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ABSTRACT

In the pursuit of ecologically safe agronomic practices, the utilization of natural substances such as algal
biofertilizers is considered as a viable technology because of their potential to enhance plant growth and
agricultural productivity. This study investigated the impact of Anabaena azollae on the soil profile and
growth of onion (Allium cepa) plants. The incorporation of algal biomass as soil amendment significantly
improved the micro- and macronutrient content of the soil, as well as increased the bacterial population,
thereby favouring the growth of onion plants. Pot trials revealed a noteworthy enhancement in the
morphological and biochemical profile of onion plants treated with Anabaena azollae. Growth promoting
capability of Anabaena azollae was further authenticated by using hydroponic system, where an increase in
the concentration of algal extract was observed to enhance plant growth. Bioactive principles present in
Anabaena azollae were extracted by using methanol and identified by Gas Chromatography-Mass
Spectrometry (GC-MS) analysis. Overall, the study highlights the efficacy of Anabaena azollae as a sustainable
and promising alternative to chemical fertilizers for enhancing the growth and productivity of onion plants.
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Introduction

Tremendous increase in global population has sig-
nificantly expanded the need for food commodities
worldwide. To tackle this challenge, farmers have
heavily relied on chemical-based pesticides and fer-
tilizers. However, the detrimental effects of these
chemicals on both the environment as well as on liv-
ing organisms urged the need for finding an effec-
tive, sustainable, eco-friendly alternative to increase
the crop productivity (Chiaiese et al., 2018).

On this basis, bio-stimulants, biocontrol agents,
and biofertilizers have become highly significant

among the researchers and agronomists globally.
Biofertilizers, which are formulated by using micro-
bial or plant sources helps to promote plant growth,
overcome nutrient deficiencies, improve stress toler-
ance, and ultimately increase crop yields. Specifi-
cally, application of biofertilizers obtained from
seaweeds and plants are considered to be a promis-
ing alternative to ameliorate the challenges exerted
by conventional chemical fertilizers (Battacharyya et
al., 2015). However, seasonal availability of
seaweeds and scarcity for cultivation lands for
growing plants make them unsuitable for mass pro-
duction and applications.
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Over the past few decades, microalgae have
raised as a highly sustainable biofertilizer as they
are enriched with bioactive principles, can grow
very rapidly and require only a minimal space for
cultivation (Lee and Ryu, 2021). Microalgae have the
potential to release the macronutrients like N, P, and
K gradually thereby preventing nutritional losses.
Along with the macronutrients, microalgae also
known to contain trace elements and plant growth-
promoting substances such as phytohormones,
amino acids, minerals,carotenoids and other benefi-
cial vitamins. Moreover, they can also perform nitro-
gen fixation, produce polysaccharides to improve
soil structure, auxins for enhancing plant growth
and other secondary metabolites to combat phyto-
pathogens (Karthikeyan et al., 2007).

Although the macroalgal products have been
widely utilized for seed priming, foliar application,
and soil amendment, the isolation and purification
of bioactive principles by chemical methods makes
the technique expensive, labor-intensive and time-
consuming (Khalifa et al., 2020). Impact of algal
biofertilizers like Chlorella vulgaris and Spirulina
platensis on seed germination, plant development,
productivity and physico-chemical parameters of
rice and maize have been documented adequately
(Dineshkumar et al., 2017). Similarly, the influence of
Chlorella vulgaris on the growth and productivity of
grapevines, banana trees, and lettuce haven been
reported (Abd-Allah et al., 2008; Faheed and Abd-El
Fattah, 2008). Eventhough several studies authenti-
cated the growth promoting potential of microalgae,
strategies for the successful formulation and field
application of algal biofertilizers are still under de-
velopment (Lee and Ryu, 2021).

Onion holds a substantial economic importance
as it is the third most widely produced and con-
sumed vegetable worldwide. China occupies the
first position in the global production of onion, con-
tributing more than 28%, followed by India, Iran,
Egypt, Turkey, Russia, Pakistan, the Netherlands,
and Brazil. Along with its culinary value, onion is
widely recognized for its medicinal values and ex-
tensive health benefits. Onion is rich in antioxidants
and bioactive principles with anti-cancer and anti-
inflammatory properties. It can also support bone,
heart and digestive health, reduce lung inflamma-
tion related to asthma, lower cholesterol, and regu-
late blood sugar. Furthermore, they are used to pre-
vent scarring, obesity, hair loss, insomnia, and high
blood pressure (Lemma and Shimeles, 2003). Keep-
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ing this in mind, the present work was undertaken
to evaluate the influence of algal biofertilizer on soil
profile and development ofonionplants.

