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High concentrations of harmful ions like salt and chloride can have a direct impact on plant growth. So, the saline
water irrigation in agriculture should be studied in a model system. In this study, we conducted a detailed
investigation on the comparative effect of exogenous addition of different concentrations of sodium chloride on the
organic components, in the seedlings of Lumnitzera racemosa Willd, a much commonly known mangrove species

inhabiting the salt marsh ecosystem as no such detailed physiological studies have been made in this species earlier.
From this study, it can be concluded that, salinity has an impact on the biochemical constituents of this important

mangrove species.
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The intertidal zone along the shore is home to a collection of plants
and shrubs known as mangroves [1]. Mangroves have a significant
potential since they may be used to produce wood, pulp, oil, fuel,
feed, and other materials [2]. In addition, they can be utilized for
landscaping, dune stabilization, and land reclamation. Some of the
species of halophytes and swampy plants can be found in inland
marshy environments [3].

From riverine forests with salinities near or at zero parts per thousand
(ppt), to fringe woods with typical salinities around 35 ppt, and even
in hypersaline places where the salinity may approach 70 ppt,
mangroves can be found naturally existing along a gradient of salinity
[4]. Mangroves can be found growing in a variety of salinities, however
some species have been found to thrive best in salinities as low as two
ppt [5].

Lumnitzera racemosa Willd. (Combretaceae) as a shrub more
commonly as a tree, grows luxuriantly in the salt marsh habitat of
Pichavaram on the east coast of Tamil Nadu, India. Lumnitzera is an
Asian genus, with species occurring from Eastern Africa to the
Western Pacific [6]. This species constitutes one of the dominant
mangrove flora of Pichavaram. As this species accumulate high
concentrations of salts in their leaf tissues and overcome salt toxicity
by developing succulence, it can be classified under succulent
halophyte [7].

The concentration of the salt in the saline environment is normally
measured as the chloride concentration or chlorinity and it is about 35
g/! [8]. The most important ions in salt affected soils are the sodium
and chloride with concentrations of 480 and 560 mM respectively [9].
Besides Na+and Cl- ions in the soils affected by seawater, other anions
particularly, carbonates, bicarbonates and sulphates do also occur at
high concentration [8,10]. The luxuriant mangrove areas need more
protection and active management. The partially degraded area
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requires either natural regeneration or rehabilitation. The seriously
degraded area need reforestation [11].

Scientists agree that mangrove areas are highly productive and
comparable to good agriculture land [12,13]. During the last three
decades, halophytes and the effect of salinity in general have been the
subject of a number of reviews. Optimal salt concentration for growth
varies with species. Different mangrove species exhibit variable
growth responses to saline conditions [14]. In this present study, a
detailed investigation on the comparative effect of exogenous
addition of different concentrations of sodium chloride on the organic
components, in the seedlings of L. racemosa, a much commonly
known mangrove species inhabiting the salt marsh ecosystem as no
such detailed physiological studies have been made in this species
earlier.

Plant collection

Seedlings of Lumnitzera racemosa Willd were used in the present
study and collected from mangrove belt of Pichavaram, on the east
coast of Tamil Nadu, India.

When the seedlings were about 10 cm, healthy plants of uniform
height were screened for transplantation. The seedlings were
uprooted carefully with intact root system from the mangrove belt
and were washed thoroughly with fresh water. The seedlings then
were planted into the individual polythene bags filled with fresh soil
containing red earth, sand and farmyard manure (1:2:1).

NaCl treatment

NaCl treatment was given at various concentrations viz., 0 (control),
100, 200, 300, 400, 500, 600, 700, 800, 900 and 1000 mM NaCl. Both
the control and experimental plants treated with varying
concentrations of NaCl were regularly irrigated with tap water. As
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the objective of the present investigation was to study individually
the effect of different concentrations of NaCl in L. racemosa.
Harvesting was done on 60th, 120th and 180th day after NaCl
treatment.

Biochemical analysis

Estimation of total free amino acids [15], protein [16], total sugars
[17], starch [18], proline [19], glycinebetaine [20] and total phenols
[21] were done by following standard methods on 60th, 120t and
180t day after NaCl treatment.

