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Abstract

As a renewable energy source, microalgae have wide interest as a potential tool to produce biofuel and
bioproducts. Prevailing in the local habitat, indigenous microalgae are more successful for wastewater
treatment processes. Integrated microalgae-based biofuel and bioproduct production with wastewater
treatment is a successful practice of modern research. This report describes the isolation and identification
of 61 microalgal strains from lakes, springs, ponds, creeks, and rivers of the gigantic area of Malakand,
Pakistan. Our study involves the seasonal existence of Chlorophyta in the area, with most dominant
flora identified in the summer season followed by spring, autumn, and winter seasons, respectively.
The highest ratio of microalgae was found in stagnant waters followed by slow-running water and running
water, respectively. However, algal species were reported from all water bodies throughout the year.
Commercially important genera like Chlorella, Scenedesmus, and Chlamydomonas were also reported,
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attracting the research area for further analysis regarding biofuel, bioproduct production, and simultaneous

wastewater treatment.

Keywords: biofuel, bioproducts, Chlorophyta, Malakand wastewater treatment, conservation

Introduction

Growing concerns regarding renewable energy and
wastewater treatment have earned much attention in
modern science. Among biological sources, microalgae
are more successful for their high growth rate, high
photosynthetic efficiency, and high nutrient uptake with
their cultivation ability on non-arable land. Microalgae
have the ability to produce biofuel, bioproducts, and bio
fertilizers with simultanecous wastewater treatment [I-
6]. Compared to other wastewater treatment processes
like physical and chemical, microalgae-based treatment
is more economic and viable for its dual ability of
bioproduct production as well. They can use wastewater
as their growth nutrients and can produce biofuel and
bioproducts [7-9].

Microalgae are environmentally friendly for their
high photosynthetic efficiency, resulting in biomass
production, CO, capture, and oxygen release. The
potential of microalgae for CO, sequestration is

tremendously high, and most microalgal strains can
tolerate up to 20% CO, concentration in air, contributing
to a reduction in greenhouse gases and global warming
[10, 11].

The major pollutants in many kinds of wastewaters are
ammonia and phosphorus, which cause eutrophication,
odors, deaths of aquatic animals, and generally making
it unfit for human use [12-14]. Microalgae is a good
tool for uptaking these nutrients as a source of their
growth substance fixing it to valuable products [15-18].
The efficiency for uptaking these nutrients by different
microalgal strains is 100%, providing the best solution
for the wastewater treatment through biological means
[19-23].

Adjusted to local habitats, indigenous microalgae
has more advantages over commercially available
strains. They can tolerate high stress conditions like
high ammonia, phosphorus, temperatures, and pH
variations compared to the commercial strains. So it
is more imperative to study the local strains for its
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Fig. 1. Schematic details representing the entire work plan from microalgal collection to biofuel production.



Determining Indigenous Microalgae Species...

671

potential [24-27]. The present study is part of ongoing
efforts (Fig. 1) to study the efficient microalgal strains
isolated from Malakand district for their biofuel
production and wastewater treatment. Focusing on
microalgae-based processes, the unexplored area of
Malakand is awaiting the opportunity to play its role in
algae research and to contribute to the economy of the
world in general.

Materials and Methods
Microalgal Strains Collection

To investigate microalgal strains and the various
growth parameters, i.e., pH, temperature, total
phosphorus, and ammonia-nitrogen in the research area,
various sites were selected from Malakand Valley on the
basis of adequate water bodies present. These sampling
sites were based on the type of water (i.e., stagnant/
running), the number of water bodies, profundity of
water bodies, seasonality, contamination, and turbidity.
The main sites selected for current work were the Thana,
Batkhela, Malakand, Dargai, and Shergarh areas of
Malakand Valley. Sample collection was done from
various water bodies of these five major areas.

