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ABSTRACT

A phenological study of Parthenium hysterophorus was carried out on three 2m plots demarcated at2   

selected sites in Islamabad over a period of three years. Monthly observations regarding the following stages

were made for individual plants in each plot: Sprouting, Vegetative growth, Budding, Flowering, Fruiting,

Dispersing, Senescence and Dead. The results revealed that the aggressiveness of the weed owes to its twin

sprouting seasons in addition to its capability to withstand wide climatic ranges. The seeds of Parthenium

germinate in the hottest month of June (mean maximum 38.7ºC) and flourish by producing flowers, fruits and

shedding seeds in the coldest months of December and January, mean minimum 3.4 and 2.6 respectively. 
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Introduction

Biological invasions and invasive species have

become issues of growing interest to many scientists

during the last decades[3,10] however, estimating the

invading potential of a species before an invasion

actually takes place is a very difficult task[6]. 

Invasive plants have many strategies that allow

them to succeed. In general, they grow rapidly and

reach maturity quickly. Many are capable of

vegetative reproduction via stolons and rhizomes, and

rooting at the tips of canes and from root fragments.

Invasive species tend to be wind-pollinated or

pollinated by insects that are common in their

adopted home[5]. This enables them to colonize new

areas at distances far from their original site. There

are certain features that make them more successful

than the native species[11]. The difference in timing

of various phenological processes allow introduced

species to begin taking nutrients from the soil before

natives have a chance to compete for scarce

nutritional resources. And finally, plants that become

invasive tend to lack the diseases, pests and

herbivores that keep them in check in their native

home[5]. 

Reviewing the morphology of Parthenium

hysterophorus[2] it was concluded that the plant

species shows an exceptional behaviour regarding its

flowering and fruiting tendencies.  Only five seeds

are borne per head in spite of the large number of

disk florets per single flower head. On the other

hand during a single observation as many as 11300

flower heads per plant have been counted. This is

tantamount to produce at least 56500 seeds per single

Parthenium plant. However, considering the

indeterminate flowering habit and extended period of

flowering in a single Parthenium plant during its

entire lifetime can bear a minimum of 75000 seeds.

Moreover, its has a capability to bear seeds as early

as within a month time after sprouting; and shows an

extended period of flowering beyond 14 months since

the first flowering[2]. Such instances have therefore

driven our attention towards a further detailed

investigation regarding the phenological aspects of

the plant before to come up with an effective control

strategy. To date the literature on Parthenium

distribution, harmful effects, and biocontrol is vast.

Nevertheless details on the botany especially
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phenology, its relation to the climatic factors and its

contribution in the success of invasion of Parthenium

is scanty. 

The objectives of this study were (1) to fill the

information gap felt necessary to devise an effective

control strategy (2) To investigate the exceptional

tendencies in the phenology of the species that

strengthens its aggressiveness as an invasive species

and (3) To estimate the biomass production of the

plant and its correlation with the climatic factors.

Methodology:

The population of Parthenium hysterophorus was

studied during the years 2000-2002.

Biomass production and plant behaviour is

influenced by annual climatic variation. Compared

with the average temperature and rainfall in the study

area, the three years may be characterized as follows:

In the year 2000 the maximum and the minimum

temperatures fluctuated between 29.7ºC and 15.5ºC

respectively. The total rainfall through out the year

was recorded as 991mm; 27% of which was received

during the month of August only. 

During the year 2001, the temperatures followed

same figures, however, a relative increase in the

rainfall was observed. The mean maximum and

minimum temperatures ranged between 29. 4ºC to

15.4ºC and the rainfall was recorded as 1178mm in

total. The precipitation in the month of August was

29.7% of the total rainfall.

The year 2002 proved to be the hottest of the

three. The maximum average temperature recorded

was 30.1ºC while the minimum did not show any

difference with 15.5ºC. The total precipitation

dropped down to 931mm only with 24% of rain

being received in the month of August. 

Study Area:

Islamabad lies between 33.04° – 34.01° north

latitudes and 72.38° and 73.37° east longitudes

having an area of 6,246 square kilometers. The site

is a panoramic expanse of natural terraces and

meadows rising from 518 to 610 metres. The climate

is sub-humid to subtropical continental, receiving

rainfall from both monsoon and western disturbances.

