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Abstract

Salinity is one of the most serious problems to agricultural productivity. The aquatic fern Azolla is used
as an effective bio-inoculant in rice paddy production. Result indicated that two species of Azolla chosen
based on survivability which is A. microphylla (salt-tolerant) and A. rubra (salt-sensitive) in 80 mM
NaCl. Although using standard screening protocol is better than hydroponics condition due to its provide
natural condition for screening of Azolla plant. Although the DT was lower in A. microphylla, under salt
stress (80 mM NaCl) the total biomass increased as characterized by RFC, RGR, DW and ARL in
comparisons with A. rubra which had comparatively higher DT. Similarly, the MC reduced sharply with
rise in salt concentration in A. rubra. Under salt stress condition soil pH and EC was reduces by Azolla
plant but highly reduces by A. microphylla contrast A. rubra. After 15 days, reductions in chl a and b and
carotenoid contents were found to be associated with both the strains, however with rise in salt
concentrations, significant increase in anthocyanin content was observed in both the strains. The
concentrations of antioxidant enzymes such as SOD, APX, CAT and proline and depicting the
antioxidant mechanisms in this species play major role for salt tolerance. MDA content was increased
with rise in salt concentration in both strain of Azolla. Presence of NaCl in the nutrient medium Na*and
Ca® increased in plant cell at different salt stress, while it reduced the cellular K* level in both species
when rise salt concentration.

Keywords: Azolla, salt stress, antioxidant enzyme, plant pigment, ion fluxes

1. Introduction

Increasing soil salinity is a serious threat to the growth and development of plants. Application
and non-judicious use of fertilizers, loss of forest cover and improper water usage have
resulted in an increase in the salinity level. The plant growth is untenable in soils that contain
too much salt. It has been estimated that globally 0.5 to 1.0% of the irrigated area is being lost
every year due to salinity. Increase in the soil salinity leads to significant reduction in crop
production. Salinity induced decrease in the yield in some areas was around 97%. It is
therefore important to understand the salinity tolerance of an argonomically important
organism like Azolla which helps in sustaining the productivity and improving the fertility of
the soil. Salinity leads to a wide variety of physiological and biochemical perturbations in
plants leading to decrease in growth, uptake of mineral nutrients, photosynthesis, water
relations, respiration, protein synthesis and nucleic acid metabolism.

The nitrogen fixing aquatic fern Azolla is found floating on the surface of water bodies and has
a fast doubling time of 5-10 days. Azolla plant is an extremely small sporophyte having a
rhizome which is horizontal (0.5 to 7 cm in diameter) and densely arranged branches and
overlapping leaves. The single leaf has a thin ventral and thick dorsal lobe and cavities present
in the dorsal lobe house the symbiotic cyanobacteria (Peters and Mayne, 1974) 53, Azolla is an
effective green manure and biofertilizer for flooded crops particularly rice. Inoculation of
Azolla improved the physico-chemical properties of the soil due to release of nutrients and
organic matter. Azolla-Anabaena system is thus important for the improvement of nitrogen use
efficiency in rice crop (Yao et al., 2018) . The exploitation of Azolla as biofertilizer is
limited by increasing salinity which diminishes its growth and productivity. However, very
few reports are available on the impact of salinity on ferns. Salinity tolerance in pteridophytes
has been addressed but few pteridophytes exhibit considerable salinity tolerance.
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Salinity stress causes the disruption of cellular and metabolic
machinery by causing osmotic and ionic stress which
ultimately affects plant growth and development.

The stress response mechanism includes avoidance and
tolerance to stress. In stress avoidance, a number of protective
mechanisms are employed by the plants to protect them from
the adverse impact of the stress. Enhanced production of
reactive oxygen species (ROS) in the cells is another serious
impediment for the normal metabolism under salinity stress.
An increase in the levels of ROS lead to oxidative stress and
cause damage to the biomolecules such as proteins, lipids,
carbohydrates, DNA and adversely affect the cellular
metabolism. Plants have developed appropriate mechanisms
to scavenge the ROS through the coordinated action of
enzymatic as well as the nonenzymatic antioxidants.
Epigenetic changes and modified expression of specific genes
have been reported in response to salinity stress conditions.
High concentration of salts exerts a negative effect on the
plant metabolism and growth due to accumulation of Na*and
CI™ ions and osmotic stress. Maintaining the ion homeostasis
is important to regulate the excess Na*ions which is toxic and
disrupts the enzyme activities and interfere with the K* ions.
Enhanced production of reactive oxygen species (ROS) in the
cells is another serious impediment for the normal metabolism
under salinity stress.

Therefore, the present study was evaluate the effects of salt
stress on the activity of antioxidant enzymes, ion leakage
nutrient content and soil pH and EC in two species of Azolla
plants (A. microphylla and A. rubra) which are commonly
found in the paddy fields in order to better understand their
differences in salt tolerance.

2. Materials and method

2.1 Study location and protocol for screening Azolla under
salinity

Experiments were conducted at the microbiology net house
(20.52°N latitude and 85.83°E longitude) at the ICAR-
National Rice Research Institute, Cuttack during rabi season
(Nov-Feb, 2019). For the experiment, each small plastic pot
(30.48 cm diameter) was drilled using a drilling machine to
create holes evenly spread to the side walls of the pot. Each
hole was around 0.5 cm in diameter and 2 to 3 cm gap was
maintained between two successive holes. A nylon mess was
placed at the bottom of the perforated pot, then a thick layer
followed by a medium and thin layer of gravel was placed at
the bottom of the pot one after another. A layer of sand was
placed on the top of the gravel, one perforated pipe
(Piezometer) put into the soil, with its opening outside the soil
field (Plate 3.1 and 3.2). Then all pots put into the plastic tub
(height 0.30 m and diameter 0.50 m), so that water could pass
into the pots through the bottom. Water inside the piezometer
was obtained from saturated soil. The salinity level of the
saturated soil extract inside this piezometer checked using a
hand-held pH-EC meter. Salinity levels of 80 and 120 mM
NaCl were maintained along with control (0 mM NaCl)
throughout the growing period or Azolla selected for this
experiment.