Regular monthly algal samplings were made from
January to December using planktonic nets, hand picking,
scratching of various materials in water, and taking water
in bottles from the surface and at a depth of 2-3 m below
for the study of physico-chemical characteristics of
water and identification of phytoplankton (Chlorophyta).
The specimens were collected in polythene bags and
taken to a laboratory. To prevent any decay and
decomposition, the samples were preserved in 10%
formalin. Duplicate samples were also collected from each
sampling spot at 10:00 and 14:00, with a phytoplankton
net of mesh size for the microalgae and estimation of
different growth factors like pH, temperature, ammonia,
and total phosphorus.

Analytical Methods

The following procedures were used to determine
the physical and chemical parameters of the water. The
pH of the water was determined at the time of collection
by using a pH meter. The readings were further verified
at PCSIR laboratories Peshawar. For determining pH
(method No. 8156) the pH-meter was standardized with
basic, neutral, and alkaline solutions and then subjected
to determine the pH of the samples; the samples were
diluted several time depending on their nature. Similarly,
the turbidity of water was noted with the help of a
turbidometer (method No. TU 5400) on the spot during
collection at all the sites. Ammonia nitrogen (NH,-N)
and total phosphorus (TP) of water were determined
using a Hach DR 5000 Spectrophotometer Manual
(Hach, 2008). The method numbers for NH,-N and TP
used were Hach 10031 and 10127, respectively.

The temperatures of the air and water were
determined during collection. A thermometer (Steve
Spangler, method No. 30023) was used for temperature
measurement; air temperature was measured at about
1-2 m above the water surface. To rule out the effect
of depth of water bodies, the temperature of water was
recorded at two different positions in water, i.e., surface
and deep in water, and their mean value was taken
as the temperature of that habitat. Similarly, to avoid
influence of the time of the day, temperatures were
recorded twice a day, i.c., before and after collection
at 09:00 and 13:00, respectively. Mean values for
temperature taken were used to analyze its effect on the
algal communities.

Microalgal Identification

Algal samples were carried to the Pakistan Museum
of Natural History Islamabad (PMNH). A total of
0.5 ml samples were pipetted and mounted on slides. The
slides were then heated with a spirit lamp to avoid any
traces of moisture and stick the algal specimens to the
slides. The slides were then provided with clove oil to
enhance the image of the microscopes. Determining cell
sizes was done using the ocular and stage micrometers.
Slides were observed at a magnification of 40X and
100X of an inverted electric microscope (BH-2 Olympus,
Japan). The Photomicrographs were taken with a Letiz
Wetzlar camera and identified with the available
literature [11, 28]

Results and Discussion

Local Isolation and Identification
of Microalgal Species

The algae collected from different areas were
identified on the basis of their morphology, pigmentation,
cell, and chloroplast nature using available literature
(Prescott, 1951) and [29]. The main objective of the
current work was to record the indigenous green
algae, which are more common in almost all
freshwater habitats and a main tool in current
research like CO, biomitigation and biofuel production
[30-35].

Chlorophyta

There were 61 species of green algae recorded from
5 major areas of the valley. The genera recorded are:
Ankistrodesmus (2 sp), Asterococcus (1 sp), Basicladia (1
sp), Bulbocphaete (1 sp), Characium (3 sp), Chaetophora
(1 sp), Chlamydomonas (2 ), Chlorella (2 sp), Cladospora
(Isp), Closterium (4sp), Coelastrum (2 sp), Coleochaete
(1 sp), Cosmarium (3 sp), Crucignea (2 sp), Geminella (1
sp), Gloeocystis (2 sp), Gonium (1 sp), Haematococcus
(Isp), Hydrodictyon (1 sp), Mougeotia (2 sp), Oedogonium
(1 sp), Oocystis (3 sp), Pandorina (1 sp), Pediastrum
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Table 1. Microalgal collection sites established in the current study.