The maximum rainfall occurs during the monsoon

season from July to September. The average rainfall

is about 1,044 millimeters per year, with more than

50% occurring in monsoon season. The mean

maximum temperature ranges from 25.6°C to 39.4°C

(78.1°F to 103°F) in June and the mean minimum

temperature ranges from 3.2°C to 16.7°C (37.8°F to

62°F) in January. Temperatures in the study area

vary from -1.1°C to 46.1°C (30°F to 115°F). The

topsoil cover is formed by sandy silt in medium

dense form, with varying degrees of clay content and

a thickness of 1.5 m. Silty, sandy gravel in a

medium-dense to dense conditions exists below the

topsoil cover of sandy silt, extending to the depth of

3.0m to 5.0m. 

Fieldwork was carried out at three different

localities. These localities were selected because the

species under examination were abundant within the

sites which made it possible to carry out the

phenological observation of many individuals from

each locality. The selected spots differed slightly in

the altitude but were close to each other so that

almost similar climatic and edaphic conditions

prevailed in all.

Three plots each of 2m  were demarcated using2

ropes within the premises of Quaid-i-Azam

University. The areas with almost pure mats of

Parthenium hysterophorus were preferably identified.

All the three plots were located at a distance of 2m

from the roadside avoiding the road edge. 

Site 1: Vacant plot adjacent to gymnasium near

Hostel-5 at Quaid-i-Azam University

Site 2: Vacant plot opposite C-Type residential

colony of the university across the road

Site 3: Vacant plot along the under

construction/newly constructed link road to new

campus.

The data from all the three localities was

collected once a month round the year. The growth

period began approximately the same time in all the

plots. The percentage of individuals in each

phenological stadium was estimated every month in

each plot. The phenological phases are described in

Table 1

Biomass study:

The biomass study was conducted just to

measure the fecundity of the plant. To proceed with

the experiment, 10 specimens were selected at

random and were pulled out of the soil along with

the root. One observation was made each month

during the growing season of the plant i.e. from June

to November. Each sample was weighed along with

root, shoot, leaves, flowers and fruits. The height of

each individual plant was measured and fresh weights

were determined. The plants were dried at 70ºC

overnight. Applying the following formula the

moisture content was calculated:

      (Fresh wt. – Dry wt.)

Moisture % = ------------------------ X 100

  (Fresh wt.)

Plant Matter =  Total Frest wt.- Moisture
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Results and discussions

Plot # 1:

Month wise phenological data collection began

from April, 2000. Considering the eight parameters

as mentioned earlier in the methodology, the

observations were made and the entries were

recorded in the data sheets. During April, 99

individuals were demarcated in total out of which 74

existed in sprouting phase while the rest in the

vegetative phase (Table 1a). The sprouting continued

in May (38%), however, most of them had entered

the vegetative phase (53%) while a few showed signs

of budding thus, making a total count of 165.  June

arrived with the appearance of enormous buds and

flowers. Of the total 66.5 % of the plants existed in

the budding/flowering phase, however, sprouting did

not stop in spite of the hottest temperature of June

(Table 4).  The plants reached maturity during July

and August by bearing fruits in addition to a

continuous production of flowers in many other

plants.  Surprisingly new plants continued to emerge

out in September and October thus indicating a

second sprouting phase during these months.  It is

noticeable that the sprouting potential was almost

half from the one observed during April/May.  The

population reached its peak in October with 285

individuals recorded in an enclosure of 2m . 2

In October various phenological stages could be

observed as few new plants were emerging while

others were experiencing senescence. With the arrival

of November the older plants began to die resulting

in a decline of Parthenium population in the plot. No

new individuals were observed till the month of

February, while the older plants continued to die.

However, by the end of February with increase in

temperature suitable conditions were again available

for the new seeds to germinate. 

The year 2001 could be characterized a year of

comparatively high precipitation as compared to the

previous year 2000. The maximum plant population

was recorded during this year (359 plants - highest

figure recorded during the study) in the 2m plot2 

(Table 1b). Almost half of the population (47.5%)

died during December. 

A similar trend was observed during the year

2002 (Table 1c). During year 2001, the total

population was comparatively less than the previous

year. The maximum population was recorded during

October though a large number of plants existed in

the dispersing phase (33.7%). It is worth mentioning

that during at least 8 out of 12 months Parthenium

continuously produced flowers, i.e. from May to Dec.

