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 Screening of prospective cyanobacterial strains from paddy fields of Assam to assess their potential for plant growth promoting traits and lipid 
content as possible feedstock for biofuel.

 The classical serial dilution technique was used for isolation of cyanobacteria employing BGIIo media. The morphological 
characterization, total dry biomass, packed cell volume, chlorophyll ‘a’, total nitrogen, extracellular ammonia secretion, indole acetic acids, total 
carbohydrates, total soluble protein and lipid content were 
determined following standard protocols.

 Out of 30 cyanobacterial isolates obtained initially, 5 
prospective isolates viz. BGA , BGA , BGA , BGA  and BGA  1 2 4 5 6

were selected following screening for further studies. Out of 30, 
4 were heterocystous (BGA , BGA , BGA and BGA ) and one 1 2 4 6

was non-heterocystous (BGA ). The isolates showed variation 5

in type of filament, shape of vegetative cells, presence or 
absence of heterocyst and akinetes. Significantly higher 

-1biomass production (0.786 mg ml ) and chlorophyll ‘a’ content 
-1(7.87 µg ml ) was recorded in isolate BGA over other isolates. 6 

Isolate BGA exhibited significantly highest amount of total 2 

nitrogen content and extracellular ammonia secretion in the 
-1 tune of 3.52 % and 50.84 µg ml respectively. Substantial 

-1 -1amount of IAA (1.56 µg ml -8.20 µg ml ), established their 
positive impact on plant growth. Isolate BGA  produced 2

-1significantly highest amount of IAA (8.20 μg ml ). 

The study established potential of isolate BGA  2

as a promising plant growth promoting bio-agent owing to its 
high total nitrogen content, extracellular ammonia secretion 
and significant production of IAA. 

 Biofuel, Cyanobacteria, Heterocyst, Lipid content
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Isolate BGA  exhibited best PGPR traits with significant N2

content, IAA production and extracellular NH  excretion. On the 3

otherhand, BGA  showed probable potential for being used as2

feedstock in biofuel production. 

Growth study

5 potent isolates 

Morphological
study

Biochemical 
study
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Introduction

Cyanobacteria as diazotrophs symbolizes a commonly 
used organic input in paddy cultivation due to their abundant 
presence in paddy fields (Nayak and Prasanna, 2007). Their 
significance as biological nitrogen fixers in rice field is well 
established (Prasanna et al., 2012a). Besides being diazotrophs, 
the current status of research establishes that the diversity of 
cyanobacteria can also improve the plant growth by producing 
indole acetic acid (IAA) and improve soil structure by secreting of 
extracellular polysaccharides (Prasanna et al., 2014).They have 
emerged as potential source of prospective third generation 
biofuel (Angermayr et al., 2009) due to their ability to accumulate 
oil in the form of non-polar glycerolipids such as triacylglycerol 
(Day et al., 2012) in higher amount than those with any plant 
system (Chisti, 2008).This unique group of photosynthetic bio-
agents possess certain properties like high amount of lipids, high 
photosynthetic level which have entitled them as one of the 
promising feedstock for bio-energy generation(Quintana et al., 
2011).Cyanobacteria in rice fields are important microbial 
members that are employed as bio-agents for enhancing fertility, 
improving structure of soil and crop yield (Prasanna et al., 2015). 
Rice crop significantly respond to cyanobacterial inoculation 
because the rice field conditions provide an ideal environment for 
the luxurious growth of cyanobacteria. In an extensive nitrogen 
balance study, the contribution of indigenous BNF to wetland rice 

-1 -1has been estimated to be 14–50 kg N ha , where 20 kg N ha  is 
reported as mean contribution from cyanobacteria and accounts 
for 10-24% increase in grain yield (Prasanna et al., 2012b). 
Among North-eastern states, Assam is major rice growing state 
with an area of 2.7 million ha under rice cultivation and 55% of it as 
monocrop which requires about 7510Mt of algal biofertilizers for 
inoculating 50% of the entire cropped area (Dwivedi and Motsara, 
2001). Despite the importance of cyanobacteria in rice crop as N-
fixers, few reports are available from the paddy fields of Assam 
(Adhikari et al., 2015) which has been restricted up to 
identification stage without their utilization in rice cultivation. In 
view of the above, the present research was undertaken to isolate 
the prospective cyanobacteria from paddy fields of Assam and 
screen them for their potential as plant growth promoting bio-
agents. Besides, the efforts were made to characterize these 
cyanobacterial isolates for total lipid content which act as feed 
stocks for third generation biofuels.

