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Abstract Pollen and spores have been found as

major biological sources of morbidity among individ-

uals sensitive to respiratory disorders. The aim of the

present study was to analyse the deposition rate of

atmospheric pollen and fern spores at selected sites in

Benue and Plateau states of the North-Central Nigeria

between July 2015 and June 2016. This was accom-

plished by: (1) determining the pollen and fern spore

content of each monitoring station; (2) establishing the

relationship between total pollen count and meteoro-

logical parameters; and (3) comparing the recovered

airborne pollen spectra with identified plants in the

surrounding vegetation types of the sampling sites.

The collection of atmospheric pollen was done using a

modified Tauber sampler and plants in the surrounding

environment of the sampling sites were enumerated.

The residual solution was collected monthly and

acetolysed, after which slide preparation and micro-

scopy of the treated residue were done. Meteorological

data were obtained from the Nigerian Meteorological

Agency, Lagos. The results obtained reveal seasonal

distribution patterns of various airborne pollen grains

in the study locations. The most abundant pollen types

recovered in Plateau State were produced by Syzygium

guineense, Tridax procumbens, Alchornea sp.,

Terminalia sp., Poaceae and Amaranthaceae. Pollen

types of Casuarina equisetifolia, Syzygium guineense,

Tridax procumbens, Poaceae and Cyperaceae were

preponderant in Benue State. Pteris sp., Nephrolepis

sp. and a trilete fern spore were also represented in this

study. The recovered airborne pollen spectra corre-

spond favourably with some identified plants in the

study locations. There was no significant correlation

between monthly total pollen count and mean monthly

values of meteorological parameters in Benue State.

Air temperature and wind speed correlated signifi-

cantly with monthly total pollen count in Plateau State.

It is suggested that the allergenic effect of these

abundant pollen types on humans should be further

examined.
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1 Introduction

Bio-particles including pollen grains, fungal spores,

insect debris, danders, dust mites, among other

airborne substances are studied under the light of

aeropalynology (Singh and Kumar 2004).

These substances are found to induce respiratory

disorders such as asthma, allergic rhinitis and atopic

dermatitis (International Study of Asthma and Aller-

gies in Childhood 1998). Among these substances,
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pollen grains and fungal spores have been identified to

induce morbidity among sensitive individuals (Singh

and Dahiya 2008). The relative abundance and

diversity of pollen and spores have been observed to

be influenced by the effects of weather parameters

such as rainfall, relative humidity, temperature, wind

speed and direction (Agwu and Osibe 1992; Agwu

1997). However, these climatic factors are different in

various geographical regions of the world. Proper

monitoring of pollen distribution is needed in order to

reduce their negative impacts on human health.

Recent aeropalynological studies have been con-

ducted in Nigeria with contributions from different

parts of the country. In South-western Nigeria, previ-

ous studies include Adekanmbi and Ogundipe (2010)

who sampled four selected sites within Akoka campus,

University of Lagos, Nigeria. Findings from their

study revealed a total of 393 palynomorphs, belonging

to 22 families. Poaceae was significantly represented.

Other plant families were Asteraceae, Mimosaceae,

Arecaceae and Euphorbiaceae, as well as fern spores.

Adeonipekun (2012) carried out an aeropalynological

study of Ayetoro-Itele Ota, South-western Nigeria, in

March 2011. A total of 305 sporomorphs belonging to

17 plant families were recovered. Pollens of Poaceae,

Chenopodiaceae/Amaranthaceae and Cyperaceae

were preponderant. He reported that no savanna pollen

was recorded, unlike previous findings on aeroflora of

March 2010 at the same location, in which Vitex cf.

doniana, Parinari spp. and Isoberlina doka of the

Guinea/Sudan savanna were represented. The trans-

portation of savanna pollen to the source of recovery

was attributed to a late harmattan characterized by

haze dust and triggered by a strange event in the

previous year. Adeniyi et al. (2014) examined the

pattern of airborne pollen distribution for a period of

one year. In their study, dominant pollen types were

identified, with deductions on high-risk periods,

correlation with meteorological and allergy preva-

lence data. Ajikah et al. (2015) conducted an aeropa-

lynological sampling at three different locations

within Akoka campus, University of Lagos, Nigeria.

In their findings, Poaceae, Cyperaceae, Sapotaceae,

Combretaceae, Polypodiaceae, Adiantaceae and

Euphorbiaceae produced palynomorphs with the high-

est airborne concentrations in their study locations.

