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Abstract
Pollen grains are known as one of the important bioparticles causing allergic manifestation in human beings. Hence, knowledge
of season and prevalence of the airborne allergens to which the patients are exposed is a prerequisite for the diagnosis and
treatment of patients suffering from allergic disorders. Keeping this in view, aeropalynological study was carried out in the
atmosphere of Rohtak city for two consecutive years (July, 2007–June, 2009), using a volumetric spore trap. A total of 31
pollen types were recorded during the survey period.  In the two years of study, March–April and    July – October, were
identified as the pollen seasons for Rohtak city. Average annual pollen catch of 59,750 grains was obtained with 80–85% of
pollen recorded from February to May. The highest monthly counts were recorded in the month of September and July for the
first and second year, respectively. The principal pollen producers were Cannabis sativa (28.9%), Poaceae (20.6 %), Cheno/
Amaranth (10.5 %) and Parthenium hysterophorus (6.8 %). Fourteen pollen types contributing more than 2% to the total
catch were represented in the form of a pollen calendar. A significant positive correlation (p>0.001) of total pollen count with
maximum and minimum temperature was observed.
Key words : Aeropalynology, pollen calendar, meteorological parameters, allergic ailments.

Introduction
The role of a pollen grain is to fertilize the female

flower to reproduce plant species. In order to perform
this function, pollen grains are released from flowering
plants and are carried by the wind or insects  to the other
plants of the same type and during this process they
become airborne. Nearly ninety-eight percent of the total
pollen grains in the atmosphere are from anemophile
plants, whereas 2% are from entemophile plants (Mullins
and Emberlin, 1997; Molina et al., 2001). Pollen grains
that are dispersed by the wind are small, light, dry and
produced in huge quantities by the plant. They are
important source of allergens and causative agents of
allergic disorders like allergic rhinitis, allergic conjunctivitis
and allergic bronchial asthma in hypersensitive individuals
(Hyde, 1969; Kang et al., 1979; Nair et al., 1986; Malik
et al., 1991; Leuscher et al., 2000; Singh and Kumar,
2003; Wani et al., 2011).

Although, pollen grains represent only a small
proportion of the aerial bioparticulate matter, they are
responsible for allergic responses in susceptible
individuals, pollinosis hence is a health problem worldwide.

Moreover, there is an escalating trend in allergic disorders
and this has developed interest in the presence and
movement of pollen grains in the earth’s atmosphere and
their impact on human health. Therefore, it is imperative
to evaluate the airborne pollen types of different ecozones
as aerial pollen concentration is determined by diversity
of local flora and weather conditions. Aeropalynological
studies have thus been carried out in several geographical
regions of the country to study the pollen spectrum (Dua
and Shivpuri, 1962; Agashe et al., 1983; Gopi et al., 1990;
Wani et al., 2011).

However, not much information in this regard is
available from Haryana, a northern state of India with
semiarid type of vegetation. Hence, the present study
was planned with an aim to study the atmospheric pollen
load of Rohtak city in Haryana by elaboration of a pollen
calendar of dominant pollen types. The information will
be beneficial in assessing the allergenic potential of the
city and will be compared with other nearby stations.
Moreover, the influence exerted by the meteorological
factors on total pollen catch will also be established.
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Materials and Methods
Sampling procedure

Atmospheric survey was carried out for recording
airborne pollen types using a personal volumetric glass
slide sampler (Gautam Enterprises, New Delhi) with a
flow rate of 10L/min. It is a portable, compact, battery/
power operated sampler. The sampling was carried out
at a fixed site once a week at human height (1.8m) in
Rohtak city for two consecutive years from July 2007-
June 2009. A slide coated with glycerine jelly was inserted
through a slit inside the sampler and was removed after
20 minutes of exposure. The slide was brought to the
laboratory carefully in a slide box to avoid any
contamination.
Identification of pollen

Pollen types trapped were identified by comparing
them with corresponding pollen in reference collections
made during extensive and periodic field trips to various
parts of the city and adjoining areas covering various
seasons of the year. In addition, pollen atlases available
on internet and published literature were also consulted
(Singh and Babu, 1980a; Lewis et al., 1984; Nair et al.,
1986). Pollen concentration was calculated by dividing
the obtained pollen count with the  volume  of air sampled
(20 min. × 10 liter/min. × 0.001m3/liter = 0.2 m3) and was
expressed as pollen grains/m3.
Meteorological data analysis

The meteorological parameters taken into account
for assessing the effect of meteorological conditions on
the airborne pollen grains trapped were: rainfall (mm),
relative humidity (%), maximum temperature (°C),
minimum temperature (°C) and wind speed (Km/hr). The
meteorological data for the days on which sampling was
performed during the survey period was obtained from
Regional Meteorology Centre, New Delhi. The
relationship between the meteorological parameters and
total pollen concentration obtained was calculated using
Spearman’s correlation coefficient. Statistical analysis
was undertaken with SPSS version 11.5 and values of
p< 0.001 were considered statistically significant.

