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ABSTRACT 

  Morpho-anatomical and Physiological modifications for salinity tolerance were 

investigated in seven populations (Ecotypes) of Cyperus alopecuroides Rottb.  Plants 

collected from Jhang site, Qadir Abad site, Nankana site and Sheikhupura site of Punjab, 

Pakistan were grown in aquatic conditions. All seven populations were subjected to four 

levels (0 mM, 100 mM, 200 mM, and 300 mM) of NaCl salt stress in non-aerated solution 

culture. Experiment was conducted in completely randomized design. All ecotypes had 

high degree of salt tolerance, therefore well adapted to hypersaline wetlands and salt 

marshes. Response of each ecotypes was different to increasing salt stress that was based 

on specific morpho-anatomical and physiological parameters. But some ecotypes showed 

better growth rate as compared to others. They showed stability in chlorophyll content, 

increased in CO2 assimilation rate at moderate salinity levels, decrease transpiration rate, 

hence markedly increased water use efficiency under salinity stress, high stomatal 

conductance, increased N%, high Na+ and Cl- uptake in roots along with increased K+, and 

low translocation of toxic ions in shoot. Anatomically, increase in root endodermis 

thickness, aerenchyma, decrease in metaxylem area, decrease in leaf, stem and bract 

epidermal cell area, metaxylem, decrease in stomatal density were clear indicators of salt 

tolerance which prevent water loss. Moreover, increase in succulence, restricted uptake of 

toxic ions, and osmotic adjustment enhance markedly degree of salt tolerance in this 

species. Aerenchyma is a characteristics feature of this species, which mainly involved in 

gaseous exchange under anaerobic condition, but also reported to be in bulk movement of 

salts from roots to external environment. The differently adapted ecotypes were evaluated 

in controlled environments and therefore, only genetically fixed characters expressed 

relating to their adaptive components. These genetic variations in different populations 

may be supposed to be fixed due to high selection pressure of adverse saline environment 

in view of their evolutionary history.  

Key words: Morpho-anatomical, Salinity, Pigments, Metaxylem, Ecotypes, Cyperus 

alopecuroides Rottb. Aerenchyma, Sclerenchyma.  
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CHAPTER 1 

                                                                                                                      INTRODUCTION 

1.1. ECOTYPE 

Ecotypes are specific locales or different populations adapted to a particular set of 

environmental conditions altered by particular species (Bradshaw, 1984; Kuiper, 1990; Naz 

et al., 2009a). The concept of evolution broadly explains the variations within species (Ashraf 

and Ahmad, 1995; Ashraf et al., 2003; Hameed et al., 2008). These variations reflect 

modifications to different environmental conditions. For this, different transplant experiments 

from another population of the same species, have been conducted so far by collecting plants 

from one habitat and grow them in other (Clements, 1908 and Turesson, 1922). The term 

ecotype was first time used for genetically based adaptations to the habitat (Turesson, 1922). 

But plants collected from one habitat showed variations in growth patterns as compared to 

home locale (Briggs and Walters, 1984).  

1.2. SALT STRESS 

There are number of environmental factors in the form of stresses like cold, drought, heat and 

especially salinity which severely affect metabolic processes of plants (Bell, 1986; 

Maheshwari et al., 2012; Ines et al., 2015). Salt stress is a most important environmental 

stress throughout the world. It is caused by the addition of salts like sodium chloride, sodium 

bicarbonate, potassium nitrate, and magnesium sulfate in growth medium (Pawlowicz, 2013).  

1.3. TYPES OF SALINITY 

Primary: Salinity is a natural process that affects soil and water and occurs generally in 

world where rainfall is very low and evapotranspiration rate is very high (McDowell, 2008). 

Salinity is caused by the accumulation of salts which come by weathering of rocks. Among 

these salts Sodium chloride is the most important one (Szabolcs 1994; Munns and Tester, 

2008). Wind, oceans and rains also play key role in accumulation of salts in soil thus causing 

salinity (Munns and Tester 2008; Khan et al., 2009). About 1000 million hactares which 

corresponds to 7% of world land area is affected to some extent by salinity (Rose, 2004). 

Majority of world land is affected by primary salinity particularly with high evapo-

transpiration rate than average rainfall thus accumulating solutes naturally (Hisebusch et al., 
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2007). Mostly salinized areas are located in arid and semi-arid regions of the world 

(Rengasamy, 2002).  

Secondary: Salinity is mostly caused by man made changes to water cycle either by 

depletion of vegetation cover or by over use of water for irrigation purpose (Beresford et al., 

2001; Munns et al., 2002). Latest land use technologies are also facilitating to increase in salt 

affected land (Bridgman et al., 2008). Estimated that 74 Million hectares of land has been 

affected so for due to secondary salinity. This area included 43% irrigated and 31% non-

irrigated land (Beresford et al., 2001). Seawater has salinity value around 35 g/kg but it 

decreases where rivers enter the sea. While salinity value of rivers and lakes range from 0.01 

g/kg to few g/Kg as compared to sea and are much less to the later (Eilers et al., 1990).  On 

the other hand, Dead Sea is highly salinized which has salts concentration more than 200 g/kg 

(Anati, 1999). 

1.4. NATURAL IMPACT ON SALINITY  

Salinization of land resources by the combination of primary and secondary salinity is one of the 

major problems in Pakistan, (Kahlown et al., 2003; Qadir et al., 2008). Pakistan consists of 

different regions like wetlands, plains, arid, semi-arid regions (Kahlown et al., 2003). There are 

number of factors responsible for salinization of soils and water including waterlogging, high 

evaporation, geological conditions, poor drainage, intensive flooding and over use of ground 

water (Kahlown et al., 2003; Van et al., 2009). So many areas of Iran and Pakistan have become 

salinized due to accumulation of these factors (Kahlown et al., 2003; Qadir et al., 2008). Salinity 

generally occurs in those regions where rainfall is low but evapo-transpiration rate is high 

(McDowell, 2008). Salinity level increases with increase in salt level due to decrease in water 

volume (Bridgman et al., 2008).  

1.5. EFFECTS OF SALINITY  

Human beings are the major causing agents of salinity. They have disturbed the water cycle 

by replacement of vegetation or by the unnecessary use of water for irrigation purpose 

(Beresford et al., 2001; Bridgman et al., 2008). The biomass production of plants is reduced 

by increasing the salinity level. The potential crops have also decreased their yield level up to 

81.95% (Hirt and Shinozaki, 2004; Oster et al., 2012). Salinity is the major abiotic stress 

which decreases the agricultural productivity (Abdelfattah et al., 2009). Increase in salts 

quantity also increase ECe value, when this value exceeds from 4 dSm-1, the crop yield is 

restricted but the level of restriction depends upon the level of tolerance or sensitivity of crop 
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(Munns and Tester, 2008; Gul et al., 2012; Horie et al., 2012; Roy et al., 2014; Claeys et al., 

2014). Salts in higher level in growing medium ultimately kill the plants (Donahue et al., 

1983). Salinity (NaCl) and other water deficit causing elements (Ions) affect plant growth 

(Ducovsky et al., 1992; Dogar et al., 2012). Plants respond to salt stress and involve complex 

multi-factorial processes (Cheeseman, 1988; Munns and Tester, 2008). 

1.6. MEASUREMENT OF SALINITY LEVEL 

It is very difficult to measure salinity tolerance level, for this purpose generation of graphs of 

morpho-anatomical and physiological parameters are very helpful which show correlations 

between the proposed traits under saline and non-saline conditions. Such correlations establish 

associations between measured traits. This correlation coefficient will give an indication that 

which traits were the most important contributors to salinity tolerance (Zia and Khan, 2008). 

Numerous studies have been used for two contrasting genotypes to characterize their salinity 

response at the transcriptional (Ouyang et al., 2007; Beritognolo et al., 2011), proteomic ( Ma et 

al., 2012; Kumari et al., 2015; Cui et al., 2015) or metabolomic (Widodo et al., 2009; Zhao et 

al., 2014) levels. Salinity tolerance level can be calculated by measuring plant growth and 

biomass. Growth comparison can be done by taking pics on high resolution cameras at definite 

intervals from germination to yield/ maturity level. Because of this high resolution, it is possible 

to develop more detailed models of growth (Ward et al., 2015) and to estimate relative growth 

rates (RGRs) (Berger et al., 2012), as has recently been achieved for rice (Hairmansis et 

al.,2014; Campbell et al., 2015). In past, different titration methods were used to measure 

salinity. Such titrations were made with silver nitrate and concentrations of chlorine were 

determined. Later on different electrical conductivity measuring methods were developed 

(UNESCO, 1981). Salinities can be estimated by direct density measuring method (Anati, 1999). 

It was concluded that most of the published studies indicate use of high salinity level for 

recording the phenotypes, which includes expression of data (Claeys et al., 2014). 

1.7. SALINIZATION IN WORLD 

Salinity issue is increasing day by day and world is suffering a lot. Recent research highlights 

that 20% of irrigated land has been affected so far with global salinity (Qadir et al., 2014). It 

is about 835.6 Mha in which 0.6% of world’s dry land and 30% irrigated land have been 

suffered by salinity so far (Martinez-Beltran and Manzur, 2005; UNESCO water portal, 2007; 

Arzani, 2008). In North Eastern Thailand, about 2.8 million hectares land has become salt 

affected or at risk of salinization (Anonymous, 2001). In South Asia about 77 Mha of total 

230 million hectares of irrigated land has been reported which was suffered with salinity till 

http://jxb.oxfordjournals.org/content/57/5/1017.full#ref-13


   

 4 

now (Ghassemi et al., 1995). Salinity has strongly affected Pakistan (Kahlown et al., 2003; 

Qadir et al., 2008). About 21 Mha of cultivated area has been affected so far and 7 Mha has 

become useless for cultivation due to salinity which is more severe in Punjab with 3.1 Mha 

salt affected soils (Kahlown et al., 2003). The salinity stress is a big threat to developing 

countries, such as Pakistan. To overcome these saline effects on crop production, it has 

become essential to increase the cultivated area or the yield per unit area (Flowers et al., 

1997; Shah et al., 2011). Pakistan is located under arid and semi-arid type of region. Recently 

reported that total saline area comprises about 1.90 million hectares, 1.84 Mha is saline sodic 

and 0.030 Mha possess sodic properties (Anonymous, 2010). Different salts in different 

compositions cause salinity (Rhoades et al., 1992). In Pakistan more than 50% salinity is 

caused by Sodium chloride which is accumulated high quantity in saline areas (Jaffary et al., 

2010). 

1.8. EFFECT OF NaCl ON PLANTS 

As salts are essential for plants growth (Hu et al., 2001; Munns, 2005) but all salts in high 

concentrations, especially NaCl affects plant growth by modifying morpho-anatomical and 

physiological parameters (Muscolo et al., 2003). It has become the major threat to net crop 

productivity at global level (Anonymous, 2001). Saline water retards growth and yield of 

plants in soil and water in arid and semi-arid regions (Munns and Tester, 2008; Sai et al., 

2009). Salinization is causing about 40% reduction in yield. It has become more critical in the 

irrigated areas of arid and a semi-arid region where salinity  involves directly to limit crop 

productivity and yield (Gorham, 1992; Flowers et al., 1997) and increasing tremendously 

with 10% per year throughout the world (Pannamieruma, 1984). Saline soil widely 

distributed all over the world, and more irrigation practices by intensive utilization of limited 

water resources are major causes of salinization of soil (Arzani, 2008). When Na+ and Cl- 

accumulated in higher quantity up to 100 mM, soil become unfavorable for plant growth 

which ultimately reduces local biodiversity and continues increase in Na and Cl ultimately 

leads to the plant, s death (Turan et al., 2010). It imposed by addition of large quantity of 

salts which not only reduce hydraulic conductivity but also reduces plant growth and 

productivity (Garg and Gupta, 1997; Mer et al., 2000; Muscolo et al., 2003; Gul et al., 2012; 

Horie et al., 2012). This can be prevented by overcoming better irrigation techniques and 

land management strategies. Scientists are working on improving the salt tolerance levels of 

crops as it has become the global issues (Munns, 2002; Chookhampaeng, 2011). 

 Salinity decreases plant biomass production globally. 19.95% of irrigated land is 

salinized (Qadir et al., 2014) while 50 % of salinized area is arid and semi-arid in the world 
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(UNEP, 2009; FAO, 2012). Salts accumulated in large quantities by weathering of rocks and 

rainfall in America, Iran, Pakistan, India and China (Hlsebusch et al., 2007). Particularly in dry 

land, salinity has become a serious problem throughout the world (Beresford et al., 2001). 

