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       ABSTRACT

Parthenium hysterophorus (congress grass) is a harmful weed and its pollen grains are 
important allergens. Due to its minute size and allergenic activity, this particular type of pollen 
is selected for the study. The aeropalynological survey was conducted for the year 2019 at 
Chauras Campus, Hemvati Nandan Bahuguna Garhwal University, Srinagar, Uttarakhand. 
It is located on the right bank of the Alaknanda river (30°13’35.81”N & 78°48’11.05”E; 560 
m amsl).  A Rotarod sampler was used for air sampling. The maximum pollen count was 
observed in July. To evaluate the correlation matrix in R software, correlations (Pearson’s and 
Spearsman’s) between pollen count and meteorological parameters have been calculated. 
Back trajectory analysis has also been done using NOAA HYSPLIT MODEL. 

INTRODUCTION

Pollen grains are one of the important biological materials 
that are ubiquitous and inhaled by humans. The main pur-
pose of pollen grains is to bring about fertilization but these 
also cause allergies. (Nair et al. 1986, Leuscher et al.  2000, 
Shukla & Shukla 2010). In several studies, pollen grains from 
different plants have been reported as aeroallergens (Subiza 
et al. 1994, Mari et al. 1996, Asturias et al. 2002). 

Parthenium hysterophorus L. commonly known as con-
gress grass is designated as a major allergenic plant by many 
workers from different parts of the world (Sohi et al. 1979, 
Wedner et al. 1989, Handa et al. 2001, Wiesner et al. 2007). 
Taxonomically, the plant is categorized under the family As-
teraceae and was introduced in India along with food grains 
(Kohli & Rani 1994). The flowering period of P. hysterophorus 
is almost throughout the year (Nayar et al. 1990). Studies have 
shown the harmful effect of P. hysterophorus pollen on human 
beings, animals, crops, etc. (Khosla & Sobti 1981, Gupta et 
al. 1995, Yadav et al. 2010, Sharma et al. 2013). The meteor-
ological parameters influence the dispersion and transport of 
pollen grains (Cour et al. 1999, Galán et al. 2000, Gioulekas et 
al. 2004) and play an important role in the pollen concentration 
in air (Piotrowska 2006, Iglesias et al. 2007).

The present work aims to find out the concentration of P. 
hystrophorus pollen and the effect of meteorological factors 
on pollen concentration in the area. Back-trajectory analysis 
helps to locate the origin of airborne biological particles at 
any selected sampling point. The HYSPLIT model is used 
in the present study to investigate airborne pollen concen-
trations. It has been used earlier by many workers (Cecchi et 
al. 2007, Mahura et al. 2007). It is highly effective in studies 
emphasizing defining the pathway and possible long-range 
transport of air pollutants (Sa´nchez-Ccoyllo et al. 2006, 
Davis et al. 2010). The main objective of the back-trajec-
tory analysis was to establish the relationship between the 
movements of air mass and pollen counts of P. hysterophorus 
pollen counts in the valley Srinagar of Garhwal Himalaya. 

MATERIALS AND METHODS

Study Area

The study was conducted at Chauras Campus Hemvati 
Nandan Bahuguna Garhwal University (Fig. 1). It is lo-
cated on the right bank of Alaknanda. The coordinates for 
the sampling sites were latitude 30.226522 and longitude 
78.803177 with an elevation of 560 m amsl. The study site 
has forests with broad leaves and dry scrubs. In the research 
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Fig. 1: Location map (yellow colored circle indicating sampling location at Chauras, Srinagar 
(Garhwal)). 

 
 
Sampling Technique 

Fig. 1: Location map (yellow colored circle indicating sampling location at Chauras, Srinagar (Garhwal)).

region, Parthenium is an abundant weed that grows with other 
species like Cannabis sativa, Erigeron, Lantana camara, 
Murraya koenighi, and Solanum spp.

Sampling Technique

Aerobiological sampling was carried out by Digital Rotorod 
pollen and Air particle collector for one year from January 
2019 to December 2019. Glass slides smeared with glycerin 
jelly were exposed and changed after each hour of sampling. 
The slides were then examined under a microscope and the 
total number of pollen was counted by the continuous sweep 
method as suggested by Mandrioli et al. (1998).

