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Standardizing the saline water irrigation is an important step towards saline water irrigation in agriculture. An experiment
was conducted to study the salinity tolerance level of mangrove plant, Lumnitzera racemosa Willd. Under pot culture
system. different levels of salinity (0, 100, 200, 300, 400, 500, 600, 700, 800, 900 and 1000 mM NaCl) were imposed on the
plants and the variations in mineral content levels was analyzed. Samplings were done on 60, 120 and 180th days after NaCl

treatment. From the results it is clear that Mineral constituents such as nitrogen, phosphorus, potassium, calcium and
magnesium were increased upto the optimum concentration and there by the tolerance level of this mangrove towards

salinity was calculated.
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INTRODUCTION

Current key factors affecting agricultural yields globally include drought
and salinity, which are examples of environmental abiotic stress
conditions [1]. Salinity, in particular, is a growing issue that affects 20% of
the world's arable land and nearly 50% of the area irrigated, making
genetic development of salt tolerance an important necessity for the
future of agriculture in arid and semi-arid regions [2]. As world’s arable
land is getting reduced day by day owing to more salinity in both water
and soil, it is important to identify ways to utilize saline water in irrigation
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As with many other abiotic stresses, the most prevalent effect of salt
stress is the reduction of plant development. Only extreme
dicotyledonous halophytes often show some stimulation of development
at moderate NaCl concentrations (50 - 250 mM), but loss of growth rate
is still found at greater concentrations [4].

All glycophytes and many halophytic species thrive best in the absence of
salt. Halophytes are frequently capable of finishing their life cycles in high
salinity environments, unlike glycophytes [5]. In addition to species
differences, responses to salt stress vary within the same species
depending on the stage of development [6].

Mangroves are group of plants growing in marshy lands with
comparatively high levels of salt contents in their habitats [7]. Physio-
chemical features of mangrove environment are a critical component of
swampy plants determining other biotic elements [8].

Chapman [9] listed five most important variables namely, temperature,
salinity, tides, rainfall and wind that influence mangroves. These factors
either single or in combination, control the mangrove formation. Other
physical oceanographic factors like littoral currents, sedimentation,
sitation and basin morphology have direct bearing on the mangrove
growth [10].

The aim of the present study is to examine the responses of Lumnitzera
racemosa Willd. a typical true mangrove species to salinity under
controlled experimental conditions.

©The Authors. This is an open access article under the CC BY license
BY (https://creativecommons.org/licenses/by/4.0/)

MATERIALS AND METHODS

The seedlings of the dicotyledonous mangrove tree Lumnitzera
racemosa Willd., (Fig. 1) a member of the Combretaceae family, served
as the plant material for the current study. The local marshy areas were
used to collect the seedlings. Healthy plants with a consistent height
were screened for transplantation when the seedlings were around 10
cm tall. The seedlings were carefully removed from the mangrove belt
with their undamaged root systems and thoroughly cleansed with fresh
water. The individual polythene bags holding fresh soil (1:2:1) that
contained red dirt, sand, and farmyard manure were then filled with
the seedlings.

Fig. 1. Lumnitzera racemosa plant with flowers.

Meteorological data

Meteorological data during the experimental period was obtained from
local weather station.
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Salinity treatments

NaCl treatments were applied to seedlings that were one month old
and fully grown. 0 (control), 100, 200, 300, 400, 500, 600, 700, 800, 900,
and 1000 mM NaCl were used as the treatments. Every one of the
aforementioned NaCl concentrations was applied to fifty plants. A
control of 50 plants was kept untreated for salt. Up until each plant
received the requisite mM NaCl, the salt treatment was continued. L.
racemosa seedlings could not survive over 800 mM NaCl one month
after salt treatment.

For the investigations, sodium chloride (Laboratory AR grade assay
99.9%) was employed. To get the necessary concentrations, the
required amount of salt was dissolved in distilled water. It was carefully
monitored to ensure that each plant in each set received the full pre-
calculated NaCl concentration.

