multiple range Test. 
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Table 3.2  Average dry weights of shoots, roots and whole plants of K. i ndica  and    P. 

hysterophorus at corresponding relative planting frequencies in Replacement  Series 

Experiment 

 

Relative planting 

frequency 

 

Average Dry Weight (g) 

Kochia indica  Parthenium hysterophorus 

Shoot Root Whole 

plant 

Shoot Root Whole 

plant 

K
. i

n
di

ca
 

 


 P
 .h

ys
te

ro
ph

or
u

s 

1/0 900.65a 

±15.96 

47.25a 

±5.09 

947.90a 

±11.99 

- - - 

0.83/0.17 663.18b 

±12.36 

37.59b 

±2.69 

700.78b 

±15.05 

106.19f 

±6.50 

8.76d 

±0.31 

114.95f 

±6.47 

0.67/0.33 576.76c 

±14.75 

25.98c 

±3.72 

603.00c 

±12.30 

154.77e 

±4.33 

16.45c 

±0.74 

171.22e 

±5.07 

0.5/0.5 332.90d 

±16.35 

15.50d 

±0.96 

348.43d 

±15.40 

179.72d 

±5.85 

23.47b 

±2.88 

203.31d 

±4.79 

0.33/0.67 283.95d 

±4.59 

15.65d 

±0.67 

299.61d 

±4.00 

201.89c 

±6.22 

21.35b 

±0.91 

222.06c 

±6.45 

0.17/0.83 81.59e 

±0.96 

4.71e 

0.11 

86.30e 

±1.05 

258.62b 

±4.38 

26.50a 

±1.14 

286.37b 

±5.20 

0/1 - - - 290.41a 

±11.71 

24.08b 

1.34 

314.39a 

±10.77 

 

Treatment means within each column with different letters are significantly different.  

P = 0.05 according to Duncan’s New Multiple range Test. 
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Cannabis sativa vs Parthenium hysterophorus 

The dry weight analysis of C. sativa and P. hysterophorus obtained from the 

Replacement series Experiment (Table 3.3) clearly showed that down the series, the 

decline in average dry weight for C. sativa is ten-folds, dropping from 163.50 g/m2 

to 16.12 g/ m2, whereas at the lowest planting density, the dry weight for P. 

hysterophorus is approximately one-third (73.14 g m2) of that in its monoculture 

(266.74g/ m2). This is indicative of the fact that P. hysterophorus exercises greater 

competitive ability, as the drop in its absolute weight is not as sharp as is for C. 

sativa. Moreover, it was observed that the average dry weight per plant of C. sativa 

in monoculture is 13.63 g and falls drastically to 8.06 g where its ratio to P. 

hysterophorus is lowest (2:10). On the other hand the average dry weight for P. 

hysterophorus in monoculture was 18.90/ plant and at 2:10 ratio with C. sativa it 

was found to be 36.57 g/plant, indicating an increase in dry weight even in the 

presence of higher number of C. sativa plants.  

 

 Amaranthus viridis vs Parthenium hysterophorus 

A. viridis followed a similar trend (Table 3.4) with regards to the Absolute Yield in 

the interspecific competition, as did C. album, K. indica and C. sativa, though its 

suppression appears to be much more pronounced as compared to the latter three 

species.  

A. viridis, in mixed stands, showed a reduction in root and shoot biomass as 

compared with pure stands. 

The average dry weight per plant of A. viridis faced a decline from 11.75 g/plant in 

monoculture to just 5.39 g where its ratio to P. hysterophorus is lowest. P. 

hysterophorus on the other hand showed an increase in dry weight with the 

progressive increase in the number of A. viridis plants, exhibiting greater 

competition over the comparatively smaller sized A. viridis plants, and probably 

utilizing the maximum resources available. 
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Table 3.3 Average dry weights of shoots, roots and whole plants of Cannabis sativa 

 and P. hysterophorus at corresponding relative planting frequencies in 

 Replacement Series Experiment. 

 

Relative planting 

frequency 

 

Average Dry Weight (g) 

Cannabis sativa Parthenium hysterophorus 

Shoot Root Whole 

plant 

Shoot Root Whole 

plant 

 P
 .h

ys
te

ro
ph

or
u

s 


 


 C
. s

at
iv

a 

1/0 146.72a 

±  7.92 

16.77a 

± 0.38 

163.49a 

± 8.20 

- - - 

0.83/0.17 119.88b 

± 5.88 

14.12b 

± 0.57 

134.00b 

± 6.30 

64.76f 

± 5.99 

8.38e 

± 0.47 

73.14f 

± 6.46 

0.67/0.33 85.40c 

± 4.40 

9.54c 

± 0.82 

94.94c 

± 5.26 

117.91c 

± 3.65 

12.54d 

± 0.73 

130.45e 

± 3.63 

0.5/0.5 58.45d 

± 2.57 

6.43d 

± 0.57 

64.88d 

± 2.51 

134.34d 

± 9.23  

14.75c 

± 4.30 

149.09d 

± 3.61 

0.33/0.67 23.46e 

± 0.69 

2.17e 

± 0.26 

25.63e 

± 2.28 

160.19c 

± 2.33 

16.40c 

± 1.39 

176.59c 

± 3.54 

0.17/0.83 14.85f 

± 0.54 

1.27f 

± 0.88 

16.12f 

± 7.21 

179.31b 

± 6.34 

17.01b 

± 0.88 

196.32b 

± 7.21 

0/1 - - - 206.05a 

± 13.50 

20.69a 

± 1.06 

226.74a 

± 14.32 

 

Treatment means within each column with different letters are significantly different.  P = 

0.05 according to Duncan’s New Multiple range Test. 

 
 
 
 
 



53 
 

 
 

 
 

Treatment means within each column with different letters are significantly 

different.  P = 0.05 according to Duncan’s New Multiple range Test. 

 
 
 

 

 

Table 3.4 Average dry weights of shoots, roots and whole plants of A. viridis and P. 

                  hysterophorus at corresponding relative planting frequencies  in 

                  Replacement Series Experiment. 

 
Relative planting 

frequency 
 

Average Dry Weight (g) 
Amaranthus viridis Parthenium hysterophorus 

Shoot Root Whole 
plant 

Shoot Root Whole 
plant 

P
 .h

ysteroph
oru

s 
 


A

. viridis  

1/0 129.01a 
± 2.55 

12.03a 
± 1.40 

141.04a 
± 3.21 

- - - 

0.83/0.17 77.77b 
± 6.77 

6.83b 
± 1.47 

84.60b 
± 8.14 

78.31f 
± 4.04 

7.67d 
± 0.46 

85.98f 
± 4.50 

0.67/0.33 57.58c 
± 1.73 

5.15c 
± 057 

62.73c 
± 1.58 

117.03c 
± 7.60 

11.59c 
± 0.28 

128.62e 
± 7.74 

0.5/0.5 38.87d 
± 1.90 

3.2d 
± 0.35 

42.07d 
± 2.17 

130.59d 
± 9.16 

14.57b 
± 1.70 

145.16d 
± 10.83  

0.33/0.67 23.91e 
± 1.38 

2.20e 
± 0.09 

26.11e 
± 1.29 

151.73c 
 ± 6.26 

18.94a 
± 1.93 

170.67c 
± 8.18 

0.17/0.83 9.79f 
± 0.77 

0.99f 
± 0.15 

10.78f 
± 0.91 

162.37b 
± 5.04 

20.57a 
± 1.05 

182.94b 
± 5.74 

0/1 - - - 189.37a 
± 9.34 

20.85a 
± 1.99 

210.22a 
± 11.31 
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Cassia occidentalis vs Parthenium hysterophorus 

A comparison of the Absolute Yields of C. occidentalis and P. hysterophorus (Table 

3.5) reveals a unique pattern of the biomass of the latter in the Replacement seris 

Experiment. C. occidentalis having much higher biomass at the harvest time in 

monoculture (700.26 g/plot) than P. hysterophorus (178.85 g/plot) showed much 

higher dry weight in mixed culture (788.08) g/plot) than in monoculture, thereby 

indicating relatively higher per individual dry weight, when present in mixed culture 

than that in monoculture. These results correspond well with the observation made on 

the size of the plants in the field, where the plants in mixed culture undoubtedly 

exceeded those present in monoculture. The growth of P. hysterophorus appeared to 

be greatly restricted when grown with higher planting frequencies of C. occidentalis 

plants, whereas, the latter was little influenced by P. hysterophorus plants even when 

present at higher densities. 

 
Setaria glauca vs Parthenium hysterophorus 

Replacement Series Experiment was also conducted for P. hysterophorus and Setaria 

glauca to investigate how the invasive plant that is a dicotyledon competes with a 

monocotyledon. The biomass results (Table 3.6) thus obtained showed that P. 

hysterophorus was highly suppressed by S. glauca. Although all the plants of P. 

hysterophorus survived, none of them attained flowering, although rest of the plants in 

the field had long attained flowering. The drop in the dry weight of S. glauca down the 

series was accompanied by a corresponding increase in the dry weight of P. 

hysterophorus but like C. occidentalis and unlike the rest of the species with which the 

competition experiments of P. hysterophorus were established, the biomass of latter 

declined markedly in mixed stands as compared to the pure stands. Dry weight of S. 

glauca dropped from 993.03 to 632.65 as its planting frequency of decreased 12 in 

monoculture to just two in number, that was the lowest planting frequency.  
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Table 3.5  Average Dry weights of shoots, roots and whole plants of 

C. occidentalis and P. hysterophorus at corresponding relative planting 

frequencies in Replacement  Series Experiment 

Relative planting 
frequency 

 

Average Dry Weight (g) 
Cassia occidentalis Parthenium hysterophorus 

Shoot Root Whole 
plant 

Shoot Root Whole 
plant 

P
 .h

ysteroph
oru

s  
 


 C

. occiden
talis 

1/0 657.72b 
± 25.03 

42.54a 
± 3.04 

700.26b 
± 25.60 

- - - 

0.83/0.1
7 

593.59d 
± 19.31 

40.96a 
± 2.47 

634.55c 
± 21.69 

21.64e 
± 1.75 

2.37e 
± 0.20 

24.01e 
± 2.10 

0.67/0.3
3 

564.92e 
± 16.20 

33.95b 
± 1.91 

598.87d 
± 14.87 

38.92d 
± 3.95 

4.23d 
± 0.67 

43.15d 
± 4.67 

0.5/0.5 744.07a 
± 20.92 

44.01a 
± 2.04 

788.08c 
± 21.58 

38.29d 
± 2.50 

4.49d 
± 0.27 

42.78d 
± 2.71 

0.33/0.6
7 

619.63c 
± 22.70 

23.23c 
± 1.61 

642.86c 
± 22.75 

59.65c 
± 5.42 

6.81c 
± 0.38 

66.46c 
± 5.74 

0.17/0.8
3 

550.16e 
± 6.02 

19.09d 
± 2.38 

569.25e 
± 4.18 

83.43b 
± 4.95 

11.06b 
± 1.04 

94.49b 
± 5.92 

0/1 - - - 159.13a 
± 4.08 

19.72a 
± 1.24 

178.85a 
± 4.06 

 

Treatment means within each column with different letters are significantly different.  P 

= 0.05 according to Duncan’s New Multiple range Test. 
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Table 3.6   Average dry weights of shoots, roots and whole plants of S.  glauca           

and P. hysterophorus at corresponding relative planting frequencies in           

Replacement Series Experiment 

 

Relative planting 
frequency 

 

Average Dry Weight (g) 
Setaria glauca Parthenium hysterophorus 

Shoot Root Whole 
plant 

Shoot Root Whole 
plant 

P
 .h

ysteroph
oru

s 
 


 S

. glau
ca 

1/0 909.03a 
± 32.99 

83.99a 
± 5.28 

993.03a 
± 33.70 

- - - 

0.83/0.17 835.80b 
± 10.45 

59.35b 
± 2.89 

895.15b 
± 9.27 

17.81f 
± 0.64 

1.01f 
± 0.19 

18.82f 
± 0.08 

0.67/0.33 775.07c 
± 24.73 

37.16d 
± 6.74 

812.23c 
± 30.88 

28.17e 
± 1.29 

2.82a 
± 0.98 

30.99e 
± 1.82 

0.5/0.5 749.27d 
± 24.25 

40.88c 
± 2.31 

790.15d 
± 22.12 

44.03d 
± 1.07 

4.92d 
± 0.12 

48.92d 
± 0.97 

0.33/0.67 732.32d 
± 38.23 

38.34d 
± 3.73 

770.66d 
± 38.73 

60.39c 
± 1.41 

6.74c 
± 0.84 

67.13c 
± 2.22 

0.17/0.83 606.02e 
± 26.63 

26.63e 
± 2.92 

632.65e 
± 24.03 

89.03b 
± 1.34 

11.61b 
± 1.58 

100.64b 
± 2.83 

0/1 - - - 185.67a 
± 12.68 

24.01a 
± 2.33 

208.68a 
± 13.59 

 

Treatment means within each column with different letters are significantly 

different.  P = 0.05 according to Duncan’s New Multiple range Test. 
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3.2.2 Interpretation on the basis of Root/Shoot ratios  
 

 Root / Shoot ratio of C. album and P. hysterophorus 

For further investigation into competitive abilities results, root/shoot ratios of P. 

hysterophorus and coexisting species in different planting frequencies were calculated 

on the basis of mean dry weights. The results of root/shoot ratio for C. album versus P. 

hysterophorus are given in Table 3.7. 

In Replacement Series between P. hysterophorus and C. album a comparison of the 

root/shoot ratio showed that in all cases the ratio was less than unity, but relatively 

higher for P. hysterophorus, being in the order of 0.095 to 0.134, than C. album, for 

which the ratio ranged from 0.055 to 0.095.  

 Although the overall root/shoot ratios for both plants were low, being less than one, 

showing that the plants directed more energy towards shoot that roots, a comparison 

among values for roots showed relatively higher values for P. hysterophorus, indicated 

that the plant directed relatively more energy towards the root (than C. album), thus 

drawing more resources from the soil and hence gaining more competitive ability. 

 
 Root / Shoot ratio of K. indica and P. hysterophorus 

Following similar trends as observed for C. album, the root/shoot ratio between K. 

indica and P. hysterophorus  in the Replacement Series Experiment was found to be 

less than one, but revealed a more marked relative difference, with the ratio ranging 

from 0.082 to 0.131 for P. hysterophorus and 0.045 to 0.057 for K. indica (Table 

3.8) 

 

Root / Shoot ratio of C. sativa and P. hysterophorus 

The root: shoot ratio of C.  sativa ranged from 0.086 to 0.122 and was found to  

decrease as the proportion of its plants decreased and the proportion of P. 

hysterophorus correspondingly decreased whereas the root: shoot ratio for P. 

hysterophorus ranging from 0.101 to 0.130 increased as the number of its plants 

decreased (Table 3.9) 
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            Root / Shoot ratio of Amaranthus viridis and P. hysterophorus 

The root: shoot ratio of A. viridis ranged from 0.086 to 0.101 and that of P. 

hysterophorus ranged from 0.102 to 0.124 showing that the latter had relatively 

values. These values correspond to the dry weights of the whole plants as well 

(Table 3.10) 

 

Root / Shoot ratio of Cassia cccidentalis and P. hysterophorus 

The average root: shoot ratio of the dry weights of C. occidentalis and P. hysterophorus, 

as given in table 3.11 show that the latter had the lowest root: shoot ratios among all the 

species studied, ranging from 0.035 to 0.064.  Although Cassia occidentalis did not 

direct greater biomass towards roots as compared to shoots, still it was successful to 

suppress the growth of P. hysterophorus that had the root: shoot ratios ranging from 

0.110 to 0.132. 

 

 Root / Shoot ratio of Setaria glauca and P. hysterophorus 

Comparatively lower root: shoot ratios for S. glauca (0.043 to 0.092) than P. 

hysterophorus (0.057 to 0.122) have been shown in table 3.1.12. In the planting 

frequency 0.83/0.17, P. hysterophorus had lowest root; shoot ratio suggesting that the 

grass, perhaps drew more resources from the soil and suppressed the roots of the 

invasive plant, thus, restricting its growth. 
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Table  3.7  Root/Shoot ratio of dry weights of C. album vs P. hysterophorus   

 and in Replacement Series Experiment 

 

RELATIVE PLANTING 

FREQUENCIES 

ROOT:SHOOT 

C. album P. hysterophorus 

C. album 

vs 

P. hysterophorus 

1/0 0.095 - 

0.83/0.17 0.055 0.130 

0.67/0.33 0.064 0.100 

0.5/0.5 0.078 0.134 

0.33/0.67 0.087 0.086 

0.17/0.83 0.076 0.102 

0/1 - 0.095 

 

 

Table  3.8  Root/Shoot ratio of dry weights of K. indica vs P. hysterophorus  

                  in Replacement Series Experiment 

 

RELATIVE PLANTING 

FREQUENCIES 

ROOT:SHOOT 

K. indica 

vs 

P. hysterophorus 

 K.  indica P.  hysterophorus 

1/0 0.052 - 

0.83/0.17 0.057 0.082 

0.67/0.33 0.045 0.106 

0.5/0.5 0.047 0.131 

0.33/0.67 0.055 0.106 

0.17/0.83 0.057 0.102 

0/1 - 0.102 



60 
 

 

 
Table 3.10    Average Root/Shoot ratio of dry weights of A.  viridis vs P. 

                        hysterophorus in Replacement Series Experiment. 

 

RELATIVE PLANTING 
FREQUENCIES 

ROOT:SHOOT 
A. viridis P. hysterophorus

A. viridis 
vs 

P. hysterophorus 

1/0 
 

0.086 
± 0.003 

- 

0.83/0.17 
 

0.085 
± 0.012 

0.102 
± 0.004 

0.67/0.33 
 

0.900 
± 0.012 

0.101 
± 0.006 

0.5/0.5 
 

0.082 
± 0.007 

0.111 
± 0.006 

0.33/0.67 
 

0.093 
± 0.010 

0.124 
± 0.008 

0.17/0.83 
 

0.101 
± 0.008 

0.124 
± 0.005 

0/1  
 

- 0.110 
± 0.005 

Table 3.9    Average Root/Shoot ratio of dry weights of C.  sativa vs   

       P. hysterophorus in Replacement Series Experiment. 

 

RELATIVE PLANTING 
FREQUENCIES 

ROOT:SHOOT 
C.  sativa P.  hysterophorus 

C.  sativa 
vs 

P. hysterophorus 

1/0 
 

0.115 
± 0.005 

- 

0.83/0.17 
 

0.118 
± 0.004 

0.130 
± 0.005 

0.67/0.33 
 

0.111 
± 0.036 

0.106 
± 0.005 

0.5/0.5 
 

0.113 
± 0.012 

0.111 
± 0.007 

0.33/0.67 
 

0.086 
± 0.004 

0.102 
± 0.008 

0.17/0.83 
 

0.086 
± 0.001 

0.094 
± 0.001 

0/1  
 

- 0.101 
± 0.005 
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Table  3.11      Average Root/Shoot ratio of dry weights of C.  occidentalis vs 

                        P. hysterophorus in Replacement Series Experiment. 

RELATIVE PLANTING 
FREQUENCIES 

ROOT:SHOOT 
C.  occidentalis P. hysterophorus

 
C.  occidentalis 

vs 
P. hysterophorus 

1/0 
 

0.064 
± 0.005 

- 

0.83/0.17 
 

0.069 
± 0.002 

0.110 
± 0.009 

0.67/0.33 
 

0.060 
± 0.005 

0.017 
± 0.006 

0.5/0.5 
 

0.061 
± 0.001 

0.118 
± 0.006 

0.33/0.67 
 

0.037 
± 0.003 

0.115 
± 0.007 

0.17/0.83 
 

0.035 
± 0.005 

0.132 
± 0.006 

0/1  
 

- 0.124 
± 0.009 

Table 3.12 Average Root/Shoot ratio of dry weights of S. glauca Vs P. 

                     hysterophorus in Replacement Series Experiment. 

RELATIVE PLANTING 
FREQUENCIES 

ROOT:SHOOT 
S. glauca P. hysterophorus 

S. glauca 
vs 

P. hysterophorus 

1/0 
 

0.092 
± 0.006 

- 

0.83/0.17 
 

0.071 
± 0.003 

0.057 
± 0.010 

0.67/0.33 
 

0.048 
± 0.007 

0.100 
± 0.032 

0.5/0.5 
 

0.054 
± 0.005 

0.112 
± 0.005 

0.33/0.67 
 

0.053 
± 0.007 

0.111 
± 0.012 

0.17/0.83 
 

0.043 
± 0.006 

0.129 
± 0.017 

0/1  
 

- 0.122 
± 0.008 
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          3.2.3 Interpretation on the basis of Relative yield and Relative yield Total (RYT) 

Relative Yield (r) and Relative Yield Total (RYT) for C. album and P. hysterophorus: 

Table 3.13 shows the average values of Relative Yields of C. album (rc) and P. 

hysterophorus (rp) and Relative Yield Total (RYT) obtained from the sum of rc and rp. 

The relative yields of C. album (rc) decreased with the decrease in the relative planting 

frequency and the relative yields of P. hysterophorus (rp) correspondingly increased with 

increasing relative planting frequencies. The increase/decrease was statistically 

significant in all samples except in relative yields for C. album (rc) in the planting 

frequencies 0.67/0.33 and 0.5/0.5. The decrease in rc was seen to be balanced by increase 

in corresponding values of rp, thus resulting in approximately same values of Relative 

Yield Total, ranging from 0.84 to 1.01, the difference in values being statistically only in 

relative frequencies of 0.83/0.17 and 0.33. 

From the fact that the calculated value of Relative Yield Total was found to be unity, 

or nearly so, it could be deduced that both C. album and P. hysterophorus were 

competitive and were crowding in the same ‘space’ 

 
 

Relative Yield (r) and Relative Yield Total (RYT) for K. indica and P. 

hysterophorus: 

Table 3.14 presents the values of Relative Yields of K. indica (rk) and P. 

hysterophorus (rp) and their Relative Yield Total (RYT). The same pattern of 

decrease in Relative Yield values of (rk) with corresponding increase in values of rp, 

with increasing relative planting frequency for K. indica and decreasing relative 

planting frequency for P. hysterophorus, was recorded. The values of rk and rp in 

samples, where proportion of the two species was not very different (4:8, 6:6, 8:4) a 

non-significant difference was observed. 

The Relative Yield totals in all relative planting frequencies was almost one, and as 

the difference in the results of RYT were non-significant, the two species were 

found to be highly competitive on the basis of occupation of the same niche. 
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Table  3.13:   Relative Yields of C. album (rc) and P. hysterophorus (rp) 

                       and Relative Yield Total (RYT) in corresponding plant 

                       frequencies 

 

Relative Planting 

frequency 

C. album vs P. hysterophorus 

Relative Yields of 

C. album  

(rc) 

Relative Yields of 

P. hysterophorus 

(rp) 

Relative Yield 

Total 

(RYT) 

P
. h

ysteroph
oru

s 
 


 C

. albu
m

 

1/0 - - - 

0.83/0.17 0.50a 

±0.01 

0.34e 

±0.00 

0.84b 

±0.01 

0.67/0.33 0.35b 

±0.01 

0.44d 

±0.26 

0.79c 

±0.02 

0.5/0.5 0.34b 

±0.02 

0.68c 

±0.04 

1.01a 

±0.05 

0.33/0.67 0.26c 

±0.01 

0.83b 

±0.03 

1.09a 

±0.02 

0.17/0.83 0.11d 

±0.01 

0.90a 

±0.02 

1.01a 

±0.01 

0/1 - - - 

 

Treatment means within each column with different letters are significantly different. 

P = 0.05 according to Duncan’s New Multiple range Test. 
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Table  3.14:   Relative Yields of K. indica (rk) and P. hysterophorus and Relative 

                        Yield Total (RYT) in corresponding plant frequencies 

 

Relative Planting 
frequency 

K. indica vs P. hysterophorus 

Relative Yields 
of K. indica 

(rk) 

Relative Yields of 
P. hysterophorus  

(rp) 

Relative Yield 
Total 
(RYT) 

P
. h

ysteroph
oru

s 
 


 K

. in
dica 

1/0 - - - 

0.83/0.17 0.74a 

±0.02 

0.36d 

±0.02 

1.11a 

±0.07 

0.67/0.33 0.63b 

±0.01 

0.55c 

±0.03 

1.17a 

±0.04 

0.5/0.5 0.37c 

±0.01 

0.65c 

±0.03 

1.02a 

±0.03 

0.33/0.67 0.32c 

±0.01 

0.71b 

±0.01 

1.03a 

±0.03 

0.17/0.83 0.09d 

±0.00 

0.91a 

±0.02 

1.00a 

±0.01 

0/1 - - - 

 

Treatment means within each column with different letters are significantly                       

different.  P = 0.05 according to Duncan’s New Multiple range Test. 
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 Relative Yield (r) and Relative Yield Total (RYT) for C. sativa and P. 

hysterophorus: 

Table 3.15 shows that the Relative Yield of C.  sativa and P. hysterophorus 

decreased from 0.820 to 0.100  and 0.869 to 0.328, respectively, along the 

decreasing gradient of their planting frequencies. The Relative Yield total was 

found to be close to unity in all  cases though an insignificant increase was 

registered where P. hysterophorus was few in number than C.  sativa, suggesting 

that even a few plants of  P. hysterophorus could contribute to increased yield.  

 

 Relative Yield (r) and Relative Yield Total (RYT) for A. viridis and P. 

hysterophorus: 

The Relative Yield of A. viridis was found to be the lowest among all the plant 

species studied as it ranged from 0.077 to 0.602 (Table 3.16). P. hysterophorus 

showed relatively higher Relative Yield values but RYT followed exactly the 

same trend as C. sativa, being close to one.  
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Table 3.15      Relative Yields of   Cannabis sativa  (rcs )   P. hysterophorus 

                    (rp) and Relative Yield Total (RYT) in corresponding plant frequencies 

 
Relative Planting 
frequency 

C. sativa   vs P. hysterophorus 

Relative Yields of  
C. sativa  

(r cs) ) 

Relative Yields of P. 
hysterophorus  

 (rp) 

Relative Yield 
Total (RYT) 

P
 .h

ysteroph
oru

s 
 


 C

. sativa  

1/0 - - - 

0.83/0.17 
 
 

0.82a 
± 0.04 

0.33e 
± 0.044 

1.15a 
± 0.048 

0.67/0.33 
 
 

0.58b 
± 0.032 

0.58d 
± 0.053 

1.16a 
± 0.080 

0.5/0.5 
 
 

0.40c 
± 0.013 

0.64c 
± 0.020 

1.04a 
± 0.033 

0.33/0.67 
 
 

0.16d 
± 0.010 

0.78b 
± 0.043 

0.95a 
± 0.052 

0.17/0.83 
 
 

0.10d 
± 0.009 

0.87a 
± 0.026 

0.97a 
± 0.023 

0/1 
 
 

- - - 

 

Treatment means within each column with different letters are significantly different.  P = 0.05 

according to Duncan’s New Multiple range Test. 
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Table 3.16  Relative Yields of   A.  viridis (r av)  and  P.  hysterophorus (rp) and 

                    Relative Yield Total (RYT) in corresponding plant frequencies 
 
Relative Planting 
frequency 

                                        A.  viridis vs P. hysterophorus  
 
Relative Yields of 

A. viridis 
 

(r av) ) 

Relative Yields of P. 
hysterophorus 

(rp) 

Relative Yield 
Total 
(RYT) 

P
 .h

ysteroph
oru

s 
 


 A

. viridis 
 

1/0 
 
 

- - - 

0.83/0.17 
 
 

0.60a 
± 0.043 

0.41c 
± 0.011 

1.01a 
± 0.053 

0.67/0.33 
 
 

0.45b 
± 0.013 

0.61b 
± 0.007 

1.06a 
± 0.005 

0.5/0.5 
 
 

0.30c 
± 0.016 

0.69b 
± 0.039 

0.99a 
± 0.044 

0.33/0.67 
 
 

0.18d 
± 0.007 

0.81a 
± 0.008 

0.99a 
± 0.013 

0.17/0.83 
 
 

0.08e 
± 0.005 

0.88a 
± 0.034 

0.95a 
± 0.034 

0/1 
 
 

- - - 

 
Treatment means within each column with different letters are significantly different.  P = 

0.05 according to Duncan’s New Multiple range Test. 
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 Relative Yield (r) and Relative Yield Total (RYT) for C. occidentalis and P. 

hysterophorus: 

From Table 3.17, showing the average Relative Yields of C. occidentalis  (rco )  

P. hysterophorus  (rp)  Relative Yield Total (RYT) in corresponding plant 

frequencies, it is evident that the former has considerably higher and rather 

uniform Relative Yield values ranging from 0.797 to 0.918. On the other hand 

the Relative Yield for P. hysterophorus is relatively quite low, being 0.134 at 

the lowest planting frequency and 0.503 at the highest. The RYT in the first 

two planting densities, where the proportion of C. occidentalis higher, it is 

nearly equal to one and where P. hysterophorus is greater in proportion it is 

more than one. 

 

 

Relative Yield (r) and Relative Yield Total (RYT) for S. glauca and P. 

hysterophorus: 

Table 3.18, shows that the Relative Yields of S. glauca fall in almost the same 

range as those of C. occidentalis, ranging from, 0.637 to 0.902. The Relative Yield of P. 

hysterophorus falls from 0.484 to only 0.090, the lowest value of Relative Yield 

recorded for it so far, implying that S. glauca suppresses the yield of P. 

hysterophorus. 
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Table  3.17  Relative Yields of  C.  occidentalis (rco )  and P.  hysterophorus  

                       (rp) and Relative Yield Total (RYT) in corresponding plant frequencies 

 

Relative Planting 
frequency 

               C. occidentalis  vs P. hysterophorus  
 
Relative Yields of  
C. occidentalis   

(rco  ) 

Relative Yields 
of P. 

hysterophorus 
(rp) 

Relative Yield 
Total 
(RYT) 

P
 .h

ysteroph
oru

s 
 


  C

. occiden
talis   

1/0 - - - 

0.83/0.17 
 
 

0.91a 
± 0.006 

0.13d 
± 0.011 

1.04c 
± 0.006 

0.67/0.33 
 
 

0.86a 
± 0.016 

0.24c 
± 0.025 

1.10c 
± 0.036 

0.5/0.5 
 
 

0.80b 
± 0.325 

0.24c 
± 0.011 

1.37a 
± 0.055 

0.33/0.67 
 
 

0.92a 
± 0.005 

0.37b 
± 0.025 

1.21b 
± 0.082 

0.17/0.83 
 
 

0.82b 
± 0.030 

0.53a 
± 0.045 

1.35a 
± 0.018 

0/1 
 

- - - 

 
Treatment means within each column with different letters are significantly different. 