Ajikah et al. (2017) carried out an aeropalynological

survey of three locations, Apapa, Ojo and Ikeja in

Lagos, Nigeria, for a period of 3 months from May to

July. They correlated monthly total pollen counts with

mean values of meteorological parameters, including

rainfall, relative humidity, air temperature and wind

speed. According to their findings, highest total pollen

count was observed in the month of May, with the

lowest record in the month of June. They recorded no

significant correlation between pollen data and values

of meteorological parameters. They stated that a

combination of some other factors might have been

posed a significant effect on pollen distribution.

In South-eastern Nigeria, Njokuocha (2006) stud-

ied the aeroflora of Nsukka, Enugu State, and an

average of 56 pollen types was recorded. Poaceae,

Alchornea cordifolia, Elaeis guineensis, Asteraceae,

Amaranthaceae/Chenopodaceae, Moraceae among

others were identified as the most abundantly

represented.

Contributions from North-Central Nigeria include

Essien and Agwu (2013) where a total of 61 pollen

types belonging to 36 plant families were reported in

Anyigba environment, Kogi State. The predominant

pollen types were those of Poaceae, Elaeis guineensis,

Lannea acida,Nauclea latifolia, Alchornea cordifolia,

Syzygium guineense, Berlinia grandifolia, Senna sp.,

Asteraceae tubiflorae complex and Combretaceae/

Melastomaceae. Abdulrahaman et al. (2015) carried

out a bimonthly aeropalynological investigation of the

University of Ilorin, Nigeria. Predominant pollen

types recorded in their study were those of Apoc-

yanaceae, Poaceae and Cyperaceae. Ezike et al. (2016)

provided an insight into the relationship between the

prevalence of aerospora and meteorological parame-

ters of a study location in Garki, Abuja, for a period of

1 year. A recovery of 53 pollen types belonging to 36

families was reported. Poaceae, Pentaclethra macro-

phylla, Elaeis guineensis, Justicia spp., Cassia sp.

Alchornea cordifolia and Luffa spp. were identified as

the major airborne pollen contributors.

However, most previous aeropalynological studies

in Nigeria have been carried out in the southern areas

of the country, and data from the north-central areas

are scarce with no contribution from other parts of the

northern region. There is still a paucity of information

about the seasonal distribution of atmospheric pollen

grains in different parts of the country. Also, little

documentation exists on available pollen records

generated over a period of 1 year in the entire country.

Published works of Njokuocha (2006), Adeniyi et al.

(2014) and Ezike et al. (2016) spanned a period of
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1 year, thereby covering the traditional wet and dry

seasons of the country.

This present study involved monitoring the depo-

sition rate of atmospheric pollen and fern spores for a

period of 1 year in North-Central Nigeria, in order to

determine pollen and fern spore content, establish a

relationship between total pollen count and meteoro-

logical parameters and compare the recovered air-

borne pollen spectra with identified plants in the

immediate vegetation around the study sites.

2 Materials and methods

2.1 Description of the study area

The two study areas are located in North-Central

Nigeria but are quite distant apart from each other,

based on their respective geographical positions. They

lie between latitude 7.740754�N and 8.518217�E
longitude in Government Girls College, Makurdi,

Benue State, and latitude 9�56047.5200N and longitude

8�53031.4100E in the Federal College of Forestry, Jos,

Plateau State. The urbanized cities of Jos and Makurdi

are developed areas of high population in the northern

region (National Population Census 2006).

Jos, Plateau State, has a surface area of about

9400 km2 and at an altitude of 1250 m above sea level

(Olowolafe et al. 2004). The temperature is charac-

terized by a warm weather condition during the rainy

season (April to October), November to March as dry

season and get extremely cold during the harmattan

period (December to February). It has a mean annual

rainfall of 1317.5 mm in the northern part, extending

to 1460.0 mm in the southern part. The average annual

temperature fluctuates between 20 and 25 �C (Ohemu

et al. 2014). The soil types are alluvial, clayey loam,

silt and loamy soils. (Danlami and Onimisi 2016). The

remnant vegetation of the area is predominantly

southern Guinea savanna with patches of gallery

forests, rocky outcrop and savanna scrub (forming

thickets), and bounded by short grasslands, with the

grasses not exceeding 50 cm in height.

Makurdi, Benue State, has an altitude of 97 m

above sea level (Ani et al. 2017). The climatic

condition of this area is influenced by both wet and

dry seasons. The rainy season normally spans from

April to October and controlled by the moist south-

westerly air mass, while the dry season prevails

through the dry north-easterly air mass (Ologunorisa

and Tersoo 2006). It has a mean annual rainfall of

1250 mm in the northern part, extending to 1750 mm

in the southern part (Ama et al. 2015). It is also

characterized by constantly high temperatures, aver-

aging between 28 and 32 �C with an occasional rise to

37 �C, especially in Makurdi. The vegetation of this

area consists of relics of the southern Guinea savanna

with coarse grasses and numerous species of scattered

trees. The soil type is a coarsely textured loamy soil.