On the 60" day following NaCl treatment, the initial samples for several
experiments were taken. On the 120t and 180t days following the NaCl
treatment, the second and third samples were taken. The 60t, 120t,
and 180t days following salt treatments were administered to plants at
various times in order to obtain experimental plants whenever needed
for various experiments.

Estimation of Minerals

Total nitrogen content was measured by following standard methods
[11] quoted by Yoshida et al. [12]. Estimation of sodium and potassium
were done by the method of Williams and Twine [13]. Estimation of
phosphorus contents were done by following the method of Black [14]
quoted by Yoshida et al. [12]. Estimation of calcium was done by
standard method [12]. Magnesium was estimated by following the
method reported earlier [13]. Estimation of chloride was done by
following Krishnamurthy and Bhagwat [15].

Statistical analysis

The results were analyzed statistically [16] to determine the
significance.

Sodium

The effect of NaCl salinity on the sodium content of the leaf, stem and
root was studied on the 60t, 120t and 180t day and the results are
presented in Table 1. Sodium chloride increased the sodium content
in all the plant tissues with increasing concentrations. The maximum
accumulation of sodium (33.84 mg/g dry wt.) was found with 800 mM
NaCl on the 180t day samples. The stem tissue had more sodium at
all concentrations of NaCl when compared to those of leaf and root.
The F values calculated for difference between the sampling days and
between the treatments were significant at 1% level.

Nitrogen

The results on the effect of NaCl on the nitrogen content of leaf, stem
and root are given in Table 2. With increasing NaCl salinity
concentrations, increase in nitrogen content was registered upto 500
mM and thereafter it gradually declined. The leaf tissue always
showed higher nitrogen at all concentrations than stem and root. The
highest percentage of (73.33%) nitrogen in the leaf tissue was noticed
on the 120th day. The F values calculated for difference between the
sampling days and between the treatments were significant at 1%
level.
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Phosphorus

Sodium chloride salinity upto 500 mM had increased the phosphorus
content of the leaf, stem and root in all the three sampling days (Table
3). The leaf and stem tissues had more phosphorus than in the root.
The maximum accumulation of phosphorus was recorded in the leaf
tissue at 500 mM sodium chloride on the 180th day and this was
76.29% higher than that of control plants. The F values calculated for
difference between the sampling days and between the treatments
were significant at 1% level.

Potassium

Different concentrations of sodium chloride increased the potassium
content of the leaf, stem and root of L. racemosa upto the optimum
level of 500 mM (Table 4). The leaf had more potassium than that of
stem and root in all the sampling days. The maximum accumulation of
potassium (9.67 mg/g dry wt.) was recorded in the leaf tissue at 500
mM NaCl on the 180th day samples and this was 69.34% over that of
control plants. The F values calculated for difference between the
sampling days and between the treatments were significant at 1%
level.

Calcium

The calcium content of the leaf, stem and root increased with
increasing concentrations of NaCl upto 500 mM on all the three
sampling days (Table 5). The leaf calcium content was always higher
than that of stem and root. The maximum increase was 123.25% in the
leaf tissue at 500 mM NaCl on the 180th day samples. Sodium chloride
concentrations beyond 500 mM, decreased the calcium level on all the
sampling days. The F values calculated for difference between the
sampling days and between the treatments were significant at 1%
level.

Magnesium

Sodium chloride treatments had increased the magnesium content of
the leaf, stem and root with increasing concentrations upto 500 mM
and at higher concentrations magnesium level was sharply decreased
upto 800 mM (Table 6). The root tissue had always shown lesser
magnesium than the leaf and stem at all concentrations on all the
sampling days. The maximum accumulation of magnesium content
(2.60% dry wt.) in the leaf tissue at 500 mM NaCl and minimum
magnesium content (0.66% dry wt.) in the root tissue at 800 mM NaCl
were found on the 180th day samples. The F values calculated for
difference between the sampling days and between the treatments
were significant at 1% level.