Results
Of the total pollen types obtained during the survey

period, pollen grains from herbaceous vegetation
dominated the air spectrum (79.43%); the most important
being Cannabis sativa, Poaceae and Cheno/Amaranth.
Pollen grains from trees contributed 16.71% to the total
catch followed by shrubs (figure 1). Pollen grains of
Morus alba, Cassia sp. and family Myrtaceae were

Table 1 : Pollen types recorded in the atmosphere of Rohtak
city (July 2007-June 2009) and their average percent
contribution.

Pollen type Family Average
percent

contribution

Achyranthes sp. Amaranthaceae 2.67

Acacia sp. Mimosaceae 0.08

Aerva sp. Amaranthaceae 0.13

Ageratum sp. Asteraceae 2.10

Albizia sp. Mimosaceae 0.14

Argemone mexicana Papaveraceae 0.10

Artemisia sp. Asteraceae 4.03

Azadirachta indica Meliaceae 2.34

Bauhinia sp. Caesalpiniaceae 0.02

Boerrhavia sp. Nyctaginaceae 0.05

Brassica sp. Brassicaceae 2.62

Cannabis sativa Cannabinaceae 28.90

Cassia sp. Caesalpiniaceae 2.15

Cheno/Amaranth Chenopodiaceae/ 10.56
Amaranthaceae

Croton sp. Euphorbiaceae 0.15

Cyperus sp. Cyperaceae 3.20

Delonix regia Caesalpiniaceae 0.12

Ipomea sp. Convolvulaceae 0.02

Liliaceae 0.10

Mangifera indica Anacardiaceae 0.20

Morus alba Moraceae 6.15

Myrtaceae 3.70

Parthenium Asteraceae 6.80
hysterophorus

Poaceae 20.65

Polyalthia sp. Annonaceae 0.12

Pongamia sp. Papilionaceae 0.10

Prosopis sp. Fabaceae 0.15

Ricinus communis Euphorbiaceae 2.00

Salvadora sp. Salvadoraceae 0.07

Xanthium strumarium Asteraceae 0.06

Zizyphus sp. Rhamnaceae 0.02
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dominant contributors from tree taxa while shrubs were
dominated by Artemisia sp., Achyranthes  sp.,
Parthenium hysterophorus and Brassica sp.
Aerial pollen diversity

A total of 31 pollen types belonging to 23 angiospermic
families were registered during the two years of survey.
The average percent contribution of different pollen types
to the atmospheric pollen load is presented in table 1.
Fourteen predominant pollen types comprised about
97.87% of the total pollen catch.  Cannabis sativa pollen
was predominant (28.90%) followed by Poaceae
(20.65%) and Cheno/Amaranth (10.5%). Parthenium
hysterophorus and Morus alba contributed about 6%
followed by Artemisia, Cyperus and Myrtaceae.

The average weekly counts of total types together

for two years are illustrated in figure 2. During the first
year, peak concentration of 1920 pollen/m3 was observed
in fourth week (July, 2007). Two more peaks were also
observed in ninth week (August 2007) and fifty second
week (June, 2008) of this year with a concentration of
1685 pollen/m3 and 1045 pollen/m3, respectively. Minimum
concentration of 95 pollen/m3 was observed in twenty
ninth week (January, 2008). In the second year, two peaks
were observed in seventeenth (November, 2008) and
seventh (July, 2008) week with a pollen count of 995
pollen/m3 and 680 pollen/m3, respectively. The lowest
concentration (85 pollen/m3) was recorded in sixth week
(August 2008) during the second year of investigation.

In the present study, March–April  and  July – October
were identified as the pollen seasons for Rohtak city
although pollen grains were recorded throughout the year
(figure 3). Major contributors to the first season were
Morus alba, Achyranthes sp., Myrtaceae and Brassica
sp. while predominant types of second season were
Cannabis sativa , Poaceae, Cheno/Amaranth and
Parthenium hysterophorus. During the first year,
maximum pollen concentration was obtained in the month
of July 2007 (4120 pollen/m3) and minimum in January
2008 (515 pollen/m3). In the next year, maximum pollen
catch of 7550 pollen/ m3 was recorded in September,

79.43%

16.71%

3.86%

Herbs Trees Shrubs

Fig. 1 :Percent contribution of herbs, shrubs and trees to total
pollen load.