Statistical analysis

Statistical analysis was performed by following standard procedures
[22].

Free amino acids

The results showed that the leaf had more amino acid accumulation
than in the stem and root. Highest accumulation of amino acid (6.97
mg/g fr. wt.) was recorded at 800 mM NaCl on the 180th day
samples and this was 49.89% over that of control plants (Table 1).
The F values calculated for difference between the sampling days
and between the treatments were significant at 1% level.

Protein

The highest protein content (10.98 mg/g fr. wt.) was noticed in the
leaf tissue at 500 mM NaCl on the 180th day. The highest total
protein content in all the three tissues (27.25 mg/g fr. wt.) was
recorded at 500 mM NacCl on the 180th day samples and this was
127.13% over that of control plants (Table 2). With further
increasing of NaCl salinity, the protein content was declined on all
the sampling days. The F values calculated for difference between
the sampling days and between the treatments were significant at
1% level.

Total sugar

The total sugar content had decreased in the leaf, stem and root
with increasing NaCl salinity upto 500 mM and at higher
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concentrations upto 800 mM an increasing trend was noticed (Table
3). The maximum decrease recorded in the leaf, stem and root at
500 mM NaCl was 27.59%, 21.87% and 30.33% less respectively
when compared to those of control plants on 180th day (Table 3).
The F values calculated for difference between the sampling days
and between the treatments were significant at 1% level.

Starch

The effect of sodium chloride salinity on the starch content of the
leaf, stem and root was studied and the results are given in Table 4.
The starch content in all the plant tissues had increased with
increasing NaCl concentrations upto 500 mM. Beyond 500 mM,
there was a gradual reduction in starch content on all the sampling
days. The leaf had more accumulation of starch than in the stem and
root in all the NaCl concentrations and all the sampling days (Table
4). The Fvalues calculated for difference between the sampling days
and between the treatments were significant at 1% level.

Proline

The leaf had always higher proline accumulation than in the stem
and root. The highest proline accumulation (12.60 mg/g fr. wt.) was
noticed in the leaf tissue at 800 mM NaCl on the 180th day, and this
was 149% over that of control plants (Table 5). The F values
calculated for difference between the sampling days and between
the treatments were significant at 1% level.

Glycinebetaine

The results of glycinebetaine accumulation in the leaf, stem and root
at different concentrations of NaCl are presented in Table 6. Sodium
chloride salinity increased the level of glycinebetaine with increasing
concentrations upto 800 mM in all the plant tissues on all the
sampling days (Table 6). The increasing trend in the betaine was
similar to that of proline. The leaf glycinebetaine content was always
higher than that of stem and root. The maximum betaine
accumulation was noticed in the leaf tissue on the 180th day
samples at 800 mM NaCl and this was 154.26% higher when
compared to those of control plants. The F values calculated for
difference between the sampling days and between the treatments
were significant at 1% level.

Table 1. Effect of NaCl on the free amino acid content of leaves, stem and root of Lumnitzera racemosa (mg/g fresh weight).