Materials and Methods

Collection of soil samples: Rhizosphere soils (0-15 cm) of 
wetland rice was collected from four representative districts of 
Assam viz. Golaghat, Jorhat, Biswanath Chariali and Sivasagar. 
Collected soil samples were air dried, powdered, sieved and kept 
in refrigerator at 4°C until isolation was carried out. 

Isolation of cyanobacteria: Cyanobacteria was isolated 
following the technique of Rippka et al. (1979). Serial dilutions of 

-1 -2 -3 -4 10 , 10 , 10 and 10 were made and 100 µl aliquot from each 
dilution were inoculated into BGII  (non-nitrogenous) liquid media o

in 100 ml conical flask. The flasks were incubated under 
fluorescent light (2500 Lux) at 25±5°C. Once bluish or greenish 
tinge appeared in the liquid media, sub-culturing was performed 
in BGII agar plates by streaking. Repeated streaking was 0 

performed until pure cultures were obtained.

Morphological characterization of isolates: Morphological 
identification was carried out as per synoptic keys described by 
Desikachary (1959). Number of heterocyst was determined by 
microscopic observation and heterocyst frequency of respective 
cyanobacteria isolates were calculated by using the following 
formula.

Estimation of total dry biomass and packed cell volume: Dry 
biomass was estimated following the method of Richmond and 
Gobbelaar (1986).The cultures were homogenized by vigorous 
shaking. A 100 ml culture was taken and filtered using vacuum 
filtration assembly. Fresh weight of the filtrate was noted. The 
filtrates of each of respective isolates were then transferred to hot 
air oven at 60°C till constant weight was obtained at room 
temperature. This gave the total dry biomass weight. Packed cell 
volume was determined as described by Malakar and Kalita 
(2012). A 10 ml broth of each of isolates were transferred 
aseptically to 15 ml graduated centrifuge tubes from the uniformly 
disposed suspension culture and centrifuged at 6000 rpm for 15 
min. It was expressed as ml pellet 10 ml of culture. 

Quantitative estimation of chlorophyll ‘a’: Chlorophyll ‘a’ (Chl-
a) was estimated as per the standard method of Mc Kinney 
(1941). A 10 ml aliquot of each isolates was taken in triplicate and 
centrifuged at 8000 rpm for 10 min. After discarding the 
supernatant, pellet was washed twice with sterile distil water and 
centrifuged. Supernatant was discarded and the pellet was 
transferred to a test tube with 10ml of 90 % methanol and placed 
in a water bath at 60°C for 30 min till pellet became colourless. 
The tubes were then allowed to cool at room temperature. Using 
90% methanol as blank, optical density of the supernatant was 
recorded at 665 nm. Chl-a was calculated by using the following 
formula:

-1Chl-a (μg ml ) = O.D. x 13.42; where 13.42= extinction 665 

coefficient of Chl-a at 665 nm.

Determination of total nitrogen content: The algal mass for 
each isolate was separated from the medium by filtration through 
What man No. 42 filter paper followed by estimation of nitrogen by 
micro-Kjeldahl digestion and distillation method (Jackson, 1973).

Quantitative estimation of extracellular ammonia secretion: 

 N. Dutta et al.: Harnessing native cyanobacteria

Heterocyst frequency (%) = 
Total number of heterocyst

Total number of cells 
x 100
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Extracellular ammonium secretion was estimated as per the 
method of Solorzano (1969). Optical density of the solution was 
read at 640 nm on UV-spectrophotometerand extracellular 
ammonia secretion was calculated by the following formula:

-1Ammonium ion (μg ml ) = OD x 300 where, 300 = extinction 640 

coefficient.