Salinization effects in arid and semi-arid regions are more threatening (Khan et al., 2003; Azhar 

et al., 2007). It is very difficult for a under developed country like Pakistan to fulfill food needs 

from saline areas. To overcome salinity, it is necessary to increase cultivated areas or yield per 

unit area (Flowers et al., 1997; Shah et al., 2011). Salinity affects many morpho-anatomical 

and physiological processes which ultimately limits the plant growth (Hasegawa et al., 

2000, Willenborg et al., 2004 and Athar  et al., 2009). Salts in higher quantity decreases 

root system biomass and morpho-anatomical changes induced by salinity become also severe 

(Córdoba et al., 2001). Morphologically, it reduces root length and diameter. Anatomically, it 

affects tissues size (Neumann, 1995).  

1.9. PLANT RESPONSE TO SALINITY 

Plants responses to salinity can be described in two main phases: the shoot ion-independent 

response occurs first, within minutes to days, and is thought to be related to Na+ sensing, a 

signaling (Gilroy et al., 2014; Roy et al., 2014). Salinity acts like drought stress on plants, 

preventing the roots to perform their osmotic activity, from where water and nutrients move from 

an area of higher concentration towards an area of lower concentration (Bustos et al., 2008). 

Therefore, high level of salts in the soil restricts the entrance of nutrients in plant roots (Merino 

et al., 2010). Stomata can badly affect the crop production under saline conditions (Dubey, 

2005). Many oxygen reactive species are produced among crops which show many stress 

induced changes (Arrigoni and De Tullio, 2000). These effects can be minimized by modifying 

morpho-natomical and physiological mechanisms in salt tolerant species (Poljakoff-Mayber 

1975; Hameed., et al. 2009).  These  physiological components  included maintenance of plant 

water status, transpiration (T), transpiration use efficiency (TUE) (Harris et al., 2010; This et al., 

2010; Barbieri et al., 2012), leaf area (Maggio et al., 2007), production of antioxidants (Ashraf, 

2009), early seedling growth (Kingsbury and Epstein, 1984), and harvest index (HI) (Gholizadeh 

et al., 2014). Root growth and salt secretion rate also play important role in salinity tolerance 

(Marcum et al., 2005; Naz et al., 2010a). 

1.10. ADAPTATION OF WETLAND PLANTS AGAINST SALINITY 

Wetland plants are found throughout the world and makes dominant parts of aquatic 

ecosystem. These play a crucial role in maintaining wetlands. Wetlands showed diverse 
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collection of species with variety of strategies which enable them to tolerate various stress 

conditions like salinity (Jackson, 2009). Aquatic halophytes have the ability to tolerate 

salinity which depends upon accumulation of toxic ions in parenchyma cells (Glenn and 

Brown, 1999). It is widely accepted that under high salinity condition halophytes can 

compartmentalize Na+ ions in vacuoles and these ions can be utilized as osmotic (Glenn and 

Brown, 1999; Jaleel et al., 2008). 

Anatomical changes are an adaptive strategy for plant species under saline environment 

(Grigore and Toma, 2007). Many environmental factors affect the root system (Malamy, 

2008). The most common effect is the modification of the cell wall (Minic and Jouanin, 

2006) and decline in parenchymatous size (Dolatabadian et al., 2011). The most imperative 

response is sclerification of cortical parenchyma and thickening of endodermis (Abulfaith, 

2003). Development of aerenchyma in cortical area of the root can also be associated with 

halophytes of aquatic saline conditions (Evans, 2003). Formation of sclerencyma in the 

cortex of root gives strength to metabolically active tissue and finally prevents collapse in 

plants growing in aquatic saline condition. Decrease in water loss through root surface can 

also be correlated to the thickening of sclerenchyma, endodermis and large metaxylem vessel 

(Cholewa and Griffith, 2004). 

1.11. POPULATION GENETICS 

The importance of variations in populations of same species has been documented since long 

(Bradshaw, 1984; Kuiper, 1990; Ashraf and Ahmad, 1995; Ashraf et al., 2003; Hameed et 

al., 2008; Naz et al., 2009a). These variations provide suitable germplasm to cope with saline 

environmental conditions (Pezeshki & DeLaune, 1997). Generally, there is a genetic 

heterogeneity among populations of a species associated with evolutionary lines like 

interactions, selection pressure, genetic drift and recombination, and mutation (Ashraf, 2004; 

Fjellheim and Rognli, 2005). Selection pressure of varying habitats of evolutionary species 

can evolve into quite diverse populations, which seems distinct to such specialized habitats 

(Eleuterius, 1989). Genetically based variations have been reported in many salt tolerant 

species i.e. Imperata cylindrica (Cheng and Chou, 1997; Hameed et al., 2009), Cenchrus 

ciliaris (Hameed et al., 2002), Cynodon dactylon (Hameed & Ashraf, 2008), Aeluropus 

lagopoides and Ochthochloa compressa (Naz et al., 2009b), Dactylis spicata (Brewer & 

Bertness, 1996), Panicum antidotale (Hameed & Ashraf, 2008), Spartina alterniflora and 

Spartina patens (Seliskar, 1995). Halophytic sedge species Schoenoplectus juncoides (Roxb) 

Palla has a high degree of salt tolerance. S. juncoides have succulent stem, accomulate 

organic osmotica and high uptake of K+ to cope with salinity (Zahoor et al., 2012). 
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1.12. SEDGES INTRODUCTION 

Sedges occur primarily in the tropics and subtropics, but may be locally dominant in some 

areas like the sub arctic regions (tundra). The chief importance of sedges lies in their forming 

a major natural constituent of wetlands and riverside vegetation, where their densely tangled 

rhizomes contributtion to erosion control and water purification. While on the natural theme, 

the dense sedge beds that form in swampy regions provide food and shelter for birds, animals 

and other aquatic life, thus attracting ecotourism. In grasslands, terrestrial game birds 

(Francolin) feed almost exclusively on the small corms of some Cyperus species (Wilson, 

1993; Bamgbose et al., 2003). 

Sedges are often prone to physiological stress conditions as they are frequently found in 

swamps and marshes (Bernhardt and Kropf, 2006). It is not easy for plants to counter salinity 

stress, because their growth is more severely affected. Sedges naturally growing in saline  

conditions have developed adaptive strategies to counteract salinity, which includes storing of 

organic solutes in cytoplasm, xylem loading and unloading, salt partitioning and uptake of 

ions across the root plasma lemma (Flower and Colmer, 2008; Munns and Tester, 2008). 

Sedges also develop anatomical modifications in roots like gradual decrease in root radius, 

epidermal cell size and cortex thickness and in leaf increase in midrib thickness, epidermal 

cell area, sclerenchyma size, vascular bundle size, metaxylem and phloem size to overcome 

salinity (Tahira et al., 2014). 

1.13. CYPERACEAE 

Cyperaceous or the sedge-family is a group of grass like monocotyledonous herbs with 

world- wide distribution, showing a remarkable range of adaptability to varied ecological 

conditions, from sea level to alpine heights. It consists of 600 species all over the world. The 

species vary greatly in size ranges from 5cm to 5m in height (Verma and Chandra, 1981). 

Sedges are very important globally as these are used as forage. These are considered as major 

component of wetland vegetation in the world and made significance contribution in nutrient 

cycling and habitat formation (Harper, 1992; Chambers et al., 2008). In relation to 

halophytes, Cyperaceae family contains about 30 halophytic species in Pakistan. Most of the 

halophytic members of this family are found in aquatic habitats like salt marshes, polluted 

industrial waste waters, saline drains, river sides (Khan and Qaiser, 2006). 
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Cyperus alopecuroides Rottb. 

It is reported that Cyperus alopecuroides Rottb.is important sedge used as fodder and forage 

for animals as it is rich in protein, carbohydrate and lipid contents. It can grow in saline 

environment as well as on fertile lands (Rogers et al., 2003). Thus, it is hypothesized that this 

species has developed specific morpho-anatomical and physiological features which enable it 

to grow under diverse environmental conditions. Genetically-fixed morpho-anatomical and 

physiological attributes for stress tolerance can be transferred to sensitive lines and cultivars 

via modern biotechnological techniques. The primary objective of present study is to 

investigate the anatomical and physiological modifications which aid in salt tolerant and salt 

sensitive ecotypes of C. alopecuroides Rottb.  In view of above mentioned detail, following 

are objectives of the present study. 

1.14. AIMS AND OBJECTIVES 

 1. To explore the distribution of C. alopecuroides Rottb. in some selected habitats                                         

 in province of  Punjab. 

 2. To investigate morpho-anatomical and physiological changes associated for 

 adaptations under saline conditions. 

 3. To hunt suitable germplasm for salinity resistance and also for improvement of 

 forage productivity of C. alopecuroides Rottb. 

 4. To establish the correlation among different morpho-anatomical and 

 physiological parameters under saline conditions. 
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CHAPTER 2 

                                                                                                      REVIEW OF LITERATURE 

There are number of researchers, whose research work about morph-anatomical and 

physiological effects of salinity on crops and naturally growing plants have been published so 

far which we reviewed and some of which are given below: 

2.1. SALINITY 

Salinity is the access of salts such as NaCl, Na2CO3, KNO3, and MgSO4 in water (Pawlowicz, 

2013). Seawater has salinity value around 35 g/kg but it decreased where rivers entered the 

sea. Salinity values of Rivers and lakes ranged from 0.01 g/kg to few g/Kg (Eilers et al., 

1990). Dead Sea has salinity more than 200 g/kg (Anati, 1999). Abiotic stresses like cold, 

drought, heat and especially salinity severely affected metabolic processes of plants (Ashraf 

and Foolad, 2007; Maheswari et al., 2012). Salinity affects plant growth and development all 

over the world (Hu et al., 2001; Munns, 2005). Increase in salinity level retard plant growth 

and yield (Munns and Tester, 2008; Sai et al., 2009). Increase in salts quantity also increase 

EC value. When electrical conductivity (EC value) exceeds 4dSm-1, it restrict the crop yield 

but its level of restriction depends upon the level of tolerance or sensitivity of crop (Garg and 

Gupta, 1997; Mer et al., 2000; Gul et al., 2012; Horie et al., 2012). It is well known that 

salinity is caused by accumulation of salts in soil as well as in water. Higher irrigation and 

loss of vegetation cover are the major source of salinity (McDowell, 2008; Pannell, 2001). 

These raise the water table which ultimately causes salinity in agricultural soil (Munns et al., 

2002). Soil salinity is the key threat to net crop productivity at global level (Khan et al., 2003; 

Azhar et al., 2007; Bridgman et al., 2008). Pakistan is located under arid and semi-arid type 

of region. Salinity had strongly affected it. About 95 mha of worldwide land has been 

affected so far by salinity and adversely affected plant growth, physiology and productivity 

by causing ionic and osmotic imbalance (Szabolcs, 1994). In Pakistan, 1.90 million hectares 

area had been saline, 1.84 Mha permeable saline sodic, 1.01 Mha impermeable saline sodic 

and 0.030 Mha sodic (Jaffary et al., 2010). About 21 Mha cultivated area had been affected 

so far and 7 Mha had become useless for cultivation due to salinity which became more 

severe in Punjab with 3.1 Mha salt affected soils (Agricultural Statistics of Pakistan, 2002; 

Ansari et al., 2007). Salinity stress is a big threat to developing countries. Plants affected by 

many environmental stresses like drought and salinity (Bohnert, 1995). To overcome this 

condition, it has become essential to increase the crop yield per unit area (Flowers et al., 

1997; Shah et al., 2011).  

https://en.wikipedia.org/wiki/Water
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2.2. IMPACT OF SALINITY ON PLANTS 

Drought and salinity are main abiotic stresses affecting plants growth (Osakabe et al., 2011; 

Jamil et al., 2010). These stresses induced changes in plants not only physiologically but also 

morpho-anatomically (Hilal et al., 1998; Hong et al., 2007; Islam et al., 2008). Mostly salinity 

tolerance in plants related with selective uptake of K+ over Na+ (Wenxue et al., 2003). Plants 

tried to maintain Na+ and K+ concentrations in specific ratio in cytosolic region under saline 

conditions. This mechanism done by regulating the activity of Na+ and K+ transporting pumps 

and H+ pumps that produce the driving force for transport of these ions (Zhu, 2003). Plants 

exposed to salt stress adapted certain mechanisms as it perceive the stimulus, generate and 

transmit signals, prompt biochemical reactions that regulate the metabolism (Hasegawa et al., 

2000). 