Concentration Days after NaCl treatment

of NaCl 60 120 180 60 120 180 60 120 180
(mM) Leaves Stem Root
Control 4.00 4.28 4.65 3.40 3.55 3.68 3.00 3.26 3.35
100 4.36 4.75 5.07 3.56 3.86 4.03 3.08 3.38 3.50
(+9.00) (+10.98) (+9.03) (+4.70) (+8.73) (+9.51) (+2.66) (+3.68) (+4.47)
200 4.77 5.18 5.42 3.75 4.10 4.40 3.25 3.60 3.84
(+19.25) (+21.02) (+16.55) (+10.29) (+15.49) (+19.56) (+8.33) (+10.42) (+14.62)
300 5.10 5.60 5.85 4.02 4.43 4.65 3.40 3.72 4.05
(+27.5) (+30.84) (+25.80) (+18.24) (+24.78) (+26.35) (+13.33) (+14.11) (+20.89)
400 5.38 5.93 6.20 4.30 4.85 5.13 3.63 4.04 4.25
(+34.5) (+38.55) (+33.33) (+26.47) (+36.61) (+39.40) (+21.00) (+23.92) (+26.86)
500 5.70 6.33 6.69 4.74 5.57 5.80 3.88 4.36 4,51
(+42.5) (+47.89) (+43.87) (+39.41) (+56.90) (+57.60) (+29.33) (+33.74) (+34.62)
600 5.86 6.42 6.80 4.85 5.68 5.96 3.97 4.50 4.63
(+46.5) (+50.00) (+46.23) (+42.64) (+60.00) (+61.95) (+32.33) (+38.03) (+38.20)
700 5.93 6.58 6.89 4.95 5.86 6.10 4.12 4.62 4.87
(+48.25) (+53.73) (+48.17) (+45.58) (+65.07) (+ 65.76) (+37.33) (+41.71) (+45.37)
200 6.05 6.70 6.97 5.08 5.97 6.25 4.25 4.77 5.00
(+51.25) (+56.54) (+49.89) (+49.41) (+67.61) (+69.83) (+41.66) (+46.31) (+49.25)
Leaves: F1=314.666* Stem : F1=65.7850* Root : F1=146.6018*
F2 =243.374%* F2 =49.0821* F2 =145.3583*
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Table 2. Effect of NaCl on the protein content of leaves, stem and root of Lumnitzera racemosa (mg/g fresh weight).

Concentration Days after NaCl treatment

of NaCl 60 120 180 60 120 180 60 120 180
(mM) Leaves Stem Root
Control 6.40 6.90 7.15 5.42 6.00 6.24 5.33 5.52 5.65
100 7.32 7.86 8.06 5.79 6.17 6.47 5.50 6.10 6.32
(+14.37) (+13.91) (+12.73) (+6.82) (+2.83) (+3.68) (+3.18) (+10.50) (+11.85)
200 7.96 8.50 8.80 6.05 6.52 6.75 5.66 6.32 6.68
(+24.37) (+23.18) (+23.07) (+11.62) (+ 8.66) (+8.17) (+6.19) (+14.49) (+18.23)
300 8.55 9.08 9.40 6.38 7.18 7.40 5.92 6.60 6.97
(+33.59) (+31.59) (+31.46) (+17.71) (+19.66) (+18.58) (+11.06) (+19.56) (+23.36)
400 9.35 9.78 10.05 6.74 7.45 7.67 6.25 6.95 7.15
(+ 46.09) (+41.73) (+40.55) (+24.35) (+24.16) (+22.91) (+17.26) (+25.90) (+26.54)
500 10.00 10.61 10.98 6.96 8.44 8.60 6.77 7.40 7.67
(+56.25) (+53.76) (+53.56) (+28.41) (+40.66) (+37.82) (+27.01) (+34.05) (+35.75)
600 8.42 9.58 9.83 6.35 6.80 7.00 5.90 6.50 6.88
(+31.56) (+38.84) (+37.48) (+17.15) (+13.66) (+12.17) (+10.69) (+17.75) (+21.76)
700 7.15 7.63 7.90 5.58 6.00 6.32 5.35 6.00 6.04
(+11.71) (+10.57) (+10.48) (+2.95) (+0.00) (+1.28) (+0.37) (+8.19) (+6.90)
300 6.25 6.64 6.80 5.06 5.40 6.02 4.65 4.94 5.85
(- 2.34) (-3.76) (- 4.89) (- 6.64) (- 10.00) (-3.52) (-12.75) (- 10.50) (- 3.53)
Leaves: F1=282.8627* Stem : F1=46.5899* Root : F1=47.1857*
F2 =87.2962* F2 =48.5773* F2 = 65.3740*

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

Concentration Days after NaCl treatment

of NaCl 60 120 180 60 120 180 60 120 180
(mM) Leaves Stem Root
Control 18.50 21.00 21.67 15.60 16.88 17.60 13.40 14.90 16.25
100 17.80 20.60 21.18 14.86 16.12 17.00 12.60 14.08 15.55

(-3.78) (- 1.90) (-2.26) (-4.74) (- 4.50) (- 3.40) (-5.97) (- 5.50) (-4.30)
200 16.30 18.38 19.25 13.75 15.35 16.60 11.20 13.10 14.31

