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CHAPTER 1 

INTRODUCTION 

 

                The coconut (Cocos nucifera) had served the humanity for more than 

three millennia. The coconut palm is widely distributed along the tropical 

countries .It has been grown around in 94 countries. India occupies the second 

position in the world with an annual production of 15 billion coconuts. India with 

15.6 % of coconut cultivable land contributes to 24.1% of coconut production at 

global level. The coconut is mainly classified into two categories, tall and dwarf. 

The coconut is mainly found near in costal climates where it is known to adapt 

and tolerate to salt sprays and brackish soils 

                Climate change is considered as an important environmental concern of 

this century. In recent decades, climate change and climate-change induced 

variability are subjects of worldwide discussion and Climate related disasters 

such as droughts, floods, ice storms, storm surges, dust storms, hail storm, 

landslides, heat and cold waves and thunder clouds are not uncommon over one 

or another region of the world. 

              Sea level rise has been a major problem caused by climate change and 

global warming.  As per the process-based model projections, for the period 2081 

to 2100, with reference to 1986-2005, global mean sea level rise is likely to be 

0.45 to 0.82 m for representative concentration pathway (RCP) 8.5.  According to 

the report of IPCC (2013), a little rise of 0.66 m sea level can potentially deluge 

the low lying wetlands, erode the coastal shores, greatly augment the salinity 

stress, along with an increase in coastal salt water tables, and aggravate the 

coastal flooding all leading to the salt water intrusion into estuaries and aquifer. 

The majority of the vulnerable coastal regions are within 1 m elevation of sea 

level. In India analysis of tide gauge data divulge that an increase of 1.92 
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mm/year of sea level in the main coconut growing regions of east coast in Bay of 

Bengal. In the west coast (Arabian Sea), the increase of 1.72 mm/year is observed 

which are in accordance with the global estimate of 1-2 mm/year. 

                    Sea water has a salinity of about 3.5% (35g/l, 599 mM) 

predominantly comprising dissolved salts of Cl-, Na+, SO4
- etc. with a 

conductivity of about 53 dS m-1. Coconut is considered as a moderately salt 

tolerant. Nevertheless, little is known about the sea water concentration coconut 

seedlings could tolerate. Few studies to understand the impact of salinity in 

coconut are either on soil with fixed salinity levels or with the application of 

common salt. Undoubtedly, salinity stress greatly modulates the photosynthetic 

efficiency of the plants since it directly affects the frequency of stomatal 

closure/opening in the photochemical and biochemical processes. Furthermore, 

accumulation of Na+ ions in plant tissues severely impedes the growth and 

physiology of the plants leading to impaired morpho- physiological functions. 

The various adaptive mechanisms of plants towards salinity stress including 

osmotic adjustment-effectively accumulating compatible low molecular weight 

solutes to reduce the osmotic potential, enzymatic and non-enzymatic anti-

oxidants scavenging reactive oxygen species (ROS), maintenance of cell turgor 

etc are poorly understood in coconut.  Therefore, the response of dwarf coconut 

seedlings to varying concentration of sea water substitution in a hydroponic 

system and its influence on morpho-physiological and biochemical processes 

were investigated. 

 

Objectives 

 

1. To study the effect of salinity on growth, physiological and biochemical 

processes. 

 

2. To decipher the mechanisms of salinity tolerance at physiological and 

biochemical level 
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CHAPTER 2 

REVIEW OF LITERATURE 

 

2.1 CLIMATE CHANGE 

       "Climate change is a change of climate which is attributed directly or 

indirectly to human activity that alters the composition of the global atmosphere 

and which is in addition to natural climate variability observed over comparable 

time periods (UNFCC)”. Climate change becomes a global problem with unique 

characteristic and involves complex interactions between climatic, 

environmental, economic political and technological processes. Climate change 

besides being characterized with an increase in average temperatures are also 

associated with other untoward events such as a shift in the composition of wild 

life population, changes in the habitats, increase in sea levels, and host of other 

unwanted impacts. These extraordinary set of changes are occurring owing to 

greater accumulation of greenhouse gases in the atmosphere causing the 

phenomenon of global warming.  

2.2 CLIMATE CHANGE AND SEA LEVEL RISE 

        Sea level rise has been a major problem caused by climate change and 

global warming. Eventhough rise in sea level is considered a major challenge 

arising due to global warming phenomenon; it continues to be one of the least 

investigated areas in the field. Sea level rise could be attributed to two major 

reasons (i) greater degree of shrinkage in ice of mountain glaciers, polar ice 

sheets which discharges large quantum of water to the oceans (ii) as the greater 

increase in the ocean temperatures causes the warmer water to expand. The 

continents are trapping the rising sea water within the basin causing a major rise 

in sea water levels.  Also there are instances of low lying areas in the coastal 

belts, delta regions sinking due to rise in sea water level (called subsidence). 
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Trapped within a basin bounded by the continents, the water has nowhere to go 

but up. In some parts of the world, especially low-lying river deltas, local land is 

sinking (known as subsidence)—making sea levels that much higher.  

Climate change has a significant effect on islands and their populations, resulting 

in the destruction of their livelihoods and genetic variability of the living 

organisms. The instability in the climatic conditions causes changes in the sea 

levels, thereby extremely affecting the low lying coastal regions and the island 

ecosystems. The rise in sea level is an important outcome of climate change and 

is currently the world's most important problem. In comparison to global 

emissions, the emission of greenhouse gases from small islands is marginal, 

however the threat to these small island nations is very high. Moreover an 

increase of 30 cm in the sea level will amount to substantial increase in flood 

intensity (of 36-58 percent) along the coastal regions (IPCC, 2018). The majority 

of the coastal regions that are most vulnerable to sea level rise are within 1 m of 

sea level elevation (Lazrus, 2012). 

                      The islands like Maldives, Marshall Islands, Federated States of 

Micronesia, Kiribati, Tuvalu and Arctic islands such as Shishmaref and small 

islands in Nunavut are becoming derelict owing to the rise in sea levels (Marino 

et al. 2009). Also, some of the coastal regions of Bangladesh are being severely 

afflicted due to sea level rise. IPCCs projections have foreseen scenarios such as 

an increment of 0.3-1.1 m in sea levels by the year 2100 (a best estimate of 0.66 

m rise). It will result in flooding of low-lying wetlands, erosion of sea shores, 

enhanced soil salinity, rise in the water tables of the coastal regions, and intensify 

the storm damage. Nicholls and Leatherman (1996) have analyzed the sea level 

rise and concluded that there was an increase of 0.1 and 0.2 m in sea level during 

the 20th century. However analysis based on the tide gauge data revealed that  the 

rate of mean sea level rise was in the range of 1.0-2.0 mm/year compared to an 

average rate of about 0.1-0.2 mm/year during the last 3,000 years. The intrusion 

of salt water into estuaries and aquifers is a significant consequence of sea level 

rise. FAO studies point out that of the total world land 6% is affected by salinity 
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and thus salinity becomes a major limiting factor to crop growth and productivity. 

Salinity is one of the main abiotic stressor that affects the crop production. 

Almost 7% of total land area, and one fifth of the cultivated land and one half of 

the irrigated land area are afflicted by the salinity stress (Kibria et al., 2017). 

Thus on a global scale the total area of soils afflicted by salt is 830 million 

hectare (Munns & Tester., 2008)”. 

 

2.3 SALINITY 

         Salinity is defined the quantum of the dissolved salts in the sea water which 

is presented as S%. It is defined as the approximation of weight (g), in vacuo, of 

the solids in 1 Kg of sea water. Solids are required to be dried to a constant 

weight at a high temperature of 480°C, and the organic matter fully decomposed 

or oxidized, the ions of bromide and iodide are represented as chloride and 

carbonates are converted in to the oxides.  

        Salinity is generally obtained from the unit-less conductivity measurements 

and it is also called as Practical salinity (PS). Thus, the conductance of the 

sample is compared in relation with the standards such as sea water. These 

derivations compare the specific conductance of the sample to salinity standards 

such as sea water. The dissolved salts generally contribute to the salinity of sea 

water. Hence the sea water with a designated practical salinity of 35 

predominantly comprises ions such as chloride, sodium, magnesium, sulfate, 

calcium, potassium, bicarbonate etc. 
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Table 2.1.Composition of sea water (Hem, 1985) 

 

 

2.4 CHLORINITY 

The halide ions of the sea water (except fluoride) are calculated by argentimetry. 

Hence, the chloride ion concentration or percentage of sea water (in vacuo 

weighing)  is mentioned as 0.3285 times the quantum of silver precipitated as 

silver halides from the defined quantum of sea water (usually 1 Kg).  By 

measuring salinity and chlorinity in sea water collected from different parts of the 

world  Knudsen formulated an empirical relation between salinity and chlorinity 

in 1889 (Lyman. and Fleming, 1940) .The modified form of Knudsen’ formula : 

                                             S % = 1.80655 Cl 

2.5 CHLOROSITY 

          The chlorosity value (Cl/liter) is defined as the quantum of chloride ions 

determined by following the volumetric methods and thus it represents the 

chloride ions per unit volume of seq water (1000 mL) at a defined and all the 

weighing performed in vacuo. 

2.6 SALINITY AND COCONUT 

            Constituent Concentration (mg/liter) 

             Cl 19500 

             Na 10500 

             So4 2700 

             Mg 1350 

             Ca 410 

             HCO3 145 

              K 390 

              B 4.5 

              Zn 0.01 

              Fe  0.003 

              Mn 0.002 

              Cu 0.003 
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            Around one fifth of the world’s biodiversity is found in island ecosystem 

(in 180,000 islands) (Kier et al. 2009) which also accounts for little over 50% of 

coconut diversity (Bellard et al., 2012).  Major portion of the coconut plantations 

are in the coastal zones and many of the coconut growing regions are islands. 

Incidentally among the ten insular biodiversity hotspots (Bellard et al., 2014), 

eight belongs to the 3927 islands, including major coconut growing regions.  The 

number of coconut islands with submergence risk varies from 231 to 700 

depending the level of sea rise. Sea water incursion has not only contributes to 

the high salinisation of soils and fresh water bodies but also affects the coconut 

production scenario in  in Polynesian islands of the Tuamotu Archipelago (Prades 

and Ollivier, 2013)”.   

         Coconut palms are often found along tropical, sandy shorelines and tolerate 

salt spray and brackish soil. It is a major crop species that known to be having the 

potential for growing in the areas which are affected by salts. This is also true in 

the case of high saline areas such as in coastal lines. The moderate salt tolerance 

of coconut (Ferreira neto et al., 2007; Marinho et al., 2006) gives this crop the 

potential to be used in revegetation programs of salt-affected areas. “Some 

studies also point out the adaptation of coconut to irrigation with saline water. 

(Marinho et al.,2006)”. The coconut palms are found near coastal and sandy 

beaches. Coconut palms can grow in saline conditions by developing a series of 

adaptive mechanisms. But it is little known about the adaptive mechanisms. 

 

2.7 EFFECT OF SALINITY ON PLANTS 

           The prevalence of excessive amounts of salts is responsible for the water 

salinity. “The major effects of salt stress are decreasing of the water potential and 

induces ion imbalance / disturbances in ion homeostasis and toxicity.(Parida and 

das 2005)”. This altered water status contributes to initial growth reduction and 

decrease in plant productivity. The retarded growth of plants could be attributed 

to the osmotic potential of soil water (Flowers et al.,1977;Greenway and 
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Munns.,1980). Salinity stress modulates all the major plant developmental 

pathways such as overall growth, photosynthesis, metabolic pathways such as 

protein synthesis, lipid metabolism and energy pathways. Studies on the effect of 

salinity on coconut are very much limited. So this study is very much relevant 

under changing climate scenario. 

 

2.8 EFFECT OF SALINTY ON GROWTH 

        Plants are highly susceptible to saline stress in their early vegetative growth 

phase. The decline of plant growth due to the salinity varies among the speices of 

same crop and even among the varieties of the same species (Bolarian et al.,1991 

;Ghoulam et al., 2002)”. Salinity stress causes a clear stunting of plant growth 

(Hernandez et al. 1995).  The reduction of plant growth leading to cessation is the 

immediate response of salt stress. Salinity also leads to significant reduction in 

the fresh and dry weights of all major plant parts. (Hernandez et al,.1993). The 

optimum growth of plants was observed when the sea water concentration is at 

50%s and growth of Rhizophoro mucronata severely declines if salinity 

increases(Aziz and Khan 2001). Eventhough fresh and dry weights of Salicornia 

rubra increases with salinity optimal growth was observed when salinity levels 

are at 200 Mm NaCl and with the further increase in salt concentration the 

growth declines. As reported by Mohammad et al (1998), in radish total plant dry 

weight decreases at high salinity which could be due to the greater reduction of 

leaf area and reduction in stomatal conductance. The small leaf area at high 

salinity could be attributed to the reduced specific leaf area and increased tuber 

formation starting at a smaller plant size at high salinity and increasing salinity 

will results in the sizable reductions in shoot weight, plant height of leaves in 

tomato. 
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                   Interestingly the toxicity effect of the accumulated ions is not the due 

to its effect on the plant growth rather they  influence the turgor, activities of 

specific enzymes and the process of photosynthesis (Munns ,1992). Hence, the 

initial deceleration in growth of plants is due to the greater decrease in water 

potential which ultimately leads to specific effects such salt injury and death of 

cells due to accumulation of toxic ions in the cell wall or cytoplasm. A major 

physical response of the plants to salinity stress is substantial reduction in the 

total leaf area and thus reduced leaf growth (Munns and Termaat 1986). Thus, 

this phenomenon of reduction in the total leaf area is a basic avoidance 

mechanism utilized by the plants to minimize the water loss due to transpiration 

due to closed stomata, However, it causes the retention of ions in the roots to the 

level of toxic concentration leading to deficiency of theses ions on the aerial plant 

parts (Munns and Tester 2008).  Effect of salinity stress is manifested as reduced 

stem growth, decreased leaf and stem culminating in the reduced aerial plant 

parts.  

Munns et al., 2000 demonstrated that shoot and root growth are permanently 

affected in the salt sensitive plants within few hours of salt stress treatment. 

Interestingly, this effect on the plant growth is independent of the Na+ 

concentration but depends on the osmolarity of the external solution (Munns et 

al., 2000). Moreover, accumulation of Na+ in the leaf tissues causes necrosis of 

older tissues starting from the tips and margins of the leaf surface and working 

back in to the leaf. Munns (2002), have shown that the  growth and reduction of 

yield of plants could be attributed to the reduced leaf time of the individual 

leaves, thereby severely affecting the the net productivity and overall yield of the 

crop. Also, the rate of accumulation of Na+ in the leaves and the efficiency of its 

compartmentalization determine the duration of the effect of Na+ specific 

damage. The Na+ specific damage generally gets superimposed on the osmotic 

effects of the NaCl and it varies with the species.  
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2.9 EFFECT OF SALINITY ON IONIC LEVELS AND NUTRITIONAL 

BALANCE  

         “Production of crops will be severely affected by nutritional disorders 

caused by salinity. The interactions between the salinity and mineral nutrition of 

the crops are very complex (Grattan and Grieve 1999). The nutritional disorders 

observed in the plants could be due to the effect of salinity on the availability of 

nutrients, competitions in the nutrient uptake their transport and further 

distribution within the plant systems  (Rogers et al.2003). Furthermore, the high 

uptake of NaCl leads to the competition in the uptake of other nutrients such as 

K+ , causing the K+ deficiency. Expectedly, increased  treatment of NaCl causes 

an increase in Na+ and Cl¯ ions whereas it is accompanied with a huge decrease 

in  Ca2+, K+ and Mg+ concentrations  (Khan et al., 1999)”. 