2.2 Vegetation sampling

For the enumeration of local plants, a qualitative

vegetation description was achieved using 10 plots of

25 9 25 m for tree species, 1.0 9 1.0 m for herbs and

grasses, respectively, around the pollen samplers used.

Plant samples were collected randomly within each

plot, owing to the larger sampling areas covered. They

were identified using keys following the works of

Keay (1989), Keay et al. (1964), Hutchinson and

Dalziel (1954) and Dalziel (1937). Voucher specimens

of all plants were collected and deposited at the

University of Lagos Herbarium.

2.3 Setting up of pollen sampler

Sampling points were selected based on the safety of

samplers employed and openness of the environment

for free dispersal of airborne palynomorphs. An

improvised pollen sampler (modified after Tauber

1974) consisting of an iron sampling stand and pollen

trap (bucket) was constructed to collect airborne

palynomorphs at each location (Adekanmbi and

Ogundipe 2010; Ajikah et al. 2015; Ezike et al.

2016). The sampling stand was made up of a properly

cemented iron rod, fixed with an iron ring at its

topmost part and mounted at 5 ft. height above the

ground level (head level). It was buried with one foot

underground to aid its support and prevent it from

being blown away by the wind. A solution of 50 ml

glycerol (to prevent drying up of the biological

particles), 5 ml phenol (to kill pollen-foraging insects)

and 10 ml formaldehyde (to prevent the decay of dead

organisms) was transferred into the pollen trap with a

17-cm-height and 23-cm aperture lid. This trap was

covered with a mesh placed on the sampling stand

(Fig. 1).
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2.4 Sample collection

Monthly collection of residual solution was done from

July 2015 to June 2016, covering both rainy and dry

seasons. After each collection, the trap was washed

thoroughly with distilled water for subsequent

monthly sampling in the study locations.

2.5 Sample treatment and microscopic

observation

The solutions were centrifuged at 2500 r.p.m for

5 min. in order to separate the residues containing

palynomorphs from the supernatant fluids. The recov-

ered residues were then acetolysed following Erdtman

(1969); preparation of acetolysis mixture consists of

concentrated sulphuric acid and acetic anhydride in

the volume ratio of 1:9, respectively, and 5 ml of the

prepared mixture was transferred into each sample

residue and heated in a water bath at 100 �C for

10 min. The residues were centrifuged and decanted.

They were rinsed with distilled water and decanted;

this process was repeated twice. The residues were

stored in vials with the addition of two drops of

glycerine for their preservation. Slide preparation

involved the mounting of 0.5 ml of residues on glass

slides for microscopy. Different pollen and fern spore

types were counted on the whole slide; their total

counts were also generated and expressed in fre-

quency, following the works of Njokuocha (2006) and

Ezike et al. (2016). Photomicrographs in reference

journals including Sowunmi (1973, 1995), Adekan-

mbi (2009a, b), Gosling et al. (2013) and unpublished

albums were used for the identification of paly-

nomorphs. Photomicrographs of some palynomorphs

were captured digitally using a Motic 2300 digital

camera (Fig. 2).

2.6 Meteorological data collection

Values of weather parameters including air tempera-

ture, wind speed, relative humidity and rainfall of the

study locations within the sampling period were

obtained from the Nigerian Meteorological Agency,

Oshodi, Lagos.

2.7 Correlation between monthly total pollen

counts and meteorological parameters

The relationship between monthly total pollen counts

and mean monthly values of meteorological parame-

ters in the study locations was examined using Pearson

correlation test of SPSS statistics version 19.0. Cor-

relation coefficients were obtained through a multi-

variate regression analysis carried out at 95%

confidence interval.

3 Results

3.1 Palynological studies

In this study, 31 pollen types representing 20 plant

families were identified. Eleven, ten and ten pollen

types were identified to familial, generic and specific

levels, respectively. Other unidentifiable pollen types

were either morphologically described or designated

as pollen indeterminate. At the study site in Plateau

Fig. 1 A modified Tauber

sampler mounted at one of

the two study locations
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State, the atmospheric pollen abundance was highest

in the month of August 2164 (29.94%) with the lowest

record in June 18 (0.25%). At the study site in Benue

State, pollen abundance reached its peak in July 336

(46.41%) with the lowest record in May 23 (1.03%).

