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Abstract 
Xylocarpus mekongensis Pierre is the important tree species of the Sundar-
bans. The present study was conducted to evaluate the effect of salinity on the 
survival and growth of X. mekongensis seedlings. The distributional patterns 
of nitrogen, phosphorus, potassium, sodium, and carbon in seedling parts 
were also examined in relation to salinity. Comparatively higher survival 
(95%) of seedlings was observed at non-saline to slightly saline conditions (0 - 
5 PSU) and it was decreased to 78% at 35 PSU salinity. The relative growth 
rate (RGR) was higher at non-saline to slightly saline (0 to 5 PSU) conditions 
compared to higher salinity. Nutrients, sodium, and carbon concentration are 
found to vary significantly (p < 0.05) among the parts of seedlings. Compara-
tively (p < 0.05) highest concentration of nitrogen (20 to 34 mg/g), phospho-
rus (0.50 to 0.75 mg/g), potassium (9 to 27 mg/g) and sodium (7 to 36 mg/g) 
were found in leaves, while the highest concentration of carbon (42% to 45%) 
was detected in the stem. However, nitrogen, potassium, and carbon concen-
tration in different parts of seedlings showed significant (p < 0.05) negative 
correlations with salinity levels. It can be concluded that X. mekongensis has 
the capacity to tolerate higher saline condition but they grow well in non-saline 
to less saline conditions. 
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1. Introduction 

Mangroves are a taxonomically heterogeneous association of salt-tolerant trees 
and shrubs growing along the tropical and subtropical worm coastlines (Down-
ton, 1982). The salinity is a special characteristic of the mangrove habitats. This 
salinity has influences on the seed germination, sprouting of propagules, seedl-
ing growth and survival of mangroves plant species (Downton, 1982; Elumalai & 
Manikandan, 2013; Lovelock et al., 2004; Mahmood et al., 2014a; Naidoo, 2006). 
The higher amount of uptake and accumulation of Na+ and Cl− in plant tissues 
have a negative influence on plant growth and development by influencing the 
nutrient uptake mechanisms. High salinity level reduces nutrient uptake and 
accumulation (Fernández-García et al., 2004); affects the nutrient partitioning 
within the parts of the plant (Mahmood et al., 2014a). Moreover, higher salinity 
causes the physiological inactivation of a given nutrient that results in increasing 
demand of that particular nutrients by the plants (Grattan & Grieve, 1999) and 
imposes ion toxicity and disturbance in nutrient balance (Khan et al., 2000; Patel 
et al., 2010). In most of the cases, an increased level of salinity leads to increase 
Na+ and Cl− ions in plant tissue and results in decreased concentration of N, P, 
K+, and Ca2+ (Karimi et al., 2005; Tuna et al., 2007; Navarro et al., 2008). 

The level of salinity tolerances is found to vary with mangrove species and this 
level of tolerance is the key factor for the survival and growth of a particular 
mangrove species (Nandy et al., 2007; Mahmood et al., 2014b). Studies have 
shown that the growth of some mangrove species was higher at lower salinities 
(e.g. Chen & Ye, 2014 for Excoecaria agallocha; Mahmood et al., 2014a for Heri-
tiera fomes). Some other studies observed higher growth at moderate salinities 
(e.g. Hoppe-Speer et al., 2011 for Rhizophora mucronata; Patel et al., 2010 for 
Ceriops tagal; Smith & Snedaker, 1995 for Rhizophora mangle). However, up to 
a certain limit of further increases in salinity inevitably decreased the growth of 
mangrove plants (Chen & Ye, 2014; Mahmood et al., 2014b). The uptake rate of 
nutrients and their distribution pattern in plant’s parts are found to vary with 
mangrove species in a particular salinity (Musyimi et al., 2007).  