 P = 0.05 according to Duncan’s New Multiple range Test. 
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Table 3.18 Relative Yields of   S. glauca (r s) and   P. hysterophorus (rp) and 

                 Relative Yield Total (RYT) in corresponding plant frequencies 

 

Relative Planting 
frequency 

                                         S. galuca vs P. hysterophorus  
 
Relative Yields 
of S. glauca 

(r s) 

Relative Yields of P. 
hysterophorus (rp) 

Relative Yield Total 
(RYT) rp + r s 

P
 .h

ysteroph
oru

s 
 


  S

. glau
ca 

1/0 
 

- - - 

0.83/0.17 
 
 

0.90a 
± 0.023 

0.09e 
± 0.004 

0.99a 
± 0.020 

0.67/0.33 
 
 

0.82b 
± 0.033 

0.15d 
± 0.001 

0.97a 
± 0.031 

0.5/0.5 
 
 

0.80b 
±0.013 

0.22c 
± 0.015 

 

1.03a 
± 0.07 

0.33/0.67 
 
 

0.78b 
± 0.016 

 

0.32b 
± 0.020 

1.10a 
± 0.029 

0.17/0.83 
 
 

0.64c 
± 0.020 

0.48a 
± 0.018 

1.10a 
± 0.029 

0/1 
 
 

- - - 

  

Treatment means within each column with different letters are significantly different.  P 

= 0.05 according to Duncan’s New Multiple range Test. 
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3.2.4 Interpretation on the basis of Relative Crowding Coefficient (K) 

 

Relative Crowding Coefficient (k) for C. album and P. hysterophorus:  

 The ‘competitive power’ became evident when the Relative Crowding Coefficient 

(k) was used to interpret results. Data recorded in Table 3.19 a shows the Relative 

Crowding Coefficient values for C. album (kc) and  P. hysterophorus (kp) and their 

product (kc x kp). 

 No regular trend could be traced for kc or kp but the product of kc and kp values in 

plots with high planting frequency for C. album and low planting frequency for P. 

hysterophorus (i.e. 0.83/0.17 and 0.67/0.33) were found to be less than one. This 

indicated lack of competition. On the other hand, in plots with comparatively 

lower planting frequencies for C. album and higher planting frequencies for P. 

hysterophorus, the product of kc and kp resulted in values higher than one, 

suggesting existence of competition between the two plant species. 

 

Relative Crowding Coefficient (k) for K. indica and P. hysterophorus 

Table 3.20 shows the Relative Crowding Coefficients of K. indica (kk), P. 

hysterophorus (kp) and their product (kk x kp) at different planting frequencies. 

Though the results for kk and kp varied, their product was found to be slightly 

greater than one, indicating a competitive relationship between K. indica and P. 

hysterophorus. Overall, P. hysterophorus proved to be more aggressive as 

indicated by higher Relative Crowding Coefficient values. 
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Table 3.19   Relative Crowding Coefficients of C. album (kc) and  

                     P. hysterophorus (kp) and their product.   

 

Relative Planting 
frequency 

C. album vs P. hysterophorus 
 

Relative Yields 
of C. album 

(kc) 

Relative Yields 
of P. 

hysterophorus 
(kp) 

 
 

kc x kp 
 

P
 .h

ysteroph
oru

s 
 


 C

. albu
m

  

1/0 - - - 

0.83/0.17 0.21c 

±0.01 

2.46a 

±0.05 

0.51c 

±0.02 

0.67/0.33 0.26d 

±0.01 

1.61a 

±0.16 

0.42c 

±0.04 

0.5/0.5 0.50c 

±0.02 

2.32a 

±0.52 

1.17b 

±0.31 

0.33/0.67 0.72b 

±0.03 

2.66a 

±0.50 

1.87a 

±0.28 

0.17/0.83 0.59a 

±0.24 

2.06a 

±0.35 

1.22b 

±0.21 

0/1 - - - 

 
Treatment means within each column with different letters are significantly 

different. P = 0.05 according to Duncan’s New Multiple range Test. 
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Table 3.20:   Relative Crowding Coefficients of K. indica (kk) and  

                     P. hysterophorus (kp) and their product.  

 

Relative Planting 
frequency 

K. indica vs P. hysterophorus 
 

Relative Yields 
of K. indica 

(kk) 

Relative Yields of 
P. hysterophorus 

(kp) 

 
 

kk x kp 
 

K
. i

n
di

ca
 

 


 P
 .h

ys
te

ro
ph

or
u

s 

1/0 - - - 

0.83/0.17 0.59a 

±0.06 

2.83a 

±0.25 

1.64a 

±0.36 

0.67/0.33 0.84b 

±0.07 

2.48a 

±0.30 

2.07a 

±0.31 

0.5/0.5 0.58c 

±0.04 

1.89b 

±0.24 

1.10b 

±0.13 

0.33/0.67 0.94a 

±0.01 

1.21c 

±0.02 

1.14b 

±0.01 

0.17/0.83 0.49d 

±0.01 

2.26a 

±0.51 

1.09b 

±0.24 

0/1 - - - 

 

Treatment means within each column with different letters are significantly different. P = 

0.05 according to Duncan’s New Multiple range Test 

  

. 
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Relative Crowding Coefficient for C. sativa and P. hysterophorus: 

The Relative Crowding Coefficient, for C.  sativa (kcs) and  P. hysterophorus (kp)  

given in table 3.21, indicates the tendency for aggressivity for latter  and highlights a 

clear cut difference between the responses exhibited by P. hysterophorus and C.  

sativa. The Relative Crowding Coefficient for P. hysterophorus (1.215 to 2.977) is 

markedly higher than that of C.  sativa (0.401 to 0.933) in all planting frequencies 

for mixed cultures, signifying its greater competitive power, that confers it 

invasiability. At the planting frequencies 1/0, 0.17/0.83, and 0.33/0.69 the product of 

the relative crowding coefficients was greater than one. 

 

 

Relative Crowding Coefficient (k) for A. viridis and P. hysterophorus: 

A. viridis followed the same pattern for the Relative Crowding Coefficient as that 

shown by C. sativa, except that the suppression of A. viridis was much more 

pronounced than that of C. sativa. The lowest value of the relative crowding 

coefficient for P. hysterophorus was 1.548 and the highest was 3.390. The products 

of the relative Crowding Coefficients were slightly higher than unity in the first four 

planting frequencies, falling to 0.960 and 0.599 in the 0.17/0.83 and 0/1 planting 

frequencies, respectively (Table 3.22). 
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Table  3.21     Relative Crowding Coefficients of   C.  sativa (kcs)  and P. hysterophorus 

(kp) and their product.  

 

Relative Planting 
frequency 

Cannabis sativa vs P. hysterophorus 
 

Relative Crowding 
Coefficient of C. 

sativa 
(kcs) 

Relative Crowding 
Coefficient  

of P. hysterophorus 
(kp) 

 
 

kcs x kp 
 

C
. s

at
iv

a
 


 P

 .h
ys

te
ro

ph
or

u
s 

1/0 - - - 

0.83/0.17 
 
 

0.93a 
± 0.025 

1.97b 
± 0.447 

1.86b 
± 0.471 

0.67/0.33 
 
 

0.70b 
± 0.085 

2.98a 
± 0.603 

2.16a 
±0.582 

0.5/0.5 
 
 

0.67b 
± 0.034 

1.82b 
± 0.176 

1.22c 
± 0.179 

0.33/0.67 
 
 

0.40c 
± 0.026 

1.50c 
± 0.119 

0.61d 
± 0.081 

10.17/0.83 
 
 

0.54c 
± 0.055 

1.22d 
± 0.118 

0.65d 
± 0.078 

0/1 
 
 

- - - 

 

Treatment means within each column with different letters are significantly different. P = 

0.05 according to Duncan’s New Multiple range Test. 
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Table 3.22:   Relative Crowding Coefficients of A.  viridis  (kav) and   P.   

                        hysterophorus (kp) and their product.  

 

Relative Planting 
frequency 

A.  viridis  vs P. hysterophorus 
 

Relative Crowding 
Coefficient  of A. 
viridis 

(kav) 

Relative Crowding 
Coefficient of P. 

hysterophorus (kp) 

 
 
   kav x kp  
 

A
. v

ir
id

is


 


 P
 .h

ys
te

ro
ph

or
u

s 

1/0 
 
 

- - - 

0.83/0.17 
 
 

0.33b 
± 0.058 

3.39a 
± 0.154 

1.29a 
± 0.138 

0.67/0.33 
 
 

0.40a 
± 0.020 

3.20a 
± 0.100 

1.28a 
± 0.025 

0.5/0.5 
 
 

0.43a 
± 0.033 

2.36b 
± 0.488 

1.03b 
± 0.233 

0.33/0.67 
 
 

0.45a 
± 0.020 

2.14c 
± 0.116 

0.96b 
± 0.086 

0.17/0.83 
 
 

0.39a 
± 0.018 

1.55d 
± 0.342 

0.60c 
± 0.127 

0/1 
 
 

- - - 

 

Treatment means within each column with different letters are significantly different. P = 

0.05 according to Duncan’s New Multiple range Test. 
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Relative Crowding Coefficient for C. occidentalis and P. hysterophorus 

From Table 3.23 it is evident that the Crowding Coefficients for C. occidentalis seem to   

be very different from those obtained for all other species under study, the values being 

extremely high, exceeding 22 in the 0.33/0.67 planting frequency. The Crowding 

Coefficient for P. hysterophorus progressively increased from monoculture to mixed 

culture that supported increased density of C. occidentalis. This extraordinary behavior 

exhibited by C. occidentalis could be attributed to its relatively greater biomass and 

shrubby tendency and also probably due to greater intraspecific competition than 

interspecific competition and this calls for further investigation into this aspect.  

 

Relative Crowding Coefficient for S. glauca and P. hysterophorus 

Table 3.24 shows the Relative Crowding Coefficients of S. glauca and P. 

hysterophorus from the Replacement Series Experiment. The results revealed that S. 

glauca showed a similar tendency with C. occidentalis with regards to its response 

towards P. hysterophorus in the Replacement Series Experiment, the difference being 

that the results were relatively less pronounced. The Relative Crowding Coefficients 

of S. glauca ranged from 2.160 to 8.723 as its density decreased and the 

corresponding density of the P. hysterophorus plants increased. The Relative 

Crowding Coefficients of P. hysterophorus on the other hand remained very low 

suggesting its suppression by the grass species.  
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Table 3.23    Relative Crowding Coefficients of C. occidentalis   

                     (kco) and P. hysterophorus (kp) and their product.  

 

Relative Planting 
frequency 

C. occidentalis vs P. hysterophorus 
 

Relative Crowding 
Coefficient of C. 

occidentalis 
(kco ) 

Relative Crowding 
Coefficient of 

P.hysterophorus 
(kp) 

 
 

k co    x kp 
 

C
. o

cc
id

en
ta

li
s

 


 P
 .h

ys
te

ro
ph

or
u

s 

1/0 - - - 

0.83/0.17 
 
 

1.20b 
± 0.133 

0.76a 
± 0.073 

1.50d 
± 0.057 

0.67/0.33 
 
 

3.01b 
± 0.366 

0.65b 
± 0.092 

1.99c 
± 0.402 

0.5/0.5 
 
 

- - - 

0.33/0.67 
 
 

22.92a 
± 1.301 

0.29c 
± 0.032 

6.75a 
± 1.021 

0.17/0.83 
 
 

21.01a 
±  3.000 

0.20c 
± 0.015 

4.09b 
± 0.433 

0/1 
 

 - - 

 

Treatment means within each column with different letters are significantly different. P = 

0.05 according to Duncan’s New Multiple range Test. 
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Table  3.24   Average Relative Crowding Coefficients of   S. glauca (ksg) and 
                        P. hysterophorus (kp) and their product.  
 

Relative Planting 
frequency 

S. glauca  vs P. hysterophorus 
 

Relative 
Crowding 
Coefficient of S. 
glauca   

(ksg) 

Relative Crowding 
Coefficient of P. 
hysterophorus 

 (kp) 

 
 
   ksg x kp  
 

S
. g

la
u

ca


 


 P
 .h

ys
te

ro
ph

or
u

s 

1/0 
 

- - - 

0.83/0.17 
 
 

2.16d 
± 0.540 

0.48a 
± 0.023 

1.03c 
± 0.233 

0.67/0.33 
 
 

2.42d 
± 0.548 

0.35b 
± 0.004 

0.85d 
± 0.188 

0.5/0.5 
 
 

3.91c 
± 0.180 

0.34b 
± 0.005 

1.21b 
± 0.090 

0.33/0.67 
 
 

7.12b 
± 0.646 

0.33b 
± 0.021 

1.69a 
± 0.230 

10.17/0.83 
 
 

8.72a 
± 0.752 

0.20c 
± 0.014 

1.76a 
± 0.256 

0/1 
 

- - - 

 

Treatment means within each column with different letters are significantly different. P = 

0.05 according to Duncan’s New Multiple range Test. 
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 Comparison of the Relative Crowding Coefficients of Species under study 

 

Table 3.25 shows the Relative Crowding Coefficients of P. hysterophorus and the 

other species under study. It clearly depicts the hierarchy with regards to the 

aggressivity and hence competitive ability of the species concerned. P. 

hysterophorus possesses higher Relative Crowding Coefficients than C.  album, 

K.  indica, C.  sativa, A.  viridis, but markedly lesser than C.  occidentalis and S.  

glauca.  

 

On the basis of the Relative Crowding Coefficients, a hierarchy with regards to 

aggressivity and thus competitive ability can be established and the ranking with 

least aggressive to the most aggressive would be A.  viridis < C.  album < C.          

sativa < K.  indica < P. hysterophorus < S.  glauca < C.  occidentalis with 

average Crowding Coefficients being 4.000, 0.648, 0.688, 2.134, 5.197 and 

12.234, respectively. 

3.2.5 Interpretation of the Replacement Diagrams 

            Chenopodium album vs Parthenium hysterophorus 

Fig. 3.1 shows the Replacement Diagram based on the Absolute yield of C. album 

and P.  hysterophorus and clearly indicates that ‘actual’ yields of both the species 

deviated from the ‘expected’ yields. Interestingly, P.  hysterophorus exceeded its 

‘expected yield’ whereas C. album did not attain it. Thus it is clearly indicative of 

a competition between the exotic and the co-occurring species, the competition 

being of the ‘compensatory’ type, in which P.  hysterophorus appears to be a 

better competitor.  

Fig. 3.2 represents the Replacement Diagram for Relative Yield and Relative 

Yield Total. Where the RYT is equal to 1 or nearly 1 it is deduced that both the 

species crowd for the same place and where it falls below 1, the occupation of the 

same niche does not seem so strict. 
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 Kochia indica vs Parthenium hysterophorus 

 

The Replacement Diagram (Fig.3.3) followed similar trend for K. indica as it 

depicted for C. album, showing that the ‘actual’ yields of both the species 

deviated from the ‘expected’ yields. The yield of K. indica fell well below the 

‘expected’ level and P.  Hysterophorus exceeded it, suggesting a  ‘compensatory’ 

type of competition, where the loss in yield of one species is compensated by 

excessive yield of the other. Relatively earlier decline of the graph line for C. 

album as compared to K. indica suggested that P. hysterophorus competed with 

C. album more strongly than with K. indica.  

Fig. 3.4 representing Relative Yields and Relative Yield Total for K. indica and P.  

hysterophorus clearly shows that both the species had RYT almost equal to unity, 

that although P.  hysterophorus appears to be dominant, the total yield remained 

almost constant.  
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Figure  3.1  Replacement diagram (Absolute Yield) for C. album  and P. hysterophorous

 

 
 
Figure  3.2 Replacement diagram (Relative Yield) for C. album  and P. hysterophorous 
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 Figure 3.3 Replacement diagram (Absolute Yield) for K. indica and P. 
 hysterophorous 
 

 
 
 

Figure 3.4  Replacement diagram (Relative Yield) for K. indica  and P. 
hysterophorous 
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 Cannabis sativa vs Parthenium hysterophorus 

Fig. 3.5 and 3.6 represent the Replacement Diagrams for C. sativa vs P.  hysterophorus 

on the basis of absolute yield and Relative yield, respectively. It follows the same trend 

as shown by C. album, K. indica and C. sativa, being suppressed by P. hysterophorous, 

the latter put out relatively more yield than the ‘expected yield’, whereas C. sativa 

shows a poorer performance in terms of the actual yield in comparison to that expected. 

Likewise, the Replacement Diagram on the basis of Relative Yield reveals better yield 

production by P. hysterophorous and almost constant Relative Yield Total (RYT) for 

all the planting frequencies, implying that the two species compensated loss and gain in 

their yields.  

 

 Amaranthus viridis vs Parthenium hysterophorus 

 Fig. 3.7 and 3.8 compare the Absolute Yields and Relative Yields of A.  viridis and P.  

hysterophorus in the Replacement Series Experiment. The Absolute Yield by exotic 

plant, P.  hysterophorus   more than compensates for the reduced yield by A. viridis 

when grown together. The RYT, however, being unity in almost all planting frequency 

points at the fact that even when grown in a mixed culture the yield remains almost 

uniform and does not increase that obtained in the monocultures. The smallest size of 

A.  viridis, amongst all the target species seems to contribute to its poorer performance. 
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 Figure 3.5 Replacement diagram (Absolute Yield) for C.  sativa and  P. 
hysterophorous. 

 
 

 

 
Figure 3.6 Replacement Diagram (Relative Yield) for C.  sativa and P.  hysterophorous 
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 Figure 3.7 Replacement diagram (Absolute Yield) for A. viridis and P. 

 hysterophorus 

 
 
 
 

 
 
 Figure. 3.8 Replacement Diagram (Relative Yield) for A. viridis and P. 
 hysterophorus 
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 Cassia occidentalis vs Parthenium hysterophorus 

The Replacement diagrams illustrate graphically the Absolute Yield (Fig. 3.9) and 

Relative Yield (3.1.10) for C.  occidentalis and P.  hysterophorus.  C.  occidentalis 

produced one of the highest Absolute Yields and suppressed the yield of P.  

hysterophorus as is reflected from the Replacement diagram. In contrast to other 

species under study, it produced higher yield in mixed culture than in pure culture 

where  P.  hysterophorus and  C.  occidentalis were grown in equal proportion. 

The RYT was also above one in all the planting densities implying that the yield of 

both the species taken together in mixed cultures exceeded the yields in 

monocultures. 

 

 Setaria glauca vs Parthenium hysterophorus 
 

The Replacement diagram, based on the Absolute Yields of S. glauca and P.  

hysterophorus, has been illustrated in Fig. 3.11. The curve representing S. glauca 

was much higher than rest of the species but relatively lower than C. occidentalis. 

The curve for P.  hysterophorus was the lowest in the replacement series against S. 

glauca, signifying the superior competitive ability exhibited by S. glauca followed 

by C. occidentalis. 

Fig 3.12 shows the Relative Yields of S. glauca and P.  hysterophorus and their sum 

and as is obvious from the graph it is near unity but slightly higher than one as the 

relative proportion of hysterophorus increases. 

 

 

 

 

 

 



88 
 

 

 

 
 
 
Figure  3.9 Replacement diagram (Absolute Yield) for C. occidentalis and P. 
hysterophorus 

 
 
 

 
  Figure  3.10 Replacement diagram (Relative Yield) for C. occidentalis and P. 
hysterophorus 
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Figure 3.12  Replacement diagram (Absolute  Yield) for S. glauca and P. 
hysterophorus 

 

 
 

Figure 3.11 Replacement diagram (Absolute  Yield) for S. glauca and P. 
hysterophorus 
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3.3   DISCUSSION 

 

The Replacement Series Experiments conducted for investigation into the interspecific 

competitive abilities between, P.  hysterophorus and six other commonly co-occurring 

species, namely Chenopodium album, Kochia indica, Canabis sativa, Amaranthus 

viridis, Cassia occidentalis and Setaria glauca, were analyzed on the basis of  

mathematical indices such as Relative Yield and Relative Crowding Coefficients, 

based on Absolute Yields (dry weights), as well as the graphical indices such as 

Replacement Diagrams. 

3.3.1 Comparison of the Root: Shoot Ratio (R:S) 

Figure 3.13 compares the average root: shoot ratio of P. hysterophorus with the other 

six species under study. It is clearly evident that amongst all the plant species P. 

hysterophorus possessed highest root: shoot ratio in all the planting frequencies except 

in its monoculture where C. sativa shows slightly higher values. This attribute 

probably adds to its potential to be a better competitor as it aids in early establishment, 

hence it gains an edge over the rest of the species. This view is supported by the 

opinion of Sharifi (1983) who regards the root effect as primary and shoot effect as 

secondary because root competition commences earlier than shoot competition.  

The decreasing R: S ratio for the rest of the species in monocultures was found to be in 

the order of C. sativa > C. album > S. glauca > A. viridis > C. occidentalis > K. indica 

but a varied pattern was found for mixed cultures with progressively decreasing 

density of these species and corresponding increasing density of P. hysterophorus. 

The root:shoot ratios of both C.  occidentalis and S.  glauca dropped the most, 

indicating that once established the allocation of biomass was directed more towards 

the shoots, enabling the plants to overpower the aggressive exotic plant. This placed P. 

hysterophorus at a competitive disadvantage although the rest of the conditions were 

productive. Thus a plausible explanation to the suppression of P. hysterophorus seems 

to be the production of huge biomass of shoots that is a prerequisite for effective 
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competition taking place at above ground level. Moreover, S.  glauca possesses a 

dense fibrous root system that might give it a competitive edge. Fetene (2003) made a 

similar speculation regarding a Replacement Series Experiment involving a 

dicotyledon species and a grass, Hyparrenia and suggested that the fibrous root system 

of the grass was partly responsible for its being a better competitor. 

Additional features of C.  occidentalis and S.  glauca that might be implicated in their 

success appears to be their massive shoots, as determined from the absolute yield in 

this study.  C. occidentalis, though not very dense has a shrubby habit and perhaps, 

reduces the incident light reaching P. hysterophorus.  The advantage of S. glauca over 

P.  hysterophorus appeared also mainly related to its ability to produce massive aerial 

parts that grow at a faster rate than P. hysterophorus and cut off the light reaching the 

latter, thereby hindering the photosynthetic process and retarding its growth. Similarly, 

Bhagirath et al., (2010) reported shoot competition for light to be the primary 

mechanism that determines competitive outcomes between and junglerice and dry 

direct-seeded rice. Kumari et al. (2010) reported physical dominance of two 

aggressive species, namely, Hyptis suaveoleus and Senna uniflora over P. 

hysterophorus and resulted in arrested growth of the latter as the two species tended to 

deprive P. hysterophorus of light.  

 A striking observation made in the Replacement Series Experiment between P. 

hysterophorus and S. glauca was that although all the plants of the former species 

survived, only three attained flowering and all the rest remained vegetative, while 

most of the plants in natural conditions at that time of the year had long reached the 

flowering stage.  

Usually there is a danger of extending controlled field experiments to natural 

conditions (Sharifi, 1983) and this may also be the case with the grass, S. glauca, 

which being an annual might not compete so well with P. hysterophorus in the natural 

conditions, as it senesences earlier than P. hysterophorus. Moreover, P. hysterophorus 

germinates throughout the year (Parsons and Cuthbertson, 2001) and even regenerates 

through last year’s winter-tiding stumps (Ramaswami, 1997; Ramamoorthy et al., 

2003), and these two attributes might influence its competitive behavior, thus 

conferring it an additional advantage in natural conditions.  
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            Fig. 3.13 Comparison of Root: Shoot ratio of P. hysterophorus and six co-   
                            occurring species. 
 

 

 

Table  3.25 Relative Crowding Coefficients of P. hysterophorus and six common co-        
occurring species 

Relative 
planting 
Frequency 

C. 
album 

K. 
indica 

C. 
sativa 

A. 
viridis 

C. 
occidentalis

S. 
glauca 

P. 
hysterophorus

0.83/0.17  0.21 0.59 0.933 0.325 1.999 3.118 2.83 

0.67/0.33  0.26 0.84 0.697 0.403 3.008 2.209 2.48 

0.5/0.5  0.5 0.58 0.667 0.433  - 3.994 1.89 

0.33/0.67  0.72 0.94 0.401 0.447 22.92 6.728 1.21 

0.17/0.83  0.59 0.49 0.54 0.392 21.007 9.937 2.26 

Average  0.456  0.688  0.648  0.400  12.234  5.197  2.134 
 

 

 

 



93 
 

3.3.2 Ranking of competitiveness on the basis of competition indices 

The Absolute yields determined from the Replacement Series Experiments showed that 

C.  occidentalis, C.  album, K.  indica, and S.  glauca possessed the highest Absolute 

yields, ranging from an average of 700 to 943 g/ plot. However, the Replacement 

Diagrams based on the absolute yields presented a clear picture illustrating that ‘actual’ 

yield by C.  occidentalis and S.  glauca was higher than the ‘expected yield’, whereas C.  

album and K.  indica produced biomass lesser than the expected value. On the other 

hand P.  hysterophorus caused a comparable and marked reduction in the biomass 

against the two former  species and fared well against the latter two. This indicates that 

although the biomass plays a key role in the competition, it is not the only determining 

factor, and other factors might be in play as well.  

The interpretation of the Replacement Diagrams (Absolute Yield) on the basis of the 

point of intercept of the curves representing the yields of the two species generates 

valuable information regarding the competitiveness of the species involved. The 

intercept of C.  album and K.  indica formed at a point after the 0.5/0.5 planting 

frequency ( 50%- 50% mixture) and was located between 0.5/0.5 and 0.33/0.67, and 

0.33/0.67 and 0.17/0.83 planting frequency, respectively, implying that only when the 

two species were present in low numbers, their yield was markedly reduced (Fig.1 and 

3) Curves representing the yields of C.  sativa and A.  viridis intercepted before the 50-

50 % proportion indicating its early (at relatively higher planting densities) suppression 

by P.  hysterophorus, hence suggesting both to be a weaker competitors( Fig. 3.5 and 

3.7). On the contrary, the intercept in the Replacement Diagrams for C.  occidentalis and 

S.  glauca was formed not only after 50-50 mixture but at their lowest planting densities 

indicating them to be strong competitors against P.  hysterophorus (Fig. 3.9 and 3.11). 

Likewise, the Replacement Diagrams, based on the relative Yields and Relative Yield 

Total (RYT) are self explanatory, as those for C.  album, K.  indica, C.  sativa and A.  

viridis reflect almost the same degree Relative Yields and the same response by P.  

hysterophorus as the yield of the former four species drops significantly when the 

density of P.  hysterophorus plants increases. The RTY, however, remains constant, 

being near unity, indicating that the competition is compensatory and the increase in 
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yield of one species results in the decrease of the other, and that the two species have 

equal demands on the common and same limiting resources (Fetene, 2003).  On the 

other hand the Replacement Diagrams for C. occidentalis and S.  glauca reveal a drop in 

the yield of P.  hysterophorus even at higher planting densities of the latter species, 

thereby suggesting its suppression.  

The Crowding Coefficient, an attribute of aggressivity, makes the picture even clearer as 

it offers a quantitative criterion on the basis of which ranking with regards to 

competitiveness can be established. A comparison of the all the competition indices 

revealed a similarity in the trends with the exception of RYT that showed no significant 

difference between the species response.  Table 3.25 compares the Crowding 

Coefficients of all the species and designates greater competitiveness in the order of C.  

occidentalis > S.  glauca > P. hysterophorus> K.  indica> C.  sativa > C.  album > A.  

viridis, suggesting C.  occidentalis to be the strongest and A.  viridis to be the weakest 

competitors amongst all the species. However, for C.  occidentalis it was observed that it 

produced even greater biomass in the mixed cultures than in monocultures. A similar 

observation was made for Alopecurus that had greater per individual dry weight when 

grown in a mixed culture than in pure culture (Sharifi, 1983). 

From the overall results of the present study it can be concluded that out of the six 

common colonizer species, four that were suppressed by P.  hysterophorus included  C.  

album, K.  indica, C.  sativa, A.  viridis and the two that curtailed the growth of  P.  

hysterophorus and hence proved to be superior competitors against it were Cassia 

occidentalis and Setaria glauca.. On the basis of the results of the interspecific 

competition it can be concluded that most of the coexisting species are suppressed by P. 

hysterophorus and in future are liable to being out competed by the invasive exotic. On 

the other hand the superior competitive ability and tendency of better performance by C.  

occidentalis and S.  glauca against P. hysterophorus appears to be an important finding 

that could be utilized in the management strategies for P. hysterophorus. 
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CHAPTER IV 

RECONNAISSANCE SURVEY 

 

Parthenium hysterophorus is a recently introduced exotic in Pakistan and has been 

reported (Vehra, 2002; Shabbir and Bajwa, 2006) to spread in some parts of the Punjab, 

Pakistan. As it is already known to have infested vast areas in many countries of the 

world and has caused adverse impacts (Labrada, 1988; Oudhia, 2001; IPaWN, 2010), 

there is a dire need for an extensive survey to be undertaken in Punjab so as to assess its 

prevalence and identify areas of severe infestation as well as identify the potential areas 

that are liable to be infested by it. This can be possible by carrying out phytosociological 

analysis in the province of Punjab, in the light of previously reported literature on its 

habitat preferences as well as correlating its occurrence with the water regime of the area 

in general and soil characteristics like soil texture in particular. Prior to conducting an 

extensive survey it is imperative to carry out a reconnaissance survey in order to collect 

preliminary information on the basis of which site selection could be done. 