      In glycophytes, Na+ and Cl¯ accumulation is correlated with the sensitivity to 

salt stress. “In a study conducted by Lima et al. (2016) in dwarf coconut 

seedlings of cv.ano verde, there was a greater accumulation of Na+  ions in the 

roots and in shoots the contents remained low and also there is an ionic 

competition between Na+  and K+ after 120 days of treatment with brackish water 

with linear response of increasing contents in the roots”. “In a study conducted by 

Remison et al(1988), the P content of the coconut seedlings was decreased with 

salinity”. Shukla and Mukhi. (1979) have reasoned that the  antagonistic 

relationships between the cations could be due to the physiological processes that 

occur during the various processes such as nutrient absorption, thier translocation 

from the root to shoot.  This relationship between the various plant nutrients 

ensures that the plants could withstand very high concentrations of nutrients in 

the root zone. The retention of Na+   ions may be a mechanism of tolerance to 

salinity and one of the effects of high soil Na+ is the deficiency of the other 

nutrients (Aquino et al. 2007). Other nutrient deficiencies can also occur owing 

to the elevated [Na+] which interferes with the transporter proteins in the plasma 

membrane of roots thereby obstructing the uptake of nutrients. For instance, K+ 

selective ion channels inhibiting the root growth, osmotic effects of Na+ and the 
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detrimental effects of Na+ on soil structure are observed." According to Taiz and 

zeiger .(2013) and Hebbar et al(2000), even though Na+  ions  can substitute for 

K+ ions the maintenance of lower Na+/ K+ ratio in the leaf tissues reduces the 

harmful effects of saline stress on the production and metabolism of 

photoassimilates (Aquino et al.,2007)”. “In a study conducted by Lima et al. 

(2016) in dwarf coconut seedlings of cv.ano verde , there was a greater 

accumulation of  Na+  ions in the roots and in shoots the contents remained low 

and also there is an ionic competition between Na+  and K+”.  Plants have to 

balance their nutrient uptake for maintaining normal metabolism hence they are 

involved in the inhibition of nutrient uptake and consequent translocation of toxic 

elements such as Na+ however, accelerated uptake of metabolically important 

nutrients (K+ by K+ and Na+) are also and are transported through  H+ pumps. 

                  K+ ion is an indispensable component of the cells in order to maintain 

the nccessary osmotic balance, stomatal closure and it acts as co-enzymes of 

many essential enzymes (Yeo, 1998). Also it was observed that high 

concentration of stomatal K+ is mandatory for the proper functioning of the  

photosynthesis (Chow et al). Thus the deficiency of these vital macro nutrients 

will seriously affect the plant metabolism. Similar observations has been recorded 

in the studies conducted by Lima et al.(2017) and Ferreira Neto et al.(2007), 

suggesting the ionic competition between potassium and sodium in the process of 

absorption by the roots and or in the differences in the retention rate during the 

transport to the shoots and leaves”. In guava salinity stress causes an increase in 

levels of  Na+ and Cl¯ in guava and the highest  accumulation of these ion was in 

the leaves followed by the roots  The concentration of  Ca2+ ions are found to be 

stable in the roots  but decreases to great extent in the stems and leaves. Also, the  

K+ concentration  decreases  with an increased salinity stress ,particularly in 

leaves whereas , Mg2+ concentrations  are not affected by salinity in the stems 

and roots but decrease in the leaves of guava .Decreases of Ca2+ and Mg2+ 

content of leaves have also been noticed as a result of salt accumulation in some 

species suggesting decreased chlorophyll content (Parida et al.,2004)”. "In a 
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study conducted by Ferriaria et al.(2014) , it was found that the N, K and Ca 

contents in the plant decreased with the increasing electrical conductivity and 

increase in the levels of Cl and Na. Antagonistic relations can be observed  

between Cl and N, Na and K and Na and Ca” . Moreover the availability of 

phosphorous becomes greatly reduced in the saline soils owing to many factors 

such as (a) the effect of ionic strength that reduces the activity of  PO43−, (b) the 

process of sorption which controls the phosphate concentrations in soil solution 

and (c) the decreased  solubility of Ca-P minerals. With an increase in salinity 

stress, the P concentration of the seedlings decreased to great extent with a 

concomitant increase in P of the root of the seedlings (Remison et al.,1988). 

However, it must be acknowledged that the interactions between P and salinity 

stress is very complex process and mechanisms that explain the underlying 

changes of P uptake due to salinity stress is virtually non-existent  for various 

species of plants(Grattan and Grieve, 1992)”. “ It is known that P concentration is 

related to the photosynthesis rate (Overlach et al., 1993)  and; therefore,  reduced 

the plant growth can be very well correlated to the decreasing contents of P in the 

plants”.  The phosphate content of many cultivated crops decreases with an 

increase in salinity stress  (Qadir and Schubert 2002)”. “Calcium is important 

during salt stress in many aspects of plant growth and metabolism including 

metabolic functions such as maintaining the  membrane integrity (Rengel 1992), 

cellular signaling and osmoregulation processes (Mansfield et al., 1990) and 

influencing K/Na selectivity (Cramer et al., 1987)”. Owing to various factors 

such as ionic interactions, precipitation process and increased ionic strength the 

processs of uptake of Ca2+ from the soil solution is severely impeded and 

resulting in reduced activity of  Ca2+ (Janzen & Chang 1987, Garg & Gupta 

1997). Here an antagonistic relationship exists between sodium and calcium. As a 

result, Na induced Ca deficiency in plants occurs. “Uptake of Ca2+ from the soil 

solution may decrease because of ion interactions, precipitation and increases in 

ionic strength that reduce the activity of Ca2+ (Janzen & Chang 1987, Garg & 

Gupta 1997)”. Similar observations has been recorded in the studies conducted 

by Lima et al.(2017) and Ferreira Neto et al.(2007). Hirpara et al.,(2005)  also 
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recorded a decrease in the uptake of calcium when the seedlings of Butea 

monosperma (Fabaceae) are subjected to salt stress. Similar results has been has 

been recorded by Remision et al(1998). Talei et al(2012) in the study conducted  

in the medicinal plant “Andrographis paniculata Nees” , recorded similar 

observations of declining uptake of magnesium with the increasing salinity. Mg2+ 

has an important role in chlorophyll structure and as an enzyme co-factor. 

“Another importance of Mg2+ in plants is in the export of photosynthetic 

pigments which leads to chlorophyll reductiona and reduction in photosynthetic 

rate  in Mg2+ deficient source leaves (Marschner and Cakmak, 1989)”. 

             N accumulation in plants is reduced by salinity owing to reduced shoot 

nitrate accumulation arising from the enhanced accumulation of chloride ions 

(Feigin 1985: Garg et al. 1993, Torres & Bingham 1973; Garg & Gupta 1997). 

Uptake of boron increases with salinity stress and soluble Boron is toxic in the 

intracellular concentration (Loomis & Durst., 1992). Wimmer  et al.( 2002) 

reasoned that the enhanced supply of  B could results in  an increased  influx of 

boric acid into the cell, leading to high concentrations of borate due to high pH 

which forms complexed with many intracellular ligands such as pyridine 

nucleotide coenzymes (NAD+), ATP, RNA and several sugars (Ralston & Hunt., 

2000). The relatively simpler structural variations observed upon binding of 

boron to these molecules will eventually make then lose their functional viability 

or alter the activities of enzymes leading to greater disruption of metabolic 

functions.  

 

2.10 IONIC TOXICITY 

        The proper ion ratios are the important physiological parameter for the plant 

to maintain its normal growth and development (Wang et al., 2003). Enhanced 

salt uptake leads to conditions of specific ion toxicities such as toxic levels of 

Na+, Cl¯ or sulphate (SO4
2-) which ultimately arrest the uptake of  essential 

elements such as  phosphorus (P), potassium (K+), nitrogen (N), and calcium ( 
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Ca2+) ( Zhu , 2001).The  deleterious effects of Na+  ions with respect to the 

maintenance of structural and functional integrity are known (Kurth., et al; 1986). 

Salinity stress causes increase in the concentration of   Na+ and  Cl¯ ions in the 

roots, stems and leaves of  Atriplex griffithii  suggesting a positive relationship 

between Na+ and  Cl¯ concentration. Furthermore the metabolic toxicity of Na+ 

could be attributed to its efficiency in competing with the cellular K+ for the 

binding sites indispensable for various cellular functions (Tester and davenport, 

2002). According to Bhandal and Malik (1998), more than 50 enzymes are 

activated by K+ and Na+ cannot substitute the role and s a result of high Na+: K+  

ratios can disrupt various enzymes processes in the cytoplasm. Since most of the 

plants accumulate both the ions  (Na+ and Cl¯) in toxic levels in their shoot 

tissues Cl¯ toxicity is an important cause of growth reduction. According to 

Tavakkoli et al. (2011), the high content  of Na+ severely reduced the 

concentrations of K+ and Ca2+ uptake and thereby afflicting the  photosynthetic 

process owing to reduced  stomatal conductance. On the other hand, high  high 

Cl¯ concentrations generally impair the photosynthetic capacity due to non-

stomatal effects and chlorophyll degradation. 

                         The concentrations of Na+ and Cl- ions are high in saline soils 

however the role of  Cl- ions in reducing the growth parameters is comprehended 

well compared to that of Na+ in many crops. However, salt tolerance research in 

cereals have been concentrated mostly on the effect of Na+ with little regard to 

Cl- toxicity (Teakle and Tyerman, 2010). However the concentrations of both the 

ions [Na+ and Cl-] are important since their toxic level accumulation severely 

impairs the metabolism (Xu et al., 2000; White and Broadley, 2001; Tavakkoli et 

al., 2010a, b; Teakle and Tyerman, 2010)”. In some plants the concentrations of 

Na+, rather than Cl- are negatively associated  with salt tolerance (Kingsbury and 

Epstein, 1986; Kinraide, 1999; Lin and Kao, 2001), whereas in other species the 

control of Cl-  transport and Cl-  exclusion from the  shoot tissues are correlated 

with salinity  tolerance (Martin and Koebner, 1995; Luo et al., 2005; Islam et al., 

2007; Teakle et al., 2007; Aydi et al., 2008; Tavakkoli et al., 2010a, b).  
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              “Cramer et al. (1985) reported that a primary response of root cells to 

salt stress involves competitive displacement by sodium of essential calcium ions 

from attachment sites at the outer plasma membrane surface”. This would then 

lead to reductions in membrane integrity and function e.g. loss of sodium 

exclusion capacity, increased leakage of essential solutes, turgor losses and 

consequent growth inhibition. However subsequent reports indicated that salinity 

induced calcium release from internal membranes of root cells rather than plasma 

membrane surfaces (Lynch et al., 1987; Lynch and Lauchli, 1988). Moreover 

even high sodium concentrations did not appear to compete effectively with 

calcium ions in initially saturating plasma membrane binding sites in maize roots 

(Zidan et al., 1991). Additional evidence against the hypothesis that salinity 

necessarily leads to loss of plasma membrane integrity and function came from a 

study of the effects of salinity on the capacity of root epidermal cells to acidify 

their surrounding cell walls (Zidan et aI., 1990). Wall acidification (e.g. via 

plasma membrane proton pumping ATPases) is, according to the acid growth 

hypothesis (Rayle and Cleland, 1992) one of the essential prerequisites for cell 

expansion growth. Disruption of transmembrane proton transport and wall 

acidification, as a result of membrane disruption by salinity, would therefore lead 

automatically to a restriction of expansion growth. However, capacity for 

progressive wall acidification by growing epidermal cells in maize root tips was 

not inhibited by growth in NaCI solutions with or without extra calcium. Similar 

results were obtained when root tip tissues were assayed for capacity to change 

the colour of bromocresol purple pH indicator in agar gels. Presumably therefore, 

this membrane function was relatively unaffected by levels of salinity which 

clearly inhibited growth. Thus membrane disruption as a result of competitive 

displacement by sodium of calcium bound to the plasma membrane surface, did 

not appear to be a primary response of growing maize root cells to salinity(Zidan 

et aI., 1991).. 
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2.11 EFFECT OF SALINITY ON WATER REALTIONS AND GAS 

EXCHANGE PARAMETERS 

             Water potential becomes a major physiological parameter for 

determining the water content of the plants. “According to studies Romcao –

Aranda  et al .(2014) the increase in the salt content in the root zone will decrease 

in the water potential of leaves “. Many studies reveals that osmotic potential and 

water potential became more negative by increasing salt concentration and the 

turgor pressure increases (Ghoulam et al., 2002; Gulzar et al., 2003; Romero-

Aranda et al., 2001). In a study conducted by Khan et al(2001) in Cucumis sativa 

,  it is found out that the water potential will decreases linearly as the salinity 

level increases. In sugar beet varieties , the relative water content decreased 

because of the application of salt (Ghoulam et al; 2002 ). 

                          Salinity causes a reduction in the stomatal conductance and 

evaporation. This results in the entering of some toxic ions into the root zone and 

to the plants. “Decreases in stomatal conductance due to salinity have been found 

in several different plant species (Gómez et al., 2013)”. Studies proved that 

stomatal closure at the beginning of salinity exposure can contribute to a decline 

in the flow of toxic ions within the transpiration stream (Kerstiens et al.,2002 , 

Veselov et al., 2008 , Vysotskaya  et a l.,  2010).  “According to Koyoro(2006) 

reductions in stomatal conductance represent an adaptive mechanism for coping 

with excessive salt, reducing the salt load of leaves and helping increase 

longevity by maintaining salts at sub toxic levels for longer than would occur if 

transpiration rates were not diminished”. “Decreases in stomatal conductance are 

one of the causes of photosynthesis (PN) decline, although photo inhibition or 

increases in mesophyll resistance may also play an important role when stress is 

more  severe or prolonged (Flexas, et al.,2004)”. 
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2.12 SALINTY AND OXIDATIVE STRESS 

         “In the normal conditions, the plants are capable of withstanding the 

deleterious effects of ROS by the synthesis of antioxidants .If the antioxidants 

produced is not sufficient for the neutralization of the ROS , it will accumulate 

and result in an oxidative stress .This may occurs when the plants are grown 

under abiotic stresses such as salinity (Scandalios ,2002)”. Salinity leads to the 

accumulation of ROS (Reactive oxygen species) ; which ultimately results in the 

inactivation of enzymes , lipid peroxidation , damage of DNA etc. “Salinity stress 

can results in the stomatal closure , which leads to the reduced carbon dioxide 

availability and inhibits the carbon fixation, exposing the chloroplasts to 

excessive excitation energy , finally leads to the increased production of ROS 

such as hydrogen peroxide (H2O2 , superoxide (O2
-),  ), hydroxyl radical (OH-

)and singlet oxygen( Parida and Das 2005; Ahmad and Sharma 2008)”.   

