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SALINITY INFLUENCE ON SURVIVAL, GROWTH AND  

NUTRIENT DISTRIBUTION IN DIFFERENT PARTS  

OF MILLETTIA PINNATA SEEDLINGS 

 

SUMMARY  

Millettia pinnata is a mangrove associate tree species in the Sundarbans 

and commonly used for soil stabilization along the embankment and riverbank of 

coastal area. This study examined the effect of different salinity levels on 

seedling survival, growth, nutrients (Nitrogen, Phosphorus, Potassium) and 

Sodium distribution in different parts (leaf, stem and root) as well as total 

chlorophyll and proline concentration in the leaves of Millettia pinnata seedlings. 

Survival and growth study was carried out in different saline treatments from 0 to 

35 ppt and from 0 ppt to 25 ppt respectively at 5 ppt interval for six months. 

Highest survival (100%) was observed at 0 to 10 ppt salinity and then gradually 

decreased to 10% at 25 ppt salinity. No survival was observed at 30 and 35 ppt 

salinity. Biomass increment showed significantly negative correlation (r=-0.84) 

with salinity levels. Oven dried biomass increment was the highest (6.97 

g/month) at 0 ppt salinity and gradually decreased to 0.75 g/month at 15 ppt 

salinity. Nitrogen and potassium concentration in different seedling parts and 

phosphorus in leaves showed significant negative correlation with salinity levels. 

However, sodium concentration in different parts showed significant positive 

correlation with salinity levels. Total chlorophyll concentration was the highest 

(0.62 mg/g) in the leaves of seedlings grown at 0 ppt and decreased to 0.29 mg/g 

at 25 ppt salinity. Highest proline concentration (6.88 µmoles/g) was measured at 

25 ppt salinity and lowest (1.52 µmoles/g) at 0 ppt salinity.  

Keywords: Salinity, Growth, Millettia pinnata, Nutrient, 

Chlorophyll, Proline  

 
INTRODUCTION 

Salinity appears to be a critical environmental factor in the mangrove 

ecosystem which regulates species composition and diversity in the Sundarbans 

(Pethick, 2011). Salinity affects the availability of nutrients to plants which may 
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influence metabolism and osmoregulation of plant cell (Taiz and Zeiger, 2006). 

Moreover, it regulates absorption and transportation of nutrients within different 

plant parts (Munns and Tester, 2008; Mahmood et al. 2014). Salt has a limiting 

effect on photochemistry of plants, negatively affects photosynthesis process by 

inhibiting chlorophyll synthesis, thereby reducing growth (Munns and Termaat, 

1986). To cope with saline environment, mangrove species accumulate some 

compatible solute in their cytoplasm in order to maintain high osmotic potential 

(Parida et al. 2004). Among different compatible solutes, proline has been found 

to occur frequently in salt tolerant species (Popp et al. 1985). Salt tolerance 

varies with the species (Hossain et al. 2001; Ball, 2002). Mangrove associates 

can tolerate less salt compared to true mangroves (Tomlinson, 1986; Paliyavuth, 

2001; Youssef, 2007).  

 Millettia pinnata is a fast growing multipurpose mangrove associate tree 

species (Allen and Allen, 1981) and found to occur in slight saline to moderate 

saline areas in the coastal regions of Bangladesh (Mahmood, 2015). Presently, 

this species has drawn much attention for its nitrogen fixing capacity, good 

coppicing ability and for the ability to tolerate water logging (Misra and Singh, 

1987). It is also a potential source of biodiesel now a days (Shrinivasa, 2001; 

Sharma and Singh, 2008). Salt intrusion from the sea and reduced flow of fresh 

water from the upstream might have significant influence on plant community in 

the coastal regions of Bangladesh. Therefore, selection of suitable plant species 

are of great importance for plantation on the salt affected marginal land and 

embankment of the coastal areas. Considering the ecological and economic 

significance of M. pinnata, it may appear as a suitable species for plantation in 

the salt affected areas. However, scientific information on survival and growth of 

this species at different salinity levels is still scanty. Therefore, present study was 

designed to evaluate the influence of salinity on survival and growth, nutrients 

(Nitrogen, Phosphorus and Potassium), Sodium distribution pattern in different 

parts (leaf, stem and root), as well as chlorophyll and proline concentration in the 

leaf of Millettia pinnata seedlings. 