(- 11.89) (- 12.47) (-11.16) (-11.85) (-9.06) (- 5.68) (- 16.41) (-12.08) (-11.93)
300 15.26 17.03 18.62 12.64 14.70 15.65 10.35 12.62 13.67

(-17.51) (- 18.90) (- 14.07) (-18.97) (-12.91) (-11.07) (-22.76) (- 15.30) (-15.87)
400 14.05 16.25 17.33 11.50 12.60 14.33 9.06 12.00 13.11

(- 24.05) (-22.61) (-20.02) (- 26.28) (- 25.35) (-18.57) (-32.38) (- 19.46) (-19.32)
500 12.25 14.37 15.69 09.44 10.98 13.75 8.00 10.65 11.32

(- 33.78) (-31.57) (-27.59) (-39.48) (- 34.95) (-21.87) (- 40.29) (-28.52) (-30.33)
600 13.30 15.68 17.60 10.67 12.90 15.61 9.67 11.95 13.68

(- 28.10) (- 25.33) (- 18.78) (-31.60) (-23.57) (- 11.30) (- 27.83) (- 19.80) (- 15.81)
700 14.70 16.95 18.76 12.30 14.26 16.78 11.00 13.64 14.92

(- 20.54) (- 19.28) (-13.42) (-21.15) (- 15.52) (- 4.65) (-17.91) (- 8.46) (- 8.18)
300 15.85 18.66 19.35 13.80 15.94 17.12 12.06 14.01 15.66

(-14.32) (-11.14) (- 10.70) (-11.53) (- 5.56) (-2.72) (- 10.00) (-5.97) (-3.63)

Leaves: F1=131.6602* Stem : F1=27.0623* Root : F1=71.6434*
F2 =305.2864* F2 =76.5837* F2 =285.5531*

Total phenol

The results on the effect of sodium chloride on the total phenol
content of the leaf, stem and root are given in Table 7. The phenol
content was increased with increasing NaCl salinity upto 500 mM in
all the plant tissues. The stem had more phenol content than the
leaf and root. The highest phenol content (14.50 mg/g fr. wt.) was
recorded in the stem of L. racemosa at 500 mM NaCl on the 180th
day. The increase was 61.11% over to that of control plants. The F
values calculated for difference between the sampling days and
between the treatments were significant at 1% level.

Free amino acids

A gradual increase in free amino acid content was noticed with
increasing concentrations of NaCl salinity upto 800mM. Free amino
acids have been reported to accumulate in halophytes subjected to
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saline stress [23]. Accumulation of free amino acids occurred in
many plants in response to changing osmotic potentials in their
external environment by osmotic adjustment of their cellular
contents [24].

Reports showed some similarity as in certain other halophytes such
as Atriplex satidea [25] and Avicennia officinalis [26]. The increased
level of free amino acid pool during salt treatment in different plant
species contradict with decreased amino acid pool by salinity in
Aegiceras corniculatum [27].

An increase in the free amino acids at higher salinity levels may be
due to degradation of protein [28]. In the present study, the gradual
increase in the free amino acid content under salt treatments can
also be correlated to the decrease in protein content at higher
salinity concentrations. This may be attributed to increased
degradation of protein at high salinity levels [29].
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Table 4. Effect of NaCl on the starch content of leaves, stem and root of Lumnitzera racemosa (mg/g fresh weight)
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Concentration

Days after NaCl treatment

of NaCl 60 120 180 60 120 180 60 120 180

(mM) Leaves Stem Root

Control 20.60 22.35 24.00 18.28 20.00 21.06 15.80 18.32 19.86

100 21.20 23.94 25.67 18.96 21.17 22.00 16.60 19.83 21.08
(+2.91) (+7.11) (+6.95) (+3.71) (+5.85) (+4.46) (+5.06) (+8.24) (+6.14)

200 22.35 25.36 26.38 19.95 22.95 24.03 17.90 21.00 22.62
(+8.49) (+13.46) (+9.91) (+9.13) (+14.75) (+14.10) (+13.29) (+14.62) (+13.89)