In a study conducted in wheat seedlings , salinity treatments of Ec .5.4 and 10.6 

ds m-1 , for 60 days causes increase in lipid peroxidation ( Sairam et al.,2002). 

When the plants are subjected to environmental stresses such as salinity, the 

production of ROS is the major reason for the decrease in crop productivity 

((Halliwell and Gutteridge 1989 ; Asarda 1994 ). 

2.13 EFFECT OF SALINITY ON PHYSIOLOGY OF PLANTS 

2.13.1 Effect of salinity on photosynthesis  

              “Plant growth and thus biomass production can be very well correlated 

to net photosynthetic rate. The effect of salt stress may be either long term or 

short term.  After the exposure to saline stress, the short term effect occurs within 

few hours or in one to two days . After several days, the long term effect occurs. 

The salt accumulation in the younger leaves results in the decline in carbon 

assimilation ( Munns and Termatt ,1986 )”. Salinity cause a sudden decrease in 

the stomatal aperature of the plants. Stomatal responses of the plants are caused 

by the osmotic effect of the salt present in the root zone ( Munns and Tester 
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2005).  As a result of the decrease in the stomatal conductance, there will be a 

reduction of CO2 assimilation and the respiration rate(  Marier and Zozor  1996 ; 

Romero – Aranda  2001). Under the salt stress, the rate of reduction in the 

photosynthesis will depend on salt concentration and species ( Parida et al., 2004 

). In a study conducted in two cultivars of wheat grown under saline conditions, 

expressed two stages of photosynthetic reduction . In the first stage, 

photosynthetic reduction was slower and during the second phase , the reduction 

was rapid , followed by a significant decline of energy conversion efficiency of 

photosystem II ( Murnaka et al, 2002). According to Iyengar and Reddy (1996 ) , 

under the saline conditions , the decrease in photosynthetic rate is a result of 

various factors such as 

1. Cell membrane dehydration and reduction in the permeability of CO2  because 

of the reduced water availability and higher osmotic potential and as a result of 

photosynthetic electron transport declines . 

2. Reduction of CO2  supply due to the stomatal closure and results in the reduced 

availability of CO2 for the carboxylation reactions. 

3. Enzyme activities and cytoplasmic structure will change as a result of saline 

stress. 

2.13.2 Effect of salinity on photosynthetic pigments 

           Chlorophyll is one of the most important plant pigments, supporting 

photosynthetic ability. Chlorophyll content can vary due to salinity level, 

eventually affecting plant growth and development (Kibira etal.,2017).According 

to Wang and Nil .( 2000 ) , the chlorophyll content of the leaves of Amaranthus 

grown under the saline treatment does not show an variation. But generally the 

content of chlorophyll of leaves will show a decrease in the saline conditions . 

There is a decrease in the chl - a , chl - b content of the leaves of  B . parviflora 

under long term saline conditions. The decrease in chlorophyll content is an 

indicative response across different plants subjected to salinity stress (Roy and 
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Basu., 2008). Parida and Das (2005) suggested that the decrease in chlorophyll 

content in response to salt stress is a widespread phenomenon. Chen and Yu 

(2007) also observed a significant decrease in chlorophyll content at high NaCl 

level 

 

 2.13.3 Effect of salinity on chlorophyll fluorescence 

               Analyzing chlorophyll fluorescence is a very useful technique in plant 

physiological studies which can provide useful information about the state of 

PSII (Maxwell and Johnson 2000). According to Nobel (1999) , of the total solar 

radiation absorbed only less than one percent is utilized for the photosynthesis 

and the rest of the absorbed radiation will be discharged . The fluorescence is the 

most effective processes in PS II ( Torabi  2014 ). Chlorophyll fluorescence can 

be used as an indicator for detecting stress ( Pospil and Dau  2000) .Fv is the 

difference between the maximum fluorescence signal ( Fm ) and the background 

level signal ( F0)  and the ratio denotes the maximum quantum yield of PS II and 

it is highly related to the quantum yield of net photosynthesis  ( Maxwell and 

Johnson 2006). During salinity stress a decrease in the photochemical quenching 

parameters such as Fv / Fm  and in the electron transport rate has been  observed 

under various studies (Acosta et al.,2015). The response to saline stress is 

correlated with decreases in PSII efficiency and increases in non–photochemical 

parameters as a mechanism to safely dissipate excess energy. Salt stress was 

found to reduce ETR in a salt-sensitive rice cultivar, whereas only a slight 

reduction in ETR occurred in a salt-tolerant cultivar..According to Morali and 

ismail(2007) the effect of NaCl stress on non-photochemical quenching 

parameters was somewhat different, since qN increased more substantially in the 

salt-tolerant cultivar than in the salt-sensitive cultivar. In salt-sensitive plants, salt 

stress, besides reducing photochemical-quenching parameters and ETR, also 

reduces non-photochemical quenching parameters ( Shu et al.,2013). In some of 
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the plants, when subjected to a salinity of 200 mM or more there is a sharp   

reduction of  Fv / Fm  ratio ( Zhuo et al., 2007). 

2.13.4 Effect of salinity on stomatal conductance of plants 

             “There is are strong evidence that stomatal regulation of vapour loss is 

extremely sensitive to short-term salt stress (Cochard et al.,2002 , Meinzer 2002 , 

Bunce,2006)”. Some studies based on water relations in some barley cultivars 

with different drought resistance levels showed that lower stomatal conductance 

and transpiration at the beginning of salt exposure contributed to higher salt 

tolerance in terms of improved extension growth and less accumulation of toxic 

ions (Vysotskaya et al.,2010). “According to Koyoro (2006) reduction in 

stomatal conductance represents an adaptive mechanism for coping with 

excessive salt, reducing the salt load of leaves and helping increase longevity by 

maintaining salts at subtoxic levels for longer than would occur if transpiration 

rates were not diminished”. “Decreases in stomatal conductance are one of the 

causes of photosynthesis (PN) decline, although photoinhibition or increases in 

mesophyll resistance may also play an important role when stress is more severe 

or prolonged (Flexas ,et al 2006)”. “A steep decline in the stomatal conductance 

and decrease in the rate of transpiration are probably the first line of defense of 

the plants in response to increased salinity, alone or associated with other stress 

factors (Suarez 2011)”. Similar observations has been recorded in the studies 

conducted by Medeiros et al(2018). 

2.14 EFFECT OF SALINITY ON BIOCHEMSIRY OF PLANTS 

2.14.1 Effect of salinity on carbohydrates 

           “During the saline stress, an increase in soluble sugars is reported in 

glycophytes and this contributes upto 50% increase in osmotic potential ( Parveiz 

and satyawati 2008)”. “According to parida et al(2002) , the carbohydrates 

including disaccharide , monosaccharides and polysaccharides accumulate and 

has a vital role in carbon storage, osmoprotection, osmotic adjustment and free 
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radical scavenging”. “Accumulation of soluble carbohydrates as response to 

salinity and drought has been reported in various studies despite a significant 

decrease in net CO2 assimilation rate (Murakeozy et al., 2003)”.  “Researchers 

found that under saline conditions there are differences between cultivars and 

accession in terms of the amount of sugar .(Ashraf and Tufail ., 1995)”. “In a 

study conducted in sunflower, Ashraf and Tufail (1995) determined the total 

soluble sugar content in five accessions differing in salinity tolerance. The results 

indicate that although the total soluble sugar content increased significantly in all 

five lines with increasing salt in the growth medium, the salt tolerant lines had 

generally greater soluble sugars than the salt sensitive ones”.  “During the 

imposition of saline stress to tomato , there is an increase in the content of soluble 

sugars and total saccharides ( Khavari-Nejad and Mostofi 1998 )”. “Under the 

saline stress, in the leaves of Bruguiera pariflora , there is an increase in the 

content of reducing and non reducing sugars ( Parida et al., 2002)”.  

    “ As a result of various abiotic stresses, ‘trehalose’, a disaccharide accumulates 

in many organisms and it is known to be an osmolyte and an osmoprotectant ( 

Ashraf 1994 ; Crowe et al.,1984)”. It protects membranes and proteins in cells 

exposed to stresses that cause water deficit (Hounsa et al., 1998 ; Garcia et 

al.,1997).  “According to Yamada et al(2003) trehalose has a suppressive effect 

on apoptotic cell death”. 

2.14.2 Effect of salinity on amino acids  

            When the plants are exposed to salt stress , amino acids including arginine 

, alanine, leucine and proline etc accumulates. “The major amino acid that 

accumulates in the plants as result of salt stress is proline (Torabi et al., 2010 )”. 

In the cytosol the proline accumulates and accomplishes the role of osmotic 

adjustment. “The accumulation affects the maintenance and also alleviate the 

effects of salt accumulation on the cell membrane interruption ( Mamsour 

1998)”. “Proline synthesis is a non-specific response to low growth medium 

water potential (Ashraf 1994) and it also regulates the accumulation of useable N, 
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osmotically very active and also contributes to membrane stability (Whn 1981; 

Ashraf 1994; Lone et al., 1987; Hanson  et al., 1994)”. “Even at its supra optimal 

level it does not suppress the enzyme activity (Dubey 1997) and can also act a 

regulatory molecule able to activate multiple responses that are the components 

of the adaptation process”. “Researches also reported that the accumulation of 

proline in some plant is a consequence of salt injury and not an indicator for the 

salt tolerance ( De – Lacerda et al., 2003 )”. 

 

2.14.3 Effect of salinity on phenolic compounds  

            “Phenolic acids are secondary metabolites extensively spread throughout 

the plant kingdom(Tomas-Barberan et al.,2001)”. Secondary metabolites 

especially phenolic compounds play an indispensable role as antioxidants 

quenching reactive oxygen species and supporting the plants to deal with the high 

temperature, salinity or other induced oxidative stress (Gould et al.,2002). 

Moreover phenolic compounds are vital for the optimal plant growth and 

reproduction, and are produced in high concentrations when plants are subjected 

to unfavorable environmental factors (light, chilling, salinity etc and to defend 

injured plants(Kefeli et al.,2003). High accumulation of phenolic compounds in 

plant plays an imperitative role physiological role in overcoming salinity – 

induced oxidative stress (Minh etal .,2016). Accumulation of phenolic 

compounds in artichoke leaf subjected to moderate salinity stress has been 

reported by Hanen et al. (2008). Also increase in phenolic compounds response 

to salinity stress has also been documented from the extracts of various plant 

tissues (Agastian et al., 2000; Muthukumarasamy et al., 2000). In contrast, the 

total phenolic contents of 5- and 7-day-old radish sprouts were profoundly 

declined when subjected to moderate salinity (Yuan et al., 2010). 
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2.14.3 Effect of salinity on anti-oxidant enzymes 

             “The activity of antioxidant enzymes was reported to increase under 

salinity in wheat shoot (Meneguzzo et al,1999; Sai ram and Srivastava ,2002)”. 

“At higher NaCl concentration(100 mM) it seems that such resistance to oxidate 

stress may be overcome leading to growth reductions (Agarwal and Joshi ,2002; 

Pandey and Agarwal 2002)”. “Increase in peroxidase(POX) activity is supposed 

to overcome to damage to the tissue metabolism by reducing toxic levels of H2O2 

produced during cell metabolism and protection against oxidative stress ( 

Rasheed and Mukerji ,1991;Scalet et al., 1995; Gosset et al., 1996 ; Dionisio –

sese and Tobita 1998, sudhakar et al., 2001)”. According to Agarwal and Pandey 

(2002), the activity of  peroxidase enzyme has been enhanced owing to salt stress 

imply it has effective ROS (H2O2)scavenging mechanism so as to impart 

tolerance against NaCl oxidative stress. The POX and PPO are the two major 

enzymatic antioxidants that are involved in the  oxidation of phenolic compounds 

hence may play an important role as defense against salt stress (Sheen and 

calvert.,1969). Furthermore the enhanced enzymatic activities of SOD,POX and 

PPO during salt (NaCl) stress indicate the stronger inter-relationship between the 

phenomenon of salt tolerance and enzymatic antioxidant defense systems. 
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CHAPTER 3 

MATERIALS AND METHODS 

  A Study was conducted to determine the effect of salinity on growth 

parameters, physiological and morphological processes of coconut seedlings and 

to decipher the mechanisms of tolerance at physiological and biochemical level. 

3.1. LOCATION AND GEOGRAPHY 

  The experiment was conducted at the net house of ICAR- Central 

Plantation Crop Research Institute (ICAR-CPCRI), Kasaragod, Kerala, India. 

CPCRI is located at 12o 18’ N latitude and 75o E latitude at an altitude of 10.7m 

above mean sea level. 

3.2 .EXPERIMENTAL SETUP 

 The study was conducted in a controlled hydroponic system that eliminates 

the confounding effects of drought and limited nutrients. For the present study a 

dwarf coconut variety MGD (Malayan green dwarf) was selected. It is one of the 

popular dwarf varieties cultivated in India as well as in the world. 

          The experiment was conducted in large drums of approximate 60 liters 

capacity. The outer surface of the drums was painted black in order to prevent the 

entry of sunlight that results in the growth of algae in the medium. Five month 

old uniform MGD seedlings were selected for the experiment after the initial 

screening processes. The pots were filled with 40 liter water enriched with 1 

strength Hoagland solution. The selected seedlings were transplanted to the pot 

on 5 July 2018. The water in the pots were adequately aerated by the air pumps 

connected to a 15 HP suction pump which ensured continuous aeration from 8.30 

am morning to 5pm evening. These plants were grown in a net house, top 

covered with polythene sheets to protect from the rain. The plants were allowed 

to establish in hydroponics till the imposition of treatment. 
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In order to study the effect of sea water on coconut seedlings the following 

treatment combinations were selected. 