Species Collection sites Collection water bodies Season
Ankistrodesmus The west Gunyar road, Thana Pond Summer and early spring
Asterococcus Near the cricket ground, Dhanda, Thana Municipal wastewater All Seasons
Basicladia Near the road bank, Dargai Freshwater lake Summer
Bulbochaete Shago naka Shergarh Pond winter
Characium Malakand Mountain spring All Seasons
Chaetophora Malakand Mountain spring Summer
Chlamydomonas Alladhanddheri, Thana Municipal wastewater Summer
Chlorella Batkhela and Shergarh Municipal waste/ freshwater lake All seasons
Cladophora Malakand Spring Summer
Closterium Near head work, Batkhela Main river swat Summer
Coelastrum Dargai, Shergarh and Thana Stagnant water bodies Summer
Coleochaete The west Gunyar road, Thana Pond Spring and Summer
Cosmarium Alladhanddheri, Thana Municipal wastewater All seasons
Crucigenia Shergarh Municipal wastewater Summer and Autumn
Geminella Dargai, Shergarh Stagnant water bodies Summer
Gloeocystis Malakand Mountain spring of Summer
Gonium Near the road bank and Dargai Freshwater lake Summer
Haematococcus Batkhela Municipal waste / freshwater lake Summer
Hydrodictyon Near the cricket ground, Batkhela Stagnant water Summer
Mougeotia Near the cricket ground, Batkhela Stagnant water Winter and Spring
Oedogonium Malakand Mountain spring Winter and Spring
Oocystis Alladhanddheri, Thana Municipal wastewater All Seasons
Pandorina The west Gunyar road, Thana Pond All Seasons
Pediastrum Dargai and Thana Stagnant water bodies All Seasons
Scenedesmus Dargai and Thana Stagnant water bodies, All Seasons
Sphaeroplea Batkhela Municipal waste/ freshwater lake, Summer
Tetraedron Thana Alladhanddheri Municipal wastewater Summer
Tetrospora Totakan, Batkhela Municipal wastewater Summer
Ulothrix Alladhanddheri, Thana Municipal wastewater All Seasons

(2 sp), Pithopora (1 sp), pleodorina (1 sp), Scenedesmus
(4 sp), Sphaeroplea (1 sp), Tetraedron (6 sp), Tetrospora
(2 sp), Ulothrix (2 sp), Volvox (2 sp), and Westella (1 sp)
(Table 1). Following are details of the species identified.
Members of Chlorophyta are the main biological tool in
our current research [2, 8, 10, 11, 36-40].

Species Distribution

Species of Ankistrodesmus were observed in
collection from the regions of Thana, Batkhela, and
Shergarh. The members of the species were common for
all habitats except for the wastewater bodies. A single

species, A. falacatus, was observed by [41] from Dandot,
Pakistan. Similarly, five species of Ankistrodesmus were
observed from Haripur Valley by [42].

Asterococcus, a genus with single species A.
limneticus, was recorded from Batkhela and Dargai
regions of the present research area. The species was
common in summer and early winter, showing that the
presence of the species was reduced with cold. The species
was common in stagnant water and small streams of the
explored areas. Some of the previous results suggest the
existence of Asterococcus in the same habitat. The same
genus was recorded in the work of Chughtai et al. [43]
from D.G. Khan, Pakistan. The same species was also
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reported by Ali et al. [44] from Swat Valley — a similar
habitat to the present research area.

The genus Basicladia observed in the present
research work was represented by a single species only,
i.e., B. chelomum. The species was common to running
water and was found among algal blooms. From the
present collection the species was observed in three
areas: Thana, Malakand, and Shergarh. Summer season
was found to be most favorable for their existence in
said habitats. Members of this genus were reported by
Sher and Hazrat [45] from the Swat River, which passes
through the present research area and is one of the largest
habitats.

A single species of Bulbochaete was found from
different spots of the research areas (Table 1). Bulbochaete
was very common in the summer season but not in the
winter. Members of the genus were recorded by Sarim et
al. [46] from Peshawar Valley. Similarly, [47] observed
some members of the said genus from the freshwater
bodies of Gujranwalla, Pakistan.