Chloride

The results on the effect of NaCl on the chloride content of the leaf,
stem and root of L. racemosa are given in Table 7. Accumulation of
chloride in all the plant tissues increased with increasing
concentrations of sodium chloride and with the maximum
accumulation was at 800 mM. The leaf tissue had more chloride
content than the stem and root. The highest accumulation of chloride
(24.30 mg/g dry wt.) was noticed in the leaf tissue at 800 mM NaCl, on
the 180th day samples. It was 151.81% higher when compared to that
of control plants. The F values calculated for difference between the
sampling days and between the treatments were significant at 1%
level.
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Table 1. Effect of NaCl on the sodium content of leaves, stem and root of Lumnitzera racemosa (mg/g dry weight).

Days after NaCl treatment

:\::SI) 60 120 180 60 120 180 60 120 180
Leaves Stem Root

0 5.60 5.80 6.06 6.00 6.25 6.88 4.00 4.22 4.60

100 6.08 (+8.57) 7.12(+22.75) 7.90 (+30.36) 7.25(+208.33) 8.00(+28.00) 8.73 (+26.88) 4.27 (+6.75) 4.83 (+14.45) 5.07 (+ 10.21)
200 6.70 (+ 19.64) 8.18 (+41.03) 9.22 (+52.14) 7.80 (+ 30.00) 8.60 (+37.6) 9.20(+33.72) 4.63(+15.75) 5.26 (+24.64) 5.81 (+26.30)
300 7.50 (+33.92) 9.00 (+55.17) 10.07 (+66.17) 8.55 (+42.5) 9.36 (+49.76) 10.65 (+ 54.79) 4.95 (+23.75) 5.62 (+33.17) 6.03 (+31.08)
400 8.30 (+48.21) 9.60 (+65.51) 11.26(+85.80) 9.15 (+52.5) 10.27 (+ 64.32) 11.40 (+ 65.69) 5.20 (+30.00) 5.89 (+39.57) 6.37 (+38.47)
500 8.62 (+53.92) 9.88(+70.34) 11.60 (+91.41) 9.58 (+59.66) 10.50 (+ 68.00) 11.60 (+ 68.60) 5.44 (+36.00) 6.06 (+43.60) 7.00 (+52.17)
600 9.35 (+66.96) 10.47 (+80.5) 12.19(+101.15) 11.00 (+83.33) 11.94 (+91.04) 12.78 (+ 85.75) 6.00 (+ 50.00) 7.04 (+ 66.82) 7.75 (+ 68.47)
700 9.75 (+ 74.10) 10.85 (+87.1) 12.32(+103.30) 11.45(+90.83) 12.06 (+92.96) 12.85 (+86.77) 6.17 (+54.25) 7.38 (+ 74.88) 7.90 (+ 71.73)
800 10.25 (+83.3) 11.03(+90.1) 12.57 (+107.42) 12.00 (+100.0) 12.34 (+97.44) 13.12 (+90.69) 6.35 (+ 58.75) 7.55 (+ 78.90) 8.15 (+77.17)

Leaves : F1 =

61.1996*

F2 =71.2991*

Stem : F1=217.9488*

F2=

98.4872*

Table 2. Effect of NaCl on the total nitrogen content of leaves, stem and root of Lumnitzera racemosa (% dry weight)