 

MATERIAL AND METHODS 

Description of the study area.  

Sundarbans is located between 21° 30' and 22° 30' N latitudes and between 

89° 00' and 89° 55' E longitudes. It is a unique habitat for a wide diversity of 

flora and fauna (Karim, 1995) and has been declared as world’s heritage site by 

UNESCO in 1997 (Basar, 2012). Based on the level of soil salinity, Sundarbans 

is divided into less saline (LS), moderate saline (MS) and strong saline (SS) 

zones having salinity <2 dS/m, 2-4 dS/m and >4 dS/m respectively (Siddiqi, 

2001). Rainfall is strongly seasonal (from May to October) with 87% of the mean 

annual rainfall (1500 mm). Temperature ranges from 18.50 to 35.20 in summer 

and from 12.20 to 28.80 in winter. Soil is silty to sandy clay loam, as well as bulk 

density, particle density and porosity vary from 1.18 to1.27 g/cc, 2.31 to 2.52 

g/cc and 46–52%, respectively. Soil pH is 7.8 (Siddiqi, 2001). 
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Seed collection and raising of seedlings 

 Mature seeds of M. pinnata were collected from mother trees in the 

Moderate saline zone of the Sundarbans. Collected seeds were sorted manually 

and defective seeds were discarded. Seeds were reddish brown in color. Its 

average length and width were 1.5 to 2 cm and 0.5 to 1 cm respectively. Seeds 

were sown on germination bed (5 m ×1.5 m) filled with 30 cm thick layer of 

coarse sand. Seedlings were raised under fresh water condition. 

Experiment setup 

A total of 160 polyethylene terephthalate (PET) bottles (20 cm height and 

9 cm diameter of each) were taken. Three month old seedling was planted in each 

bottle filled with coarse sand. Twenty pet bottles with seedlings were kept in a 

plastic box (100 cm × 20 cm × 30 cm). Therefore, a total eight boxes were 

prepared. Eight treatments of salinity (0 to 35 ppt at 5 ppt interval) were applied 

randomly to the boxes. Sixteen liters of full strength modified Hogland solution 

was given in each box as a source of nutrient. Salinity in each treatment level was 

increased gradually at weekly interval following Mahmood et al. (2014). Nutrient 

solution was changed weekly. Salinity and water level of each treatment were 

checked and corrected at 24 hours interval. This experiment was conducted for 6 

months in the glass house of forest nursery of Khulna University. Number of 

survived seedlings in each treatment was counted at the end of the experiment. 

Growth study 
A total of 82 polyethylene terephthalate (PET) bottles (20 cm height and 9 

cm diameter were taken. Three month old seedlings were used for this 

experiment. Initial collar diameter, height and green biomass of each seedling 

were measured and recorded. One seedling was planted in each pet bottle filled 

with pre-gravel. Initial green biomasses of ten seedlings were measured 

individually. Then, it was dried in an oven at 80°C for 4 days to calculate green 

to oven-dried weight conversion ratio. No seedlings were survived at high saline 

treatments (30 to 35 ppt) during survival study. So, this experiment was set up 

with salinity ranging from 0 to 25 ppt salinity at 5 ppt interval with three 

replications. Each replication contained four pet bottles with seedlings kept in a 

plastic box (55 cm × 30 cm × 20 cm). Thus, 18 boxes were prepared. Eight litter 

of modified Hogland nutrient solution was added to each box to nourish the 

seedlings. Six levels of saline treatments (0 to 25 ppt at 5 ppt interval with three 

replications was applied to the seedlings. Initially the salinity of the nutrient 

solution was maintained zero to prevent the seedlings from sudden stress of 

salinity. Salinity level of each treatment was increased gradually following 

Mahmood et al. (2014). Distilled water was used for 0 ppt treatment level. The 

nutrient solution was replaced weekly. Salinity and water level of each plastic 

box were checked and corrected at 24 hours interval. The pH of each treatment 

was maintained 8. Salinity of the treatment solution and that inside the pet bottle 

were cheeked and found similar for both the cases. This experiment was 

conducted for six month in the glass house of forest nursery of Khulna 

University. At the end of the experiment, seedlings were harvested. Their height, 
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collar diameter, and green biomass were measured and recorded salinity 

treatment wise. Growth in term of height and diameter increment as well as oven-

dried biomass was measured at the end of experiment.  