2.2 Inoculation of Azolla spp

Fresh Azolla (0.44-0.50g) were surface sterilized using 0.1%
mercury chloride (HgCI2) and then washed with distilled
water for 4-5 times and inoculated in the pots which have
been kept inside a water tub filled with 19L water. The water

https://www.thepharmajournal.com

level in the plastic tub was maintained at 3-5 cm above the
soil surface of the perforated pots and salinity level was
maintained at 80 and 120 mM NaCl with a control (0 mM
NaCl). The water level in the plastic bath maintained at 5-3
cm above the soil surface of the perforated pots. In pot culture
only Azolla was inoculated after treatment of different level
(0, 80 and 120 mM) of NaCl.

2.3 Determination of relative frond count, frond length,
frond width and fresh biomass of A. microphylla and A.
rubra under salt stress

Relative frond count (RFC), frond length and frond width
were analysed after 15 days of uniform growth of A.
microphylla and A. rubra in IRRI media under different NaCl
treatments with respect to control (growth under NaCl-free
IRRI media) by using following formulas.

RFC = (Nt-NO)/NO )

NO = Total initial number of fronds inoculated, Nt = Total
number of fronds on the 8™ days of inoculation.

Frond length and width of Azolla under different treatments
were measured by manual scale calculated the by following
formulas.

For determination of Azolla biomass productivity, fresh
Azolla biomass was collected after 8 days of NaCl stress
inoculation and fresh biomass weight was recorded after
blotting.

2.3. Determination of relative growth rate and doubling
time

The plant samples were collected after 8daysrinsed with
double distilled water, blotted using filter paper and recorded
fresh weight immediately. The sample was dried using hot air
oven at 60°Cin order to obtain a constant weight. Relative
growth rate (RGR) was calculated based on the weight by
using following method.

RGR = (|nDW2 - |nDW1)/ L-1 (2)

Where, InDw1 and InDw2 were natural logarithm of initial
fresh weight of Azolla (0.22 g) and final fresh weight of
Azolla (after 15 days of growth), respectively. At times t,and
t;, Dw, and Dw; were the weights.

DT = In2/RGR (3)
Where, DT: doubling time and expressed asd™.

2.5 Moisture content

Determination of moisture content of Azolla, after 15 days
inoculation, first taken fresh weight of sample then sample
were keep in autoclave for 24 hrs in 60 °C. When dry sample
was constant in weight then final weight was taken.

2.5.1 Estimation of pigments from Azolla (chlorophyll a, b,
carotenoid and anthocyanin)

15 day sold Azolla was harvested from each treatment and
then blotted on filter paper. Samples were ground with 80 %
acetone in cooled mortar and pestle and kept overnight at
4°Cunder dark conditions. Centrifugation of the samples was
done for 5minat 4°C at 10000 g and supernatants was
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collected in a new tube and the process was repeated till it
becomes colorless. At 645 nm and 663 nm the reading of the
solution was taken, where solvent acetone was kept as blank
chl a and b concentrations were estimated by using the
following formula:

Chl a: 12-7(A663) —2.69 (A645) (4)
Chl b: 22.9 (Asss) — 4.68 (Aess) (5)

The value of chl a and chl b were derived in mg g fresh
weight (FW) of Azolla fronds.

Carotenoid content was also extracted in 80 percent of
acetone by using spectrophotometer (Evolution™ 300 UV-
Vis, US) as per method of Lichtenthaler (1987) U, Take
fresh Azolla tissue and add 80% acetone and grind it well in a
mortar and pestle. Now centrifuge it at 3000rpm for 10 mins.
Take the supernatant and discard the pellet. Now read the OD
values at 470 nm in UV-spectrophotometer.

Azolla anthocyanin was extracted by blending samples (0.2 g)
kept in dark at 4°C for 2 days with 50 mL of 1% HCI (v / v)
in  methanol. Then the extract was filtered and
spectrophotometer was used to measure anthocyanin at two
different absorbance that is 530 nm and 657 nm.

2.5.2 Estimation of pH and Electric conductivity

Among these, pH, and EC/TDS are usually measured on the
experimental spots by using portable pH meter, EC/TDS
meter (Poratble Multimeter. HACH Portable case far pH,
pH/ISE Conductivity & DO Meter).

2.12. Estimation of lipid peroxidation

Lipid peroxidation was measured as the amount of MDA
produced by the thiobarbituric acid (TBA) reaction, as
described by Dhindsa et al., (1981) 81, Fresh leaves (0.5 g) of
control and NaCl treated-plants were homogenized in 2 ml of
20% (w/v) trichloroacetic acid (TCA). The homogenate was
centrifuged at 3500 g for 20 min. 1.5 ml of 20% TCA
containing 0.5% (w/v) TBA and 100 mL 4% butylated
hydroxyl toluene in ethanol were added to 0.5 ml of the
aliquot of the supernatant. The mixture was heated at 95 °C
for 30 min and was then quickly cooled in ice. The extracts
were centrifuged at 10,000 g for 15 min and the absorbance
was measured at 532 nm. The value of non-specific
absorbance at 600 nm was subtracted. The concentration of
MDA was calculated using an extinction coefficient of 155
mM!cm?.

2.8. Nutrient determinations

Azolla grown under different treatments were washed and
blotted on filter paper to determine the Ca*, Na* and K* ions.
A mixture (1:1, v/ v) of HNO3: HCIO,4 was used for digestion
of the sample (0.5 g each) in a boiling water bath for 30 min,
Ca*, Na* and K* were evaluated using a flame photometer
(Association of Official Analytical Chemists, 1984).

2.9. Estimation of electrolyte leakage

Electrolytic leakage (EL) was analysed in 15 days old Azolla,
harvested from each treatments as per methodology of
Dionisio-Sese and Tobita (1998) 1. Fresh Azolla (0.2 g)
were blotted and were chopped into small parts (5 mm) and
kept in test tube containing 10 mL deionized water. At 32 °C
the sample was incubated in a water bath for 2h and the first
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electrical conductivity (EC 1) of the sample was recorded.
Later the sample was autoclaved at 121 °C for 20 min and
cooled at 25 °C. All the electrolytes were expelled from the
sample and recorded the last electrical conductivity (EC 2).
The electrolytic leakage was determined using the

EL = (EC1/EC2) x 100 and expressed as %.