Halophytes developed certain strategies which helped them to cope with the salinity and can be 

grown in the salt affected areas (Flowers and Yeo, 1986). Other crops can be made salt tolerance 

by incorporating genes which enable halophytes to grow under saline conditions. Only 2% of 

terrestrial plant species had salt tolerating ability (Glenn and Brown, 1999). But now a days 

scientists are working on effects of abiotic stresses at molecular level (Knight and Knight, 2001; 

Zhu, 2001; Seki et al., 2003). The adaptive mechanisms of the halophytic plants against salinity 

are ionic balance, osmotic adjustment and antioxidant resistance (Munns, 2005; Gill and Tuteja, 

2010). Some of the halophytes use the essential mechanism to keep inorganic ions under specific 

range which they used for osmotic balance under salt stress. However, the extent of 

accumulation of ions is different in halophytes (Glenn et al., 1996). Na+ ion in higher quantity 

inhibits Ca+2 and K+ ions absorption, which results in Na+/K+ and Na+/Ca+2 antagonism (Tester 

and Davenport, 2003).  

Salinity retarded growth in many plant species by osmotic effects on water availability, reduction 

in net CO2 assimilation rate, specific ion effect, or ion imbalance (Bernstein et al., 1993; Noreen 

et al., 2007; Ashraf, 2009). Many studies indicate the interaction between NaCl, Ca2+ and K+ ions 

concentration in plants (Reid and Smith, 2000). When calcium present in minute quantity it 

involved in regulating cytosolic metabolism, on the other hand when it present in high quantity it 

involved in cell wall structure (Rubio et al., 2004; Ashraf et al., 2008). The interaction of 

calcium ion with other ions under NaCl stress has been proven. In these circumstances plant 

growth may relate to high Ca2+ concentrations than the amount needed for cell wall structure 

(Ashraf et al., 2008). The protective effect of Ca2+ against salinity were due to its role in 
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maintaining membrane integrity, because salinity disrupt the membrane integrity by 

displacement of Ca2+ on the cell surface with Na+ (Shabala et al., 2006; Ashraf, 2004; Mahmood, 

2009). Salt tolerance mechanisms in halophytes include combination of salt excretion, 

compartmentalization, and compatible solutes (Popp, 1995; Lu et al., 2012 and Debez et al., 

2004). Sodium accumulation method is more effective then sodium excretion in succulent 

xerophytes. Plant species accumulate glycine betaine and proline under salt stress as adaptive 

strategy (Ashraf and Harris, 2004). Salinity reduces plant growth by decreasing photosynthetic 

ability (Brugnoli and Bjorkman, 1992). Stomata factor may be involved in reduction of 

photosynthetic rate (Kao et al., 2003). 

Lasiurus scindicus has adapted many morpho-anatomical variations like flag leaf, 

number of hairs on leaf surface, number of epidermal appendages on leaf base, thickness of leaf 

cuticle, number of stomata, number of epidermal cells on upper surface of leaf. These adaptive 

features showed high variation in this species (Nisar et al., 2010; Al-Taisan and Gabr, 2016 and 

Mane et al., 2010).  Salinity effects on plant growth are may be due to the ionic toxicity in 

cytoplasm by NaCl. Ionic toxicity and deficiency under saline conditions may cause oxidative 

stress. Hence, the crops that are salt resistant play a key role for attaining food production and 

achieving future food security. However, it is not possible for the salt tolerant crops to breed 

without the availability of genes which enables them to tolerate salt stress (Zhu, 2002). The 

operating mechanisms in plants for salinity tolerance are salt accumulation, avoidance, ion 

selectivity, compartmentalization, osmotic adjustment (Spychalla and Desborough, 1990; Begum 

and Karmoker, 1999). 

Mostly plants tolerate salinity successfully by using more than one mechanisms to manage high 

salinities (Cuartero et al., 2006). Among these most important mechanism is the osmotic 

adjustment which can be achieved by accumulation of organic and inorganic ions (Singh et al., 

2010). The osmotic adjustment may play role at whole plant level by accumulation of inorganic 

ions like Na+, K+, and Cl- and may occur at the cellular level by regulating ion transport through 

plasma membrane (Shabala and Lew, 2002). 

The osmotic adjustment is an important strategy adapted by plants to overcome salinity and this 

can be done by accumulation of many organic molecules including proline, glycine betaine, free 

amino acids and carbohydrates (Abdelmalek et al., 2011). Higher plants use many mechanisms 

to prevent mesophyll cells of the leaves from toxic salts such as development of salt gland and 

hairs, absorption of salts in the xylem stream at specific sites and succulence (Boursier et al., 
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1987; Huang and Steveninck, 1989; Yadav et al., 2011). The adaptive mechanisms used by 

plants are not well addressed yet at anatomical and physiological levels against saline conditions. 

As a result, no well-defined indicators are developed to discuss the salt tolerance mechanism, 

which help the plant breeders to overcome harsh saline conditions (Ashraf and Harris, 2004). 

However plant breeders select salt tolerant plants on the basis of growth attributes and this 

selection becomes more reliable if the salt tolerant indicators will be identified at the whole 

plant, tissue, cellular or molecular level. Thus, there is a need to explore different mechanisms 

for salinity tolerance at anatomical and physiological level to provide suitable indicators to plant 

breeders (Hameed et al., 2010). However some genes and certain proteins have also been 

recognized involved in salinity tolerance (Bohnert and Jensen, 1996). 

2.3. PLANT RESPONSES 

Salinization is spreading day by day (UNESCO Water Portal, 2007). This can be prevented by 

developing better irrigation techniques and land management strategies. Scientists are working 

on improving the salt tolerance levels of crops as it has become the global issues (Munns, 2002; 

Chookhampaeng, 2011). Salinity is causing about 40% reduction in yield (Bohnert, 1995). It has 

become more critical in the irrigated areas of arid and a semi-arid region where salinity involved 

directly to limit crop productivity and yield (Gorham, 1992 , Flowers et al., 1997) and increasing 

tremendously with 10% per year throughout the world (Pannamieruma, 1984). The highly 

accumulation of toxic salts is the most significant factor. Saline soils widely distributed all over 

the world, and more irrigation practices by intensive utilization of limited water resources are 

major causes of salinization of soil (Arzani, 2008). When Na+ and Cl- accumulated in higher 

quantity up to 100 mM, soil becomes unfavorable for plant growth which ultimately reduces 

local biodiversity and continuous increase in Na+ and Cl- ultimately leads to the plant’s death 

(Turan et al., 2010). Plants are divided into two groups known as glycophytes and halophytes on 

the basis of salts tolerance (Flowers and Yeo, 1987; Flowers and Clomer, 2008). Anatomical 

attributes like cortical parenchyma and vascular cylinder area reduced in glycophytes (Reinhardt 

and Rost, 1995). While in wheat, total root, shoot length decreased with increase in salinity level 

in growth medium (Beemster and Masle, 1996).  

Biomass accumulation significantly affected by salinity in kikuyu grass (Pennisetum 

clandestinum Hochst). It reduced shoot dry biomass in this grass (Muscolo et al., 2003). 

Reduction in leaf elongation rate of C. gayana. Kunth. partially compensated as time passed 

(Ortega and Taleisnik. 2003). Catharanthus roseus species showed a gradient of salinity 
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tolerance in morpho-physiologic response (Alshammy et al., 2004). Salinity decreased yield 

plant-1 by decreasing plant tillers (Gholizadeh et al., 2014). A plant capable of maintaining 

growth under stress conditions gave higher yield. The reason for the maintenance of yield 

may include a lower shoot biomass reduction, maintenance of tiller number (Zeng and 

Shannon, 2000) or earlier flowering (Saade et al., 2016). Morpho-anatomical changes in 

Chloris gayana Kunth were induced at different levels of NaCl concentrations (0 mM, 150 

mM, 250 mM). Plants grown at higher level of salinity showed a significant reduction in 

vascular tissues dimension, this suggested lack of salt tolerance (Ceccoli et al., 2011). 

Sodium ions (sodicity) in growth medium might be major threat to plant life which hindered 

porosity and leads to physiological water deficit (Yadav et al., 2011). Salinity affected 

photosynthesis and respiration rate in plants and ultimately growth (Jouyban, 2012). 

Plants highly depended upon micro and macro nutrients like NaCl. Accumulation of these 

nutrients in higher quantity became toxic and toxicity level depended upon tolerance level of 

plant (Humphreys et al., 1986; Acharya et al., 1992). Salt tolerance is ability of the plants to 

complete life cycle under saline condition (Flowers et al., 1986; Colmer Ashraf, 2003; and 

Flowers, 2008). High quantity of salts taken by plants disturbed various physiological 

processes like photosynthesis and respiration (Marschner 1995). Salt tolerance level ranged 

from glycophytes (Cenchrus pennesetiformis and Panicum turgidum) to halophytes 

(Pennisetum divisum and Leptochloa fusca) which might be heredity trait in some plant 

species (Niknam and McComb, 2000). Salt tolerant plants developed different strategies to 

overcome salinity by reduction or excretion of ions uptake to minimize salts absorption 

(Flowers and Colomer, 2008; Monteverdi et al., 2008). Plants restrict salts not only Morpho-

anatomically but physiologically and metabolically also (Winicov, 1998). These adaptations 

may be anatomical by increasing the salt storage tissues in roots, stems and leaves (Inan et 

al., 2004). These may be excluded from leaves by aerenchyma formation in Salvadora 

persica (Parida et al., 2016) and clarification which conserve water under physiological 

drought (Hameed et al., 2011), morphologically as extensive root growth (Zolla et al., 2010) 

and maintenance of plant biomass (Li, 2008).  

Generally plants adapted two mechanisms for salt tolerance. Primarily, they kept the salts 

away (Touchette et al., 2009), which was done by excretion of salts from plant tissues (Allen 

et al., 1994). Secondly, Plants did selective absorption of ions and store salts in vacuole to 

safe from toxic effects (Munns, 2002 and Gonzalez et al., 2005). They also adapted some 

other strategies like Na+ sequestration (Cuin et al., 2011), K+ retention in the cytosol (Hariadi 

et al., 2011), control of xylem ion loading (Shabala et al., 2010), Na+ retrieval from the shoot 
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(Jha et al., 2010) and oxidative stress tolerance (Abogadallah, 2010).These strategies enabled 

plant species to overcome salinity (Gorham and Jones, 1990; Munns and Tester, 2008). On 

the basis of these key characteristics plants could be classified as salinity tolerant or not 

(Poljakoff- Mayber, 1975; Hameed et al., 2009). Saline soil rehabilitation is not only difficult 

but also very expensive. The best way is that, salt tolerant species should be cultivated again 

and again in such saline fields (Flowers et al., 2010). The primary response of plants would 

be osmotically compatible solutes accumulation (Li et al., 2010). These solutes would reduce 

the severe effects of salinity (Briens and Larher 1982; Lee et al., 2007). 

2.3.1. GROWTH RESPONSE  

  Salinity induced physio-anatomical modifications in plants. At cellular level, higher salinity 

inhibited root cell division and cell expansion (Zidan et al., 1990; Hameed et al., 2010). But 

in glycophytes, root growth was less affected as compared to shoot growth (Maas and 

Nieman, 1978; Ashraf and Yasmin, 1997; Moud and Maghsoudi, 2008).). Salinity effects 

depended upon plant species, level of salinity stress (Delane et al., 1982; Waisel, 1985).  