 

Table 3.1 Treatments involving different volume of sea water substitution 

Treatments Amount of  irrigation water 

added (liter) 

Amount of Sea 

water(liter) 

T1 (control) 40 0 

T2 (10% sea water) 

,10 %S 

36 4 

T3 (25% sea water) 

,25 %S 

30 10 

T4 (50% sea water) , 

50% S 

20 20 

T5 (75% sea water) , 

75 % S 

10 30 

T6 (100%sea water) 

,100 %S 

0 40 

Replications: Each treatment was replicated thrice 

Each pot with the above treatments was supplemented with 1 strength Hoagland 

solution with the following composition. All together there were 18 pots. Every 

15 day the solution in the pot is replaced with fresh solution after a thorough 

washing. 
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3.3 CHEMICAL REQUIRMENTS 

Hoagland solution  

Each time @ 40 L/pot, 720 l of fresh Hoagland solution was prepared to be filled 

in 18 pots. The following are the different chemicals stock and volume required 

for the preparation of 720 liters 

Chemicals required 

Macronutrients  

Potassium nitrate (KNO3) - 5 ml /liter , for 18 plants 5 x 720 = 3.6 liters 

Calcium nitrate (CaNO3) - 5 ml/liter , for 20 plants 5 x 720 = 3.6 liters 

Magnesium sulphate (MgSO4) - 2 ml/liter , for 20 plants 2 x 720 = 1.4 litres 

Potassium di-hydrogen phosphate(KHPO4) -1 ml/liter , for 20 plants 1 x 720= 

720 mL 

KNO3 

1 M in 1liter = 101.10 g in 1000 mL 

1 M in 4liter = 101.10 x 3.6 =363.96g 

CaNO3 

1M in 1000 ml = 236.16 

1 M in 3.6 liter = 236 .16 x 3.6 = 850 .17 g   

MgSO4 

1 M in 1 liter = 246.48 g in 1000 mL 

1 M in 1.44 liter= 354.93 g 

KHPO4 
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1 M in 1 liter= 136.09 g in 1000 mL 

1 M in 720 ml= 97.98 g 

Micronutrients 

Micronutrients required to prepare a stock of 2 liter 

 Potassium Chloride (KCl)  - 3.728 g 

 Boric acid (H3BO3) -1.546 g 

 Manganese Sulphate  (MnSO4 .2H2O)-0.238 g 

Zinc Sulphate Heptahydrate  (ZnSO4 .7H2O)-0.576 g 

Copper Sulphate (CuSO4 .5H20)-0.124 g 

Molybdic acid (H2MoO4)- 0.080 g  

80 ml of micro nutrients is applied to each plant. 

EDTA Ferric mono sodium salt-19.71 g/liter 

20 ml Fe- EDTA is applied to each plant. 
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Table 3.2 Composition of Hoagland solution 

Chemical Nutrient required for 720  

liter(g) 

Stock applied for 40 liter( 

mL) 

 

                                                       Macro nutrients 

KNO3 363.96 200 

CaNO3 850 .17 200 

MgSO4 354.93 80 

KHPO4 97.98 40 

                                                         Micro nutrients 

KCl 3.728  

 

80 

 H3BO3 1.546   

MnSO4 .2H2O 0.238 

ZnSO4 .7H2O 0.576 

CuSO4 .5H20 0.124 

H2MoO4 0.080 

EDTA 19.71g/liter 20 

.  

3.4 TREATMENT IMPOSITION  

        The sea water treatment imposition was started on 5 November 2018 after 

the initial establishment of seedlings in hydroponics for a period of four months. 

Sea water brought from Arabian sea was added to each treatment as specified 

above (Table 2) to get the set concentrations of 0%, 10% , 25%, 50% and 100% 

sea water substitution. In all there were 18 seedlings with 6 treatments and 3 

replications .The plants were arranged randomly in 3 rows as shown in the Fig. 1 

below. Whenever the nutrient solution of pots was replaced by fresh one, from 

each bucket 45 ml sample was taken for water analysis and the same treatment 

samples is mixed and analyzed as a single sample. 
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Fig.3.1. Experimental set up 

Observations 

Just before the imposition of treatments the following initial observations were 

made. 

Nutrient content of water was measured.  

Initial leaf sample was collected for the nutrient analysis. 

Morphological observations of plant: Plant height, collar girth, number of leaves, 

fresh weight of plant, leaf area, root number and root length 

Time course observations during treatment period 

Pot water: At two to three week interval the volume of unutilized water in the 

pot was measured and its nutrient content was analyzed to calculate the rate of 

uptake of water and nutrients. 

Plant growth: Plant height, collar girth, number of leaves, fresh weight of plant, 

leaf area, root number and root length 
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Physiological observations: Photosynthesis, stomatal conductance, transpiration, 

stomatal resistance, chlorophyll index, chlorophyll fluorescence, leaf water 

potential. 

Biochemical observations: Total sugar, reducing sugar, free amino acids, 

antioxidants, total phenols, Super oxide dismutase (SOD), peroxidase and 

polyphenol oxidase,  membrane stability index,  chlorophyll content. 

At the time of termination of experiment the following observations were 

recorded 

Fresh weight and dry weight of plant parts viz. leaf lamina, midrib 

shoot, root, Nutrient content of  plant parts viz. root, shoot, leaf lamina, midrib 

 

 

 

     

     

                                          Fig 3.2 Collecting sea water from CPCRI beach   
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Fig3.3.Filling pipe water and adding nutrients 

                                                                                                                                                                        

                      

                                    Fig 3.4 Morphological measurements 
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3.5 MORPHOLOGICAL OBSERVATIONS  

3.5.1 Plant height 

           Height of the plant is taken from the base (just above the nut) of the 

seedling to the tip of the fully expanded leaf and expressed in centimeters. 

3.5.2 Number of leaves and Total Leaf Area 

         Total number of leaves and the whole leaf area of each the seedlings were 

recorded. For estimating leaf area of an individual leaf, the length and width of 

each fresh leaf was taken. Length of the leaf was measured from the point of 

origin of leaflets in the leaf to the tip of petiole of that leaf and the width was 

measured by stretching the leaf lets on the either side of the petiole to maximum. 

Leaf area was estimated by using the linear regression equations of Mathes et al, 

(1989), y = 5.9647 + 0.6314 x ,y = 3.9325 + 0.7044 x and y = 8.4507 + 0.6798  x;  

where x is the product of  length and breadth at the broadest position of the leaflet 

and y is the area of the leaflet. 

3.5.3 Plant weight  

        The total fresh weight of plants including the nut is measured using a 

weighing balance and it is expressed in kilograms. At the termination of the 

experiment, on 10.05.2019 plant parts were separated as root, shoot, leaf lamina 

and midrib and their fresh weight was recorded. Parts were initially solar dried 

for two weeks and one day before taking dry weight it was oven dried at 60oC for 

8 hours.    

3.5.4 Number of roots and maximum root length  

Total numbers of roots of the seedlings were recorded and maximum root length 

was measured in centimeters and documented. 
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3.5.5 Collar Girth 

The circumference of shoot at a marked fixed point just above the nut was 

measured using a measuring tape and recorded as collar girth. It was expressed in 

centimeters. 

3.6. PHYSIOLOGICAL PARAMETERS 

3.6.1 Photosynthesis, Transpiration 

Photosynthetic rate, stomatal conductance and transpiration rate of fully opened 

top most leaf was measured using portable Infra –Red Gas Analyzer (IRGA, 

LICOR -6400XT, USA) which has leaf chamber. The observations were made 

between 9.30 AM to 11 AM on clear sunny day and leaf gas exchange parameters 

were estimated at a fixed light intensity of PAR 1000 µmol  m−2s−1. The IRGA 

was calibrated for zero CO2. The sample IRGA and the reference were matched 

for CO2 and water concentrations at regular intervals by using the instrument at 

match mode. The leaflet was clipped into the leaf chamber and the observations 

were recorded after the internal CO2 concentration became stable . All 

observations were downloaded to the PC using the software ‘L16400TERM ’ and 

files were opened in MS –EXCEL for the analysis. 

3.5.2 Stomatal Resistance 

 The stomatal resistance of the top most fully opened leaf was estimated using the 

porometer (Porometer AP4, USA) which measures the stomatal resistance , light 

intensity and leaf temperature. The instrument was calibrated before taking the 

observations using the calibration plate and silica gel. The equipment was taken 

to the field on a clear sunny day between 9.30 am and 11 am and the sensor clip 

was clipped to the middle of the leaflet of the topmost fully opened leaf. The 

measurement was taken until we get consecutive same reading for the leaf. The 

readings were saved and later downloaded for data analysis. 
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3.5.3 Chlorophyll Fluorescence 

Chlorophyll fluorescence was recorded using chlorophyll fluorometer (Opti-

sciences -30p, USA). The leaflets were adapted to dark before taking the 

observations. The dark adaptation clips with a 4 mm aperture size having a 

sliding shutter (which prevents the entry of light) was used for the dark 

adaptation process. Clips was plugged on to the surface of the middle leaflet of 

fully opened first leaf and the leaflets were adapted to dark for half an hour. After 

that the sample probe was inserted into the clip . Then the shutter was opened and 

the measurement was recorded. Minimal fluorescence(F₀ ), Maximum 

fluorescence (Fₘ)  and Fv/Fₘ (ratio of variable fluorescence and maximal 

fluorescence ) were recorded in a file and the data was retrieved using hyper –

terminal software. Measurements were taken from at least 3 plants.  

3.5.6 Leaf water potential  

The leaf water potential in coconut seedlings was measured on the middle leaflets 

of the top most fully opened leaf using LWP meter (Skye SKPM 1400, UK). The 

measurements were taken between 9.30 and 11.30 am. The instrument was taken 

to the field and it was connected to 2 L nitrogen cylinder through connecting 

hose. Instrument was switched on and 0 to 20 bar pressure mode was selected 

since it gives 0.01 bar resolution. Display was set to zero by turning the adjusting 

knob. Leaflet from top leaf was cut and a small portion of leaf lamina was 

removed from leaflet base to help insert midrib into the hole of chamber lid. The 

lid with leaflet was placed in leaf chamber and was made air tight. Pressure inside 

the chamber was increased using the nitrogen gas. The pressure was recorded 

when the water oozed out from the tip of midrib and expressed in bars. A 

magnifying lens was used to visualize water oozing. The chamber pressure was 

then released by exhausting the gas using a knob 
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3.7 BIOCHEMICAL PARAMETERS 

Leaflets from fully opened leaf of the seedlings were used for biochemical 

analysis. The samples were collected from the field in ice bags before 10 AM in 

the morning.  

3.7.1 Ethanol (80%) extraction of leaf tissue  

0.5 g of leaf tissue was ground in 10 ml of 80% ethanol. Then the extract was 

subjected to rotation for 30 minutes in rotospin.  After that the extract was 

allowed for sonication for 30 minutes. Then it was centrifuged at 6000 rpm for 10 

-15 minutes. After the centrifugation the supernatant was collected. To the pellet 

5 ml 80% alcohol was added and the extraction procedure was repeated. After 

that the supernatant was pooled and evaporated at 80 °C - 90°C in the water bath 

until a drop was left. Finally the extract was dissolved at 80 °C and made up with 

10 ml of distilled water. This leaf tissue extract was used for the estimation of 

biochemical parameters such as total sugars, reducing sugars, total phenol, free 

amino acids and antioxidant potential etc. 

3.7.2 Estimation of total sugars 

Estimation of total sugar was performed following the phenol sulphuric acid 

protocol suggested by Dubois et al., 1956. Briefly, concentrated sulphuric acid 

used breaks down any polysaccharides, oligosaccharides, and disaccharides of the 

samples to monosaccharides. Then, Pentoses (5-carbon compounds) are 

dehydrated to furfural, and hexoses (6-carbon compounds) to hydroxymethyl 

furfural. These compounds then react with phenol to produce a yellow-gold color 

which was measured spectrophotometrically at 490 nm. The quantity of the 

sugars was estimated using glucose as standard. 
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3.7.3 Estimation of reducing sugar 

Quantitative estimation of reducing sugars was done following the method 

suggested by Nelson and Somogyi (Somogyi ,1952). Briefly, reducing sugars in 

the samples when heated with alkaline copper tartrate solution reduce the copper 

from the cupric to cuprous state and thus cuprous oxide is formed. When cuprous 

oxide is treated with arsenomolybdate the reduction of molybdic acid to 

molybdenum blue takes place. The blue color developed is compared with a set 

of standards (glucose) in a spectrophotometer (Shimadzu UV 160A) at 620nm. 

3.7.4 Estimation of free amino acids 

Total free amino acids were estimated following the ninhydrin method developed 

by Moore and stein, 1954. Ninhydrin reacts with all those substances containing 

primary amino groups, such as amino acids, amino sugars, aliphatic amines. The 

total free amino acids in the samples were estimated by spectrophotometric 

measurement at 570 nm and using the standard leucine (1mg/1ml).  

 3.7.5 Estimation of total phenols 

Total phenols was estimated by using Folins ciocalteus method (Bray and 

Thorpe,1954). The Folin–Ciocalteu reaction is an antioxidant assay based on 

electron transfer that measures the reductive capacity of an antioxidant. In this 

method, the polyphenolic fraction in the plant extracts reacts with a specific 

redox reagent (Folin-Ciocalteu reagent) to form a blue complex that was 

quantified by visible-light spectrophotometry (Shimadzu UV 160A). The 

polyphenols content of the samples were expressed as catechol equivalent /g 

F.W. 

3.7.6 Determination of Antioxidant activity 

Cupric ion reducing antioxidant capacity (CUPRAC) Cupric ion reducing 

capacity was assay was done by the method described by Apak et al(2004). This 

assay is based on the reduction reaction of Cu (II) to Cu(I) by the combined 
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action of all the anti-oxidants present in the aliquot of sample extract. It involves 

mixing the sample extracts with solutions of CuCl2, neocuproine, and ammonium 

acetate at pH 7, and measuring the absorbance at 450 nm after 30 min. The anti-

oxidant potential of the plant extracts was estimated as Trolox equivalent.  

Ferric reducing anti oxidant power (FRAP) 

In the ferric reducing antioxidant power (FRAP) assay antioxidant components of 

the plant extracts act as reductants in a redox-linked colorimetric reaction, 

wherein Fe3+ (Ferric ion) is reduced to Fe2+ (Ferrous ion). Ferric (Fe3+) to ferrous 

(Fe2+) ion reduction at low pH causes formation of a colored ferrous-probe 

complex from a colorless ferric-probe complex. FRAP values were obtained by 

comparing the absorbance change at 593 nm in the sample reaction mixtures with 

those containing ferrous ions in known concentration (Benzie and Strain 1996). 

3.7.7 Enzyme extraction from leaf tissue 

Leaf tissue enzyme extract was prepared in sodium phosphate buffer (0.1M, pH 

7.6) by following the method of Chempakam et al. (1993) which was 

standardized for coconut leaf tissue. Around 0.5 g of leaf tissue was ground in 15 

ml sodium phosphate buffer, along with PVPP and sand.  The extract was 

centrifuged at 4ºC for 20 min and the supernatant obtained was pooled for the 

various enzyme analyses.  

3.7.8 Superoxide dismutase assay (Beauchamp & Fridovich, 1971) 

The crude enzyme extracts of the plant parts are used in SOD assay suggested by 

Beauchamp & Fridovich, 1971.  The principle of this assay is spectrophotometric 

measurement of the reduction of Nitro blue tetrazolium by O2
− which is inhibited 

in the presence of super oxide dismutase enzyme from the plant extract.  

 The following reagents were added: potassium phosphate buffer (0.1 M pH 7.8)-

1.6 ml; nitro blue tetrazolium  (NBT) solution (conc )-0.3 ml; methionine(0.13 

M) – 0.3 ml; EDTA (0.0127 )0.3 ml; enzyme extract 0.1 ml; sodium carbonate 
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(1.5 M) 0.1 ml and the reaction was started by adding riboflavin (0.00129M). 

