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Abstract: Ferns play an important role in the evolutionary studies with their unique phytochemicals and eccentric stellar regions.
According to PPG, Polypodiales include maximum macro-ferns and this study focused on the anatomical and phytochemical
properties of two aquatic sister Salviniaceae ferns, Azolla filiculoides and Salvinia molesta. The histological studies using safranin
stain, GC-MS using the methanol solution and antimicrobial test by induction disk diffusion- agar method was used for the study.
The hadrocentric anatomy, aquatic adaptations of Azolla filiculoides and Salvinia moelsta were studied. The methanolic extract
(ME) of these ferns showed Cyclohexasiloxan in large quantity, that has antibacterial and antiproliferative activity and ME of Azolla
shows more antimicrobial activity than Salvinia. Also, the phytochemical contents are also high in Azolla sp than Salvinia sp.
Anatomical and Antimicrobial comparison of sister ferns in Salviniaceae using methanol shows Cyclohexasiloxan in a notable sum
and the ecological and phytochemical adaptations of Azolla filiculoides is comparatively advanced than Salvinia molesta.

Index Terms - Azolla filiculoides, Salvinia molesta, antibacterial, stellar evolution, Cyclo-hexasiloxan.

l. INTRODUCTION

The Pteridophytes including ferns and lycophytes, split into two monophyletic lineages, where ferns are more closely connected
to plants that produce seeds [1]. In Plant kingdom, ferns are regarded as a crucial evolutionary connection between lower and higher
plants. [2]. More than 12,000 species of ferns identified and on which the majority are found in tropical and subtropical areas. India
is home to over 191 genera and over 1000 species [3]. Due to their peculiar life cycle on which the sporophyte and gametophyte
generations are independent and their unique transitional position between higher vascular plants and lower cryptogams, ferns have
long been a plant group of interest to botanists. The recent PPG classification (2016) on ferns is based on monophyletic groups,
morphological analysis, homogeneity and hierarchical equivalency and it includes 2 classes, 14 orders, 51 families, 337 genera and
11, 916 species of living pteridophytes [4] [5]. According to their evolutionary history and biology, they produce a distinct collection
of secondary metabolites [6]. Secondary metabolites, which plants produce under stressful conditions are metabolically inert
phytochemicals with a range of therapeutic and biotechnological applications. The fact that the majority of Pteridophytes are resistant
to microbial attack may be the reason for their 350-million-year lifespan and important role in evolutionary studies [7] [8].
Additionally, recent research has focused on the objective use and extraction of fern phytochemicals from large amounts of biomass
[9]. Especially invitro studies using the existing nutrient media can give multiple copies of plants that can be used in pharmaceutical
and therapeutic industries [10]. An extensive study related with biodiversity hotspots are required to protect these niche-specific
plants from overexploitation, monoculture, habitat destruction, species interventions and laborious invitro propagations [11].

The ferns in the Salviniaceae family are floating annual herbs with austere aquatic adaptations in their leaves, roots, and growth.
Based on their ecological and industrial applications, two common aquatic ferns from the Salviniaceae family viz. Azolla filiculoides
Lam and Salvinia molesta Mitch—were chosen for this study. They are cultivated in some places and become weeds in others [12].
The sister ferns, Azolla and Salvinia of same family Salviniaceae, show internal differences with symbiotic association in all its seven
species of Azolla, while any known co-symbiont was not observed in Salvinia ferns. A symbiont-host co-evolution may occur in the
Azolla lineage, that differs it from Salvinia ferns [13]. Being blue-green algae as co-biont, they are associated with soil fertility [14]
[15]. However, there are numerous unexplored therapeutic and biotechnological potentials for these enigmatic ferns. As they are
frequently used as biofertilizers and feed, this study aims to discriminate the antimicrobial and Phyto-potential of these aquatic ferns.

