J. Algal Biomass Utin. 2019, 10(2): 52-59 Blue Green Algae and Plant Growth Promoting Efficacy
eISSN: 2229 — 6905

JAB(J\ Journal of Algal Biomass Utilization
J. Algal Biomass Utln. - Copyright © PHYCOSPECTRUM
ISSN: 2229 - 6905

JOURNAL OF
ALGAL BIOMASS
UTILIZATION

Isolation and Identification of Blue Green Algae and Its Plant Growth Promoting
Efficacy using Red Kidney Beans (Phaseolus vulgaris L.) by Seed Germination
Experiment

Krishna Moorthy, St , Aberham Kassahun, Ermias Dereje and Adanech Tomas
Department of Biotechnology, College of Natural and Computational Sciences, Wolaita Sodo University, Wolaita Sodo, Ethiopia
!Department of Biology, College of Natural and Computational Sciences, Wolaita Sodo University, Wolaita Sodo, Ethiopia.

Abstract

The present study was mainly focused on isolation and identification of fresh water blue green algae (cyanobacteria) and
determines its plant growth promoting potential using red kidney beans Phaseolus vulgaris L. seed under seed germination
experiment. Three cyanobacterial isolates were isolated and identified as Pseudanabaena spp. AK-1, Lyngbya spp. AK-2 and
Geitlerinema sp. AK-3 from Kalte river of Wolaita Sodo Town based on the morphometric characters using microscopic
examinations. All the isolated and identified cyanobacterial isolates as aqueous formulations at three different concentrations
(1%, 2% and 3%) were used to examine the seed germination stimulating potential using red kidney beans. All the three
cyanobacterial isolates Pseudanabaena spp. AK-1, Lyngbya spp. AK-2 and Geitlerinema sp. AK-3 in all the three different
concentrations showed significantly (p<0.05) higher results when compared to control (Treated with only distilled water). But the
cyanobacterial isolates Geitlerinema sp. AK-3 at 0.3% concentration level showed superior results in both morphological
parameters such as seed germination percentage, radicle length, coleoptile length and epicotyl length and biochemical
parameters like protein and carbohydrates when compared to other two cyanobacterial isolates and control.
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I ——
Introduction

The human population of our planet is projected to reach ~9.7 billion by 2050, and majority of this
increased population would be contributed by developing countries of Asia and Africa (DESA UN, 2015). This
increase in global population is associated with increased demand of food security in future. To overcome this
challenge, the World Health Organization has suggested a doubling of food production by 2050, while the United
Nations have suggested a 50% increase in global food production by 2030. Ethiopia is one of the largest African
countries with second more population in Africa (Eshetu Gebre and Alemu Lelago, 2017). Ethiopia, the majority
(83.8%) of Ethiopians reside in the rural areas. The majority of these rural peoples are only depending agriculture
especially crop production for their regular income.

All the farmers are depending on natural sources and commercially available chemical fertilizers such as
Urea and DAP (Di Ammonium Phosphate) to enrich the soil nutrient as well as to stimulate their crop productivity.
The continuous and indiscriminate usage of these chemical fertilizers spoils the soil nature which will lead to
decreased in crop production. Hence the present study focused to find an alternative solution for the sustainable
crop production with sustainable soil health that is biofertilizers concept. Many researches recommended
cyanobacteria as a biofertilizer for many vegetable crops e.g. sorghum, maize, lentil, chickpea, barley, sugar beet,
and bean (Hegazi et al., 2010 and EI-Naggar et al., 2014).