After adding the riboflavin, the test tubes were incubated in florescent light for 30 

minutes. Another set of test tubes were incubated at dark condition for 30 

minutes  After 30 minutes the optical density at 560 nm was measured using 

visible spectrophotometer against reagent blank and the specific activity was 

measured. 

3.7.9 Polyphenol oxide Assay 

Five milliliters of the assay mixture for the polyphenols oxidase activity 

comprised: 125 µmoles of phosphate buffer, pH 6.8, 50 µ moles of pyrogallol, 

and 0.1 ml of the diluted enzyme extract. This was incubated for 5 min at 25º C 

after which the reaction was stopped by adding 0.5 ml of 5% (v/v) H2SO4. For 

control reactions the same procedure was followed however enzyme extract was 

added after the termination of reaction with sulphuric acid (Kar and Mishra 

1976). 

3.7.10 Peroxidase assay 

Three milliliters of the assay mixture for the peroxidase activity comprised ; 

Sodium phosphate buffer (0.1 M , pH 7.6) - 2.7 ml; 0.2 % dianizidin  - 0.1 ml; 0.5 

% hydrogen peroxide  -  0.1 ml; and  0.1 ml of enzyme extract. The reagents and 

the enzyme extract were added one after another. The change in optical density 

was measured continuosly for 3 minutes. The enzyme activity was calculated as 

follows: 
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3.7.11 Estimation of chlorophyll 

Around 0.5 g of finely cut sample of leaf was weighed into a clean motor and 

pestle. The tissue was ground to a fine pulp with the addition of 20 ml of 80% 

acetone. The extract was centrifuged at 5000 rpm for 5 minutes and the 

supernatant was transferred into a 100 ml volumetric flask. The residue was 

ground with 20 ml of 80% acetone, centrifuged and the supernatant was taken in 

the volumetric flask.  The volume was made upto to 100 ml with 80% acetone. 

The absorbance of the solution at 645 and 663 nm was taken against the solvent 

(80 % acetone) blank. 

3.7.12. Estimation of membrane stability index 

Coconut leaf membrane stability was determined following the method of Jamil 

et al. 2012. Conductivity measured (µS cm-1) were recorded with a conductivity 

meter. Eight leaflet segments of 3 cm2 area each were immersed overnight at 

25°C in 25ml of distilled water in a beaker and the initial conductivity was 

measured (C1). Then the leaf with water is placed in boiling water bath for 30 

minutes, and cooled to room temperature. Conductivity was again measured (C2). 

Conductivity of double distilled water is also measured and was considered as 

blank (C0). The membrane stability index was calculated using the following 

formula.   

 Membrane stability index (MSI)   =1 –[(𝐶1−𝐶0) (𝐶2−𝐶0)] 100 

 

 

 

 

 

 



40 

 

 

 

3.8 NUTRIENT ANALYSIS 

 3.8.1 Water analysis 

The initial and final water samples were analyzed for estimating the nutrient 

uptake by the plants. In the initial sampling of water, the samples from each 3 

replications is mixed well and analyzed as a representative sample. For the final 

sampling, the 100 ml of water remained in each drum is collected and analyzed. 

3.8.11Determination of PH and Ec 

The pH and Ec of the water sample is determined by using a pH meter. pH meter 

is first  calibrated  using the buffer solutions  of  known pH  . 

3.8.1.2 Determination of bicarbonates 

 10 ml of water sample was pipetted out into in a clean conical flask and it was 

diluted by adding about 25 ml of distilled water. 2-3 drops of phenolphthalein 

(0.25%)  was added . Titrate it against standard sulphuric acid solution (0.02 

N)till the solution becomes colourless. As there is no appearance of pink colour 

after adding the phenolphthalein, 2-3 drops of methyl orange (0.5%)  was added 

in this colourless solution and it was titrated against standard sulphuric acid, till 

the yellow colour changes into rosy red . The volume of sulphuric acid consumed 

was noted each time. 

Amount of bicarbonate = ((0.00122*CON :H2SO4)/0.1*TV/ VOL: ALQ *10^6 

3.8.1.3 Determination of chloride 

 

 2 ml of the water sample was pipette out into a clean 250 ml conical flask and it 

was diluted by adding about 25 ml distilled water. After adding 2-3 drops of 

potassium chromate indicator (5%)  appearance of dark yellow color), it was 
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titrated against the standard silver nitrate solution(0.05N) with continuous stirring 

till the first brick red tinge appears  

 

Amount of chloride (PPM) =((0.00355*CON:AGNO3)/0.1)*(TV/VOL OF 

ALQ)*10^6 

 

 

3.8.1.4 Determination of sulphate 

 

 5 ml of the water sample was pipette out into a 25 ml volumetric flask. 1 ml of 

gum acacia and 1 g barium chloride crystals were added and the contents were 

shaked well. The volume was made upto 25 ml by adding distilled water. Flask 

was inverted several times and turbidity was measured with a spectrophotometer 

at 490 nm . 

 

3.8.1.5. Determination of calcium and magnesium  

 

Determination calcium and magnesium in water sample is by complexometric 

titration using ethylene diamine tetra acetic acid (EDTA)(Schwarzenbach  et 

al.,1946). 

Estimation of total amount of calcium and magnesium 

1 ml of water sample was pipetted out into a clean porcelain dish and the sample 

was diluted by adding about 25 ml of  distilled water .1 ml of ammonium 

chloride - ammonium hydroxide buffer and 3- 4 drops of  EBT indicator  were 

added . It will give wine red color. The titration was carried out against EDTA till 

color changes to blue or bluish green. The volume (ml) of EDTA used was noted  

as A . 

 

 



42 

 

Procedure for the estimation of calcium alone 

 1 ml of another water sample was pipette out into another porcelain dish and  it 

was by adding 25 ml distilled water . 5 ml of NaOH and a pinch of ammonium 

perpurate powder were added . Here the original colour was orange red. Then it 

was titrated against EDTA till the colour changes to purple.  The volume of 

EDTA used was noted as B. 

 

3.8.1.6 Determination of potassium and sodium  

Potassium 

Procedure  

The amount of potassium present in the water sample was determined by using 

flame photometry  

Instrumentation  

A fine aerosol is formed and the atoms get excited by taking energy from flame 

created by mixture of liquid petroleum gas mixed with air. The isolation of 

radiation of desired wavelength .The isolation of radiation can also be achieved 

by a prism or monochromater. Radiation is measured either by photocell or 

photomultiplier tube .The concentration of K is measured by comparing the 

radiation emitted by a known standard with that of the sample. 
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Sodium  

The procedure for Na is similar to that of potassium. 

3.8.1.7 Determination of phosphorus 

 10 ml of water samples and the standard P solutions was pipette out into 50 mL 

conical flasks. 10 ml of Reagent B was added. The volume was made upto to 50 

ml with distilled water and the samples and standards were incubated for 30 

minutes for the development of blue color. The absorbance of colour developed 

at 660 nm wavelength was measured using a spectrophotometer. 

 Reagent A was prepared by dissolving 12g ammonium paramolybdate in 250 

mL of distilled water and 0.2908 g of potassium antimony tartarate in 100 mL of 

distilled water. These dissolved reagents are added to 1 litre of 5 N sulphuric 

acid. The reagent was mix thoroughly and diluted to 2 litre with distilled water. 

Reagent B was freshly prepared as required by dissolving 0.523 g of ascorbic 

acid in 200 mL of reagent A . 

3.7.1.8 Determination of ammonical nitrogen and nitrate nitrogen 

Nitrate nitrogen and ammonical nitrogen in water samples is determined 

titrimetrically after distilling NH3 in boric acid. This method has the advantage of 

permitting the estimation of both ammonical and nitrate nitrogen in the same 

aliquot.  There is no hindrance due to coloured samples if distilled and NH3                            

determined titrimetrically. 

 10 ml of water sample was pipetted out into the distillation flask. 20 ml of boric 

acid solution with mixed indicator was added into 250 ml conical flask and put 

beneath the condenser .The flask was stoppered and the ammonia was steam 

distilled into the boric acid solution. Distillated it according the pre-setted 

program. This distillate was titrated with 0.02 N sulphuric acid till the pinkish 

colour appears. Blank was also carried out simultaneously. 
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Nitrate Nitrogen 

Same reagents used for ammonium determination was used. In addition, 

Devarda’s alloy (50 Cu:5Al :5Zn ) which is finely ground to pass 0.15 mm sieve 

was used. 

 A fresh water sample (10ml) was added into the distillation flask and reagents 

were added as given under ammoniacal determination along with 0.2 g of 

Devarda’s alloy. The ammonia was distilled into fresh boric acid (with mixed 

indicator) and the titration was done as described earlier. 

 

3.8.1.10 Determination of Iron, manganese, zinc and copper 

The micronutrients such as iron, manganese, zinc and copper can be determined 

with the help of Atomic spectrophotometer(ASS). 

3.8.1.11 Estimation of boron 

Procedure   

 1 ml of water sample and standards into were pipetted out into 25 ml volumetric 

flasks. To that 2 ml of buffer( buffer solution was prepared by dissolving 62.5 g 

of ammonium acetate and 3.75 g of EDTA disodium salt in 100 ml of distilled 

water. To that 31.5 mLof glacial acetic acid was added slowly and mix 

thoroughly.) and 2 ml azomethine - H reagent was added .The samples and 

standards were incubated at room temperature for 30 minutes for the colour 

development .After the incubation, absorbance at 420 nm was taken on a 

spectrophotometer. 
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3.8.2 Plant sample analysis  

3.8.2.1 Digestion of the sample  

For the analysis of nutrients other than N, the plant material was digested in a 

diacid mixture.  

Diacid digestion: The diacid digestion was carried out using a 9:4 mixture of 

nitric acid : perchloric acid . 0.5 g of ground plant material was placed in 100 ml 

volumetric flask. To this, 10 ml of acid mixture was added and the contents of the 

flask were mixed by swirling . The flask was placed on a low temperature until 

the production of red NO3 fumes ceases . The contents were further evaporated 

until the volume is reduced to 3 to 5 ml. The completion of digestion was 

confirmed when the liquid becomes colourless. 

        After the flask is cooled, 20 ml of distilled water was added. The volume 

was made up to 100 ml with distilled water and the solution was filtered through 

whatman No.1 filter paper. Estimation of potassium, sodium, calcium, 

magnesium, boron, sulphur, iron, zinc ,manganese and copper was done 

according to same procedure as followed for the plant water samples . 

3.8.2.2 Estimation of phosphorus 

Procedure 

5 ml of aliquots were pipette out into 50 ml standard flasks .10 ml vandate 

reagent molybdate reagent was added and the volume was made up to 50 ml with 

distilled water and the contents were mixed well by inverted shaking. The 

samples and standards were incubated for 30 minutes for the development of 

yellow colour. After the incubation absorbance at 420 nm was taken on a 

spectrophotometer. 

 

 



46 

 

3.8.2.3 Total nitrogen in plant samples 

Apparatus  

Block -digestor, Kjeldahl distillation unit, conical flask, pipette, measuring 

cylinder etc  

1. Sulphuric acid – salicylic acid 

 1 g of salicylic acid was dissolved in 30 ml of concentrated sulphuric acid 

2. Digestion mixture  

Mix 25 g of K2SO4 with 5 g of CuSO45H2O and 0.5 g of metallic selenium 

powder by grinding in a mortar. 

3. Sodium Hydroxide solution (NaOH) ,40% 

4. Mixed indicator  

0.14 g of bromocresol green + 0.098 of methyl red in 140 ml of 95% ethanol 

4. Boric acid solution  

Dissolve 40 g of boric acid in distilled water and dilute the contents to 900 ml . 

Add 20 ml bromocresol green + methyl red mixed indicator solution. Then add 

0.1 N NaOH drop wise till solution becomes reddish purple. Make up the volume 

to one liter. 

Procedure 

Digestion  

1.0.5 g of dry plant material was weighed and transfered quantitatively into a 100 

ml digestion tube . 

2. 3 g catalyst mixture was added. 
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3.10 ml concentrated sulphuric acid containing salicylic acid was added using a 

dispenser and the contents were mixed well. 

4. The tubes were placed in a block digestor that was set at 100 o C for 20 minutes 

and digested at low flame and the tubes were removed to wash down any material 

adhering to the neck of the tube with the same concentrated sulphuric acid. The 

tube contents were agitated and the tubes were placed back to the block digestor 

set at 380 o C for 2 hours. 

5. After the digestion is completed, the tubes were removed and allowed to cool 

 Distillation 

1.10 digests were taken and transferred to vacuum jacket of micro – kjeldaghl 

distillation apparatus. 10 ml of 4 % boric acid solution is taken containing 

bromocresol green and methyl red indicator , to which the condenser outlet of the 

flask was dipped .After adding the aliquot , the funnel of the apparatus was 

washed with 2 -3 of deionized water and 10 ml of 40 % solution was added. 

2. ml  of aliquot was distilled into the flask containing 10 ml boric acid. After the 

distillation was completed, the boric acid was titrated 0.02 N sulphuric acid . The 

blank was also runned simultaneously. 
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CHAPTER 4 

RESULTS 

An investigation entitled “Effect of salinity on growth, physiological and 

biochemical processes of coconut (Cocos nucifera) seedlings was conducted at 

ICAR–CPCRI, Kasaragod to decipher the biochemical and physiological basis  of 

salinity tolerance.  For this present research, 18 uniform seedlings of Malayan 

green dwarf (MGD) variety were selected and salinity stress was imposed. After 

subjecting the seedlings to salinity stress morphological, physiological, 

biochemical parameters were measured. Water and plant nutrient analysis were 

also conducted as part of the study. The results obtained from the study are 

described below. 

4.1. MORPHOLOGICAL RESPONSES 

Morphological measurements such as plant height, number of green leaves, leaf 

area and collar girth are important indicators of the effect of salt stress on plant 

growth. Significant differences in the morphological features of the seedlings 

were documented when the coconut seedlings were subjected to salinity 

treatment.  Seedlings grown in nutrient solutions substituted with sea water at the 

levels of 10% to 100% showed significant differences in the change in plant 

height compared to the control seedlings where no substitution of sea water was 

made in nutrient growth solution. Level of significance is indicated by p vale and 

the treatment means were compared by CD values 
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Table 4.1Morphological parameters of the MGD seedlings before starting salinity 

treatment 
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Table 4.2 Morphological parameters of the MGD seedlings subjected to salinity 

treatments (10% to 100% S refers to the various salinity stress treatments of 10% 

to 100% substitution of sea water, respectively in the nutrient solution of the 

seedlings). 