Root: F1 = 57.8678*

F2 =60.07971*

Days after NaCl treatment

:\lr:cMI) 60 120 180 60 120 180 60 120 180
Leaves Stem Root

0 1.78 2.40 2.85 1.35 2.00 2.21 1.08 1.40 1.68

100 1.86(+4.49) 2.80(+16.66) 3.14(+10.17) 1.77(+31.11) 2.42 (+21.00) 2.69 (+21.71) 1.38 (+27.77) 1.88 (+34.28) 2.25(+33.92)
200 1.98(+11.23) 3.05(+27.08) 3.30(+15.78) 1.85(+37.03) 2.64 (+32.00) 2.88 (+30.31) 1.46(+35.18) 2.07 (+47.85) 2.60 (+54.76)
300 2.15(+20.78) 3.46 (+44.17) 3.84(+34.73) 2.08 (+54.07) 2.97 (+48.5) 3.20 (+44.89) 1.90 (+75.92) 2.45(+75.00) 3.00 (+78.57)
400 2.35(+32.02) 3.90(+62.5) 4.17(+46.31) 2.19(+62.22) 3.12 (+ 56.00) 3.58 (+ 61.99) 2.08 (+92.59) 2.80 (+ 100.00) 3.30 (+ 96.42)
500 2.65(+48.87) 4.16 (+73.33) 4.88(+71.22) 2.40(+77.77) 3.66 (+ 83.00) 3.96 (+79.18) 2.17(+100.92) 2.98 (+ 112.85) 3.65 (+ 117.26)
600 2.10(+17.97) 3.80(+58.33) 4.00 (+40.35) 2.00 (+48.14) 2.82 (+41.00) 3.20 (+44.79) 1.76 (+62.96) 2.25(+60.71) 2.60 (+ 54.76)
700 1.80(+1.12) 2.67(+11.25 3.06(+7.36) 1.57 (+ 16.29) 2.30 (+ 15.00) 2.54 (+ 14.93) 1.20 (+11.11) 1.80(+28.57) 2.10(+ 25.00)
800 1.61(-9.55) 2.28(-5.00) 2.52 (-11.57) 1.27(-5.92) 1.65 (- 17.5) 1.83(-17.19) 1.00(-7.40) 1.25(-10.71) 1.50(-10.71)

Leaves : F1 = 16.3859* F2 =89.2417*

Stem : F1 =35.6110*

F2 = 108.0807*

Root : F1 = 40.8547* F2 = 85.2542*

Table 3. Effect of NaCl on the phosphorus content of leaves, stem and root of Lumnitzera racemosa (mg/g dry weight)

Concentration

Days after NaCl treatment

of NaCl 60 120 180 60 120 180 60 120 180
(mM) Leaves Stem Root
Control 1.35 2.36 2.70 1.25 1.80 2.10 0.96 1.37 1.55
100 1.62 2.73 3.06 1.37 2.15 2.65 1.30 1.66 1.87
(+20.00) (+15.67) (+13.33) (+9.6) (+19.44) (+26.19) (+35.41) (+21.16) (+20.64)
200 1.76 3.00 3.25 1.58 2.35 2.70 1.36 1.80 2.08
(+30.37) (+27.11) (+20.37) (+26.4) (+30.55) (+28.57) (+41.66) (+31.38) (+34.19)
300 1.98 3.40 3.75 1.77 2.73 3.10 1.75 2.06 2.26
(+46.67) (+44.06) (+38.88) (+41.6) (+51.66) (+47.61) (+82.29) (+50.36) (+ 45.80)
400 2.25 3.70 4.12 2.08 3.08 3.35 1.96 2.35 2.60
(+ 66.66) (+56.77) (+52.59) (+66.4) (+71.11) (+59.52) (+104.16) (+71.53) (+67.74)
500 2.60 4.11 4.76 2.30 3.55 3.70 2.06 2.66 3.00
(+92.59) (+74.15) (+76.29) (+ 84.00) (+97.22) (+76.19) (+114.58) (+94.16) (+93.54)
600 2.02 3.46 4.00 1.80 2.74 3.05 1.70 2.05 2.48
(+49.62) (+ 46.61) (+48.15) (+ 44.00) (+52.22) (+45.23) (+77.08) (+49.63) (+ 60.00)
700 1.50 2.60 2.90 1.30 2.10 2.50 1.15 1.44 1.66
(+11.12) (+10.16) (+7.40) (+4.00) (+16.66) (+19.04) (+19.79) (+5.10) (+7.09)
300 1.32 2.20 2.43 1.21 1.65 1.62 0.85 1.30 1.45
(-2.22) (-6.77) (- 10.00) (-3.2) (-8.33) (- 22.85) (- 11.45) (- 5.10) (- 6.45)