Il. METHODOLOGY

2.1. Collection of plant sample and anatomical study

Two aquatic Salviniaceae ferns, Azolla filiculoides Lam and Salvinia molesta Mitch were collected from the Attakatti, VValparai
region (elevation 1193m from sea level) of Western Ghats, Tamil Nadu, India during the month of March. The phytochemical content
of the plant was analyzed in Methanolic solvent as the high polar solvent like methanol can detect maximum secondary compounds
[16]. The collected plant samples were taken to the laboratory, washed thoroughly, air-dried, and kept in an oven at 70°C for 24
hours. The dry weight of the plant was estimated. The dried plant specimen was ground to a fine powder. A known quantity (15g) of
the sample was mixed with methanol (150 ml), and the phytochemicals were extracted by a Soxhlet apparatus. The crude extract was
concentrated in a rotary evaporator, and stored in a freezer for further tests.
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For anatomical studies, hand sections and staining with safranin/fast green was done and mounted in glass slides. The respective
microphotographs were obtained by a light compound microscope. Antimicrobial studies were done in agar disk diffusion method
with the antibiotics, Gentamicin as control against the plant pathogens.

2.2 Phytochemical analysis
2.2.1 Alkaloid

To 1ml of extract, 2ml of Mayer’s reagent was added. The formation of a yellowish-white precipitate indicated the presence of
alkaloids [17] [18].
2.2.2 Flavonoids

To ascertain the presence of flavonoids, an alkaline reagent test was performed. To 3ml of leaf extract, 4ml of 1IN NaOH was
added. The solution turned into an intense yellow color. On addition of dilute acid, the solution turned colorless that indicated the
presence of flavonoids.
2.2.3 Glycosides

The presence of glycosides was ascertained by Legal’s test. 1ml of each plant extract were treated with sodium nitroprusside in
pyridine and sodium hydroxide separately. Formation of pink to red color indicated the presence of glycolysis.
2.2.4 Quinones

1ml of concentrated sulphuric acid was mixed with 0.5ml of the leaf extract mixed with isopropyl alcohol. The formation of red
color showed the presence of quinones.
2.2.5 Saponins

The presence of saponins was ascertained by Foam test. 0.5 g of extract was shaken with 2 ml of boiling water and allowed to
cool and mixed well. Bubble formation indicated the presence of saponins.
2.2.6 Steroids

Steroids were ascertained by the Salkowski test. In brief, to 2 ml of the leaf extract, an equal amount of chloroform was added
followed by 2 drops of concentrated Sulphuric acid. The formation of a reddish-brown ring at the interface indicated the presence of
steroids.
2.2.7 Tannins

To 1ml of leaf extract, 5% FeCI3 was added. The formation of the brownish-green color showed the presence of tannins.
2.3 Histological studies

The fully grown and sterile plant parts are used for maceration by Schultze method using Conc. Nitric acid and KOH. The
macerated cells were observed under a light microscope (Labomed 2019) at 10x, 60x and 100x magnification using safranin stain
[19].
2.4 GC-MS analysis

The GCMS-QP2010 Ultra (Shimadzu) system was equipped with a BPX5 capillary column (30 m; 0.25 mm inner diameter; 0.25
mm film thickness; maximum temperature, 370°C) and a QP2010 Ultra (Shimadzu) MS. Ultra-high purity helium (99.99%) was
employed as the carrier gas at a constant flow rate of 1.0 mL/ min. The injection, transfer, and ion source all had a temperature of
280° C. The oven temperature was designed to raise at a rate of 3 ‘C per minute from 80 ‘C (hold for 2 minutes) to 280 C. The
crude samples were filtered after being diluted with the suitable solvent (1/100, v/v). In a syringe, particle-free diluted crude extracts
(1 L) were delivered into an injector at a split ratio of 10:1. All of the data was gathered by collecting full-scan mass spectra in the
40-550 amu scan range. The crude extract elements' percentage composition was reported as a percentage by peak area. The GC
retention time was used to identify and characterize chemical components in different crude extracts. The mass spectra were compared
to the standards in the NIST 08 mass spectrum library using a computer program.
2.5 Antimicrobial activity