Monthly atmospheric pollen counts of the study

locations during the sampling period are presented in

Tables 1 and 2. The most abundant pollen types

recovered in Plateau State were produced by Syzygium

guineense (shrub), Alchornea sp. (shrub), Terminalia

sp. (tree), Amaranthaceae (herb), Tridax procumbens

(herb) and Poaceae (grass). Pollen types of Casuarina

equisetifolia (tree), Syzygium guineense (shrub), Tri-

dax procumbens (herb), Poaceae (grass) and Cyper-

aceae (sedge) were the most preponderant in Benue

State.

4 Discussion

Findings from the first aeropalynological survey of

both Plateau and Benue states, North-Central Nigeria,

have been revealed. The present work provides a basis

to compare the distribution of pollen types in these two

different states far apart (Fig. 3), compared to previ-

ous studies conducted in Nigeria that were limited to

only a particular locality, respectively.

Annual total pollen count was higher in Plateau

State (7229) than in Benue State (2235). This might

have resulted from differences in factors such as the

density and pollen production rate of parent plants, as

well as meteorological parameters at the respective

locations (Singh andMathur 2012; Ajikah et al. 2017).

The total number of pollen types recovered from

Benue (28) and Plateau (30) states, respectively, for a

one-year sampling period is relatively lower than

annual pollen records previously reported in other

parts of the country. Compared to this present study,

Njokuocha (2006) reported a total number of 40 pollen

types belonging to 26 plant families in Nsukka, South-

eastern Nigeria. Findings from Adeniyi et al. (2014)

revealed a total number of 37 pollen types belonging to

30 plant families in Lagos, South-western Nigeria.

Ezike et al. (2016) also reported a total number of 53

Fig. 2 Photomicrographs of some recovered pollen grains in

this study. a Tridax procumbens, b Borreria sp., c Elaeis

guineensis, d Pinus caribaea, e Sapotaceae f Gomphrena

celosoides, g and j. Asystasia gagentica h. Acacia sp.,

i. Isoberlinia doka, k. Terminalia sp., l Poaceae and m Sida

acuta (all magnification 940 objective)
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pollen types belonging to 36 plant families in Garki,

Abuja, North-Central Nigeria. The relatively lower

diversity of pollen types recorded in this study may be

attributed to an inferred sparse array of parent plants in

the immediate vegetation of these locations.

From the meteorological data, dry season consisted

of months with lower rainfall values (October to

March) and rainy season consisted of months with

higher rainfall values (April to September) in the study

locations (Table 3). A higher total pollen count was

observed in the rainy season (Plateau, 4321; Benue,

1176) than in the dry season (Plateau, 2908; Benue,

1059) in the respective locations (Tables 1, 2). This is

in agreement with Essien and Aina (2014) who

reported total pollen count to be more abundant in

the month of May, followed by June in Anyigba,

North-Central Nigeria. Malu (2014) observed that the

prevalence of allergic conjunctivitis among outpa-

tients in Jos, Plateau State, was highest in July,

followed by a subsequent decline and at minima in

December. He attributed this incidence to an increase

in airborne pollen load after the onset of rainy season,

with a peak around July to August and a decline in

December during which most parent plants may not

flower.

This is in contrast to previous findings reported by

some workers, including Njokuocha (2006) and Ezike

et al. (2016). Njokuocha (2006) recorded highest

incidence of pollen during the late rainy season to

early dry season, September to January in Nsukka,

South-eastern Nigeria. Ezike et al. (2016) reported

October, November and December, as months with the

highest pollen abundance in Garki, Abuja, North-

Central Nigeria. In their study, they stated that

harmattan period October to January is to be desig-

nated as a higher-risk period for hypersensitive

individuals due to their greater airborne pollen load.

In Plateau State, the most abundantly represented

plants during rainy season were Syzygium guineense,

Tridax procumbens, Terminalia sp., Alchornea sp.,

Amaranthus sp. and Poaceae. Syzygium guineense,

Tridax procumbens, Amaranthus sp. and Poaceae

produced the most preponderant pollen types during

dry season in Plateau State. The most preponderant

pollen types during rainy season in Benue State were

produced by Poaceae, Casuarina equisetifolia and

Cyperaceae. Syzygium guineense, Tridax procumbens

and Poaceae produced the most abundant pollen types

in Benue State during dry season. The recovery ofT
a
b
le

1
co
n
ti
n
u
ed

S
.

n
o

P
o
ll
en

ty
p
es

Ju
ly

2
0
1
5

A
u
g
u
st

2
0
1
5

S
ep
te
m
b
er

2
0
1
5

O
ct
o
b
er

2
0
1
5

N
o
v
em

b
er

2
0
1
5

D
ec
em

b
er

2
0
1
5

Ja
n
u
ar
y

2
0
1
6

F
eb
ru
ar
y

2
0
1
6

M
ar
ch

2
0
1
6

A
p
ri
l

2
0
1
6

M
ay

2
0
1
6

Ju
n
e

2
0
1
6

T
o
ta
l

%

2
8
.