Materials and Methods

Collection, Identification and Application of Algal
Biomass

Anabaena azollae, was procured from the Agricul-
tural College and Research Institute, Madurai and
the identity of the algae was confirmed morphologi-
cally based on their unique morphological traits
(Desikachary, 1959). Twenty days prior to transplan-
tation, the soil was supplemented with algal biom-
ass at a dose of 100 g per 10 kg of soil. Algal isolates
were allowed to establish in soil by sprinkling water
and turning the soil periodically to ensure even dis-
tribution.

Impact of Algae on Soil Profile and Soil Microflora

After 20 days of algal amendment, the nutritional
composition of soil samples from the treated and
control bags were evaluated by standard A.O.A.C.
protocol (2005) to assess the impact of algae on soil
properties such as electrical conductivity, pH,carbon
content, micro (Fe, Mn, Zn, Cu, B) and macronutri-
ent (N, P, K) concentration.

After establishment of algae in the soil samples,
the number of bacterial and fungal isolates present
in the treated and control soil were enumerated by
serial dilution and plating technique. Nutrient Agar
and Potato Dextrose Agar media were utilized for
examining the number of bacteria and fungi respec-
tively. 10%, 10°and 10 dilutions were used for esti-
mation of bacterial CFU. For fungal enumeration 10
2,10 and 10*dilutions were utilized. Uninoculated
plate having respective media served as control.
Both inoculated and control plates were incubated
in an inverted position for 24 hours at 37 °C for bac-
teria. In case of fungi, PDA plates were kept at 25 °C
for 48-72 hours.

Following formula was used to calculate the
number of colony-forming units (CFU):

CFU/ml = (Number of colonies * Dilution Factor)
/ Volume plated (ml).

Pot Experiment

Onion seedlings were then transferred to 10 kg poly-
ethylene grows bags having soil treated with Ana-
baena azollae. Soil sample devoid of algal biomass
served as control. Six onion seedlings were trans-
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ferred into each bag with a spacing of 15 cm be-
tween rows and 10 cm between plants. All the pot
experiments were conducted in triplicates for check-
ing concordance of the results. The bags were placed
in organic farming research unit at The American
College- Satellite campus, Madurai and watered
properly on daily basis for 45 days.

Morphometric and Biochemical Analysis of Onion
Plants

After 45 days of cultivation, the plants were har-
vested and evaluated for its growth on the basis of
number of roots, number of leaves, shoot length
(cm) and root length (cm).

The protein content in onion plants was esti-
mated by using Kelplus digestion and distillation
apparatus following the protocol of FSSAI, 2023.
Similarly, the fat content was determined as per IS
4684-1975 using Socsplus apparatus. Amount of
crude fibre, total ash and carbohydrate in the treated
and control plants were also assessed by following
the procedure of IS 1155-1968.

Verification of plant growth promoting potential
of algae by hydroponics system

Cell extract from the algal isolate was obtained by
grinding the fresh algal biomass using sterile
distilledwater. The extract was then purified by fil-
tering it through Whatman No. 1 filter paper and
stored at 4 °C until further use (Sivasankari ef al.,
2006).

Three onion seedlings were transferred to plastic
trays with PVC cups for hydroponic cultivation
(Kane et al., 2006). The bio stimulatory effect of algal
extracts was tested under the following treatments:

e T1:75% Hoagland’s solution + 25% algal extract
e T2:50% Hoagland’s solution + 50% algal extract
e T3:25% Hoagland’s solution + 75% algal extract

Controls

e Positive control: 100% Hoagland’s solution
¢ Negative control: Sterile distilled water
The pH of all media was kept within the range of

5.5 to 6.0. All treatments were carried out under
aseptic, controlled environmental conditions. After
15 days, growth of harvested onion plants was de-
termined on the basis of number of roots, number of
leaves, shoot length (cm) and root length (cm).

Characterization of Algal Extract by GC-MS

The bioactive active principles present in the algae
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were extracted by using methanol and identified
byGas Chromatography-Mass Spectrometry (GC-
MS) analysis.

Results and Discussion

Algae are an essential component of aquatic and ter-
restrial ecosystems, playing a significant role in cy-
cling of elements. This characteristic makes them a
highly suitable biofertilizer, especially in the milieu
of sustainable, eco-friendly farming. Algal isolates
are also rich in bioactive compounds like vitamins,
amino acids, phytohormones, phenolics, terpenoids,
fatty acids, and polysaccharides, which are known
to stimulate plant growth. Because of its ease of cul-
tivation and metabolic flexibility, microalgae domi-
nate macroalgae worldwide (Zhang et al., 2024). In
this present study, the algal biomass was incorpo-
rated into the soil and allowed to establish itself for
a period of 20-days prior to onion transplantation
for evaluating its influence on soil profile and plant
growth.