Quantification of indole-acetic acid (IAA) production: For 
quantitative determination of IAA molecules, 1ml of 
cyanobacterial culture was centrifuged at 10,000 rpm for 10 min. 
After centrifugation, the supernatant was transferred into fresh 
tube and same volume of Salkowski reagent was added to each 
tube (Salkowski, 1885). The content was mixed well and 
incubated in dark for 30 min. The OD value was taken at 540 nm 
with corresponding medium as blank which was then compared 
with standard curve to calculate the amount of IAA produced. 

Quantitative estimation of total carbohydrates: Total 
carbohydrate was estimated as per the protocol described by 
Spiro (1966). A 0.2 ml of homogenized algal cell suspension was 
taken in test tube to which 0.8 ml of distilled water and 4ml of 
anthrone reagent was added. For blank, 1 ml distilled water was 
added to 4 ml of anthrone reagent and shaken gently. Tubes were 
kept in a boiling water bath for 15 min with aluminium foil covering 
the mouth of the tube to prevent evaporation. After cooling the 
tubes, OD was measured at 620 nm and total carbohydrate 
content was calculated from standard curve. 

Quantitative estimation of total soluble proteins (TSP): Total 
soluble protein was estimated by the method of Herbert et al. 
(1971). The OD of the solution was read at 650 nm on UV-
spectrophotometer and TSP was calculated using standard 
curve.

Determination of lipid content: Total lipid was extracted using 
modified Bligh and Dyer (1959) method. Harvested biomass of 
the isolates were oven dried (50°C). One gram of dry 
cyanobacterial biomass was disrupted following homogenization 
by bead beating (4000 rpm for 5 min). Lipid was extracted with 
chloroform : methanol (2:1, v/v) and then separated into 
chloroform and aqueous methanol layers by adding methanol 
and water to give a final solvent ratio of chloroform : methanol : 
water(1:1:0.9). The chloroform layer was washed with 20 ml of 5% 
NaCl solution and evaporated by rotary vacuum evaporator. Total 
lipid obtained for each isolate was expressed in % dry weight 
basis.

Statistical Analyses: Data obtained in the present study were 
analysed statistically through ANOVA using Microsoft Excel and 
SPSSv16 packages. To validate the effectiveness between 
analysed values, correlation coefficient and linear regression was 
used and the best fit was graphically represented as scatter 
diagram.

Results and Discussion

Morphological identification: Studying phenotypic 
characteristics like cell shape, heterocyst frequency, akinetes 
shape and presence or absence of filament/trichome in 
Cyanobacteria are considered as primary steps prior to the 
assessment of plant growth promoting (PGP) substances 
(Shariatmadari et al., 2013) and lipid content (Uma et al., 2020). 
The present study was carried out to isolate cyanobacteria from 
paddy fields of Assam, to investigate them as a potential source of 
plant growth promoting substances and lipid content. In the study, 
initially a total of thirty cyanobacterial strains grown in BGIIo 
medium were isolated. Following the growth rate of purified 
isolates in BGIIo media, finally five isolates were considered for 
morphological characterization, determination of PGP 
substances and their lipid content. The presence or absence of 
filament/trichome, cell shape, heterocyst frequency and akinete 
shape of these five isolates were studied on a compound light 
microscope (Table1) and documented as microphotographs (Fig. 
1). Microscopic study revealed that the type of filament of the 
isolates varied from single (BGA  and BGA ) to aggregated (BGA1 4 6 

and BGA ) whereas BGA  was non-filamentous.Cell shape of the 2 5

isolates were observed as spherical, oval, longer than broad, 
short and barrel and short and granulated. In isolate BGA  2

heterocyst was present at terminal position while the intercalary 
heterocysts were observed in BGA , BGA and BGA .Contrarily, 1 4 6

isolate BGA was devoid of heterocyst. On examining heterocyst 5 

frequency of four heterocystous isolates, highest heterocyst 
frequency was recorded in BGA (19.01 ±0.334) % and lowest in 2 

BGA  (10.56 ±0.459) % (Table 1). Significance of this study lies in 6

the fact that heterocysts are the primary sites of nitrogenase 
synthesis and, hence, their frequency is often positively related to 
corresponding nitrogenase activity and thus total nitrogen content 
(Singh et al., 2020). Likewise, akinetes were present in two 
isolates (BGA and BGA ) and their shape was oval and oblong, 1 6

respectively. Colony characteristics also varied distinctly among 
the strains and interestingly BGA , which is unicellular and lose 5

their colony characteristics and disintegrate into single cell in long 
term incubation in broth culture. This type of finding was reported 
earlier by Zhang et al. (2009) for Microcystis spp. Mat formation 
was quite thick in BGA  and BGA whereas no such thick mat was 1 6 

observed in rest of the strains.