 

 

 

 

 

 

 

 

 

 

 

 

Treatments Change in 

Plant 

height 

(cm) 

No. of 

fresh 

leaves 

Leaf area 

(cm2) 

Max. 

root 

length 

(cm) 

No. of 

roots 

Collar 

girth 

(cm) 

Control 43.33A 9A 55166AB 46.66A 44.00A 44.16A 

10 % S 30.50AB 8A 51078AB 50.00A 38.33A 44.33A 

25% S 5.50CB 5B 34431CB 44.66A 16.00B 37.73AB 

50 %S -2.03CB 3C 20381CD 12.33 B 6.00BC 31.06BC 

75%S -8.83C 2C 3717ED 7.500 B 6.00BC 24.00C 

100%S -24.70C 2C 66E 8.16 B 1.00C 29.33BC 

CD at 5 % 33.35 1.28 16466.28 17.68 11.83 7.55 

P value 0.0095 

 

<.0001 

 

<.0001 

 

0.0005 <.0001 

 

0.0016 
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Table 4.3 Total fresh weight (kg) and dry weight (kg) of coconut seedlings under 

various salinity treatments 

 

 

 

4.1.1 Plant height 

The results have shown that salinity treatment significantly affected the height of 

the seedlings. The change in plant height (Final height – initial height) between 

the control and 10% of sea water substitution in the nutrient solution did not have 

any significant difference (table 4.1 and Fig4.1).  However, at 25% sea water 

treatment and beyond at high salinity stress (50-100% salt water substitutions) the 

height of the plants were significantly reduced.   Fig. 4.1 and 4.2 clearly depicted 

that at 10% S the increase in plant height was on par with control but the increase 

was significantly low as the days progressed at 25% and beyond. The total height 

increase of the control seedlings was 43.3 cm. At 10% and 25% sea water 

exposures, the height increased by 30.5 cm and 5.5 cm respectively. At 25 % of 

the sea water substitution a sharp reduction in the total height was observed. It 

indicated that virtually there was no growth throughout the experiment. Seedlings 

subjected to 50 % of the sea water substitution showed 2.03 cm reduction 

indicating that the leaves were completely dried due to the salinity effects and the 

Treatments Total fresh 

weight(Kg) 

Total  dry 

weight(Kg) 

Root dry 

weight(Kg) 

Shoot dry 

weight(Kg) 

Leaf dry 

Weight(Kg) 

Control 5.71A 1.22A 0.09 A  0.56 A 0.56 A 

10 % S 5.56 A 1.12 A 0.08 A 0.50 A 0.53 A 

25% S 3.01 B 0.65 B 0.07 A 0.29 B 0.28B 

50 %S 1.48BC 0.34 BC 0.01 B 0.16 BC 0.16 B 

75%S 0.76 C 0.24 C 0.01B 0.07C 0.16 B 

100%S 0.92 C 0.25 C 0.007 B 0.07 C 0.17 B 

CD at 5 % 1.67 0.04 0.051 0.012 0.03 

P value <.0001 <.0001 0.0069 0.0003 <.0001 
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total height was reduced. At the stress levels of 75 % and 100% sea water 

substitutions, the mean reduction in total height was at 8.83 and 24.7 cm 

respectively. 

 

 

Fig.4.1. Time course measurement of total height of the coconut seedlings under 

various salinity treatments 

 

Fig.4.2 Change (final height –initial height) in plant height of the coconut 

seedlings with various salinity treatments. 
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4.1.2 Number of fresh leaves 

Expectedly, number of green leaves was more in the seedlings grown as control 

compared to the salinity treatments. At the end of the experiment there were 

nearly 8 leaves in these treatments. It was only 5 leaves at 25% S and sharply 

declined at higher salinity levels (Table 4.1 and Fig 4.3) 

 

 

Fig.4.3 Time course measurement of number of fresh leaves of coconut seedlings 

under various salinity treatments. 
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4.1.3 Leaf area 

 

 

Fig 4.4 Time course measurement of mean leaf area of coconut seedlings grown 

under various salinity treatments 

 

 

Fig.4.5 Change in leaf area of coconut seedlings from the period of starting of the 

experiment till the termination of experiment 
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Leaf area across various treatments showed a significant variation (Fig.4.4 & 

4.5). In control seedlings and seedlings at 10% S at the end of the experiment it 

was on par and had risen to around 53000 cm2 (Fig. 4.4). The rate of increase 

was almost on par in both these treatments. The control plants showed the highest 

increase in leaf area during the period of experimentation (26738.55 cm2) . 

During the same time at 10 % S there was a mean increase of 18839.5 cm2 in leaf 

area (Fig 4.5). At 25 % salinity level there was an increase of 4150.6cm2 thus 

seedlings at 25 % salinity treatment showed a significant reduction in the leaf 

area. At 50 % salinity level, there was a mean reduction of 9235.42 cm2 in the 

leaf area. Similarly, seedlings at 75 % and 100% salinity treatments showed that 

their leaf areas were reduced by 12863.9 cm2 and 18668.2 cm2, respectively.  

Results indicate that leaf area is an important and sensitive growth parameter that 

is severely affected due to increase in salinity in the root zone of the coconut 

seedlings. 

 

4.1.4 Total fresh weight 

 

Fig.4.6. Time course increment in the total fresh weight of the coconut seedlings 

with salinity stress 
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The total fresh weight of the coconut seedlings across various treatments showed 

a significant variation. The control seedlings without any interference from the 

salt have a mean increase of 3.63 Kg in total fresh weight. Seedlings at 10 % 

saline water substitution had an increase of 3.07 Kg whereas, seedlings subjected 

to 25 % of the salinity treatment showed an increase of only 1.26 Kg from its 

initial stage. Beyond the salt stress of 25% salt water or sea water substitution, 

seedlings showed a greater reduction in total weight. When seedlings were 

subjected to 50 % of salinity stress, there is a reduction of 0.04 Kg in the fresh 

weight whereas seedlings grown at 75 % and 100% of sea water substitution in 

the nutrient solution exhibited a reduction of 3.29 Kg and 3.13 Kg of fresh 

weights, respectively. 

 

4.1.5 Maximum root length 

 

Fig.4.7 Time course measurement of maximum root length of the coconut 

seedlings under various salinity treatments 
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Fig 4.8 Change in the maximum root length of the coconut seedlings under 

various salinity treatments 

The observation of the maximum root length of the seedlings revealed that the 

control seedlings had a mean increase of 24.6 cm during the period of 

experimentation (Fig 4.9). For the seedlings grown at 10 % of salinity stress, the 

increase in root length was reduced to 22.5 cm.  

4.1.6 Root number 

 

Fig 4.9 Number of roots of coconut seedlings under various treatments of salinity 
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Fig 4.10 Time course measurement of number of roots of coconut seedlings 

under various salinity treatments 

The observations regarding the root growth parameters across various treatments 

were recorded. The control coconut seedlings had 44 roots during the treatment 

period. Seedlings at 10% and 25% of the salinity treatment, had 33 and 16 root 

respectively. Seedlings 25 % salinity showed no signs of root development as 

roots have started rotting and not able to withstand salinity stress. 

4.1.7 Collar Girth 

 

Fig 4.11 Mean change in the collar girth of coconut seedlings under various 

salinity treatments 
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Fig. 4.12 Time course measurement of collar girth of coconut seedlings under 

various salinity treatments 

 

The collar girth of the coconut seedlings across various treatments showed a 

significant variation (Fig 4.12 and 4.13). Like the other morphological 

parameters, control seedlings showed a maximum increase in collar girth (14.5 

cm). At 10 % salinity treatment there is a mean increase of 10.13 cm. 

Nonetheless, seedlings grown at 25 % salinity stress showed only an increase of 

8.23 cm and the increase in collar girth of seedlings grown under  50 % salinity 

treatment stress was  a meager  0.2 cm. 
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4.1.8 Total dry weight 

  

 

Fig 4.13 Total dry weight of seedlings subjected to various salinity stresses after 

the end of the experiments.  

Total dry biomass of coconut seedlings at control and 10% S treatment were on 

par and it was 1.22 and 1.12 kg respectively (Fig 14). However at 25% S it was 

reduced by 47% and beyond that at higher salinity biomass accumulation was 

negligible. This is quite evident from the Figs. 4.15 and 4.16 plants grown with 

sea water substitution for 3 months and 6 months respectively.  
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Fig 4.14 Growth of seedlings after 3 months of salinity treatment (percentages 

refer to the quantum of sea water substitution to the nutrient solution) 

Fig 4.15 Growth of seedlings after 6 months of salinity treatment (percentages 

refer to the quantum of sea water substitut ion to the nutrient solution) 
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4.2 PYSIOLOGICAL RESPONES 

Significant decline in photosynthesis (p<.0001), stomatal conductance (p<.0001), 

transpiration (p<.0001), stomatal resistance (p<.0001), water potential (p=.009), 

chlorophyll fluorescence (p=.001) and chlorophyll index (p<.0001) were 

recorded (Table 4.3). Excluding the physiological parameters such as 

(photosynthetic rate, stomatal conductance and transpiration rate) all other 

parameters were on par at 10% S with control plants. 

Table 4.4 Physiological responses of the coconut seedlings subjected to various 

salinity treatments 
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4.2.1 Stomatal resistance 

The control seedlings had a mean stomatal resistance of 1.78 cm-1. Seedlings at 

10 % salinity treatment showed a slight but non-significant increase in stomatal 

resistance to 3.23 s cm-1. Seedlings at 25 % of salinity treatment showed 

increased stomatal resistance of 14.23 s cm-1. Seedlings beyond 25% of salinity 

stress showed a sharp increase in stomatal resistance. Seedlings at 50 %, 75% and 

100% salinity stresses, the stomatal resistance was 40.11 s cm-1 138.83s cm-1 and 

242.22 s cm-1 respectively (Fig.4.17) 

 

Fig 4.16 Stomatal resistance of coconut seedlings under various treatments 

 

4.2.2 Chlorophyll fluorescence (Fv/Fm ratio) 

Chlorophyll fluorescence was up to 50% S was on par with control plants (Table 

4.18). The control seedlings showed a highest chlorophyll fluorescence (0.802) 

followed by 10% salinity (0.801). At 25 % treatment, it was reduced to 0.770 and 

at 50 % and 75 % salinity treatments chlorophyll fluorescence was further 

reduced to 0.735 and 0.635, respectively. Expectedly, seedlings at 100 % salinity 

stress showed the least chlorophyll fluorescence value of 0.597.  
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.  

Fig 4.17 Chlorophyll fluorescence of coconut seedlings under various treatments 

 

4.2.3 Chlorophyll Index (CI) 

Similar to chlorophyll fluorescence, the chlorophyll index up to 25%S was on par 

with control plants (Table 4.19). The control seedlings showed the highest value 

of chlorophyll index (58.66) followed by seedlings that underwent 10% salinity 

treatment (57.76). Chlorophyll index was further reduced to 57 and 49.46, 

respectively in the seedlings subjected to 25 % and 50 % of salinity stresses. 

Seedlings at 75 % and 100% of the salinity treatments showed the lowest CI 

values of 41.36 and 36.13 respectively. 
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Fig 4.18 Chlorophyll index of the coconut seedlings under various salinity 

stresses 

4.2.4 Net photosynthesis (Pn) 

The control seedlings showed a high photosynthetic rate of 6.83 µmole m-2 s-1. 

Seedlings at 10 % salinity stress exhibited a photosynthetic rate of 4.5 µmole m-2 

s-1. Photosynthetic rates of the seedlings were further reduced to 3.41 in seedlings 

at 25 % of salinity treatment. At 50 % salinity the photosynthetic rate was 2.19 

µmole m-2 s-1 whereas seedlings of 75 % and 100 % salinity stresses showed the 

lowest photosynthetic rate of 0.21 and -1.54 µmole m-2 s-1, respectively (Fig 

4.20).   
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Fig 4.19 Net photosynthetic rate of coconut seedlings under various treatments 

4.2.5 Stomatal conductance (gs) 

The control coconut seedlings showed a maximum stomatal conductance of 

(0.091 mole m-2s-1) during the treatment period. Seedlings at 10 % of salinity 

stress, showed that the stomatal conductance was reduced to 0.053 mole m-2s-1 

and the conductance was further reduced with the seedlings (0.041 mole m-2s-1) 

that were subjected to 25 % salinity. Seedlings at salinity stress beyond 25 % of 

sea water substitutions, a sharp reduction in stomatal conductance was observed. 

Seedlings of 50 % salinity treatment, showed a stomatal conductance of 0.015 

mole m-2s-1.  The lowest values of stomatal conductance were exhibited by the 

seedlings that underwent 75% and 100 % salinity treatments (0.013 and 0.009 

mole m-2s-1).  
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Fig 4.20 Stomatal conductance of coconut seedlings under various treatments 

4.2.6 Transpiration ( Tr) 

The mean transpiration rate of the control seedlings was found to be 1.265 m 

mole m -2s-1. The decrease in the transpiration rate of the seedlings with the 

increase in the salinity stress of the seedlings was very significant. Seedlings at 

10 % salinity treatment showed a reduction of the mean transpiration rate to 

0.967 m mole m -2s-1. Seedlings that underwent 25 % salinity treatment showed 

further reduction of transpiration rate to 0.839 m mole m -2s-1.  Beyond 25 % of 

the salinity stress a sudden decrease in the transpiration rate was observed. 

Seedlings at 50 % salinity stress showed the transpiration rate of 0.228 m mole m 
-2s-1 whereas the lowest values of transpiration rate were observed in the seedlings 

subjected to 75 % (0.077 m mole m -2s-1 ) and 100 % (-1.543 m mole m -2s-1) 

salinity treatments,  respectively.   
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Fig 4.21 Transpiration rate of coconut seedlings under various treatments 

 

4.2.7 Leaf water potential (LWP) 

The leaf water potential of the control coconut seedlings was high (-9.93 bars). At 

10% S and 25% S it was on par with control plants. Seedlings at 10% of salinity 

stress showed a leaf water potential of -10.06 bars whereas seedlings subjected to 

25 % salinity stress the leaf water potential was -10.93 bars and for the seedlings 

that at 50 % salinity treatment it has become -13.95 bars. The highest values of 

leaf water potential were recorded in the seedlings that were subjected to 75 % 

and 100 % treatments (-19.91 and -18.18 bars respectively). 

 

 

0

0.5

1

1.5

2

2.5

3

CONTROL 10% S 25% S 50% S 75% S 100% S

T
ra

n
sp

ir
a

ti
o

n
 (

m
m

o
le

 m
-2

s- )
   

Treatment

CD at 5% :0.45



69 

 

 

Fig 4.22 Leaf water potential (-bars) of coconut seedlings under various 

treatments 
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4.3 BIOCHEMICAL RESPONSE 

Biochemical measurements like chlorophyll content, total sugar, reducing sugar, 

soluble protein, and total phenol content were measured in coconut seedlings that 

were subjected to salinity stresses. The resultant values are presented below. 

Table 4.5 Biochemical responses of coconut seedlings under coconut seedlings 

 4.3.1 Total soluble sugar 

The control seedlings showed the least value of soluble sugar value (0.865 g 100 

g-1 fresh leaf tissue and the amount of soluble sugar increased as the salinity stress 

increased. However there was no significant effect of salinity on sugar content 

The highest accumulation of total soluble sugar was recorded in 75 % and 100 % 

salinity treatment respectively.   
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Fig 4.23 Total sugar content of coconut seedlings under various treatments 

4.3.2 Reducing sugar 

Similar to the total soluble sugar, the reducing sugar content of leaves also 

increased with an increase in salinity stress(Fig 4.25) but it was not significant 

(table 4.4).  The maximum reducing sugar content was observed in the seedlings 

that underwent 75 % of salinity stress (0.673g100 g-1 fresh leaf tissue). As the 

salinity stress level decreased, the reducing sugar content also decreased. 