2.10. Determination of superoxide dismutase (EC 1.15.1.1)
activity

Superoxide dismutase (SOD) activity in 15 days old Azolla
was determined as per methodology of Stewart and Bewley
(1980) 9, The fresh Azolla plant (0.1 g fresh weight) was
crushed into fine powder in liquid nitrogen and the sample
was blended in 50 mM potassium phosphate buffer (10 ml)
having pH 7.5 and for 10 min the sample was centrifuged at 4
°C in 9000 g. SOD activity was determined by measuring its
potential to inhibit the photochemical depletion of nitro-blue
tetrazolium (NBT). These reaction mixtures included 0.3 mL
(sample) enzyme extract in 100mM phosphate buffer (pH
8.0), 200 mM methionine, 3mM EDTA and 2.25 mM NBT,
Na,Cozadded 0.1 mL and distilled water 0.6 mL. Followed by
addition of 2 mM riboflavin to the sample mixture in order to
initiate chemical reaction and the sample was placed at a
distance 30 cm apart from the fluorescent tube for 10 min and
the absorbance was determined at 590 nm.

2.11. Determination of ascorbate
1.11.1.11) activity

Ascorbate peroxidase (APX) activity in 15 days old Azolla
was determined as per methodology Nakano and Asada
(1984) 81, In an ice-cold homogenization buffer the Azolla
plants (0.1 g fresh weight) were crushed using cooled morter
and pestle. Reaction mixture containing 1 mL having pH 6.1
phosphate buffer (50 mM), 0.5 Miguiacol (96 mM), 0.8 mL
distilled water, 0.5 mL of H,O, (0.5%) added the time of
absorbance and 0.2 mL of the enzyme extract. Take
absorbance at 470 nm. One enzyme unit determined the
amount of enzyme necessary to decompose 1 umoL ascorbate
per milligram of protein per minute at 25 °C.

peroxidase (EC

2.12. Estimation of protein

Azolla protein was determined as per methodology of
Bradford assay (1976), taken standard observation at 595 nm
absorbance. Samples of Azolla (100 - 300 mg fresh) are
powdered with liquid nitrogen, using pre-cooled mortars and
pestles. Azolla proteins are extracted by blended in the
described cold 0.05 M Tris buffer. A small quantity (0.05 g)
of the antioxidant polyvinyl polypyrollidone (PVPP) is added
to each sample during the blend procedure, keep tube in ice.
Homogenates are transferred to cold centrifuge tubes (2 ml
Eppendorf tubes) and then was centrifuged at 14,000 - 19,000
for 20 min. at 4 °C. After centrifugation, clear supernatants
can be used immediately for the protein assay at 595 nm, or
frozen at -20 °C and used later.

2.13. Estimation of proline

Proline content was determined as per methodology of Bates
et al., (1973) 4. Proline was extracted from the 500 mg
fronds with10 mL sulphosalicyclic acid (3%) and centrifuge
at 15000 rpm at 15 min. 2 mL extract was mixed with 2 mL
of a mixture of glacial acetic acid and orthophosphoric acid (6
M) (3:2, v/v) and ninhydrin (2 ml). After 1 h of incubation at
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100 °C in water bath, the test tubes were cooled for 30 min
and 4mlLtoluene was added. Absorbance was determined
spectrophotometrically at 520 nm, and the proline content was
determined using standard curve.

3. Result

3.1 Effect of salinity on growth in pot culture

ANOVA has shown significant varietal growth effect in pot
culture. Significantly (0.05 %) RFC in A. rubra reduces after
15 days of inoculation (DOI) in 80 and 120 mM NaCl and no
further development was observed at greater levels salt
(NaCl). However, A. microphylla was found to be salt (NaCl)
tolerant at 80 mM NaCl but with considerably reduced RFC,
at 120 mM salt concentration there was no growth in A.
microphylla.

Under salt (NaCl) stressed condition (80mM NaCl) the RFC
(number d*) of A. microphylla was significantly decreased by
1.85 (80 mM) as compared to control (3.1), while the RFC of
A. rubra was checked in80 and 120 mM survived only in
control condition (Table 1). The ARL (cm) of A. microphylla
after 15 days was significantly decreased at 80 mM (1.57) as
compared to control and while in A. Rubra ARL sharply
reduced in 80 mM (0.34) as compared to control (2.01) (Table
1). The production of dry biomass (t hac!) of A. microphylla
was greatly reduced by 80mM (0.10) compared to the control
(0.14). However, dry biomass of A. microphylla higher (0.10)
in 80 mM compared to A. rubra (0.03). DT (t hac?) of A.
microphylla (13.72) was longer in 80 mM as compared to
control (4.22). However, DT of A. rubra was significantly
higher (44.24) in 80 mM compared to control (5.82) (Table
1). RGR (g g*' fresh Azolla) of A. mirophylla was
significantly decreased (0.05) in 80 mM as compared to
control (0.17) (fig. 1). Similarly RGR of A. rubra was
significantly higher (0.01) in 80 mM compared to control
(0.12) (Table 1). MC (%) of A. mirophylla was significantly
decreased (93.01) in 80 mM as compared to control (94.79).
Similarly, MC content in A. rubra was significantly reduces
(84.45) in 80 mM as compared to control (93.82). Frond
length and width (cm) of A. mirophylla was significantly
decreased (0.80 and 1.04) in 80 mM as compared to control
(1.02 and 1.56) (fig. 1). Similarly, frond length in A. rubra
was significantly reduces (0.60 and 0.44) in 80 mM as
compared to control (0.91 and 0.68). After 15 days of
inoculation A. microphylla was unable to tolerate salt (NaCl)
stress at 120 mM and A. rubra in at 80, 120 mM. At 120 mM,
the A. microphylla plant looked like yellow, brown and gets
degraded. Similarly, A. rubra looked like yellow, brown and
get degraded at 80 mM and 120 mM (Table 1).

3.2 Effect of salinity on pigments in pot culture

When A. microphylla and A. rubra exposed to salt (NaCl)
stress, showed a decreased amount of chl a and b and
carotenoid content. Compared to A. microphylla significant
reduction in Chl a and b of A. rubra was observed. At 80mM
in A. microphylla chl a (mg mL?) was (2.93) was
significantly decreased compared to control (3.08) (Table 2),
but chl a was significantly higher in A. microphylla (2.93 and
3.08) as compared to A. rubra (2.63 and 2.81) under 80 mM
NaCl and controlled condition. At 80mMChl b (mg mL™?) in
A. microphylla was significantly decreased (0.85) as
compared to control (0.89) but chl b was significantly higher
in A. microphylla (0.85 and 0.89) as compared A. rubra (0.73
and 0.77) under 80 mM NaCl and controlled condition.
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Similarly, carotenoid content (mg g*fm) was significantly
decreased when NaCl concentration increased and reduction
of carotenoid content was higher in A. rubra (2.59 and 1.32)
compared to A. microphylla (3.50 and 2.88) at Oand 80 mM
(Table 2). With enhanced concentration of NaCl, anthocyanin
pigment (g kg™) has risen considerably. Anthocyanin content
of A. microphylla was higher in 80 mM (0.88) as compared to
controlled condition (0.56), but anthocyanin content was
significantly higher in A. microphylla (0.88) as compared to
A. rubra (0.76) under 80 mM NacCl.