Xylocarpus mekongensis is the most valuable timber species of the Sundar-
bans mangrove forest of Bangladesh and found to grow well in moderate saline 
areas. This species occurs in association with Heritiera fomes, Avicennia officinalis, 
or Bruguiera gymnorrhiza (Mahmood, 2015). Xylocarpus mekongensis occupies 
3.09% of vegetative cover but this coverage is depleting at the rate of 0.10% per 
year (Iftekhar & Saenger, 2008). This species showed higher germination (85%) 
in less saline condition than high saline condition (57%) (Mahmood et al., 
2014b). With time, the increasing salinity pattern in the Sundarbans is clear due 
to the reduction of freshwater flow from upstream, change in rainfall pattern 
and sea-level rise (Gopal & Chauhan, 2006). However, about 30% of the seedling 
density in the Sundarbans mangrove forest of Bangladesh has been declined 
within 13 years from 1997 to 2010 (Mahmood et al., 2017). It is hypothesized 
that seedling density in the Sundarbans may be controlled by the salinity. There-
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fore, a study is needed to investigate the effect of salinity on the survival and 
growth of X. mekongensis seedling being a major tree species of the Sundarbans. 
The present study aimed to look at the effect of salinity on survival, growth, nu-
trients (N, P, and K), sodium (Na) and carbon distribution pattern in different 
parts of X. mekongensis seedling.  

2. Materials and Methods 
2.1. Site Description, Seed Collection and Seedling Raising 

The mature fruits were plucked from the healthy X. mekongensis trees from 
Harbaria (22.18666 N, 89.39340 E) under the Chandpai range of the Sundarbans, 
Bangladesh during June and July in 20118. The fruit collection site belongs to the 
moderate saline zone (10 - 25 PSU) and is dominated by X. mekongensis (Siddi-
qi, 2001). The site is nearly 300 m away from the canal bank with an average 
elevation of 1.4 to 2.1 m above the mean sea level. The site is mainly silty clay 
loam or alluvium and is mostly neutral to mildly alkaline in nature (Siddiqi, 
2001). As the area is relatively high, it is expected to inundate by the tidal water 
only during the full moon. Climate is extremely seasonal and 87% of the annual 
precipitation (1500 mm) occurs between May and October keeping the other 
months relatively dry with little to no precipitation (Siddiqi, 2001). Maximum 
temperatures range from 18˚C to 35˚C in summer and minimum temperatures 
range from 12˚C to 29˚C in winter. 

The collected seeds were sorted manually to discard the damaged/defective 
ones. Seeds were sown on in a germination bed (1 × 5 m) of the coarse sand 
layer of 30 cm at the non-saline condition. Watering was done every day early in 
the morning and late afternoon to compensate for the evaporative loss. The 
seedlings were raised in the nursery bed for six months.  

2.2. Experiment Setup 

Six-month-old seedlings were planted in perforated PET bottles (9 cm in diame-
ter and 20 cm in height) filled with coarse sand (Figure 1) and a total of 96 
seedlings were planted in pet bottles. Collar diameter, height and green biomass 
of each seedling including leaves, stem, and roots were measured and recorded. 
Ten seedlings were taken to the laboratory and oven-dried at 80˚C for 4 days to 
calculate the green to oven-dry weight conversion ratio. Twelve seedlings with 
pet bottles were placed in a plastic box (46 cm × 30 cm × 24 cm) and thus 8 box-
es were prepared.  

Eight salinity treatments (0 - 35 PSU at 5 PSU intervals) were used to see the 
response of seedlings in hydroponic media with a modified Hogland solution. 
Here, distilled water was used for 0 PSU treatment level and the other seven le-
vels of salt solution (5, 10, 15, 20, 25, 30 and 35 PSU) were prepared by using 
crude sea salt (unrefined sea salt) containing all the chemical constituents of 
seawater. The modified Hogland solution (Table 1) was adopted to avoid further 
contamination of Na+ and Cl− from the original solution (Mahmood et al., 2014a). 
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The salinity level of the experiment was increased gradually at the rate of 2.5 
PSU/week by following the method of Siddique et al. (2017) to cope with the 
seedlings with the sudden shock of increased salinity. The layout of the treat-
ment has been presented in Figure 2. The nutrient solution was replaced weekly 
and salinity levels were checked regularly by using a portable hand salinity re-
fractometer (RHS-4/ATC). Each treatment was kept for 25 weeks in a glasshouse 
under natural temperature (32˚C to 35˚C) and light. The pH of the nutrient me-
dium was maintained at 7.5 - 8 for all the treatments. 