Nutrients: nitrogen (N), phosphorus (P), potassium (K) and sodium (Na) 

in seedling parts. Subsamples (100 g of each) of seedling parts (leaf, stem and 

root) were collected from the harvested seedlings of each treatment and dried in 

oven at 80°C for four days. Each oven dried sample was processed and acid 

digested following Allen (1989). Concentration of nitrogen and phosphorus in 

the sample extract was measured by using colorimetric method following 

Baethgen and Alley (1989) and Timothy et al. (1984) respectively in UV-VIS 

Spectrophotometer (HITACHI-2900U). Potassium and sodium concentrations in 

sample extract were measured by Flame Photometer (PFP7, Jenway LTD, 

England). 

Chlorophyll and proline in leaf 
 At the end of the experiment, 3 fresh leaves from each saline treatment 

were taken randomly for the measurement of total chlorophyll. The leaves were 

cut into disks (0.83 cm diameter) using a disk cutter. Total chlorophyll was 

extracted from the said leaf disk following Dimethyl Sulphoxide (DMSO) 

method (Hiscox and Israelstam, 1979). Proline in leaf samples were measured 

following Bates et al. (1973). 

Statistical analysis 
Seedling survival percentage values of all treatments were transformed to 

arcsine and compared among saline treatments by one-way Analysis of Variance 

(ANOVA) followed by Duncan Multiple Range Test (DMRT) at p<0.05 by using 

SAS (6.12) Statistical software. Height, collar diameter, oven-dried biomass 

increment, chlorophyll and proline concentration of seedlings were compared 

among salinity treatments by one-way ANOVA followed by DMRT using the 

above Statistical software. Nitrogen, phosphorus, potassium and sodium 

concentration in different parts of seedlings were compared among the salinity 

treatments and also among different plant parts by using two-way ANOVA 

followed by DMRT using the above Statistical software. Moreover, correlations 

among all studied parameters were evaluated using SPSS-20 statistical software. 

 

RESULTS AND DISCUSSION 

Survival of seedlings.  

Survival percentage of seedlings varied significantly among the saline 

treatments (Figure 1a). Survival of seedlings was the highest (100%) at 0 to 10 

ppt salinity. It decreased from 85% to 10% among 15 ppt and 25 ppt salinity. No 

seedlings survival was observed at 30 ppt and 35 ppt salinity. Survival 

percentage showed strong negative correlation with salinity levels (Table 2). 
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(a) 

 
(b) 

 

(c) 

 
(d) 

 

Figure 1: Salinity influence on Millettia pinnata (a) Survival of seedling (b) Height 

increment (c) Collar diameter increment (d) Oven-dried biomass increment. Similar 

alphabet along the line are not significantly (p>0.05) different. Vertical bars indicate 

standard error. 

 
Growth of seedlings 
Height, collar diameter, and oven-dried biomass increment separately 

varied significantly among salinity treatments (Figure 1b, 1c, 1d). Highest 
increment in height (6.26 cm/month), collar diameter (1.83 mm/month), and 
oven-dried biomass (6.97 g/month) were found at 0 ppt salinity whereas lowest 
increment in height (0.22 cm/month), collar diameter (0.06 mm/month), and 
oven-dried biomass (0.12 g/month) was measured at 25 ppt salinity. Sharp 
decrease in growth parameters were observed at 5 ppt salinity. Strong negative 
correlation was observed between salinity levels and height, collar diameter as 
well as between salinity levels and oven-dried biomass (Table 2).  