A few exceptions were seen flowering even in the

months of January and February as well though no

such observations were made in the demarcated area.

Plot # 2: 

Plot 2 had a comparatively lesser population as

compared to plot 1. The general trend however

resembled the one observed in plot 1. During April

54 plants were observed in total out of which 88 %

were newly sprouting (Table 2a). The population rose

up to a maximum in June with 137 individuals. A

majority of which occurred in the budding/flowering

phase. New emergents were again observed in

September and October raising the population up to

181 ultimately (Table 2a). However, as soon as the

month of November approached, elimination of plants

began with the process of death. No plant was seen

in the month of February at all. As soon as March

started new plants began to emerge from the soil.

With the beginning of year April 2001, the

population was as high as 72, which increased to 177

plants by June. A further increase was recorded in

September and October as 215 and 267 plants were

counted in these months respectively (Table 2b).

However, a decline in the population was observed

immediately with the start of November. Unlike year

2000, ten plants were recorded though dead, in

February. 

In the year 2002, a very little difference from

the previous year that is 2001, was observed. Though

the total precipitation in the two years varied a lot

yet no significant increase or decrease in the

Parthenium population was observed. Highest

numbers of plants (210) were recorded in the month

of June (Table 2c), a little higher than the previous

year (177). The total number of plants increased to

264 in the month of October, while after that their

number started declining. Surprisingly, 18 plants were

recorded in the month of February, unlike the two

sites though these existed in the senescence phase. 

Plot # 3: 

In plot no 3 a significant increase in plant

population was observed in year 2000 to 2001 as the

maximum number was recorded 212 and 274

respectively (Tables 3a and 3b). An exception was

observed in March 2001, when along with the newly

sprouting Parthenium seedlings a few plants in the

last phenological phase that is dead plants were

observed. This was considered as an indicator of the

extension of the growth period of the plant

throughout the year irrespective of the harshness and

inappropriateness of the climate. The usual trend

prevailed in plot 3 during year 2002.

Discussion:

Most plants that are introduced into new

geographic territories cannot thrive without

cultivation and thus do not naturalize. They may not

adapt the soil and climate of the new area, may lack
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Table 1: List of phenological phases identified for the collection of Data