Reconnaissance has been declared to be necessary preliminary to primary survey as the 

area under study is traversed rapidly, enabling the research worker to note the salient 

features of the target plants in order to get a general idea of investigation parameters 

(Tansely, 1954).  

4.1 STUDY AREA 

The survey was conducted in 16 Districts of the Punjab (Fig. 4.1), the most populous 

Province of Pakistan supporting 56% of the total population (Punjab Gateway, 2010). 

Geographical Location:  

Punjab lies between 27o42´ to 34o02´ North latitude and 69o18´ to 75o23´ East longitude. 

Its geographical area is documented to be 20.63 million hectares.  

Topography: 

The Punjab Province is mainly on level plain. However, there are hilly and mountainous 

areas in the Northwest and extreme Southwest and adjacent to its northern side lies the 

plateau of Potohar. There is also a desert belt, known as Cholistan, in the south eastern 

part. 
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Figure 4.1 showing the study area in the province of Punjab, Pakistan – coloured area 

showing districts with prevalence of P. hysterophorus. 
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Population 

The population of Punjab is estimated to be 81,330,531 (World Gazetteer- Punjab, 2010) and 

as compared to the national population density of 164 persons/ km2, Punjab has 358 persons / 

km2 (Punjab Gateway, 2010). The literacy rate is of the Province of the Punjab, as recorded 

in 2009 -2010 is 59% , whereas it was 20.7% in 1972,  27.4% in 1981 and 46.6% in 1998 

(Economic Survey of Pakistan, 2009-2010). 

Climate: 

Punjab has been divided into the following three climatic zones on the basis of annual mean 

rainfall and temperature (Survey General of Pakistan, 2004): 

i. Cool and sub-humid with annual rainfall ranging from 500-1000 mm, receiving 

rain in Summer and Winter 

ii. Warm, semi-arid with rainfall ranging from 250 to 500 mm, receiving rain mostly 

in Summer 

iii.  Hot, Arid with annual rainfall less than 125 mm.  

 

Edaphic Characteristics 

The soils of the Punjab Province are basically of two types: (1) Highly fertile plains that are 

old alluvial soils and are irrigated by means of the vast canal system, as well as gullied, 

ravined and dissected lands (Barani) of Potohar Plateau which are relatively fertile and deep 

(2) Sandy deserts of Cholistan and Thal that constitute approximately 20 % of the total land 

of the province and are characterized by calcareous and infertile soils that have low organic 

contents (Soil Survey of Pakistan Report, 2005).    

 

Land use and Agriculture 

The major land use in Punjab is agriculture and the area under cultivation is 12 million 

hectares and accounts for 58.46 %of the total area. The extensive Punjab irrigation system 

based on 58,000 km of canal network irrigates a vast area of the plains of the Punjab, serving 

26.78 million acres of land (PIDA, 2008). The province of the Punjab plays a key role in 

agriculture production by contributing about 68% to the annual food grain production of the 
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entire country. 51 million acres of the province are cultivated and 9.05 million acres lie as 

cultivable waste. The economy of Punjab is mainly dependent on agriculture and also on 

industry (Punjab Gateway, 2010).  

4.2 OBJECTIVE OF THE RECONNAISSANCE SURVEY 

The main objective of the reconnaissance survey was to select permanent sites in the three 

climatic zones for further Phytosociological survey involving spread and distribution of P.  

hysterophorus, along with some ecological and growth attributes governing its infestation 

potential. 

 4.3 METHODOLOGY 

Prior to conducting the extensive study and data collection a reconnaissance survey was 

carried out in three climatic zones of the province of Punjab for appropriate site selection. As 

a range of 250 to 750 mm mean annual rainfall has been reported (PAG, 2003) to be best 

suited for the growth of P.  hysterophorus,  the entire survey area i.e. 16 districts that were 

selected received annual rainfall ranging from 125 (southern Punjab) to 1000 mm (Northern 

Punjab). Within the survey area, the specific site selection was based on the presence of P.  

hysterophorus, and  the target sites were marked as permanent points that were visited 

seasonally. The 16 Districts selected for the reconnaissance survey were located in 

predominantly agricultural region and included Jehlum, Gujrat, Sialkot, Narowal, 

Gujranwala, Sargodha, Sheikhupura, Nankana, Faisalabad, Lahore, Kasur, Chiniot, Jhang, 

Toba Tek Singh, Okara and Sahiwal (Figure 4.1). The salt range which is also under the 

sway of P.  hysterophorus was not included because of its rough and uneven topography 

which does not fit with the method designed for surveying the agricultural landscape of the 

selected districts. 

The selection of the 16 Districts was followed by a survey for demarcation target sites. The 

route of the survey was selected by taking assistance from paper District Maps and Google 

maps from the internet. Travelling for the survey was done by car and the visual observation 

was made regarding the presence of P.  hysterophorus, along the way. In addition to this, 

video and still photography was done for record purpose.  
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The areas selected for observation included: 

1. Roadside verges 

2. Wastelands 

3. Agricultural fields 

4. Canal/drain sides 

5. Residential area 

6. Forestry land 

In the present study the method of assessment of frequency, made by visual inspection, given 

by Ashby (1973) was followed after slight modification. This method proposes the following 

scale that takes into account the number of individuals and cover of the target species: 

0= absent 

+ = sparsely present 

1= 1 to 10 % of cover 

2= 10 to 20% of cover 

3= 20 to 40% of cover 

4= 60 to 80% of cover 

5= 80 to 100% of cover 

 

4.4 RESULTS AND DISCUSSION  

Taking into account the observations made during the reconnaissance survey and the 

literature available on the pattern of mean annual rainfall in the Province of Punjab (Fig. 4.2), 

the study area was further categorized into three zones for convenience sake for further 

phytosociological survey regarding the invasive weed P. hysterophorus. The zonation thus 

chalked out (Fig. 4.3) is as follows: 

1. ZONE I: 

Zone I includes areas receiving mean annual rainfall ranging from 500 mm to 1000 

mm and include 4 Districts, namely,  Jehlum, Gujrat, Sialkot and Narowal.  
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2. ZONE II:  

Zone II includes areas receiving rainfall between 250 to 500 mm and comprises 7 

Districts i.e. Gujranwala, Sargodha, Sheikhupura, Nankana, Faisalabad, Chiniot, 

Lahore and Kasur. District Nankana has been recently carved out of District 

Faisalabad.                                                                                                                                               

3. ZONE III: 

Areas receiving rainfall less than 125 mm have been designated Zone III and include 4 

Districts i.e.  Jhang, Toba Tek Singh, Okara and Sahiwal. 

Observations made during the reconnaissance survey (Table 4.1) revealed that in Zone I, 

where mean annual rainfall ranged from 500 to 1000mm (Fig. 4.2), the occurrence of P.  

hysterophorus was cosmopolitan and it could be found almost everywhere i.e. along the 

roadsides, wastelands, agricultural lands, forestry areas, along canals, streams and drains. It 

was found to be abundant along the roadside verges having a cover of 60 to 80 %. Along 

canal and drain sides it was found to cover 20 to 80 % of the area. Vacant plots in Zone I 

were found to be covered with P.  hysterophorus to a greater extent (20 to 40 %) as 

compared to those in Zones II (1 to 20 %) and III (either absent or possessing a cover of 1 to 

10%). Although P.  hysterophorus was seen in agricultural area of all districts its infestation 

was not severe, probably due to its removal from within the cropping area and it was 

confined to the boarders of the agricultural land.  

Zone II, where rainfall ranged from 250 to 500 mm P.  hysterophorus was found to be 

slightly less evenly distributed. Along the roadside verges, except for Sheikhupura, where P.  

hysterophorus had a high cover value (60 to 80 %), it was found to have comparatively low 

cover  (10 to 40 %)  in the rest of the districts in Zone II.  

However, in Zone III, P.  hysterophorus was found to be localized and its occurrence was 

observed to be restricted to places that were either close to some water source such as water 

drains/channels or received artificial irrigation, such as agricultural lands. In the southern 

most districts the target species was sparsely found along roadside verges, vacant plots, and 

residential areas. The occurrence of P.  hysterophorus in forestry area in Sahiwal, however, 

was found to be considerably high, probably due to extensive irrigation, resulting in high soil 

moisture content. The results clearly showed that it spread beyond the upper limit of rainfall 
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of 750 mm (PAG, 2003) and similarly can invade areas with lower limit of rainfall, modified 

by irrigation network. 

Keeping in view the preliminary observation in the reconnaissance survey, ten sites per 

district were selected in all districts of Zone I and II,  whereas five sites were selected in the 

two southern most districts (Okara and Sahiwal) of Zone III where the prevalence of P.  

hysterophorus was low.  

The results of the present study reflect that climatic zone I is optimal for P.  hysterophorus as 

most of the surrounding districts (Rawalpindi, Chakwal, Mianwali , Khushab have incidences 

of occurrences according to the preliminary survey of the area. Zone II provides less than 

optimum condition but in districts with restricted drainage (District Sheikhupura) it acquires 

conditions which are similar to Zone I. Most of the districts around the zone are being 

invaded by P.  hysterophorus, whereas Zone III provides least ideal condition as it is 

restricted to irrigated areas only. It can be predicted that the remaining districts in Zone III 

which have not being invaded so far, can be invaded in future by P.  hysterophorus along 

irrigation channels. Such districts include Multan, Muzafargarrh, Rajanpur, Rahim Yar Khan, 

Bhakhar and Laiyyah 

From the point of view of climatic regime, the present preliminary survey reveals that the 

cool and sub-humid climatic zone is invaded by the target species whereas warm and semi 

arid zone is in the process of being invaded,  and in hot and arid one very little invasion has 

taken place. 
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Figure 4.2   Mean annual rainfall pattern in the study area. The white area is also under 

the sway of P.  hysterophorus (Personal Communication) but detailed study was not carried 

out. 

 



103 
 

 

 

Figure 4.3  Map showing the three zones demarked on the basis of mean annual rainfall in 

the study area. 



104 
 

Table 4.1 Presence of P.  hysterophorus in the three zones 
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Zone I Jehlum 4 3 2 4 2 2 
Gujrat 4 3 2 4 2 2 
Sialkot 4 3 2 3 2 2 
Narowal 4 3 2 3 2 2 

Zone II Gujranwala 3 3 1 2 1 1 
Sargodha 2 2 1 2 2 1 
Sheikhupura 4 2 2 3 1 2 
Nankana 2 2 1 2 1 1 
Faisalabad 3 2 1 2 1 2 
Chiniot 2 1 1 2 1 1 
Lahore 3 2 1 3 1 1 
Kasur 3 2 1 3 1 1 

Zone 
III 

Jhang 2 1 1 2 1 1 
Toba Tek Singh 1 1 1 2 1 2 
Okara + 0 1 + + 1 
Sahiwal + + 1 1 + 2 

 

0= absent 
+ = sparsely present 
1= 1 to 10 % of cover 
2= 10 to 20% of cover 
3= 20 to 40% of cover 
4= 60 to 80% of cover 
5= 80 to 100% of cover 
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CHAPTER V                                                               

PHYTOSOCIOLOGICAL SURVEY         

A phytosociological survey was carried out was to map the infestation of P.  

hysterophorus in  Punjab and to develop overlay maps on the basis of the key soil 

attributes like soil texture as well as cover and to predict whether the distribution and 

spread of  P.  hysterophorus was influenced by the soil texture,  soil moisture content and 

climatological aspects like rainfall and temperature. It was hoped that this information 

would help in establishing a correlation, if any, between P. hysterophorus cover, its 

biomass and soil moisture content, in order to predict the incidence of its spread in the 

zones identified on the basis of climatic information in the reconnaissance survey (Fig. 

4.3). 

5.1 MATERIALS AND METHODS 

5.1.1 Field Survey 

The survey was planned to collect comprehensive information on the ecological aspects of 

P. hysterophorus in 16 districts of Punjab. The surveys were conducted four times a year, 

(2007-2008) to study temporal variation or influence of seasons if any, on the occurrence, 

Phytosociological behavior of P. hysterophorus. Sequential numbers were used in order to 

avoid duplication and confusion between surveys of different seasons. For greater 

precision in recording site positions a hand-held GPS (Global Positioning System) was 

used and the coordinates, i.e. latitude and longitude were noted. Such coordinates allow 

for computer mapping of sites and the building up of databases that can be further used for 

site identification, record management and analyses with the help of GIS (Geographic 

Information Systems).  

5.1.2 Assessment Techniques 

The survey was conducted to identify the key factor influencing the growth and 

distribution of P.  hysterophorus that would assist in predicting its occurrence and spread. 

This was done by estimating cover, biomass and soil water content and further developing 

overlay maps for various districts of Punjab. Following methods were used to 

quantitatively analyze various attributes of P.  hysterophorus. 
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Visual Cover Estimation 

Weed cover has been designated to be one of the most important attributes for estimation 

of weed infestation and may be estimated as the percent of ground covered by a specific 

weed species (Robert et al., 1999). The abundances of plant species are usually measured 

by plant cover, which is the relative area covered by plant species in a particular area. 

Plant cover remains unbiased by the distribution and size of individuals (Coker and Coker, 

1992). Visual estimates of plant cover have been frequently used in plant ecological 

studies (Kennedy and Addison, 1987). Visual estimate of plant cover was used descriptor 

in phytosociological studies because it has been reported to be unbiased by size and 

distribution (Klimes, 2003). The importance of the cover estimation is reported by 

Rottgermann et al., (2000) who obtained a linear relationship between plant cover and 

above- ground biomass and further suggested that image analysis of cover data could be 

used for determination of rapid, non-destructive above ground biomass. 

Visual ranking of the cover (%) of P. hysterophorus was carried out in the same 150 sites, 

(10 sites/district and 5 sites each in Okara and Sahiwal) for which biomass analysis was 

also done and for information was recorded on the same survey form (Appendix I). The 

extent of P. hysterophorus infestation was further categorized into three infestation Cover 

classes, i.e.  Low (L) = Occasional plants; between 0.1 to 5% cover  

Medium (M) = Moderate; scattered plants; between 5.1 to 25% cover 

High (H) = High; fairly dense; above 25% 

GPS was used to record the point occurrences of P. hysterophorus. The data regarding the 

percentage cover of P. hysterophorus obtained from the field survey, was entered into an 

excel spreadsheet and the raw data was converted into ‘geographic’ data to compile maps 

representing the cover distribution pattern of P. hysterophorus, courtesy GIS laboratory, 

WWF, Lahore, Pakistan. Color codes were used whereby a particular color was used to 

identify a specific cover class. The point locations of P. hysterophorus, represent the sites 

that were visited seasonally. The data can be further used to identify those areas that are 

potentially threatened by the target species and such information would be helpful to the 

managers carrying out its monitoring and control programs.  
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Biomass Determination 

Biomass determination of P. hysterophorus plants as well as all other plants present in 1x1 

m2 quadrats was carried out on dry weight basis. 

Destructive harvest of one quadrat at each site in every district was made in all the four 

seasons, namely, autumn, winter, spring and monsoon. The aerial as well as underground 

parts of all the plants within the quadrat were carefully removed. The P. hysterophorus 

plants were separated from the rest of the plants and placed separately in labeled paper 

bags. The dry weights of the P. hysterophorus plants and all other plants were determined 

at 100 o C for 24 hrs.  

The estimation of average biomass of P. hysterophorus/m2 (on the basis of dry weight) in 

different seasons was carried out to compare its inter-district, seasonal productivity.  

Furthermore, the dry weight of the harvested P. hysterophorus plants was tabulated 

against all other plant species from the same quadrat and the number of sites where the dry 

weight (biomass) of P. hysterophorus plants exceeded over all plants other than P. 

hysterophorus  were also noted. The average number of sites having biomass of P. 

hysterophorus greater than all the other plants in each season was expressed as a 

percentage, using the following formula: 

No. of sites with biomass of P. hysterophorus > biomass of other plants     x 100 
   Total no. of sites surveyed in each season 
 
                  
Soil Analysis 

 

 In order to correlate the occurrence of P. hysterophorus with the characteristics of the 

soil, a such as soil moisture content and textural analysis of soil collected from the 

selected 5 sites in two southern districts and 10 sites from each of the rest 15 districts, 

was carried out. In the light of this knowledge it should be possible to identify the sites 

facing potential threat of invasion. 

Sampling 
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Soil samples were taken from the surface to 5 cm depth and were collected from the same 

quadrat (1x1 m) that was harvested for biomass determination. Soil was collected from 

three points within the quadrat area and were stored in sealed and labeled plastic bags and 

brought to Sustainable Development Study Centre Laboratory for textural analysis.  

After determining the soil moisture content, the remaining soil sample was gently 

crushed and crumbled, dried at 600 C and mechanically passed through sieve (2mm mesh 

size) and stored in sealed and labeled plastic bags for further analysis. Samples 

containing large clods or stones were first passed through sieves with 10 mm mesh size 

before sieving it through 2mm mesh size 

Soil Texture Analysis: 

Soil textural analysis was carried out to determine the textural class of the soil. The soil 

texture was determined using the hydrometer method (Bouyoucos, 1962; Ryan et al. 

2001). 

Method 

Apparatus: Soil dispersing stirrer; Hydrometer with Bouyoucos scale in g/L (ASTM 

152H). 

Reagents:  

a. Dispersing Solution – 40 g of Sodium hexametaphosphate (NaPO3) 3, and 10g of 

Sodium Carbonate (Na 2C O3) was dissolved in de-ionized water and the total 

volume was brought to 1L with de-ionized water. As the solution is reported to 

have a tendency to deteriorate, it was not kept for more than 1 to 2 weeks. 

b. Amyl Alcohol 

Procedure: 

40 g of air dried soil (previously passed through 2 mm sieve) was weighed and added to a 

500 ml beaker. 60 ml of dispersing solution was added to it. The beaker was covered with 

a lid and left undisturbed overnight. About 300 ml of water was added to the beaker and 

the suspension was stirred thoroughly at high speed with an electric stirrer. The 

suspension was transferred to 1L cylinder (hydrometer jar) and the total volume was 

brought to 1 L, with distilled water.  The hydrometers were either placed in a water bath 
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at a constant temperature (200C) or temperature correction was applied using a value of 

0.4 for each degree temperature difference from 200C, respectively. 

Determination of Blank: 60 ml of dispersing solution was diluted to 1 L in a one liter 

capacity hydrometer jar. It was mixed well and after inserting hydrometer, the reading Rb 

was taken.  

Estimation of Silt and Clay: The soil suspension in the hydrometer jar was mixed 

thoroughly with a stirrer and hydrometer was inserted immediately. Any froth, if 

produced, was dispersed by adding one drop of amyl alcohol and hydrometer reading was 

taken 40 seconds after stirring. The reading Rsc was recorded. 

Estimation of Clay: The soil suspension in the hydrometer was mixed again thoroughly 

with the help of a stirrer. Then the hydrometer was allowed to stand undisturbed for 4 

hours after which another hydrometer reading, Rc, was taken. 

Estimation of Sand: After determining the percentages of Silt and Clay by applying the 

formulae given below, the answer was subtracted from 100 to give the percentage of 

Sand. 

Percentage of Silt + Clay in soil: 

% {Silt + Clay}(w/w) = (Rsc - Rb ) x 100 

                                      Oven dry soil (g) 

Percentage of Clay in soil: 

% Clay(w/w) = (Rc - Rb ) x 100 

                         Oven dry soil (g) 

 

Percentage of Silt in soil: 

% Silt (w/w) = % (Silt + Clay - % Clay) 

Percentage of Sand: 

% Sand (w/w) = 100 - % (Silt + Clay) 

 

The Soil textural Class was determined using USDA textural Triangle (Fig. 5.1) on the 

bases of the calculated percentages of Sand, Silt and Clay 
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Figure 5.1:  USDA Textural Triangle 
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Soil Water Content:  

The soil water content of all the soil samples was determined within 24 hours of the 

collection of the samples, which had been brought from the field in sealed and labeled 

plastic bags. The soil water content was calculated using the following formula: 

% water content= Weight of fresh soil-Weight of dry soil   x  100                             
                             Weight of fresh soil 
 
 
 

   Importance Value Index (IVI) 

The Importance value Index (IVI), also known as the Importance Percentage, gives an 

overall estimate regarding the influence of importance of a particular plant species in a plant 

community. In other words it is a measure of the relative dominance of a species. 

Sampling 

 The present study was based on a total of 1800 quadrats. For each of the 15 Districts, 10 

sites and for 2 southern -most, 5 sites were selected and three quadrats were taken from each 

site. The survey was repeated in four seasons, namely, autumn, winter, spring and monsoon.  

Random sampling was carried out by taking 1 x 1 m2 quadrats. Sampling was carried out on 

roadside verges as well as in agricultural lands, vacant fields, wastelands and canal sides etc.  

as there have been reports of the occurrence of P. hysterophorus in crop fields (Adkins and 

Navie, 2006; Shabbir, 2006) and roadsides and other disturbed sites (Haber, 1997). The 

species composition of each district was recorded after identification by referring to ‘Lahore 

District Flora’ by Kashyap (1935) ‘Flora of West Pakistan’ by Stewart (1972) and ‘Flora of 

Punjab’ by Ahmed (1980). The data regarding the kind and number of each species in each 

quadrat was used to find out the prevalence, frequency, density, relative density, relative 

frequency and Importance Value Index in each district. The IVI values were calculated on 

the basis of Absolute Frequency (AF), Relative Frequency (RF), Absolute Density (AD) and 

Relative Density (RD). Determination of the Importance Value Index involved calculation of 

the following attributes of plant community (Curtis and McIntosh, 1950; Oosting, 1956; 

Curtis, 1959; Shabbir and Bajwa, 2007). 
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i.  Density (D) =    Total number of species in a quadrat     

                                     Total area sampled 

 

ii.  Frequency (F)  = Number of quadrats in which the species is present  x 100 

                                          Total number of quadrats sampled 

 

 

iii. Relative Density (RD)  =     Density of the species     X 100 

                                                         Total number of species  

 

iv. Relative Frequency (RF)  =       Frequency of a species                 x 100 

                                                              Sum of frequency of all the species 

  

v. Importance Value =  Relative Frequency + Relative Density 

 

vi. Importance Value Index =   Importance Value 

                                                                2 

 

Phenological study 

The survey for phenological studies was carried out simultaneously with the quadrat 

analysis, for four seasons, namely, autumn, winter, spring and monsoon. The observations  

 regarding phenological studies from each of the 150 sites was collected with the help a 

survey form (Annexure I).  

The phenological stages for which observations were made included vegetative, 

flowering, fruiting, seeding and senescence. A visual analysis was made, in terms of 

percentage of occurrence of a particular stage and the observations were recorded in a 

survey form. The average values of the percentages of 10 sites in each district were 

plotted for each season, separately, to find temporal variations, if any. Moreover, the 



113 
 

results were expected to throw light on any inter-district or inter-zonal phenological 

differences for P. hysterophorus. 

       

5.1.3 Statistics  

SPSS version 16 was applied to analyze correlation ships among variables at a 

confidence level 0.01 

5.2 RESULTS  

5.2.1 Correlation between Cover, Biomass and soil moisture content 

In order to find a correlation between P. hysyerophorus cover, biomass and soil water 

content, the data obtained from the 150 sites of the 16 districts was analyzed and is 

represented in tables 5.1 to 5.16. The statistical analysis of the results revealed that cover 

was found to be strongly correlated (P <0.01) with the biomass and percentage soil 

content in all the four seasons i.e. autumn (r=0.762and 0.407) winter (r=0.673 and 0.377), 

spring (0.591 and 0.443) monsoon (r=0.743 and 0.467) and for annual mean (r=8.08 and 

0.537) as given in table 5.17. The correlation between cover and biomass was found to be 

stronger than moisture content. Thus cover or biomass can be considered as an indicator 

parameter and visual cover that is easy to assess and its estimation is time and cost 

effective could be used as an alternative for approximate estimation of biomass or soil 

water content. On the other hand moisture content varies from site to site, depending 

upon topography and closeness to water source.  

The results of further study based on the analysis of visual cover, biomass, soil moisture 

content, phenology and Importance Value Index have been given below under different 

heads. 

5.2.2 Visual Cover Estimation 

A map constructed on the basis of data obtained for visual cover for P. hysterophorus in 

150 sites from 16 Districts of the Punjab, has been shown in Fig.  5.2 
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Inter-zonal comparison showed (Fig. 5.3) that on average basis the cover for P. 

hysterophorus in Zone I was highest, followed by Zone II and lowest for Zone III, having 

High, Medium and Low cover in 15, 62.5 and 22.5% of the surveyed sites, followed by 

Zone II, supporting High, Medium and Low cover in 15, 55 and 30% of sites and lowest 

in Zone III, with High, Medium and Low plant cover in 10, 43.33 and 46% of the 

sampling sites. 

Inter-District analysis revealed that in Jehlum, 70 % of the surveyed sites had high P. 

hysterophorus cover and 30% supported medium cover. District Gujrat also had 70% 

medium cover for P. hysterophorus whereas at 20 and 10% sampling points high and low 

plant cover was observed, respectively. In District Sialkot high plant cover for the target 

species was seen in 40% of the sites and medium in 60% (Plate 1 and 2). District 

Narowal (plates 3 and 4) showed medium and low cover distribution in equal number of 

sites. 

In Gujranwala district 60% of the sites were assigned medium, 20 % low and 10% high 

cover category for P. hysterophorus. District Sargodha was found to have 70% of sites 

with low cover (Plate 5) and 30% with medium cover. In District Sheikhupura only one 

site was seen to support high P. hysterophorus cover, whereas 90% of the sites had 

medium cover and there was none with low cover (Plate 6). In Nankana District, half of 

the sites had medium and half had low cover. In Faisalabad District 20, 30 and 50% of 

the sites supported low, medium and high cover of P. hysterophorus, respectively. 

District Chiniot supported medium cover in 60% of the sites, the rest having low cover In 

Lahore 50% of the sites had high cover and equal number of sites had moderate cover 

(Plate 7). However, none of the sites had low cover. In District Kasur, 30% of the sites 

had high plant cover, whereas the 60 % of the sites supported medium cover, and low 

being in only one (Plate 8 and 9). 

In District Jhang (Plate 10), high, medium and low cover for P. hysterophorus was 

observed in 10, 40 and 50% of the sites, respectively. In District Toba Tek Singh (Plate 

11) majority of the sampling points supported medium cover whereas 30% and 10% 

showed low and high cover, respectively. Among all districts, Okara had the lowest cover 

for P. hysterophorus, as evident from the observation that moderate cover was observed 

in one site and low cover in the remaining sites. District Sahiwal, the southern most of 
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districts surveyed, had only one site each with high and medium P. hysterophorus cover, 

and the rest of the sites had low cover. The site where high cover was observed fell 

within Chichawatini forest area (Plate 12) and a canal traversed one of its boundaries, 

raising the moisture level of the soil. This could be the reason for exceptionally high P. 

hysterophorus, cover in an otherwise low cover area (Plate 13).  