Leaves: F1 = 35.9823*
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F2 =207.0215*

Stem: F1=29.4421%

F2 =102.5559*

Root: F1 =111.426*

F2=161.9881*
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Table 4. Effect of NaCl on the potassium content of leaves, stem and root of Lumnitzera racemosa (mg/g dry weight).

Concentration Days after NaCl treatment

of NaCl 60 120 180 60 120 180 60 120 180
(mM) Leaves Stem Root
Control 4.25 4.60 5.61 4.00 4.27 5.10 3.66 4.18 4.65
100 4.60 5.86 6.92 4.43 5.20 6.44 4.00 4.62 5.63
(+8.23) (+27.39) (+23.35) (+10.75) (+21.77) (+26.27) (+9.28) (+10.52) (+21.07)
200 5.70 6.38 8.11 4.69 5.83 6.70 4.63 5.01 5.92
(+34.11) (+38.69) (+44.56) (+17.25) (+36.53) (+31.37) (+26.50) (+19.85) (+27.31)
300 5.88 7.00 8.76 5.72 6.87 7.35 4.98 5.58 6.40
(+38.35) (+52.17) (+56.14) (+43.00) (+ 60.88) (+44.11) (+36.06) (+33.49) (+37.63)
400 6.60 7.72 9.50 6.20 7.00 8.60 5.38 6.00 6.88
(+55.29) (+67.82) (+71.12) (+55.00) (+63.93) (+68.62) (+46.99) (+43.54) (+47.95)
500 7.80 8.30 9.67 6.55 7.76 8.89 5.72 6.57 7.19
(+83.52) (+80.43) (+ 69.34) (+63.75) (+81.73) (+74.31) (+56.28) (+57.17) (+54.62)
600 6.42 7.02 8.90 5.92 6.60 7.22 5.00 5.32 6.24
(+51.05) (+52.60) (+58.64) (+ 48.00) (+ 54.56) (+41.56) (+36.61) (+27.27) (+34.19)
700 4.32 5.48 6.35 4.35 4.80 5.97 3.83 4.45 5.44
(+1.64) (+19.13) (+13.19) (+8.75) (+12.41) (+17.05) (+4.64) (+ 6.45) (+16.99)
200 4.05 4.27 4.62 3.80 4.25 4.90 3.50 4.06 4.35
(- 4.70) (-7.17) (-17.64) (-5.00) (-2.81) (-3.92) (-4.37) (- 2.87) (- 6.45)
Leaves : F1 = 39.2644* F2 = 61.0435* Stem: F1=54.2969* F2 = 81.6248* Root: F1 = 83.8087* F2=151.8646*

Table 5. Effect of NaCl on the Calcium content of leaves, stem and root of Lumnitzera racemosa (mg/g dry weight).