 
Nutrients (N, P and K) and Na distribution in seedling parts  
Significant variation in N, P, K and Na concentration was observed in 

different parts of seedlings of M. pinnata with different salinity levels. 
Comparatively higher concentration of N (2.63 to 2.10%), P (0.70 to 0.64%) and 
K (1.68 to 1.24%) was observed in leaves than other parts of seedlings at 
different salinity levels. On the other hand, higher Na concentration was found in 
roots (1.97 to 0.73%) than other parts of seedling at different salinity levels 
(Table 1).  
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N and K concentration in different parts (roots, leaves and roots) and P 
concentration in leaves showed significantly negative correlation with salinity 
levels. However, P concentration in roots and stems showed no significant 
correlation with salinity. Sodium concentration in different parts of seedlings 
showed significant positive correlation with salinity (Table 2). 

 
Total chlorophyll and proline concentration in leaves 
 Total chlorophyll concentration of leaves varied significantly among salinity 

treatments (Figure 2a).  
 

 
(a) 

 
(b) 

 

Figure 2: Salinity influence on (a) Total chlorophyll concentration (b) Proline 

concentration in leaves of Millettia pinnata seedling. Similar alphabet along the line are 

not significantly (p>0.05) different, Vertical bars indicate standard error. 

 
Highest concentration (0.62 mg/g) of total chlorophyll was measured at 0 

ppt, and it decreased to 0.29 mg/g at 25 ppt salinity. Total chlorophyll 

concentration showed strong negative correlation with salinity levels (Table 2). 

Proline concentration in leaves varied significantly among salinity treatments, 

lowest proline concentration (1.52 µmoles/g) was measured at 0 ppt salinity 

which increased up to 6.67 µmoles/g at 10 ppt salinity (Figure 2b). However, no 

significant increase in proline concentration was observed at high salinity (from 

15 to 25 ppt). Proline concentration showed strong positive correlation with 

salinity levels (Table 2). 

Salinity gradient is recognized as a potential stressor and a critical 

environmental factor that regulates growth, height, survival, and zonation 

patterns in mangroves (Lin and Sternberg, 1992; Mahmood et al. 2014). 

Mangroves usually invest a large proportion of its photosynthetic product for the 

surviving in high saline environments (Lopez-Hoffman et al. 2006). Nucleic acid 

and protein synthesis are two early processes of seedling growth. However, these 

processes are suppressed by salinity (Bewely and Black, 1985). Moreover, high 

soil salinity affects plant growth by creating low water potential, ion toxicities, 

nutrient deficiencies or a combination of these factors (Khan et al. 2000). 

Similarly, these factors may be responsible for the survival of mangrove seedling 



Nasrin et al. 170 

at high salinity (Mahmood et al. 2014). These could be the reason for 

comparatively high survival and growth of M. pinnata seedlings at low salinity 

level. Higher concentration of Na+ may disrupt nutrient transport which restricts 

plant growth (Grant et al. 1987). In this study, salinity did not show any 

significant implications with N and P concentration in different parts of seedlings 

except leaves. However, it showed significant influence on K+ and Na+ 

concentration at different parts of seedlings. Gorham et al. 1986 observed a 

drastic reduction of leaf NO3¯ when plants were grown in saline condition. 

However, there was no strong evidence on the relationship between N 

concentration in other parts of plants and salinity levels (Munns and Termaat, 

1986). Influence of salinity on P concentration in plant parts is variable and 

depends on the species and experimental conditions (Champagnol, 1979). 

Salinity reduced the concentration of K+ in plant parts (Ratthert, 1982), and the 

excess NaCl leads to loss of potassium due to membrane depolarization by Na+ 

(Cramer et al. 1985). This could be the reason for antagonistic relation between 

K+ and Na+ concentration in different parts of seedlings of M. pinnata. 

According to Singh (1990) and Singh and Yadav (1999), P. pinnata failed to 

grow at ECe 32.5 dS/m and K contents did not exhibit any definite relationship 

with increasing salinity under 31 months experiment of 9 month old seedlings. 