Fresh pollen samples were taken directly from the plants 
for preparation of reference slides. The samples were then 
acetolyzed by the standard method (Erdtman 1960). The 
pollen was studied properly at the magnification of 400X 
under the Light microscope (Magnus Pro 3.7) and matched 
with the air sample. SEM image is taken with Scanning 
Electron Microscope Model JSM-6610 LV-JEOL, Japan. A 
customizable Davis Vantage Pro2 Automatic Weather Station 
(AWS) was used to extract Meteorological parameters like 
temperature, humidity, wind speed, and rainfall. The AWS 

data was analyzed by Special Weather Link (version 6.0.3) as 
well as Aroldis Software. Correlations were calculated using 
Hmsc (version 4.4) package for the evaluation of the correla-
tion matrix in R software as suggested by Feng et al. (2019), 
Gautam et al. (2020), and Liu et al. (2020). Air Mass Back 
trajectory analysis is carried out using National Oceanic and 
Atmospheric Administration (NOAA) HYSPLIT MODEL. 

RESULTS 

Plant and Pollen Description

The plant is annual, much branched and grows luxuriantly 
all around the year (Fig. 2 a). It reaches up to about 1.5 m 
or long.  Each plant has several capitula. Each capitulum 
has several florets of which only five are female and the rest 
are male. The flowering occurs from July to November. Al-
though heavy flowering occurs in the rainy season, the plant 
continues to flower and fruit till the environmental conditions 
favor it. The life cycle of P. hysterophorus is usually 9-10 
months but can extend beyond it. P. hysterophorus is seed 
propagated. New plants grow as soon as the seed disperses. 
The plant can be seen in the fruiting, flowering, and vegeta-
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tive phase simultaneously. In a study in our laboratory, we 
germinated P. hysterophorus seeds and observed 38% seeds 
germination rate. 

The inflorescence is the capitulum (head) on a lax panicle, 
white (Fig. 2 b). Each capitulum has ray and disc florets. Five 
ray florets are located at its periphery. These are narrowly 
ovate with puberuolus bracts, white, ligulate, truncate, and 
zygomorphic with a well-developed female part. The ovary 
is unilocular with a basal ovule. The ovule is attached to the 
style with two arms. The remaining flowers of the capitulum 
are disc florets which are actinomorphic and white. The Co-
rolla of the disc florets form a tube towards the base ends in a 
four-lobed apex. Stamens are four, epipetalous, and are fused 
near the base of the flower. Anthers are basifixed and dithe-
cous. The pistil present in the disc floret is non-functional.   

The Amb of the pollen is circular with three zonal 
colpi having a length of ~ 2.78 µm. The grain is radially 
symmetrical (Fig. 2 c, d).  The shape class of the pollen is 
spheroidal with a 100 P/E ratio and the size of the pollen 
is minute ranging from 14.80±1.92 × 14.11±0.48µm, the 
surface of the grain is spinulate with pointed spines of <3 
µm length. The exine width of the pollen grain is very thin  
(~ 0.93 µ).

Aerpalynological Analysis

P. hysterophorus pollen was collected from January 2019 
to December 2019. The daily data have been converted 
accordingly. It was observed that the pollen number was at 
its peak in July with a total of 29.07% of the pollen count 

the surface of the grain is spinulate with pointed spines of <3 µm length. The exine width of 
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Fig 2: a. Plant habit (Lax panicle) b. Inflorescence (Single capitulum or head) c. Pollen grain 
(LM) d. SEM image of grain. 

Aerpalynological analysis 
 
P. hysterophorus pollen was collected from January 2019 to December 2019. The daily data 
have been converted accordingly. It was observed that the pollen number was at its peak in 
July with a total of 29.07% of the pollen count followed by August with 24.59%. The Main 
Pollen Season (MPS) can be estimated as July- August for P. hysterophorus. February was 
having a minimum of 2.16% pollen during the whole month (Table 1). The presence and 
distribution of pollen are throughout the year. The sudden increase in pollen concentration can 
be seen in July and August (Table 1). The monthly concentration of the P. hysterophorus pollen 
along with meteorological parameters is shown in the graphs below (Fig. 3).  
 
 
 
 

Fig 2: a. Plant habit (Lax panicle) b. Inflorescence (Single capitulum or head) c. Pollen grain (LM) d. SEM image of grain.

Table 1: Pollen concentration per month (in percentage).