P
o
ac
ea
e

2
8
1

3
3
7

4
1
1

6
9
5

5
2
2

3
8

1
0
5

2
0

1
0

8
1

1
1
0

1
3

2
6
2
3

3
6
.2
8

2
9
.

A
tr
ia
d

0
0

0
0

0
0

0
1

0
0

0
0

1
0
.0
1

3
0
.

P
o
ll
en

In
d
et
er
m
in
at
e

0
0

0
0

0
0

0
4

1
0

0
0

5
0
.0
7

T
o
ta
l
p
o
ll
en

co
u
n
t

5
3
5

2
1
6
4

1
1
1
9

1
1
3
8

1
3
1
6

1
4
4

2
0
4

5
3

5
3

2
1
6

2
6
9

1
8

7
2
2
9

%
7
.4
0

2
9
.9
4

1
5
.4
8

1
5
.7
4

1
8
.2
1

1
.9
9

2
.8
2

0
.7
3

0
.7
3

2
.9
9

3
.7
2

0
.2
5

F
er
n
sp
o
re
s

T
o
ta
l

%

3
0
.

N
ep
h
ro
le
p
is

sp
.

0
3

2
4

0
1

2
1

0
3

4
0

2
0

6
6
.6
7

3
1
.

P
te
ri
s
sp
.

0
0

0
0

0
0

0
2

0
0

0
0

2
6
.6
7

3
2
.

T
ri
le
te

fe
rn

sp
o
re

0
2

0
0

0
0

0
1

0
4

1
0

8
2
6
.6
7

T
o
ta
l
fe
rn

sp
o
re

co
u
n
t

0
5

2
4

0
1

2
4

0
7

5
0

3
0

%
0

1
6
.6
7

6
.6
7

1
3
.3
3

0
.0
0

3
.3
3

6
.6
7

1
3
.3
3

0
2
3
.3
3

1
6
.6
7

0

Aerobiologia (2018) 34:187–202 193

123



T
a
b
le

2
F
re
q
u
en
cy

o
f
at
m
o
sp
h
er
ic

p
o
ll
en

an
d
fe
rn

sp
o
re
s
in

G
o
v
er
n
m
en
t
G
ir
ls
C
o
ll
eg
e,

M
ak
u
rd
i,
B
en
u
e
S
ta
te
,
N
ig
er
ia

(J
u
ly

2
0
1
5
to

Ju
n
e
2
0
1
6
)

S
.

n
o

P
o
ll
en

ty
p
es

Ju
ly

2
0
1
5

A
u
g
u
st

2
0
1
5

S
ep
te
m
b
er

2
0
1
5

O
ct
o
b
er

2
0
1
5

N
o
v
em

b
er

2
0
1
5

D
ec
em

b
er

2
0
1
5

Ja
n
u
ar
y

2
0
1
6

F
eb
ru
ar
y

2
0
1
6

M
ar
ch

2
0
1
6

A
p
ri
l

2
0
1
6

M
ay

2
0
1
6

Ju
n
e

2
0
1
6

T
o
ta
l

%

1
.

S
yz
yg
iu
m

g
u
in
ee
n
se

0
9

1
2

6
1
4

1
5

1
4
9

0
1

0
0

1
9
7

8
.8
1

2
.

E
la
ei
s
g
u
in
ee
n
si
s

9
0

0
4

6
4

1
1

1
3
2

4
0

3
7
4

3
.3
1

3
.

C
a
su
a
ri
n
a

eq
u
is
et
if
o
li
a

2
3

1
0

0
0

0
0

0
1

2
0

6
9

9
6

4
.3
0

4
.

Is
o
b
er
li
n
ia

d
o
ka

0
0

1
0

0
0

0
0

0
0

0
0

1
0
.0
5

5
.

B
o
m
b
a
x

b
u
o
n
o
p
o
ze
n
se

0
0

0
0

1
0

0
0

0
0

0
0

1
0
.0
5

6
.

T
er
m
in
a
li
a
sp
.

5
1

0
6

1
8

6
1
0

4
3

0
0

2
5
5

2
.4
6

7
.

P
o
d
o
ca
rp
u
s
sp
.

0
0

0
0

0
0

0
0

1
0

0
0

1
0
.0
5

8
.

S
en
n
a
sp
.

0
0

0
0

0
0

0
0

0
1

0
0

1
0
.0
5

9
.

A
ca
ci
a
sp
.

0
2

1
3

0
0

0
0

0
2

0
0

8
0
.3
6

1
0
.