 
Table 1. Composition of the modified modified Hogland nutrient solution used in expe-
riment. 

Salt For Stock solution (g·l−1) To use (ml·l−1) 

NH4H2PO4 115.00 1.00 

KNO3 101.11 6.00 

Ca(NO3)2·4H2O 236.20 4.00 

MgSO4·7H2O 246.50 2.00 

MnSO4·H2O 0.57 1.00 

H3BOP4 2.86 1.00 

CuSO4·5H2O 0.08 1.00 

(NH4)6Mo7·4H2O 0.02 1.00 

ZnSO4·5H2O 0.22 1.00 

C6H8O7FeNH3 5.00 1.00 

 

 
Figure 1. Bottle and box preparation for growth experiment. 
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Figure 2. Temporal diagram of the gradual change in salinity. 

2.3. Survival and Growth of Seedlings 

The number of survived seedlings in each salinity treatment was counted at the 
end of the experiment and the survival percentage was calculated. At the end of 
the experiment, all the seedlings were harvested and their biomass was measured 
according to salinity treatments. The relative growth rate (RGR, gd−1) was calcu-
lated according to Siddique et al. (2017): 

RGR = (lnBt − lnB0)/(tt − t0) 

where Bt is the final dry biomass of the seedling measures and B0 is the initial dry 
biomass of the seedling estimated from the fresh to oven-dry weight conversion 
ratio.  

2.4. Nutrients (N, P and K), Sodium and Carbon in Seedling Parts 

Sub-samples (100 g) of seedling parts (leaf, bark, stem, and root) were randomly 
collected from the harvested seedlings of each treatment and oven-dried at 80˚C 
for 4 days except leaves, which was oven-dried at 60˚C for 5 days. The oven-dried 
samples were crushed and sieved to 2 mm particle size after ensuring homo-
geneity. The sieved sample was acid digested according to Allen (1989). Nitrogen 
and phosphorus in the sample extract were measured according to Baethgen & 
Alley (1989) and Olsen & Sommers (1982) respectively. Potassium and sodium 
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in the sample extract were measured by Flame photometer (PFP7, Jenway LTD, 
England). Loss on ignition method was followed to estimate the carbon concen-
trations in samples (Allen, 1989).  

2.5. Statistical Analysis 

The survival percentage value of each treatment was transformed to arcsine and 
one-way analysis of variance (ANOVA) followed by Duncan Multiple Range 
Test (DMRT) was conducted to compare the survival percentages among the sa-
linity treatments. Biomass increment in different salinity treatments was also 
compared by one-way ANOVA followed by DMRT. The ANOVA analysis was 
conducted using SAS 6.12 statistical software. Correlation analysis among salin-
ity and different parameters (i.e. survival percentages, relative growth rate (RGR) 
and nutrients, sodium, and carbon in seedling parts) were performed by using 
MS Excel. 

3. Results 
3.1. Survival Seedlings 

The highest survival of seedlings (95% - 92%) was found at non-saline (0 PSU) 
to slightly saline treatments (10 PSU) and lowest lower survival (78%) was ob-
served at the highest saline treatment of 35 PSU (Figure 3(a)). The survival of 
seedling showed significantly (p < 0.05) strong negative correlation (r = −0.93).  
 

 
(a) 

 
(b) 

Figure 3. Salinity influence on (a) survival and (b) growth of Xylocarpus 
mekongensis seedlings. The mean with a similar alphabet has no significant 
(p > 0.05) difference according to one-way ANOVA followed by DMRT. 
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3.2. Growth of Seedlings 

Seedlings showed highest relative growth (0.0062 g·d−1) rate in non-saline (0 
PSU) to slightly saline condition (5 PSU) treatments, but this growth rate de-
clined with the increasing salinity treatments. The RGR showed a significant (p 
< 0.05) negative correlation (r = −0.84) with saline treatments (Figure 3(b)). 