Salinity had direct effects on plant growth. Which were more severe in crop plants (Ashraf, 

2009). Dicotyledons salt tolerant plants showed optimum growth at 250 mM NaCl (Flowers 

et al., 1986). while monocot salt tolerant plants showed optimum growth at 50 mM NaCl. As 

salinity level increased, growth retarded (Glenn 1987; Glenn et al., 1999; Ashraf et al., 2006; 

Bazihizina et al., 2012). It increased root biomass in grasses with medium salinity level 

(Marcum et al., 1998). But shoot biomass did not affected by these levels of salinity. Crop 

plants showed significant decrease in root and shoot growth at 100 mM NaCl concentration 

in growth medium (Ashraf and Foolad, 2006; Monirifar and Barghi, 2009; Turan et al., 2010; 

Rajaravindran and Natarajan, 2012). Accumulation of Sodium chloride stimulates the 

accumulation of toxic ions which disturbed the ionic balance in plant tissues (Huck and 

Schroeder, 1995; Esechie et al., 2002; Carpici et al., 2010). But the effects of toxic ions were 

less severe in root as compared to shoot. Plants developed certain strategies to tolerate salts 

(Jeschke, 1982; Munns, 1993). Salinity tolerance level was higher in the plants growing in 

natural saline conditions (Winicov and Bastola, 1997; Naz et al., 2010a). The high survival 

rate of salt tolerant ecotypes was directly correlated with stability of many morpho-

anatomical characters like less reduction in shoot growth, leaf area and increased root growth 

(Kozlowski, 1997; Hameed et al., 2008; Ashraf, 2004). These morpho-anatomical characters 

may be due to environmental effects but the relative study of different growth parameters 

may provide a base for selection criteria of salt tolerance (Ashraf and Harris, 2004; Parida 

and Das, 2005). Salt stress significantly reduced the net photosynthetic rate, water absorption, 
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photosynthetic rate, leaf area, root-shoot biomass and nutrients uptake which ultimately 

declined plant growth (Marschner, 1995; Cha-Um and Kirdmanee, 2009; Rani, 2011; 

Bahrami and Razmjoo, 2012). Salinity moderately affected plant height and root length 

(Huck and Schroeder, 1995 and Esechie et al., 2002) in Schoenoplectus lacutris at 100 mM 

salt level, but as salinity level increased upto (200 mM and 300 mM) a significant decrease in 

plant height, root length and plant biomass was recorded (Batool et al., 2013). In addition to 

plant weight and height, leaf number also decreased due to salt stress in Sorghum bicolor 

(Bashir et al., 2011). It may cause disturbance in the plants water relations. Better water 

relations were correlated with photosynthetic parameters at high salinity level (Munns 2005; 

Moud and Maghsoudi, 2008). At low concentration of NaCl, chlorophyll content decreased 

but at high level decrease was significant in Catharanthus roseus (Jaleel et al., 2008). 

2.3.2. PHYSIOLOGICAl RESPONSE 

Salinity affected many physiological processes in plants (Miquel, 2005). This can be due to 

osmotic stress, ion imbalance, ionic toxicity, and nutritional imbalance (Upadhyay and 

Panda, 2005; Munns and Tester, 2008). Photosynthetic parameters like Net CO2 assimilation 

rate decreased significantly with increase in salt level, except at moderate salt level (100 

mM), where both attributes affected significantly. The Net CO2 assimilation rate affected 

severely at 300 mM salt level (Rizza et al., 2011; Eisa et al., 2012; Ge et al., 2012; Pandolfi 

et al., 2012; Batool et al., 2013; Athar et al., 2015 and Kosová et al., 2015). Photosynthetic 

inhibition correlated with transpiration rate, which may contribute to a positive water balance 

in many halophytic species (Eisa et al., 2012; Rabhi et al., 2012). Salinity enhanced water use 

efficiency at moderate level thus promoting plant growth (Ge et al., 2012; Edwards et al., 

2012). Other physiological components are also likely to contribute to salinity tolerance, such 

as the maintenance of plant water status, transpiration (T) and transpiration use efficiency 

(TUE) (Harris et al., 2010; This et al., 2010; Barbieri et al., 2012; Magio et al., 2007), 

production of antioxidants (Ashraf, 2009), early seedling growth (Kingsbury and Epstein, 

1984) and harvest index (HI) (Gholizadeh et al., 2014). Photosynthesis is a physiological 

process affected by salinity. Reduction in photosynthesis at higher salt level correlated with 

closure of stomata which leads to reduction of intercellular CO2 concentration (Stepien and 

Klobus, 2006; Karimi et al., 2009).  

Salinity inhibited photosynthesis by imbalance and toxicity of ions, stomatal regulation, size 

and orientation of stomata (Syvertsen and Levy, 2005; Yang et al., 2009; Naz et al., 2010a). 

Mechanisms of salinity tolerance is related to stomatal structure and function, stability in 

photosynthetic rate, transpirational rate, lower stomatal density and area, and sunken stomata 
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(Liu et al., 2011; Saravanavel et al., 2011; Orsini et al., 2012 and Eisa et al., 2012). Salt 

stress decrease the transpiration rate, but decrease was lesser than photosynthesis. Salinity 

also affected physiological processes even at low concentrations (Davies, 1995).  

A cumulative effect of salinity was reduction in plant biomass, photosynthetic changes in leaf 

turgor and water potential (Drew et al., 1990; Tourneux and Peltier, 1995 and Al-Taisan and 

Gabr, 2016). Several environmental factors become effective on plant growth under high 

salinity. A decrease in carbon reduction due to limited CO2 fixation during photosynthesis was 

observed (Khan and Panda, 2008). NaCl salinity effects were more severe in salt sensitive 

species, a reduction in photosynthesis limit the production of carbohydrate (Saied, 2005). 

Increase in salinity level decrease the photosynthetic activity, growth and yield (Sai kachout, 

2009). Salt stress decreased Chlorophyll content, stomatal conductance, transpiration and 

stomatal closure which helps to balance leaf water level; however, this reduced photosynthesis 

(Hunt, 1982; Cramer, et al., 1994; Maggio et al., 2000; Parida et al., 2004; Al-Taisan and Gabr, 

2016) which was considered as an adaptive mechanism against high salinity level (Cheng et al., 

2015). Salinity may decreased the electron transport of photosynthesis (Wang et al., 2003 and 

Christian, 2005). Plant growth correlated with chlorophyll contents (Chl a, b and carotenoids) 

because with decrease in chlorophyll contents reduced leaf  photosynthetic surface area 

ultimately reducing  growth (Geissler et al., 2009, Naz et al., 2010b, Eisa et al., 2012; Kosová et 

al., 2015). 

2.3.3. ORGANIC OSMOLYTES  

Salt stress is a severe environmental stress affected plants world wide and still there is no 

particular indicator developed to establish salinity tolerant plants. Only the selection 

procedure may be adapted for salinity tolerant plants, tissue or cell but the most convenient 

indicator to categorize salinity tolerance are the biochemical mechanisms, which helped the 

plants to synthesize some important organic osmolytes, specific proteins and some 

antioxidants (Ashoub et al., 2013; Mostek et al., 2015; Parvaiz and Satyawati, 2008). Organic 

osmolytes, ions uptake like Na+ and K+ are important for osmotic adjustment (Neto et al., 

2004). Osmotic adjustment might be achieved by accumulating organic and inorganic solutes. 

Organic compounds decreased but the starch and chlorophyll contents increased (Nedjimi 

and Daoud, 2006). Proline contents increased with increasing salinity in Suaeda maritima 

(Rajaravindran and Natarajan, 2012). Halophytes accumulated high quantity of soluble 

protein, sugars, proline and other organic osmolytes. Accumulation of these organic 

osmolytes in halophytes associated with the increase of succulence ratio with increasing Cl-, 
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Na+ and SO-4 values (Youssef, 2009; Wang et al., 2015; Marsalova et al., 2016). Plants 

accumulate organic compounds against salinity, because this phenomenon helps the plant to 

become acclimated to different environmental stresses (Hasegawa et al., 2000; Ashraf and 

Harris, 2004; Ashraf and Foolad, 2007).  

2.3.4. PROLINE AND PROTIEN CONTENT 

Proline is a very compatible solute necessary for osmoregulation and osmotolerance (Rhodes 

and Hanson, 1993; Hasegawa et al., 2000). However, breakdown of proline provided enough 

amount of energy by supporting mitochondrial oxidative phosphorylation (Hare and Cress, 

1997). Reduction in plant growth occur by salt stress, but proline accumulation varied 

significantly with the change in salt concentration in Ociumum basilicm and O. minimum 

(Heidari, 2012). As various compatible osmolytes, like proline considered as very useful in 

regulating growth (Rhodes and Hanson, 1993). Increase in salinity level increased proline 

quantity but decreased the water potential in bean plant (Ghoulama et al., 2002; 

Kaymakanova and Stoeva, 2008; Karimi et al., 2009; Kumari et al., 2015; Kosová et al., 

2015). Proline accumulated with increasing salinity or water stress (Abositta and Al-Taisan, 

1995; Ghoulama et al., 2002; Vicente et al., 2004 and Al-Taisan, 2010). Proline content of 

wheat leaves significantly increased as the stress level increases. As compared to other free 

amino acids, the accumulation of proline is unique (Aspinall & Paleg, 1981; Handa et al., 

1983; Mane et al., 2010) but  similar to other low molecular weight solutes such as organic 

acids and carbohydrates (Ford, 1984; Newton et al., 1986; Al-Taisan and Gabr, 2016). 

Total crude protein content generally increased with increase in salinity level. This increase 

become prominent in salt tolerant plants (Mahmood and Athar, 2003) and in Hordeum 

vulgare (Marsalova et al., 2016). This protein accumulation indicates the salt tolerance level 

of plants in addition organic osmolytes (Udawat et al., 2016; Marcum and Murdoch., 1992; 

Kosová et al., 2011, 2013a, b, 2014a; Komatsu et al., 2014; Kumari et al., 2015). However, 

there is no change in protein contents under saline conditions in Spartina alternifolia 

(Gorham et al., 1986 and Bacheller and Romeo, 1992).  

2.3.5. ION CONTENT 

NaCl may decrease the N, P, K+, and Ca2+ in most of the plants (Kandeel et al., 1999; Karimi et 

al., 2005; Tuna et al., 2007; Navarro et al., 2008 and Cheng et al., 2015). High level of salinity 

caused imbalance of ions in plants. Salinity induced by NaCl cause reduction of K+ in root, stem 

and leaf of mungbean (Phaseolus radiatus) seedlings (Rashid et al., 2004). Salinity stress 
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disturbed nutrients accumulation (Zhu, 2001). Concentrations of Na+, Cl- and K+ increased with 

increase in salinity, but Ca2+ concentration was decreased. Halophytic plants accumulate Na+ in 

their vacuoles under salt stress (Glenn and Brown, 1999). However, the pattern of accumulation 

of ions varied significantly (Hussain et al., 2009). Imbalance and damaging effects of ions 

disturbed plant nutrition, germination and metabolism (Veatch-Blohm et al., 2012). Na+ uptake 

increased to a significant level as compared to the untreated plants (Jaleel et al., 2008). Mostly 

salts have damaging effects on plants and sodium ion was one of them which severely damaged 

plants (Niu et al., 1995; Qin et al., 2010; Brini and Masmoudi, 2012). Na+ and K+ concentration 

increased with increasing salinity in succulent halophytic plants such as S. glauca. This 

accumulation of organic acids and inorganic anions maintain the intracellular ionic equilibrium 

and compartmentalization in the vacuole (Yang et al., 2008). Salinity affected the halophytes 

physiologically (Jia et al., 2011). Kalidium foliatum is a halophyte which shows a physiological 

response to salinity (Short and Clomer, 1999). Salinity increased Na+ contents, while Na+/K+ 

ratio not changed. Ions like Na+ and Cl- contributed about 80% in the growth of Halosarcia 

pergranulata (Yang et al., 2008). First effect of salinity was ionic imbalance. Increased toxic 

ions concentration under salinity was damaging to some cellular systems. Under salinity, 

homeostasis of Na+, Ca2+ and K+ ions disturbed (Borsani et al., 2003; Xue et al., 2008). Plants 

minimize the xylem loading with Na+ to tolerate salinity (Tavakkoli et al., 2011). In the stem of 

succulent annual halophyte Salicornia rubra. Salinity increased Na+ and Cl- contents 

significantly but decrease Ca2+, Mg2+ and K+ content (Khan et al., 2001). 

2.3.6. ROLE OF Na+ IN HALOPHYTES 

Na+ pumped into vacuole when it reached to toxic level. Some antiporters like Na+/H+ 

controlled this pumping activity (Blumwald et al., 2000). Increase in salts level stimulated 

Na+/H+ antiporter activity but it increased more in salt tolerant plants. As Na+ concentration 

increased in vacuole transferred to cytosol showing tolerance (Zhang et al., 2001; Fukuda et 

al., 2004). Plants having ability to accumulate sodium ions considered to be successful to 

remove Na+ from the soil, they should be grown in saline conditions (Helalia et al., 1992; 

Subbarao et al., 2003). Halophytes developed some useful mechanisms to cope with excess 

Na+ in their environments by accumulating Na+ in above ground tissues (Gorham et al., 1987; 

Glenn et al., 1999). Some of the halophytes are ion accumulators and ion excretors. They 

used to phytoremediate excess salinity and sodicity from soil (Reimann and Breckle, 1993). 