Characium, a very common genus of freshwater
Chlorophyta, was identified with three species from
all habitats in all parts of the valley. The members
of the genus were recorded in all seasons irrespective
of the effects of temperature. Many previous records
have been established for Characium. Four species of
Characium were identified by [48] from Sindh, Pakistan.
Similarly, 2 species of the same genus were identified by
Korai et al. [49] from Thatta Valley, Sindh.

Chaetophora, a commonly occurring genus of green
algae, was represented by a single species in the present
research work. It was found in the collection from
Batkhela and Malakand regions of the valley. Summer
season mostly favored the presence of Chaetophora in
the present research areas, although it was also found
in other seasons of the year. The species was observed
in the bank of the Swat River and some slow-running
streams in the research areas. Similar work has been
shown by other researchers. [50] also observed three
species of Chaetophora from slow-running lakes and
rivers in Sindh, Pakistan.

Chlamydomonas was represented by two species
— C. globosa and C. pseudopertyi — from different regions
of the research area. The species were common to almost
all habitats and seasons. They were commonly found
in stagnant, running, and waste water. The members
were very common in summer season but decline
starting with the arrival of the cold season. 5 species of
Chalamydomonas were observed in our previous study
from Peshawar Valley [51]. This shows the frequent
occurrence of the Chlamydomonas from similar habitat.

Chlorella, the most important genus for other studies
like CO, biomitigation, biofuel production, and source of
food [13], was also an inhabitant of the different areas
of the present work. It was represented by two species,
C. ellipsoidea and C. vulgaris, that were reported in all
seasons and most of the habitats. In previous studies,
species of Chlorella were identified from different parts
of the country. [52] observed the species C. pyrinoidosa

from Haleji Lake, Sindh. Some species of Chlorella were
also reported by Shahnaz et al. [53] from paddy fields in
Lahore, Pakistan.

Closterium, with four different species, was reported
from different parts of the research area and was found to
be present in all types of habitats, including wastewater
bodies. Four species were reported in this study. They
were most common in summer, although they existed
in other seasons as well. A large variety of species (10
sp) were reported in our previous results from Peshawar
valley [51]. 24 species of Closterium were reported by
[54] from different parts of the country.

Coelastrum was reported in three regions of the
valley: Thana, Malakand, and Shergarh. The species were
common in stagnant water and were also observed in the
wastewater bodies. The favorable season for their growth
was found to be summer. A single species of Coelastrum
was also identified from freshwater bodies of Haripur
Valley, Pakistan, by [55]. The genus Coleochaete was
represented by only one species from the present work:
C. orbicularis. The species was found in three regions of
the valley (Table 2). It was common in the spring season
and was continuously growing throughout the summer
and reduced at the arrival of winter. Stagnant water
favors growth as compared to other water bodies. Similar
results were found by Ali et al. [44] in their collection
from Swat, Pakistan. The similarity is due to the similar
living habitat of the two regions.

The other commonly occurring genus found was
Cosmarium, which was represented by 3 species in the
present work. The species were recorded in all major
spots except Malakand. Both the cold and hot seasons
favor the growth of these species. They were found in
stagnant, slow-running, and fast-running water bodies of
the valley. Ten species of Cosmarium were identified by
different water habitats ranging from stagnant to running
water of northeastern Pakistan.

The genus Crucignea was reported to be represented
by two species in the present work. The two species were
only restricted to the upper region of the valley, which
are relatively cold, i.e., Thana, Batkhela, and Malakand.
The species were present in spring, summer, and autumn
seasons and were not reported in winter. Stagnant and
slow-running waters were more suitable for their growth.
Crucignea genus was reported in the work of [56] from
the Soan River of Punjab Province.

The genus Geminella was reported to have a single
species from different parts of the valley. The species
G. ordinate was most commonly found in stagnant water
of the present areca during the summer. The species
occurrence was also common in winter. A single species
G. minor was recorded by Leghari et al. [57] from the
Kunhar River, where the temperature remains in the
range of 8-27°C.