 

Fig 4.24 Reducing sugar content of coconut seedlings under various treatments 
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4.3.3 Free amino acids 

A gradual build up of free amino acids was documented in the leaves of coconut 

seedlings subjected to salinity stress. At 10% S it was on par with control and at 

25% significantly increased. The maximum accumulation of free amino acids 

was detected in the seedlings that have at 100 % salinity treatment (0.774 mg100 

g-1 fresh leaf tissue).  

 

Fig. 4.25 Free amino acid content of coconut seedlings under various salinity 

treatments 

4.3.4 Total phenol 

The total phenol content increased significantly as the stress increased. However, 
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Fig 4.26 Total phenol content of coconut seedlings under various salinity 

treatments 

 

4.3.5 Antioxidant activity 

The antioxidant activity in the leaves was measured in terms of reducing power 

using the methods of FRAP and CUPRAC. In CUPRAC, a significant increase in 

the antioxidant activity was observed with the increase in stress, but it was not 

significant up to 50% salinity treatment.  The maximum value was recorded in 

the 100 % salinity. In the FRAP method there was no significant variation among 

various treatments. 
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Fig 4.27.Antioxidant capacity (CUPRAC) of various salinity treatments 

 

 

Fig 4.28 .Antioxidant capacity (FRAP) of various salinity treatments. 
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Table 4.6 SOD, POD, PPO, MSI, chlorophyll content and RWC of coconut 

seedlings under various salinity treatments 

Treatment SOD (µg g-

1  protein) 

POD 

(µg g-1  

protein) 

PPO (µg g-

1  protein) 

MSI (%) Chlorophyll 

content 

(Mg/g of 

fresh leaf 

tissue) 

RWC (%) 

Control 111.59 C 0.84 0.495B 80.57 1.47 69.49 

10 % S 118.70 C 1.27 0.81 B 78.97 1.46 67.66 

25% S 162.37 B 1.83 1.5750 A 74.67 1.52 60.34 

50 %S 174.01AB 1.39 1.6200 A 67.35 1.00 59.11 

75%S 175.63 AB 1.65 1.7550 A 66.02 0.60 56.08 

100%S 188.57 A 1.98 2.1600 A 62.99 0.54 55.16 

CD at 5 % 15.85 NS 0.40 3.86 0.28 0.86 

P value 0.0006 0.240 0.0026 <.0001 

 

<.0001 

 

0.0148 

 

 

4.3.6 Super oxide dismutase 

Super-oxide dismutase (SOD) enzyme is a major anti-oxidant enzyme that plays 

greater role in scavenging reactive oxygen species (ROS) generated during stress. 

The super oxide dismutase activity increased as the stress increased. The 

maximum SOD activity was recorded in 100 % seedlings (188µg g-1 protein). 

And the mean activity for the control seedlings was only 111 µg g-1 protein which 

was on par with the activity of seedlings at 10%S. 
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Fig 4.29 SOD activity of coconut seedlings under various salinity treatments 

4.3.7 Peroxidase 

The peroxidase activity did not show any significant variation across various 

treatments.  The minimum activity of POD was recorded in control seedlings. 

Then as the stress increases, there was an increase in the activity of POD (Fig 

4.31). 

 

                               

Fig 4.30 POD activity of coconut seedlings under various salinity treatments 
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4.3.8 Poly phenol oxidase 

In plants, polyphenol oxidase (PPO) is involved in the oxidation of monophenols 

and/or odiphenols to o-quinones with the concomitant reduction of oxygen to 

water causing protein complexing and brown melanin pigments. The highest 

activity of poly phenol oxidase was observed in 100 % salinity treatment. The 

activity of the enzyme was significantly reduced as the stress reduced. 

 

Fig 4.31 PPO activity of coconut seedlings under various salinity treatments 
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4.3.9 Membrane stability index 

MSI was 80% in control plants and it decreased marginally at 10 and 25% S but 

was not significant. At 50% S it was reduced to 63% and was significant (Fig 

4.32).  

 

Fig 4.32 Membrane stability index of coconut seedlings under various salinity 

treatments 

4.3.10 Relative water content 

The control seedlings has the highest relative water content of  (69.49 %). Then 

as the stress increased the relative water content reduced significantly. At 10% S 
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Fig 4.33Relative water content of coconut seedlings under various salinity 

treatments 

4.3.11 Chlorophyll content 

Chlorophyll content was 1.4 mg/g leaf tissue in control plants. It was on par at 10 

and 25%S salinity treatments. But at 50% and beyond it significantly declined 

(Fig 4.34). 

 

 

Fig 4.34 chlorophyll content of coconut seedlings under various salinity 

treatments 
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4.4 NUTRIENT ANAYSIS 

The nutrient content of sea water, nutrient solution in the pots (initial and at the 

time of replacement), and the plant parts at the termination of experiment were 

quantified in order to study the nutrient uptake pattern in different treatments. 

Plant parts such as root , shoot , leaf and mid rib were analyzed .The results are 

presented below. 

Table 4.7 Sea water analysis 

Constituent Composition of standard sea 

water (PPM) - Reference 

Sample result (PPM) 

Cl 19500 19258 

Na 10500 10625 

SO4 2700 2799 

Mg 1350 1344 

Ca 410 400 

K 390 395 

HCO3 142 146 

B 4.35 4.1 

P 0.09 0.08 

Zn 0.01 0.009 

Fe 0.003 0.002 

Mn 0.002 0.002 

Cu 0.003 0.004 

 

The Arabian Sea water used in the experiment is rich in Cl, followed by Na and 

SO4 which is almost similar to the composition of standard sea water.
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Nutrient analysis of plant parts 

Nutrient content of root (Table 4.7), shoot (Table 4.8), leaf (Table 4.9), mid 

rib(4.10) and  total plant uptake are presented below. Most of the major nutrients 

in roots were significantly declined with increasing salinity except S. Na content 

at 10%S was on par with control but at higher concentration it further increased 

(Table ). Almost similar trend was seen in shoot but the decline in K was less and 

there was a significant increase in Na even at 10% S. Leaf K though significantly 

declined with 10%S but value was less and similarly the Na accumulation was 

relatively low compared to other plant parts. Majority of leaf macro and micro 

nutrients were more stable up to 10 %S beyond that they were significantly low. 

As a consequence of better compartmentalization of nutrients the total plant 

uptake of K and Na did not differ significantly up to 10%S beyond that it 

declined significantly. 
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Table .4.8 Root analysis 

Treatment K(%) Na(%) P(%) S(%) Ca(%) Mg(%) B(PPM) Fe(PPM) Mn(PPM) Zn(PPM) Cu(PPM) N(PPM) 

Control 1.88 A 1.07 D 0.81 A 0.21D 0.64A 0.384 A 0.002 C 449.4 

 

75.58 80.20 29.30 4.61A 

10 % S 0.80 B 1.84 D 0.54 B 0.28DC 0.53 B 0.320B 0.002C 524.26 70.56 

 

108.77 17.14 3.64AB 

25% S 0.60 C 2.64 B 0.53B 0.36DC 0.45 B 0.256C 0.004BC 473.46 129.48 100.3 13.86 

 

3.34BC 

50 %S 0.36D 3.14 B 0.48 B 0.50 B 0.34 C 0.208C 0.005B 857.93 130.63 67.37 44.33 3.17BC 

75%S 0.23D 4.15 A 0.44 B 0.86 A 0.18 D 0.128 D 0.005B 905.06 60.6 

 

72.47 40.26 2.98C 

100%S 0.10E 4.02 A 0.49 B 0.44BC 0.32 C 0.072 D 0.008 A 21.08 132.89 49.03 15.4 3.36BC 

CD at 5 % 0.15 0.62 0.22 0.15 0.086 0.054 22.43 NS NS 

 

NS NS  

P value <.0001 <.0001 0.0484 <.0001 <.0001 <.0001 0.0011 0.0121  0.4916 0.5223 0.0002 
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Table.4.9 Shoot analysis 

 

Treatment K(%) Na(%) P(%) S(%) Ca(%) Mg(%) B(PPM) Fe(PPM) Mn(PPM) Zn(PPM) Cu(PPM) N(%) 

Control 1.97 A 1.34 D 0.22A 0.03C 0.45A 0.40A 25.06C 385.11 30.24CB 36.67 4.74 3.73 

10 % S 1.64 B 2.59C 0.16 B 0.06 C 0.37B 0.35B 26.63C 232.15 41.81AB 30.18 6.71 3.58 

25% S 1.22C 3.29B 0.12 C 0.10 B 0.29C 0.20C 30.53C 328.34 44.07A 36.69 4.48 4.01 

50 %S 0.95 D 3.68AB 0.121C 0.13B 0.24CD 0.16D 45.26B 419.24 26.93C 41.64 6.02 3.49 

75%S 0.69 E 4.00A 0.11 C 0.25A 0.21ED 0.14D 61.00B 249.68 23.88C 26.51 7.74 3.34 

100%S 0.54 E 2.01 C 0.04D 0.13 B 0.16E 0.09E 31.93C 263.68 25.74C 19.21 2.94 3.41 

CD at 5 % 0.23 0.61 0.034 0.038 0.064 0.038 7.17 NS 11.62 NS NS NS 

P value <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.29 0.01 0.41 0.42 0.35 
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Table 4.10 Leaf analysis 

Treatment K(%) Na(%) P(%) S(%) Ca(%) Mg(%) B(PPM) Mn(PPM) Zn(PPM) Cu(PPM) N 

Control 1.74A 0.86 D 0.23 A 0.03C 0.42A 0.33 A 15.80 C 248.97 22.32 6.92 2.74 

10 % S 1.55 B 1.00C 0.18 B 0.04 C 0.42 A 0.25 B 25.06 BC 127.63 17.39 6.62 2.48 

25% S 1.42 B 1.10BC 0.15 BC 0.10 B 0.32 B 0.22B 30.36 B 154.22 23.05 8.40 2.93 

50 %S 1.17 C 1.21B 0.14 C 0.12 B 0.21C 0.20 B 43.06 A 140.24 19.57 6.36 2.48 

75%S 0.75 D 1.34 A 0.10 D 0.15 A 0.21C 0.12C 46.70A 231.67 30.50 7.54 2.22 

100%S 0.53 E 1.07 C 0.06 E 0.12 B 0.16 C 0.09 C 33.13 B 192.32 24.63 6.63 2.16 

CD at 5 % 0.15 0.12 0.029 0.024 0.086 0.062 9.15 NS NS NS NS 

P value <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.0001 0.51 0.22 0.14 0.2022 
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Table 4.11 Mid rib analysis 

Treatment K(%) Na(%) P(%) S(%) Ca(%) Mg(%) B(PPM) Fe(PPM) Mn(PPM) Zn(PPM) Cu(PPM) 

Control 1.98 A 1.48 C 0.15 A 0.03E 0.15 A 0.22 A 17.26 E 343.62 24.12 18.62 5.23 

10 % S 1.57B 1.86 BC 0.13 B 0.05 D 0.13 B 0.16B 24.03D 243.21 34.19 29.58 6.06 

25% S 1.24 C 2.08 B 0.12 B 0.07 C 0.12 B 0.14B 29.76C 328.34 39.98 30.78 5.54 

50 %S 1.03CD 2.79A 0.10C 0.11B 0.10 C 0.09C 34.26C 419.24 25.72 17.80 4.96 

75%S 0.86ED 3.27A 0.09C 0.14A 0.09 C 0.09C 40.50 B 249.68 31.77 21.23 5.91 

100%S 0.73 E 2.15 B 0.05 D 0.09 B 0.05D 0.06 C 45.76 A 258.30 36.62 17.08 8.40 

CD at 5 % 0.21 0.49 0.017 0.017 0.057 0.034 4.40 NS NS NS NS 

P value <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 0.23 0.1374 0.5057 0.50 
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Table 4.12 Total nutrient uptake 

 

Treatment K(g) Na(g) P(g) S(g) Ca(%) Mg(g) B(g) Fe(g) Mn(g) Zn(g) Cu(PPM) N(g) 

Control 20.49 A 12.42 AB 3.08 A 0.54AB 5.19 A 4.22 A 0.024 A 0.35 A 0.145 0.040 A 0.008 A 36.34A 

10 % S 14.85 A 18.54A 1.99 B 0.74 A 4.08 A 3.10 A 0.025 A 0.25 B 0.081 0.032 AB 0.007 AB 30.81 A 

25% S 7.240B 13.94 A 1.12 BC 0.82A 1.84 B 1.35B 0.018AB 0.19 B 0.053 0.0214CB 0.004CB 20.28B 

50 %S 2.711BC 7.47CB 0.40C 0.40 CB 0.62B 0.47B 0.012CB 0.10C 0.018 0.009C 0.0023C 8.30 C 

75%S  1.093C 4.38C 0.21 C 0.41 CB 0.32 B 0.21B 0.008CB 0.04C 0.019 0.005 C 0.001 C 4.49 C 

100%S 0.65C 2.28C 0.09C 0.19 C 0.22B 0.12 B 0.004 C 0.03C 0.011 0.003C 0.0006 C 3.94 C 

CD at 5 % 5.64 5.83 1.03 0.30 1.61 1.39 0.00 0.07 NS 0.01 0.00 10 

P value <.0001 0.0006 0.0003 0.0083 <.0001 0.0001 0.0065 <.0001 0.068 0.0028 0.026 <.0001 
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Table 4.13 Water analysis (Initial nutrient content –final nutrient content) 

Treatment K(PPM) Na(PPM) S(PPM) P(PPM) B(PPM) Fe(PPM) Cu(PPM) Ca(PPM) Mg(PPM) N(PPM) Zn(PPM) Mn Cl(PPM) Bicarbonate 

Control 2694.66 

A 
1354.75 

B 

7864.69 239.96 

A 
2.95 C 17.74 C 0.06 B 2219.66 

A 
720.40 A 1627.54 10.44 6.61 

AB 
51090.41 333.67 

10 % S 2447.33 

AB 
2945.75 

B 

18754.06 132.14 

B 
0.24 C 24.33 B 0.31 B 3199.00 

A 
704.80 A 2207.56 14.17 6.68 A 135565.625 302.56 

25% S 1070.50 

CB 
1974.25 

B 

27568.13 81.15 C 0.88 C 15.21 C 0.17 B 753.66B 548.60AB 950.27 15.66 5.52 

CB 
724658.542 244 

50 %S 295.91 C 3704.16 

B 

67442.34 34.65 

CD 
1.80C 18.97 C 0.03 B 743.00 B 509.80 AB 464.89 12.19 5.20 C 154114.375 337.33 

75%S  144.00 C 3602.08 

B 

105931.88 15.19 D 17.14 B 24.42 B 0.13 B 387.66 B 428.00 B 408.47 11.30 4.98 C 172219.375 176.9 

100%S 57.16 C 6025.00 

A 

116550.00 4.43 D 65.55 A 39.66 A 0.64 A 450.66 B 342.00 B 465.22 8.829 3.35 D 181981.875 99.43 

CD at 5 % 
1457.0 2229.5 9721.7 46.0 13.4 4.1 0.3 13.4 228.3 1425.7 9.6 1.1 703266.9 426.5 

P value 0.0057 0.0123 0.3420 <.0001 <.0001 <.0001 0.0086 0.0008 0.0261 0.0964  0.7024 0.0003 0.4244 0.1818 



88 

 

 

Plant Uptake of nutrients 

4.4.1 Potassium 

Fig.4.35 shows the potassium uptake by the plant across various treatments with 

the increase in salinity. K was around 20 g in control plants which was reduced to 

14.55 g at 10% S and 7.8 g at 25%S. At 50% S and beyond K uptake was 

markedly low.   