Biomass yield, packed cell volume and Chl-a content: 
Biomass productivity and lipid content are the two most critical 
parameters in search of prospective strain of cyanobacteria for 
biofuel production (Anahas and Muralitharan, 2015). The 
biomass productivity in terms of dry biomass for the tested 

-1cyanobacterial strains ranged from 0.078 to 0.786 mg ml  
following incubation for 30 days (Table 2). The maximum biomass 

-1 was recorded in BGA (0.786) mg ml compared to the lowest 6 
-1 value of 0.078 ±0.007 mg ml in BGA . Chl-a, which function as 5

biocatalyser in the photosynthesis process for biomass yield of 
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Fig. 2 : Relationship between chlorophyll a dnd total dry biomass yield.

Fig. 3 : Relationship between nitrogen content and extrcellular ammona 
secreton.

 N. Dutta et al.: Harnessing native cyanobacteria

cyanobacteria were varied significantly in the selected 
Cyanobacteria (Table 2). In the present findings, a linear 
correlation in the form of y =7.356x + 2.291 (r = 0.98**) was 
observed between the biomass and their Chl-a, which illustrated 
the significance of Chl-a for biomass productivity (Fig 2). Mencfel 
(2013) affirmed observed clear dependence of algae biomass on 

the concentration of Chl-a. However, biomass of algae does not 
depend only on the concentration of Chl-a since chlorophyll is not 
substratum for production of biomass. Instead it is only bio-
catalyzer in photosynthesis process (Mencfel, 2013). The 
dependence of biomass on concentration of chlorophyll changes 
with intensity of harvested light, species as well as cellular 

Table 1 : Morphological study of isolates

Isolates Filament/Trichome Cell shape Heterocyst Akinetes Heterocyst frequency (%)

cBGA Single Spherical Spherical and intercalary Oval 15.38  (± 0.155)1
aBGA Aggregate Short and barrel Spherical and terminal Absent 19.01  (± 0.334)2
b BGA Single Longer than broad Oval andterminal Absent 17.04 (± 0.558)4

BGA Absent Oval Absent Absent Absent5
dBGA Aggregate Oval Spherical and intercalary Oblong 10.56  (± 0.459)6

Different lower-case letters in each column indicate significant differences between cyanobacterial isolates at 5% level of significance according to 
DMRT. Figures in the parenthesis indicate standard deviation.

Fig. 1 : Microphotographs of the isolates.
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Table 2 : Total dry biomass,  and Chl-a of the isolates

-1 -1Isolates Total Dry Biomass (mg ml ) PCV(ml pellet 10 ml  culture) Chl a ( µg ml )

b a b BGA 0.320   (± 0.076) 1.16   (± 0.041) 4.66  (± 0.270)1
a a aBGA 0.786 ( ± 0.102) 1.12   ( ±0.027) 7.87   (± 0.042)6
c c c  BGA 0.118  (± 0.019) 0.59    (± 0.048) 3.52 (± 0.286)2
c b cBGA 0.093 ( ± 0.005) 0.71    (±0.041) 3.44  (± 0.046)4
c d dBGA 0.078   (± 0.007) 0.36   (± 0.034) 2.58  (± 0.063)5

Different lower case letters in each column indicate significant differences between cyanobacterial isolates at 5% level of significance according to 
DMRT. Figures in the parenthesis indicate standard deviation.

packed cell volume

-1

Table 3 : Total nitrogen content, extracellular ammonia excretion and  indole acetic acid production by the isolates 

-1 -1Isolates Total nitrogen (%) Extracellular ammonia excretion (µg ml ) Indole acetic acid (µg ml )

d c dBGA 2.48  (±0.083) 21.98   ± 2.087 1.65   (± 0.064)1
c c bBGA 2.71  (±0.068) 21.34    ± 1.631 5.96  (±0 .0901)6
a a a BGA 3.52 (±0.062) 50.84   ± 0.896 8.20 (±0 .289)2
b b dBGA 3.10 (±0.038) 32.06 ± 0.976 1.56  (±0 .147)4
e d c BGA 1.08 (±0.045) 13.44   ±1.132 3.83 (± 0.081)5

Different lower case letters in each column indicate significant differences between cyanobacterial isolates at 5% level of significance according to 
DMRT. Figures in the parenthesis indicate standard deviation.