Impact of Algal Treatment on Available Soil
Nutrients and Soil Microflora

After establishment of algae, the nutrient profile of
both treated and untreated (control) soil samples
were analysed. Anabaena azollae notably increased
the levels of macronutrients such as nitrogen and
phosphorus in the treated soil samples. Nitrogen
content of the soil increased by 21.05% upon treat-
ment with Anabaena azollae. Regarding phosphorous,
a two-fold increase was observed in the soil
amended with algal biomass. Anabaena azollae also
contributed to an increase in micronutrients such as
iron (Fe) and manganese (Mn) in the treated soil
samples (Table 1). The findings are in concordance
with the outcomes of Gheda and Ahmed (2015),
who observed that the supplementation of Anabaena
cylindrica and Nostoc kihlmani can enhance the car-
bon, nitrogen, potassium and phosphorous contents
of soil. Moreover, the selected alga Anabaena azollae
is renowned for its ability to fix atmospheric nitro-
gen. The observed increase in phosphorus content
could be due to the phosphate-solubilizing capacity
of algal strain. Hence the nutrient enrichments in
soil were confirmed to be attributed by the meta-
bolic activity of algae and its synergistic growth in
treated soil samples. Similarly, improvements in mi-
cronutrient levels in algal-treated soil samples have
been previously documented by Issa et al., (2007).
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Soil microflora plays a vital role in maintaining
the soil structure and fertility of the soil. Edaphic
factors and the physico-chemical properties of soil
play a crucial role not only in the distribution of
plant varieties but also in influencing soil microbial
populations (Galal, 2017). According to Morrison et
al., (2017), the type of algae in the soil is a critical
factor in determining microbial communities.
Hence, the influence of algal amendment in soil mi-
croflora such as bacteria and fungi were determined.

Establishment of algal isolates increased the bac-
terial load in the treated soil, whereas the fungal
count in the treated samples was found to decrease
in comparison with the control soil (Fig. 1). This bac-
terial proliferation might arise due to the synergistic
interactions between algae and soil bacteria. In-
crease of soil pH by the algal isolates could contrib-
ute to the reduction in fungal count. Kidron et al.
(1999) reported that the hydrophobic nature of
cyanobacterial materials can increase the stability of
soil aggregates. Moreover, the exopolysaccharides
(EPS) secreted by a group of algae can stimulate the
aggregation and activity of soil microflora.

L

Control

Anabaena azollae
Bactenia (X100/ml) BFungt (X10/ml)

Fig. 1. Impact of algal amendment on soil microflora

Table 1. Impact of Algal Treatment on Soil Nutrients
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Growth and biochemical profile of treated and
control plants

Growth-promoting effects of seaweed-based fertiliz-
ers are well-documented, but studies based on
microalgae are comparatively limited (Kholssi et al.,
2019). Microalgal extracts can be applied in different
ways like soil amendments, foliar spray and seed
treatment. Because of the ease of application, foliar
spray is the most extensively used technique to ap-
ply bio stimulating agent. However, the deposition
of spray residues can adversely affect the appear-
ance of the plants (Battacharyya et al., 2015). To
tackle this problem, soil amendment can serve as a
suitable tool to select effective microalgal isolate for
formulating a commercial biofertilizer. Henceforth,
current study was performed in pot trails and hy-
droponics system to assess the influence of different
concentration of microalgal bio fertilizer (25, 50,
75%) on the growth and biochemical traits of onion
plants.

Soil amendment with Anabaena azollae signifi-
cantly increased the plant growth parameters viz.,
shoot length (37+1.3 cm), root length (5+0.7 cm),
number of roots (30+1) and number of leaves (25 +1)
in onion plants when compared with the control
plants (Fig. 2). The growth promoting efficiency of
Anabaena azollae was also reflected in biochemical
parameters such as total ash (16.68 % DW), fat (5.42
% DW), protein (15.85 % DW), crude fibre (38.73 %
DW) and carbohydrate content (7.8 % DW) of the
treated plants (Fig.3). This is likely due to enhanced
nutrient bioavailability and the production of or-
ganic acids that improve photosynthesis, root, shoot
elongation and overall biomass (Tripathi et al., 2008).
Moreover, microalgae are capable of synthesizing a
wide range of plant growth hormones and growth
factors like auxins, amino acids, B12, folic acid, and