The overall picture (Fig. 5.4) showed that the districts falling in Southern Punjab had 

lowest plant cover of P. hysterophorus, and it increased with increasing latitudes but was 

highest in Districts, Lahore and Sialkot. The reason for greater infestation in Lahore 

could be availability of habitat with restricted drainage as well as high influx of vehicular 

transport from surrounding areas, high disturbance and even its frequent use as filler in 

bouquets, which becomes an ideal source of seed dissemination. District Sialkot falls in 

the sub-humid climatic zone, and as P. hysterophorus has been reported to thrive best in 

such conditions, its presence in high cover becomes justified. The observations during the 

survey revealed that P. hysterophorus infestation was very high along the road sides 

(Plate 14). A common and regular feature that linked the infested areas were channels of 

water in the form of drains, ‘nallahs’ and canals, along the sides of which thick growth of 

P. hysterophorus was seen (Plates 15 to 19).  Places with frequent movement of vehicular 

transportation were also observed to have dense P. hysterophorus cover. Boundaries of 

vacant plots, especially close to walls of adjoining buildings or places under canopies of 

trees that provided partial shade also supported dense growth of P. hysterophorus Plate 

20). In agricultural fields, however, it was seen growing on the boundaries of the crop 

fields (Plates 21, 22 and 23) and rarely seen interspersed with the crops or vegetables, 

probably because of weeding done by the farmers. However, in certain places it was 

found in large numbers in recently ploughed fields (Plate 24), as has also been reported 

by Mathews and Brandt (2004). As far as the distribution in the districts was concerned, 

Districts Lahore, Kasur, Sheikhupura, Sialkot, Gujranwala and Gujrat were severely 

affected. In Faisalabad, Jhang and Sargodha and Narowal a distinct patchy occurrence of 

P. hysterophorus was seen, in contrast to continuous spread observed in rest of the 

Districts. 
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Table: 5.1 Soil moisture content; Cover and Biomass of P. hysterophorus in District Jehlum 

 
    Autumn Winter Spring Monsoon 

Sr. No. Cover Biomass 
Water 
content Biomass

Water 
content Biomass

Water 
content Biomass

Water 
content 

1 M 135.96 8.58 92.43 17.43 159.85 10.13 145.33 9.74

2 M 134.8 8.29 173.84 11.41 119.39 9.63 206.21 7.87

3 M 125.96 8.56 149.41 11.59 174.25 7.83 237.11 8.09

4 M 123.62 7.36 87.84 17.56 149.3 8.82 194.7 9.49

5 M 95.42 5.99 134.57 6.36 176.32 5.45 224.34 4.51

6 M 91.74 10.5 144.64 9.27 180.32 9.92 286.03 7.15

7 M 63.41 7.14 85.45 9.33 115.26 8.84 186.21 8.66

8 L 36.98 4.8 23.41 8.32 65.11 5.91 49.39 5.33

9 L 34.44 3.11 50.68 5.9 74 6.65 54.39 6.12

10 L 18.39 5.37 41.8 7.81 50.47 8.44 72.99 4.76
 
 
 
 

Table: 5.2 Soil moisture content; Cover and Biomass of P. hysterophorus in District Gujrat               
 

    Autumn Winter Spring Monsoon 

sr. No Cover Biomass 
Water 
content Biomass

Water 
content Biomass

Water 
content Biomass

Water 
content 

1 H 236.23 9.5 199.5 16.38 249.25 11.45 273.59 8.77

2 H 129.63 8.82 83.41 8.23 156.1 10.46 235.76 9.37

3 M 217.57 7.27 62.95 15.01 174.44 8.72 235.12 7.81

4 M 138.33 7.35 122.4 8.22 145.1 9.02 174 7.42

5 M 135.62 11.65 155.16 15.92 206.27 8.3 189.48 9.65

6 M 128.5 9.14 96.61 10.85 143.52 6.56 175.47 7.81

7 M 118 12.55 40.81 13.45 83.25 8.62 76.14 8.66

8 M 98.36 7.18 134.87 9.73 167.22 4.09 149.81 6.52

9 M 83.96 8.43 132.4 10.53 208.47 5.71 191.6 7.82

10 L 67.28 3.18 49.75 7.49 164.23 4.98 196.9 7.08
 

 
 
 
 
 
 



117 
 

 
Table: 5.3 Soil moisture content; Cover and Biomass of P. hysterophorus in District Sialkot     

 
    Autumn Winter Spring Monsoon 

Sr. No Cover Biomass 
Water 
content Biomass

Water 
content Biomass

Water 
content Biomass

Water 
content 

1 H 253.26 9.57 168.03 12.66 210.45 9.18 285.71 8.35

2 H 236 11.29 190.35 16.58 316.1 9.23 283.28 10.08

3 H 158.36 8.23 124.92 10.5 175.19 9.77 249.1 6.69

4 H 219.23 6.54 141.37 12.99 172.39 9.15 234.33 5.51

5 M 132.61 5.32 72.48 12.04 227.27 8.26 214.75 4.07

6 M 129.83 7.18 85.97 9.65 143.18 7.4 234.91 9.38

7 M 124.07 14.14 75.73 15.73 225.4 9.23 290.12 8.49

8 M 110.38 8.13 84.99 11.56 159.7 6.22 243.11 7.4

9 M 84.64 10.6 107.33 11.53 166.45 8.34 345.82 9.18

10 M 49.2 7.32 242.11 13.69 264.2 13.56 284.73 9.64
 
 

 
 
 
Table: 5.4 Soil moisture content; Cover and Biomass of P. hysterophorus in District 
Narowal 

 
    Autumn Winter Spring Monsoon 

Sr. No. Cover Biomass 
Water 
content Biomass

Water 
content Biomass

Water 
content Biomass

Water 
content 

1 M 165.18 8.46 176.22 10.17 259.59 7.22 200.36 6.93

2 M 142.89 9.96 126.53 11.3 214.16 8.15 251.37 9.59

3 M 127.17 6.97 83.1 8.71 106.92 8.04 161.51 7.54

4 M 120.14 7.45 117.82 8.89 176.49 7.13 241.56 8.6

5 M 95.23 7.87 76 9.46 128.85 9.1 163.13 8.35

6 L 34.7 6.84 20.37 8.11 57.24 5.02 85.17 6.37

7 L 33.2 6.61 16.54 10.47 17.15 6.25 44 5.59

8 L 25.65 5.24 30.71 9.78 74.75 7.6 55.53 6.51

9 L 23.2 2.37 32.9 5.62 45.5 3 41.74 3.58

10 L 19.5 7.2 38.65 7.99 79.8 4.28 53.96 5.27
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Table: 5.5 Soil moisture content;  Cover and  Biomass of  P. hysterophorus  in  District 
Gujranwala 

 
    Autumn Winter Spring Monsoon 

Sr. no. Cover Biomass 
Water 
content Biomass

Water 
content Biomass

Water 
content Biomass

Water 
content 

1 H 124 7.75 122.74 8.25 145.6 13.88 289.17 9.1

2 M 172 6.71 119.66 8.28 186.83 3.49 230.25 7.46

3 M 159.69 7.65 127.88 10.21 183.5 4.86 174.25 6.6

4 M 17.68 6.25 57.8 7.99 145.32 13.55 179.85 6.05

5 M 75.14 4.35 78.37 13.59 227 12.59 278.11 9.42

6 M 146.52 9.49 128.3 12.61 215.44 7.33 241.29 6.22

7 M 65.37 6.35 88.73 12.95 216.15 11.09 281.71 8.14

8 M 57.86 5.25 84.45 6.84 165.35 10.46 204.8 5.51

9 L 81.96 5.36 105 8.74 155.72 8.1 191.41 4.8

10 L 26.41 5.2 49.34 7.21 71.46 4.86 94.13 6.6
 
 
 
 

 Table: 5.6 Soil moisture content; Cover and Biomass of P. hysterophorus in District 
Sargodha 

 
Autumn Winter Spring Monsoon 

Sr. No Cover Biomass 
Water 
content Biomass

Water 
content Biomass

Water 
content Biomass

Water 
content 

1 M 113.8 16.31 69.94 18.04 153.35 12.69 139.33 9.85

2 M 80.32 4.41 79.11 8.18 114.61 3.39 221.93 9.57

3 M 140.84 10.45 99.72 15 188.36 8.36 218.15 11.87

4 L 30.37 8.81 43.95 18.71 71.48 11.62 60.24 9.53

5 L 52.86 5.63 37.5 9.62 149.41 6.48 64.37 10.37

6 L 38.25 9.85 25.13 13.09 51.78 7.28 77.08 6.93

7 L 29.15 5.54 32 8.23 53.14 6.66 65.14 7.96

8 L 62.98 4.57 50.46 7.29 31.21 3.4 78.76 4.24

9 L 21.97 5.89 10.78 7.91 23.45 4.73 47.6 4.55

10 L 18.24 9.32 35.13 12.79 27.36 10.74 55.8 9.8
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Table: 5.7  Soil moisture content;  Cover and  Biomass of  P. hysterophorus  in District 
Sheikhupura 

 
    Autumn Winter Spring Monsoon 

Sr. No Cover Biomass 
Water 
content Biomass

Water 
content Biomass

Water 
content Biomass

Water 
content 

1 H 236.95 8.33 60.93 16.56 276 19.31 319.3 13

2 M 208.9 7.93 160.48 17.95 193.08 11.63 246.59 8.45

3 M 144.29 4.14 81.59 8.37 133.61 3.25 205.73 5.12

4 M 123 15.49 130.4 11.16 194.36 9.21 225.4 8.43

5 M 103.51 8.24 98.29 9.43 148.53 7.4 182.76 5.96

6 M 86 6.93 115.23 8.11 154.62 6.75 173.35 6.5

7 M 68.72 10.1 20.94 14.36 134.21 8.33 191.45 7.35

8 M 64.14 7.43 77.92 7.62 106.9 5.15 184.41 7.05

9 M 46 13.8 64.18 15.96 93.3 14.35 139.7 9.85

10 M 25.03 11.15 84.36 17.66 145.35 9.55 198.07 6.76
 
 
 
 
 
 
Table:  5.8 Soil moisture content; Cover and  Biomass of  P. hysterophorus in 
District Nankana 
 

    Autumn Winter Spring Monsoon 

Sr. No Cover Biomass 
Water 
content Biomass

Water 
content Biomass

Water 
content Biomass

Water 
content 

1 M 287.55 11.82 137.18 14 145.62 8.45 183.67 8.81

2 M 134.59 6.91 79.45 9.26 136.58 7.43 218.38 6.79

3 M 133.04 8.65 141.63 13.15 184.45 9.39 215.95 6.11

4 M 113.61 9.73 124.84 10.52 116.43 6.35 156.25 7.22

5 M 98.23 8.63 86.56 15.1 138.75 10.03 187.35 7.9

6 L 121.35 7.23 88.92 8.38 138.38 6.57 181.15 6.2

7 L 40 6.62 64.5 9.38 39.85 8.75 24.53 7.56

8 L 39.41 3.03 58.13 7.6 26.74 2.89 76.93 4.17

9 L 30.21 4.27 62.55 6.81 58.11 2.41 79.24 5.94

10 L 18.74 10.85 49.95 12.48 37.6 7.55 65.21 7.08
 



120 
 

 
 
 
Table: 5.9 Soil moisture content;  Cover and  Biomass of  P. hysterophorus  in 
District Faisalabad 
 

    Autumn Winter Spring Monsoon 

Sr. No. Cover Biomass 
Water 
content Biomass

Water 
content Biomass

Water 
content Biomass

Water 
content 

1 H 202.41 12.33 169.37 18.92 181.26 13.68 272.5 13.97

2 H 104.42 6.05 86.4 7.55 164.38 4.93 246.31 7.27

3 M 101.9 8.28 126.86 8.79 165.34 6.18 209.8 9.44

4 M 74.56 9.85 58.5 12.13 129.7 7.59 152.67 6.04

5 M 70.31 9.08 69.41 15.32 175.42 10.61 233.5 11.58

6 L 41.58 11.82 34.75 14.74 63.61 9.53 80.94 7.62

7 L 35.28 7.74 49.61 6.57 79.14 4.11 80.37 3.97

8 L 23.94 3.69 30.45 6.87 61.28 4 49.98 5.26

9 L 23.61 6.96 59.34 8.19 36.28 5.35 67.2 8.47

10 L 19.29 4.42 11.88 8.71 41.03 6.25 60.45 4.82
 
 
 
 
Table: 5.10  Soil moisture content;  Cover and  Biomass of  P. hysterophorus  in 
District Chiniot 
 

    Autumn Winter Spring Monsoon 

Sr. No Cover Biomass 
Water 
content Biomass

Water 
content Biomass

Water 
content Biomass

Water 
content 

1 M 181.54 7.74 132.8 8 121.84 6.21 286.26 8.05

2 M 175.48 7.22 123.5 10.6 248.12 13.15 297.2 8.95

3 M 152.31 8.41 89.6 9.85 182.91 6.62 228.33 4.4

4 M 115.35 9.9 101.7 13.25 84.63 8.36 153.44 7.15

5 M 105.83 7.73 65.33 6.25 70.29 8.19 174.06 3.82

6 M 69.25 10.64 94.6 14.12 87.43 8.43 162.65 10.96

7 L 56.61 8.88 34.29 12.6 71.34 9 87.21 7.33

8 L 45 4.12 30.1 6.93 55.9 7.04 88.36 5.18

9 L 34.41 4.49 22.02 7.65 64.8 8.19 70.58 4.86

10 L 19.45 6.23 30.52 8.94 60.14 6 83.41 5.34
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Table: 5.11 Soil moisture content;  Cover and  Biomass of  P. hysterophorus  in 
District Lahore 
 

    Autumn Winter Spring Monsoon 

Sr. No. Cover Biomass 
Water 
content Biomass

Water 
content Biomass

Water 
content Biomass

Water 
content 

1 H 367.6 9.1 155.21 13.56 128.33 8.11 261.82 12.19

2 H 241.64 8.74 181.73 14.66 156 9.3 272.15 9.18

3 H 198.79 7.45 171.35 10.92 169.27 8.63 224.58 13.87

4 H 187.19 9.42 163.2 10.59 126.85 7.14 231.29 10.1

5 H 186.19 7.33 150.43 8.94 209.9 4 222.49 8.81

6 M 204.33 5.77 108.49 7.68 139.52 7.35 256.39 9.21

7 M 168.96 3.49 84.52 9.75 126.12 5.22 185.23 6.79

8 M 146.61 5.46 131.9 7.31 118 6.42 212.68 4.7

9 M 122.72 3.16 86.9 12.62 68.2 7.19 170.81 5.55

10 M 115.21 6.41 92.08 9.35 62.55 5.81 164.91 6.1
 

 

 
Table: 5.12 Soil moisture content;  Cover and  Biomass of  P. hysterophorus  in 
District Kasur 
 

    Autumn Winter Spring Monsoon 

Site no. Cover Biomass 
Water 
content Biomass

Water 
content Biomass

Water 
content Biomass

Water 
content 

1 H 210.39 9.6 148.1 7.87 190.59 13.1 277.2 15.72

2 H 185.65 9.43 129.66 12.53 222.48 15.96 197.74 10.81

3 H 102.72 9.6 81.61 15.75 104.61 13.69 219.92 16.51

4 M 181.11 8.56 156 11.9 139.18 10.33 190.3 14.3

5 M 110.56 6.51 90.4 15.29 184.32 8.46 170.04 12.65

6 M 96.06 7.56 66.54 10.95 155.59 11.22 231.96 10.11

7 M 60.47 5.88 84.25 8.18 249.4 9.99 228.74 16.43

8 M 57.26 8.51 95.21 5.36 162.4 11.5 130.15 8.52

9 M 48.38 5.9 82.81 10.37 287.84 9.21 310.44 10.1

10 L 22.7 5.15 10.6 8.35 102.36 3.65 30.9 7.68
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Table: 5.13  Soil moisture content;  Cover and  Biomass of  P. hysterophorus  in 
District Jhang 
 

    Autumn Winter Spring Monsoon 

Sr. No. Cover Biomass 
Water 
content Biomass

Water 
content Biomass

Water 
content Biomass

Water 
content 

1 H 237.09 10.46 180.72 8.32 167.7 6.91 256.66 14.83

2 M 208.1 8.05 165.9 8.25 148.52 6.28 239.22 9.27

3 M 164.21 7.41 132.5 9.8 96.44 7.33 218.3 8.56

4 M 119 7.87 82.53 6.18 69.41 3.91 175.24 4.56

5 M 109.1 10.08 126.56 16.52 190.45 7.49 233 8.22

6 M 77.68 4.96 48.62 18.09 247.51 13.15 170.65 9.96

7 L 62.6 9.33 2.21 7.15 139.95 6.95 184.53 11.29

8 L 39.98 7.95 52.88 7.36 60.15 5.46 97 2.34

9 L 33.51 9.11 45.99 10.29 70.21 7.44 125.89 6.35

10 L 18.43 6.88 30.16 5.56 52.1 6.99 67.47 7.1
 

 

 

 

Table: 5.14 Soil moisture content;  Cover and  Biomass of  P. hysterophorus  District 
Toba Tek Singh 
 

    Autumn Winter Spring Monsoon 

Sr. No Cover Biomass 
Water 
content Biomass

Water 
content Biomass

Water 
content Biomass

Water 
content 

1 H 197.7 6.78 152.88 10.86 27.65 8.53 214 8.3

2 M 297.27 15.59 108.25 17.88 117.21 11.71 310.2 9.54

3 M 148.21 8.27 82.26 7.5 139.52 9.95 188.43 6.36

4 M 139.85 9.25 98.32 9.68 87.53 7.47 119.21 6.6

5 M 132.48 12.41 73.26 16.5 128.25 8.32 171.69 9.71

6 M 128.35 11.54 46.13 8.96 172.4 9.13 205.52 4.96

7 M 108.3 7.28 69.19 10.2 50.67 15.36 200.45 8.93

8 L 37.44 4.79 57.92 9.5 82.41 6.21 119.5 4.55

9 L 35.23 5.27 26.51 8.16 29.65 7.21 91.58 8.4

10 L 20.16 5.68 31.35 6.25 55.05 4.4 116 4.85
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Table: 5.15 Soil moisture content;  Cover and  Biomass of  P. hysterophorus  in 
District Okara 
 

    Autumn Winter Spring Monsoon 

Sr. No Cover Biomass 
Water 
content Biomass

Water 
content Biomass

Water 
content Biomass

Water 
content 

1 M 129.3 9.43 98.5 8.38 190.13 6.65 243.52 10.64

2 L 66.56 4.49 222.62 6.59 149.16 5.33 243.11 4.11

3 L 52.37 9.88 67.76 10.27 110.5 8.73 130.94 11.42

4 L 30 3.44 50.62 1.8 119.23 4.52 138.15 5.39

5 L 68.85 5.66 83.3 7.29 164.14 9.13 178.58 9.64
 
 
Table: 5.16 Soil moisture content;  Cover and  Biomass of  P. hysterophorus  in 
District Sahiwal 
 

    Autumn Winter Spring Monsoon 

Sr 
No. Cover Biomass 

Water 
content Biomass

Water 
content Biomass

Water 
content Biomass

Water 
content 

1 H 208.9 13.59 160.48 11.12 193.08 14.36 246.59 20.5

2 M 236.95 11.27 60.93 18.83 276 8.63 319.3 9.26

3 L 64.14 2.87 77.92 5.14 106.9 6.12 184.41 7.91

4 L 46 3.85 64.18 8.14 93.3 5.93 139.7 14.11

5 L 25.03 7.36 84.36 9.18 145.35 8.25 198.07 10.14
 
 
Table: 5.17 Statistics on the Correlation between P. hysterophorus Cover, Biomass 
and Soil moisture content. 
 
Season Cover Biomass Soil moisture 

content 

Autumn 1 0.762** 0.407** 

Winter 1 0.673** 0.377** 

Spring 1 0.591** 0.443** 

Monsoon 1 0.743** 0.467** 

Total (Mean 

Annual) 

1 0.808** 0.537** 

** Correlation is significant at the 0.01 level (2-tailed) 
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Figure 5.2: Cover distribution of P. hysterophorus in 16 Districts of Punjab, 
Pakistan. 
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Figure 5.3: Inter-Zonal comparison of visual cover of P. hysterophorus 

 

 

 

 
Figure 5.4: A comparison of the visual plant cover for P. hysterophorus in 16 
Districts of Punjab 
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5.2.3 Biomass Determination 

The productivity of P. hysterophorus in terms of biomass/ dry weight per m2 in different 

seasons for each of the 16 Districts has been represented in Fig. 5.5. The biomass/ 

productivity in the decreasing order was found to be in Monsoon > Spring >Autumn> 

Winter. Being highest in the monsoon season, it ranged from 129.83 g/m2 in Narowal 

District to 226.24 g/m2 in Kasur District and averaged to 170.19 g/m2, suggesting its 

optimum growth in the rainy season and indicating tropical condition of humidity favors 

its growth. The average biomass of the target plant species in the spring season was 

found to be relatively lower than that in monsoon, probably due to the presence of more 

plants at the vegetative stage and lesser at flowering and fruiting stage as shown by the 

estimated dry weights ranging from 89.03 g/m2 in District Toba Tek Singh to 204.88 g/m2 

in District Kasur and averaging to123.44 g/m2. Estimation of dry weight in autumn 

revealed yet lower values than those in spring and ranged from 61.18 g/m2 (in Okara 

District) to 193.93 g/m2 (in Lahore) and averaging to 103.52 g/m2 suggesting the 

appearance of senscensing plants that have lower biomass as compared to flowering and 

fruiting plants. In this season germination of P. hysterophorus was also observed and 

plants at juvenile stage too have low weight. The lowest values, however, were recorded 

during winter season as is evident from the result showing the lowest value of 69.57 g/m2 

(in Okara District) and highest of 132.58 g/m2 (in Lahore District) with an average of 

87.36 g/m2. The exceptionally lower values for biomass in winter and spring in monsoon 

in Toba Tek Singh could be explained on the basis of its geographical location. Although 

it falls in zone III its geographical location places it on boarder line of Zone II and III, 

near Chiniot and hence the low biomass is almost the same as its neighboring districts. 

Seasonal inter-zonal comparison (Fig. 5.6) revealed an increasing trend in biomass in 

with Zone III >zone II > zone I. The average biomass was found to be 94, 109 and 104 in 

autumn; 86, 89 and 89 in winter; 119, 124 and 131 in spring; and 158, 171 and 189 in 

monsoon, for zone I, II and III, respectively. This showed that not only the average 

biomass was highest in Autumn as compared to other seasons, the differences within 

zones was also greater in autumn as compared other seasons.  
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The results study carried out to find out the percentage of the number of sites where the 

dry weight (biomass) of P. hysterophorus plants exceeded over all other plants in 1m2 

area could be interpreted in terms of dominance. During the autumn season (Fig.5.7), 

highest values were recorded for District Kasur, being, 70, indicating the areas where P. 

hysterophorus is perhaps taking over other coexisting plants.  Lowest values were 

recorded for Sahiwal being only 20%. Almost the same pattern was recorded for winter, 

the highest percentage being 80 for Sialkot, with lowest of 20% in Sahiwal (Fig. 5.8). 

The percentage of sites with P. hysterophorus dominating over other plants from the 

point of view of biomass (feundicity) in spring is given in figure 5.9, showing that, 

Districts Sialkot, Kasur and Sheikhupura were observed to have 80% each, of quadrats 

where P. hysterophorus had greater biomass/m2 as compared to other plants in the same 

specific area. During monsoon (Fig. 5.10), in the Sialkot District all sites (100%) 

observed had greater P. hysterophorus biomass than all other plants taken together, 

whereas Districts Lahore, Kasur, Gujrat, Gujranwala and Sheikhupura had 90% of such 

sites.  The inter-district variation can be accounted for in terms of variables like the 

climate, soil conditions and microclimate. Overall, Kasur, Lahore and Sialkot have 

relatively greater number of sites were recorded where the dry weight of P. 

hysterophorus, where its  dry weight exceeded that of all other plants, and this could be 

explained on the basis of high cover of P. hysterophorus in these regions. Moreover, 

Sialkot falls in sub-humid tropical zone and as this climate is conducive for the growth, it 

accounts for its high infestation in this region. 

A comparison among the three zones (Fig. 5.11) revealed a decreasing trend for the 

percentage of sites supporting greater biomass of P. hysterophorus than all other plants 

with highest value for Zone I, followed by Zone II and finally Zone III in all seasons 

except in autumn season, where the percentages for Zone II exceeds that of zone I but the 

difference between Zones I and II is statistically insignificant. The reason for this trend 

could be due to relatively lower precipitation in zones III as compared to Zone II and 

Zone I, as low moisture content suppresses growth, hence biomass.   

On comparison of the results of biomass with those of phenological analysis, it becomes 

clear that during spring, the vegetative stage prevails in South, whereas as we go North 
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the flowering stage dominates, supporting the view that towards North the phenological 

cycle is ahead of that observed in the South. As the plants at the vegetative stage are 

much smaller in size than those at the flowering stage, they have markedly lower dry 

weight than the latter, thus accounting for higher biomass values in northern latitudes. 

Among all the districts an exception was found for Toba Tek Singh, which has markedly 

lower values for biomass in winter and spring. Although this district falls in Zone III, the 

average biomass is found to be similar to that recorded for Zone II. The reason could this 

be that the districts were divided arbitrarily on the basis of average rainfall and 

temperature, and this places district Toba Tek Singh in Zone II, even though 

geographically it is located at the border line of  Faisalabad and Chiniot (Fig. 5.2). 

 

 

Figure 5.5: Seasonal Average Biomass (dry weight) of P. hysterophorus /m2 in 16 

Districts of Punjab. 
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 Figure 5.6: Inter-zonal Seasonal Average Biomass (dry weight) of P. 
 hysterophorus /m2 . 
 
 
 

  
 Figure 5.7: Percentage of quadrates in each district where biomass of P.  
   hysterophorus exceeded the biomass of other plant species in autumn
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Figure 5.8: Percentage of quadrats in each district where biomass of P. 
hysterophorus exceeded the biomass of other plant species in Winter. 
 
 
 
 

 
 
Figure 5.9: Percentage of quadrats in each district where biomass of P. 
hysterophorus exceeded the biomass of other plant species in Spring. 
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Figure 5.10: Percentage of quadrats in each district where biomass of P. 
hysterophorus exceeded the biomass of other plant species in Monsoon. 
 
 

 

 
 
Figure 5.11: Seasonal Inter-zonal comparison of the percentage of sites 
supporting P. hysterophorus having greater biomass than other plant species in 1 
m2  
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5.2.4 Soil textural analysis 

Soil type, in addition to other factors such as, rainfall and altitude are one of the major 

factors influencing the distribution of a species in a particular area (Tamado and Milberg, 

2000). Similarly, Munhoz et al. (2008) reported a significant correlation between soil 

texture, moisture and species distribution. The results of the present survey provide a 

preliminary database for the distribution and cover of P. hysterophorus in 16 districts of 

Punjab, Pakistan, in context with soil characteristics, particularly soil texture.  

Soil textural analysis of the 150 surveyed sites revealed that silt loam was predominantly 

the most common type of soil being present in 61 sites, as shown in Fig. 5.12 .It was 

followed by sandy loam (46 sites) and loamy soil (32 sites). As the selection of the sites 

included a bias i.e. sampling points were selected on the basis of the presence of P. 

hysterophorus, so the soil types determined for each District may not actually be the 

representative type of that particular District. Moreover, as the soil samples were top 

soils, so variation in the texture is justified. 

Figure 5.13    shows a correlation between a particular type of soil texture and the degree 

of P. hysterophorus cover, hence intensity of infestation. Silt Loam and Sandy Loam 

were not only the commonest of the soil textures found in P. hysterophorus infested 

areas, they were also the ones supporting relatively more of the target plant than found on 

other soil textures. A larger proportion of High, Medium and Low P. hysterophorus cover 

of 5.33, 26, and 9.33% was found to be growing on Silt loam, and 7.33, 14 and 19.33% 

cover was supported by Sandy Loam, whereas in soils of other textures, relatively low 

cover was observed. 

Furthermore, an inter-zonal comparison was made on the bases of Cover of P. 

hysterophorus and the soil texture of that particular area. In Zone I (Fig. 5.14) Silt Loam 

was found to be most favorable for P. hysterophorus growth, with high, medium and low 

cover in 2.5, 17.5 and 12.25% of the sites. Likewise in Zone II (Fig. 5.15) silt loam was 

markedly suitable for growth of P. hysterophorus, as High, Medium and Low cover was 

observed in 6.25, 27.5, 8.5% of sites, respectively. However, Zone III (Fig 5.16) 
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presented a slightly different picture. Although soil having Sandy Loam texture was the 

most common one, with High, Medium and Low cover in 6.66, 33.33 and 6.66% of sites, 

it was followed by Loamy soil. 

The data collected from soil textural analysis and corresponding P. hysterophorus cover 

was used for producing a digital overlay map of the area studied and has been presented 

in Fig.5.17 that gives an overall view if the specific sites, the textural class of the soil and 

the cover of P. hysterophorus present on that soil. 

From the results of this study it is concluded that Silt Loam and Sandy Loam, that are 

also the predominant soils of the districts as well, were found to be the most suitable 

types of soil in 16 Districts of the Punjab for growth of P. hysterophorus and a gradual 

shift from Silt Loam to Sandy Loam was observed with increasing latitudes i.e. from 

Southern Districts to Northern Districts of the Punjab. 

 

 

Figure 5.12   Proportion of various Soil Textures in 150 surveyed sites. 
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Figure 5.13: Percentage of sites having different Cover categories in relation to 

different Soil Textural Classes in total area surveyed. 

 

 

 

 Figure 5.14: Percentage of sites having different Cover categories in relation to 

different Soil Textural Classes in Zone I. 
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Figure 5.15: Percentage of sites having different Cover categories in relation to 

different Soil Textural Classes in Zone II. 

 

 

 

Figure 5.16: Percentage of sites having different Cover categories in relation to 

different Soil Textural Classes in Zone III. 
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Figure 5.17: Distribution of P. hysterophorus in relation with soil texture in 16 
Districts of Punjab, Pakistan. 

5.2.5 Importance Value Index 

Prevalence (P), Absolute Frequency (AF), Relative Frequency (RF), Absolute Density 

(AD), Relative Density (RD) and Importance Value Index (IVI) for autumn, winter, 

spring and summer were calculated using the phytosociological data collected from 1800 

quadrats, from 16 Districts of the Punjab. The results produced important information 

regarding association of P. hysterophorus with other co-existing species and the 

comparison revealed, not only the phytosociological behavior spatially (inter- district), 

but also temporally (in different seasons).   

In the present study a total of 75 plant species were recorded from the survey area. The 

Importance Value Indices (IVI) for all species are represented in Annexure II (i- xxiv)              

for autumn, winter, spring and summer, respectively.  P. hysterophorus exhibited the 

same pattern for IVI throughout the year as in all seasons it was found to have second 

highest IVI ranging from 19.11 to 31.81 in autumn, 28.39 to 44.78 in winter, 9.22 to 

42.88 in spring and 9.41 to 35.14 in monsoon.  Highest average IVI was recorded in Zone 

I, followed by Zone II and then Zone III (Fig. 5.18).  A regular trend was observed for 

Cynodon dactylon, showing highest IVI among all species and in all seasons. IVI as high 

as 46.6 was recorded for C. dactylon in spring season. Next to C. dactylon, the most 

consistently occurring species with P. hysterophorus in the surveyed area were Cyprus 

rotundus, and Calotropis procera, the former having relatively higher values in spring. 

These were followed by Eleusine flagellifera, Brachiaria reptans, Croton sparsiflorus, 

Chenopodium album Imperata cylinderica and Dicanthium annulatum  followed by, 

Phalaris minor,  Amarantus virides, Kochia indica, Euphorbia prostrata, Malvestrum 

tricuspidatum, Rumex dentatus, Euphorbis helioscopia and Tribulis terristris. 

Interestingly, Kochia indica had comparatively high IVI in Zone III and was not observed 

in the Zone I. On the other hand, Cannabis sativa possessed higher IVI in Zone I 

followed by Zone II, but was absent in Zone III. Likewise Fumaria indica and Gnicus 

arvensis were recorded as coexisting species with P. hysterophorus in Zone I, especially 

in districts Narowal, Gujrat and Jehlum. Similarly, Ricinis communis and Adhatoda 



138 
 

vasica associated P. hysterophorus in Zone I with IVI ranging from 0.30 to 0.88 and 0.29 

to 0.82, respectively, in Monsoon season. 

A comparison of the average IVI of the most dominant species, Cyanodon dactylon, and 

the second most dominant species, P. hysterophorus, in 16 Districts of Punjab, in 

different seasons (Fig. 5.19) showed that the IVI of  C. dactylon was 36.84, 37.13, 30.15 

and 32.55, in autumn, winter, spring and monsoon, respectively. The relatively high value 

in autumn could be due to the absence of other herbaceous flora in that season and 

persistence of C. dactylon, throughout the year. On the other hand, IVI of P. 

hysterophorus revealed an interesting pattern. Though P. hysterophorus was not 

dominant visually in winter season, the high IVI value of 35.28 could be attributed to 

profuse germination of its seeds. This resulted in a marked increase in number of plants at 

the time when other summer annuals senescence and die, thus affecting the IVI. The 

advent of spring, with simultaneous increase in the number of other plant species could 

account for a decrease in IVI (28.74) for P. hysterophorus, which is a relative value, also 

based on the occurrence and number of other plant species. 