Concentration Days after NaCl treatment

of NaCl 60 120 180 60 120 180 60 120 180
(mM) Leaves Stem Root
Control 3.50 3.85 4.30 3.22 3.60 4.12 2.85 2.98 3.27
100 4.80 5.50 6.35 3.70 4.80 5.96 3.30 3.80 4.20
(+37.14) (+42.85) (+47.67) (+14.90) (+33.33) (+44.66) (+15.79) (+27.51) (+28.44)
200 5.40 6.00 7.30 4.00 5.67 6.47 3.64 3.95 4.66
(+54.28) (+55.84) (+69.76) (+24.22) (+57.5) (+57.03) (+27.71) (+32.55) (+42.50)
300 5.80 6.60 8.55 5.35 6.13 7.07 4.08 4.56 4.98
(+65.71) (+71.42) (+98.83) (+66.14) (+70.28) (+71.60) (+43.15) (+53.02) (+52.29)
400 6.08 7.45 9.14 6.00 6.73 8.00 4.62 4.95 5.34
(+73.71) (+93.50) (+112.55) (+86.33) (+ 86.94) (+94.17) (+62.10) (+ 66.10) (+63.30)
500 7.30 8.00 9.60 6.40 7.50 8.60 5.00 5.69 6.07
(+108.57) (+10.77) (+123.25) (+98.75) (+108.33) (+108.73) (+75.43) (+90.93) (+85.62)
600 6.00 6.95 8.20 5.02 6.00 7.00 4.28 4.65 5.26
(+71.42) (+80.51) (+90.69) (+55.90) (+66.67) (+ 69.90) (+50.17) (+56.04) (+60.85)
200 4.08 4.67 6.23 3.50 4.55 5.65 3.20 3.60 4.17
(+16.57) (+21.29) (+44.88) (+8.69) (+26.38) (+37.13) (+12.28) (+20.80) (+27.52)
200 3.00 3.60 4.00 3.05 3.40 3.64 2.80 2.88 3.08
(- 14.28) (- 6.49) (-6.97) (-5.27) (- 5.55) (- 11.65) (- 1.75) (-3.35) (-5.81)

Leaves : F1=51.4273* F2 = 56.4038*

Sodium

Sodium chloride salinity increased the sodium content and the
increase was more in the stem than in the leaf and root tissues, with
increasing salt concentrations upto 800 mM in all the sampling days.
Increased availability of sodium in the soil stimulated increased uptake
of sodium by the seedlings. The results on the sodium content of
Lumnitzera racemosa agree with the earlier studies on other
accumulating halophytes such as Atriplex calotheca and A. littoralis
[17], Suaeda nudiflora [18], Excoecaria agallocha [19] and in Sesuvium
portulacastrum [20]. Accumulation of Na+ and Cl- in the shoots of
Sporobolus virginicus was limit under high salinity due to excess of
these ions required for osmotic adjustment [21].
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Stem: F1 =52.1084* F2 = 64.1824*

Root: F1 = 103.5087* F2 = 63.5370*

Total nitrogen

The nitrogen content of the leaves, stem and root of L. racemosa
increased with increasing sodium chloride concentrations upto 500
mM. The leaves had more nitrogen than the stem and root tissues. The
increase in the nitrogen content could be attributed to the efficient
use of nitrogen taken up by the plant, when salinity was in optimum.
Sodium ions could not have influenced the uptake of nitrate ions as
they are differing in their charges.

The significant increase in root and shoot nitrogen with an increase in
salinity and nitrogen in the substrate suggests that the capacity for
production of proline may be limited by nitrogen availability, especially
in reduced substrates such as salt marshes [22]. The decrease in
nitrogen content at higher salinity levels could be due to the CI-
limiting influx of nitrate ions.
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Table 6. Effect of NaCl on the magnesium content of leaves, stem and root of Lumnitzera racemosa (%/g dry weight)
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Concentration

Days after NaCl treatment

of NaCl 60 120 180 60 120 180 60 120 180

(mMm) Leaves Stem Root

Control 0.60 0.75 0.97 0.46 0.68 0.75 0.40 0.60 0.72

100 0.68 0.99 1.16 0.52 0.85 1.11 0.48 0.66 1.07
(+13.33) (+32.00) (+19.58) (+13.04) (+25.00) (+48.00) (+20.00) (+10.00) (+48.61)

200 0.78 1.25 1.44 0.65 1.10 1.30 0.59 0.85 1.29
(+30.00) (+ 66.66) (+48.45) (+41.30) (+61.76) (+73.33) (+47.5) (+41.66) (+79.16)

300 0.90 1.39 1.85 0.80 1.28 1.65 0.74 0.99 1.41
(+50.00) (+85.33) (+90.72) (+73.91) (+88.23) (+120.00) (+85.00) (+65.00) (+95.83)