Parameter A. azollae Condition Untreated soil- Control Condition
EC (dS/m) 0.25 Good 0.13 Good

pH 8.14 Medium 8.07 Medium
OC (%) 0 Low 0 Low

N 69 Low 57 Low

P 6 Medium 3 Low

K 25 Low 25 Low

Fe 5.668 Sufficient 3.967 Sufficient
Mn 4.955 Sufficient 2.957 Sufficient
Zn 0.967 Low 0.967 Low

Cu 1.214 Sufficient 1.568 Sufficient
B 0 Low 0 Low,
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No.ofroots

No.of leaves

Leaf length (cin) Root length (ci)

BAnabaena azollae 8 Control

Fig. 2. Comparison of morphometric parameters of
treated and control plants

nicotinic acid which can enhance growth and pro-
ductivity (Venkataraman and Neelakantan, 1967).
Numerous studies supported the significance of
microalgal extracts in improving plant traits.
Mutale-Joan et al., (2020) observed enhanced root
and shoot development in tomato treated with
green microalgal extracts. Barone et al. (2019) re-
ported upregulation of genes involved in nutrient
uptake in treated plants. Similarly, Chlorella sp. was
shown to stimulate flowering in tomato plants
(Plaza et al., 2018). The bulb formation in onion
plants majorly depends on the nutrient availability,
onion variety, type of soil and other agronomic prac-
tices. In this research work, formation of onion bulbs
was observed to be greater in plants treated with
Anabaena azollae when compared with control plants.
Both the count of bulbs and bulb diameter exhibited
an increase among all the treated plants (Fig. 4). The
supplementation of microalgal biofertilizers en-
hanced the vegetative growth of plants and this was
endorsed by Sharma and Ubadhyay (2020) who
stated that the increase of leaf area contributes to the
improved photosynthesis rate thereby increasing the

Total ash Fat Protem Crudefibre  Carbohy drates

O Anabaena azollae BControl

Fig. 3. Comparison of biochemical profile of treated and
control plants
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bulb length, bulb diameter and bulb weight. Like-
wise, Nasreen et al. (2008) reported that the applica-
tion of nitrogen-based fertilizers increased the dry
total biomass of onion.

Fig. 4. Formation of onion bulbs in plants treated with
Anabaena azollae

Verification of plant growth promoting potential
of algae by hydroponics system

Growth evaluation of treated and control plants
were accomplished by hydroponics system under
closed environment conditions. Concentration of
bioactive compounds in the algal bio stimulant de-
termines the growth promoting ability of selected
algal isolates. Hence, the growth promoting poten-
tial of algal bio stimulants were evaluated by three
different set of treatments (T1: 25%, T2: 50%, T3:
75% of algal extract).

After 15 days of treatment, Anabaena azollae ex-
tract (T3) significantly increased the plant growth
parameters viz., no. of leaves (10+1), leaf length
(16+1.3 cm), number of roots (29+2) and root length
(7+0.7 cm) in onion plants when compared with the
control plants. Sterile water control showed negli-
gible plant growth. Plant growth was enhancedon
increasing the concentration of algal extracts in vari-
ous treatments (Fig. 5, 6). Such type of concentra-
tion-dependent effect of Spirulina platensis and sea-
weed extracts were previously reported in egg
plants and rose plants by Dias et al. (2016) and
Sumangala et al. (2019) respectively. Kumari et al.
(2018) suggested that very low concentration of
bioactive compounds may have low or negligible
impact on plant growth, while excessively high con-
centrations may exert a negative effect as well. Reso-
nating with this, Supraja et al. (2020) found that the
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Treatment with Anabaena azollae extract

50% 75%

25%

Fig. 5. Morphometric analysis of control and treated
plants after 15 days of growth

14 o
12
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o
Azolla25% Azolla 50% Azolla75%
——No.of leaves ———Leaf length (cm) No.of roats Root length (cm)

Fig. 6. Influence of algal extract concentration on growth
of onion plants
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bio stimulating potential of microalgal extracts van-
ished beyond certain concentration and started to
inhibit plant growth. Farreira et al., (2021) empha-
sized that the plant growth promotion by
microalgae is more associated with its bio stimula-
tory activity rather than its nutrient content.