300 24.90 27.00 28.06 21.80 24.08 25.93 19.27 22.05 24.34
(+20.87) (+20.80) (+16.91) (+19.25) (+20.40) (+23.12) (+21.96) (+20.36) (+22.55)

400 27.50 29.35 32.66 23.25 26.33 28.08 20.86 24.08 25.86
(+33.49) (+31.31) (+36.08) (+27.18) (+31.65) (+33.33) (+32.02) (+31.44) (+30.21)

500 30.80 33.60 34.42 26.70 29.06 30.94 22.35 26.65 28.00
(+49.51) (+50.33) (+43.41) (+ 46.06) (+45.30) (+46.91) (+41.45) (+45.46) (+40.98)

600 25.65 26.34 30.27 22.30 23.17 25.00 18.00 22.06 23.02
(+24.51) (+17.85) (+26.12) (+21.99) (+15.85) (+18.70) (+13.92) (+20.41) (+15.91)

700 20.04 22.05 23.00 17.35 19.66 20.17 15.05 18.06 19.67
(-2.71) (-1.34) (-4.16) (- 5.08) (- 1.70) (-4.22) (-4.74) (-1.41) (-0.95)

300 18.00 20.87 22.16 15.50 17.00 18.05 13.80 16.84 18.00
(-12.62) (- 6.62) (- 7.66) (- 15.20) (- 15.00) (-14.29) (- 12.65) (-8.07) (-9.36)

Leaves : F1 = 130.4144* Stem: F1=166.7564* Root : F1=234.6732%
F2 =91.2448* F2=111.615* F2 = 454.156*
Table 5. Effect of NaCl on the proline content of leaves, stem and root of Lumnitzera racemosa (mg/g fresh weight).

Concentration Days after NaCl treatment

of NaCl 60 120 180 60 120 180 60 120 180

(mM) Leaves Stem Root

Control 4.05 4.80 5.06 3.35 4.00 4.36 2.82 3.67 3.85

100 4.34 5.10 5.66 3.62 4.54 5.00 3.13 4.06 4.38
(+7.16) (+6.25) (+11.85) (+8.05) (+13.5) (+14.67) (+10.99) (+10.62) (+13.76)

200 4.78 5.64 5.93 3.98 4.89 5.41 3.45 4.50 4.96
(+18.02) (+17.50) (+17.19) (+18.80) (+22.25) (+24.08) (+22.34) (+22.61) (+28.83)

300 5.36 6.47 6.90 4.55 5.60 5.97 3.92 4.83 5.36
(+32.34) (+34.79) (+36.36) (+35.82) (+40.00) (+36.92) (+39.007) (+31.60) (+39.22)

200 6.00 7.05 7.56 4.96 5.88 6.35 4.28 5.06 5.85
(+48.14) (+46.87) (+49.40) (+48.05) (+47.00) (+ 45.64) (+51.77) (+37.87) (+51.94)

500 6.65 8.00 8.63 5.64 6.43 6.85 4.66 5.56 6.04
(+64.19) (+ 66.66) (+70.55) (+ 68.35) (+60.75) (+57.11) (+65.24) (+51.49) (+56.88)

600 7.48 9.30 10.00 5.87 6.75 7.13 4.96 5.84 6.35
(+84.69) (+93.75) (+97.62) (+75.22) (+68.75) (+63.53) (+75.88) (+59.12) (+ 64.93)

700 8.07 10.55 11.80 6.44 7.08 7.49 5.29 5.99 6.60
(+99.25) (+119.79) (+133.20) (+92.23) (+77.00) (+71.78) (+87.58) (+63.21) (+71.42)

300 8.85 11.70 12.60 6.90 7.50 7.86 5.45 6.15 6.91
(+118.51) (+143.75) (+149.01) (+105.97) (+87.50) (+80.27) (+93.26) (+67.57) (+79.48)

Leaves: F1=52.4356* Stem : F1=423.2271* Root : F1=214.638*
F2 =33.653* F2 =341.0243* F2 =340.1484*
Protein forms, such as sucrose, glucose, and fructose, which are easily

The sodium chloride salinity upto the optimum level increased the
protein content in L. racemosa and decreasing trend was noticed
with increasing salinity. Similar observations were noticed under
seawater and various salinity concentrations in certain halophytes
such as Ceriops roxburghiana [30] and in Rhizophora apiculata [31].