Cyanobacteria are a group of extraordinarily diverse Gram-negative prokaryotes that originated 3.5 billion
years ago. Their diversity ranges from unicellular to multicellular, coccoid to branched filaments, nearly colourless
to intensely pigmented, autotrophic to heterotrophic, psychrophilic to thermophilic, acidophilic to alkylophilic,
planktonic to barophilic, fresh water to marine including hypersaline (salt pans). They are found both free living and
as endosymbionts (Thajuddin and Subramanian, 2005). Cyanobacteria are oxygenic, photosynthetic prokaryotic
organisms that are distributed worldwide and can inhabit a wide range of habitats including freshwater, marine and
terrestrial environments (Pankratova 2006; Tripathi et al., 2007; Nagarajan et al., 2012; Whitton 2012).
Cyanobacterial biomass plays an important role in the sustainable agricultural development because they “offer an
economically attractive and ecologically sound alternative to chemical fertilizers to improve the soil physicochemical
properties like water holding capacity and nutritional status, crop growth and yield (Singh et al., 2016; Osman et
al., 2016). In the present study, the blue green microalgae were isolated and identified from Kalte river of Wolaita
Sodo Town of Southern Ethiopia and used to determine the seed germination promoting status using red kidney
beans Phaseolus vulgaris L. seed under seed germination experiment.
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Materials and methods
Sample source and sample collection

For the isolation of cyanobacterial cultures, a fresh water and high wet soil samples which having
appropriate cyanobacterial colonial growth was collected randomly from different locations of Kalte River, Wolaita
Sodo, Southern Ethiopia. The samples for the isolation of cyanobacteria were packed in sterile transparent plastic
or glass container with screw cap and brought to the Post Graduate Microbiology Laboratory, Department of
Biology, Wolaita Sodo University.
Isolation of Cyanobacteria

All the samples collected from the Kalte river were processed for the isolation of cyanobacteria using
BG11 media (Rippka et al., 1979). All the samples were serially diluted and inoculated on the petriplates which
having sterilized BG11 agar medium and incubated at 25+2°C with illumination of 1500lux by cool white 40W
fluorescent tubes with 16/8hrs light and dark cycle. All the plates were regularly monitored for the cyanobacterial
growth and subsequently the cyanobacterial cultures were purified by streak plate method. These entire attempts
were aseptically performed in front laminar air flow (Allen and Stanier, 1967; Castenholz, 1992).
Identification of cyanobacteria

Identification of cyanobacterial cultures were done microscopically based on morphological observation,
the length and the width of the vegetative cells also the width of the sheath, type of spores, presence or absence
of hormogonia, presence or absence of spores and its position, number of heterocysts and its repetition, presence
of akintes and its type, the nature of cell wall, presence or absence gas vacuoles, as well as pigment color was
taken in consideration according to Desikachary, (1959), lyengar and Desikachary (1981), Komarek and
Anagnostidis (1989), Cornberg and Komarek (2004), Komérek (2005), Koméarek and Anagnostidis, (2005),
Komarek and Hauer, 2013 and Khare et al. (2014),
Maintenance of isolated cyanobacterial cultures

The isolated cyanobacterial strains were sequentially assigned with reference numbers having its own
unigueness and deposited to fresh water cyanobacterial and microalgal repository of Biology Department, Wolaita
Sodo University. The unialgal cyanobacterial strains maintained in repository were sub-cultured for every 3-4
months depending on the culture conditions.
Mass Cultivation of cyanobacteria under laboratory condition

The purified cyanobacterial isolates were picked from the culture plates and inoculated in to 1000ml
conical flasks containing sterilized BG11 media aseptically. The inoculated conical flasks were incubated under
1500lux (Philips cool-white light, 16hrs light 8hrs dark cycle) and at 25+2°Ctemperature in culture room (Rippka et
al., 1979). The cyanobacterial cultures were harvested after 15-20days of incubation and aqueous extract was
prepared for the seed germination experiment.
Seed germination experiment using plate method

The red kidney bean (Phaseolus Vulgaris) seed were collected from local market. Seeds were surface
sterilized with 70% ethanol or 0.1 % HgCI2 for 3 min. Ten surface sterilized seeds were placed on petri plates
covered with filter paper and moistened with 10 ml of the aqueous extract of cyanobacterial isolates in different
concentrations like 1% (1gm/100ml), 2% (2gm/100ml) and 3% (3gm/100ml). Petri-dishes containing seeds with 10
ml of distilled water served as a control. The growth parameters including germination percentage, coleoptile length
and radicle length were recorded on the 2 days interval up to 8 days after incubating seed at 280C (Pitchai et al.,
2010). The Biochemical parameters such as Carbohydrate (Yemm and Willis, 1954) and Protein (Lowry et al.,
1951) were analyzed 2 days interval.
Statistical Analysis

The measurements of growth and biochemical parameters were subjected to one-way analysis of
variance (ANOVA) technique (Origin pro software package 7.0) and mean separations were adjusted by the
Multiple Comparison test. Means were compared by using Fisher’s test at p<0.05 level of significance. All the data
included in the figures were presented in mean and standard error (x) of mean of three replicates per treatment
and repeated three times.