Characterization of algal extract by GC - MS

The bioactive principles present in the methanolic
extract of the selected algae Anabaena azollae was
identified using GC-MS analysis. The chromato-
gram of the analysed algal sample showed the pres-
ence of several notable compounds at different re-
tention times, as presented in Fig. 7. These com-
pounds were then identified based on mass spec-
trometry. The compounds identified in the
methanolic extract of Anabaena azollae, their retention
time and peak area were tabulated (Table 2). On the
basis of peak area (%), compounds like 9-
Octadecenamide (66.07%), Cyclohexasiloxane
(6.64%), Ethanone, 2-(4-Chlorophenyl)-1-
Cyclohexyl-2-(1-Piperidinyl) (4.44%) and 1,3-Diphe-
nyl-1-((Trimethylsilyl)Oxy)-1(Z)-Heptene (3.79%)
were found to be present in higher percentage than

hie

GEE

[ 1 1

180 B0 ‘ 300 80

min

Fig. 7. GC-MS Chromatogram of Anabaena azollae

Table 2. List of compounds present in methanol extract of Anabaena azollae

Peak Retention time Area % Name

1 13.839 6.64 Cyclohexasiloxane, Dodecamethyl-

2 17.447 3.79 1,3-Diphenyl-1-((Trimethylsilyl)Oxy)-1(Z)-Heptene

3 20.683 2.21 1-(3,4-Ditrimethylsiloxyphenyl)-2-Isopropylaminoethanol

4 23.478 1.43 Phosphonous Dibromide, [2,2,2-Trifluoro-1-(Trifluoromethyl)-1-
[(Trimethylsilyl)Oxy]Ethyl]-

5 37.77 66.07 9-Octadecenamide, (Z)-

6 38.58 0.64 5,8-Methanobenzol[3,4]Cyclobuta[1,2]Cycloocten-11-One, 4b,5,8,10a-Tetrahydro-,

7 38.642 1.29 Bicyclo[4.1.0]Heptane-7-Carboxylic Acid, 7-Cyano-2-Oxo-, Ethyl Ester

8 38.695 1.81 Bicyclo[4.1.0]Heptane-7-Carboxylic Acid, 7-Cyano-2-Oxo-, Ethyl Ester

9 38.74 4.44 Ethanone, 2-(4-Chlorophenyl)-1-Cyclohexyl-2-(1-Piperidinyl)-

10 38.888 3.28 Ethanone, 2-(4-Chlorophenyl)-1-Cyclohexyl-2-(1-Piperidinyl)-

11 39.015 1.26 Ethanone, 2-(4-Chlorophenyl)-1-Cyclohexyl-2-(1-Piperidinyl)-

12 39.081 143 6a.Alpha.,12a.Alpha.,5' .Beta.(Cis-.Alpha.,.Alpha.)-12a-Hydroxyrotenoide

13 39.115 1.03 6a.Alpha.,12a.Alpha.,5' .Beta.(Cis-.Alpha.,.Alpha.)-12a-Hydroxyrotenoide

14 39.16 2.34 6a.Alpha.,12a.Alpha.,5' .Beta.(Cis-.Alpha.,.Alpha.)-12a-Hydroxyrotenoide

15 39.265 2.34 Ethanone, 2-(4-Chlorophenyl)-1-Cyclohexyl-2-(1-Piperidinyl)-
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other compounds.

GC-MS analysis of Anabaena azollae methanol ex-
tract showed the presence of 9-Octadecenamide,
which was previously reported in Botryococcus
braunii and Nostoc muscorum by Gautam et al. (2019).
It was known to be a phytohormone which stimu-
lates the growth of plants. Although
Cyclohexasiloxane has been detected in Ulva lactuca
(Supriya and Haritha, 2022), its role in plant growth
remains unexplored.

Conclusion

The present study confirmed the beneficial effects of
the microalgal extract in enhancing soil nutrient
composition, microbial diversity, and plant growth
parameters in onion. The concentration-dependent
efficacy and the presence of bioactive compounds
identified via GC-MS further support their role as
promising bio stimulants. These findings underline
the potential of integrating microalgae into sustain-
able agricultural practices as a natural, eco-friendly
alternative to chemical inputs. By utilizing indig-
enous algae, the organisms will be adapted to the
soil textural and climatic conditions that impact
microalgal growth, activities and interactions with
other soil organisms. However, a thorough charac-
terization at molecular level and analysis of phyto-
hormone content would provide a clear insight on
the mode of action of selected biofertilizer. Further
investigations on the impact of climatic change and
field trials for a long duration are required before
commercialization of the algal biofertilizer. Effi-
ciency of algal biofertilizer can also be assessed by
foliar spray and root dip methods.
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