No. Phenological Phase Abbreviation

1 Sprouting Sp

2 Vegetative growth V

3 Budding B

4 Flowering Fl

5 Fruiting Fr

6 Dispersing R

7 Senescence S

8 Dead D

Table 1a: M onth wise phenological data of plot 1 from April 2000 - M arch 2001

M onth Total No. SP V B Fl Fr R S D

of Plants

April, 2000 99 74 25 - - - - - -

M ay 165 64 88 13 - - - - -

June 227 15 61 76 75 - - - -

July 228 - 52 57 79 40 - - -

August 224 - 16 32 106 70 - - -

September 272 35 10 5 61 71 90 - -

October 285 23 22 15 43 49 99 34 -

November 245 - - 4 8 22 69 100 42

December 195 - - 2 5 9 30 57 92

January, 2001 100 - - - - 11 5 19 65

February 50 - - - - 6 - 15 29

M arch 15 3 1 - - 3 - 3 5

Table 1b: M onth wise phenological data of plot 1 from April 2001 - M arch 2002

M onth Total No. SP V B Fl Fr R S D

of Plants

April, 2001 115 94 21 - - - - - -

M ay 181 66 88 27 - - - - -

June 257 35 71 76 75 - - - -

July 258 - 62 67 89 40 - - -

August 254 - 26 42 116 70 - - -

September 335 35 23 35 71 91 80 - -

October 359 24 22 35 53 59 111 55 -

November 350 - - 24 33 42 69 120 62

December 280 - - 5 20 29 30 63 133

January, 2002 130 - - - - 11 15 29 75

February 70 - - - - 6 20 18 26

M arch 25 13 7 - - - - - 5

Table 1c: M onth wise phenological data of plot 1 from April 2002 - M arch 2003

M onth Total No. SP V B Fl Fr R S D

of Plants

April, 2002 100 80 20 - - - - - -

M ay 151 54 84 13 - - - - -

June 207 10 52 80 65 - - - -

July 208 - 32 57 79 40 - - -

August 204 - 16 32 95 61 - - -

September 239 37 5 15 31 61 90 - -

October 264 24 10 35 23 49 89 34 -

November 260 - - 4 13 22 69 100 52

December 203 - - - 25 19 30 57 72

January, 2003 80 - - - - 11 5 19 45

February 19 - - - - 6 - 13 -

M arch 27 13 1 - - 3 - 10 -

Table 2a: M onth wise phenological data of plot 2 from April 2000 - M arch 2001

M onth Total No. SP V B Fl Fr R S D

of Plants

April, 2000 54 48 6 - - - - - -

M ay 94 28 56 10 - - - - -

June 137 10 52 40 35 - - - -

July 132 - 22 30 52 28 - - -

August 138 - 6 32 59 41 - - -

September 162 20 5 15 41 21 60 - -

October 182 10 12 15 23 29 49 44 -

November 180 - - 14 13 12 29 60 52

December 120 - - - - 19 10 27 64

January, 2001 55 - - - - - 15 9 31

February - - - - - - - - -

M arch 20 13 7 - - - - - -
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Table 2b: M onth wise phenological data of plot 2 from April 2001 - M arch 2002

M onth Total No. SP V B Fl Fr R S D

of Plants

April, 2001 72 58 14 - - - - - -

M ay 163 48 69 46 - - - - -

June 177 13 51 60 53 - - - -

July 177 - 31 40 48 58 - - -

August 174 - 4 32 79 59 - - -

September 215 41 10 25 38 41 60 - -

October 287 52 22 10 33 59 77 34 -

November 244 - - 14 33 22 49 70 56

December 170 - - - - 29 30 37 74

January, 2002 90 - - - - - 15 24 51

February 10 - - - - - - - 10

M arch 24 13 7 - - - - - 4

Table 2c: M onth wise phenological data of plot 2 from April 2002 - M arch 2003

M onth Total No. SP V B Fl Fr R S D

of Plants

April, 2002 77 53 24 - - - - - -

M ay 179 71 59 49 - - - - -

June 210 26 51 70 63 - - - -

July 209 - 33 50 69 57 - - -

August 201 - - 62 79 60 - - -

September 236 31 10 35 48 52 60 - -

October 264 28 23 10 33 59 77 34 -

November 264 - - 14 43 42 39 60 66

December 195 - - - - 39 40 42 74

January, 2003 105 - - - - - 15 24 66

February 18 - - - - - - 10 8

M arch 31 16 11 - - - - - 4

Table 3a: M onth wise Phenological data of plot 3 from April 2000 – March 2001

M onth Total No. SP V B Fl Fr R S D

of Plants

April, 2000 74 58 16 - - - - - -

M ay 104 38 49 17 - - - - -

June 157 20 52 50 35 - - - -

July 152 - 22 40 62 28 - - -

August 158 - 16 32 69 41 - - -

September 175 30 8 15 41 21 60 - -

October 202 10 12 25 33 29 49 44 -

November 212 - - 14 23 22 39 60 54

December 150 - - - - 29 10 37 74

January,2001 75 - - - - - 25 19 31

February 10 - - - - - - - 10

M arch 31 20 11 - - - - - -

Table 3b: M onth wise Phenological data of plot 3 from April 2001 – March 2002

M onth Total No. SP V B Fl Fr R S D

of Plants

April, 2001 110 86 24 - - - - - -

M ay 161 64 84 13 - - - - -

June 217 20 52 80 65 - - - -

July 218 - 32 67 79 40 - - -

August 214 - 16 32 105 61 - - -

September 249 37 5 15 41 61 90 - -

October 274 24 10 35 33 49 89 34 -

November 270 - - 4 13 32 69 100 52

December 213 - - - 25 19 30 57 82

January, 2002 91 - - - - 11 5 19 55

February 30 - - - - 6 - 13 11

M arch 23 13 5 - - - 5
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Table 3c: M onth wise Phenological data of plot 3 from April 2002 – March 2003

M onth Total No. SP V B Fl Fr R S D

of Plants

April, 2002 104 78 26 - - - - - -

M ay 154 50 79 25 - - - - -

June 187 31 62 60 34 - - - -

July 183 - 22 50 83 28 - - -

August 188 - 10 32 103 43 - - -

September 231 40 18 15 51 41 66 - -

October 242 10 12 35 43 29 69 44 -

November 241 - - 14 23 22 69 60 53

December 180 - - - - 29 20 57 74

January, 2003 95 - - - - - 15 19 61

February 19 - - - - - - 9 10

M arch 29 20 11 - - - - -

Fig 4a: Average values for the percentage m oisture contents in the  invasive species “Parthenium hysterophorus” for years (2000-2002)