The Prevalence of all species is represented in Annexure II tables i – iv, for autumn, 

winter, spring and summer.  It indicates the number of times it was recorded in a total of 

30 quadrats in each district in each season. As those sites where P. hysterophorus was 

present, were selected for survey, a prevalence value of 100% was recorded in all seasons 

in all of the surveyed area. In Autumn season, Cyanodon dactylon had the second highest 

prevalence value, ranging from 90 to 100%. In spring and summer it ranged from 86.67 

to 100%, whereas in winter the lowest value recorded was 73.33% for Faisalabad 

District. The species having high prevalence also had high IVI.  

The present study also allows a comparison with a phytosociological survey carried out 

by Shabbir and Bajwa (2006), in wastelands of Islamabad. They reported a total of 30 

weed species that were associated with P. hysterophorus. The latter was also reported to 

have high relative frequency, relative density and importance value. Shabbir and Javaid 

(2010) also reported P. hysterophorus to be a dominant species among the local flora in 
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wastelands of Lahore with highest Relative Density (21%) and Relative Frequency 

(32.5%) values in comparison to other asteraceous weeds. 

This study also reveals that the natural colonizers in the three zones can be characterized 

on the basis of IVI values, like cover attributes and soil characteristics which seem to be 

statistically significant for the three zones. Interestingly, some species were found to 

characterize particular zones, for instance, Kochia indica and Cannabis sativa 

characterized Zone III and I, respectively. However, as P. hysterophorus, was found to 

have second highest IVI, consistently, in all districts, it can be concluded that it masks the 

differences in the zones. Thus the IVI values of P. hysterophorus in 16 districts of the 

Punjab clearly indicate that it is indeed a species of increasing importance and if not 

restricted has a potential to pose a threat to natural herbaceous flora of Punjab. 

  

 

 

Figure 5.18:  Interzonal comparison of average IVI of P. hysterophorus  
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Figure 5.19: Comparison between the average IVI of C. dactylon and P. 

hysterophorus in different seasons in 16 Districts of Punjab.                    

5.2.6 Phenological study  

The percentages of different phenological stages of P. hysterophorus, observed autumn 

season have been represented in Fig. 5.20.  

A conspicuous trend was observed along the latitudinal gradient that showed that the life 

cycle of P. hysterophorus was much ahead in Zone I than in Zone III. This was evident 

from the fact that senescence in Zone II was6.18% on average and markedly increased in 

Zone I (52%), whereas in the Zone III it was almost negligible. Flowering was the most 

dominating phenological stage in autumn as it ranged from 21.5 to 69.5% of all stages, 

but was much more pronounced in zone III (57.5-67%) as compared to Zone I 21.5-

31%). A similar trend, though of lower magnitude, was observed for fruiting. However, 

vegetative stage, was negligible in the entire surveyed area. 

A comparison of the inter-zonal phenological stages during Autumn, as shown in Fig. 

5.21 reveals a clearer picture, showing that percentage of the vegetative plants in the 

three zones ranged from 0 to 0.7% only. Flowering was the dominant stage in Zone III 

(61.63%) and senescence was markedly more prominent in zone I, whereas in Zone III 

barely 0.38% of P. hysterophorus were observed to be at the senescent stage. 
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Figure 5.22 represents temporal variation in the phenological stages observed in the 

surveyed area during winter season. The vegetative plants were seen in all districts but 

their percentage in the northern districts was predominantly high. Fruiting and seeding 

was more prevalent in South than in North, but senescence did not follow any particular 

trend. Inter-zonal comparison represented in figure 5.23 shows that 42.38% of plants 

were vegetative in Zone I in comparison to only 12.5% in Zone III. Fruiting with 23.5 % 

in Zone III was much higher than 7.5% in Zone I.  

During spring the phenology of P. hysterophorus showed distinct trends as shown in 

figures 5.24 and 5.25. With the increasing latitudes and precipitation a rise in percentage 

of flowering plants was observed. There was a reciprocal decrease in the vegetative stage, 

implying that during spring most of the vegetative plants had attained flowering. Fruiting 

seemed to decrease towards South, whereas seeding and senescence was not observed 

except for a few plants seen in Districts Narowal and Kasur. Interzonal comparison 

shown in Fig. 5.25 revealed that though vegetative and flowering stages were the most 

dominant, the latter comprised 84.25% of the phenological stages in Zone III and 29.25 

% in Zone I. Fruiting ranged from 13.63% in Zone III to 57.5% in Zone I. 

As seen from figures 5.26 and 5.27 the most dominant phenological stage in almost all 

the districts in monsoon was that of flowering, ranging from 43.38 to 53%, to be 

followed by fruiting and seeding. The presence of vegetative stage (3.5 to 11.75%) shows 

another flush of germination in the rainy season. Constant germinability has been 

previously reported (Vehra, 2002). Senescence, however, was almost negligible. Strong 

phenotypic plasticity in terms of life span and flowering time has been reported for P. 

hysterophorus by Kadam et al., (2009) and has been suggested to be environment 

dependent. The results of the present study are in conformity with this finding as the 

target plant alters the time of phenotypic stages according to the climatic 

conditions/latitudinal gradient. 
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Figure 5.20: Percentage of phenological stages of P. hysterophorus observed in 16 
Districts of Punjab in Autumn. 

 

 

 

Figure 5.21: A comparison of the Inter-Zonal phenological stages of P. 
hysterophorus observed in Autumn. 
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Figure 5.22: Percentage of phenological stages of P. hysterophorus observed in 16 
Districts of the Punjab in Winter. 

 

 

Figure 5.23: A comparison of the Inter-Zonal phenological stages of P. 
hysterophorus, observed in Winter. 

 

0

10

20

30

40

50

60

70

Jh
el
u
m

G
u
jr
at

Si
al
ko
t

N
ar
o
w
al

G
u
jr
an
w
al
a

Sa
rg
o
d
h
a

Sh
ei
kh
u
p
u
ra

N
an
ka
n
a

Fa
is
al
ab
ad

C
h
in
io
t

La
h
o
re

K
as
u
r

Jh
an
g

TT
 S
in
gh

O
ka
ra

Sa
h
iw
al

P
er
ce
n
ta
ge

Districts

Winter

Vegetative

Flowering

Fruiting

Seeding

Scenescent

0

5

10

15

20

25

30

35

40

45

Vegetative Flowering Fruiting Seeding Scenescent

P
er
ce
n
ta
ge

Phenological Stages

Winter

Zone I

Zone II

Zone III



144 
 

 

Figure 5.24: Percentage of phenological stages of P. hysterophorus observed in 16 
Districts of the Punjab in Spring. 

 

 

 

Figure 5.25: A comparison of the Inter-Zonal phenological stages of P. 
hysterophorus, observed in Spring. 
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Figure 5.26: Percentage of phenological stages of P. hysterophorus observed in 16 
Districts of Punjab in Monsoon. 

 

 

Figure 5.27: A comparison of the Inter-Zonal phenological stages of P. 
hysterophorus, observed in Monsoon 
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5.3 DISCUSSION  

As exotic plant management is expensive, complex and time consuming, identification of 

priority areas is needed in order to focus on the weed control efforts. Places where the ideal 

conditions for the growth and spread of P. hysterophorus exist, are most susceptible and the 

most appropriate focal points for its prevention and control. Many factors contribute to the 

current distribution of P. hysterophorus. On the basis of the results of this study, potential 

sites of infestation can be pointed out even in those areas where extensive survey has not 

been done. Thus those areas that have high soil moisture regime, and where annual rainfall 

ranges from 250 to 1000 mm and which have anthropogenic disturbance leading to core areas 

if infestation are liable to be invaded by P. hysterophorus. Predicting its invasion leads to 

early detection and consequent eradication and this helps to avoid huge sinks of human 

resources and finances in the long run (Marler, 2000). As P. hysterophorus is an aggressive 

invasive weed there is a high probability of its becoming a problematic weed as it possesses 

attributes like rapid growth rate, high reproductive potential and allelopathic properties 

(Navie et al., 1996; Singh et al., 2005).  

The present phytosociological survey generated interesting results pertaining to ecological 

aspects of P. hysterophorus. A distinct Zonal categorization could be seen in context with P. 

hysterophorus distribution and relation to other coexisting species. Zone I, in Northern 

latitudes seemed to be relatively more infested by P. hysterophorus and even the 

phenological stages in this zone was ahead as compared to that in the other zone. The results 

for the phenological studies are in conformity with the findings of Kollmann and Bañuelos 

(2004), who reported that the populations in the northern areas had a tendency to produce 

flowers earlier that of the southern ones. 

Keeping in view the results of the present study based on present distribution of P. 

hysterophorus, as indicated by its cover, productivity (biomass), relation to soil moisture 

content, preferences for soil texture, Importance Value Index and phenological studies 

indicating its plasticity and adaptability to shift its life cycle in accordance with the climatic 

conditions, especially precipitation), it can be reported with confidence that distribution of  P. 
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hysterophorus is primarily governed by the rainfall pattern and thus the moisture content of 

the soil and that it is the determining factor for its occurrence and spread, even masks its 

preference for the soil type on which it occurs. Thus, this information provides a base for 

predicting its further spread and hence could be utilized in its control and management 

strategies. 

 In terms of biomass and phenological stages (higher percentages of flowering, fruiting and 

seeding monsoon season provides ideal conditions for growth of  P. hysterophorus. The 

autumn dip and high senescence in Zone I is indicative of low temperature (lower than that 

reported to be ideal for the growth of P. hysterophorus) but the plants set enough seeds 

during monsoon with the result that the relatively lower temperature does not affect the 

viability of the seeds which regenerate profusely in the following spring season. On the other 

hand Zone III does not suffer a very sharp decline in its growth attributes in autumn and 

winter, which is indicative of higher temperature in the zone. As a result the growing season, 

seed setting and regeneration has prolonged span of time but low moisture contents restrict 

its growth. Zone II is intermediate between the two situations i.e. Zone I and III. It appears 

that the more tropical temperature in Zone III increases its reproductive phase but decrease in 

moisture content adversely affects its growth during hot summer.  

In Zone I, colder temperature results in higher senescence, but relatively milder summer and 

thus lower evapotranspiration favors its growth. This is obvious from the assessment of 

biomass of P. hysterophorus in winter but it appears to be almost the same for the three zones 

(Fig. 5.28). It seems that its growth in Zone I is compensated by greater availability of 

moisture content. On the other hand, higher summer temperature appears to be affecting its 

growth in Zone III. However, the modified environment in Zone III in irrigated zones is 

helping the plants to overcome the natural shortage of water due to higher evapotranspiration 

and thus providing ideal conditions for its growth, though in limited areas. 

The Importance Value Index (IVI), based on a number of parameters, assessed from the field 

data measurements, clearly shows significantly higher IVI values for P. hysterophorus in 

Zone I in autumn and winter, whereas it is slightly lower in spring and monsoon seasons 

(Fig.5.29). The climatic conditions during spring and monsoon are most suited for P. 

hysterophorus but autumn and winter are relatively unfavorable in terms of low temperature 
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and moisture content, as shown by the interzonal comparison of its biomass in different 

seasons (Fig. 5.28). In Zone I, the relatively higher IVI of P. hysterophorus  in autumn and 

winter indicates that the growth of P. hysterophorus is not restricted even at low 

temperatures of winter season and dry conditions of autumn. However, for all the three Zones 

the IVI in winter season is higher than in other seasons, the reason being the presence of a 

large number of newly germinating plants, as IVI is also dependent on the numerical value of 

the plants. On the other hand even in rather ideal conditions of spring and monsoon, lowest 

IVI was observed in Zone III which could be due to very low precipitation (>125 mm/year). 

A comparison of the mean, annual IVI (Fig.5.18), shows a marked difference between the 

three zones, and is found to be highest for Zone I and lowest for zone III, and intermediate 

for Zone III. This leads to the conclusion that the spread and distribution of P. hysterophorus 

is highly dependent on the moisture regime of the area where it grows. This parameter 

overcomes the relatively low temperatures of Zone I, which might otherwise have resulted in 

arrested growth of P. hysterophorus. Thus Zone III, despite having relatively higher 

temperature P. hysterophorus shows lowest IVI, because of limited soil water content. Such 

places where the occurrence of P. hysterophorus is localized (areas where soil moisture is 

high due to unnatural/artificial irrigation) are suggested to be the potential sites where its 

further growth could be checked and controlled.  
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Figure 5.28: Interzonal comparison of Biomass of P. hysterophorus in different 
seasons. 

 

 

 

Figure 5.29:  Interzonal comparison of IVI of P. hysterophorus in different seasons 
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CHAPTER VI 

 

COMMUNITY PERCEPTION ABOUT THE PREVALENCE AND IMPACT OF 

PARTHEUNIUM HYSTEROPHORUS L. 

Invasive exotic species have well known impacts on ecosystems, landscapes and 

biodiversity (Cronk and Fuller, 2001; Bax et al., 2001. Burgiel and Muir, 2010), but these 

impacts may not always be negative and may result in costs as well as benefits to the 

local community. The aspect of negativity comes into play when these exotic invasive 

species inhibit the effective and vital functioning of the local social and ecological 

systems and when they become weeds in agricultural and forestry systems or become 

hazardous for human or animal health (Pimental et al., 2001; Pimental et al., 2005). 

In order to exercise effective control of alien exotic species, the local community and the 

stakeholders must first realize the importance of eradication of such species and then 

must understand the management approaches. Reciprocally, the researchers and the 

authorities involved in the species management activities must be aware of the 

perceptions of public and all stakeholders for smooth and effective control and prevention 

approaches. The phytosociological survey would not be considered complete without 

assessing the perception of the local community and particularly the stakeholders with 

regards to the impact of the target plant. The main objective of the present questionnaire-

based survey was to fill in the knowledge gap on perceptions of impacts of P. 

hysterophorus. The aim was to compile information on P. hysterophorus so as to assess 

the prevailing concepts and attitudes of various sectors of public about the exotic plant, to 

identify research needs and to generate awareness regarding its hazardous impacts. 

6.1 METHODOLOGY 

In order to assess the perception of community about prevalence and impact of the 

invasive weed information was collected through questionnaires designed on the basis of 

semi- structured and open- ended questions. Semi-structured design was selected 

considering the low literacy rate of the general public. The questionnaire was translated 
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into local language for the illiterate respondents. Keeping in view all the possible 

stakeholders the questionnaires (Appendix III) were designed for the following: 

1. Urban residents 

2.  Rural residents 

3. Farmers 

4. Foresters 

5. Florists 

100 respondents each from the category of urban residents, rural residents and farmers 

were selected randomly from each district. Thirty five foresters were also interviewed, 

taking care that there is representation from all of the districts under survey. However, 25 

florists from City Lahore were selected and the data was statistically analyzed by 

applying Chi-square test and Fisher test.  The questionnaire was intended to standardize 

responses regarding perception and attitude of the community about impact and control 

of the exotic plant. The questionnaire was sectioned in two parts - the first part comprised 

the demographic information of the respondent and the second part dealt with the 

information regarding familiarity with P. hysterophorus, mechanism of spread, its rate of 

spread, health hazards, usage if any and finally willingness to pay for its eradication. 

Analysis of the survey was carried out by entering the survey responses into a database 

on excel spreadsheet. 

6.2 RESULTS 

The response rate did not vary much between the zones and ranged from 98 to 100 

percent. The questionnaires were filled on the sites where phytosociological survey was 

carried out and for the convenience of the illiterate respondents they were read out and 

the responses were filled by the interviewer. 

Evaluation/Analysis of Questionnaire based survey: 

The main outcome of the survey, pertaining to the prevalence and impact of P. 

hysterophorus, which emerged from the questionnaire, has been summarized as follows: 
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6.2.1 RESPONSE BY URBAN RESIDENTS 

Initially 250 informants were interviewed for familiarity but as 60 % (150) who were not 

familiar with P. hysterophorus, were dropped for further inquiry and the remaining 100 

respondents (40%) who recognized the plant were included in the survey.  

Age distribution pattern and Education status:  Fig 6.1 shows the age distribution 

pattern of the respondent urban residents. Majority of the respondent fell in the age 

groups of 25 to 40 years and >40 to 60, being, 40% and 35%, respectively. Only 17% 

were less than 25 years and 8% were more than 60 years of age.  A large percentage, i.e. 

41% of the urban residents had education level between primary education and grade 10, 

followed by 27% being undergraduate or graduate, whereas 16% were illiterate and the 

same percentage acquired education up to the level of post-graduation (Fig. 6.2). 

Familiarity with name, health hazards and uses of P. hysterophorus: Fig. 6.3 reveals 

that although only 13% of the urban respondents were familiar with the scientific/local 

name of P. hysterophorus, 36% were aware that it had harmful health effects on human 

beings, 54% did not consider it to have any detrimental effects and 10% failed to give 

any opinion. Exactly half of the respondents believed that it was a nuisance weed, while 

40% did not and 10% were unsure. 23% knew of some uses for P. hysterophorus, the 

most common ones being its usage in the bouquets.   

Period of prevalence: The feedback on the period of prevalence i.e. the period, in years, 

since  P. hysterophorus, was first sighted by the urban residents given in Fig. 6.4 , clearly 

shows that to half of the respondents the weed was known since 1to 5 years. To 11%, 

24% and 14% of the urban residents who were interviewed, the plant was known since 

<1, >5 to 10, and >14 years, respectively. 

Sites of infestation: Information gathered on the perception of the urban residents on the 

major sites of P. hysterophorus infestation (Fig. 6.5) revealed that 60% were of the 

opinion that roadside verges were the places heavily infested. 35% regarded wastelands 

and 25% considered residential areas and 12% believed that crop lands were the main 

infestation sites. 
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Cover, rate and mode of spread of P. hysterophorus: Fig 6.6 represents the responses 

for the urban residents regarding the estimated visual cover, rate and mode of spread of 

P. hysterophorus. 51% of the respondents considered the cover to be moderate, 26% 

high, 19% low and 4% did not seem to know. Based on the information gathered on the 

perception rate of spread of the target species, it was found that 69% had observed an 

increasing trend in the rate of spread, 6% thought it was decreasing, 2% saw no 

difference in the past few years and 18% were did not give their opinion on this issue. 

Most of the survey respondents (81%) pointed that the mode of spread of P. 

hysterophorus in their view was wind, whereas 21% believed it was spread by means of 

transport/vehicles, 2% attributed it to livestock and 3% to transported soil or manure. 

Two percent of the respondents had entirely different views and thought that it spread 

along drains and water channels while 10% were ignorant of any spread mechanisms. As 

some of the respondents suggested more than two modes of spread for the plant so the 

sum of the percentages of the respondents was found to be more than 100.   

Willingness to pay: A control/ prevention program for invasive species requires funding 

from government and public sources. When asked if the urban residents were willing to 

adopt new methods for the eradication of the weed, most of the respondents gave a 

positive response but on the inquiry of the willingness to pay only 15% agreed (Fig. 6.3). 
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Figure 6.1: Age distribution pattern of the respondent Urban Residents. 

 

 

 

Figure 6.2 Education status of the respondent Urban Residents. 
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Figure 6.3:  Perception of the respondent Urban Residents about the familiarity, 
considering it a nusiance weed, health hazards and any uses of P. hysterophorus and 
willingness to pay for its eradication 

 

 

Figure 6.4: Period of prevalence of P. hysterophorus, as known to Urban 

Residents. 
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   Figure 6.5: Perception of the Urban Residents regarding the major sites of infestation of  

P. hysterophorus. 
 
 
 
 

Fig. 6.6: Perception of the Urban Residents regarding cover, rate and mode of spread of P. 
hysterophorus.   
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6.2.2 RESPONSE BY RURAL RESIDENTS 

 Keeping in view the fact that most of the rural population is illiterate, the questionnaires 

were read out in the local language and the derived information was recorded. 

Age distribution pattern and Education status:  Fig. 6.7  representing the age 

distribution pattern of the respondent rural residents shows that 46% were between the 

age of 25 to 40 years, whereas 26%, 24% and 4% corresponded to the age groups, < 25, 

>40 to 60 and > 60 years. Contrary to the urban residents, not surprisingly, 66% of the 

rural residents were illiterate (Fig. 6.8). Twenty nine percent had education status ranging 

from primary education to grade 10, 5% were either under-graduate or graduate and none 

of the respondents was post-graduate. 

Familiarity with name, health hazards and uses of P. hysterophorus: Fig. 6.9 shows 

that out of all the rural respondents, 22% were familiar with either common name of  the 

plant under study. Nearly the same percentage of respondents, i.e. 21%, was aware that 

presence of P. hysterophorus accompanied health hazards. A very small percentage of 

11% appeared to have some information about its uses. 

Period of prevalence: To the question as to how long was P. hysterophorus being seen, 

46% of the rural respondents replied that it had a prevalence period of 1-5 years. In the 

opinion of 24% the weed was being seen since less than one year and 14% and10% stated 

that they were observing it since >5to 10 years and >10 years, respectively (Fig. 6.10). 

Sites of infestation: The opinion of the rural residents was sought for their observation 

regarding the sites or areas which they considered to be most adversely infested by P. 

hysterophorus. The results obtained for this aspect have been represented in Fig. 6.11 and 

reveal that 45% considered it a cropland weed, 40% a roadside weed, 10% a weed of 

wastelands and only 5% were of the view that residential areas were the areas of its 

maximum abundance. 

Cover, rate and mode of spread of P. hysterophorus: The survey results regarding the 

question concerning the cover of P. hysterophorus plants has been given in Fig. 6.12 
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Over all 36%, 44 % and 15% of respondents ranked it as low, medium and high, 

respectively, whereas it was not known to the remaining 5%. As far as the rate of spread 

of the weed is concerned,  majority, being 79% believed that it was increasing with time, 

just 2% thought it was decreasing, 14% had observed on difference and 5% appeared to 

be ignorant of the trend. Although respondents had different views for the mode of spread 

of the weed, 64% thought that its spread was wind-mediated. 28% considered livestock to 

be the cause of spread, whereas, 20% and 10% held transport/vehicles and transported 

soil or manure responsible for its spread. Yet another 9 % suggested ways of spread other 

than those inquired and 4% failed to respond to this query. 
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Figure 6.7: Age distribution pattern of the respondent Rural Residents. 

 

 

Figure 6.8: Educational status status of the respondent Rural Residents. 
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Figure 6.9: Perception of the respondent Rural Residents about the familiarity, 
considering it a nusiance weed, health hazards and any uses of P. hysterophorus and 
willingness to pay for its eradication. 
 
 
 

 

Figure 6.10: Period of prevalence of P. hysterophorus, as known to Rural Residents. 
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Figure 6.11: Perception of the Rural Residents about the major sites of infestation of 
P. hysterophorus. 

 

 

 
 

Figure 6.12: Perception of the Rural Residents regarding cover, rate and mode of 
spread of P. hysterophorus.  
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6.2.3 RESPONSE BY FARMERS 

Age distribution and education status: Fig. 6.13 shows the ages of 23, 36, 26 and 15% of 

the respondent farmers corresponded to the age groups of <25, 25 to 40, 40 to 60 and >60. 

Fig. 6.14 represents the educational status of the farmers, showing that 39% were illiterate, 

whereas 49%, 9% and 3% were educated from primary level to grade 10, under-graduation 

to graduation level, and post-graduation level, respectively. 

Familiarity with name, health hazards and uses of P. hysterophorus: Not surprisingly 

most of the farmers i.e. 78% (Fig. 6.15) were familiar with the local/common names of P. 

hysterophorus. Majority knew it by the name ‘booti’ and some by ‘junglee booti’, ‘tara 

booti’ and a few by ‘Gajar booti’, meaning ‘local booti’ implying that they had no concept 

of its being non-indigenous. Nearly half, i.e. 47% of the farmers seemed to be aware of the 

health hazards of the weed on human health. Uses of P. hysterophorus were known to 14% 

of the farmers, whereas 86% were ignorant of any beneficial uses the plant could have.  

Period of prevalence: Fig. 6.16 shows that more than 56% of the farmers reported a period 

of 1-5 years since they first sighted P. hysterophorus, suggesting its recent introduction in 

agriculture. Its period of prevalence according to 23% was 5 to 10 years, whereas 12 % 

thought it to be present since less than a year and 9 % were of the opinion that it was there 

since more than 10 years. 

Effect on crops: 73% of the respondent farmers were of the opinion that P. hysterophorus 

had a negative impact on agriculture (Fig. 6.17). 

Cover, mode of spread and trend of spread: High cover of P. hysterophorus was 

reported by only 6%, medium by 24%, low by 65% and to 5% either it was not known or 

they had not noticed it. As regards the mode of spread of P. hysterophorus, a majority, 86 

%, considered wind to be the key mechanism of spread. 32% suggested that it had spread 

through transported mud or manure, 25% thought that transport vehicles and 17% thought 

that livestock was responsible for its spread. In addition to this 4 % suggested other modes 

such as places along drainage and water channels being the most likely ones (Fig. 6.18).  
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Palatability of P. hysterophorus and its effect on livestock health: A vast majority, i.e. 

93% of the respondents reported non-palatability of P. hysterophorus to livestock, and the 

7% that stated that it was edible, were of the view that livestock ate it only in case of 

shortage of food (Fig. 6.19; Plates 25 and 26). Only 19% of the respondents had noticed 

health hazards of P. hysterophorus on livestock, with 8, 6 and 5 % reporting skin allergies, 

general health degradation and loss in milk quality, respectively (Fig. 6.20). 

Effect of P. hysterophorus on Farmer’s health: From Fig. 6.21 it is evident that skin 

allergies were most common in farmers, being 58% and they attributed it to P. 

hysterophorus, whereas just 3 % suffered from Respiratory Tract Infection (RTI) and 13% 

suffered from both, skin allergies and RTI. 25% were free from any ill-effects due to P. 

hysterophorus.  

 Comments: Majority of the farmers commented that due to rapid rates of spread and 

increasing cover, P. hysterophorus was sure to become a problematic weed in crops within 

a short period of time. Similar views were extended by the farmers working in the rice 

fields in Chhattisgarh Plains, India (Oudhia, 2000). No beneficial use of P. hysterophorus 

was reported by the majority of farmers.  
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Figure 6.13: Age distribution pattern of the respondent Farmers. 
 
 
 

 

 
 

Figure 6.14: Educational level of the Farmers. 
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Figure 6.15:   Perception of the respondent Farmers about the familiarity, 
considering it a nusiance weed, health hazards and any uses of P. 
hysterophorus and willingness to pay for its eradication. 

 

 

 

 

Figure 6.16: Period of prevalence of P. hysterophorus, as known to Farmers. 
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Figure 6.17: Effect of P. hysterophorus on crops, in the opinion of Farmers. 
 
 
 
 

 
 
Figure 6.18:   Perception of the Farmers regarding cover, rate and mode of 
spread of P. hysterophorus.  

 



167 

 

 

Figure 6.19: Palatability of P. hysterophorus and its health hazards on livestock, in 
the opinion of Farmers. 

 

 

 

Figure 6. 20: Type of health hazards of P.hysterophorus on livestock. 
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Figure 6.21: Type of health hazards on Farmers. 
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6.2.4. RESPONSE BY FORESTERS 

 Thirty five foresters from Forestry Department, Punjab, Pakistan, from all the districts 

under study were included in the survey.   

Education Status: Fig. 6.22 representing the education status of the foresters reveals that 

all were literate, with 74.29% having education from primary level to grade 10, 14.29% 

being undergraduates or graduates and 11.43% acquiring education up to post-graduation 

level. Majority of the respondents whose jobs involved field work were preferred for the 

present survey. 

Area and types of Plantations: The area of the plantations either under the jurisdiction of 

the respondents or where they worked has been given in the Fig. 6.23, 37% of the foresters 

worked in areas under 5 acres, 46% in area from 6 to 20 acres and 17% in area above 20 

acres.  The types of plantations (named after the types of trees planted) where foresters 

sighted P. hysterophorus are shown in Fig. 6.24 Majority (53%) of the respondents reported 

sighting P. hysterophorus in the Dalbergia sissoo & Euclyptus plantations, while 19%, 

17% and 6% had observed it mostly in Euclyptus, Dalbergia sissoo and Accasia modesta 

plantations. 5% seemed to be of the opinion that it was mostly seen in vacant fields.Its 

presence in plantations has previously been reported by Walia and Barar (2001). 

Period of prevalence: As shown in Fig. 6.25 only 3% of the foresters reported a period of 

less than one year since they had first sighted P. hysterophorus, 26% reported  a period of 

1-5 years; 57% a span of 5 to 10 years and 14% a period of more than 10 years.  

Familiarity, health hazards and uses of P. hysterophorus: Information collected about 

the familiarity with P. hysterophorus, displayed in Fig. 6.26 shows that 71% of the 

foresters were familiar with the plant and 40% knew it by a scientific or local name. 51% 

considered it as a weed of nuisance, 23% were of the view that it was not a weed and 26% 

failed to answer the question. As regards the negative impact of P. hysterophorus on 

human health only 14% considered it to be detrimental while 66% thought that it did not 

have any bad effect and to 21% did not know. The uses of the weed were known to only 

14% of the farmers and 20% had no information about it 
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Sites of Infestation: As revealed by Fig. 6.27, 54% of the foresters considered tree 

plantation areas to be the sites of greatest P. hysterophorus infestation, whereas, 23%, 11%, 

9% and 6% were of the view that areas of maximum occurrence of P. hysterophorus, were 

crop lands, roadside verges, wastelands and residential areas, respectively. The opinion 

regarding the presence of P. hysterophorus, mostly in the tree plantation areas could be 

attributed to relatively greater period of time the foresters spent in such areas.  