Ion accumulators developed certain mechanisms to take up high concentrations of ions under 
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saline environment (Holmes 2001). The accumulation of salts reduced wall extensibility, leaf 

thickness, and water permeability that might be the requirement to maintain positive growth 

(Rush and Epstein, 1981; Glenn et al., 1996). Halophytes possess glandular cells or 

vesiculated trichomes (leaf hairs), which able the plant to excrete sodium and other ions from 

their leaf tissue. Atriplex species (saltbush) is an example of plants that possess salt excreting 

glandular cells and trichomes (Very et al., 1998).  

2.4. ANATOMICAL ATTRIBUTES 

The anatomical features are of significant importance and varies greatly from species to 

species even from population to population (Lersten and Curtis, 2001; Makbul et al., 2006; 

Makbul et al., 2008; Hameed et al., 2012; Al-Taisan and Gabr, 2016). Anatomical 

adaptations are of great importance to investigate salt tolerance markers in relation to 

stomatal functioning (Munns and Tester, 2008). Under harsh environmental conditions, 

stomata become more important to control and adjust photosynthesis and transpiration in 

plants (Mane et al., 2010; Yan et al., 2012). Under various water deficit or salt stress 

conditions stomatal size veried to improve water use efficiency (Varone et al., 2012; Al-

Taisan and Gabr, 2016). Plant responded salinity by reducing transpiration rate and stomatal 

conductance by adjusting stomatal size and density. Stomatal regulation played a key role in 

water conservation under saline water deficit conditions (Francini et al., 2007; Naz et al., 

2010b and Sarava navel et al., 2011).  

Reduction in stomatal density and increase in stomatal area may significantly contribute to 

transpiration rate at high salinity level. In contrast, smaller stomatal area correlated to 

stomatal conductance (Varone et al., 2012), but at the same time higher density may not be 

very beneficial as it provided more space for transpirational water loss. These become more 

critical under physiological drought conditions (Hameed et al., 2009). The importance of 

stomatal attributes has been reported in Distichlis spicata (Kemp and Cunningham 1981), 

barley (Gill and Dutt, 1982) and wheat (Akram et al., 2002). Along with the stomatal shape 

and size, the size and shape of subsidiary cells may also played critical role in efficient 

opening and closing of stomata, which can regulate transpiration rate under unfavourable 

climatic conditions (Pillitteri and Torii, 2012). In broader term, oval subsidiary cells in S. 

triqueter are more efficient in controlling stomatal movement than thin rectangular shaped 

cells. Stomatal orientation minimize transpiration rate (Hetherington and Woodward 2003; 

Kim et al., 2010). Stomata present in grooves protected from direct contact with the external 
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environment. They affected directly by wind movement because of their sunken posotion, 

which had a positive impact on transpirational rate ultimately minimizing transpirational 

water loss (Beerling and Woodward, 1997; Nilson and Assmann, 2007). There is a evidence 

about changes in morpho-anatomical attributes of plants growing under saline conditions. 

Salinity effected plant roots and leaves anatomically (An et al., 2003; Hu and Schmidhalter, 

2001; Kilic et al., 2007; Al-Taisan and Gabr, 2016). Mostly stem types in Cyperaceae family 

depended on the external morphology, meristem thickening and relative amount of 

parenchyma (Rodrigues and Estelita, 2009). Some members of the Cyperaceae family 

showed different anatomical adaptations under salt stress conditions. Schoenoplectus litoralis 

showed high developement under saline conditions (Hameed et al., 2012). 

Plants tolerate salinity by modifying themselves not only at molecular and organelle level but 

also at cellular and tissue level. Plants not only modify morphological features but also modify 

physiological and metabolic activities which enabled them to grow under extreme saline 

environment. Morpho-anatomically they have thick epidermis, sclerenchyma and well developed 

bulliform cells. Thus plant showed not only increase in root, shoot length but also dry weight 

(Hameed et al., 2011; Al-Taisan and Gabr, 2016). Morpho-anatomical adaptations in the plants 

made them able to minimize harmful effects of salt stress (Poljakoff‐Mayber, 1988; Rashid et al., 

2004; Cavusoglu et al., 2007). Salinity induced some anatomical changes in the leaf, stem and 

root of the plant (Al-Taisan and Gabr, 2016). Major effects were observed on the number and 

area of stomata, metaxylem area, and ground tissue of stem and cortical region of root. The salt 

affected more severely at roots than the other organs of (wheat) Triticum aestivum (Boudet, 

2000). Many anatomical changes are necessary for survival of Myriostachya wightiana. These 

changes include thick epidermis, thick sclerenchyma, large phloem area, vascular bundles with 

prominent metaxylem, sclerification arround vascular bundles while in the root thick epidermis, 

thick cortex were examined in the stem. Development of thick epidermis, sclerification arround 

vascular bundles, prominent metaxylem and large phloem area were also found in leaves under 

saline conditions (Rashid and Ahmed, 2011). Salt tolerant species developed thick epidermis 

(Awasthi and Pathak, 1999). It made plants capable of reduction of water loss. This feature was 

important under limited water availability (Nawazish et al., 2006). As metaxylem and phloem 

area increased water conductivity and photosynthesis under saline conditions (Yujing et al., 

2000).  

Salinity stress significantly decreased root, shoot fresh and dry weight. In addition to plant 

weight, leaf number also decreased with increase in salinity stress. Microscopic study of plant 
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showed that, salinity stress significantly decreased cortex thickness of stem while xylem 

thickness increases when plants grown under salt stress conditions especially at high level of 

salinity. Xylem formation and arrangement also affected under stressed conditions 

(Dolatabadiani et al., 2011). Epidermis cell size increased in family Cyperaceae (Sharma and 

Mehra, 1972). Bulliform cells developed in midrib region in most taxa under saline 

conditions (Sonnenberg and Botha, 1992). Thick epidermis is a distinctive attribute among 

salt tolerant species (Awasthi and Pathak, 1999). This attribute bacame more significant 

under low moisture availability as thick epidermis ensure minimum water loss through stems 

(Nawazish et al., 2006). An increase in root cross sectional area correlated with increase in 

cortical thickness. It may enable the roots to store water under such harsh environmental 

conditions (Abdel and Al-Rawi, 2011). Reduction in metaxylem cross-sectional area was 

another critical adaptation, particularly under high salinities (Kondoh et al., 2006). Increased 

sclerification near the root epidermis and just above the endodermis is critical in preventing 

water loss. Root area generally increased in relatively less tolerant species under saline 

conditions (Bahaji et al., 2002). Salinity caused substantial decrease in root area in some 

desert halophytes (Peng et al., 2007). However, root area generally related with increase in 

parenchymatous region, hence could play a critical role in water conservation (Nawaz et al., 

2013). Epidermal area increased in almost all cases at moderate salt stress level. Naturally 

this layer was protective and had important role in controlling water and nutrient movement 

across the roots and ultimately can limits water loss from roots (Ortega and Taleisnik, 1999).  

Thick epidermis decreased water loss through root surface (Hameed et al., 2010). Increased 

epidermal area under high salinities can play an important role to withstand osmotic stress for 

the survival (Boughalleb et al., 2009 and Dolatabadian et al., 2011). Some halophytic plant 

species had ability to store additional water in cortical parenchyma for their survival (Grigore 

and Toma, 2007). Root aerenchymatous area was a key feature of plants that inhabited saline 

waterlogged conditions (Barrett-Lennard, 2003). Aerenchymas formed all over the plant body 

with the exception of meristems, vascular bundles, sclerenchyma and covering tissues 

depending upon the species type and environmental conditions (Raven, 1996). Aerenchyma 

formed behind the apical meristem in roots, (Marschner, 1995; Malik et al., 2003) which may 

serve as an additional barrier to water and solute movement, because it can create cavitation 

in the cortical region which interrupt connection between different tissue systems 

(Ranathunge et al., 2003). Many plant species like Oryza sativa and Imperata cylindrica 

modified their aerenchyma tissue under unfavourable environmental conditions (Gowda et 

al., 2011; Justin et al., 1991; Pereira et al., 2010; Hameed et al., 2009). Formation of 
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aerenchyma was an important adaptive strategy in wetland plants to waterlogged salt stress 

conditions (Vartapetian and Jackson, 1997). This structure in halophytes may contribute to 

solute transport (Colmer and Flowers, 2008; Hameed et al., 2009).  

A special feature of saline tolerant species is lignification of cortical parenchyma (Nawazish 

et al., 2006; Yujing et al., 2000). Plants may reduce water loss through root surface by 

increasing epidermal thickness and parenchyma lignification in the cortex region (Hameed et 

al., 2010). Water storing capacity may be increased by developing parenchyma arround 

vascular bundles and bulliform cells which increase place for dumping of toxic ions like Na+ 

and Cl- (Zhang et al., 1998., Nishioka et al., 1996; Hameed et al., 2009). Salt stress decrease 

cortical thickness but increase the xylem thickness (Dolatabadiani et al., 2011) and also 

decrease vascular bundle area ,diameters of rice stems (Pimmongkol et al., 2002). High salt 

concentrations reduced the cambial activity (Junghans et al., 2006) and smaller cortex on 

cotton seedlings (Casenave et al., 1999). Salt tolerant species have thick cortical area made 

by parenchyma cells which are characterized by lignified walls (Yujing et al., 2000; Yujing 

and Yong, 2000). To prevent the loss of water thick epidermis and parenchyma are necessary 

(Hameed et al., 2010). High sclerification and collenchyma cell size reduction gave more 

rigidity. It may resist to water loss through stem and again may play role in adaptations under 

saline conditions (Rashid and Ahmad, 2011). Bulliform cells are structural features especially 

present in the species of family Cyperaceae (Mittler, 2006). Moreover, bulliform cells mostly 

present at the foliar epidermis level (Grigore et al., 2010). Stomatal size, density and 

aerenchyma may stimulate gas exchange characteristics more efficiently under salt stress 

(Muhlenbock et al., 2007 and Naz et al., 2010).  Increase in water storing ability in thick 

leaves with high proportion of aerenchyma may not only improve the succulence ability, but 

also the translocation of oxygen and salts via aerenchyma (Colmer et al., 2009). This plays a 

critical role in salinity tolerance (Hameed et al., 2009). Aerenchyma and large epidermal cells 

also improve gaseous exchange characteristics and water storage (Muhlenbock et al., 2007). 

Grasses can tolerate high salinity level by increasing number of aerenchyma, vascular bundle 

area, metaxylem and metaphloem area, sclerification in root and leaf. But in some cases salt 

stress decreased stomatal density, area considerably (Hameed et al., 2009). 

 

 

 



   

 23 

2.5. IMPORTANCE OF HALOPHYTES IN SALINITY TOLERANCE 

Halophytes mostly protected themselves by the production of antioxidants during salt stress. 

Such genes responsible for oxidants production will be engineered to enhance the production of 

stress tolerant crops (Jithesh et al., 2006). Halophytes naturally salt tolerant plants. NaCl affected 

vegetative growth, reproductive development and accumulation of organic osmolytes mainly in 

the aerial parts of Plantago crassifolia (Boscaiu et al., 2005). Fresh water resources decreased 

year to year, this resulted in the increase in saline soils. So there is a need to develop a system for 

sustainable biological production in which crop breeders can use saline water for irrigation of 

halophytic crops. So a large number of halophytes can be grown as cash crop. It is estimated that 

about 274 species of the total 410 species of halophytes are reported to be economical (Khan and 

Qaiser, 2006). Halophytes basically belong to higher plant families showing a great diversity 

among them. They have adapted certain strategies like accumulation of salts and 

compartmentalization of organic molecules in the vacuole to cope salinity. As halophytes are the 

salt tolerant plants. They modified lipid composition to prevent the leakage of Na+ back to the 

cytoplasm. They also have the ability to recycle saline waste water and improve saline land for 

use in arid regions (Glenn and Brown, 1999). 
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CHAPTER 3 

                                                                                              MATERIALS AND METHODS 

Present work was planned to evaluate populations’ adaptation against salinity. For this 

purpose selection of seven populations named as ecotypes of Cyperus alopecuroides Rottb. 

was made for their degree of salt tolerance and morpho-anatomical and physiological 

modifications against salt stress. All seven populations were grown in plastic tubs in the 

research area, Department of Botany, University of Sargodha, Sargodha for a period of one 

year (August 2013 to July 2014) in non-aerated standing water. Then plastic pots were filled 

with a mixture of clay-loam soils, and 1L irrigation water containing Hoagland solution No. 1 

(Hoagland and Arnon, 1950; Marcum et al., 2005). The vegetative buds with one mature 

tiller were transplanted to plastic pots of size (5Liter) during August 2014 and allowed to 

grow in non-aerated flooded water condition. The experiment was conducted in totally 

completely randomized design with three replicates and four treatment levels 0 mM (control), 

100 mM, 200 mM, 300 mM of salinity. NaCl was used for this purpose. Salinity levels were 

maintained with help of ECe meter for one year. 