3.3. Nutrients (N, P and K), Sodium, and Carbon in Seedling Parts  

Significant (p < 0.05) difference was observed in nitrogen, phosphorus, potas-
sium, sodium, and carbon concentration of different parts of seedlings at differ-
ent salinity treatments with the exception of nitrogen concentration in bark and 
stem (Table 2).  

Considering all the treatments, leaves contained comparatively higher con-
centration of nitrogen (20 - 34 mg·g−1), phosphorus (0.50 - 0.75 mg·g−1), potas-
sium (9 - 27 mg·g−1) and sodium (7 - 36 mg/g) compared to other parts. While 
comparatively higher (p < 0.05) concentration of carbon was measured in the 
stem (42% - 45%) and lowest (36% - 43%). was observed for roots (Figure 4). 

Nitrogen, potassium, and carbon concentration in different parts of seedling 
showed significant (p < 0.05) negative correlation with salinity treatments. 
However, phosphorus in the bark, stems, and roots showed no significant (p > 
0.05) correlation with salinity except for leaves which showed a significant nega-
tive correlation with salinity treatments. Conversely, sodium concentration in 
plant parts showed significant (p < 0.05) positive correlation (Table 3). 

 
Table 2. Analysis of variance results for nitrogen, phosphorus, potassium, sodium and 
carbon concentration in seedling parts. 

 Leaf Bark Stem Root 

Nitrogen F = 6.20; p = 0.0012 F = 2.55; p = 0.0576 F = 2.61; p = 0.0531 F = 5.45; p = 0.0024 

Phosphorus F = 9.57; p = 0.0001 F = 4.04; p = 0.0098 F = 11.84; p = 0.0001 F = 12.28; p = 0.0001 

Potassium F = 67.40; p = 0.0001 F = 55.86; p = 0.0001 F = 16.05; p = 0.0001 F = 221.30; p = 0.0001 

Sodium F = 67.25; p = 0.0001 F = 27.73; p = 0.0001 F = 70.62; p = 0.0001 F = 187.57; p = 0.0001 

Carbon F = 12.46; p = 0.0001 F = 5.48; p = 0.0023 F = 3.41; p = 0.0200 F = 18.67; p = 0.0001 

 
Table 3. Correlation among salinity treatments and nitrogen, phosphorus, potassium, 
sodium and carbon in different parts of seedlings. 

 Leaf Bark Stem Root 

Nitrogen −0.92 −0.95 −0.88 −0.96 

Phosphorus −0.94 −0.38* −0.15* −0.002* 

Potassium −0.88 −0.78 −0.76 −0.99 

Sodium 0.90 0.94 0.98 0.97 

Carbon −0.91 −0.91 −0.94 −0.89 

*Values are not significant at 95% confidence level. 
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(a) 

 
(b) 

 
(c) 
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(d) 

 
(e) 

Figure 4. Concentration of (a) Nitrogen (b) Phosphorus (c) Potassium (d) So-
dium, and (e) Carbon in different parts of seedling along with the salinity 
treatments. The table along with each figure showing the lettering of DMRT. 
The similar alphabet for each part of seedlings along the salinity treatments 
shows no significant (p > 0.05) difference at 95% confidence level.    