Cover, rate and mode of spread of P. hysterophorus:  Majority of the respondents from 

the forestry Department reported that the P. hysterophorus had not severely impacted the 

areas within their jurisdiction. This was evident form the observation of 71% of the 

respondents who reported low cover of P. hysterophorus. None observed high cover and 

23% considered it to be moderate (Fig 6.28). Despite a low cover being observed by the 

majority, 6o% of the respondent foresters registered an increase in the spread of the weed, 

whereas 14% stated that there was a decrease, 6% found no difference in the rate of spread 

and 20% had not noticed or it was not known to them.  The queries also included the mode 

of spread of the weed and in this context 60% believed that wind was the key factor in 

promoting its spread, whereas 16% held transport/vehicles to be responsible for dispersal, 

11% voted for the livestock and 10% thought that the spread was mediated through soil or 

manure that was transported from one location to the other. 

Willingness to pay and the current method of eradication: To the question if the 

respondent foresters were willing to pay for the eradication of P. hysterophorus, 

surprisingly 40% showed their consent to pay, either in the form of cash, though a very 

meagre amount (Rs. 100 to 500 per year) or voted for community participation or by 

providing labour. Currently, 94% reported that mannual weeding was being done for P. 

hysterophorus, whereas 6% stated that mechanical method of eradication was being 

followed (Fig. 6.29; Plate 27). 
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Figure 6.22:  Educational status of the respondent Foresters. 

 

 

Figure 6.23: Percentage of respondent Foresters with corresponding areas of 

plantations of their work places. 
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Figure 6.24: Percentage of respondents reporting the type of Plantations where P. 
hysterophorus was observed. 
 
 

 

 

Figure 6.25: Period of prevalence of P. hysterophorus, as known to Foresters. 
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Figure 6.26: Perception of the respondent Foresters about the familiarity, considering it 
a nusiance weed, health hazards and any uses of P. hysterophorus. 
 
 
 

 
 
Figure 6.27: Perception of the Foresters about the major sites of infestation of P. 
hysterophorus 
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Figure 6.28: Perception of Foresters regarding cover, rate and mode of spread of 

P. hysterophorus.   

 

 

Figure 6.29: Percentage of Foresters willing to pay for eradication of the weed and 

the current method of eradication being used. 
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6.2.5. RESPONSE BY FLORISTS 

As it is a common observation that P. hysterophorus is commonly used in bouquets, 25 

florists, all from various areas of District Lahore, were interviewed. Lahore, being one of 

the most urbanized cities of Punjab, was chosen for this survey as it holds a high 

percentage of educated population, having greater tendency to buy and exchange 

bouquets. 

Familiarity with P. hysterophorus: The familiarity of the respondent florists was 

amazingly 100%, showing that the plant is very popular among the florists, because of its 

frequent use as ‘filler’ in the bouquets. Out of all the categories of stakeholders/public 

surveyed, the florists came up with maximum number of common names. 80% were 

familiar with some common/local names, which are, booti, tara booti, jungle booti, 

zeharili booti, boo booti, zaher mohra, baby breath, baby grass and gypsophilia. Almost 

none (except one) of the interviewed florists reported any beneficial aspect of the plant 

(apart from in usage in bouquets) and that being its usage in herbal medicine. 

Age Distribution and Education Status:  Fig. 6.30 shows the age distribution amongst 

the respondent florists. Florists of the age groups below 25 years and between 25 and 40 

were 40% each out of the total respondent florists and overall accounted for 80 %. Those 

between 40 to 60 years were 20% and none of them were above 60 years.  

More than half of the florists (56%) were illiterate. Those with education levels ranging 

from Primary education to Grade 10 were 32%and only 12% had acquired education up to 

the level of Under-graduation to Graduation, with none possessing post-graduation 

qualification (Fig. 6.31). 

Work Experience: Fig. 6.32 depicts the number of years the florist respondents had been 

working in this field. There was not much difference between the percentage of those 

having a work experience of less than five years and those working from >5 to <10, the 

experience being 36%  and 44%, respectively. Only 16 % had worked for >10 to <15 

years and even smaller percentage had been working as florist for a period of more than 15 
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years. The work experience paralleled with the age distribution amongst the respondent 

florists. 

 Health hazards due to P. hysterophorus: Fig. 6.33 reveals that 80 % of florists were 

aware of the health hazards posed by P. hysterophorus. The response to the question 

whether they experienced any allergy was very alarming. Only 4% did not suffer from any 

sort of allergy and 68% complained of skin allergies (Plate 28) whereas 4% complained of 

Respiratory Tract Infection and 24% suffered from both skin and respiratory allergies. As 

to how they were sure that the allergies were due to P. hysterophorus and not any other 

plant, most of the respondents commented that whenever they were continuously in 

contact with the plant red rashes appeared and they experienced severe itching. Some 

florists complained of cracking and eroding skin. In some cases the corners of their mouth 

were affected. Avoiding direct contact gave temporary relief but after intermittent relapses 

the allergy becomes chronic and requires medication.  One of the respondents with work 

experience of 8 years reported that he was suffering from allergy since 7 years and was 

taking a steroid (Betnelam, 2 tablets per week for one month and has to repeat this course 

after every three to four months). Further correlation of awareness of health hazards with 

level of education generated interesting results, as 11 out of 14 illiterate 6 out of 8 with 

primary to grade 10 education and all three of the most educated florists were aware of the 

health hazards related to P. hysterophorus , thereby pointing out that observation and 

personal experience rather than education were responsible for the awareness levels. On 

the other hand, Fig. 6.34 shows that work experience is positively correlated with the 

awareness regarding negative impact of P. hysterophorus on health.  

Source and disposal of P. hysterophorus shoots: As shown by Fig. 6.35 it was found 

that 88% of florists purchased P. hysterophorus for using it as ‘filler’ in bouquets, whereas 

only 12% obtained it directly from fields. Those who cut it from field, complained more 

frequently of contact dermatitis than those who purchased. Rather most of the florists who 

previously got it from field, finally settled for  purchasing it, firstly because they started 

suffering from allergies and secondly because it was very cheap (Rs. 10 to Rs. 30 per a big 

bundle that could be carried on a cycle- (Plate 29) and was not worth the hassle. The 
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question regarding the disposal of discarded plant parts was included in the questionnaire 

in order to have an idea about how the florists could play a role in disseminating the seeds 

carried with the discarded plants and it was observed that 64% simply threw the discarded 

plants in heaps of garbage on road sides or next to their shops and 28% disposed them off 

through solid waste service providers and 8 % at times threw it on roadside and sometimes 

got help of the service providers for disposal purposes. Further analysis based on 

evaluation of correlation, if any, between education status of the florists and the modes of 

disposal (Fig. 6.36) it was found that the illiterate (nearly half of the respondents) had 

more tendencies to discard unwanted plant parts in garbage heaps on the roadsides. 

Likewise, those with lesser work experience did not avail the services of garbage disposal 

service providers (Fig. 6.37).This perhaps also depended on the area of the location of the 

florists shop. Shops in posh areas generally belonged to relatively more educated people 

and the rules and regulations regarding cleanliness were followed more strictly.  

Period of Prevalence: The information gathered about the number of years since P. 

hysterophorus was known to florists generated varied responses, as 12, 28, 36 and 24% 

were familiar with P. hysterophorus since <1year,  1-5 years, 5-10 years and >10 years, 

respectively (Fig. 6.38).  
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Figure 6.30:  Age Distribution pattern of the respondent Florists  

 

 

 

 

Figure 6.31: Educational status of the Florists 
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Figure 6.32: Work experiences of the Florists. 

 

 

 

Figure 6.33:  Perception of Florists about awareness of health hazards due to P. 
hysterophorus 
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Figure 6.34: Correlation of work experience with awareness about health hazards due  
                      to P. hysterophorus. 

 
 
 

 
 

Figure 6.35: Source of obtaining P. hysterophorus plants for bouquets and mode 
of disposal of discarded plants.  
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Figure 6.36: Correlation of education status of Florists with mode of disposal of P. 
hysterophorus plant parts. 

 
 

 

 

Figure 6.37: Correlation of work experience of Florists with mode of disposal of P. 
hysterophorus plant parts. 
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Figure 6.38: Period of prevalence of P. hysterophorus, as known to Florists. 
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6.3 DISCUSSION 

Considering the negative impacts of exotic plant invasion on the ecosystem functioning, 

the prevention and control strategies against invasive plants must be developed. Due to 

the complex nature of plant invasion, it becomes difficult to identify a single or a few 

factors that may be responsible for the large scale invasion by exotic plants (Marler, 

2000). In order to make exotic plant management strategies effective, it becomes 

imperative to assess the perception of general public as well as the stakeholders about 

familiarity with and impact of the target exotic plant, so as to have an idea of the 

magnitude of efforts required. 

The present study involved a questionnaire-based survey that generated important 

information that can be utilized in management strategies against P. hysterophorus. 

Random sampling led to the inclusion of the respondents of all ages.  Majority aged 

between 25 to 40 years except for florists who in addition to this age group had a high 

percentage of ages less than 25. This suggests that the business is run by relatively young 

group and who if properly informed and motivated could play an effective role on P. 

hysterophorus management. A comparison of the educational status showed that majority 

of the rural respondents (66%) and florists (56%) were illiterate, whereas the major group 

of urban residents (41%), farmers (49%) and foresters (74%) had education between 

primary level and grade 10. 

Feedback on familiarity with the name of the plant showed that all the florists knew the 

plant by a local name, while the farmers (78%) were ranked second on the basis of 

familiarity with the scientific or local name of the plant, followed by foresters (40%), 

rural residents (40%) and lastly the urban residents (13%). These results show that the 

florists, farmers and foresters, being the stakeholders were had relatively more familiarity 

than the general public, who needs to be made more aware in this regard. Although P. 

hysterophorus is considered a relatively newly introduced weed in the agricultural 

systems, surprisingly enough 83% of the farmers considered it a nuisance weed, followed 

by foresters and then urban residents.  
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As regards the awareness about detrimental health effects on human beings, the florists 

appeared to be the most affected category, as 80% were not only aware of but were 

suffering from either skin allergies or respiratory tract infections on exposure to the weed. 

The response also revealed that 47 % of the farmers, 36% of the urban residents, 21% of 

the rural residents and 14% of the foresters possessed such information. Amongst the 

general public a higher percentage of urban residents were found to have more awareness 

as compared to the rural residents and it could be attributed, either to greater infestation 

of the exotic plant in the urban sector or better understanding of the urban residents due 

to relatively higher education levels. Without exception, all of the florists acknowledged 

the use of P. hysterophorus in bouquets. 23% of the urban residents knew of some uses of 

the weed, whereas even lesser percentage of farmers, foresters and the least percentage of 

the rural residents (11%) were familiar with any beneficial use. The urban residents had a 

better idea of its being used in bouquets. 

The response regarding the cover of the weed showed that the majority of the farmers and 

foresters considered that there was a low cover of the plant in their localities, while most 

of the urban and the rural residents believed that there was a moderate cover of the exotic 

plant. However, a majority from all, were of the opinion that P. hysterophorus was 

spreading with an increasing rate and very few believed that it was either decreasing or 

there was no difference in its spread with time. As farmers and most of the respondents 

from the forestry Department reported that the P. hysterophorus had not severely 

impacted the areas within their jurisdiction, it is important to impart management training 

to this sector and emphasize early detection and prevention of the spread of exotic plant 

Comments by the respondents generally reflected almost similar perspectives of the mode 

of its spread. A large percentage of respondents from all categories considered wind to be 

the mechanism of its spread. A slight difference lay in considering livestock and 

transported soil/ manure as the key factors responsible for its spread by a slightly higher 

percentage of farmers and rural residents than the rest of the respondents. From the 

information sought on the period since the respondents were observing the presence of 

the weed, it was obvious that the majority either voted for the period ranging from 1-5 
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years or 5-10 years, suggesting that although the plant may have been introduced in 

Punjab a few decades back (Khatoon, 2000), its invasion was registered by community 

since less than 10 years. 

From the overall information gathered on the area where P. hysterophorus occurs most 

abundantly, it was found that majority of the urban respondents (60 %) considered 

roadsides to be the areas of high invasion. Similar view was supported by Haseler (1976), 

who reported initial occurrence of P. hysterophorus along roadsides, in new areas of 

introduction, and considered these road verges to be footholds from where it could spread 

into agricultural fields. The rural residents and farmers suggested croplands along with 

the road sides to be the sites of infestation. On the other hand the foresters thought the 

tree plantations were the areas where they had detected most of the infestation.  

The feedback on willingness to pay for eradication generated interesting results. A very 

small percentage, 15% and 7% of urban and rural residents were willing to pay for the 

eradication of the weed, whereas 35% and 40% of the farmers and foresters agreed to 

pay, though a very meager amount ranging from Rs. 100 to 500. 

The present survey provides information regarding the extent of knowledge various 

sectors of community has about exotic plants in general and P. hysterophorus in 

particular, and the gaps in information and misconceptions identified from the results can 

be used as a baseline to enhance awareness and rectify the wrong perceptions in order to 

make the management strategies and actions against the invasive plant most effective. 
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CHAPTER VII 

GENERAL DISCUSSION  

The results clearly show the ecological, health and economic impacts associated with 

invasive exotic plant, P. hysterophorus  in the province of Punjab, Pakistan, where its 

introduction does not date back to more than a few decades but where its infestation seems 

to be increasing at alarming rates. 

The severity of invasiveness by P.  hysterophorus in Punjab was evident from the 

observations made in the reconnaissance survey  in the present study, especially in 

Northern Punjab, where it was found to be present in a wide variety of habitats, like 

roadside verges, vacant plots, wastelands, forestry lands, residential areas, boundaries of 

agricultural fields, green belts and canal/drain  sides. Previous literature (McFadyen, 1992; 

Singh et al., 2004) also reports infestation by P.  hysterophorus at similar sites.  

Three zones, comprising 16 districts of Punjab Province, demarcated on the basis of mean 

annual rainfall and temperature, showed a clear difference in cover distribution of P. 

hysterophorus, as it was highest for Zone I, intermediate for Zone II and lowest for Zone 

III. Zone I, adjacent to the boarder of India, from where it has been speculated to have 

entered Pakistan, (Vehra and Khan, 2011) not only provided a gateway into Pakistan but 

also appeared to be most suitable and conducive for its growth. This conclusion was drawn 

on the basis of growth attributes such as biomass and phenological plasticity and ecological 

indices such as Importance value Index and Visual Cover. Once introduced, it established 

itself and taking advantage of a number of inherent attributes conferring it invasibility and 

aggressiveness, it not only flourished in Zone I, but continued spreading towards Zone II, 

with intermediate annual precipitation between Zone I and II and the water regime of 

which has been altered with time due to canal system and artificial irrigation. Zone III, the 

southern-most Zone with lowest precipitation, even lower than that suggested to be suitable 

for the growth of P. hysterophorus (above 500mm/ year as reported by PAG, 2003), was 

also invaded by the latter. The reason for its spread, though in patches, in not so otherwise 

conducive environment was found to be presence of localized high soil moisture content.  
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Another observation recorded was the preference by  P.  hysterophorus for high soil 

moisture content and was evident from its consistent presence,  in abundance, along water 

channels, drains, and canals. This feature strengthens the hypothesis that moisture content 

is one of the main governing factors for its occurrence and spread.  Especially in Zone III, a 

region receiving low annual precipitation, the presence of P.  hysterophorus was found to 

be restricted to areas receiving artificial irrigation or on edges of water channels, resulting 

in increased soil moisture content. These water points provided continuous links and 

corridors for its spread. Proper monitoring and management of these water points and 

channels could lead to the fragmentation of these corridors and the continuous spread of the 

target plant could be effectively halted. Moreover, utilizing the information generated from 

the overlay maps prepared for cover in relation to soil texture as well as keeping in mind 

the climatic conditions and moisture regime of a particular place, predictions can be made 

for the potential spread of P. hysterophorus for the districts that have not been surveyed so 

far. 

During the present survey it was found to monopolize several sites and to form 

monocultures at a number of places indicating homogenization of flora and consequently 

loss in diversity. C.  sativa plants that once grew abundantly along roadside verges, starting 

from district Sheikhupura up north, till Jehlum and even further, were now seen to be 

replaced by P.  hysterophorus. This observation is proven by the interspecific competition 

experiments (Replacement Series Experiments), whereby mathematical and graphical 

indices show that P.  hysterophorus suppresses C. sativa and that it has the potential to out 

compete the latter. In addition to Cannabis sativa three other species were suppressed by P.  

hysterophorus with Amaranthus viridis being suppressed the most, followed by 

Chenopodium album, Cannabis sativa, Chenopodium album and Kochia indica, whereas 

Setaria glauca and Cassia occidentalis suppressed P.  hysterophorus instead. Further 

research on the competitive abilities of P.  hysterophorus with the rest of the coexisting 

plants will make the picture even clearer. 

 The strong impact of P. hysterophorus on the wild flora can also be assessed on the basis 

of markedly high Importance Value Index of P.  hysterophorus, (second to C.  dactylon), in 

comparison with the co-occurring herbaceous flora and it is indicative of the fact that it is a 
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successful competitor and has not only established and naturalized itself in the environs of 

Punjab Province but is rapidly outcompeting the cohabiting annual species and thus 

contributing to reduced species diversity. Among the three zones, the IVI reflected the 

same pattern as was observed for Cover, with highest IVI for P. hysterophorus in Zone I, 

followed by Zones II and III, revealing that Zone I was best suited for its growth and 

spread. The plant species having close association and a common niche associated with P. 

hysterophorus were found to be Chenopodium album, Acyranthes aspera, Calotropis 

procera, Eleusine flagellifera, Cyperus rotundus, Amaranthes virides, Brachiaria reptans, 

Rumex dentatus, Euphorbia prostrata, and Imperata cylinderica.  As C. dactylon shows 

highest IVI, it still fares well in comparison to P. hysterophorus, but it is important to point 

out that being a perennial runner and having an underground rhizomatous mat, it has better 

chances of survival and spread.  Not only that P. hysterophorus showed high IVI 

throughout the year, it had highest IVI in winter season, (due to large number of 

germinating seedlings- Plate 30), indicating the success of its survival in otherwise non-

conducive condition like low winter temperature. Early germination also assures its 

dominance over a majority of other co-occurring summer annuals which lag behind in 

germination. This gives P. hysterophorus an advantage in terms of space occupation (Plates 

31 and 32). As the flowering stage has been reported to begin within four weeks after 

germination, this further adds to its invasiveness. During spring time, sprouting from last 

year’s dormant stumps were also observed that allowed P. hysterophorus to gain 

precedence over other plants by utilizing its last year’s reserves. Yet another attribute that 

aids P. hysterophorus to become invasive is its germination throughout the year. Maximum 

germination observed in spring season and a second flush of germination, though of a 

lower magnitude observed in monsoon season confers it an ability twice a year, to gain 

precedence over other species. Yet another aspect that makes P.  hysterophorus a strong 

competitor and hence invasive plant is its ability to germinate almost uniformly throughout 

the year. This fact is supported by the finding that it has almost constant germination 

percentage in contrast to many other co-occurring annual plants that experience a steep dip 

in germination in autumn and winter season and even the presence of fruit pulp does not 

hinder its germination, indicating absence of dormancy (Vehra and Khan, 2011). 
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In addition to this the ability of P. hysterophorus to adapt itself according to the prevailing 

climatic conditions was evident from the spatial and temporal data collected on the 

Phenological stages of P. hysterophorus  that revealed a well defined trend along the 

latitudinal gradient. Moving from South to North along an increasing gradient for annual 

rainfall, the stages of life cycle for P. hysterophorus were much ahead in Zone-I than 

Zones-II and III. This shift in the stages of life cycle in terms of early senescence and 

commencement of germination in early winter, before the advent of severe winter 

temperatures ensures its survival, hence promotes invasiveness.  

The Seasonal dominance of P. hysterophorus can be judged well in terms of productivity 

(biomass) and the highest biomass recorded in monsoon season in all the three zones 

provided evidence that high moisture regime promoted its growth markedly. Lowest mean 

biomass in winter season was indicative of senescing state.  

Further periodical monitoring and evaluation of the floristic composition of the areas 

surveyed would be helpful in highlighting the future trends in terms of influence of P. 

hysterophorus on the local flora and this would be indicative of the degree of its infestation 

and would aid in the control/eradication strategies of this invasive weed. During the present 

survey, the agricultural fields did not seem to be much infested by P.  hysterophorus, as it 

was restricted to the boundaries of the crop fields only, the reason being its weeding out 

done by the farmers but if timely control of this aggressive weed is not exercised then 

would be difficult in future to keep it  out of the agricultural systems. Previous studies 

(Ayele, 2007) have reported that it replaces outcompetes rangeland palatable grasses. 

Similar results were reported by Timsina (2007), who reported Trifolium repens, Imperta 

sp. Chrysopogan aciculatus, Sporobolus sp. and Dactyloctenium aegypticum were affected 

by P.  hysterophorus invasion, and consequently the abundance of palatable species 

decreased, thus adversely affecting fodder supply. An effective way of controlling P. 

hysterophorus could be through competitive displacement, a biological control technique 

based on planting those plant species with P. hysterophorus, that suppress its growth when 

grown in close vicinity. The present experiment shows important finding through 

Replacement Series Experiment, the identification of two plants, C.  occidentalis and S. 

glauca  that were found to be superior competitors over P. hysterophorus, and markedly 
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suppressed its growth. If grown, with P. hysterophorus in natural conditions the two 

species have the potential to curtail the growth of the aggressive exotic and thus present a 

promising solution for displacing and hence controlling the spread of the target plant in an 

environmentally friendly way.     

From the above mentioned findings there is accumulating evidence that the associated 

herbaceous flora is being damaged by P.  hysterophorus invasion and the already colonized 

plants are rapidly being outcompeted.  Although the current study does not envisage the 

impact of P.  hysterophorus infestation on the fauna,  it is well known that removal of 

native wild herbaceous flora is bound to affect the fauna as well, especially the insect and 

rodent fauna, (as these are closely associated with the wild herbaceous flora). For instance 

Kaitlin et al., (2010) report altered rodent anti-predator behavior as a result of invasion by a 

plant, Lonicera maakii. It is important to point out here that the elimination of species from 

any environment would alter the stability and hence the proper functioning of an 

ecosystem.  

In addition,  the invasiveness  of P.  hysterophorus, apart from its competitive attributes has 

been reported to be due to its ability to displace other plants by means of allelopathy 

(Regina et al., 2007), a phenomenon involving a negative interference through chemical 

influence (Monaco et al., 2002).    

Not only does P.  hysterophorus possess allelopathic abilities, it is also known alter soil 

properties, thereby negatively impacting the ecosystem functioning and eliminating native 

species. This is supported by a study carried out by Timsina et al., (2011), who made a 

comparison of the  P.  hysterophorus invaded and non- invaded areas and showed that the 

concentration of soil nitrogen, organic matter, phosphorus, potassium and pH were much 

higher in the invaded than in the non-invaded areas, implying that  P.  hysterophorus has an 

adverse effect on ecosystem functioning. 

Moreover, the assessment of the perception of the local community (urban residents, rural 

residents, farmers, foresters and florists), regarding the awareness and impact of P. 

hysterophorus, revealed that majority of the respondents were unaware of its adverse 

impacts. This calls for initiation of extensive awareness programs, as a first step towards 
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the control of invasive weed. Special training programs at local, regional and national level 

must be conducted to disseminate the basic information. A higher level of awareness 

should be created amongst foresters and farmers to cut down the economic losses incurred 

due to this invasive weed. Florists, the majority of whom were found to suffer from skin 

and respiratory allergies due to P. hysterophorus, must be warned against its negative 

health impacts and its use in bouquets should be discouraged. This could be achieved 

through formulation and implementation of a law against the commercial use of P. 

hysterophorus, defining penalties in case of non compliance. Community participation 

programs to weed out P. hysterophorus should be initiated as part of integrated 

management programs for effectively controlling P. hysterophorus.   
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Appendix 1 

EXOTIC PLANT SURVEY FORM 

Site Number: ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐                                                                        Date of field work:  _____________    

1. LOCATION INFORMATION /DESCRIPTION: 

1.1 District   _______________________  

1.2City            ___________________         1.3. Town/Colony   ________________________ 
                      1.4 Latitude _______________________  Longitude ____________________________      

1.5 Roadside _________    Field__________ 
1.6 Soil type        ______________________________________ 
1.7  Land Mark     _______________________________________ 

1.8 Time              ___________________     

2. PLANT INFORMATION 

2.1 Infested area:    Xo   =  area mapped but no infestation   

X 1= Less than 0.1 Acre   X2 =  0.1 to 1 Acre       X3= 1 to 5 Acres    X4 = > 5 Acre.                                               

2.2 Cover, phenology, dry weight of P. hysterophorus  and soil water content 

Sr. 

# 

Attribute  Type  Autumn  Winter  spring  summer 

a  b  c  a  b  c  a  b  c  a  b  c 

1  Cover 

 

T                         

L                         

M                         

H                         

2  Phenology 

 

V                         

F                         

R                         

S                         

N                         

3  Dry wt  Ph                         

O                         

4  Soil water 

content 

%                         

Cover: T= < 1%,  L=1‐5%,  M=5‐25%,  H=>25% 

Phenology: V= Vegetative, F=Flowering, R Fruiting, S= Seeding, N= Senescent  



 
 

 

3. Quadrat:  

Sr. 

# 

Species  

 

Autumn  Winter  Spring   Summer  

a  b  c  a  b  c  a  b  c  a  b  c 

1                           

2                           

3                           

4                           

5                           

6                           

7                           

8                           

9                           

10                           

11                           

12                           

13                           

14                           

15                           

16                           

17                           

18                           

19                           

20                           

21                           

22                           

23                           

24                           

25                           

26                           

 



 
 

 



AUTUMN PREVALENCE Appendix I 

Table i

SPECIES SAHIWAL OKARA KASUR LAHORE TOBA TEK SINGH CHINIOT JHANG NANKANA FAISALABAD SHEIKHUPURA GUJRANWALA NARROWAL SIALKOT SARGODHA GUJRAT JHELUM 

Parthenium hysterophorus  L. 15 15 30 30 30 30 30 30 30 30 30 30 30 30 30 30

Abutilon indicum  Sweet 1 0 2 1 0 0 0 5 3 5 0 0 5 0 4 4

Acyranthes aspera  L. 4 7 0 7 1 5 2 8 4 9 7 8 11 8 5 6

Amarantus virides  L. 0 0 9 3 5 0 7 5 3 4 3 1 1 1 7 4

Anagalis arvensis  L. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Brachiaria reptans  (L.)Gard. & H 1 5 0 3 2 1 2 3 4 6 10 0 0 4 7 0

Burhaevia diffusa 0 2 3 0 0 0 1 0 0 0 4 0 0 0 0 0

Calotropis procera  R. Br. 1 1 4 2 3 7 2 5 4 6 3 1 2 4 3 4

Chenopodium album  L. 3 5 9 4 10 6 12 7 12 7 6 0 9 2 3 2

Conyza ambigua  DC 0 1 4 0 4 0 0 0 0 0 0 0 0 0 0 0

Croton sparsiflrous Morung. 4 0 14 5 3 1 7 4 1 3 1 0 3 6 8 5

Cynadon dactylon  Pers. 15 15 30 29 30 27 30 30 28 27 30 27 30 29 29 30

Imperata cylinderica  Beauv. 0 2 9 1 1 1 4 0 1 3 1 1 2 4 4 7

Cyperus rotundus  L. 2 3 12 5 4 4 2 5 4 9 15 7 10 1 8 9

Dactyloctenium scandium 4 3 4 2 2 3 3 6 2 0 7 1 1 4 8 0

Diacanthium annulatum  Stapf. 1 3 7 2 7 3 6 2 6 5 3 0 0 0 5 9

Eleusine flagellifera Gaertn. 7 0 0 7 6 5 7 4 2 6 7 2 2 4 5 0

Euphorbia pilulifera  L. 0 0 8 0 2 0 0 0 0 0 3 0 0 0 0 0

Euphorbia prostrata  Ait. 4 4 0 2 4 1 4 1 3 0 7 0 1 0 3 2

Kochia indica  L. 1 2 6 2 6 0 6 3 5 4 0 0 0 7 0 0

Malvestrum tricuspidatum Gray 1 1 9 1 2 0 1 1 3 7 1 0 0 7 3 3

Phalaris minor  Retz. 1 2 1 0 6 3 7 8 2 8 0 1 0 2 2 1

Rumex dentatus  L. 2 5 11 5 3 2 5 4 2 5 1 0 7 4 8 6

Saccharum munja  Roxb. 2 0 0 0 4 3 1 1 0 4 0 1 0 1 0 0

Senebiera didyma  Pers. 0 0 0 4 7 1 0 0 1 1 0 0 6 1 1 0

Suaeda fruticosa  Forsk. 0 0 0 4 2 0 0 0 0 0 0 0 0 0 0 0

Tribulis terristis 1 2 7 6 3 1 6 3 2 6 0 0 0 2 0 1

Withania sommnifera Dunal. 0 2 1 2 2 2 2 3 0 6 3 0 0 0 0 0

Convolvulus arvensis  L. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Ageratum conyzoides  L. 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

Oxalis corniculata  L. 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0

Malva parviflora  1 2 0 1 0 0 1 0 0 2 0 1 2 0 0 0

Digitara timorensis  (Kunth) Bala 0 0 2 3 0 2 0 0 0 4 0 0 0 3 0 0

Setaria verticillata  Beauv. 0 0 1 0 0 0 2 0 0 0 0 2 0 0 0 0

Polyposon monospeliensis  Desf. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Stellaria media  L. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Capparis decidua  (L.) Roth. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Cassia occidentalis  L. 0 0 0 0 0 1 0 0 0 0 0 0 4 0 1 2

Solanum xanthocarpum 0 0 0 0 0 0 2 0 0 0 0 2 0 0 0 0

Euphorbia heliscopia  L. 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0

Echinochloa colonum  (L.) Link. 0 0 0 0 0 2 0 1 0 1 0 0 0 0 4 0

PREVALENCE (AUTUMN) APPENDIX II, TABLE IV 



AUTUMN PREVALENCE Appendix I 

Table i

Gnicus arvensis 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0

Fumaria indica  Pugsley 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Chenoodium ambrosiodes  L. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Melilotus parviflora  L. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Polygonum plebejum  L. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Lathyrus apahaca 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Canabis sativa  (L.) Frost 0 0 0 0 0 0 0 0 0 0 1 0 0 0 2 4