However, we found that in case of seedlings survived up to 25 ppt salinity, K 

concentration decreased with increased salinity.High concentration of sodium 

can cause ionic imbalance (Rathert et al. 1981) that influences the osmotic 

adjustment (Marschner et al.1986) and enzyme inhibition in plants (Flowers et al. 

1977; Greenway and Osmond, 1972).  

Total chlorophyll concentration depends on the biological process and 

development stages of plants and concentration of salt (Khan, 2003; Iqbal et al. 

2006; Mahmood et al. 2014). Decrease in chlorophyll content at high saline 

environment results in rapid maturing of leaves (Yeo et al. 1991). Furthermore, 

decrease in chlorophyll content at higher salinity might be due to changes in the 

lipid-protein ratio of pigment-protein complexes or increased chlorophyllase 

activity (Iyengar and Reddy, 1996). Salt stress reduces the photosynthetic 

capability of plant (Dubey, 1997; Jamil et al. 2007; Bayuelo-Jimenez et al. 2002). 

The inhibition in photosynthesis under saline condition can be explained by the 

decline in chlorophyll content (Delfine et al. 1999; Jamil and Rha, 2007). In our 

study, the concentration of total chlorophyll decreased with increasing salinity 

levels. Low concentration of chlorophyll in plant leaves results lower uptake of 

CO2, which ultimately reduces photosynthesis (Francios and Mass, 1993; 

XinWen et al. 2008).  

In another way, plants synthesize proline under arid and salinity stress 

conditions in order to protect themselves and to regulate their physiological 

process (Edreva, 1998). Genotypes with a high proline accumulation and 

chlorophyll content, high K/Na ratio and low Na+ and Cl¯ accumulation are 

more tolerant to salt (Mane et al. 2011). 
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CONCLUSION 

Millettia pinnata produced comparatively low proline and chlorophyll 

which make it less salt tolerant than other dominant mangrove species in the 

Sundarbans. This species can survive and grow up to 25 ppt salinity, but 0 to 5 

ppt salinity appeared to be a favorable range of salinity for its growth and 

development.  

ACKNOWLEDGEMENT 

We are thankful to United States Department of Agriculture (USDA) for 

their financial support; Ministry of Education and University Grants 

Commission, Bangladesh for their monitoring and smoothing the project 

activities. We also acknowledge the Sundarbans East Forest Division, and 

Forestry and Wood Technology Discipline, Khulna University, Bangladesh for 

the logistic support. 
 

REFERENCES 
Allen. (1989) Chemical analysis of ecological materials. Blackwell Scientific 

Publications, Oxford. 

Allen, ON, Allen, EK. (1981) TheLeguminosae. The University of Wisconsin Press. 

Baethgen, WE, Alley, MM. (1989) A manual colorimetric procedure for measuring 

ammonium nitrogen in soil and plant Kjeldahl digests. Communication in Soil 

Science and Plant Analysis 20(9): 961-969.   

Ball MC (2002) Interactive effects of salinity and irradiance on growth: Implications for 

mangrove forest structure along salinity gradients. Trees 16:126-139. 

Bates, LS, Waldren, RP, Teare, ID. (1973) Rapid determination of free proline for water-

stress studies. Plant and Soil 39: 205-207 

Bayuelo-Jimenez, JS, Craig, R, Lynch, JP. (2002) Salinity tolerance of Phaseolus species 

during germination and early seedling growth. Crop Science 42: 1584-1594. 

Champagnol, F. (1979) Relationships between phosphate nutrition of plants and salt 

toxicity. Phosphorus in Agriculture76: 35-43. 

Cramer, GR, Lauchli, A, Polito, VS. (1985) Displacement of Ca2+ by Na+ from the 

plasmalemma of root cell. A primary response to salt stress? Plant Physiology 79: 

207-211. 

Delfine, S, Alvino, A, Villan, MC, Loreto, F. (1999) Restrictions to CO2 conductance 

and photosynthesis in spinach leaves recovering from salt stress. Plant Physiology 

119: 1101-1106. 