The antimicrobial activity was determined by Kirby Bauer agar well diffusion assay. In brief, the nutritional agar medium was
prepared and sterilized by autoclaving at 121°C for 15 minutes at 15 Ibs pressure, then aseptically put into sterile Petri plates and
allowed to harden. Each Petri plate was swabbed on sterile buds with bacterial broth culture. Then, using a well borer, wells were
created. Aseptically, the methanolic extract of plants in organic solvents was added to each well. This method was repeated for each
Petri plate, after which the plates were incubated for 24 hours at 37 degrees Celsius. The plates were examined for the zone of
inhibition after they had been incubated. This procedure was repeated for each Petri plate then the Petri plates were incubated at 37°C
for 24 hrs. After incubation, the plates were observed for the zone of inhibition [20] [21].
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I1l. RESULTS AND DISCUSSION

3.1 Morphological studies
The morphology of the ferns (Salviniacea) was ascertained. Azolla filiculoides Lam is an aquatic fern consisting of a short,
branched, floating stem, bearing 2 or 3 soft roots at each node that hang down to the water (Figure.1). The leaves are alternately

arranged, each consisting of a thick aerial dorsal lobe containing chlorophyll and a slightly larger thin, colorless, floating ventral lobe
Under some conditions, an anthocyanin pigment gives the fern a reddish-brown color. Plant diameter ranges from 1-2 cm and root
size is 1cm in length. The plant exhibits great morphological variation depending on the conditions of habitat and sunlight intensity.

The optimum temperature for growth ranges from 20-30°C [22].
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S. molesta Mitchell is an aquatic fern that floats freely on the water surface with a horizontal rhizome (below the water's surface).
There are two different types of fronds (buoyant and submerged). Egg-shaped spore sacs containing sterile spores are produced by
the mature plant (Figure.2). It does not have genuine roots, yet its submerged fronds serve as roots. It has three whorls of fronds (two
floating and one submerged). The floating fronds are circular to oblong in shape and are oriented in the opposite direction to each
other. At the distal end of each papilla, four hairs (each consisting of a single row of cells) are linked together at their terminals to

form an inverted egg-

beater. The cage-like structure of the end hairs is an effective air trap giving the plant buoyancy in the water.

The papillae, end hairs and the upper surface of the plant are water-repellent. It grows extensively and branched. Most of the ferns
are part of folk medicines and fodders [23].
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Fig. 2, a. Whole plant under measurement, b. Salvinia Habitat c. a leaf, d. leaf hairs showing ‘egg-beater’ shape, e. C.S of stele of
stem f. V.S of leaf hair.
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3.2 Identification of phytochemical compounds

Comparing to other solvents like ethanol, acetone, Petroleum ether and water, methanolic extract of aquatic ferns shows maximum
phytochemicals in GC-MS analysis. The methanolic extracts of Azolla (MA) and Salvinia (MS) were taken for the qualitative
estimation of alkaloids, carbohydrates, flavonoids, quinones, saponins, steroids, and terpenoids (Figure-3). The presence of alkaloids
and quinones in both A. filiculoides and S. molesta were observed. Alkaloids in plants have toxicity against predators and diseases.
Since ancient times, plant alkaloids of diverse classes have been used in many forms due to its sensitive reactions. Also, fern-based
quinones and alkaloids exhibit anti-pathogenic properties. The remaining constituents like flavonoids, saponins, steroids and terpenes
were absent or present in little. Plant alkaloids and quinines are secondary metabolites, highly particular in its habitat location and
mostly therapeutic in nature. In earlier studies, presence of alkaloids was not reported from Salvinia sp. [24].

Phytochemicals in the Fern extracts
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Figure. 3: Chart showing the Comparison of phytochemicals in two extract,
MA- methano extract of Azolla, MS- methanol extract of Salvinia.

The methanolic extract of A. filiculoides and S. molesta (whole plant) gives 15 major phytochemicals. Cyclohexasiloxane,
dodecamethyl- (CHDC) emerged as a major phytochemical both in A. filiculoides (23 %) and S. molesta (32%) in GC-MS analysis
(Table-1,2). Interestingly, CHDC is useful in numerous industrial applications like cosmetics, electronics, health-care products,
lubricants etc. Benzoic acid, 2,6-bis (trimethylsiloxy)-, trimethylsilyl ester forms the second important compound in A. filiculoides
(16%) and S. molesta (18%) with anti-bacterial and anti-fungal properties.