Ricinis communis  L. 0 0 0 0 0 2 0 0 0 0 2 0 2 1 3 0

Adhatoda vasica Nees. 0 0 0 0 0 0 0 2 0 0 0 0 2 0 1 1

Sisymbrium irio  L. 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0

Ziziphus jujuba  Lamk. 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0

Medicago denticulata 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0

Cortula hemispherica 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Ageratum conizoides  L. 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0

Solanum nigrum  L. 0 0 0 0 0 1 0 0 0 2 1 0 0 0 0 0

Spergula arvensis 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Poa annua  L. 0 0 0 0 0 1 0 2 0 0 0 0 0 0 0 0

Asphodelus tenuifolius  Cav. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Echinopsis echinatus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Datura alba  L. 0 0 0 1 0 0 0 0 0 0 2 0 0 0 0 0

Sonchus spinosum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Sacchurum bengalense 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0

Alternenthra sisslis  R. Br. 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0

Sonchus aspera  Vill. 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1

Fumaria indica  Pugsley 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0

Malvestrum coromandelianum  0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 2

Setaria glauca  L. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Eclipta alba  Hassk. 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

Atriplex crassifolia  C.A. Mey 0 0 0 0 0 0 0 0 0 0 0 0 3 0 0 1

Chenopodium murale  L. 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0

Lantana camara  L. 1 0 0 1 0 0 0 0 0 1 0 0 1 1 0 0

Avena sativa  L. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2

Peristrophe bicaliculata  Retz. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Cenchurus pennisitiformis  Hochs 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0
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0 0



WINTER AD

SPECIES SAHIWAL OKARA KASUR LAHORE TOBA TEK CHINIOT JHANG NANKANA FAISALABAD SHEIKHUPURA GUJRANWALA NARROWAL SIALKOT SARGODHA GUJRAT JHELUM 

Parthenium hysterophorus  L. 18.53 14.87 39.77 21.27 26.27 22.10 26.70 29.77 38.57 28.80 30.53 34.70 55.73 25.40 57.10 28.83

Abutilon indicum  Sweet 0.13 0.00 0.00 0.07 0.00 0.00 0.00 0.07 0.00 0.07 0.13 0.63 1.13 0.00 0.00 0.03

Acyranthes aspera  L. 1.07 0.07 0.07 0.03 0.00 0.33 0.03 0.13 0.60 0.33 0.77 1.67 0.70 0.70 0.03 0.00

Amarantus virides  L. 0.00 0.00 0.10 0.13 0.23 0.17 0.20 0.10 0.03 0.27 0.30 0.00 0.10 0.17 0.03 0.00

Anagalis arvensis  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.70 0.00 0.00 0.00 0.00

Brachiaria reptans  (L.)Gard. & Hu 0.00 0.20 0.07 0.10 0.13 0.07 0.00 0.53 0.40 1.10 0.90 0.00 0.00 0.03 0.10 0.00

Burhaevia diffusa 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.13 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.03

Calotropis procera  R. Br. 0.00 0.20 0.07 0.07 0.10 0.23 0.07 0.17 0.40 0.13 0.07 0.07 0.13 0.10 0.20 0.07

Chenopodium album  L. 0.07 0.07 0.10 0.00 0.27 0.17 0.23 0.00 0.57 0.23 0.50 0.00 0.53 0.23 0.10 0.00

Conyza ambigua   DC 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Croton sparsiflrous Morung. 0.00 0.07 0.33 0.20 0.20 0.17 0.13 0.10 0.00 0.43 0.10 0.00 0.17 0.47 0.17 0.10

Cynadon dactylon  Pers. 34.07 34.67 29.93 41.43 29.57 46.03 23.77 40.50 29.20 28.83 39.13 31.07 32.17 32.73 30.23 41.00

Imperata cylinderica  Beauv. 0.33 0.00 0.10 0.00 0.03 0.20 1.10 0.00 0.00 0.13 0.07 0.00 0.00 0.13 0.00 0.70

Cyperus rotundus  L. 0.47 0.20 0.33 0.10 0.47 0.00 0.30 0.67 0.37 0.20 2.10 2.53 0.43 0.10 0.10 0.23

Dactyloctenium scandium 1.00 3.20 0.00 0.00 0.10 0.20 0.10 0.27 0.00 0.00 0.00 0.00 0.00 0.50 1.17 0.00

Diacanthium annulatum  Stapf. 0.07 0.40 0.33 0.00 1.03 0.63 0.70 0.27 1.30 0.07 0.47 0.00 0.00 0.00 0.00 0.33

Eleusine flagellifera Gaertn. 0.40 0.13 0.00 0.00 0.03 0.20 0.67 0.17 0.23 1.03 0.33 2.10 1.20 1.43 1.07 0.00

Euphorbia pilulifera  L. 0.00 0.00 0.43 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Euphorbia prostrata Ait. 0.27 0.00 0.00 0.00 0.07 0.00 0.13 0.00 0.07 0.00 0.17 0.00 0.07 0.00 0.00 0.00

Kochia indica  L. 1.13 2.07 0.23 0.00 0.07 0.00 0.03 0.03 0.13 0.03 0.00 0.00 0.00 0.10 0.00 0.00

Malvestrum tricuspidatum  Gray 0.20 0.13 0.60 0.00 0.00 0.03 0.00 0.00 0.07 0.00 0.13 0.00 0.00 0.03 0.00 0.00

Phalaris minor  Retz. 0.00 0.00 0.37 0.00 1.23 0.67 0.27 1.97 0.27 0.13 0.00 1.57 0.07 0.00 0.00 0.00

Rumex dentatus  L. 0.00 0.00 0.30 0.13 0.00 0.13 0.07 0.70 0.30 0.13 0.00 1.13 0.93 0.00 0.00 0.00

Saccharum munja  Roxb. 0.00 0.00 0.20 0.00 0.10 0.00 0.00 0.07 0.07 0.07 0.00 0.10 0.00 0.00 0.00 0.00

Senebiera didyma  Pers. 0.00 0.00 0.13 0.00 0.03 0.00 0.00 0.13 0.03 0.20 2.67 0.20 0.53 0.27 0.13 0.00

Suaeda fruticosa  Forsk. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Tribulis terristis 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.07 0.00 0.03

Withania sommnifera  Dunal. 0.00 0.00 0.13 0.07 0.07 0.00 0.10 0.13 0.03 0.03 0.17 0.00 0.00 0.03 0.00 0.00

Convolvulus arvensis  L. 0.13 0.00 0.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Ageratum conyzoides  L. 0.00 0.00 0.40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Oxalis corniculata  L. 0.00 0.00 0.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.23 0.00 0.00 0.10 0.00

Malva parviflora  0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.27 0.23 0.03 0.00 0.00 0.00

Digitara timorensis  (Kunth) Balan 0.00 0.00 0.00 0.07 0.23 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Setaria verticillata  Beauv. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.17 0.00 0.00 0.00 0.00

Polyposon monospeliensis  Desf. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Stellaria media  L. 0.00 0.00 0.00 0.23 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00

Capparis decidua  (L.) Roth. 0.07 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Cassia occidentalis  L. 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03

Solanum xanthocarpum 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00

Euphorbia heliscopia  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.20 0.00 0.23 0.00 0.40 0.00

Echinochloa colonum  (L.) Link. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.00 0.00 0.00 0.00 0.00 0.00

ABSOLUTE DENSITY (WINTER) APPENDIX II , TABLE VI



WINTER AD

Gnicus arvensis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.23 0.00 0.00 0.00 0.00

Fumaria indica  Pugsley 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.40 0.00 0.00 0.00 0.00

Chenoodium ambrosiodes  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Melilotus parviflora  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.00 0.00 0.00 0.00

Polygonum plebejum  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.47 0.00 0.00 0.00 0.00

Lathyrus apahaca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.00 0.00 0.00 0.00

Canabis sativa  (L.) Frost 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.37 0.20 2.13 0.00 0.70 0.13

Ricinis communis  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.13 0.00 0.00 0.00

Adhatoda vasica  Nees. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.23 0.00 0.00 0.00 0.03

Sisymbrium irio  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.43 0.00 0.37 0.00 0.00 0.00 0.00

Ziziphus jujuba  Lamk. 0.00 0.00 0.00 0.00 0.03 0.00 0.03 0.00 0.03 0.00 0.00 0.00 0.00

Medicago denticulata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.13 0.07 0.00 0.70 0.00

Cortula hemispherica 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00

Ageratum conizoides  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.30 0.00 0.53 0.17 0.00 0.00 0.00

Solanum nigrum  L. 0.00 0.00 0.00 0.20 0.00 0.00 0.03 0.07 0.20 0.00 0.00 0.00 0.00

Spergula arvensis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.33 0.10 0.00 0.00 0.00 0.00

Poa annua  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.70 0.00 0.00 0.00 0.00 0.00

Asphodelus tenuifolius  Cav. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.17 0.00 0.00 0.00 0.00

Echinopsis echinatus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.23 0.00 0.00 0.00 0.00

Datura alba  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Sonchus spinosum 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00

Sacchurum bengalense 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00

Alternenthra sisslis  R. Br. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Sonchus aspera  Vill. 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.10 0.00

Fumaria indica  Pugsley 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.00

Malvestrum coromandelianum L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Setaria glauca  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Eclipta alba  Hassk. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00

Atriplex crassifolia  C.A. Mey 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03

Chenopodium murale  L. 0.00 0.00 0.00 0.00 0.13 0.03 0.00 0.00 0.00 0.03 0.00 0.00 0.00

Lantana camara  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00

Avena sativa  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.23 0.00 0.00 0.00

Peristrophe bicaliculata  Retz. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Cenchurus pennisitiformis  Hochst & Steud 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00



SPRING RD

SPECIES SAHIWAL OKARA KASUR LAHORE TOBA TEK SINGH CHINIOT JHANG NANKANA FAISALABAD SHEIKHUPURA GUJRANWALA NARROWAL SIALKOT SARGODHA GUJRAT

Parthenium hysterophorus  L. 0.36 25.81 48.89 44.56 55.84 31.92 55.15 30.10 37.59 47.23 63.86 30.90 50.42 29.44 38.86

Abutilon indicum  Sweet 0.00 0.00 0.02 0.00 0.00 0.02 0.00 0.37 0.12 0.14 0.08 0.03 0.16 0.13 0.16

Acyranthes aspera  L. 0.00 2.37 0.00 0.02 0.00 0.93 0.30 1.16 1.14 1.01 1.20 0.96 1.21 0.43 0.70

Amarantus virides  L. 0.00 0.35 0.49 0.20 0.16 0.81 0.56 0.79 0.46 0.30 0.50 0.17 0.09 0.46 0.32

Anagalis arvensis  L. 0.00 0.00 0.21 0.12 0.08 0.19 0.11 0.00 0.00 0.00 0.00 0.70 0.14 0.00 0.00

Brachiaria reptans  (L.)Gard. & Hubb. 0.00 1.39 1.03 0.07 0.03 0.05 0.08 1.33 1.44 1.09 4.63 0.00 0.00 2.63 2.17

Burhaevia diffusa 0.00 0.52 0.00 0.00 0.00 0.02 0.03 0.14 0.00 0.00 0.12 0.00 0.00 0.00 0.00

Calotropis procera  R. Br. 0.00 0.40 0.12 0.00 0.03 0.14 0.05 0.11 0.06 0.11 0.12 0.00 0.07 0.07 0.11

Chenopodium album  L. 0.02 1.85 0.54 1.02 0.87 0.89 0.81 0.00 1.17 0.66 1.98 0.00 1.12 0.49 0.67

Conyza ambigua   DC 0.00 0.23 0.14 0.00 0.22 0.05 0.22 0.08 0.03 0.00 0.21 0.00 0.00 0.07 0.00

Croton sparsiflrous  Morung. 0.00 0.00 0.52 0.57 0.00 0.24 0.11 0.20 0.00 0.22 0.00 0.00 0.23 1.91 0.78

Cynadon dactylon  Pers. 0.48 53.35 40.35 47.19 32.53 50.20 31.27 47.75 45.09 40.51 71.29 50.59 38.09 54.54 44.31

Imperata cylinderica  Beauv. 0.00 2.14 0.61 0.00 0.08 0.60 0.99 0.34 0.46 0.82 0.66 0.58 0.30 1.74 2.36

Cyperus rotundus  L. 0.00 0.52 0.35 0.74 1.72 1.63 0.19 3.54 1.29 2.08 5.20 3.80 2.18 0.49 1.21

Dactyloctenium scandium 0.01 2.31 1.03 0.00 0.87 0.77 0.81 2.63 0.43 0.00 0.58 0.23 0.11 0.99 1.37

Diacanthium annulatum  Stapf. 0.01 3.18 1.27 0.07 2.40 1.27 1.64 0.62 2.67 0.16 0.12 0.00 0.00 0.59 0.00

Eleusine flagellifera  Gaertn. 0.04 0.58 0.05 0.64 0.63 2.68 1.24 1.33 2.43 1.99 2.89 3.92 0.69 1.25 1.50

Euphorbia pilulifera  L. 0.00 0.00 0.56 0.00 0.00 0.10 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Euphorbia prostrata  Ait. 0.01 0.58 0.00 0.27 0.05 0.05 0.08 0.48 0.86 0.00 0.37 0.00 0.00 0.00 0.11

Kochia indica  L. 0.01 2.60 0.59 0.15 0.33 0.00 1.10 0.48 0.40 0.82 0.00 0.00 0.00 1.45 0.00

Malvestrum tricuspidatum  Gray 0.00 0.12 0.21 0.15 0.05 0.02 0.00 0.08 0.25 0.05 0.04 0.00 0.00 0.20 0.13

Phalaris minor  Retz. 0.00 0.52 0.35 1.04 1.99 1.08 0.62 4.25 0.40 0.76 0.00 1.91 0.78 0.79 1.45

Rumex dentatus  L. 0.01 0.00 1.17 0.00 0.41 0.10 0.51 1.10 0.89 0.11 0.00 0.46 1.10 0.00 0.00

Saccharum munja  Roxb. 0.00 0.00 0.07 0.00 0.11 0.05 0.03 0.06 0.03 0.00 0.00 0.03 0.00 0.00 0.00

Senebiera didyma  Pers. 0.02 0.75 0.61 0.62 0.44 1.56 1.45 0.25 1.23 0.05 4.17 0.00 0.89 0.56 0.46

Suaeda fruticosa  Forsk. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Tribulis terristis 0.00 0.00 0.12 0.05 0.16 0.02 0.08 0.08 0.37 0.00 0.00 0.00 0.00 0.00 0.00

Withania sommnifera  Dunal. 0.00 0.12 0.07 0.05 0.11 0.00 0.03 0.08 0.00 0.03 0.04 0.00 0.00 0.00 0.00

Convolvulus arvensis  L. 0.00 0.00 0.12 0.10 0.11 0.07 0.05 0.08 0.21 0.11 0.00 0.06 0.00 0.00 0.08

Ageratum conyzoides  L. 0.00 0.00 0.28 0.00 0.57 0.00 0.51 0.00 0.00 0.00 0.00 0.73 0.00 0.00 0.00

Oxalis corniculata  L. 0.00 0.12 0.19 0.25 0.16 0.10 0.16 0.23 0.00 0.19 0.08 0.06 0.00 0.00 0.38

Malva parviflora  0.00 0.23 0.05 0.12 0.03 0.00 0.16 0.03 0.00 0.08 0.00 0.23 0.00 0.10 0.00

Digitara timorensis  (Kunth) Balansa 0.00 0.00 0.00 0.00 0.00 1.92 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.63 0.00

Setaria verticillata  Beauv. 0.00 0.00 0.00 0.00 0.00 0.00 1.26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Polyposon monospeliensis  Desf. 0.00 0.00 0.00 0.00 0.00 0.00 0.16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Stellaria media  L. 0.00 0.00 0.00 0.10 0.00 0.34 0.05 0.00 0.00 0.00 0.21 0.00 0.00 0.59 0.00

Capparis decidua  (L.) Roth. 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Cassia occidentalis  L. 0.00 0.00 0.00 0.00 0.00 0.02 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05

Solanum xanthocarpum 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00

Euphorbia heliscopia  L. 0.00 0.00 0.00 0.00 0.00 0.00 100.00 0.00 0.09 0.25 0.00 0.00 0.39 0.26 0.56

Echinochloa colonum  (L.) Link. 0.00 0.00 0.00 0.00 0.00 0.55 0.00 0.00 0.00 0.36 0.00 0.00 0.00 0.00 0.00

RELATIVE DENSITY (SPRING) APPENDIX II , TABLE XI



SPRING RD

Gnicus arvensis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.00 0.00 0.11

Fumaria indica  Pugsley 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.00 0.00 0.00

Chenoodium ambrosiodes  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09 0.00 0.00 0.00

Melilotus parviflora  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00

Polygonum plebejum  L. 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20 0.00 0.00 0.00

Lathyrus apahaca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.04 0.00 0.00 0.00 0.00

Canabis sativa  (L.) Frost 0.00 0.00 0.00 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.03 1.33 0.00 1.72

Ricinis communis  L. 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.06 0.05 0.10 0.21

Adhatoda vasica  Nees. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.03 0.00 0.00 0.03

Sisymbrium irio  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.11 0.00 0.33 1.03 0.15 0.00 0.00 0.00

Ziziphus jujuba  Lamk. 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Medicago denticulata 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.05 0.00 0.05

Cortula hemispherica 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00

Ageratum conizoides  L. 0.00 0.00 0.00 0.20 0.00 0.02 0.00 0.40 0.00 0.05 0.00 0.67 0.16 0.00 0.00

Solanum nigrum  L. 0.00 0.00 0.00 0.07 0.00 0.10 0.00 0.08 0.00 0.27 0.08 0.17 0.00 0.00 0.00

Spergula arvensis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.00 0.00 0.00

Poa annua  L. 0.00 0.00 0.00 0.42 0.00 0.91 0.00 1.50 0.00 0.11 0.00 2.52 0.16 0.00 0.00

Asphodelus tenuifolius  Cav. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00

Echinopsis echinatus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.00

Datura alba  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Sonchus spinosum 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.17 0.00 0.07 0.00 0.00

Sacchurum bengalense 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Alternenthra sisslis  R. Br. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Sonchus aspera  Vill. 0.00 0.00 0.00 0.02 0.00 0.10 0.00 0.00 0.03 0.05 0.33 0.00 0.14 0.00 0.13

Fumaria indica  Pugsley 0.00 0.00 0.00 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Malvestrum coromandelianum L. 0.00 0.00 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Setaria glauca  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.11 0.00 0.00 0.00 0.00

Eclipta alba  Hassk. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.34 0.00 0.12 0.00 0.00 0.00 0.00

Atriplex crassifolia  C.A. Mey 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.15 0.00 0.00 0.00 0.07 0.00 0.00

Chenopodium murale  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.06 0.00 0.00 0.00 0.00 0.00 0.00

Lantana camara  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.11 0.00 0.00 0.00 0.00 0.00 0.10 0.00

Avena sativa  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Peristrophe bicaliculata  Retz. 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Cenchurus pennisitiformis  Hochst & Steud 0.00 0.00 0.62 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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AUTUMN AF

SPECIES SAHIWAL OKARA KASUR LAHORE TOBA TEK SINGH CHINIOT JHANG NANKANA FAISALABAD SHEIKHUPURA GUJRANWALA NARROWAL SIALKOT SARGODHA GUJRAT JHELUM 

Parthenium hysterophorus  L. 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00

Abutilon indicum  Sweet 6.67 0.00 6.67 3.33 0.00 0.00 0.00 16.67 10.00 16.67 0.00 0.00 16.67 0.00 13.33 13.33

Acyranthes aspera  L. 26.67 46.67 0.00 23.33 3.33 16.67 6.67 26.67 13.33 30.00 23.33 26.67 36.67 26.67 16.67 20.00

Amarantus virides  L. 0.00 0.00 30.00 10.00 16.67 0.00 23.33 16.67 10.00 13.33 10.00 3.33 3.33 3.33 23.33 13.33

Anagalis arvensis L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Brachiaria reptans  (L.)Gard. & H 6.67 33.33 0.00 10.00 6.67 3.33 6.67 10.00 13.33 20.00 33.33 0.00 0.00 13.33 23.33 0.00

Burhaevia diffusa 0.00 13.33 10.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 13.33 0.00 0.00 0.00 0.00 0.00

Calotropis procera  R. Br. 6.67 6.67 13.33 6.67 10.00 23.33 6.67 16.67 13.33 20.00 10.00 3.33 6.67 13.33 10.00 13.33

Chenopodium album  L. 20.00 33.33 30.00 13.33 33.33 20.00 40.00 23.33 40.00 23.33 20.00 0.00 30.00 6.67 10.00 6.67

Conyza ambigua  DC 0.00 6.67 13.33 0.00 13.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Croton sparsiflrous Morung. 26.67 0.00 46.67 16.67 10.00 3.33 23.33 13.33 3.33 10.00 3.33 0.00 10.00 20.00 26.67 16.67

Cynadon dactylon  Pers. 100.00 100.00 100.00 96.67 100.00 90.00 100.00 100.00 93.33 90.00 100.00 90.00 100.00 96.67 96.67 100.00

Imperata cylinderica  Beauv. 0.00 13.33 30.00 3.33 3.33 3.33 13.33 0.00 3.33 10.00 3.33 3.33 6.67 13.33 13.33 23.33

Cyperus rotundus  L. 13.33 20.00 40.00 16.67 13.33 13.33 6.67 16.67 13.33 30.00 50.00 23.33 33.33 3.33 26.67 30.00

Dactyloctenium scandium 26.67 20.00 13.33 6.67 6.67 10.00 10.00 20.00 6.67 0.00 23.33 3.33 3.33 13.33 26.67 0.00

Diacanthium annulatum  Stapf. 6.67 20.00 23.33 6.67 23.33 10.00 20.00 6.67 20.00 16.67 10.00 0.00 0.00 0.00 16.67 30.00

Eleusine flagellifera Gaertn. 46.67 0.00 0.00 23.33 20.00 16.67 23.33 13.33 6.67 20.00 23.33 6.67 6.67 13.33 16.67 0.00

Euphorbia pilulifera  L. 0.00 0.00 26.67 0.00 6.67 0.00 0.00 0.00 0.00 0.00 10.00 0.00 0.00 0.00 0.00 0.00

Euphorbia prostrata  Ait. 26.67 26.67 0.00 6.67 13.33 3.33 13.33 3.33 10.00 0.00 23.33 0.00 3.33 0.00 10.00 6.67

Kochia indica  L. 6.67 13.33 20.00 6.67 20.00 0.00 20.00 10.00 16.67 13.33 0.00 0.00 0.00 23.33 0.00 0.00

Malvestrum tricuspidatum Gray 6.67 6.67 30.00 3.33 6.67 0.00 3.33 3.33 10.00 23.33 3.33 0.00 0.00 23.33 10.00 10.00

Phalaris minor  Retz. 6.67 13.33 3.33 0.00 20.00 10.00 23.33 26.67 6.67 26.67 0.00 3.33 0.00 6.67 6.67 3.33

Rumex dentatus  L. 13.33 33.33 36.67 16.67 10.00 6.67 16.67 13.33 6.67 16.67 3.33 0.00 23.33 13.33 26.67 20.00

Saccharum munja  Roxb. 13.33 0.00 0.00 0.00 13.33 10.00 3.33 3.33 0.00 13.33 0.00 3.33 0.00 3.33 0.00 0.00

Senebiera didyma  Pers. 0.00 0.00 0.00 13.33 23.33 3.33 0.00 0.00 3.33 3.33 0.00 0.00 20.00 3.33 3.33 0.00

Suaeda fruticosa  Forsk. 0.00 0.00 0.00 13.33 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Tribulis terristis 6.67 13.33 23.33 20.00 10.00 3.33 20.00 10.00 6.67 20.00 0.00 0.00 0.00 6.67 0.00 3.33

Withania sommnifera Dunal. 0.00 13.33 3.33 6.67 6.67 6.67 6.67 10.00 0.00 20.00 10.00 0.00 0.00 0.00 0.00 0.00

Convolvulus arvensis  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Ageratum conyzoides  L. 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Oxalis corniculata  L. 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Malva parviflora  6.67 13.33 0.00 3.33 0.00 0.00 3.33 0.00 0.00 6.67 0.00 3.33 6.67 0.00 0.00 0.00

Digitara timorensis  (Kunth) Bala 0.00 0.00 6.67 10.00 6.67 0.00 0.00 0.00 13.33 0.00 0.00 0.00 10.00 0.00 0.00

Setaria verticillata  Beauv. 0.00 0.00 3.33 0.00 0.00 6.67 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00

Polyposon monospeliensis  Desf. 0.00 0.00 6.67 3.33 0.00 0.00 16.67 10.00 16.67 0.00 0.00 16.67 0.00 13.33 13.33

Stellaria media  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Capparis decidua  (L.) Roth. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Cassia occidentalis  L. 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 0.00 13.33 0.00 3.33 6.67

Solanum xanthocarpum 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00

Euphorbia heliscopia  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00

Echinochloa colonum  (L.) Link. 0.00 0.00 0.00 6.67 0.00 3.33 0.00 3.33 0.00 0.00 0.00 0.00 13.33 0.00

ABSOLUTE FREQUENCY  (AUTUMN)  APPENDIX II, TABXLE XIII



AUTUMN AF

Gnicus arvensis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00

Fumaria indica  Pugsley 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33

Chenoodium ambrosiodes  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Melilotus parviflora  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Polygonum plebejum  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Lathyrus apahaca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Canabis sativa  (L.) Frost 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 6.67 13.33

Ricinis communis  L. 0.00 0.00 0.00 6.67 0.00 0.00 0.00 6.67 0.00 6.67 3.33 10.00 0.00

Adhatoda vasica Nees. 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 6.67 0.00 3.33 3.33

Sisymbrium irio  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00

Ziziphus jujuba  Lamk. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00

Medicago denticulata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67 0.00

Cortula hemispherica 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Ageratum conizoides  L. 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00

Solanum nigrum  L. 0.00 0.00 3.33 0.00 0.00 6.67 3.33 0.00 0.00 0.00 0.00 0.00

Spergula arvensis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Poa annua  L. 0.00 0.00 3.33 6.67 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Asphodelus tenuifolius  Cav. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Echinopsis echinatus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Datura alba  L. 0.00 0.00 3.33 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00

Sonchus spinosum 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Sacchurum bengalense 0.00 3.33 0.00 0.00 0.00 0.00 0.00 6.67 0.00 0.00 0.00 0.00 0.00

Alternenthra sisslis  R. Br. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.00 0.00 0.00 0.00 0.00 0.00

Sonchus aspera  Vill. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 3.33 3.33

Fumaria indica  Pugsley 0.00 0.00 3.33 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00

Malvestrum coromandelianum  0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 6.67

Setaria glauca  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Eclipta alba  Hassk. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 0.00 0.00

Atriplex crassifolia  C.A. Mey 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 10.00 0.00 0.00 3.33

Chenopodium murale  L. 0.00 0.00 0.00 0.00 0.00 3.33 0.00 0.00 0.00 3.33 0.00 0.00 0.00

Lantana camara  L. 6.67 0.00 3.33 0.00 0.00 0.00 3.33 0.00 0.00 3.33 3.33 0.00 0.00

Avena sativa  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 6.67

Peristrophe bicaliculata  Retz. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Cenchurus pennisitiformis  Hochs 0.00 0.00 10.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 16.67

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.33



AUTUMN AF
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SPRING RF

SPECIES SAHIWAL OKARA KASUR LAHORE TOBA TEK SINGH CHINIOT JHANG NANKANA FAISALABAD SHEIKHUPURA GUJRANWALA NARROWAL SIALKOT SARGODHA GUJRAT JHELUM 

Parthenium hysterophorus 18.07 9.73 16.57 18.29 21.58 16.57 18.87 14.49 15.96 18.87 21.90 17.14 15.79 16.04 2.11 15.71

Abutilon indicum  Sweet 1.20 0.54 0.55 0.00 0.00 0.55 0.00 3.86 2.13 1.26 1.46 0.57 2.11 2.14 0.28 3.66

Acyranthes aspera  L. 0.60 7.03 0.00 0.61 0.00 4.42 1.26 4.35 3.72 3.14 4.38 6.29 7.37 2.14 0.28 3.66

Amarantus virides  L. 1.81 1.62 2.76 3.05 2.88 3.87 4.40 4.35 3.19 1.89 2.19 0.57 0.53 3.21 0.42 1.57

Anagalis arvensis  L. 0.60 0.00 1.66 1.22 1.44 1.10 1.26 0.00 0.00 0.00 0.00 5.14 2.11 0.00 0.00 0.52

Brachiaria reptans  (L.)Gard. & Hu 0.60 1.08 2.76 0.61 0.72 1.10 0.63 2.42 2.66 3.77 5.84 0.00 0.00 3.21 0.42 1.05

Burhaevia diffusa 0.60 2.16 0.00 0.00 0.00 0.55 0.63 1.93 0.00 0.00 1.46 0.00 0.00 0.00 0.00 0.00

Calotropis procera  R. Br. 1.20 2.16 2.21 0.00 0.72 3.31 1.26 1.93 0.53 2.52 2.19 0.00 1.58 1.07 0.14 1.57

Chenopodium album  L. 4.22 8.11 5.52 5.49 7.19 4.97 5.03 0.00 5.32 3.77 8.03 0.00 5.79 3.21 0.42 1.57

Conyza ambigua   DC 0.00 1.08 1.10 0.00 2.16 0.55 0.63 0.97 0.53 0.00 2.19 0.00 0.00 0.53 0.07 1.05

Croton sparsiflrous Morung. 4.82 1.08 5.52 4.88 0.00 2.76 1.89 1.93 0.00 2.52 0.00 0.00 2.63 7.49 0.99 3.14

Cynadon dactylon  Pers. 17.47 16.22 16.57 18.29 21.58 15.47 18.87 14.49 19.15 16.98 21.90 16.57 15.79 14.97 1.97 15.71

Imperata cylinderica  Beauv. 1.20 3.24 4.42 0.00 0.72 1.10 3.77 1.45 1.06 0.63 0.73 1.14 1.58 2.14 0.28 6.28