4. Discussion 

Seedling survival of X. mekongensis was highest at non-saline to slightly saline 
condition. Survival and growth of mangrove seedlings largely are controlled by 
the salinity. The adaptive capacity to salinity of mangrove species is very much 
species-specific (Alam et al., 2017; Mahmood et al., 2014a; Nasrin et al., 2016). 
Mangrove plants engage most of their energy for survival at the high saline en-
vironment and conversely, a low saline environment facilitates the growth of 
mangroves (Lopez-Hoffman et al., 2006). This could be the reason to observe 
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comparatively higher survival and growth of X. mekongesis seedlings at non-saline 
to low saline condition. Similar results were also reported with Ceriops australis 
and C. decandra at Australia (Ball, 2002); H. fomes (Mahmood et al., 2014a), X. 
granatum (Siddique et al., 2017), M. pinnata (Nasrin et al., 2016) in Bangladesh; 
A. germinans in Venezuela (Lopez-Hoffman et al., 2007). Ye et al. (2005) ob-
served considerably higher RGR at 0 to 5 PSU salinity that decreased at higher 
salinity for three salt-secreting mangrove species, i.e. Acanthus ilicifolius, Aegi-
ceras corniculatum and Avicennia marina. Higher salinity negatively influences 
the growth of mangrove seedlings (Smith, 1992) through limiting the water up-
take (Clough, 1984) and causing low intercellular CO2 concentrations in leaves 
(Andrews & Muller, 1985), decreased photosynthetic rates (Pezeshki et al., 1990; 
Sobrado, 1999). High salinity affects plant growth through sodium made toxici-
ties or nutrient deficiencies or a combination of both (Khan et al., 2000; Läuchli 
& Grattan, 2007). 

Plant uptake nutrients from the soil and translocate to leaves, and synthesized 
food thereafter is distributed to different parts. The nutrient is an essential ele-
ment for their growth and different physiological process of the plant (Jones et 
al., 1991; Marschner, 1995). Nutrients concentration not only varies from species 
to species but also varied among the parts of a plant and stages of growth (Jones 
et al., 1991; Mahmood et al., 2006). Nitrogen, phosphorus, and potassium are 
more abundant in physiologically active and photosynthetic tissue like leaves 
(Marschner, 1995). This could be the reason to observe the comparatively higher 
concentration of N, P and K concentration in leaves compared to other parts of 
seedlings. The higher amount of K in leaves suggests K as a principal element 
responsible for osmotic adjustment, which contributes to the salt regulation 
mechanism (Wei et al., 2003). Level of salinity does not affect necessarily the 
overall uptake of nitrogen by plants which may continue to accumulate nitrogen 
in the presence of excess salts despite a reduction in yield of dry mass (Silveira et 
al., 2001; Wahid et al., 2004). Nitrogen uptake in mangrove seedlings is not inhi-
bitory by salinity (Kao et al., 2001). The final impact of salinity on the concen-
tration of phosphorus in plants depends heavily on plant species, phase of onto-
genesis, and level of salinity (Grattan & Grieve, 1999). In most cases, the excess 
of salts in soil solution leads to a reduction in phosphorus concentration in the 
tissues of plants, but the results of some studies show that salinity may increase 
but that does not at least affect the uptake and accumulation of phosphorus 
(Kaya et al., 2001; Sonneveld & de Kreij, 1999). The antagonistic relationship 
between sodium and potassium of this study suggested that sodium inhibited the 
uptake of potassium. Moreover, it is well documented that high concentrations 
of Na showed an antagonistic relationship with the uptake of N, P and K and the 
extent of this relationship found to vary with species and plant parts (Cramer et 
al., 1991; Grattan & Grieve, 1999). Salinity reduces the net photosynthesis (Pe-
zeshki et al., 1990; Sobrado, 1999) and results in lower sequestration of carbon in 
plant parts. Similarly, the negative correlation values (Table 2) show the antago-
nistic relationship for salinity and carbon; and sodium and carbon in plant parts.  
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5. Conclusion 

Salinity has appeared as an important factor for regulating the survival and 
growth, nutrients, sodium, and carbon distributional pattern in different parts of 
X. mekongensis seedlings. Seedling survival at higher salinity was to some ex-
tend satisfactorily, but the relative growth rate was very low. A significant in-
crease in sodium concentration and a decrease in nitrogen, potassium, and car-
bon concentration in seedling parts at higher salinities may be responsible for 
inhibiting the growth of seedling at the higher saline condition.  
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