400 1.05 1.55 2.18 0.98 1.45 1.90 0.90 1.20 1.77
(+75.00) (+ 106.66) (+124.74) (+113.04) (+113.23) (+153.33) (+ 125.00) (+100.00) (+ 145.83)

500 1.30 1.70 2.60 1.17 1.58 2.18 1.02 1.47 1.85
(+11.66) (+ 126.66) (+168.04) (+154.34) (+132.35) (+190.67) (+ 155.00) (+145.00) (+ 156.94)

600 0.90 1.50 2.01 0.82 1.30 1.84 0.65 0.98 1.58
(+50.00) (+100.00) (+107.21) (+78.26) (+91.17) (+145.33) (+62.5) (+63.33) (+119.44)

700 0.65 0.90 1.08 0.50 0.79 0.92 0.45 0.60 0.86
(+8.33) (+20.00) (+11.34) (+8.69) (+16.17) (+22.66) (+12.5) (+0.00) (+19.44)

200 0.52 0.70 0.85 0.40 0.55 0.60 0.37 0.49 0.66
(- 13.33) (- 6.66) (-12.37) (- 13.04) (-19.11) (- 20.00) (-7.5) (- 18.33) (-8.33)

Leaves: F1=13.0983* Stem : F1=19.1109* Root: F1=20.4380*
F2 =33.3555* F2 =41.0064* F2 =56.3232*
Table 7. Effect of NaCl on the chloride content of leaves, stem and root of Lumnitzera racemosa (mg/g dry weight)

Concentration Days after NaCl treatment

of NaCl 60 120 180 60 120 180 60 120 180

(mM) Leaves Stem Root

Control 7.20 8.50 9.65 6.05 7.80 8.32 5.00 5.60 6.15

100 9.35 11.25 13.00 7.82 9.36 12.25 6.30 7.98 9.28
(+29.86) (+32.35) (+34.72) (+29.26) (+20.00) (+47.24) (+26.00) (+42.5) (+50.89)

200 10.62 12.13 15.27 8.95 10.27 13.93 7.80 9.22 11.34
(+47.5) (+42.70) (+58.24) (+47.93) (+31.67) (+67.43) (+56.00) (+64.64) (+84.39)

300 12.05 13.06 17.10 10.64 12.66 15.26 8.28 10.66 12.55
(+67.36) (+53.65) (+77.20) (+75.87) (+62.31) (+83.41) (+65.6) (+90.36) (+104.07)

400 13.90 15.80 18.90 12.32 13.30 17.00 10.57 12.00 14.20
(+93.06) (+85.88) (+95.85) (+103.64) (+70.51) (+104.33) (+111.4) (+114.29) (+130.89)

500 15.08 16.38 20.34 13.95 15.20 19.05 11.35 14.35 16.68
(+109.44) (+92.70) (+110.78) (+130.58) (+94.87) (+128.97) (+127.00) (+156.25) (+171.22)

600 16.20 18.23 21.09 14.87 16.28 20.33 11.95 15.25 17.08
(+125.00) (+114.47) (+118.55) (+145.79) (+108.72) (+144.35) (+139.00) (+172.32) (+177.72)

700 17.50 20.15 23.05 16.00 18.09 21.65 12.26 16.30 18.30
(+143.06) (+137.06) (+138.86) (+164.46) (+131.92) (+160.22) (+145.2) (+191.07) (+197.56)

200 19.03 21.80 24.30 17.67 19.22 22.60 13.67 17.06 19.20
(+164.31) (+156.47) (+151.81) (+192.07) (+146.41) (+171.63) (+173.4) (+204.64) (+212.20)

Leaves: F1=152.9102* Stem : F1=139.1885* Root : F1 = 64.3249*
F2=127.1082* F2 = 135.2564* F2 =59.5143*
Phosphorus Potassium

The phosphorus content was increased with increasing NaCl salinity
upto the optimum level. At higher concentrations, the level of
phosphorus was decreased. Phosphorus plays a key role in energy
metabolism requirements as it takes part in the formation of ADP,

NAD and NADP which plays key roles in photosynthesis [23].