Results

The present research was mainly focused on isolation and identification of cyanobacteria based on the
morphological characteristic features; laboratory cultivation of isolated cyanobacterial species for the determination
of growth promoting efficiency using red kidney beans P. vulgaris L. seed, Wolaita Sodo Region of Ethiopia from
February, 2019 to May, 2019.

Isolation and identification of cyanobacteria:

Totally 3 different cyanobacteria were isolated and identified from all the collected samples. All the 3
isolates were marked with isolates number as AK1, AK2 and AKS3; here in this numbering system, AK indicates
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Aberham and Krishna. The organisms appeared in the enriched culture were morphometrically analyzed and
identified using binocular research OLYMPUS MICROSCOPE Model CX21FS1 based on the scheme proposed
by Desikachary (1959). All the identified cultures were also compared with published pictures available in the
literatures. The morphometric characteristics features of all the isolated cyanobacteria are as follows.
Morphological characters of Pseudanabaena sp. AK-1

The first isolates possessed solitary trichomes, occasionally in fine mats, no sheathes, sometimes sheaths
present very rarely, occasionally motile, rarely more than 30 cells. Lacks heterocysts, Not attenuated; Cells typically
cylindrical (rarely * isodiametric), 1-3.5 ym wide, often barrel shaped, usually with conspicuous constrictions at
cross walls. End cells may be rounded or pointed, facultative aerotopes.
Morphological characters of Lyngbya spp. AK-2

Trichomes are thick and straight enclosed in firm, rigid sheath. Filaments are usually un-branched, false
branching present. Filaments are not constricted at the cross walls. No of heterocysts, motile, Cells are distinctively
shorter than wide, cells are 22 ym in wide. Hormogonia present, apical cells usually have a calyptra. Form motile
hormogonia. Filaments are not constricted at the cross walls.
Morphological characters of Geitlerinema sp. AK-3

Filaments straight, rarely curved, not constricted septum, translucent; cells longer than wide (4.2x 1.9
pm); provided with one or two beads in the division of cells; apical cell rounded. End cells are cylindrical apical cell
with rounded apex. Highly motile with intensive gliding matility, but also rotation and waving.

Determination of Growth promoting efficiency of cyanobacterial isolates on Phaseolus vulgaris L. using
seed germination experiment by plate method

The present study was undertaken to evaluate the germination potential ability of cyanobacterial isolates
at different concentrations (1%, 2% and 3%) on an economically important P. vulgaris L. seed by seed germination
experiment using petriplate method. All the data related to seed germination experiment was collected at every 2
days interval up to 8™ days. The morphological parameters such as percentage of seed germination, radicle length,
coleoptile length, and epicotyl length and biochemical parameters such as protein and carbohydrate content were
also quantified and presented as follows.

Morphological parameters
The results of morphological parameters such as percentage of seed germination, radicle length,
coleoptile length and epicotyl length obtained from the seed germination experiment are given in the Fig.1-4.
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Fig. 1. Effect of aqueous extract of cyanobacterial isolates on percentage of seed germination of
Phaseolus vulgaris L. under seed germination experiment (8" day)
The percentage of seed germination in control reached maximum of 60% even at 8" day of incubation
while all the cyanobacterial isolates (Pseudanabaena sp. AK-1, Lyngbya sp. AK-2 and Geitlerinema sp. AK-3) in
all three concentrations showed significantly (p<0.05) higher level of seed germination percentage than control
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treatment. The cyanobacterial isolates Geitlerinema sp. AK-3 reached 100% seed germination in 8" day of
incubation at 2% concentration of aqueous extract (Fig.1).