M onths M inimum  Temperature M aximum  Temperature M ean Total % M oisture 

 (°C)(Average) (°C)(Average) Rainfall (M m) Content

April 15 30.1 61.8 74.77

M ay 19.7 35.3 39.2 70.31

June 23.7 38.7 62.2 73.61

July 24.3 35 267 81.16

August 23.5 33.4 309.9 82.66

September 20.6 33.5 98.2 76.33

October 13.9 30.9 29.3 70.33

November 7.5 25.4 17.8 68.23

Fig. 4b: Comparison of the varying plant moisture content with the mean total rainfall

appropriate pollinators, or may not have a means to

spread their seeds. The majority that do naturalize

are weedy species that thrive in disturbed areas such

as lawns, roadsides, gardens, agricultural lands, and

similar fragmented and highly managed habitats.

Once established in these minimally managed

habitats, they can out-compete native plants and alter

entire ecosystems[5]. Weeds compete with crops for

light, moisture and nutrients and harbour diseases and

pests harmful to crops[9]. Similar is the situation in

case of Parthenium hysterophorus. Parthenium has

been found extensively covering the roadsides, empty

plots and disturbed areas[12,7,14]. It establishes thick

mats of pure populations that keep on sprouting,

flowering and dispersing seeds almost throughout the

year.

The life cycle of Parthenium weed begins in the

months of April-May and extends up to November-

December. It was unusual to observe a few

individuals already existing in the flowering phase. It

was anticipated that these plants would have sprouted

some time in the beginning of March or by the end

of February. Parthenium weed has been observed to

germinate, grow, mature and set seeds in as little as

28 days (central Queensland); 50-65 days (Emerald

in central Queensland); 80-90 days (Armidale in

northern New South Wales); and 85-100 days at

Ballarat in Victoria[4]. A time span of not more than

a month is sufficient for a plant to germinate and

flower (personal observation). A comparatively larger

number of plants were found to exist in the

vegetative phase during April (25%, 11%, and 21%

in plots 1, 2 and 3 respectively). 

It is worth mentioning that during the month of

March the temperature ranges between a mean

minimum of 9.9°C and a mean maximum of 23.9°C;
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a little lower than the optimal requirement of

Parthenium seed to germinate. The weed germinates

at 12°C to 27°C, the optimum temperature for

sprouting being 22-25°C[4]; 8-30°C with an optimum

range 22-25°C[8]; at mean minimum 10°C and mean

maximum 25°C over a wide range of fluctuating

temperatures i.e.12/2°C – 35/25°C[13]. Taking a look

at the meteorological data of the study area it can be

easily realized that the most suitable temperature

ranges are observed twice during a year, first in the

months April-May and for the second time in the

months September-October. The results support the

concept that new seedlings begin to emerge from the

soil during September and October when the mature

plants have entered the seed dispersal and senescence

phase. Parthenium weed can grow at any time of the

year[1] but preferably does best in March-May and

September-November. Several successive generations

can appear in a good season. It may however be

noted that during the former span the weed

flourished more and is comparatively more vigorous.

The plants sprouting in the spring season attain a

height as much as 2m while the ones that begin their

life cycle in the later season do not acquire a height

more than a meter. The reduced vigor is supposed to

be the result of the winters ahead that ultimately

suppresses the growth of the weed though for a short

period. The most surprising was the sprouting of a

few individuals in plot 3 when the mean minimum

temperature fell down to 2.6°C. These individuals

were though fewer but impose threat to the winter

native flora as well.

A comparatively higher rainfall was received

during the year 2001. Consequently vigorous growth

of Parthenium  was observed. Keeping in view the

association which higher precipitation has with the

establishment of Parthenium weed, the areas of

potential distribution of the weed can be identified.

Figure 4.6.2 shows the susceptibility of Lahore,

Peshawar, Sialkot and Islamabad/ Rawalpindi to the

day by day increased invasion of Parthenium

hysterophorus as the climatic factors support invasion
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