3.3 lon fluxes

Greater extent of electrolytic leakage (%) was significantly
observed at 80 mM in A. microphylla (30.26) compared to
under controlled condition (22.38) (Table 2) but A. rubra was
sensitive to 80 mM (27.29) of NaCl concentration as
compared to control (15.49). EL affected the cell membrane
due to NaCl.

3.4 Soil EC and pH

Treatment of different level of NaCl (0, 80 and 120 mM), soil
EC was significantly reduced (0.53, 7.77 and 10.83
respectively) by A. microphylla as compared to treatment of
A. rubra (0.69, 8.40 and 11.11respectively). Similarly, soil pH
was significantly reduced by A. microphylla (7.53, 6.37 and
6.42) as compared to A. rubra (7.31, 6.44 and 6.37) at 0, 80
and 120 mM (Table 2).

3.5. Antioxidant enzymes

The two species of Azolla showed a substantial distinction in
SOD content (units mg? fwt!) as a result of increased
concentration of NaCl. SOD activity was significantly
increased (0.67) in A. microphylla when subjected to an
increased in NaCl levels at 80 mM as compared to control
(0.21), similarly result found in A. rubra (0.24 and 0.32) at 0
and 80 mM, but higher SOD activity in A. microphylla than A.
rubra (Table 3).

In A. microphylla APX activity (unit g.fwt.? min?) was
higher in at 80 mM (45.86) compared to control (34.02), but
similarly result found in A. rubra (28.91 and 34.48)at 0 and
80 mM. Another antioxidant enzyme CAT (umol h,O; reduce
mg? protein m?t) was significantly increased (5.65) in A.
microphylla at 80 mM as compared to control (3.28), but
similarly found in A. rubra (2.45 and 3.57) at 0 and 80 mM
(Table 3). Due to salt stress (NaCl), the distinct reaction of
antioxidant enzymes like SOD APX and CAT indicates the
role of oxidative stress as a part of Azolla plant environmental
stress.

3.6 Osmotic stress

Salinity increased proline content (U g g*) at different salt
(NaCl) concentrations 80 and 120 mM NaCl in Azolla species
(fig. 4C). Under 80 mM NaCl stress conditions, the highest
proline content was observed in A. microphylla at 80 mM
NaCl (34.16) as compared to control (21.23) at 0 and 80 mM
(Table 3), similarly result was observed in A. rubra (20.27
and 30.84) at 0 and 80 mM.

3.7 Lipid peroxidation

Salinity increased MDA content at different salt (NaCl)
concentrations 0 and 80mMNaCl in Azolla species. Under
80mMNaCl stress conditions, the highest MDA content was
observed in A. microphylla at 80 mM (1.23) as compared to
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control (0.93) (Table 3), similarly result was observed in A.
rubra (0.87 and 1.22) at 0 and 80 mM.

3.8 Na*, K*and Ca?* content estimation

In this study, the highest Na* content (umol mg dry wt!) was
significantly increased observed in A. microphylla (36.16)
exposed at 80mM as compared to control (26.59), similarly
result was observed in A. rubra (25.49 and 105.75) at 0 and
80 mM. In case of K* content A. microphylla exposed to 80
mM NaCl the K* content was significantly increased (36.31)
when NaCl concentration was increased as compared to
control (22.58) (Table 3) but in case of A. rubra at 80 mM
(13.11), K* content was decreased as compared to control
(20.37). The Ca?* content (umol mg dry wt?) increased when
salinity (NaCl) concentration was increased. Ca?* content was
significantly higher in A. microphylla (42.76) in 80 mM as
compared to control (20.64) (Table 3), but similarity result
found in A. rubra (14.22 and 36.83) at 0 and 80 mM NaCl.