Gloeocystis was reported with two species from
different parts of the research area. The species were
frequent in summer season and the growth was reduced
with a decrease in temperature. They were present in
all types of habitats, including stagnant, running, and
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waste water bodies. Member of the same genus was also
reported by Shah and Faridi [29] from the paddy fields
of Mathra Valley, Peshawar. The genus Gonium was
represented by a single species and was found only in
the Shergarh area of the present work. The species G.
pacturale was identified during summer collection
in a small pond. A single species of Gonium was also
recorded by Zarina and Shameel [58] from different parts
of Punjab, including Lahore and Kasur.

Haematococcus was identified from a single the
arca of Thana of the research spot represented by a

Fig. 2a. Representative genera investigated from Malakand
District — A: Characium, B: Hydrodictyon, C: Pediastrum, D:
Ankistrodesmus, E: Basicladia, and F: Bulbochaete.

Fig. 2b. Some representative genera/species investigated from
Malakand District — A: Closterium leibleinii, B: C. ehrenburghii,
C: C. venus, D: Tetraedron, E: Crucigenia apicuclata, and F: C.
tetrapedia.

single species H. lacustris. The species was identified
from a very small pond that had bloomed slightly. The
same species was also identified by Ali et al. [44] from
freshwater bodies of Swat, Pakistan. Hydrodictyon was
reported from the research spot represented by a single
species H. reticulatum. It was found in the collection
from Batkhela and Dargai regions of the valley. The
species was specific to wastewater. This species was also
common during summer season but was also found in
other seasons. A single species of Hydrodictyon was also
reported by [59] from the Naguman region of Peshawar
Valley.

Mougeotia with two species was observed from
different spots of the research place. It was common in
summer and early winter and saw fewer occurrences in
late winter. The species were adjusted to stagnant and
wastewater bodies sometime in running water. A variety
of Mougeotia exists in the country, which was reported
by [60] reported members of Mougeotia from different
locations of Peshawar Valley. The genus Oedogonium
was represented by a single species from two locations
of the research area. O. angustissimum was reported
from running water and was found in stagnant water.
[61] reported two species of Oedogonium from Kurram
River, Parachinar.

The genus Qocystis was reported to have three
species from different parts of the area. The species were
common in all seasons of the year and existed in most of
the habitats. No record of Oocystis was obtained from
the wastewater bodies of the area. The said genus was
observed from the fountain water of Lahore, Pakistan,
which was a new record for the said area [62].

Pandorina was represented by single species from the
present collection. The species P. morum was recovered
from different water habitats, including both running and
stagnant water of the area. All the seasons were found to
be favorable for their growth. [63] recorded the members
of the species from polluted water of the Ravi River,
Pakistan. Pediastrum was reported with two species from
the research spot. These species were found to tolerate
all environmental conditions with respect to temperature

Fig. 2c. Some representative genera/species investigated
from Malakand District — A: Asterococcus, B: Cosmarium, C:
Cosmarium, D: Scenedesmus obliquus, E: S. armatus, and F: S.
serratus.



Determining Indigenous Microalgae Species...

675

and water quality. The previous record shows a variety
of the existence of Pediastrum in different habitats in
the country. A new species, P. habibll, was reported by
[64] from Karachi. Similarly, nine species of Pediastrum
were identified by Leghari et al. [48] from Sindh.

Scenedesmus was observed to have four species from
different localities in the area. The species were very
common to all habitats and were not affected by water
quality and seasons of the year. A total of 23 species were
recorded by Leghari et al. [48] from different parts of
Sindh, Pakistan.

Sphaeroplea observed in the present work was
represented by a single species, S. annulina. The
species was recorded from a single place only: Thana.
The favorable season for its existence was observed to
be summer, while the favorable habitat was stagnant
water. Ali et al. [44] observed a member of the genus
Sphaeroplea while studying green algae from freshwater
bodies of Swat Valley, Pakistan.