Table 1. Identification of compounds from methanolic extract of Azolla plant

Peak Retention Area % Height% A/H Compound
time
1 10.055 15.42 16.89 1.56  Benzoic Acid, 2,6-Bis (Trimethylsiloxy)-,

Trimethylsilyl Ester

2 13.988 21.68 23 1.61 Cyclohexasiloxane, dodecamethyl-
3 17.609 2.9 3.74 1.32 (SS)- or (RR)-2,3-hexanediol
4 26.579 3.79 411 1.57 Fluro[2,3-c] pyridine, 2,3-dihydro-2,7-
dimethyl-
5 38.85 3.33 3 1.89  1-Propene, 2-(3-methylphenyl)-1-phenyl-,
(2)
6 38.935 4.48 6.71 1.14 3 -5-( 3'-bu-benzyloxy tenyl)-4-
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39.071

39.16

39.27

39.29

39.337

39.37

39.81

40.245

40.3

9.48

5.79

0.61

5.76

3.73

2.38

247

17.53

0.65

6.33

5.87

3.27

5.74

55

3.55

3.36

2.09

2.56

1.68

0.32

1.71

1.19

1.14

1.25

4.27

0.53

-[(T-Butyl) dimethylsilyloxymethyl] ]-2-
methylpyridine
3-benzyloxy-5-(3'-butenyl)-4- [(t- butyl)
Dimethylsilyloxymethyl]-2-
methylpyridine
2-hexamethyl-6,7-diphenyl,9-hexahydro-
3-methylcholest-5-en-3-ol nitrite
D-Valyl-DL-Valine, N, N'-dimethyl-N'-
(3- chloropropoxycarbonyl)-, pentyl ester
3-Benzyloxy-5-(3'-butenyl)-4-[(t-butyl)
dimethylsilyloxymethyl] -2-
methylpyridine
Diethyl [2'-(1"- cyclohexenyl) ethylimino]
malonate
Ethanone, 2-(4-chlorophenyl)-1-
cyclohexyl-2-(1-piperidinyl)-
4,5-dianilino-1,3-
imidazolidinedicarbaldehyde
Ethanone, 2-(4-chlorophenyl)-1-

cyclohexyl-2-(1-piperidinyl)

Table 2. Identification of compounds from methanolic extract of Salvinia plant

Peak Retention Area% Height% A/H Compound
time
1 10.048 21.12 18.69 1.74 Benzoic acid, 2,6-bis(trimethylsiloxy)-,
trimethylsilyl ester
2 13.986 32.42 28.55 1.74 Cyclohexasiloxane, dodecamethyl-
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17.603

37.062

39.492

39.533

39.58

39.722

39.832

39.903

40.003

40.065

40.095

40.125

40.197

5.63

3.7

3.82

2.3

1.24

3.27

9.04

3.99

2.19

2.4

1.95

4.34

2.59

741

3.36

3.79

3.32

3.38

3.61

3.8

3.44

3.68

6.2

3.55

3.62

3.6

1.17

1.69

1.55

1.07

0.56

1.39

3.66

1.78

0.9

0.6

0.84

1.85

11

2-cyclobuten-1-one, 4- [[(1,1
dimethylethyl) dimethylsilyl] oxy]-2,3-
dimethoxy-4-(3-phenyl-1-propynyl)-
4-(benzoylmethyl)-6-methyl-2h-1,4-
benzoxazin-3-one
Dimethyl bis(3-iodopropyl) malonate
4 h-pyrazino carbazole, 5,6-dihydro-
Dimethyl bis(3-iodopropyl) malonate
3-methylcholest-5-en-3-ol nitrite
Octadecanoic acid, (1,1-dimethylethyl)
dimethylsilyl ester
Dimethyl bis (3-iodopropyl) malonate
Ethanone, 2-(4-chlorophenyl)-1-
cyclohexyl-2-(1-piperidinyl)-
3-methylcholest-5-en-3-f-ol nitrite
3 a -methylcholest-5-en-3-. B-ol nitrite
Dimethyl bis(3-iodopropyl) malonate

3 a-methylcholest-5-en-3-B-ol nitrite
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3.3 Histological studies