4. Discussion

Many studies indicated that salinity is an important abiotic
factor that reduces plant development and manufacturing
(Parida and Das, 2005) [*°1, However, strategies are required to
increase salinity tolerance of these species in order to better
exploit them for future use as bio-inoculants. With several
experiments conducted by various researchers in order to find
the best salt tolerant species of Azolla, the minimizing growth
rate was observed in A. pinnata with change in different NaCl
treatments like when the concentration was increased from 10
to 20 mM in the nutrient medium, indicating that 20 mM is
the critical salt level for plants that did not thrive against
salinity (Rai and Rai, 2000; Mishra and Singh, 2006) 5531, In
some cases the growth of A. filiculoides was reduce
significantly by salt level above 10 mM NaCl whereas A.
pinnata survived well in 30 mM but again the growth was
almost completely reduce at 40 mM NaCl (Masood et al.,
2006) B8l Inhibition of growth and down regulation of
proteins related to energy metabolism and photosynthesis in
A. microphylla due to salinity (Thagela et al., 2017) 'Y, Major
causes of reduction of growth may be cause to osmotic injury
or severe toxicity of ions due to salt entry (Nandwal et al.,
2000; Shrivastava and Kumar, 2015) 7 ¢4 Excess salt
reduces leaf water potential that results in reduced nutrient
uptake and water by the plant (Baccio et al., 2004) 10,
Salinity reduced biomass production of all Azolla species
except A. microphylla, having highest resistance to salinity
followed by A. rubra, but A. pinnata could not survive in high
salt levels (Majumdar et al., 1993) B With respect to
different levels of NaCl (0, 5, 100, and 150 mM), the relative
growth rate (RGR) and biomass production decreased, and
this decrease was found to increases the duplication of the
control condition (Mostafa and Tammam, 2012) 13, With
increased salt stress condition the average root length of A.
microphylla reduced due to water deficiency and reduced
mineral uptake (Thagela, 2017, Rai and Rai, 2003) [* %81, The
relative growth rate (RGR) of A. filiculoides was decreased
when NaCl (30, 60, 90 and 120 mM) increased in the nutrient
solution. Doubling time (DT) and relative growth rate (RGR)
were decreased when A. caroliniana was treated with
different levels of NaCl (0, 50, 100, and 150 mM) (Mostafa
and Tammam, 2012) 3 due to inhibition of cell division of
Azolla. Salt can directly have an impact on pigment content of
the plant, like at higher concentrations of NaCl particularly 30
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and 40 mM, the chl a/b ratio was significantly lower, and at
lower NaCl concentrations such as 10 and 20 mM the chl a/b
ratio was high, and significantly the chl a/b ratio was higher in
control conditions (Masood and Abraham, 2006) (% and
reduction of chlorophyll (Chl) and carotenoides under salt
stress can cause reduction in photosynthesis activity
(Francisco et al., 2002; Thagela et al., 2018) 2% 72, Example
of such cases is found in A. pinnata where the amount of
chlorophyll and carotenoides decreases in different salinity
stresses (25, 50, 75 and 50 mM) with reduced photosynthetic
pigment efficiency (Panda et al., 2006) °l. The reduction of
Chls in salinity is related to photo inhibition or formation of
reactive oxygen species (Kato and Shimizu 1985) [,
Previously reports were found that due to salinity treatment
decrease in chlorophyll content in Azolla occurs (Rai and Rai,
2003, Gomes et al., 2017) 58 221 The impact of salt stress in
Azolla fronds was found to be significant. Observed that the
when increasing NaCl concentration the content of
chlorophyll and carotenoid was reduced (Panda et al., 2006)
1 The impact of salinity on the antioxidant content has
shown that pigment has accumulated in the form of
flavonoids and anthocyanins in all plant areas. Anthocyanin is
a flavonoid compound whose accumulation in plant exposed
to salt stress has been largely documented under salt stress
(Van Oosten et al., 2013) 34, Anthocyanin yield occurs in
response to salt stress but not in response to other stresses like
low phosphorous, high light, high temperature, or drought
stress and other abiotic stresses. Electrolytic leakage (EL)
increased with a rise in various salt concentrations in A.
microphylla, A. mexicana and A. filiculoids (Parida and Das,
2005; Singh et al., 2008) %, Increased solute leakage may be
due to increased membrane permeability or a lack of
membrane. The treatment of Azolla in 50 mM NaCl the
percentage of solute leakage has the value 97 % higher as
compared to control (Mostafa and Tammam, 2012) (431, Solute
leakage also increased with increasing level of salt stress.
Significantly higher levels of electrolyte leakage percentage
were observed in A. filiculoides as compared to A. pinnata
exposed to NaCl. However, in A. pinnata at higher NaCl
levels between 30-40 mM electrolyte leakage significantly
increases (Masood et al., 2006) (¢ due to external membrane
damage. The potential of stressed and adopted Azolla to
maintain ion level under salt stress condition was observed
with significant variance (Rai and Rai, 2000) . Modulating
ion transporters included in homeostasis has been observed to
have salt stress (Tester and Davenport, 2003; Zhu, 2003) [®
2. An increased in Na* content of A. microphylla was found
to be 95.7 % with direct exposure whereas with pre-exposed
condition the internal Na* content of A. microphylla raised by
38.8 %. The direct exposer of Azolla to 60 mM NaCl showed
increased Na* content than control and A. filiculoids have
produced slightly more sodium in the 60, 90 and 120 mM
NaCl treatments than those in the Azolla in controlled
conditions (Mostafa and Tammam, 2012) 3, Conversely, salt
stress reduced K* concentration significantly (Mostafa and
Tammam, 2012) % and the K* concentration in pre-exposed
plants increased over the control value as well as the plants
directly exposed. (Rai, 1999; Masood et al., 2006) [ 361,
Enzyme function can be inhibited due to unfavourable ratio of
K* to Na* (Greenway and Munns, 1980) 21, When NaCl
induces reduction cellular K* content leading to salt toxicity
in plants, K* was found responsible for salinity tolerant and
K* is important factor for maintaining the turgor within the
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plants cell. In A. pinnta exposed to 60 mM NaCl, the
concentration of Ca?* increased by 27% compared to control.
Thus, with the rise in Na* concentration, the intracellular Ca?*
level also increases sharply, which in turn promotes its
attachment to the SOS3 protein. Together with SOS proteins,
Ca?* modulates homeostasis of the intracellular Na*.
Excessive accumulation of Na* and CI" ions in salt affected
ecosystems can also interfere with the uptake of essential
macronutrients leading to nutritional imbalance in plants.
Proline functions as a free radical scavenger against protein
denaturation and prevents membrane degradation (Reddy et
al., 2004; Chris et al., 2006) [ 151, Proline helps in osmo-
regulation and defense protein dehydration and plays an
important role in stressed condition by enzymatic regulation
(Rontain et al., 2002) 3, Proline accumulates in greater
numbers than all other amino acids because of the intensity of
salinity (Ashraf and Harris, 2004) [€], The diverse response of
antioxidant enzymes such as SOD and APX due to NaCl
stress indicates the function of oxidative stress on Azolla as a
component of environmental stress. Salt tolerant plants appear
to have a defense mechanism through the induction of SOD
activity against salt-induced free radical development
(Hernandez et al., 1993) 5. SOD activity increased
significantly due to NaCl treatment (0, 4, 9 and 13) (33.34,
48.60 and 54.42 unit mg protein™t). However, the rise in SOD
operation was even higher in pre-exposed plants as compared
to directly exposed plants. Higher SOD activity is an indicator
of an efficient detoxification of the superoxide radicals, Salt-
tolerant  plant showed salt-mediated free radical
manufacturing safety mechanism by mediating SOD
concentration (Hernandez et al., 1993) °I. Reported in A.
pinnata 12-80 % increase in SOD activity due to exposure to
NaCl (10-40 mM) with A. pinnata had a substantially higher
APX level at all levels of NaCl (10, 20, 30 and 40 mM)
(Masood et al., 2006) [l Salinity treatment showed an
improvement in SOD and APX function and an improvement
in antioxidant enzymes showed growth in salinity sensitivity
to salt tolerance (Shalata et al., 2001; Mostafa and Tammam
2012) € 41 and antioxidant enzyme profile as a basis to
assess the salinity induced toxic effects in A. microphylla
(Abraham 2010) ™. Improvement of antioxidant defense
system and sustainability in ion homeostasis are the key
components in mitigating the adverse impacts of salinity
(Singh et al., 2015) 4. Variations in antioxidant levels may
be a guide for modulating ROS scavenging processes and
transduction of ROS signals (Foyer et al., 1997; Mittler,
2002) [19.40],