Experiment was conducted during August 2014 to July, 2016 under full sunlight, growth 

conditions; average day-night temperature ranges from 38-41oC and 24-26oC, respectively 

and photoperiod 13 to 16h, relative humidity 46.8 to 59.3%. 

3.1. SELECTION OF PLANT ECOTYPES 

Species Cyperus alopecuroides Rottb. comprises of aquatic ecotypes, most of them were 

adapted to hyper-saline polluted and hypo-saline waters. Seven ecotypes were selected for 

the experiment, these were collected from waters of Jhang, Qadir Abad, Nankana and 

Sheikhupura in Pakistan. All these ecotypes were properly identified from herbarium of 

Department of Botany, University of Agriculture, Faisalabad. The voucher specimen was 

mounted on herbarium sheets, identified and placed in the herbarium. 

3.2. SOIL ANALYSIS 

The soil adhered to roots at 16 cm depth from each habitat was taken to analyze the physico-

chemical characteristics (Table 3.1). 200 g dried soil was taken to prepare saturation paste, 

pH and electrical conductivity. Saturation percentage was determined by subtracting the 

weight of saturated paste from dry weight of soil. pH and ECe  were determined by using 

pH/ECe meters (WTW series In Lab pH/Cond 720). Sodium (Na+) content, Potassium (K+) 

content was determined by flame photometer (Jenway, PFP-7) while Phosphorus (P) content 
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was determined by Spectrophotometer and Cl- content was determined by digital chloride ion 

meter (Jenway, PCLM 3). 

Table. 3.1. Physico-chemical characteristics of soil of different ecotypes of Cyperus 

alopecuroides Rottb. species from different locales of Punjab. 

Sr.No

. 

Habitat Ec 

mS/

cm 

pH Organic 

matter

% 

P 

mg/k

g 

K 

mg/k

g 

Na 

g/kg 

Cl 

g/kg 

Saturation

% 

1. Nankana 

site-2 

7.4 7.7 0.83 6.5 76 5.4 2.7 38 

2. Nankana 

site-1 

5.9 8.6 1.04 12.3 74 3.9 1.9 38 

3. Sheikhupura 

site-1 

2.8 7.9 1.11 17.5 102 3.5 1.6 38 

4. Sheikhupura 

site-2 

4.1 7.7 1.04 11.4 118 4.4 2.2 38 

5. Qadir abad 

site-1 

3.1 7.6 1.11 11.8 120 4.1 1.9 38 

6. Qadir abad   

site-2 

5.1 7.6 1.04 11.2 126 4.8 2.4 38 

7. Jhang site 

 

3.0 7.9 1.18 15.8 198 3.7 1.8 38 

 

The plants were carefully collected from the non-aerated flooded medium maintained in 

plastic pots after three months completion of maintaining treatment levels, washed 

thoroughly first with tap-water, thereafter with distilled water for various morpho-anatomical 

and physiological attributes. Data for following attributes was recorded during experiment: 

3.3. MORPHOLOGICAL ATTRIBUTES 

Plants were oven-dried at 65 °C until constant weight was achieved for dry weight. 

1. Shoot length (cm) 

2. Root length (cm) 

3. Bracts / plant 

4. Bract area / plant (cm2) 

5. Shoot fresh weight (g) 

6. Root fresh weight (g)  
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7. Shoot dry weight (g) 

8. Root dry weight (g) 

3.4. PHYSIOLOGICAL PARAMETERS 

3.4.1. PHOTOSYNTHETIC PIGMENTS  

The chlorophyll a, b, total chlorophyll and carotenoids were determined by 

spectrophotometer according to method of Arnon (1949). Fresh leaves weighed 0.2 g 

were chopped and placed in 80% acetone at 0-4°C for 24 hours in dark. Then extracts 

were centrifuged at 1, 00, 000 rpm by centrifugal machine for 5 minutes. Absorbance of 

the supernatant was read at 663, 645 and 480 nm using a spectrophotometer (Hitachi-220, 

Japan). Chlorophyll a, b, total chlorophyll, chlorophyll a/b and carotenoid content was 

calculated by following formulae: 

Chl. a (mg/g f. wt) = [12.7(OD 663)-2.69(OD 645) × V/1000 × W] 

Chl. b (mg/g f. wt) = [22.9(OD 645)-4.68(OD 663) × V/1000 × W] 

Total. Chl (mg/g f. wt) = [20.2(OD 645) +8.02(OD 663) × V/1000 × W] 

      Carotenoids (mg/g f.wt.) = Acar/ Em ×100 

Where 

V = volume of the sample 

W= weight of fresh tissue 

Acar = OD 480+ 0.114(OD 663) -0.638(OD 645) 

Em= 2500 

3.4.2. GAS EXCHANGE CHARACTERISTICS 

Measurement of gas exchange characteristics i.e Net CO2 assimilation rate (A), Transpiration 

rate (E), Stomatal conductance (gs), Substomatal CO2 concentration (CI), Water use 

efficiency (WUE) were made on longest tiller of shoot of each plant using LCA+ ADC 

portable infrared gas analyzer (Analytical Development Company, Hoddesdon, England). 

Measurements were performed from 9.00 am to 11.00 am.with following specifications/ 

adjustments: molar flow of air per unit leaf area was 165.00 mMol m-2s-1, atmospheric 

pressure was 98.8 kPa, water vapour pressure into chamber ranged from 6.0 to 8.9 mbar, 

PAR at shoot area was maximum upto 1650 μmolm-2s-1, temperature of shoot ranged from 

28.4 to 32.4 oC, ambient temperature ranged from 22.4 to 87.9 oC, ambient CO2 

concentration was 355 μmol mol-1. 
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3.5. IONIC CONTENT 

DIGESTION OF MATERIAL 

 There was taken the dried ground shoot and root material (.5 g) in digestion tubes and added 

2ml H2SO4 to each tube. All tubes were incubated at room temperature for one night. Then 

0.5 ml of H2O2 (35% A. R grade extra pure) was poured along the sides of digestion tubes, 

putted the tubes in digestion chamber and heated at 350 oC until fumes were produced. It was 

continued for another 30 minutes until fumes were stopped. The digestion tubes were 

removed from digestion chamber and cooled down. Now added 0.5 ml H2O2 to each test tube 

and placed test tubes back in digestion chamber. This process was repeated again and again 

until the cooled material became colorless. Then volume of extract was made 50 ml and 

filtered. Then filterate was used  for determining Na+, K+, Mg+, Ca+.Wolf (1982). 

3.5.1. ROOT AND SHOOT CATIONS 

Na+, K+, Mg+, Ca+ were determind by using atomic absorption spectrophotometer (Perkin 

Elmer Analyst 300, USA). The values of above mentioned ions from atomic absorption 

spectrophotometer were compared with standard curve (using 1000- 10000 ppm stansards 

supplied by AAS manufacturer) and total quantities were computed. 

3.5.2. ROOT AND SHOOT Cl- 

Root and Shoot samples (100 mg each) were ground and heated in 10 ml of H2O at 80 oC till 

the volume became half. Again volume was brought to 10 ml by adding distilled water. Then 

Cl- content was determined with chloride meter (Jenway, PCLM 3). 

3.6.    NP values 

3.6.1. Estimation of Nitrogen Percent 

Nitrogen was estimated by micro-kjeldhal, s apparatus (Bremner, 1965). 10 ml digested plant 

material was taken in Kjeldhal, s tubes and were placed on Kjeldhal, s Ammonia distillation 

unit then 10ml of 40% NaOH was added to each tube and took 10ml Boric acid solution in 

conical flask with few drops of mixed indicator. When distillated color changed to yellow, 

the distillation process stopped. Ditillate was cooled for few minutes and titrates with 0.01 N 

standard H2SO4 untill the solution turned pink again. A blank sample was also run to 

complete the procedure. 

N was estimated by following formula: 

N %= (V2-V1) × 0.014 × 100/W 

Where V1 and V2 were volumes of standard solution of H2SO4 required to titrate blank and 

sample solutions while N shows normality of H2SO4 used and W was weight of sample. 
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3.6.2. PHOSPHORUS ESTIMATION 

Phosphorus (P) was determined spectrophotometrically. Mixed 2 ml digested material with 2 

ml Barton, s reagent and total volume was maintained to 50ml. These samples were kept at 

room temperature for half an hour before analyzing Phosphorus. The Barton, s reagent was 

prepared as follows: 

Preparation of Barton, s reagent 

Preparation of ammonium molybdate solution:  

25 g of ammonium molybdate in 400 ml of distilled water was dissolved. 

Preparation of acidic ammonium metavendate solution: 

Dissolved Ammonium matavendate (1.25 g) in 300 ml boiling water, then cooled and added 

250ml HNO3(conc) Solution was cooled again at room temperature.  

Both prepared solutions were mixed and maintained volume up to 1L and stored solution at 

room temperature. 

3.7. ORGANIC OSMOLYTES 

3.7.1. TOTAL FREE AMINO ACIDS: 

Total free amino acids were estimated according to method of moor and Stein 1948. 

Reagents: 

1. Citrate buffer: 20 g monohydrate citric acid was dissolved in 200 ml of 1N NaOH and 

maintained volume upto 500 ml with distilled water. 

2. Acid ninhydrin solution. 

3. 0.8 g SnCl2 was dissolved in 500 ml Citrate buffer with pH 5.0. 

4. 2.0 g Ninhydrin was dissolved in 200 ml methyl cellosolve. 

5. Mixed 1 and 2, and stored. 

6. Diluent solvent n-propanol: This solution was prepared by mixing of distilled water and n-

propanol in 1:1. 

 Standard curve 

Leucine 0.06 g was dissolved in 100 ml distilled water and 0.5, 1.0, 1.5 and 2.0 mg/L 

standards were prepared to develop a standard curve. 
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Extraction 

1.0 g fresh leaves were chopped in 10 ml citrate buffer (pH 5.0) and placed at room 

temperature for 1 hour and centrifuged for 15 minutes at 15000 rpm at 15ºC. 

 Assay 

Took 1ml extract in 20 mL test tube. 1 ml ninhydrin solution was added after then. Tubes 

with aluminum foil were covered and heated for 20 minutes in water bath. Then cooled the 

tast tubes and mixed 5 ml diluent and placed at room temperature for 15 minutes. The optical 

density was noted with UV-visible spectrophotometer (Hitachi 220, Japan) at 570 nm wave 

length. 

3.7.2. TOTAL SOLUBLE SUGARS: 

Total soluble sugars were determined according to the method of Yemm and Willis, 1954. 

0.1 g fresh plant material was extracted in 80% ethanol solution. The extract was incubated at 

60 oC for 6 hrs and was used to estimate total soluble sugars. Antharose reagent was prepared 

by dissolving 150 mg anthrone in 72% H2SO4. Plant extract in 25 ml test tubes was taken and 

added 6ml anthrone reagent then heat in water bath for 10 minutes. Ice-cooled the test tubes 

and incubates at 25°C for 20 minutes. Read optical density at 625 nm on spectrophotometer 

(Hitachi, 220, Japan). Soluble sugars were estimated by standard curve developed by using 

above method. 

3.7.3. PROLINE DETERMINATION: 

Proline was estimated according to the method (Bates et al., 1973). 0.5 g shoot fresh weight 

was homogenized in 10 ml 3% Sulfo-salicylic acid. Filter the homogenate and mixed 2 ml 

filtrate with 2 ml acid ninhydrin solution (1.25 g ninhydrin in 30 ml glacial acetic acid and 20 

ml 6 M orthophosphoric acid) and 2 ml glacial acetic acid in test tube at 100 oC. Extract the 

reaction mixture with 4 mL toluene, mixed it vigorously by passing a continuous stream of 

air for 1-2 minutes. The chromophore containing toluene was aspirated from the aqueous 

phase, warmed at room temperature and absorbance was noted at 520 nm using toluene as a 

blank. The proline concentration was estimated by developing standard curve and calculated 

on the basis of shoot fresh weight as follows:- 

umole  proline g-1 fresh weight = (μg proline ml-1 x ml of toluene/115.5)/(g of sample) 

6 M phosphoric acid: 

407 ml of 85% phosphoric acid was taken and maintained volume to 1000 ml with distilled 

water. 
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1. Acid-ninhydrin: Dissolved 1.25 g of ninhydrin in 30 ml of glacial acetic acid and 20 ml 

of 6 M phosphoric acid, agitate it until it was completely dissolved. The solution was cooled 

at 4 °C and used within 24 hours. 