Month Pollen concentration (%)

January 2.62

February 2.16

March 3.44

April 3.97

May 2.30

June 7.10

July 29.07

August 24.59

September 11.17

October 7.69

November 4.31

December 2.57
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Fig 3: The monthly concentration of P. hysterophorus pollen grain along with meteorological parameters. 

followed by August with 24.59%. The Main Pollen Season 
(MPS) can be estimated as July- August for P. hysterophorus. 
February was having a minimum of 2.16% pollen during 
the whole month (Table 1). The presence and distribution 
of pollen are throughout the year. The sudden increase in 
pollen concentration can be seen in July and August (Table 
1). The monthly concentration of the P. hysterophorus pollen 
along with meteorological parameters is shown in the graphs 
below (Fig. 3). 

Correlation Analysis 

It has been observed that there is some relation between the 
pollen count and the meteorological factors. To find out the 
relationship between pollen count and metrological param-
eters Spearman’s and Pearson’s correlation is calculated 
(Table 2). Analyzing Pearson’s correlation shows a positive 
significant correlation between pollen count and rainfall 
(p<0.05). The correlation is non-significant by analyzing 
Spearman’s correlation. 
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Back-Trajectory Analysis

Back- trajectory analysis has been carried out using NOVA 
HYSPLIT MODEL (Stein et al. 2015) on the height of 1000m 
above ground level (Fig. 4). The trajectory presented here is 
for a single pollen episode, 31st July; at 2 pm (highest pollen 
concentration). The diurnal variation shows a peak at 2 pm. 
The trajectory indicates that the movement of air mass is 
from the sampling site (Uttarakhand) to Eastern India, then 
turn south from the Bay of Bengal. This path shows that with 
air mass, the pollen from P. hysterophorus can travel along 
and can cause allergic diseases to the individuals living in 
these areas. 

DISCUSSION

P. hysterophorus is a noxious weed and its pollen is known for 
causing dermatitis (Gunaseelan 1987, Towers & Subba Rao 
1992, Morin et al. 2009) and is sensitive to rhinitis patients 
(Rao et al. 1985). A novel hydroxyproline-rich glycoprotein 
is identified as the major allergen in P. hysterophorus pollen 
by Gupta et al. (1996). Kumar et al. 2012 were the first who 
studied to immunologically characterize patients with P. 
hysterophorus sensitive atopic dermatitis. 

The plant P. hysterophorus blooms throughout the year. 
Each plant has several capitula. Each capitulum has 5 female 
ray florets and numerous male disc florets. Four anthers are 
present in the disc florets. Each anther lobe produces a large 
number of pollen grains. Nayar et al. (1990) reported that P. 
hysterophorus produces 1.7 million pollen per plant. 

By analyzing the meteorological data has been observed 
that despite heavy rains total number of P. hysterophorus 
pollen was highest in July. These findings are quite similar to 
some previous studies on P. hysterophorus pollen incidence 
in the aerospora. The frequency of P. hysterophorus pollen 
has been observed highest from June to August by Seetha-
ramaiah et al. (1981) from Bangalore. Tilak & Patil (1983) 
also observed the maximum pollen count in July. Lalita and 
Ashok (2018) reported that this plant can produce flowers 
at any time of the year, but flowering occurs commonly in 

the rainy season. Additionally, we discovered that 38% of P. 
hyterophorus seeds germinated in the lab. It suggests that it 
germinates and grows generously when there is the highest 
level of air humidity. This might be the cause of the high 
pollen grain count in July.

P. hysterophorus is an invasive alien plant species and 
grow abundantly in the bare lands, roadsides, barren places, 
and dumping sites of the Srinagar valley (Rawat et al. 2017). 
Although the pollen from the plant has mainly entemophilous 
characters it still contributes a prominent amount of pollen in 
the atmosphere, thus, it can be called anemophilous as well 
and categorized as amphiphilic. 

The back trajectory analysis suggested the travel path of 
the airborne pollen grain along with the air parcels. Similar 
studies were conducted earlier by Satch et al. (2007). 

CONCLUSION

The present study leads us to the conclusion that though 
there is some relation between the meteorological factors 
and the pollen counts, the flowering season of plants is also 
important. It can also be concluded that the ornamentation 
on the surface of P. hyterophorus pollen is also responsible 
for allergies. As the surface has fine spines on it, these spines 
can irritate the skin, nasal cavity, or throat when inhaled with 
air. July is considered the main pollen season as the number 
was maximum during this month. The track of the air mass 
shows the possible areas in which pollen can find and can 
cause allergies. 
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