Tetraedron, the most common to the freshwater
habitats of the country, was observed with a variety of
species. A total of 6 species of Tetraedron were observed
from all the studied areas. Sarim and Kouser [42]
identified 11 species of Tetraedron from Haripur Valley,
Pakistan. Our previous study showed the existence of 10
species of Tetraedron from Peshawar Valley [51, 65].

Two species of Tetraspora were reported from the
present collection. These species were present in almost
all habitats of the area, particularly in stagnant water.
The seasonality of the species was variable, with summer
being most favorable. A slight lower temperature resulted
in reduced growth of the species. Tetraspora was also
reported in previous work from the different parts of
the country, e.g., Butt [66] isolated a single species
T. gelatinosa from Sindh, Pakistan.

Ulothrix has two species recorded in this study. Both
species were common in all seasons of the year. Early
winter and summer seasons were found to be most
favorable for their existence. The stagnant and slow-
running water were more suitable for their growth. Two
species of Ulothrix were observed from the Kurram
River, Parachinar by Badshah et al. [61]. Similarly, six
species of Ulothrix were reported by Akhtar and Rehman
[67] from the Jalala area of Mardan Valley, which is
very close to the present research spot of Shergarh. The
habitats of both areas are almost similar and favor the
growth of such types of algae [68-77].

Effects of Ammonia and Phosphorus
on the Microalgal Community

Ammonia is the most important growth factor for
most of the microalgae [20, 78-80], where it can heavily
effect the distribution of algal communities in specific
habitats. High diversity and growth rate of microalgae
were recorded in spots like wastewater and stagnant water,
containing a high proportion of ammonia. Similarly, the
summer season showed much growth in comparison to
other seasons. This might be due to the greater dissolution

of ammonia contents in the water bodies in summer
season [81]. On the other hand, phosphorus played a
vital role in the distribution and growth of microalgae
in these habitats. Phosphorus is one of the two main
growth factors that could promote microalgal growth
[82-85]. In the current work the microalgal species like
Chlorella, Scenedesmus, and Pandorina were found to
be more tolerant to high phosphorus and were present in
the water bodies containing high phosphorus, whereas
some strains like Chlamydomonas and Gonium were
observed to be less tolerant as they were absent in high
phosphorus-containing water bodies. These findings are
verified by comparison with other researchers [86, 87].

Future Prospects and Goals

There are a lot of potential strains recorded in the
current research. Most important strain reported in our
work, Chlorella, is used widely throughout the world for
its high-rate wastewater treatment, biofuel production,
and other valuable products [14, 88-91]. The strains will
be further analyzed for their abilities. Scenedesmus,
another important strain, were also common in the hills
of Malakand and is also a promising strain for biofuel
and wastewater treatment, and is in wide practice in
modern research [92-95]. It is concluded from the above
work that there is a great variety of algae existing in the
water bodies of this area. More intensive and extensive
work is required to be conducted on all groups of algae,
including blue-green and green algae in the area. The
present study revealed that the best growth season for all
isolated genera was summer. This may be attributed to
favorable water temperature and also to the availability
of more nutrients in summer [25, 96-101]. Apart from
summer, some of the species were common for all the
seasons and some were common in summer with early
winter or spring. The freshwater habitats studied were
rivers, streams, ponds, stagnant water, and wastewater.
Among these, stagnant water/ponds were found to be
most favorable for the growth of most of the species.
Slow-running water bodies also provided suitable growth
habitat. The indigenous freshwater strains are more
suitable for use in biofuel technology [102-107].

Conclusions

Among the total of 56 strains identified from
Malakand, Pakistan, three commercially important
strains — Chlorella, Chlamydomonas, and Scenedesmus
— were also reported, attracting further attention by
the researchers. There is a variation in different groups
of algae among different seasons and water bodies
studied. Because of the high diversity, the summer
season provide the best time for algal studies in an open
environment. There is a need for further exploration of
microalgae for possible wastewater treatment and biofuel
production.
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