Table 2 : Correlation between pollen concentration and meteorological factors.

Meteorological factors Maximum Minimum Rainfall Wind Relative
versus total pollen temperature temperature speed humidity

Spearman’s correlation coefficient 0.426* 0.450* -0.016** -0.005**  -0.044**

p- value 0.000 0.000  0.823 0.948 0.527

*Correlation is significant at the 0.001 level (2-tailed)
** ns – not significant.

2008 and lowest concentration of 350 pollen /m3 was
recorded in February, 2009.

A pollen calendar was designed for fourteen dominant
pollen types in a pictogram form where columns of
increasing height represented pollen concentrations of
individual pollen types in different months (figure 4). In
the pollen calendar, the different taxa follow the order in
which the maximum peaks appear and only those taxa
that showed more than 2% contribution to the total pollen
catch were included. The yearly pollen concentration of
each taxon showed marked seasonality, although
Cannabis sativa , Poaceae and Parthenium
hysterophorus occur year round. Apart from these, pollen
of Cheno/Amaranth, Cyperus sp. and Achyranthes sp.
were also sporadically recorded throughout the year.
Major season for Cannabis sativa pollen was from May



to September while Poaceae pollen exhibited two peaks
i.e. February- April and August - October. Parthenium
hysterophorus and Myrtaceae revealed a peak from May
to September and January to April, respectively. Pollen
of Morus alba showed a very short and precise pollen
season with remarkably high concentration in the month
of March.
Statistical analysis

Spearman’s Correlation coefficient was used to
determine meteorological factors that influence the aerial
prevalence of pollen (table 2). Total pollen count showed
a highly significant positive correlation (p<0.001) with
maximum and minimum temperature, whereas a non
significant correlation was observed with rainfall,
windspeed and humidity.

Discussion
This paper presents first qualitative and quantitative

analysis of aerial spectrum with respect to pollen grains
(pollen calendar) for Rohtak city. As a result of
aeropalynological investigation carried out, 31 pollen types
belonging to 21 families were identified. Apart from this,
identity of a small fraction (0.5%) could not be established
due to their distorted nature as a result they were grouped
as ‘Unidentified’. Cannabis sativa was the major
contributor to the pollen load followed by Poaceae, Cheno/
Amaranth, Parthenium hysterophorus, Morus alba,
Artemisia sp., Cyperus sp., Myrtaceae, Achyranthes
sp. and Brassica sp. These types are expected because
of the semi arid type of vegetative and pronounced
seasons, both of which, to a large extent, determine
qualitative composition of the airspora.

The pollen types recorded are broadly comparable
with those reported from a nearby station like Delhi  and
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Fig. 3 :Histogram showing total monthly pollen counts during
each year of survey.
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Agra (Malik et al., 1991 ; Singh et al., 2003; Chauhan
and Goyal, 2006). However, some pollen types like
Clerodendron, Holoptelea integrifolia , Nerium
indicum, Taraxacum officinalis and Tecoma indica
reported from the above stations were not encountered
in the present study; probably these trees are not abundant
in the vegetation of the city. However, some pollen types

Fig. 4 : Pollen calendar of Rohtak city based on average monthly counts obtained from July 2007-June 2009.

like Acacia sp., and Albizia sp encountered in the present
study are not reported by them. The heterogeneity
observed by various workers can be attributed to the
fact that the pollen types trapped are influenced by
vegetation of the area, mode of sampling and the height
at which samples are collected.
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The wind pollinated taxa (anemophilous) belonging
to grasses, weeds, cultigens and trees were the major
contributor to airborne pollen load as they produce large
number of small size pollen grains, which are mainly
smooth, dry and buoyant. However, entomophilous taxa
like Brassica sp. and members of Myrtaceae family also
contributed to total pollen catch. This is probably because
Brassica sp. is predominantly grown in surrounding
cultivated fields and trees of Myrtaceae family like
Callistemon sp. and  Eucalyptus sp. are a part of urban
planning. Similar contribution of the pollen from
entomophilous plants to the airspora has also been reported
by Dutta and Jain (1992) from Gwalior and Sharma et
al. (2009) from Assam.