All the cyanobacterial isolates with all concentrations showed significantly (p<0.05) higher results in case of radicle
length, coleoptile length and epicotyl length over control. The highest radicle length (3.5 + 0.3 cm), coleoptile length
(11+0.5cm) and epicotyl length (4.5+£0.3) was observed in the seeds inoculated with Geitlerinema sp. AK-3 at 2%
concentration level when compared to control and all other cyanobacterial isolates in all concentrations (Fig.2-4).
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Fig. 2. Effect of aqueous extract of cyanobacterial isolates on radical length of Phaseolus vulgaris L.
under seed germination experiment (8™ day)

AK-3 (3%) |

AK-1(1%) |

Control =1

AK-3 (29%) [
-
% .
S AK-3(1%)
E
o i
o AK2(%)
$ ~_~ |
ke E\O, AK-2 (2%) I @Day 8
e - mDay 6
Z S AK-2(1%)
.g =) mDay 4
o5 -
] % AK-1 (3%) m Day 2
g g
o
S 8 AK-1(2%)
>
o
-
c
(]
1.
[}
E
[a)

p. p. p. p. p. p. p. /

0 05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9 95 10 105 11 115
Coleoptile Length (cm)
AK-1 — Pseudanabaena sp. AK-2 — Lyngbya sp.AK-3 — Geitlerinema sp. AK-3; AK-Aberham and Krishna

Fig. 3. Effect of aqueous extract of cyanobacterial isolates on coleoptile length of Phaseolus vulgaris L. under
seed germination experiment (8™ day)
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Fig. 4. Effect of aqueous extract of cyanobacterial isolates on epicotyl length of Phaseolus vulgaris L. under
seed germination experiment (8™ day)

Biochemical parameters

Protein and carbohydrate are the reserve foods in the Phaseolus vulgaris L seeds. All the stored forms of
reserved foods are hydrolyzed during the germination process. Hence, in the present study about protein and
carbohydrate changes in the seed germination experiments are more important.

Fig.5 showed clearly about the changes of protein content of all the treatments including control from O™
day to 8" day. The protein contents of Phaseolus vulgaris L. seeds in the control treatment was not decreased in
high level from O™ day to 8" day. The cyanobacterial isolates Pseudanabaena sp. AK-1, Lyngbya sp. AK-2 and
Geitlerinema sp.AK-3 in all three concentrations (1%, 2% and 3%) showed significant changes in protein content
when compared to control. The maximum level of protein reduction was observed in the seeds treated with
Geitlerinema sp. AK-3 at 2% level of concentration when compared other concentrations of same cyanobacterial
isolates AK-3, control and all other cyanobacterial isolates in all concentrations.
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Fig. 5. Effect of aqueous extract of cyanobacterial isolates on protein content of Phaseolus vulgaris L. under
seed germination experiment (8™ day)
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Carbohydrates content of all the treatments were analyzed properly and displayed in the form of Graph
(Fig. 6). The changes in the carbohydrate content of control were significantly lesser than all other treatments in all
the concentrations even at the 8™ day incubation. The maximum amount of carbohydrate reduction was observed
in the treatment of AK-1 (Geitlerinema sp.) at 2% level of concentrations which is significantly higher than control
and all other treatments in all concentration.
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Fig. 6. Effect of aqueous extract of cyanobacterial isolates on carbohydrate content of Phaseolus vulgaris L.
under seed germination experiment (8™ day)

Discussion
Isolation and identification

From the samples collected at different sites of Kalte River of Wolaita Sodo Town, total of 3 cyanobacterial
species were isolated and identified based on the morphometric characteristic’s features using microscope such
as morphology of cells and filaments, shape of the terminal cells, presence or absence of sheaths, gas vacuoles,
motile hormogonia, nitrogen-fixing heterocysts and resting akinetes/spores. The cyanobacterial identification
process of current study is highly supported by Desikachary, (1959), lyengar and Desikachary (1981), Komarek
and Anagnostidis (1989), Cornberg and Komarek (2004), Komarek (2005), Komarek and Anagnostidis, (2005),
Komarek and Hauer, (2013), Khare et al. (2014) and Mayur Gahlout (2017).