5. Conclusion

The present study shows that the negative effect of salinity (0,
80 and 120 mM) on morpho-physiological, ion fluxes,
antioxidant enzyme (SOD, APX CAT and MDA) activities,
proline accumulation, nutrient profiling in tolerant (A.
microphylla) and susceptible (A. rubra) species of Azolla.
Result indicated that salinity reduces plant cell growth,
production of plant pigment and antioxidant enzyme of A.
rubra. Soil pH and EC was higher reduces by A. microphylla.
Accumulation of proline, MDA and antioxidant enzyme was
higher in A. microphylla for better growth and survivability.

6. References
1. Abraham G, Dhar DW. Induction of salt tolerance in
Azolla microphylla Kaulf through modulation of

10.

11.

12.

13.

14,

15.

16.

17.

18.

~2218"7

https://www.thepharmajournal.com

antioxidant enzymes andion transport.
2010;245:105-111.

Acar O, Turkan I, Ozdemir F. Superoxide dismutase and
peroxidase activities in drought sensitive and resistant
barley (Hordeum vulgare L.) varieties. Acta. Physiol.
Plant. 2001;23:351-356.

Barragan V, Leidi EO, Andrés Z, Rubio L, De Luca A,
Fernandez JA, et al. lon exchangers NHX1 and NHX2
mediate active potassium uptake into vacuoles to regulate
cell turgor and stomatal function in Arabidopsis. The
Plant Cell. 2012;24(3):1127-1142.

Kumar K, Ota M, Taton A, Golden JW. Excision of the
59-kb fdxN DNA element is required for transcription of
the nifD gene in Anabaena PCC 7120 Heterocysts. New
Zealand Journal of Botany. 2019;57(2):76-92.

Van Coppenolle B, McCouch SR, Watanabe I, Huang N,
Van Hove C. Genetic diversity and phylogeny analysis of
Anabaena azollae based on RFLPs detected in Azolla-
Anabaena azollae DNA complexes using nif gene
probes. Theoretical and  Applied  Genetics.
1995;91(4):589-597.

Aono M, Saji H, Fujiyama K, Sugita M, Kondo N,
Tanaka K. Decrease in activity of glutathione reductase
enhances paraquatsensitivity in transgenic
Nicotianatabacum. Plant Physiol. 1995;107:645-648.
Schroeder JI, Delhaize E, Frommer WB, Guerinot ML,
Harrison MJ, Herrera-Estrella L, et al. Using membrane
transporters to improve crops for sustainable food
production. Nature. 2013;497(7447):60-66.

Ashraf M, Harris PJC. Potential biochemical indicators of
salinity tolerance in plants. Plant Sci. 2004;166:3-16
Ashwani K, Raj V. Response of NaCl-Adapted and
Unadapted Azolla pinnata-Anabaena azollae Complex to
Salt-Stress:  Partial  Photosynthetic  Processes and
Respiration. Symbiosis. 2000;29:249-261.

Baccio DD, Navari-1zzo F, 1zzo R. Seawater irrigation:
Antioxidant defence responses in leaves and roots of a
sunflower (Helianthus annuus L.) ecoptype. J Plant
Physiol. 2004;161:1359-1366.

Bates LS, Waldren RP, Tear ID. Rapid determination of
free proline for water stress studies. Plant Soil.
1973;39:205-207.

Zhu, J.K., (2003). Regulation of ion homeostasis under
salt stress. Curr. Opin. Plant Biol. 6, 441-445.

Bocchi S, Malgioglio A. Azolla-Anabaena as a
biofertilizer for rice paddy fields in the Po Valley, a
temperate rice area in Northern Italy. International
Journal of Agronomy; c2010.

Bradford MM. A rapid and sensitive method for
quantitation of microgram quantities of protein using dye
binding. Anal. Biochem. 1976;77:248-254.

Chris A, Zeeshan M, Abraham G, Prasad SM. Proline
accumulation in Cylindrospermum sp. Environ. Exp. Bot.
2006;57:154-159.

De Macale MAR, Vlek PL. The role of Azolla cover in
improving the nitrogen use efficiency of lowland rice.
Plant and soil. 2004;263(1):311-321.

Dionisio-Sese ML, Tobita S. Antioxidant responses of
rice seedlings to salinity stress. Plant Science.
1998;135(1):1-9.

Eryilmaz F. The relationships between salt stress and
anthocyanin content in higher plants. Biotechnology &
Biotechnological Equipment. 2006;20(1):47-52.

Protoplasma.


https://www.thepharmajournal.com/

The Pharma Innovation Journal

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Foyer CH, Lopez-Delgado H, Dat JF, Scott IM.
Hydrogenperoxide and glutathione-associated
mechanisms of acclamatory stress tolerance and

signaling. Physiol. Plant. 1997;100:241-254.

Francisco G, Jhon L, Jifon S, Micaela C, James PS. Gas
exchange, chlorophyll and nutrient contents in relation to
Na*and CI- accumulation in sunburst mandarin grafted on
different root stocks. Plant Sci. 2002;35:314-320.
Goering HK, Van Soest PJ. Forage fiber analysis.
Agricultural hand book no. 379. US Department of
Agriculture, Washington, DC; ¢1970. p. 1-20.

Gomes MADC, Pestana IA, Santa-Catarina C, Hauser-
Davis RA, Suzuki MS. Salinity effects on photosynthetic
pigments, proline, biomass and nitric oxide in Salvinia
auriculate Aubl. Acta Limnologica Brasiliensia, 2017,
29.

Greenway H, Munns R. Mechanism of salt tolerance in
non-halophytes. Annu Rev Plant Physiol. 1980;31:149-
159.

Gupta P, Srivastava S, Seth CS. 24-Epibrassinolide and
sodium nitroprusside alleviate the salinity stress in
Brassica juncea L. cv. Varuna through cross talk among
proline, nitrogen metabolism and abscisic acid. Plant and
Soil. 2017;411(1-2):483-498.