 

Fig 4.35 Potassium uptake of coconut seedlings under various salinity treatment 
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4.4.2 Sodium 

Fig 4.36 shows the uptake of sodium across different salinity treatments. Uptake 

was high at 10% S (18.54 g) followed by 25%S (13.94 g) and control (12.42 g). 

At 50% and beyond it was markedly low.  

 

Fig 4.35 Sodium uptake of coconut seedlings under various salinity treatments 

 

4.4.3 Phosphorus 

The content of phosphorus, one of the major macro nutrient in the plant samples 
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Fig.4.36 Phosphorus uptake of coconut seedlings under various salinity 

treatments  

4.4.4 Sulphur 

The content of sulphur is significantly increased with the salinity. The highest 

accumulation was found in 25 % salinity treatment (0.82 g) followed by 10 %. 

The content of sulphur was low in 100 % salinity treatment(0.22 g) , when 

compared to 75 % salinity treatment(0.32), similar in the case of sodium . This 

may be because of the seedlings wilted before the termination of treatment.  
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Fig 4.37 Sulphur uptake coconut seedlings under various salinity treatments 

4.4.5 Calcium 

The uptake of calcium was significantly reduced as the salinity increased. The 

highest content of this macro nutrient was recorded in the control seedlings (5.19 

g) followed by 10% salinity treated seedlings(4.08 g) and in 25% salinity treated 

seedlings it was  (1.84 g).  

 

 Fig 4.38 Calcium uptake of coconut seedlings under various salinity treatments 
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4.4.6 Magnesium 

The uptake of magnesium was also significantly reduced with the increasing 

salinity. The maximum uptake was recorded in control seedlings (4.2gm) 

followed by 10 % salinity treated seedlings (3.10 g) and 25% salinity treated 

seedlings (1.35gm).  

              

 Fig 4.40 Magnesium uptake of various plant parts such as root, shoot, mid rib of 

coconut seedlings under various salinity treatment 

4.4.7 Nitrogen 

The nitrate uptake was also decreased with the increased salinity. The uptake was 

maximum in control seedlings (36.34gm) and 10 % salinity treatment (30.81gm) 

and the uptake was significantly reduced at 25% salinity treatment (20.28gm) and 

beyond. 
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Fig 4.41 Nitrogen uptake of various plant parts such as root, shoot, mid rib of 

coconut seedlings under various salinity treatments 

4.4.8 Boron 

 The boron uptake was also decreasing with the increased salinity. The  

maximum uptake was recorded in control seedlings (0.024 g) followed by  10% 

salinity treated seedlings(  

 

Fig 4.42 Boron uptake of coconut seedlings under various salinity treatments 
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4.4.9 K/Na Ratio 

The K+ content in root, shoot and leaf was 1.88, 1.97 and 1.74%, respectively. 

Sea water treatment significantly declined the K+ content of root (p<.0001), shoot 

(p<.0001) and leaf (p<.0001). In comparison with the leaf of the control 

seedlings, leaves subjected to 10% S, K+ content was reduced by 57%  in root, 

17% in shoot and only 11% in leaf. On the other hand there was significant 

increase in Na+ accumulation, 72% in root (p<.0001), 93% in shoot (p<.0001) 

and only 16% in leaf (p<.0001) at 10% S. With the increasing sea water 

substitution there was significant and steep decline of K+ content in root and 

shoot while the decrease was marginal in leaf and it was vice versa for Na+ 

content. Consequently, the K+/Na+ ratio was high in leaf in all the sea water 

treatments followed by shoot and was the least in roots (Fig.4.43 ). 

 

Fig.4.43 K/Na ratio of root, shoot and leaf of coconut seedlings with increasing 

level of sea water substitution 
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CHAPTER 5 

DISCUSSION 

                                     

                              Coconut is largely grown in coastal belts and islands (Cogent 

2017) led to believe that it is salt tolerant and hence expected that the damage by 

either sea water inundation or contamination of subsurface/underground water 

due to rising sea level under climate change would be minimal.  This is mainly 

because there are no systematic studies delineating the response of coconut to 

either inundation or contamination by the sea water.  In this study we made an 

attempt to assess the response of coconut seedlings to sea water in a hydroponic 

system. The water collected from Arabian sea which was used in the experiment 

comprised mainly of Cl-, Na+, SO4
2-, Mg2+ etc. and their concentration was well 

within the range of the composition of the reference sea water (Millero et al. 

2008). The pH of the sea water was slightly alkaline (7.63) and EC was 53.78 d 

Sm-1, the value is in conformity with earlier reports. 

                                To investigate the response of coconut to sea water, we chose  

treatments  of a wider range involving control (100% Hoagland solution), 

followed by 10%, 25%, 50%, 75% and 100% substitution of Hoagland solution 

by sea water which was equivalent to 2.17, 8.32, 16.32, 30.03, 42.14 and 53.69 

dSm-1 EC respectively. One strength Hoagland’s nutrient solution has EC of is 

2.0 dSm-1 (Jong and Lersel 2002), but in our control pots it was 2.17, due to the 

possible contribution of ions from the irrigation water used for the preparation of 

Hoagland’s nutrient solution. Further, this is the first report of salt tolerance of 

coconut seedlings that was conducted in a controlled hydroponic system that 

eliminates the confounding effects of drought and limited nutrients. Coconut 

responded very well to hydroponic system and the growth was comparable to the 

growth of seedlings of similar age in potted plants raised in soil (Hebbar et 

al2013).  

 Exposing coconut seedlings to 100%, 75% and 50% sea water severely 

injured the root and above ground parts. At the earliest observation made on 24 
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DAT, some of the morphological parameters like root length, leaf area, collar 

girth and fresh weight of whole plant started showing severe decline due to faster 

senescence of existing and slow emergence of fresh roots and leaves. Seedlings 

could survive 50% S without any additional increase in accumulation of fresh 

weight. On the other hand at 10% S which corresponds to EC of 8.32 dSm-1 all 

the growth parameters and biomass accumulation was similar to the control 

seedlings. New leaf emergence, leaf area expansion and growth were normal.  In  

earlier studies conducted either in salt affected fields or potted plants and through 

application of saline water it was observed that full establishment of dwarf 

coconut seedlings happened at 6.5 d S m-1 (Silva et al2017) and 5.2 dSm-1 

(Lima et al. 2017), beyond that growth is suppressed. Nevertheless, in this study 

we demonstrated that there was no significant effect on growth and biomass 

accumulation of coconut seedlings when sea water substitution raised the EC 

upto 8.32 dSm-1. However, seedlings grown at 25% sea water substitution (EC 

16.32 dSm-1) had 47% decline in biomass, which is in agreement with earlier 

findings (Lima et al. 2017). In these plants root elongation rate  and also root 

weight was on par with control or 10% S, but shoot growth increased at a 

decreasing rate which resulted in 47% less dry mass as that of control. It is also 

evident from biomass fraction in different parts,  at 25% S it was 0.11:0.45:0.43 

and at control or 10% S it was 0.07:0.45:0.47 in roots: shoot: leaf respectively, 

suggesting greater allocation of biomass to roots under salinity could be  an 

adaptive mechanism in coconut. Thus, the results further corroborate the 

plasticity in the root architecture of coconut seedlings in countering the severe 

abiotic stresses(Silva et al. 2017). An important morphological response of 

seedlings to the salinity stress is its greater decrease in the total leaf area and 

during initial stages of stress a substantial decrease in the  leaf growth was also 

observed (Munns and Termaat 1986) By reducing the leaf area, seedlings or 

plants effectively utilize a drought avoidance mechanism of reducing the water 

loss due to transpiration. As a result of this mechanism, greater accumulation of 

toxic ions in the roots of plants under stress was observed thereby reducing the 

accumulation of these toxic ions in the aerial plant parts.  
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 Leaf water potential did not differ significantly up to 25% S from control. 

However there was a significant decline in stomatal conductance at 10% S, while 

the stomatal resistance  increased to 5.4 s cm-1 as against 1.88 in control, though 

the difference was non-significant, implying the induction of stomatal closure in 

coconut without a decline  in leaf water potential, supporting the alternately held 

view that stress induced signals generated in roots (could be  either chemicals like 

ABA or electrical potential) might have regulated stomatal movement in coconut 

with salinity (Zhang and Davies 1991; Hebbar et al1994). From the data it is 

clear that the stomatal closure prevented the transport of water vapor and CO2, 

and thus photosynthesis and transpiration decreased significantly. [PN] decreased 

by 19 and 43% at 10% S and 25% S, respectively. However, at 10% S [PN] did 

not significantly influence the biomass production as the reduction was not 

significant. Chlorophyll index (CI) a measure of chlorophyll content and 

chlorophyll fluorescence did not vary significantly up to 25% S suggesting the 

maximum quantum yield of PSII (Fv/Fm) was not significantly affected. It was 

deduced that photochemical and biochemical processes of photosynthesis, leaf 

area reduction, stomatal closure and loss of chlorophyll are attributed to the 

decreased biomass or carbon assimilation capacity of the plants (Taiz et al.2015, 

Medeiros et al. 2018). Another important adaptive mechanism of salt tolerance is 

substantial reduction of stomatal conductance so as to maintain salt concentration 

of leaves at a sub-toxic level for relatively long duration than would occur in the 

absence of reduction of transpiration rates (Koyoro 2006).  

 

                          Leaf total sugar and reducing sugar as osmotic solutes did not 

increase significantly. Total phenols, antioxidants and free radical scavenging 

enzymes like SOD and PPO increased significantly with sea water treatment but 

their protective role was minimal beyond 25% S. The uptake of K by plants was 

severely hindered in the presence of sea water, and hence its content declined 

significantly in different plant parts (p<.001). On the other hand Na+ content 

increased significantly (p<.0001). Though earlier workers reported positive 

response of coconut to small quantity of NaCl application (Manciot et al1979), 
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but in general Na+ could substitute K+ only to a certain extent because at high Na 

concentrations cause deleterious effect and it cannot perform the role of K+ 

(Hebbar et al. 2000).  Excess accumulation of intracellular Na+ has detrimental 

effects in vivosuch as stimulation of cytosolic K+ efflux causing severe 

imbalances in the cellular homeostasis, oxidative stress responsiveness, 

hindrances in the intracellular functions of Ca2+ and K+ ions, leading to 

deficiency in the nutrient contents, and impaired growth and death of plant cells 

(Tester and Davenport 2003, Munns and Tester 2008, Craig Plett and Møller 

2010, Cabot et al. 2014). A key salt tolerance trait is relatively high cytosolic 

K+/Na+ ratio  hence plants regulate the  Na+ uptake and transport during salinity 

stress with an ultimate objective of maintaining high tissue K+/Na+ ratios 

(Shabala and Pottosin, 2014). In coconut most of the Na taken up by the plant in 

sea water treatment is accumulated in root and shoot and very little is transported 

to leaves while maximum K was transported to leaves resulted in maintenance of 

balanced K/Na ratio in leaves which may be a salinity tolerance mechanism in 

coconut .        
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CHAPTER 6 

SUMMARY 

 

An experiment was conducted at CPCRI Kasaragod to study the response of 

coconut variety Malayan Green dwarf (MGD) to salinity. The observations on 

morphological, physiological and biochemical parameters were recorded for 

seven months. In this study we imposed the sea water treatments in 

hydroponically grown coconut seedlings of variety MGD (Malayan green dwarf) 

and monitored the morphology and physiological parameters. 

The salient findings are summarized as follows: 

Stomatal parameters were more sensitive to salinity in coconut. This was 

reflected in significant reduction in photosynthesis even at 10%sea water . 

Photosynthesis (Pn) was significantly reduced to 34%, 54% and 91% at sea water 

substitution of 10%, 25% and 50% respectively. Leaf water potential was not 

affected up to 25%. The biomass accumulation of control and 10% sea water 

substitution were not significantly different. But at 25% sea water treatment, 

biomass accumulation reduced to 46% and beyond 50% sea water substitution it 

shows more than 70% reduction in biomass. Root number, collar girth, leaf 

number and leaf area were decreased with increasing sea water substitution level. 

The number of roots was more sensitive to the salinity than the maximum root 

length. The results indicate that at 25 % sea water substitution and beyond 

morphological, physiological and biochemical parameters were significantly 

affected. From the present study it is clear that coconut seedlings could 

moderately tolerate the substitution of sea water up to 10% and at 25% salinity 

there was 47% decrease in biomass. Hence, in future experiments there is a need 

to study the response at narrow ranges of sea water substitution. Further 

experiments are also need to be conducted to study the response of tall varieties 

which are known to have better adaptability to abiotic stresses. 
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As one third of coconut is grown in coastal areas mainly in Islands any increase 

in sea water levels owing to climate change and its consequences like inundation 

or contamination of underground water with salinity will affect coconut growth 

and productivity. In some of the west coast of India coconut farmers are already 

facing the ground water contamination with saline water. Therefore identification 

of salt tolerant phenotypic traits and its utilization either to breed adaptive 

genotypes or evolve suitable agronomic management practices so as to minimize 

the losses under salinity is vital.   
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ABSTRACT 

          Under the climate change the envisaged sea level rise would inundate large 

area of coconut plantation and affect the growth and production. In this study an 

attempt is made to study the response of coconut seedlings to different levels of 

sea water substitution. Hydroponically grown coconut seedlings of variety MGD 

(Malayan green dwarf) were exposed to 0, 10, 25, 50, 75 and 100% substitution 

of sea water.  Growth and most of the physiological and biochemical parameters 

were almost on par up to 10% substation of sea water from control. At 25% and 

beyond the above parameters were significantly reduced. However 

photosynthesis was more sensitive and declined even at 10%. Leaf water 

potential was not affected up to 25% suggesting that the decline in photosynthesis 

was due to the effect of specific ions and not due to water deficit effect. In fact 

there was significant accumulation of sodium, boron, chlorine and sulphur and a 

concomitant decline in some of the essential elements like potassium, nitrogen, 

phosphorus , calcium ,magnesium and micro nutrients such as iron, copper, 

manganese and zinc. At 25% sea water treatment, biomass accumulation reduced 

to 46% and beyond 50% sea water substitution it shows more than 70% reduction 

in biomass thus suggesting dwarf variety like MGD could tolerate 10% 

substitution of sea water. 
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