Effects of isolated cyanobacteria on Morphological parameters of P. vulgaris L seeds

At present study, 3 cyanobacterial species were identified and primarily screened for the plant growth
promoting efficiency on Phaseolus vulgaris L. seed germination assay using plate method with three different
concentrations of aqueous extracts such as 1%, 2% and 3%. All the cyanobacterial isolates showed significant
response in the percentage (%) of seed germination in all different concentrations of aqueous extracts when
compared to control. The reason for this great response is naturally cyanobacteria having the potential to release
the plant growth hormones like auxins, cytokinins and gibberellins. These plant growth hormones directly involved
in the seed germination and increased the percentage of seed germination. This result was highly supported by
Gayathri et al. (2017) reported that the cyanobacterial extracts in different concentrations (1% and 10%) stimulated
the germination of Pisum sativum L. seeds earlier (within 3 days) than seeds treated with only water (Control).
Similarly, Mayur et al. (2017) reported that the cyanobacterial isolates Rivularia spp., Nostoc spp., Oscillatoria spp.,
Closterium spp., Gloeothece spp., Anabaena spp., Aphanocapsa spp. and Gloeocapsa spp. showed positive
effects on the seed germination rate of mung as well as wheat.
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All the 3 cyanobacterial isolates (Pseudanabaena spp.AK-1, Lyngbya spp.AK-2 and Geitlerinema sp. AK-
3) showed significantly higher results in case of radicle, coleoptile and epicotyl length when compared control
where seeds were treated with only distilled water alone. Present study was supported by Gayathri et al. (2017)
who reported that the cyanobacterial isolates Scytonema bohneri MBDU 104 (80%), Aphanothece stagnina MBDU
803 (66.6%), Calothrix sp. MBDU 901(66.6%), Nostoc microscopicum MBDU 102 (56.6%) and Dolichospermum
spiroides MBDU 903 (70%) showed comparatively increasing responses (radicle, plumule and total seedling
responses) than control (53.3%)

Effects of isolated cyanobacteria on Biochemical parameters of P. vulgaris L seeds

The protein and carbohydrate contents of Phaseolus vulgaris L seeds in the control treatment was not
decreased in high level from 0" day to 8" day. The maximum level of protein and carbohydrate reduction was
observed in the seeds treated with Geitlerinema sp. AK-3 at 2% concentration level of concentration followed by
Pseudanabaena spp. AK-1 at 3% concentration and Lyngbya spp.AK-2 at 3% concentration. Protein and
carbohydrate are the reserve food materials in the Phaseolus vulgaris L seeds. On seed hydration, the seeds
containing protein and carbohydrates acted as energy sources. So, during the seed germination all these protein
and carbohydrate based reserved food materials may be hydrolyzed by hydrolytic enzymes and converted in to
simple available form for embryo uptake. So during the seed starts to germinate, the protein and carbohydrates
level will be reduced automatically. This result was highly supported by Bewley and Black (1985). Shutov and
Vaintraub (1987), Mayer and Poljakoff — Mayber (1989) and Salisbury and Ross (1991) and who are all reported
that the seed received hydration, separate intercellular bodies of seed stored carbohydrates, proteins, lipid and
phosphate act as energy source and carbon skeleton. Seed imbibition triggered many metabolic processes such
as activation or freshly synthesis of hydrolytic enzymes which resulted in hydrolysis of stored starch, lipid, protein
hemicellulose, polyphosphates and other storage materials into simple available form for embryo uptake.

Conclusions

Based on the findings of isolation and identification studies, the non-heterocystes cyanobacterial species
are more dominant in Kalte River of Wolaita Sodo Town, Southern Ethiopia. In the seed germination study the
cyanobacterial isolates Pseudanabaena spp.AK-1 at 3%, Lyngbya spp.AK-2 at 3% and Geitlerinema sp. AK-3 at
2% concentration active more in the P. vulgaris L. seed germination when compared to control. The cyanobacterial
isolate Geitlerinema sp. AK-3 at 2% concentration showed superior results in all morphological and biochemical
aspects of seed germination experiments when compared to all other cyanobacterial isolates and control on 8™
day incubation. Based on the above said findings, it has concluded that the cyanobacterial isolates Geitlerinema
sp. AK-3 at 2% can be used as aqueous extracts to do pretreatment of P. vulgaris L. seeds to enhance the seed
germination.
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