Hernandez JA, Corpas FJ, Gomez M, del Rio LA, Sevilla
F. Salt induced stress mediated by activated oxygen
species in pealea of mitochondria. Physiol Plant.
1993;89(1):103-110.

Hnilickova H, Hnilicka F, Martinkova J, Kraus K. Effects
of salt stress on water status, photosynthesis and
chlorophyll fluorescence of rocket. Plant, Soil and
Environment. 2017;63(8):362-367.

Kato M, Shimizu S. Chlorophyll metabolism in higher
plants. VI. Involvement of peroxidase in chlorophyll
degeneration. Plant Cell Physiol. 1985;26:1291-1301.
Krause GH, Weis E. Chlorophyll fluorescence and
photosynthesis: The basics. Annu Rev Plant Physio Plant
MolBiol. 1991;42:313-349.

Kumar A, Kumar A, Kumar P, Lata C, Kumar S. Effect
of individual and interactive alkalinity and salinity on
physiological, biochemical and nutritional traits of
Marvel grass; c2018.

Lee DH, Kim JS, Lee CB. The inductive responses of the
antioxidant enzymesby salt stress in the rice (Oryza
sativa L.). J. Plant Physiol. 2001;158:737-745.
Lichtenthaler HK. Chlorophylls and carotenoids:
pigments of photosynthetic bio membranes. Methods in
Enzymology. 1987;148:351-382.

Liu D, Zhang X, Cheng Y, Takano T, Liu S. rHsp90 gene
expression in response to several environmental stresses
in rice (Oryza sativa L.). Plant Physiol Bioch.
2006;44(5):380-386.

Lumpkin T, Plueknett DL. Azolla as a green manure: use
and management in crop production. West View Tropical
Agriculture, Series No. 5. West View Press, Boulder, Co;
c1982. p. 230.

Van Oosten MJ, Sharkhuu A, Batelli G, Bressan RA,
Maggio A. The Arabidopsis thaliana mutant airl
implicates SOS3 in the regulation of anthocyanins under
salt stress, Plant Molecular Biology. 2013;83:405-415.
Majumdar J, Rajagopal V, Shantaram MV. Salinity
tolerance of some Azolla spp. IRRI; Notes.
1993;18(1):40.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

46.

47.

48.

49.

50.

Sl

52.

53.

~2219 7™

https://www.thepharmajournal.com

Masood A, Shah NA, Zeeshan M, Abraham G.
Differential response of antioxidant enzymes to salinity
stress in two varieties of Azolla (Azolla pinnata and
Azolla filiculoides). Environ. Exp. Bot. 2006;58:216-222.
Maxwell K, Johnson GN. Chlorophyll fluorescence: a
practical guide. J Exp. Bot. 2000;51:659-668.

Mishra AK, Singh SS. Protection against salt toxicity in
Azolla pinnata-Anabaena Azollae symbiotic association
by using combined N-sources. Acta Biol Hung.
2006;57:355-365.

Mishra AK. MSX-resistant mutants of Anabaena 7120
with derepressed heterocyst development and nitrogen
fixation. World Journal of Microbiology and
Biotechnology. 2003;19(7):675-680.

Mittler R. Oxidative stress, antioxidants and stress
tolerance. Trends Plant Sci. 2002;22:561-569.

Molla KA, Debnath AB, Ganie SA, Mondal TK.
Identification and analysis of novel salt-responsive
candidate gene based SSRs (cgSSRs) from rice (Oryza
sativa L.). BMC Plant Biol. 2015;15(1):1.

Moore AW. Azolla: Biology and agronomic significance.
Botanical Review. 1969;37:1734.

Mostafa EM, Tammam AA. The oxidative stress caused
by NaCl in Azolla caroliniana is mitigated by nitrate.
Journal of plant interactions. 2012;7(4):356-366.

Munns R, Schachtman DP, Condon AG. The significance
of a two phase growth response to salinity in wheat and
barley. Aust. J. Plant Physiol. 1995;22:561-569.
Nakamura Y, Tanaka K, Ohta E, Sakata M. Protective
effect of external Ca2+ on elongation and the
intracellular concentration of K+ in intact mung bean
roots under high NaCl stress. Plant and cell physiology.
1990;31(6):815-821.

Nakano Y, Asada K. Hydrogen peroxide is scavenged by
ascorbate specific peroxidase in spinach chloroplasts.
Plant Cell Physiol. 1984;22:867-880.

Nandwal AS, Godara M, Sheokand S, Kamboj DV,
Kundu BS, Kuhad MS, et al., Salinity induced changes in
plant water status, nodule functioning and ionic
distribution in phenotypically differing genotypes of
Vigna radiata L. J Plant Physiol. 2000;156:350-359.
Oxborough K, Baker NR. An instrument capable of
imaging chlorophyll a fluorescence from intact leaves at
very low irradiance and at cellular and subcellular levels
of organization, Plant, Cell and Environment.
1997;20:1473-1483.

Panda SK, Upadhyay RK, Upadhyaya H. Salinity stress
induced physiological and biochemical changes in Azolla
pinnata. Acta Botanica Hungarica. 2006;48(3-4):369-380.
Parida AK, Das AB. Salt tolerance and salinity effects on
plants: a review. Ecotoxic Environ Safety. 2005;60:324-
349.

Peters GA, Mayne BC. The Azolla, Anabaena Azollae
relationship. 1. Initial characterization of the association.
Plant Physiol. 1974,53:813-819.

Plazinski J. Nitrogen metabolism of the symbiotic
systems of cyanobacteria. In Cyanobacterial Nitrogen
Metabolism and Environmental Biotechnology. Ed. A K
Rai. Springer-Verlag, Berlin; ¢1997. p. 95-130.

Rahman A, Nahar K, Mahmud JA, Hasanuzzaman M,
Hossain MS, Fujita M. Salt stress tolerance in rice:
emerging role of exogenous phyto protectants. Advances
in international rice research. In Tech, Rijeka; c2017. p.



https://www.thepharmajournal.com/

The Pharma Innovation Journal

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

139-174.

Singh M, Kumar J, Singh S, Singh VP, Prasad SM. Roles
of osmoprotectants in improving salinity and drought
tolerance in plants: A review. Reviews in Environmental
Science and Bio/Technology. 2015;14(3):407-426.