A
re
ca
ce
ae

0
0

0
0

0
0

0
0

4
0

0
2

6
0
.2
7

1
1
.

S
ap
o
ta
ce
ae

8
0

1
2

0
1

4
3

0
0

0
2

2
1

0
.9
4

1
2
.

F
ab
ac
ea
e

8
0

0
0

0
0

0
7

0
4
0

1
0

5
6

2
.5
1

1
3
.

E
u
p
h
o
rb
ia
ce
ae

7
2

0
0

2
0

0
0

4
1

0
0

1
6

0
.7
2

1
4
.

V
it
ex

sp
.
ty
p
e

2
4

3
0

8
4

0
5

0
0

0
0

2
6

1
.2
0

1
5
.

M
al
v
ac
ea
e

0
0

0
0

0
0

0
1

0
0

0
0

1
0
.0
5

1
6
.

L
a
n
n
ea

sp
./

S
cl
er
o
ca
ry
a
sp
.

0
0

0
0

0
0

0
0

0
1

0
2

3
0
.1
3

1
7
.

A
lc
h
o
rn
ea

sp
.

0
0

4
1

5
0

4
0

0
0

5
6

2
5

1
.1
2

1
8
.

G
o
m
p
h
re
n
a

ce
lo
si
o
id
es

0
0

0
2

2
1

0
0

6
1

0
2

1
4

0
.6
3

1
9
.

T
ri
d
a
x

p
ro
cu
m
b
en
s

0
0

0
1
6

2
7

1
4

1
0

1
1
2

3
0

5
8
8

3
.9
4

2
0
.

E
u
p
h
o
rb
ia

h
et
er
o
p
h
yl
la

0
0

0
0

0
0

0
0

1
0

1
0

2
0
.0
9

2
1
.

B
o
rr
er
ia

sp
.

3
4

1
0

0
1

2
2

3
0

0
0

0
4
3

1
.9
2

2
2
.

A
m
a
ra
n
th
u
s
sp
.

8
6

1
1

3
4

2
4

1
9

3
3

2
3

8
6

3
.8
5

2
3
.

M
im
o
sa

sp
.

0
0

0
0

1
1

0
0

7
1

0
0

1
0

0
.4
5

2
4
.

A
st
er
ac
ea
e

8
0

0
0

0
0

0
0

3
7

2
0

7
5
4

2
.4
2

2
5
.

C
o
n
v
o
lv
u
la
ce
ae

0
0

0
0

0
0

0
0

0
1

0
0

1
0
.0
5

2
6
.

C
y
p
er
ac
ea
e

1
4
1

0
0

0
6

1
1

1
0

1
0

1
1
5
2

6
.8
0

194 Aerobiologia (2018) 34:187–202

123



some of these abundant pollen types could be

attributed to the prolific production and anemophily

of their parent plants. Also, some of the pollen

identified in this study have been similarly reported

by previous workers: Poaceae and Elaeis guineensis

(Agwu and Osibe 1992; Njokuocha 2006; Essien and

Agwu 2013; Ezike et al. 2016), Alchornea sp.

(Njokuocha 2006; Essien and Agwu 2013; Adeniyi

et al. 2014; Ezike et al. 2016), Syzygium guineense and

Terminalia sp. (Essien and Agwu 2013), Pinus

caribaea (Singh and Dahiya 2008) and Cyperaceae

(Adeniyi et al. 2014).

In this study, the concentration of airborne Poaceae

pollen was observed throughout the study period and

varied considerably in the study locations (Fig. 4).

This is supported by Latorre and Belmonte (2004) who

stated that Poaceae pollen was observed during all the

year in Catalonia Spain, especially in Spring when

most grass species bloom. This is also buttressed by

Essien and Aina (2014) who cited the work of

Suphioglu et al. (1992), in which they affirmed that

Poaceae pollen grains contain antigens capable of

dispersing microscopic particles into the air after

dehiscence. From the clinical point of view, Poaceae

pollen is considered one of the most important

aeroallergens in Europe (Sanchez-Mesa et al. 2003;

Garcia-Mozo et al. 2010) and a major cause of

pollinosis in several regions of the world (D’Amato

et al. 2007). Poaceae pollen has been found as an

important allergen associated with pollinosis, as

reported by workers including D’Amato et al. (2007)

and Taketomi et al. (2008).

The representation of Asteraceae in this study is

consistent with the findings of D’Amato (1998) who

observed that this family comprises an important

allergenic taxon, Artemisia (mugwort), occurring in

both urban and suburban areas and in the Mediter-

ranean area, flowering between September and Octo-

ber. The recovery of Amaranthus sp. is consistent with

Lombardero et al. (1992) who reported that many

members of Amaranthaceae family have been

involved in inducing allergic diseases. Galan et al.