Carbohydrates

The total sugar content decreased with increasing sodium chloride
salinity, and the starch content of the various plant tissues increased
in L. racemosa. The reverse situation was noticed at concentrations
beyond the optimum level. The role of salt up to a specific level on
the stomatal opening has been implicated in the decrease in sugar
and rise in starch content [32]. When the high molecular weight
carbohydrates are released, they are transformed into soluble
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transported to locations where they are needed for growth [33].

Many physiological and biochemical processes in plants are
impacted by salinity stress, which changes some metabolic
pathways. The buildup of sugars and several other organic solutes
is one of the main impacts of those affecting carbohydrate
metabolism [34].

Studies on seagrass carbohydrates have revealed that soluble sugar
concentration decreases as salinity rises. Carbohydrates are
probably transformed into other organic components during salt
stress, which would help these plants adjust to their osmotic
environment. The observed decrease in sucrose-P synthase activity
in seagrass subjected to increased salinities provides more support
for this [35].
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Table 6. Effect of NaCl on the glycinebetaine content of leaves, stem and root of Lumnitzera racemosa (mg/g fresh weight).
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Concentration

Days after NaCl treatment

of NaCl 60 120 180 60 120 180 60 120 180
(mM) Leaves Stem Root
Control 2.50 2.80 2.93 2.06 2.45 2.66 1.80 2.00 2.15
100 2.84 3.55 4.01 2.25 2.77 3.00 2.05 2.65 2.90
(+13.60) (+26.78) (+36.86) (+9.22) (+13.06) (+12.78) (+13.88) (+32.50) (+34.88)
200 3.17 4.00 4.47 2.60 3.30 3.70 2.18 2.80 3.10
(+26.80) (+42.85) (+52.55) (+26.21) (+34.69) (+39.09) (+21.11) (+40.00) (+44.18)
300 3.58 4.61 5.02 3.07 3.80 4.15 2.64 3.33 3.56
(+43.20) (+ 64.64) (+71.33) (+49.02) (+55.10) (+56.01) (+46.66) (+66.50) (+65.58)
400 4.50 5.45 5.94 3.65 4.42 4.78 2.90 3.64 3.95
(+80.00) (+94.64) (+102.73)  (+77.18) (+ 80.40) (+79.69) (+61.11) (+82.00) (+83.72)
500 5.60 6.47 6.85 4.24 4.88 5.15 3.32 4.00 4.34
(+124.00) (+131.07) (+133.78) (+105.82) (+99.18) (+93.60) (+84.44) (+100.00) (+101.86)
600 5.88 6.72 7.04 4.40 5.14 5.41 3.46 4.19 4.58
(+135.20)  (+140.00)  (+140.27)  (+113.92)  (+109.79)  (+103.38)  (+92.22) (+109.50)  (+113.02)
700 6.16 7.00 7.25 4.68 5.26 5.58 3.64 4.35 4.66
(+ 146.40) (+ 150.00) (+147.44) (+127.18) (+114.69) (+109.77) (+102.22) (+117.50) (+116.74)
300 6.30 7.22 7.45 4.90 5.37 5.69 3.80 4.52 4.78
(+152.00) (+157.85) (+154.26) (+137.86) (+119.18) (+113.90) (+111.11) (+126.00) (+122.32)
Leaves: F1=302.6655* Stem : F1=407.905* Root : F1=149.116*
F2 =126.9569* F2 =218.6504* F2 =139.8846*
Table 7. Effect of NaCl on the total phenol content of the leaves, stem and root of Lumnitzera racemosa (mg/g fresh weight).
Concentration Days after NaCl treatment
of NaCl 60 120 180 60 120 180 60 120 180
(mM) Leaves Stem Root
Control 6.00 6.54 7.06 8.05 8.66 9.00 5.40 5.86 6.90
100 6.35 7.00 9.10 8.62 9.18 12.10 5.80 6.45 8.44
(+5.83) (+7.03) (+28.89) (+7.08) (+ 6.00) (+34.44) (+7.40) (+10.06) (+22.31)
200 7.05 7.65 10.40 9.25 10.00 12.86 6.30 6.97 8.95
(+17.5) (+16.97) (+47.30) (+14.90) (+15.47) (+42.88) (+16.66) (+18.94) (+29.71)
300 7.66 8.50 10.96 9.68 10.86 13.27 6.68 7.69 9.58
(+27.66) (+29.96) (+55.24) (+20.24) (+25.40) (+47.44) (+23.70) (+31.22) (+38.84)
200 8.30 9.75 12.05 10.65 11.30 13.94 7.26 8.33 10.16
(+38.33) (+49.08) (+70.67) (+32.29) (+30.48) (+54.88) (+34.44) (+42.15) (+47.24)
500 9.00 10.46 13.60 11.28 11.75 14.50 7.75 8.70 10.87
(+50.00) (+59.93) (+92.63) (+40.12) (+35.68) (+61.11) (+43.51) (+48.46) (+57.53)
600 8.06 9.20 11.34 9.77 10.07 12.60 7.00 8.00 9.80
(+34.33) (+40.67) (+60.62) (+21.36) (+16.28) (+40.00) (+29.62) (+36.51) (+42.02)
700 7.04 8.78 10.30 9.00 9.80 12.07 6.25 7.52 9.03
(+17.33) (+34.25) (+45.89) (+11.80) (+13.16) (+34.11) (+15.74) (+28.32) (+30.86)
300 6.55 7.67 9.25 8.64 9.08 9.03 6.00 7.23 8.40
(+9.16) (+17.27) (+31.01) (+7.32) (+4.84) (+0.33) (+11.11) (+23.37) (+21.73)
Leaves : F1=19.9958* Stem : F1 =11.0480* Root : F1 =34.5412*
F2 = 80.2436* F2 =39.7060* F2 =215.873*
Proline betaine and is also reported for plants such as Atriplex barchyana