Dubey, RS. (1997) Photosynthesis in plants under stressful conditions. In: Pessarakli, M. 

(ed) Handbook of photosynthesis. Marcel Dekker, New York, pp 859-875. 

Edreva. (1998) Coresta Congress Brighton, England, 11-15 October 1998, 

Biotechnological Equipment 12(2): 135-138. doi: 

10.1080/13102818.1998.10819007. 

Flowers, TJ, Troke, PF, Yeo, AR. (1977) The mechanisms of salt tolerance in halophytes. 

Annual Review of Plant Physiology 28: 89-121. 

Francois, LE, Mass, EV. (1993) Crop response and management on salt affected soils. In: 

Pessarakli, M. (ed) Handbook of plant and crop stress. Marcel Dekker, Inc, 

pp149-181. 

Gorham, E, Underwood, JK, Martin, FB, Ogden, JG. (1986) Natural and anthropogenic 

causes of lake acidification in Nova Scotia. Nature 324: 451-453. 



Nasrin et al. 172 

Grant, J, Volckaert, F, Roberts-Regan, DL. (1987) Resuspendable organic matter in Nova 

Scotian Shelf and Slope sediments. Continental Shelf Research 7 (9): 1123-1138. 

Greenway, H, Osmond, CB. (1972) Salt responses of enzymes from species differing in 

salt tolerance. Plant Physiology 49: 256-259. 

Hiscox, JD, Israeltam, GF. (1979) A method for the extraction of chlorophyll from leaf 

tissue without maceration. Canadian Journal of Botany 57: 1332-1334. 

Iqbal, N, Ashraf, MY, Javed, F, Vicente, M, Kafeel, A. (2006) Nitrate reduction and 

nutrient accumulation in Wheat (Triticum aestivum L.) grown in soil salinization 

with four different salts. Journal of Plant Nutrient 29: 409-421. 

Iyengar, ERR, Reddy, MP. (1996) Photosynthesis in high salt-tolerant plants. In: 

Pesserkali, M. (ed) Hand Book of Photosynthesis. Marshal Dekar, Baten Rose, 

USA, pp 56–65. 

Jamil, M, Rha, ES. (2007) Gibberellic acid (GA 3) enhance seed water uptake, 

germination and early seedling growth in sugar beet under salt stress. Pakistan 

Journal of Biological Science 10: 654-658. 

Khan, MA, Ungar, IA, Showalter, AM. (2000) The effect of salinity on growth, water 

stress and ion content of a leaf succulent perennial halophyte, Suaede 

fruiticosa(L.). Forssk. Journal of Arid Environment 45: 73-84. 

Khan, NA. (2003) NaCl-inhibited chlorophyll synthesis and associated changes in 

ethylene evolution and antioxidative enzyme activities in wheat. Biological 

Plantarum 47( 3): 437-440. 

Lin, G, Sternberg, LSL. (1992) Effects of growth form, salinity, nutrient and sulfide on 

photosynthesis, carbon isotope discrimination and growth of red mangrove 

(Rhizophora mangle L.). Australian Journal of Plant Physiology 19: 509–517. 

L'opez-Hoffman, LJ, DeNoyer, L,  Monroe, IE, Shaftel, R, Anten, NPR, Mart´ınez-

Ramos, M, Ackerly, DD. (2006) Mangrove seedling net photosynthesis, growth, 

and survivorship are interactively affected by salinity and light. Biotropica 38(5): 

606-616. 

Mahmood, H. (2015) Handbook of selected plant species of the Sundarbans and the 

embankment ecosystem. Sustainable Development and Biodiversity Conservation 

in Coastal Protection Forests, Bangladesh(SDBC-Sundarbans) Project 

implemented by the Deutsche Gesellschaftfür Internationale Zusammenarbeit 

(GIZ) GmbH on behalf of the German Federal Ministry for Economic 

Cooperation and Development (BMZ) and Bangladesh Forest Department, under 

Ministry of Environment and Forests, Government of Bangladesh, Dhaka. 