In general, two peaks for airborne pollen of Rohtak
city were observed; first in March-April and a second in
July-October. December and June were the months with
least pollen catch at both the sites due to poor vegetation
and scanty pollination during this time. During the first
season, pollen of grasses, weeds and tree taxa like Morus
alba , Myrtaceae, Cassia sp., Prosopis  sp. were
prevalent. The second season is dominated mainly by
pollen of grasses and weeds. These results are expected
because the pollination period of tree like Cassia sp.,
Eucalyptus sp. and Morus alba and few grasses and
weeds coincide with March- April pollen season, whereas
the pollination period of monsoon annual and perennial
grasses (Cynodon dactylon, Imperata sp., Cenchrus
sp., Eragrostis sp.) and weedy taxa (Cannabis sativa,
Cheno/Amaranth, Parthenium hysterophorus,
Artemisia sp., Xanthium sp.) coincide with the July–
October pollen season. Similar to our observation, two
peak seasons i.e. March- April and July- October were
also reported from nearby areas like Delhi (Dua and
Shivpuri, 1962; Malik et al.,1991; Singh et al., 2003) and
Agra (Sharma and Dharke, 1995).

When the fourteen pollen types represented in the
pollen calendar were related with their allergic effects, it
was found that they are reported to be important
aeroallergens from different geographical areas of India
(Shivpuri et al., 1960; Tilak and Vishwanathan, 1980;
Singh and Babu, 1980 b; Singh and Babu, 1982; Singh
and Kumar, 2003; Mandal et al., 2008).

Of these, the presence of pollen of Poaceae family
has great significance as it has been reported to have
strong allergic effect, especially on patients with hay fever
(Chapman, 1986). Poaceae pollen have also been reported
to be the cause of pollinosis  from different parts of the
world (Stem and Timmermans, 1989; Hirsch et al., 2000).
Pollen of Cannabis sativa, Cheno/Amaranth and

Parthenium hysterophorus can also be considered as
an important source of aeroallergens in the study area
due to their high aerial prevalence. Moreover, allergenicity
of these pollen types has been established from different
parts of the country (Chauhan and Goyal, 2006; Singh et
al., 2003; Mandal et al., 2008).

Pollen calendars are very useful for clinicians as well
as allergic patients to establish chronologic correlation
between the concentration of pollen in air and seasonal
allergic symptoms. Keeping this in view, pollen calendar
of Rohtak city was constructed for the first time for 14
dominant types. This will provide preliminary but useful
data to allergologists for diagnosis and management of
allergic ailments. This information will be beneficial for
the hypersensitive individuals in managing their routine
activities so as to minimize their contact with allergens
and improve the quality of life. Likewise, pollen calendars
of different geographical regions have also been
constructed by workers around the globe (Leuschner,
1974; Nilsson et al., 1977; Nilsson and Palmberg-
Gotthard, 1982; Emberlin et al., 1990; Ong et al., 1995;
Lorenzoni et al., 1998; Weryszko-Chmielewska and
Pitrowska et al., 2001; Celent and Bicakci, 2005; Chauhan
and Goyal, 2006; Recio et al., 2006; Mandal et al., 2008;
Pasha and Hossain, 2009; Altunoglu, 2010; Ceter et al.,
2011).

In the present study, a highly significant positive
correlation was observed between total pollen catch and
maximum and minimum temperature. It is well established
that temperature is a major factor that influences the
release of pollen into the atmosphere (Iglesias et al.,
2003). Positive correlation of maximum and minimum
temperature with pollen load in the study could be
attributed to the fact that temperature dehydrate the
anthers and cause them to burst and release pollen into
the air (Ong et al., 2011). Results consistent to the present
finding have been reported from India and all around the
world (Rutherford et al., 1997; Agashe and Alfadil, 1989;
Mishra et al., 2002; Stennett and Beggs, 2004; Mandal
et al., 2008). However, contrary to our findings, Mishra
et al. (2002) from Jabalpur observed a negative
correlation between temperature and pollen count.
However, the correlation was non significant. Similar
results were also encountered by Sahney and Chaurasia
(2008) from Allahabad.

  It is well established that wind speed, relative
humidity and rainfall plays an important role in the
dispersal of pollen grains and hence their prevalence in
air. However, no significant correlation was observed
between total pollen catch and these parameters. This is
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probably because it is quite complicated to separate the
influence of individual meteorological factors. Moreover,
it seems that from such short term studies it is difficult to
achieve concrete conclusions thus necessitating the need
of continuous long term monitoring of airspora for
analysing the effect of meteorological parameters.
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