The results on the phosphorus content in the present study in L.
racemosa agree with the previously studied halophytes such as
Kandelia candel [24], Acanthus ilicifolius [25] and Saintpaulia ionantha
[26]. Salinity caused an increase in both acid and alkaline phosphotase
(ALP) activity with a significant decrease in phosphate level in
Bruguiera parviflora [27].
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The potassium content of the leaf, stem and root increased with
increasing concentration of sodium chloride upto optimum level of
500 mM. Potassium is an essential macronutrient. Increased sodium
chloride salinity increased the potassium content in the tissues of
several halophytes; Suaeda nudiflroa [28] and in Excoecaria agallocha
[19]. Potassium content has been reported to decline at higher NaCl
salinity level in Suaeda maritima [29] and in Atriplex prostrata [30].

The K* contents of leaf and stem tissues remained constant with
moderate salinity and the K+ levels of the roots were unaffected by
100 mol m-3 NaCl for Atriplex spongiosa [31]. Shoots of Sporobolus
virginicus maintained relatively constant K+ concentrations with
increasing salinity [21].



A.K. Rajalakshmi et al.

Calcium

Sodium chloride salinity stimulated the calcium accumulation upto the
optimum level of 500 mM. At higher concentrations, calcium content
was inhibited in L. racemosa. The accumulation of Ca%*is considered
to produce protective effects on salt stress and sodium toxicity [32].

Bhivare and Nimbalkar [33] reported that the Ca2* increased in the
leaves and decreased in roots with increasing salinity in French beans.
While the Ca?* content of stem was favored by NaCl, and Na,SO4
adversely affected it. The similar trends have been reported in Atriplex
prostrata [30]. Calcium concentration was extremely low in shoots of
Kochia scoparia [34] plants growing at high salinity this agreed with
the results found for Kandelia candel [35].

Magnesium

There was a steady increase in the magnesium content of the plant
tissues of L. racemosa with increasing sodium chloride salinity upto the
optimum level of 500 mM. The magnesium is an essential plant
nutrient in leaves and roots and is taken up as a cation. Itis needed by
all green plants as a constituent of chlorophyll, the only mineral
constituent of chlorophyll molecule and as a co-factor for several
enzymes and is beneficial to various biochemical processes.

Magnesium ion uptake is also interfered by large quantities of
potassium ions or calcium ion, because of ion antagonism.
Magnesium together with calcium is believed or is suggested to confer
the tolerance to salinity [36]. Magnesium concentration was increased
by sodium chloride salinity, and when supplemented with Ca%, the
magnesium content was reduced in Citrus cells [37] and in Barley [38].
Salinity had little effect on the accumulation of magnesium. At higher
salinity level, magnesium ions decreased in Salicornia bigelovii [39].
The results of the present study agree with other halophytes [40] and
in Salicornia rubra [41].

Chloride

The chloride content was increased with increasing NaCl
concentration upto 800 mM. The leaf tissue had more chloride
content when compared to those of stem and root. Chloride is viewed
as physiologically a neutral anion and it is tolerated over a wide range
of concentrations [36].

Chloride uptake is believed to be an active process, since there was a
lower electrical potential of the cytoplasm than outside the cells [37].
Chloride was taken up by the roots of halophytes in non-equivalent
quantities. Chlorides differ also in the patterns of their distribution
within the plant organs.

The increase in the chloride content with increased NaCl treatment in
the present study was in conformity with the results of several other
halophytes such as Excoecaria agallocha [19].

Accumulation of sodium and chloride ions increased in their tissues
upto 800 mM NaCl salinity. Mineral constituents such as nitrogen,
phosphorus, potassium, calcium and magnesium were increased upto
the optimum concentration.
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