Mahmood, H, Saha, S, Siddique, MRH, Hasan, MN. (2014).Salinity stress on growth, 

nutrient and carbon distribution in seedlings parts of Heritiera fomes. Applied 

Science and Environmental Engineering. doi: 10.15224/ 978-1-63248-004-0-18. 

Mane, AV, Deshpande, TV, Wagh, VB, Karadge, BA, Samant, JS. (2011) A critical 

review on physiological changes associated with reference to salinity. 

International Journal of Environmental Science 1: 1192-1216. 

Marschner, H, Romheld, V, Horst, WJ Martin, P. (1986) Root-induced changes in the 

rhizosphere: importance for the mineral nutrition of plants. Z. Pflanzenerahr. 

Bodenkd 149: 441-456. 

Misra, CM, Singh, SL. (1987) Ecological evaluation of certain leguminous trees for 

agroforestry.Nit. Fixing Tree Res. Rep 5: 5. 

Munns, R, Termaat, A. (1986) Whole plant responses to salinity. Australian Journal of 

Plant Physiology 13: 143–160. 



Salinity influence on survival, growth and nutrient distribution.... 173 

Munns, R, Tester, M. (2008) Mechanisms of salinity tolerance. Annual Review of Plant 

Biology 59: 651–681. 

Paliyavuth, C. (2001) Effects of salinity on water potential and salt concentrations in 

xylem of mangrove trees. MSc Thesis. Bangkok, Thailand, Chulalongkorn 

University. 

Parida, AK, Das, AB, Sanada, Y, Mohanty, P. (2004) Effects of salinity on biochemical 

components of the mangrove, Aegiceras corniculatum. Aquatic botany 80: 77-87. 

Popp, M, Larther, F, Weigel, P. (1985) Osmotic adaptation in Australian mangroves. 

Vegetation 61: 247-253. 

Rathert, G. (1982) Influence of extreme K:Na ratios and high substrate salinity on plant 

metabolism of crops differing in salt tolerance. VII Relations between 

carbohydrates and degradative enzymes in salt tolerant and salt sensitive cotton 

genotypes during initial salinity stress. Journal of Plant Nutrition 5: 1401–1413. 

Rathert, G, Doering, H-W, Witt, J. (1981) Influence of extreme K:Na ratios and high 

substrate salinity on plant metabolism of crops differing in salt tolerance. III 

K/Na effects on the carbohydrate pattern of bushbean and sugarbeet plants in 

response to the salt tolerance of the species. Journal of Plant Nutrition 4: 131–

141. 

Sharma, YC, Singh, B. (2008) Development of biodiesel from karanja, a tree found in 

rural India. Fuel 87: 1740-1742. 

Shrinivasa, U. (2001) A viable substitute for diesel in rural India. Current Science 80: 

1484-1484. 

Taiz, L, Zeiger, E. (2006) Plant physiology, 4th edn. Sinaur Associates, Sunderland. 

Timothy, RP, Yoshiaki, M, Carol, ML. (1984) A manual of chemical and biological  

methods for seawater analysis. Pergamon press. 

Tomlinson, PB. (1986) The Botany of Mangroves. Cambridge University Press, 

Cambridge, U. K. 

XinWen, X, Hailiang, X, Yangling, Wang, Xiaojing, W, Yongzhi, Q, Bo, X. (2008) The 

effect of salt stress on the chlorophyll level of the main sand – binding plants in 

the shelterbelt along the Tarim Desert Highway. Chinese Science Bulletin 53: 

109-111. doi.org/10.1007/ s11434-008-6012-5. 

Yeo, AR, Lee, KS, Izard, P, Boursier, PJ, Flowers, TJ. (1991) short-and long term effects 

of salinity on leaf growth in rice (Oryza sativa L.). Journal of Experimental 

Botany 2: 881-889. 

Youssef, T. (2007) Stomatal, biochemical and morphological factors limiting 

photosynthetic gas exchange in the mangrove associate Hibiscus tiliaceus under 

saline and arid environment. Aquatic Botany 87: 292-308. 