2. 3% sulphosalicylic acid: 3 g Sulfosalicylic acid was dissolved in 100 ml of distilled 

water. 

 

3.8. ANATOMICAL ATTRIBUTES: 

Took 2 cm piece of longest tiller and from the base of thickest adventitious root of same plant 

that was used for other morpho-physiological characteristics. Fixed the material in formalin 

acetic alcohol (FAA) solution (v/v formaline 10%, acetic acid 5%, ethyl alcohol 50%) and 

distilled water 35%) fixative for 48 hrs and subsequently transferred to acetic alcohol (v/v 

acetic acid 25%, and ethanol 75%) solution for long-term storage. Permanent radial sectional 

slides were prepared for each replicate by serial dehydrations in ethanol using standard 

double-stained technique of safranine and fast green to measure tissue, cell size. Photographs 

were taken with the help of light microscope at magnification power 10x (Nikon 104, Japan) 

equipped with camera using an ocular micrometer, which was calibrated with a stage 

micrometer and 3 measurements for each slide were recorded.  

3.8.1. ROOT ANATOMY 

a. Root cross-sectional area  

b. Size of dermal tissues 

c. Size of parenchymatous tissue 

d. Size of mechanical tissue  

e. Size of vascular tissue 

3.8.2. STEM ANATOMY 

a. Stem cross-sectional area 

b. Size of dermal tissues 

c. Size of parenchyma tissue 

d. Size of mechanical tissue 

e. Size of vascular tissue 
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3.8.3. LEAF ANATOMY 

a. Leaf thickness 

                  b. Size of dermal tissues 

                  c. Size of parenchyma tissue 

                  d. Size of mechanical tissue 

                  e. Size of vascular tissue 

      3.8.4.    BRACT ANATOMY 

                 a.   Bract Thickness 

                 b.   Size of dermal tissue 

                 c.   Size of parenchyma tissue 

                 d.   Size of mechanical tissue 

                 e.   Size of vascular tissue 

                 f.   Stomatal density and area  

 

                                                                                                                                                                         

Root T. S 

Fig. 3.1. Transverse section (T. S) of leaf and root of Cyperus alopecuroides Rottb. 

Leaf T. S 

Epidermis 

Metaxylem 

Parenchyma 
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Stem T.s                                                           Bract T.s 

 

Fig. 3.2. Transverse section (T. S) of stem and bract of Cyperus alopecuroides Rottb. 

For the calculation of area, following formula was used, which is as follows: 

Area = maximum length x maximum width x 22/28 

 3.9. EXPERIMENTAL DESIGN AND STATISTICAL ANALYSIS 

The experiment was planned in completely randomized design (CRD) with two 

factors (plant ecotypes and salinity levels) and three replications. The data was subjected to 

statistical analysis using Microsoft Excel software and Minitab statistical software for 

analysis of variance (ANOVA), Graph, Multivariate redundancy analysis (RDA) and 

correlation analysis for comparison of mean values (Steel and Torrie, 1986). 
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CHAPTER 4                                                                                                                                                     

                                                                                                                                                       

RESULTS 

 

It was reported that Cyperus alopecuroides Rottb.was important sedge used as fodder and 

forage for animals as it is rich in protein, carbohydrate and lipid contents. It can grow in 

saline environment as well as on fertile lands (Rogers et al., 2003). Thus, it was hypothesized 

that, this species had developed specific morpho-anatomical and physiological features 

which enables it to grow under adverse environmental conditions. Genetically-fixed morpho-

anatomical and physiological attributes for stress tolerance can be transferred to sensitive 

lines and cultivars via modern biotechnological techniques. The primary objective of present 

study was to investigate the anatomical and physiological modifications which aid in salt 

tolerant and sensitive ecotypes of C. alopecuroides Rottb. For that, a pot experiment was 

conducted during August 2014 to July, 2016 under full sunlight, growth conditions; average 

day-night temperature ranges from 38-41oC and 24-26oC, respectively and photoperiod 13 to 

16 h, relative humidity 46.8 to 59.3% to evaluate populations’ adaptation against NaCl salt 

stress. Seven populations named as ecotypes of Cyperus alopecuroides Rottb. were subjected 

to four levels (0 mM, 100 mM, 200 mM, 300 mM) NaCl salt stress with three replicates. 

Treatment levels were maintained in plastic tubs in the Research Area, Department of 

Botany, University of Sargodha, Sargodha for a period of one year in non-aerated standing 

water and were analyzed followingly. 

 [Abbreviations: h; hour, mM; milimol, NaCl; Sodium chloride] 

4.1 GROWTH PARAMETERS 

Mean sequares from analysis of variance of data for shoot fresh weight showed that salt stress 

highly significantly decreased the shoot fresh weight in all ecotypes of Cyperus 

alopecuroides Rottb. Shoot fresh weight decreased more as we increased the salinity level. 

But minimum decrease was observed in Sheikhupura site-2 ecotype. 100 mM of salinity level 

enhanced the shoot fresh weight in Sheikhupura site-1 ecotype. But 200 mM salinity levels 

significantly decreased the shoot fresh weight in all ecotypes. This decrease in shoot fresh 

weight becomes more when salinity level increased up to 300 mM.  Ecotypes differ 

significantly and interaction between ecotypes and treatment was also significant which 

showed low performance of all ecotypes in relation to shoot fresh weight against salinity 

(Table 4.1; Fig 4.1). 
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Shoot dry weight was also decreased significantly in all ecotypes at 100 mM salinity level 

except Sheikhupura site-1 ecotype where an increase was recorded. This decrease was not 

much more at 200 mM as compared to 100 mM of salinity level in all ecotypes. But at 300 

mM decrease in shoot dry weight was much more. This decrease in shoot dry weight became 

more critical in Qadir abad site-1 ecotype. Ecotype and treatment interaction was significant 

indicated their poor performance like shoot fresh weight (Table: 4.1; Fig 4.1). 

Root fresh weight also showed a similar response like shoot fresh weight to salt stress with 

few differences. Root fresh weight significantly increased in Sheikhupura site-1, Qadir abad 

site-1 and Jhang site ecotypes. But all the other ecotypes showed significant decrease at 100 

mM of salinity level. Further increase in salt level significantly decreased the root fresh 

weight in all ecotypes. Sheikhupura site-2 showed maximum decrease in root fresh weight at 

200 mM of salinity level as compared to Nankana site-1 which showed minimum decrease in 

root fresh weight at this level of salinity. In all ecotypes root fresh weight decreased 

significantly at 300 mM salinity level. This decrease was greater in Sheikhupura site-2. This 

showed gradual decrease in root fresh weight with increase in salinity level. Same response 

showed by other ecotypes like Nankana site-2, Nankana site-1 and Qadir abad site-2 (Table 

4.1; Fig 4.1). 

Root dry weight increased significantly in all ecotypes except Sheikhupura site-2 and Qadir 

abad site-2 where significantly decreased at 100 mM salinity level. Nankana site-2 showed 

significant increase in root dry weight even at 200 mM salinity level, after this significant 

decrease was observed with increasing salinity level upto 300 mM. In all other ecotypes root 

dry weight decreased with increasing salinity level from 200 to 300 mM. Maximum decrease 

in root dry weight like root fresh weight was observed in Sheikhupura site-2 ecotype (Table 

4.1; Fig 4.2). 

Shoot length showed similar response to salt stress like other morpho-agranomic 

characteristics. Shoot length decreased significantly in all ecotypes except only one ectype 

(Sheikhupura site-1) which showed significant enhancement in shoot length as compared to 

that recorded at control level (0 mM NaCl )of growth medium bur further increase in salt 

level decreased shoot length significantly. All ecotypes showed inversely proportional shoot 

length to salt level. Shoot length decreased significantly with gradual increase in salt level in 

growth medium from 0 mM to 200 mM. Thereafter this parameter highly significantly 

decreased at highest level of salinity (300 mM) in growth medium (Table 4.1; Fig 4.2). 
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Table 4.1. Mean squares from analysis of variance of data for root and shoot fresh and dry 

weight, root, shoot length and bract area for salinity tolerance in differently adapted ecotypes 

of Cyperus alopecuroides Rottb. 

SOV df Shoot fresh weight Shoot dry weight Root fresh weight 

Ecotypes (E) 6 26.034 *** 

 

2.784 * 

 

26.161 *** 

 

Treatment (Tr) 3 160.674 *** 

 

33.349*** 

 

110.385 *** 

 

E x Tr 18 5.528 *** 

 

2.395 * 

 

9.439 *** 

 

 

SOV df Root dry 

weight 

Shoot length Root length Bract area 

Ecotypes (E) 6 60.003 *** 

 

3.984 ** 

 

15.060 *** 

 

11.706 *** 

 

Treatment (Tr) 3 150.895 *** 

 

121.678 *** 

 

85.190 *** 

 

451.941 *** 

 

E x Tr 18 28.333 *** 

 

1.228 ns 

 

11.044 *** 

 

6.899 *** 

 

 

*, **, and *** = significant at 0.05, 0.01 and 0.001 levels, respectively 

                   ns = non-significant 
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Fig. 4.1. Growth parameters of seven ecotypes of Cyperus alopecuroides Rottb. under  

four treatment levels of salt stress. 
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Fig. 4.2. Growth parameters of seven ecotypes of Cyperus alopecuroides Rottb. under 

four treatment levels of salt stress. 
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Fig. 4.3. Growth parameters of seven ecotypes of Cyperus alopecuroides Rottb. under                             

four treatment levels of salt stress. 
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Root length showed similar response to salt stress but with few differences. Nankana site-2, 

Nankana site-1, Sheikhupura site-1 and Qadir abad site-1 showed significant increase in root 

length at 100 mM salt concentration level as compare to record at control level (0 mM). Root 

length significantly decreased in other ecotypes at same salt concentration level (0 mM). Root 

length decreased in all site-1 ecotypes significantly at 200 mM salinity level. Site-1 ecotypes 

showed significant difference to site-2 ecotypes at 200 mM and 300 mM salt level in growth 

medium. Site-1 ecotypes showed gradually significant decrease in root length with increasing 

salt level in growth medium. Higher salt level (300 mM) highly significantly decreased root 

length in Sheikhupura site-2 ecotype which was maximum (Table 4.1; Fig 4.2).  

Bract area decreased with induction of salt in growth medium. Medium salt level (100 mM) 

decreased this attribute in ecotypes of Cyperus alopecuroides Rottb. Except Nankana site-1 

and Nankana site-2 ecotype where this salt level showed a highly significant decrease. 

Decreasing level became gradual in Sheikhupura site-1, Qadir abad site-1, Qadir abad site-2 

and Jhang site ecotypes with increase in salt level in growth medium. While Nankana site-2 

and Sheikhupura site-2 ecotypes showed non-significant decrease with decrease from 200 

mM to 300 mM salt Level. But other ecotypes showed significat decrease with every salt 

increasing level (Table 4.1; Fig 4.3).  

4.2 PHOTOSYNTHETIC PIGMENTS 

Chlorophyll a was significantly decreased by the addition of salt in growth medium in all 

ecotypes of Cyperus alopecuroides Rottb. This decrease was highly significant in Nankana 

site-2 and Jhanng siteat 100 mM of salinity level. An increase in decreasing rate of 

chlorophyll content was significant with increasing the salt level in growth medium. However 

200 mM salt concentration in growth medium non-significantly decreased chlorophyll a 

content in Sheikhupura site-1, Sheikhupura site-2 and Qadir abad site-2 ecotypes. Nankana 

site-2, Nankana site-1 and Sheikhupura site-1 ecotypes showed non-significant decrease in 

chlorophyll a content from 200 mM to 300 mM salt concentration. While other ecotypes 

showed highly significant decrease at 300 mM salinity level (Table 4.2; Fig 4.4). 