(2016) also reported that Artemisia and Amaran-

thaceae pollen types are common in theMediterranean

area. They stated that some of their species are adapted

to low water availability, being more abundant in

semi-arid climates of the south-eastern Iberian Penin-

sula. The recovery of Pinus caribaea pollen corre-

sponds with the findings of Adekanmbi and AlebiosuT
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(2016) who reported special significance in the

recovery of a bisaccate pollen produced by Pinus sp.

type from a forensic palynological study in Lagos,

Nigeria. They attributed this occurrence to their long

dispersal through anemophily. Esch et al. (2001) also

recorded that the genus Pinus is found from the Arctic

to the southern hemisphere and is occasionally impli-

cated in allergic reactions, owing to their pollen size

and weight.

Variations were observed in the flowering period-

icity of parent plants, including Poaceae and Syzygium

guineense (Figs. 4, 5) and also their atmospheric

pollen distribution during rainy and dry seasons in

both locations (Tables 1, 2). This might have resulted

from differences in the amount of prevailing meteo-

rological parameters including rainfall, air tempera-

ture, wind speed and relative humidity available to

support plant growth, pollen production and dispersal

during these respective seasons (Table 3). Atmo-

spheric distribution of pollen has been attributed to

the considerable effects of meteorological parameters,

through earlier aeropalynological studies of Huang

(1998) and Kizilpinar et al. (2011). This corresponds

with the findings of Ajikah et al. (2017) who affirmed

the significant effect of flowering periodicity and

density of parent plants on airborne pollen levels. This

view is also supported by Kaplan (2004) who affirmed

that a considerable variation exists in the distribution

of airborne pollen from one country to another, in

different regions of a country and also among cities of

the same region. It is important to note that there was a

striking similarity in the airborne pollen spectra

recovered from the two study locations, with a total

number of 22 same pollen types identified (Tables 1,

2). This might have been influenced by a similarity in

the diversity of plants present in the neighbouring

vegetation types of both locations.

In this study, it was also observed that some of the

plants identified in the surrounding vegetation are

represented in the airborne pollen spectra of the study

Fig. 3 Map of Nigeria showing the study locations in Plateau and Benue states, respectively
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locations. Different array of local plants contributed to

the respective aeroflora of both locations (Tables 4, 5).

In Plateau State, parent plants of the recovered

airborne pollen types of Sida acuta, Pinus caribaea,

Sida sp., Citrus sp., Cyperaceae, Poaceae and

Fabaceae can be identified in the surrounding vege-

tation of the study site. Other enumerated plants such

as Zornia latifolia, Indigofera hirsuta and Desmodium

scorpirus belong to Fabaceae; Dactyloctenium aegyp-

tium, Chloris pilosa, Eragrostis sp., Brachiaria ole-

flexa, Brachiaria jubuta and Brachiaria lata belong to

Poaceae; Cyperus sp. belong to Cyperaceae. In Benue

State, parent plants of the recovered pollen types of

Gomphrena celosioides, Tridax procumbens, Elaeis

guineensis, Terminalia sp., Poaceae and Cyperaceae

can be identified in the surrounding vegetation of the

study site. Enumerated plants such as Andropogon

spp. and Cyperus spp. belong to Poaceae and Cyper-

aceae, respectively. These findings are in agreement

with the works of Njokuocha (2006) and Adeonipekun

(2012) who reported greater recovery of pollen from

the local vegetation of their study areas, thereby

confirming the importance of airborne pollen contri-

bution from the immediate vegetation of an area.

Agwu (1997) also recorded that dominant vegetation

of the Nsukka Plateau contributed to the major
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component of aeroflora in Nsukka, South-eastern

Nigeria.

In Plateau State, 23.33% of total fern spore count

was observed as highest in the month of April and

there was no record in July, November, March and

June, respectively (Table 1). Among the three fern

spore types recovered, Nephrolepis sp. was the most

represented 20 (66.67%), followed by a trilete fern

spore 8 (26.67%) and Pteris sp. 2 (6.67%). This

finding is supported by Njokuocha (2006) who

recorded the spore of Nephrolepis biserrata as one

of the most preponderant in the atmosphere of Nsukka,

Enugu State, Nigeria. Essien et al. (2014) also reported

the recovery of Pteris dentata, Pteris sp. and a trilete

spore in Kogi State, North-Central Nigeria. In Benue

State, only Nephrolepis sp. was represented with a

peak in February and March; no record was noted in

September, October, December, January, April, May

and June, respectively (Table 2). The peak months of

fern spore count recorded in the study locations are in

contrast to the findings of Njokuocha (2006) who

observed more fern spores in the respective months of

September and November. The recovery of fern spore

types indicates that a fresh water swamp forest

inhabiting their parent plants could be found in the

immediate environment of the study locations.