 N. Dutta et al.: Harnessing native cyanobacteria

characteristics of the cyanobacteria. Packed cell volume of 
cyanobacteria is one of the important attribute of Cyanobacterial 
growth displayed significant differences among the selected 

-1isolates and ranged in between 0.36-1.16 ml pellet 10 ml  (Table 
-12). Significantly highest packed cell volume 1.16 ml pellet 10 ml  

culture was observed in BGA followed by BGA (1.12 ml pellet per 1 6 

10 ml). But it is to be noted that dry biomass weight was found to 
be higher for BGA  than BGA .This type of observation was also 6 1

recorded by Chittapun et al. (2015) and they reported that packed 
cell volume in Nostoc spp. was higher than Tolypothrix spp. while 
dry cell weight in Tolypothrix spp. was greater than Nostoc spp. 
This contrasting finding was due to thick capsular 
polysaccharides enveloping cyanobacteria and large amount of 
extracellular polysaccharide secretion which increases packed 
cell volume of the isolates. Importance of isolates with high 
packed cell volume as soil conditioner to improve aggregate 
stability owing to its polysaccharide secretion in soil was reported 
by Maqubela et al., (2012). Comparatively higher packed cell 
volume in BGA  and BGA  in the present study suggests them as 1 6

prospective soil conditioner bioinoculants.

Plant growth promoting substances: Determination of total 
nitrogen content, extracellular ammonia and IAA released by the 
isolates in exponential growth phase exhibited significantly 
highest amount of total nitrogen (3.52%) and extracellular 

-1ammonia (50.84 μg ml ) in isolate BGA followed by isolate BGA2 4 

(Table 3). Extracellular ammonia secretion is an integral property 
of diazotrophic cyanobacteria which is often used to indicate the 
efficiency of nitrogen transfer from cyanobacteria to plants, 
especially in rice farming as ammonia excreted by cyanobacteria 

is available for rice plants (Oinam et al., 2015). When ammonia 
assimilating enzyme glutamine synthetase is inhibited, ammonia 
is excreted to the environment owing to semi-permeable nature of 
the cell membrane. In the present study, the isolate BGA  which is 5

a non heterocystous form of cyanobacteria also exhibited 
-1ammonia secretion to the tune of 13.44 μg ml . This type of 

secretion occurs due to breakdown of cellular protein. The 
secreted ammonia can be nitrogen source for ammonical 
nitrogen requiring crop such as rice. It has been found that 
cyanobacterial isolates excrete significantly higher amount of 
ammonia in the flood water and this was reflected on the higher 
ammonia level during the growth of rice (Aruna and Kannaiyan, 
1995). Inoculation of cyanobacteria (Anabaena azollae and 
Anabaena variabilis) can increase the growth of rice seedlings by 
virtue of their continuous photo production of ammonia in flood 
water system (Uma and Kannaiyan, 1995). Linear correlation 
drawn between total nitrogen content and extracellular ammonia 
secretion in the form of y = 13.5x - 9.77 (r=0.90**) in the present 
study, illustrates the significance of cyanobacteria in secretion of 
ammonia for nitrogen. The increase in amount of nitrogen fixed 
increases its secretion in the form of ammonia. Nitrogen fixed by 
cyanobacteria are available mainly in the form of ammonia to rice 
plants through exudation, autolysis and microbial decomposition 
(Singh et al., 2016). IAA is an important PGP substance involved 
in the production of longer roots with increased number of root 
hairs and root laterals which are participate in nutrient uptake 
(Datta and Basu, 2000). Moreover, IAA stimulates cell elongation, 
inhibit or delay abscission of leaves and induce flowering and 
fruiting (Zhao, 2010). Indole acetic acid in the present study 
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showed significant variation of IAA by the isolates. IAA production 
-1 is found to be highest in BGA , 8.20±0.289 μgml followed by 2