A substantial increase in the proline content of the plant tissues of
L. racemosa was noticed with increasing sodium chloride salinity
upto 800 mM. The leaf tissue had more proline content than stem
and root tissues. Increasing proline levels in the leaves of L.
racemosa are in consistence with other reports in different species
[31] and Sesuvium portulacastrum [36]. This is persumably
achieved by inducing proline biosynthetic enzymes and
representing synthesis of proline catabolising enzymes [37].

Glycinebetaine

With increasing NaCl concentrations up to 800 mM, L. racemosa
accumulated the glycinebetaine content. In  Halopyrum
mucronatum species of Chenopodiaceae [38], stress induced
glycinebetaine is adaptive, since it may function as a non-toxic
cytoplasmic osmoticum or an osmoprotectant and may act as a
compatible solute. The present results indicate that a passive
relationship between salt concentration and accumulation of
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[39] and in sugar beet [40].
Total phenol

The leaf, stem and root issues of L. racemosa were used for the
estimation of total phenol. The results of the present investigation
clearly showed that the phenol content was high in the stem tissue
than in leaf and root tissues, at the optimum salt concentration
and low phenol was recorded at very high salinity concentrations.
The study on the nature of distribution of phenols in different
seasons in majority of mangrove species, the total phenol was high
in the monsoon season [41]. The higher amount of phenols in the
monsoon season in most members of mangrove species studied,
could be correlated with the low temperature and high rainfall
prevailing in this season because of the lowest soil salinity due to
heavy discharge of freshwater in the estuary.

The mangrove species which possess higher amount of phenols
are actually growing in saline marshy habitat. In this habitat, there
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is a rich microbial and fungal flora which may cause pathogenesis
in plants. The literature survey on the role of the phenols shows
that they are protective agents based on their chemical nature and
play a significant role directly or indirectly in physiological process
such as growth and development, besides acting as auto-toxic and
alleopathic agents [42]. The present study revealed that the high
phenol content seen at low salinity level was evident to prevent
the phenolic attack by microbes and fungiin L. racemosa seedlings.

From this study it can be concluded that the biochemical
constitution of L. recemosa seedlings are affected due to the
exogenous application of salinity. This should be taken care while
planning future breeding practices, and also saline water irrigation
practices in crops.
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