Rai AK, Rai V. Response of NaCl-adapted and
unadapted Azolla pinnata-Anabaena Azollae complex to
salt stress: partial photosynthetic process and respiration.
Symbiosis. 2000;29:249-261.

Rai V, Sharma NK, Rai AK. Growth and cellular ion
content of asalt-sensitive symbiotic system Azolla
pinnata—anabaena Azollae under NaCl stress. J Plant
Physiol. 2006;163:937-944.

Rai V, Tiwari SP, Rai AK. Effect of NaCl on nitrogen
fixation of unadapted NaCl-Adapted Azolla pinnata-
Anabaena Azollae. Aquatic Botany. 2001;71:109-117.
Rai AK, Rai V. Effect of NaCl on growth, nitrate uptake
and reduction and nitrogenase activity of Azolla pinnata-
Anabaena Azollae. Plant Sci. 2003;164:61-69.

Rai V, Rai AK. Growth behaviour of Azolla pinnata at
various salinity level sand inductions of high salt
tolerance. Plant and Soil. 1999;206:79-84.

Reddy AR, Chaitanya KV, Vivekanandan M. Drought-
induced responses of photosynthesis and antioxidant
metabolism in higher plants. J Plant Physiol.
2004;161:1189-1202.

Rontain D, Basset G, Hanson AD. Metabolic engineering
of osmo protectant accumulation in plants. Met Eng.
2002;4:49-56.

Sabetraftar K, Zarkami R, Sadeghi R, Van Damme P. A
review of some ecological factors affecting the growth of
Azolla spp. Caspian Journal of Environmental Sciences.
2013;11(1):65-76.

Shalata A, Mittova V, Volokita M, Guy M, Tal M.
Response of the cultivated tomato and its wild salt-
tolerant relative Lycopersicon pennellii to salt-dependent
oxidative stress: The root antioxidative system.
Physiologia Plantarum. 2001;112(4):487-494.
Shrivastava P, Kumar R. Soil salinity: A serious
environmental issue and plant growth promoting bacteria
as one of the tools for its alleviation. Saudi journal of
biological sciences. 2015;22(2):123-131.

Silva P, Gerés H. Regulation by salt of vacuolar H*-
ATPase and H*-pyrophosphatase activities and Na*/H*
exchange. Plant Signal Behav. 2009;4(8):718-726.

Singh SS, Upadhyay RS, Mishra AK. Physiological
interactions in Azolla-Anabaena system adapting to the
salt stress. Journal of Plant Interactions. 2008;3(3):145-
155.

Stewart RR, Bewley JD. Lipid peroxidation associated
with accelerated aging of soybean axes. Plant physiology.
1980;65(2):245-248.

Sudhakar C, Lakshmi A, Giridarakumar S. Changes in
the antioxidant enzyme efficacy in two high yielding
genotypes of mulberry (Morus alba L.) under NaCl
salinity. Plant Science. 2001;161(3):613-619.

Taibi K, Taibi F, Abderrahim LA, Ennajah A, Belkhodja
M, Mulet JM, et al. Effect of salt stress on growth,
chlorophyll content, lipid peroxidation and antioxidant
defence systems in Phaseolus vulgaris L. South African
Journal of Botany. 2016;105:306-312.

Tester M, Davenport R. Na* tolerance and transport in
higher plants. Ann. Bot. 2003;91:503-527.

71.

72.

73.

74,

75.

76.

77.

78.

79.

80.

81.

82.

83.

~22207™

https://www.thepharmajournal.com

Thagela P, Yadav RK, Mishra V, Dahuja A, Ahmad A,
Singh PK, et al. Salinity-induced inhibition of growth in
the aquatic pteridophyte Azollami crophylla primarily
involves inhibition of photosynthetic components and
signaling molecules as revealed by proteome analysis.
Protoplasma. 2017;254(1):303-313.

Thagela P, Yadav RK, Tripathi K, Singh PK, Ahmad A,
Dahuja A, et al. Salinity-induced changes in the
chloroplast proteome of the aquatic pteridophyte Azolla
microphylla. Symbiosis. 2018;75(1):61-67.

Tiwari BS, Bose A, Ghosh B. Photosynthesis in rice
under a salt stress. Photosynthetica. 1998;34:303-6.
Upadhyay RK, Panda SK. Biochemical responses and
oxidative stress induction in the roots of freshly grown
Spirodela polyrhiza L. exposed to different levels of
salinity. Isr. J Plant Sci. 2004;52:189-193.

Valderrama A, Tapia J, Pefiailillo P, Carvajal DE. Water
phytoremediation of cadmium and copper using
AzollafiliculoidesLam.in a hydroponic system. Water and
Environ J. 2012;27:293-300.

Van Oosten MJ, Sharkhuu A, Batelli G, Bressan RA,
Maggio A. The Arabidopsis thaliana mutant airl
implicates SOS3 in the regulation of anthocyanins under
salt stress. Plant Molecular Biology. 2013;83(4-5):405-
415,

Wagner GM. Azolla: A review and its biology and
utilization. Bot Rev. 1997;63:121.

Wang RL, Hua C, Zhou F, Zhou QC. Effects of NaCl
stress on photochemical activity and thylakoid membrane
polypeptide composition of a salt-tolerant and a salt-
sensitive rice cultivar. Photosynthetica. 2009;47:125-7.
Wang W, Vinocur B, Altman A. Plant responses to
drought, salinity and extreme temperatures: Towards
genetic engineering for stress tolerance. Planta.
2003;218:1-14.

Watanabe |, Espinas CR, Berja NS, Alimango BA.
Utilization of the Azolla Anabaena complex as a nitrogen
fertilizer for rice. International Rice Research Institute
Paper Series. 1977;11:1-15.

Yao Y, Zhang M, Tian Y, Zhao M, Zhang B, Zeng K, et
al. Urea deep placement in combination with Azolla for
reducing nitrogen loss and improving fertilizer nitrogen
recovery in rice field. Field Crops Research.
2018;218:141-149.

Zhang Z, Xuequn P, Yang C, Ji Z, Jiang Y. Food
Chemistry. 2004;84(4):601-604.

Dhindsa RS, Plumb-Dhindsa PA, Thorpe TA. Leaf
senescence: Correlated with increased levels of
membrane permeability and lipid peroxidation, and
decreased levels of superoxide dismutase and catalase.
Journal of Experimental botany. 1981 Feb 1;32(1):93-
101.



https://www.thepharmajournal.com/