The maceration studies using the Schultze method showed spirally coiled xylem tracheid (Figure.4). A. filiculoides have single
tracheid in its whole anatomy and small branches bifurcates at nodes to the leaf lobes. The root has no specialized tracheid and
elongated parenchymatous cells with thin walls and large vacuoles can be observed. In Salvinia molesta, the root carries multicellular
pointed root hairs with blunt root tip. The root carries 1-2 celled spirally coiled xylem tracheid and in stem 4-5 bunches of xylem
tracheid can be observed. The histological studies showed resemblances in spirally coiled tracheid cells with elongated large vacuole
parenchyma cells in both plants. These structures may help them in the floating aquatic habitat of Polypodial plants.
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A- Rhizodermal cells showing multicellular trichoblast, 1-2 spiral tracheids in Salvinia root, B- 4-5 spiral
tracheids of Salvinia stem. C- single tracheid in A-olla plant, D- single tracheid in stem of A-olla (enlarged
view), E-elongated parenchyma cells in 4-olla root.

Figure. 4: Histological comparisons of Azolla filiculoides and Salvinia molesta.
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3. 4 Antibacterial activity

The antibacterial activity of A. filiculoides and S. molesta were performed with gentamicin as a control. Pseudomonas aeruginosa
and Xanthomonas citri are two common gram-negative bacterial pathogens affecting crop plants [25]. The methanolic extract of
Azolla (MA) and Salvinia (MS) tested for antibacterial activity at various quantities (25 pl, 50 pl, 75 pl and 100 pl) against known
concentration of P. aeruginosa and X. citri (Figure.5). Comparatively, A. filiculoides demonstrated better antibacterial activity against
P. aeruginosa and X. citri. A. filiculoides showed inhibition with 22mm and 20mm diameter (100pl) against P. aeruginosa and X.
citri separately (Table-3). S. molesta presented maximum inhibition (100ul) of 20mm and 17mm diameter against P. aeruginosa and
X. citri respectively. Presumably, the antibacterial activity was pertaining to the presence of phytochemicals like alkaloids and
quinones.

Figure. 5 Anti-microbial study on crude methanolic extract against P. aerugenosa and X.citri.

Table 3. Antibacterial activity of MA and MS

MA extract and the Zone of inhibition (mm/ml)
MA 25 l 50 pl 75 ul 100 pl Control
P. aeruginosa 13 15 18 22 24
X. citri 12 15 17 20 20
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MS extract and the Zone of inhibition (mm/ml)

MS 25 pl 50 pl 75 ul 100 pl Control
P. aeruginosa 13 15 18 20 24
X. citri 11 13 15 17 20

IV. RESULTS AND DISCUSSION
4.1 Results of Descriptive Statics of Study Variables

The habitat specific phytochemical and antibacterial properties of Salviniaceae were reported earlier [26] [27] and this study also
revealed a significant level of antagonistic action on the microbes. The anatomical features of these ferns are only primitive level.
The hadrocentric vascular bundles with phloem surrounded by xylem adaptations in vegetative parts help them to multiply faster.
The Salvinia grows without roots and the leaf hairs are highly adapted to their buoyancy and reproduction. The ecological
modifications of the Azolla helps them to grow faster and multiply in a good organic medium. Quinones, alkaloids and CHDC were
found in both plant species. Commercially, these ferns are useful to support farmers' requirements in crop productivity, animal
feed/husbandry/treatment of diseases, eco-friendly and sustainability. Salviniaceae ferns are widely used as biofertilizers and they
indirectly act as a fuel for the plant growth. The enrichment of soil fertility by these ferns and also as fodder make them potential
plant species. As the primitive Cryptogames, these ferns may be invasive to some places, but comparing to their soil reclamation
they enrich nutrients to the soil. They made sociable niche to the diverse nitrogen enriching cyanobacteria and there by enhance the
fertility of soil by reducing the noxious hydrocarbons [28], [29]. The Cyanophytes can also dwell in most of the hostile environment
even the climate is also adverse. [30]. In this study, the anatomical comparison of ferns in evolutionary aspects has studied and also
observed a direct correlation between their antibacterial efficacy with their biomass. Further, much studies on niche-based
phytochemicals of ferns are essential for their preservation and use.
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