Cyperus rotundus  L. 3.01 3.24 4.42 3.66 3.60 3.31 0.63 4.35 5.32 3.77 8.76 6.29 7.37 2.14 0.28 5.76

Dactyloctenium scandium 1.81 2.70 2.21 0.00 1.44 2.21 1.89 5.31 1.06 0.00 2.92 0.57 0.53 3.74 0.49 0.00

Diacanthium annulatum  Stapf. 1.81 2.70 1.66 0.61 5.04 2.21 2.52 1.45 4.26 1.89 0.73 0.00 0.00 2.14 0.28 6.28

Eleusine flagellifera Gaertn. 9.04 1.62 0.55 3.05 2.16 3.31 1.89 2.90 2.13 6.29 5.11 6.86 3.16 3.21 0.42 0.00

Euphorbia pilulifera  L. 0.00 0.00 5.52 0.00 0.00 1.66 0.63 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Euphorbia prostrata  Ait. 3.01 3.24 0.00 3.05 1.44 1.10 1.89 2.42 4.26 0.00 2.92 0.00 0.00 0.00 0.00 2.62

Kochia indica  L. 4.82 8.65 3.87 1.83 2.88 0.00 3.77 1.45 2.13 2.52 0.00 0.00 0.00 3.21 0.42 0.00

Malvestrum tricuspidatum  Gray 1.20 2.16 2.21 2.44 0.72 0.55 0.00 1.45 3.19 1.26 0.73 0.00 0.00 2.67 0.35 0.52

Phalaris minor  Retz. 3.01 3.24 1.10 1.83 7.19 2.21 3.14 5.31 1.60 1.89 0.00 3.43 3.68 2.14 0.28 1.05

Rumex dentatus  L. 3.01 3.24 5.52 1.83 1.44 2.76 2.52 4.35 2.13 4.40 0.00 2.86 4.74 2.67 0.35 3.66

Saccharum munja  Roxb. 1.20 2.70 1.10 0.00 2.16 0.55 0.63 0.97 0.53 0.00 0.00 0.57 0.00 0.00 0.00 0.52

Senebiera didyma  Pers. 5.42 3.24 2.76 5.49 2.88 4.97 5.03 0.48 5.32 1.26 5.11 0.00 4.74 3.74 0.49 0.00

Suaeda fruticosa  Forsk. 0.00 2.16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Tribulis terristis 1.20 1.62 1.66 1.22 2.16 0.55 0.63 0.97 4.26 0.00 0.00 0.00 0.00 0.00 0.00 1.05

Withania sommnifera  Dunal. 0.00 1.08 1.66 1.22 0.72 0.00 0.63 0.97 0.00 0.63 0.73 0.00 0.00 0.00 0.00 0.00

Convolvulus arvensis  L. 1.20 0.00 1.66 1.22 2.16 1.10 0.63 1.45 1.60 1.89 0.00 1.14 0.00 0.00 0.00 1.05

Ageratum conyzoides  L. 0.00 0.00 1.10 0.00 2.16 0.00 1.89 0.00 0.00 0.00 0.00 2.86 0.00 0.00 0.00 0.00

Oxalis corniculata  L. 0.60 1.62 2.21 3.05 2.16 1.66 1.89 2.42 0.00 2.52 0.73 1.14 0.00 0.00 0.00 0.00

Malva parviflora  1.20 1.62 1.10 1.22 0.72 0.00 1.26 0.48 0.00 1.26 0.00 2.86 0.00 1.07 0.14 0.52

Digitara timorensis  (Kunth) Balan 0.60 1.08 0.00 2.21 0.63 0.00 0.00 0.00 0.00 0.00 0.00 1.07 0.14 0.00

Setaria verticillata  Beauv. 0.00 0.00 0.00 0.00 5.66 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Polyposon monospeliensis  Desf. 1.20 0.00 0.00 0.55 0.00 3.86 2.13 1.26 1.46 0.57 2.11 0.00 0.00 3.66

Stellaria media  L. 1.81 0.00 1.83 2.76 1.26 0.00 0.00 0.00 0.73 0.00 0.00 3.21 0.42 0.00

Capparis decidua  (L.) Roth. 0.60 0.00 0.00 1.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Cassia occidentalis  L. 0.00 0.00 0.00 0.55 0.63 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Solanum xanthocarpum 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.14 0.00 0.00 0.00 0.00

Euphorbia heliscopia  L. 0.00 0.00 0.00 0.00 1.26 0.00 1.06 1.89 0.00 0.00 2.63 2.67 0.35 1.57

Echinochloa colonum  (L.) Link. 0.00 0.00 0.00 1.10 0.63 0.00 0.00 1.89 0.00 0.00 0.00 0.00 0.00 0.00

RELATIVE FREQUENCY ( Spring) Appendix II, Table XIV



SPRING RF

Gnicus arvensis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.29 0.00 0.00 0.00 0.00

Fumaria indica  Pugsley 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.43 0.00 0.00 0.00 2.09

Chenoodium ambrosiodes  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.14 0.00 0.00 0.00 0.00

Melilotus parviflora  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.57 0.00 0.00 0.00 0.00

Polygonum plebejum  L. 0.00 0.00 0.61 0.00 0.00 0.00 0.00 0.00 2.29 0.00 0.00 0.00 0.00

Lathyrus apahaca 0.00 0.00 0.00 0.00 0.00 0.00 1.26 0.73 0.00 0.00 0.00 0.00 0.00

Canabis sativa  (L.) Frost 0.00 0.00 1.83 0.00 0.00 0.00 0.00 0.73 0.57 7.89 0.00 0.00 3.66

Ricinis communis  L. 0.00 0.00 0.00 0.55 0.00 0.00 0.00 0.00 0.57 0.53 0.53 0.07 0.00

Adhatoda vasica  Nees. 0.00 0.00 0.00 0.00 0.48 0.00 0.00 0.00 0.57 0.00 0.00 0.00 0.52

Sisymbrium irio  L. 0.00 0.00 0.00 0.00 0.97 0.00 2.52 5.11 1.71 0.00 1.60 0.21 0.52

Ziziphus jujuba  Lamk. 0.00 0.00 0.61 0.00 0.00 0.00 0.00 0.00 0.57 0.00 0.00 0.00 0.00

Medicago denticulata 0.00 0.00 1.22 0.00 0.00 0.00 0.00 0.00 1.14 0.53 0.00 0.00 0.00

Cortula hemispherica 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.57 0.00 0.00 0.00 0.00

Ageratum conizoides  L. 0.00 0.00 1.83 0.55 1.93 0.00 1.26 0.00 2.29 2.11 5.35 0.70 0.00

Solanum nigrum  L. 0.00 0.00 0.61 0.55 0.97 0.00 3.14 1.46 0.57 0.00 0.00 0.00 1.05

Spergula arvensis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.14 0.00 0.00 0.00 0.00

Poa annua  L. 0.00 0.00 1.22 1.10 0.97 0.00 0.63 0.00 1.71 1.05 0.00 0.00 0.00

Asphodelus tenuifolius  Cav. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.57 0.00 0.00 0.00 0.00

Echinopsis echinatus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.57 0.00 0.00 0.00 0.00

Datura alba  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Sonchus spinosum 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.46 0.00 0.53 0.00 0.00 0.00

Sacchurum bengalense 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.73 0.00 0.00 1.60 0.21 0.00

Alternenthra sisslis  R. Br. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Sonchus aspera  Vill. 0.00 0.00 0.61 1.10 0.00 0.53 1.26 2.92 0.00 1.58 0.00 0.00 1.05

Fumaria indica  Pugsley 0.00 0.00 0.61 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Malvestrum coromandelianum  L. 0.00 0.00 0.00 0.55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.05

Setaria glauca  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.19 0.00 0.00 0.00 0.00 0.00

Eclipta alba  Hassk. 0.00 0.00 0.00 0.00 0.00 2.13 0.00 0.73 0.00 0.00 0.00 0.00 0.00

Atriplex crassifolia  C.A. Mey 0.00 0.00 0.00 0.00 0.00 1.06 0.00 0.00 0.00 1.58 0.00 0.00 1.05

Chenopodium murale  L. 0.00 0.00 0.00 0.00 0.48 1.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Lantana camara  L. 1.81 0.00 0.00 0.00 1.45 0.00 0.00 0.00 0.00 0.00 1.07 0.14 0.00

Avena sativa  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Peristrophe bicaliculata  Retz. 0.00 0.00 1.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.05

Cenchurus pennisitiformis  Hochst 0.00 0.00 1.22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.05



WINTER IVI

SPECIES SAHIWAL OKARA KASUR LAHORE TOBA TEK SINGH CHINIOT JHANG NANKANA FAISALABAD SHEIKHUPURA GUJRANWALA NARROWAL SIALKOT SARGODHA GUJRAT JHELUM 

Parthenium hysterophorus  L.  28.39 28.91 37.87 35.45 36.89 28.46 39.18 34.27 41.98 34.95 29.87 30.55 39.51 36.26 44.78 37.16

Abutilon indicum  Sweet 1.77 0.00 0.00 0.68 0.00 0.00 0.00 1.02 0.00 0.87 1.18 1.22 2.74 0.00 0.00 0.60

Acyranthes aspera  L. 4.23 1.06 0.80 0.65 0.00 3.30 0.53 1.07 2.47 2.72 3.39 4.04 2.52 2.69 0.48 0.00

Amarantus virides  L. 0.00 0.00 1.19 1.98 1.19 1.43 0.68 1.05 0.54 1.85 1.65 0.00 0.41 1.05 0.48 0.00

Anagalis arvensis  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.87 0.00 0.00 0.00 0.00

Brachiaria reptans  (L.)Gard. & Hu 0.00 1.18 0.42 1.33 0.61 0.92 0.00 0.84 2.34 1.68 2.02 0.00 0.00 0.33 0.52 0.00

Burhaevia diffusa 0.00 0.00 0.00 0.00 0.00 0.00 0.53 1.07 0.00 0.00 0.00 0.00 0.00 0.33 0.00 0.60

Calotropis procera  R. Br. 0.00 3.18 0.80 1.30 1.58 3.23 1.05 2.07 2.85 1.74 0.77 0.58 1.15 0.99 1.96 1.21

Chenopodium album  L. 0.06 1.06 0.82 0.00 2.22 1.87 3.18 0.00 2.45 2.23 2.13 0.00 2.79 0.80 0.98 0.00

Conyza ambigua   DC 0.83 0.00 0.40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Croton sparsiflrous Morung. 0.00 0.06 2.85 3.28 2.67 1.87 1.11 1.54 0.00 2.80 1.16 0.00 1.52 1.90 1.94 1.23

Cynadon dactylon  Pers. 41.80 44.81 31.30 51.29 39.64 44.60 36.51 40.84 31.41 33.75 35.20 27.12 27.37 33.78 30.24 45.49

Imperata cylinderica  Beauv. 1.11 0.00 0.44 0.00 0.53 0.58 2.98 0.00 0.00 0.51 0.41 0.00 0.00 0.41 0.00 2.80

Cyperus rotundus  L. 3.71 2.18 1.35 0.70 2.39 1.75 1.76 1.42 3.34 0.57 4.22 4.33 2.38 0.38 0.98 1.32

Dactyloctenium  scandium 3.34 5.84 0.00 0.00 0.58 0.58 0.59 1.16 0.00 0.00 0.00 0.00 0.00 1.31 1.56 0.00

Diacanthium annulatum  Stapf. 0.88 2.36 1.35 0.00 3.36 1.32 2.12 0.67 2.96 0.87 1.38 0.00 0.00 0.00 0.00 1.97

Eleusine flagellifera Gaertn. 3.65 1.12 0.00 0.00 0.53 1.02 3.08 0.60 1.71 3.68 1.30 3.78 1.70 2.36 3.35 0.00

Euphorbia pilulifera  L. 0.00 0.00 2.55 0.00 0.00 0.48 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Euphorbia prostrata  Ait. 1.88 0.00 0.00 0.00 1.06 0.00 1.61 0.00 0.56 0.00 1.20 0.00 0.39 0.00 0.00 0.00

Kochia indica  L. 3.46 3.84 1.28 0.00 1.06 0.00 0.53 0.51 1.12 0.44 0.00 0.00 0.00 0.69 0.00 0.00

Malvestrum tricuspidatum  Gray 1.83 1.12 3.78 0.00 0.00 0.46 0.00 0.00 0.56 0.00 1.18 0.00 0.00 0.33 0.00 0.00

Phalaris minor  Retz. 0.00 0.00 1.37 0.00 2.53 1.78 1.73 4.72 1.21 0.51 0.00 3.17 0.39 0.00 0.00 0.00

Rumex dentatus  L. 0.00 0.00 1.70 0.73 0.00 0.97 0.56 2.91 0.72 0.92 0.00 2.88 1.92 0.00 1.85 0.00

Saccharum munja  Roxb. 0.00 0.00 1.64 0.00 1.58 0.00 0.00 1.02 1.08 0.87 0.00 0.87 0.00 0.00 0.00 0.00

Senebiera didyma  Pers. 0.00 0.00 0.84 0.00 0.53 0.00 0.00 1.07 0.54 0.98 3.11 0.94 1.71 0.52 0.54 0.00

Suaeda fruticosa  Forsk. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Tribulis terristis 0.00 0.00 0.00 0.65 0.00 0.00 0.00 0.00 0.54 0.00 0.00 0.00 0.00 0.36 0.00 0.60

Withania sommnifera  Dunal. 0.00 0.00 1.59 1.30 1.06 0.00 1.08 1.07 0.54 0.44 1.56 0.00 0.00 0.33 0.00 0.00

Convolvulus arvensis  L. 0.94 0.00 1.73 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Ageratum conyzoides  L. 0.00 0.00 1.40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Oxalis corniculata  L. 0.00 0.00 1.70 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.69 0.00 0.00 0.52 0.00

Malva parviflora  0.00 0.00 0.82 0.00 0.00 0.00 0.00 0.00 0.00 0.46 1.26 1.23 0.38 0.00 0.00 0.00

Digitara timorensis  (Kunth) Balan 0.00 0.00 0.00 0.48 1.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Setaria verticillata  Beauv. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.65 0.00 0.00 0.00 0.00

Polyposon monospeliensis  Desf. 0.00 0.00 0.62 0.00 0.00 0.98 0.00 0.82 1.09 0.81 2.16 0.00 0.00 0.58

Stellaria media  L. 0.00 0.00 0.00 1.04 0.00 0.00 0.00 0.00 0.00 0.00 0.39 0.00 0.00 0.00

Capparis decidua  (L.) Roth. 0.88 0.00 0.00 0.51 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Cassia occidentalis  L. 0.00 0.00 0.00 0.46 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.60

Solanum xanthocarpum 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.58 0.00 0.00 0.00 0.00

Euphorbia heliscopia  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.54 0.00 0.49 0.00 0.84 0.00 2.53 0.00

Echinochloa colonum  (L.) Link. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.57 0.00 0.00 0.00 0.00 0.00 0.00

IVI ( Winter) Appendix II, Table XXII
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Gnicus arvensis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.23 0.00 0.00 0.00 0.00

Fumaria indica  Pugsley 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.14 0.00 0.00 0.00 0.00

Chenoodium ambrosiodes  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Melilotus parviflora  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.94 0.00 0.00 0.00 0.00

Polygonum plebejum  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.92 0.00 0.00 0.00 0.00

Lathyrus apahaca 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.89 0.00 0.00 0.00 0.00

Canabis sativa  (L.) Frost 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.69 0.94 5.42 0.00 4.55 1.25

Ricinis communis  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.60 1.51 0.00 0.00 0.00

Adhatoda vasica  Nees. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.50 0.00 0.00 0.00 0.60

Sisymbrium irio  L. 0.00 0.00 0.00 0.00 0.00 0.00 1.98 0.00 1.31 0.00 0.00 0.00 0.00

Ziziphus jujuba  Lamk. 0.00 0.00 0.00 0.00 0.51 0.00 0.44 0.00 0.29 0.00 0.00 0.00 0.00

Medicago denticulata 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.62 0.39 0.00 1.77 0.00

Cortula hemispherica 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.60 0.00 0.00 0.00 0.00

Ageratum conizoides  L. 0.00 0.00 0.00 0.00 0.00 0.00 1.47 0.00 0.61 0.81 0.30 0.00 0.00

Solanum nigrum  L. 0.00 0.00 0.00 1.45 0.00 0.00 0.44 0.41 0.67 0.00 0.00 0.00 0.00

Spergula arvensis 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.57 0.33 0.00 0.00 0.00 0.00

Poa annua  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.80 0.00 0.00 0.00 0.00 0.00

Asphodelus tenuifolius  Cav. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.91 0.00 0.00 0.00 0.00

Echinopsis echinatus 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.69 0.00 0.00 0.00 0.00

Datura alba  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Sonchus spinosum 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.38 0.00 0.00 0.00

Sacchurum bengalense 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.39 0.00 0.00 0.00 0.00 0.00

Alternenthra sisslis  R. Br. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Sonchus aspera  Vill. 0.00 0.00 0.00 0.46 0.00 0.00 0.00 0.79 0.00 0.00 0.00 0.98 0.00

Fumaria indica  Pugsley 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.39 0.00 0.00 0.00 0.00 0.00

Malvestrum coromandelianum L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Setaria glauca  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Eclipta alba  Hassk. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.41 0.00 0.00 0.00 0.00 0.00

Atriplex crassifolia  C.A. Mey 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02

Chenopodium murale  L. 0.00 0.00 0.00 0.00 0.09 0.54 0.00 0.00 0.00 0.38 0.00 0.00 0.58

Lantana camara  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.33 0.00 0.00

Avena sativa  L. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.84 0.00 0.00 0.00

Peristrophe bicaliculata  Retz. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Cenchurus pennisitiformis  Hochst  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Questionnaire – Urban residents/Rural residents 
 

        
 

I. General Information: 
Date: _____________________ 
District:____________________  
City/Town:____________________    
Name of Interviewee (Optional)_____________________ 
Age ___________________ 
Sex ___________________ 
Education:____________________ 
 
II.       Information regarding Parthenium hysterophorus 

1. Familiarity:Are you already familiar with this plant (Parthenium weed)? YES   NO    
2. Are you familiar with its name?   YES      NO  

   3. If YES, by what name are you familiar with? __________________________ 
4. Period of prevalence: Since how many years are you observing this plant? 

 < 1                  

 1 - 5                

 > 5 - <10        

 . 10                  
5. Which is the specific area of high infestation by Parthenium? 

 Crop land  

 Wasteland  

 Roadsides  

 Residential area  
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 6. How do you assess its rate of spread?   

 Increasing     
 Decreasing      
 No difference               
 Not noticed  

7. Do you think Parthenium is a nuisance weed?  YES      NO  
  8. What do you think is the mode of spread of Parthenium ? 

 Wind  

  Vehicles/ transport   

 Livestock   

 Livestock dung  

 Transported soil/ manure  

9. Are you ready to use its controlling mechanisms, if discovered? YES      NO  
10. Are you willing to pay for the eradication costs of this weed? YES      NO  

   
  11. If your answer is ‘in cash’, how much are you willing to pay annually_______ 
 

12. Do the people living in the vicinity of this plant suffer from health hazards like 

allergies like skin allergies, Respiratory Tract Infection, etc?             YES    NO  
13. Do you know of any beneficial uses of Parthenium?  YES        NO  

 
THANKS. 
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Questionnaire – Farmers 
 

        
 

1.General Information: 
Date: _____________________ 
District:____________________  
City/Town:____________________    
Name of Interviewee (Optional)_____________________ 
Age ___________________ 
Sex ___________________ 
Education:____________________ 
                                              
II.      Awareness about Parthenium hysterophorus infestation: 
 

1. Familiarity:Are you already familiar with this plant (Parthenium weed)? YES   NO    
2. Are you familiar with its name?   YES      NO  

   3. If YES, by what name are you familiar with? __________________________ 
4.Period of prevalence: Since how many years are you observing this plant? 

 < 1                  

 1 - 5                

 > 5 - <10        

  10                  
5. Which is the specific area of high infestation by Parthenium? 
 

 Crop land  

 Wasteland  

 Roadsides  

 Residential area  
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    6. How would you describe the cover/abundance of Parthenium in your locality? 

 High   

 Moderate   

 Low   
 
 7. How do you assess its rate of spread?   
   

 Increasing     
 Decreasing      
 No difference               
 Not Known  

 
8. What do you think is the mode of spread of Parthenium ? 

 Wind  

 Vehicles/transport  

 Livestock   

 Livestock dung  

 Transported soil/ manure  
   
III   Impact of Parthenium on Agriculture: 

 1. Do you think Parthenium is a nuisance weed? YES      NO  
  
2.  Have you noticed any effect of the presence of Parthenium on crop production?  

                         YES            NO    
 
3. In which crop is Parthenium most problematic? 

 Sugar cane                    

 Wheat   

 Rice   

 Maize   

 Vegetables   

 Not known   
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IV  Impact  of Parthenium on livestock: 
 

    1. Palatability: Does your livestock eat Parthenium?      YES        NO   
   2. If YES, how often:   

 Frequently     
 Moderately   

 Seldom   
    3. Have you noticed any effect of Parthenium on livestock and/or livestock products?  

                          YES             NO  
    4. If YES, Specify: 

 Animal health in general  

 Milk quality  

 Milk quantity  

 Body weight  
 Any other ___________ 

  
     V.  Controlling /preventing Parthenium infestation: 
 

1. Are you taking any steps to control/prevent spread of Parthenium in your 
locality? 

                     YES               NO   
        2.  If YES, what method of eradication do you use? 

 Manual weeding  

 Mechanical  

 Chemical  
 Any other ________________ 

  

       3.  Do you employ labor for weeding Parthenium?                    YES         NO  
                       YES                       NO                                         

    4. Are you ready to use any controlling methods if discovered? YES        NO  
    
 

   5. Are you willing to pay for the eradication costs of this weed? YES      NO  
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VI. Impact of Parthenium on Human Health: 
 

1. Have you noticed any human health problems caused by Parthenium?  YES     NO  
2. If YES, specify: 

 Skin allergies 
 Respiratory tract Infections 

 
VII. Beneficial uses of Parthenium: 
 
1. Are you aware of any beneficial uses of Parthenium hysterophorus? 

                          YES        NO  
2. If YES, state the uses:  
________________________________________________________________________
________________________________________________________________________ 
 
 
THANKS 
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Questionnaire - Foresters 
 
 

        
 

II. General Information: 
Date: _____________________ 
District:____________________  
City/Town:____________________    
Name of Interviewee (Optional)_____________________ 
Education:____________________ 
Designation: ___________________     
                                           II Information regarding Parthenium hysterophorus 

 
1. Familiarity:Are you already familiar with this plant (Parthenium weed)? YES   NO    
2. Are you familiar with its name?   YES      NO  

   3. If YES, by what name are you familiar with? __________________________ 
 
   4. What is the area of plantation under your jurisdiction?_________________ 
  

5. If YES, in which type of plantation is it found? 

 Euclyptus  

 Dalbergia sisso   

 Euclyptus- Dalbergia mixed   

  Any other  , which ____________________ 
6.Period of prevalence: Since how many years are you observing this plant? 

 < 1                  

 1 - 5                

 > 5 - <10        

  10                  
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7. What is its cover?     Low          Moderate         High  
 

8. How do you assess its rate of spread?   

 Increasing     
 Decreasing      
 No difference               
 Not noticed  

9. Do you think Parthenium is a nuisance weed?  YES      NO  
 

   10. What do you think is the mode of spread of Parthenium ? 

 1Wind  

 Vehicles/transport  

 Livestock   

 Livestock dung  

 Transported soil/ manure  
 

    11. In which specific area is Parthenium abundant? 

 Crop land  

 Tree plantation  

 Wasteland  

 Roadsides  

 Residential area  
 

 12. What method of eradication do you use? 

 Manual weeding  

 Mechanical  

 Chemical  
 Any other ________________ 
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 13. Are you ready to use any controlling methods if discovered? YES        NO  
 14. Are you willing to pay for the eradication costs of this weed? YES      NO  
 

  15 If your answer is ‘in cash’, how much are you willing to pay annually_______ 
 

16. Do the people living in the vicinity of this plant suffer from health hazards like 

allergies like asthma, skin allergies etc?                                Yes    No  
17. Are there any beneficial uses of Parthenium?  YES           NO  
If yes, comment:_________________________________________________________ 
______________________________________________________________________ 

 
THANK YOU  
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Questionnaire – Florists 
 

        
 

1.General Information: 
Date: _____________________ 
District:____________________  
City/Town:____________________    
Name of Interviewee (Optional)_____________________ 
Age ___________________ 
Sex ___________________ 
Education:____________________ 
Duration of work experience as a florisist:___________________ 
                                               
     II  Awareness about Parthenium hysterophorus  

 
1.Familiarity:Are you already familiar with this plant (Parthenium weed)? YES   NO    
2. Are you familiar with its name?   YES      NO  

   3. If YES, by what name are you familiar with? __________________________ 

   4. Do you use it in bouquets?       YES           NO    
  5. If YES,   where do you get Parthenium from? 

 Purchase it        
 Get it from fields     

  6. If obtained from field, is it  

 Cut       
 Uprooted      

  7. Where do you dispose off the discarded plants? 
 Throw on heaps of garbage on roadside 
 Through garbage removal service providers 
 Both 
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8 .Period of prevalence: Since how many years are you observing this plant? 

 < 1                  

 1 - 5                

 > 5 - <10        

  10                  
 
 
II. Impact of Parthenium on Human Health: 
 

1. Have you noticed any human health problems caused by Parthenium?  YES     NO  
2. If YES, specify: 

 Skin allergies 
 Respiratory problems 

 
III. Beneficial uses of Parthenium: 
 
1. Are you aware of any beneficial uses of Parthenium hysterophorus? 

                          YES        NO  
2. If YES, state the uses:  
________________________________________________________________________
________________________________________________________________________ 
 
 
THANKS 
 



 
 

 

Plate 1:  Monocultures of Cannabis sativa, which were once a regular feature 
of road side vegetation are now gradually being replaced by P. hysterophorus 
(District Sialkot). 

 

 

Plate 2: P. hysterophorus and co-existing annual plants in Daska, District Sialkot 

 



 
 

 

Plate 3: Exotic invasive plants like P. hysterophorus know no political boundaries.  
P. hysterophorus seen growing on the Pakistan-Indian border in Shakargurh, 
District Narowal.  

 

 

Plate 4: P. hysterophorus growing in agricultural fields in Shakargurh, 
District Narowal. 



 
 

 

 

Plate 5: P. hysterophorus growing along roadside verges in Sargodha District  

 

 

 
 

Plate 6: P. hysterophorus growing in District Sheikhupura 



 
 

 

 
 

Plate 7: P. hysterophorus growing in vacant plot in Iqbal Avenue, District 
Lahore. 

 
 

 
 

Plate 8: Extensive infestation of P. hysterophorus along roadside belt at 
Kharra Morre, District Kasur. 



 
 

 

 

Plate 9: P . hysterophorus seen growing near Bamboo Plantation in  District 
Kasur.   

 

 

 
 

Plate 10: P. hysterophorus growing on roadside green belt in District Jhang. 



 
 

 
 

 

Plate 11: Quadrat  analysis in District Toba Tek Singh  

 

 
 

Plate 12: P. hysterophorus growing in forestry area in Chichawatni, District 
Sahiwal. 

 



 
 

 
 

 
 

Plate 13: Low cover of P. hysterophorus in Sahiwal, outside forestry area. 
 
 
 

 

Plate 14: Roadside infestation of P. hysterophorus in Daska, District Sialkot. 



 
 

 
 

Plate 15: P. hysterophorus growing along water channels in a Mango Garden 
in Raiwind, District Lahore. 

 

 
 

Plate 16: Water channels serve as corridors/links for spreading P. 
hysterophorus (Kamalia, District Toba Tek Singh). 

 



 
 

 

 
 

Plate 17: P. hysterophorus growing along a drain in Daska, District Sialkot). 
 

 

 
 

Plate 18: Dominance of members of Family Asteraceae (P. hysterophorus and 
Ageratum conizoides) growing along a small water channel in District Lahore. 



 
 

 
 

Plate 19: P. hysterophorus growing along water channel though dry at the 
time of survey in District Chiniot. 

 
 
 

 
 

Plate 20: P. hysterophorus growing in a cluster under the shade of a tree 
showing preference of partial shady places.

 



 
 

 

 

 
Plate 21: P. hysterophorus growing with Calatropis procera on the margins of crop fields – a 

potential threat to agriculture in District Faisalabad. 
 

 
 

Plate 22:  P. hysterophorus restricted to the boarders of rice fields in Raja Jhang, District 
Kasur 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



 
 

 
 

 
 

Plate 23: P. hysterophorus growing on the margins of maize crop near 
Kamalia, District Toba Tek Singh 

 

 
 

Plate 24: P. hysterophorus growing in a ploughed agricultural field in District 
Sheikhupura. 



 
 

 

 
Plate 25:   Donkeys grazing in a field infested by P. hysterophorus in a forest 
in Chichawatni, District Sahiwal. 

 

 
 

Plate 26: Cattle grazing in a vacant plot supporting heavy growth of P. 
hysterophorus in District Lahore. 

 
 
 

 



 
 

 
 

Plate 27: A laborer manually removing P. hysterophorus from forestry land 
in Chichawatni Forest, District Sahiwal. 
 
 
 

 
 
 

Plate 28: Contact dermatitis on the arm of a florist, due to P. hysterophorus 
as reported by him 



 
 

 
Plate 29: A bunch of P. hysterophorous costing just Rs. 10-20. 

 
 
 

 
 

Plate 30: Profuse germination of P. hysterophorus, aiding in early 
establishment, growing in Chichawatni Forest, District Sahiwal 

 

 
 



 
 

 
 

 
 

Plate 31: Dense cluster of germinating P. hysterophorus plant leave hardly 
any space for other plants to grow (District Sahiwal).  

 

 

Plate 32: A few weeks later - Vegetative plants of P. hysterophorus, gaining 
advantage due to space occupation as a result of extensive germination in 
Chichawatni Forest, Sahiwal.  
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