-1BGA (5.96 ±0.0901 μgml ) whereas it is lowest in BGA  (1.56 6 4
-1±0.147 μgml ). The results of IAA quantification showed that it 

can be related to N- fixation by the isolates since isolate BGA  2

showed highest N-fixation. IAA production enables cyanobacteria 
to promote growth-promoting effect in plants, in addition to their 
nitrogen-fixing ability. A study conducted by Shariatmadari et al. 
(2013) on PGP traits of cyanobacteria in Iran, reported 
enhancement of root growth parameters such as length, dry and 
fresh weight of tomato, cucumber and squash upon release of IAA 
in cyano Bacterial biomass (Nostoc and Anabaena). In the 
present study, the isolate BGA contained significant amount of 2 

total nitrogen, excretion of extracellular ammonia and release of 
IAA, showing potentialities as possible inoculant for rice.

Total carbohydrate, total soluble protein and lipid: 
Cyanobacteria showed significant difference in their 

-1 -1carbohydrate content ranging from 112.98 μgml  to 44.05 μg ml  
(Table 4). In particular, carbohydrate rich cyanobacteria can be 
used as feedstock for bio-ethanol production, provided the 
biomass has to be first pre-treated so that the cellular 
carbohydrates gets converted to fermentable sugars (Markouet 
al., 2013). Moller et al. (2014) reported that cyanobacteria can 
accumulate carbohydrate content of about 60% of cell dry weight 
when cultivated under nitrate limitation. Isolate BGA showed 2 

-1highest total soluble protein content (71.01 μgm l ) and lowest 
amount of total soluble protein was recorded in isolate BGA  5

-1(54.06 μg m l ) (Table 4). Total soluble protein content in BGA  in 2

the present study is comparable with commercialized Spirulina 
strains, since Spirulina was established as a potent candidate for 
commercialization due to the presence of protein within the range 
of 40-67% (Becker, 2007). Chen et al. (2012) reported that high 
protein content of algal feedstock is a major limitation to whole 
biomass in biofuel conversion processes such as hydrothermal 
liquefaction and anaerobic digestion leading to ammonia toxicity. 
Considering the fact that fast-growing strains with high biomass 
productivity, high lipid and low protein content are the most 
important requirements for providing bio-energy generation from 
cyanobacteria (Modiri et al., 2015). BGA  in the present study with 5

high lipid content, comparatively good amount of carbohydrate 

content and low amount of  can be a 
promising feedstock for biodiesel production (Table 4).

The present study primarily focused on five prospective 
cyanobacterial isolates, viz., BGA , BGA , BGA , BGA  and BGA  1 2 4 5 6

isolated from rice fields of 4 districts of Assam. The results 
indicated the potential of isolate BGA as a promising bio-agent for 2 

plant growth promotion, especially rice owing to its high total 
nitrogen content, extracellular ammonia secretion and IAA 
production. Due to high packet cell volume, isolate BGA can be a 6 

possible bio-agent to improve soil quality. In addition, the study 
highlighted the probable potential of isolate BGA as feedstock for 5 

bio-fuel purpose due to high lipid content, pending molecular 
characterization. However, further detailed studies are required 
to reveal its lipid profile and explore other multi functional 
properties.
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total soluble protein

Table 4. Total carbohydrate content,total soluble protein and lipid content in selected cyanobacteria

-1 -1Isolates Total carbohydrate( µg ml ) Total soluble protein( µg ml )

c bBGA 53.11   (± 0 .127) 60.46  (± 0.115)1
d cBGA 48.63   (±0 .128) 56.01  (±0 .148)6

a aBGA 112.98   ( ± 0.123) 71.01  (±0 .095)2
e d  BGA 44.05   (± 0 .196) 43.05 (± 0.109)4
b eBGA 55.10   (± 0.203) 28.71  (± 0.142)5

Different lower case letters in each column indicate significant differences between cyanobacterial isolates at 5% level of significance according to 
DMRT. Figures in the parenthesis indicate standard deviation.
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