The statistical analysis showed that there was no

significant correlation between total pollen counts and

mean monthly values of meteorological parameters in

Benue State (Table 6). A significantly negative cor-

relation was observed between total pollen counts and

meteorological parameters, including air temperature

and wind speed in Plateau State (Table 7). This is in

contrast to the findings of Hu et al. (2008) who

reported a positive correlation between the tempera-

ture and airborne pollen concentration in their study.

They stated that a decline in atmospheric pollen load is

usually influenced by higher rainfall or lower temper-

ature and this may reduce the incidence of pollinosis.

This also negates the findings of Abdulrahaman et al.

(2015) who reported that total pollen counts were

positively correlated with wind speed and

temperature.

5 Conclusion

A mosaic of growth forms contributed to the aeroflora

of the study locations, from their parent vegetationT
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types during the period of study. This study has

reported the first recovery of Pinus caribaea and

Podocarpus sp. bisaccate pollen in the aeropalynology

of Nigeria. The distribution of fern spores identified in

this study would serve as additional information to the

pteridology of these locations. The recovered pollen

spectra corresponded with the identified plants in the

immediate vegetation of the study sites, implying a

considerable airborne pollen–vegetation relationship.

One implication of a striking similarity in the

Table 4 Occurrence of plants identified in the vegetation study around the sampling site in Plateau State

S.no Scientific name Family name Plant type

1. Indigofera hirsuta L. Fabaceae Subshrub

2. Desmodium scorpiurus (Sw. Desv) Fabaceae Forb/herb

3. Zornia latifolia (SM.) Fabaceae Forb/herb

4. Sida falax Walp. Malvaceae Herb/subshrub

5. Sida acuta Burm. f. Malvaceae Herb/subshrub

6. Sida corymbosa R.E. Fr. Malvaceae Herb/subshrub

7. Pinus caribaea Morelet. Pinaceae Tree

8. Eucalyptus camandullensis Dehnh. Myrtaceae Tree

9. Boerhavia diffusa L. Nyctaginaceae Herb

10. Brachiaria oleflexa Schumach. Poaceae Grass

11. Brachiaria jubata (Fig. & De Not.) Stapf. Poaceae Grass

12. Brachiaria lata Schumach. Poaceae Grass

13. Dactyloctenium aegyptium L. Poaceae Grass

14. Chloris pilosa Schumach Poaceae Grass

15. Eragrostis sp. Poaceae Grass

16. Portulaca oleracea L. Portulacaceae Herb

17. Cyperus sp. Cyperaceae Sedge

18. Spigelia sp. Loganiaceae Herb

19. Diodia scandens Sw. Rubiaceae Herb

20. Mitracarpus villosus (Sw.) DC. Rubiaceae Herb

21. Duranta repens L. Verbenaceae Shrub

22. Mangifera indica L. Anacardiaceae Tree

23. Physalis sp. Solanaceae Herb

24. Citrus sp. Rutaceae Tree

Table 5 Occurrence of plants identified in the vegetation study around the sampling site in Benue State

S.no Scientific name Family name Plant type

1. Mangifera indica L. Anacardiaceae Tree

2. Albizia lebbeck (L.) Benth. Mimosaceae Tree

3. Elaeis guineensis Jacq. Arecaceae Tree

4. Tectona grandis L. f. Lamiaceae Tree

5. Gmelina arborea Roxb. Verbenaceae Tree

6. Terminalia randii Baker f. Combretaceae Tree

7. Tridax procumbens L. Asteraceae Herb

8. Gomphrena celosioides Mart. Amaranthaceae Herb

9. Cyperus sp. Cyperaceae Sedge

10. Andropogon sp. Poaceae Grass
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recovered airborne pollen spectra of both locations is

that pollen allergy sufferers within these two areas are

exposed to virtually same array of pollen types, even

though their respective seasons differ. In this case,

they tend to respond to common allergenic pollen

types in their respective seasons, thereby eliciting

similar allergic conditions, such as allergic rhinitis,

atopic dermatitis, conjunctivitis, exacerbation of

asthma and acute sinusitis.

The results of our study have created baseline

information about suspected pollen allergens in the

study locations with a potential to guiding pollen

hypersensitive individuals on prophylaxis against their

negative effects. The allergenic effect of the abundant

pollen types on humans should be further investigated.

It is suggested that the impact of meteorological

parameters on airborne pollen distribution of larger

sampling areas over successive years should be

considered.
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