Chlorophyll b content decreased significantly with increasing salinity level in growth 

medium. All ecotypes differ non-significantly in chlorophyll b content response to salinity. In 

Nankana site-1 there was no change in chlorophyll b content at 100 mM salinity level, but 

thereafter significant decrease was recorded with increase in salt level up to 300 mM. In all 

other ecotypes, chlorophyll b content significantly and gradually decreased with increasing 
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salt level from 0 mM to 300 mM in growth medium. This decrease was approximate in 

Qadirabad site-1 ectype (Table 4.2; Fig 4.4). 

Total chlorophyll content decreased significantly and gradually with increase in salt level. 

Among all ecotypes, Total chlorophyll content not decreased in Nankana site-1 at 100 mM 

salt concentration level in growth medium. However no change in this parameter recorded in 

Sheikhupura site-1 and Sheikhupura site-2 ecotypes when salt level increased from 100 mM 

to 200 mM. Total chlorophyll content minutely decreased at 300 mM salt concentration in 

growth medium in Nankana site-1 and Sheikhupura site-1 ecotypes. All ecotypes gave 

significant response to salt levels which also significantly decreased in chlorophyll content 

(Table 4.2; Fig 4.4). 

Chl a/b significantly increased with increase in salinity level in growth medium. Maximum 

increase was recorded in site-2 populations. Salts affected populations significantly. 

Significant interaction between populations and treatments indicated poor performane against 

salinity (Table 4.2; Fig 4.5). 

Carotenoid content gave variable response to salinity. This parameter significantly increased 

in Nankana site-2, Sheikhupura site-1 and Qadir abad site-2 with increase in salt levels up to 

200 mM in growth medium. Thereafter significant decrease was recorded at 300 mM salt 

level. This parameter significantly increased in Nankana site-1, Qadir abad site-1 and Jhang 

site at 100 mM salt level after that gradual decrease in this parameter was recorded with 

increase in salt concentration. On the other hand in Sheikhupura site-2 ecotype significant 

and gradual decrease was recorded with increase in salt level in growth medium .Significant 

interaction between ecotype and treatment showed bad performance of ecotypes to salinity in 

photosynthetic pigments like morpho-agronomical attributes (Table 4.2; Fig 4.5). 

4.3. PHYSIOLOGICAL PARAMETERS  

4.3.1. GAS EXCHANGE CHARACTERISTICS  

Net CO2 assimilation rate significantly decreased in all ecotypes as salt induced in growth 

medium. This reduction was least in Sheikhupura site-2 ecotype at 100 mM salt level in 

medium. Nankana site-2 ecotype showed non-significant decrease from 200 mM to 300 mM 

salt level, but in other ecotypes, highly significantly decreased from 0 mM to 300 mM salt 

concentration in growth medium. Net CO2 assimilation rate decreased to maximum level in  
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Table 4.2: Mean squares from the analysis of variance of the data for chlorophyll a, b, Total 

chlorophyll and carotenoid content for salinity tolerance in differently adapted ecotypes of 

Cyperus alopecuroides Rottb. 

SOV df Chlorophyll a Chlorophyll b Total 

chlorophyll 

Carotenoids Chlorophyll 

a/b 

Ecotypes 

(E) 

6 14.417 *** 

 

1.419 ns 

 

6.707 *** 

 

3.318 ** 

 

2.589* 

Treatment 

(Tr) 

3 31.383 *** 

 

17.158 *** 

 

50.921*** 

 

3.487 * 

 

14.473*** 

E x Tr 18 2.653 ** 

 

0.636 ns 

 

2.039 * 

 

2.541 * 

 

2.237* 

 

*, **, and *** = significant at 0.05, 0.01 and 0.001 levels, respectively 

ns = non-significant 
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Fig. 4.4. Chlorophyll content of seven ecotypes of Cyperus alopecuroides Rottb. under 

four treatment levels of salt stress. 
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Fig. 4.5. Chlorophyll content of seven ecotypes of Cyperus alopecuroides Rottb. under 

four treatment levels of salt stress. 
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Sheikhupura site-1 ecotype at 300 mM salt level. Ecotypes also vary significantly (Table4.3; 

Fig 4.6).  

Transpiration rate decreased significantly and gradually in Nankana site-2 ecotype of 

C.alopecuroides Rottb. with increase in salinity level from 0 mM to 300 mM salt level in 

growth medium. In Nankana site-1 ecotype significant decrease in transpiration rate was 

recorded from 0 mM to 100 mM and 200 mM to 300 mM salt values but non-significant 

decrease was recorded as salt level increased from 0 mM to 200 mM. Qadir abad site-2 

ecotype also showed non-significant decrease in transpiration rate from 100 mM to 300 mM 

salinity level. Transpiration rate decreased significantly in all ecotypes but non-significant 

difference among all ecotypes at same level of salinity was recorded (Table 4.3; Fig 4.6). 

Stomatal conductance gave a differential response as salts were inducted in growth medium. 

This parameter decreased significantly with increasing salt level in growth medium and this 

decrease become gradual in Nankana site-1, Nankana site-2 and Qadir abad site-1 ecotypes.  

Increase in salt level upto 200 mM increased the Stomatal conductance in Sheikhupura site-1 

ecotype. This Parameter also increased with increase in salt level from 0 mM to 100 mM in 

growth medium in Sheikhupura site-2, Qadir abad site-2 and Jhang site ecotypes. Thereafter 

significant decrease was recorded with increasing salt level upto maximum in all ecotypes 

(Table 4.3; Fig 4.6). 

Sub stomatal CO2 concentration was significantly decreased with induction of salt in growth 

medium. Sheikhupura site-1 and Qadir abad site-1 ecotypes showed increase in Sub stomatal 

CO2 concentration at 100 mM salt level in growth medium. Thereafter decrease in this 

parameter was recorded with increase in salt level upto 200 mM but remain consistant with 

further increase in salt level. In all other ecotypes of Cyperus alopecuroides Rottb.  this 

parameter significantly decreased with increase in salt level up to 200 mM then became 

consistant with increase in salt level even upto 300 mM in growth medium (Table 4.3; Fig 

4.7).  

Water use efficiency was highly significantly increased in Sheikhupura site-1 ecotype with 

increase in salt level upto 100 mM but further increase in salt level upto 300 mM 

significantly decreased the Water use efficiency. 100 mM salt level increase this parameter 

but after that further increase in salt level significantly decrease the water use efficiency 

(Table 4.3; Fig 4.7). 
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Table 4.3: Mean squares from the analysis of variance of the data for Gas exchange                 

attributes for salinity tolerance in differently adapted ecotypes of Cyperus alopecuroides 

Rottb. 

SOV df Net CO2 

assimilation 

rate (A) 

 

Transpiration 

rate (E) 

 

Stomatal 

conductance 

(gS) 

Water use 

efficiency 

(WUE) 

 

Substomatal 

CO2 

concentration 

(Ci) 

 

Ecotypes 

(E) 

6 39.203 *** 

 

11.673 *** 

 

33.187 *** 

 

6.911 *** 

 

6.242 *** 

 

Treatment 

(Tr) 

3 380.367 *** 

 

30.122 *** 

 

15.771 *** 

 

 

2.993* 

 

26.090 *** 

 

E x Tr 18 9.068 *** 

 

1.205 ns 

 

4.170 *** 

 

1.146 ns 

 

1.382 ns 

 

 

*, **, and *** = significant at 0.05, 0.01 and 0.001 levels, respectively 

ns = non-significant 
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Fig. 4.6. Gas exchange parameters of seven ecotypes of Cyperus alopecuroides Rottb. 

under four treatment levels of salt stress. 
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Fig. 4.7. Gas exchange parameters of seven ecotypes of Cyperus alopecuroides Rottb.                     

under four treatment levels of salt stress. 
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4.4. NPK VALUES 

Nitrogen percentage in root and shoot increased significantly with increasing salt level in 

growth medium. This increase was non-significant in Nankana site-2 and Nankana site-1 

ecotypes as salt level increased from 0 mM to 100 mM in medium. Thereafter a significant 

increase was recorded with increase in salt concentration from 100 mM to 300 mM in growth 

medium. A gradual and significant increase in this parameter was recorded with increase in 

salt level in all other ecotypes of Cyperus alopecuroides Rottb. Similar response was 

recorded to crude protein content among all ecotypes (Table 4.5; Fig 4.8). 

Phosphorus level in root showed some what variable response to salinity levels. A non-

significant increase in this parameter was recorded with increase in salinity level upto 100  

mM in Nanakana   site1, Sheikhupura site-1, Qadir abad site-1 and Jhang site ecotypes then 

significant increase in phosphorus level was recorded at 200 mM salt level in growth 

medium. 300 mM salt level in growth medium significantly decreased the phosphorus level 

in Nankana site-2, Nankana site-1, Sheikhupura site-1 and Jhang site ecotypes of Cyperus 

alopecuroides Rottb. This parameter gradually decreased in Nankana site-1 ecotype with 

increasing salt level in growth medium (Table 4.5; Fig 4.9). 

Phosphorus level in shoot was non-significantly decreased in Sheikhupura site-1 ecotype 

where gradual and significant decrease was recorded. A significant increase in P level in 

Qadir   site-1 and Qadir abad site-2 ecotypes was recorded at 100  mM and 200 mM levels of 

salinity respectively. In Nankana site-2 ecotype where gradual and significant increase was 

recorded with increasing salinity level from 0 mM to 200 mM, Thereafter a significant 

decrease was noted at 300 mM salt level in growth medium. Non-significant decrease in P 

level recorded in Nankana site-1 ecotype with increasing salt level in growth medium. Such 

response was also recorded in Jhang site and Sheikhupura site-2 ecotypes (Table 4.5; Fig 

4.9). 

Root K+ significantly and gradually decreased with increase in salt concentration level in 

growth medium in all ecotypes of Cyperus alopecuroides Rottb. except Sheikhupura site-1 

ecotype where non-significant decrease was recorded at 100 mM, 200 mM and 300 mM salt 

level. A non-significant decrease at 100 mM salt level was also recorded in Sheikhupura    
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Table 4.4: Mean squares from the analysis of variance of the data for Nitrogen percentage, 

crude protein Phosphorus and potassium content for salinity tolerance in differently 

adapted ecotypes of Cyperus alopecuroides Rottb. 

SOV df Root Nitrogen Shoot Nitrogen Crude protein 

in root 

Crude protein 

in shoot 

Ecotypes (E) 6 5.890 *** 

 

3.958 ** 

 

8.166 *** 

 

9.934 *** 

 

Treatment (Tr) 3 67.198 *** 

 

58.672 *** 

 

95.605 *** 

 

129.519*** 

 

E x Tr 18 0.835 ns 

 

0.743 ns 

 

1.452 ns 

 

1.828 ns 

 

 

SOV df Root 

Phosphrus 

Shoot 

Phosphrus 

Root K+ Shoot K+ 

Ecotypes (E) 6 1.041 ns 

 

3.822 ** 

 

38.978 *** 

 

27.874 *** 

 

Treatment (Tr) 3 3.262 * 

 

1.440ns 

 

212.501 *** 

 

209.227 *** 

 

E x Tr 18 1.216 ns 

 

1.490 ns 

 

8.559 *** 

 

8.171 *** 

 

 

*, **, and *** = significant at 0.05, 0.01 and 0.001 levels, respectively 

 ns = non-significant 
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Fig. 4.8. Nitrogen percentage and crude protein parameters of seven ecotypes of 

Cyperus alopecuroides Rottb. under salt stress. 

 

 

0
0.5

1
1.5

2
2.5

3
3.5

N
it

ro
g
en

%
 i

n
 r

o
o
t 0mmol 100mmol 200mmol 300mmol

0
0.5

1
1.5

2
2.5

3
3.5

N
it

ro
g

en
%

 i
n

 s
h

o
o
t 0mmol 100mmol 200mmol 300mmol

0
2
4
6
8

10
12
14
16
18

C
ru

d
e 

P
ro

te
in

%
 i

n
 r

o
o

t 0mmol 100mmol 200mmol 300mmol



   

 51 

 

 

 

 

Fig. 4.9. Crude protein and Phosphorus value parameters of seven ecotypes of 

Cyperus alopecuroides Rottb. under four treatment levels of salt stress. 
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Fig. 4.10. K value parameters of seven ecotypes of Cyperus alopecuroides Rottb.  

under four treatment levels of salt stress. 
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Site-1 ecotype, Thereafter significant decrease recorded with increase in salt level. Shoot K+ 

decreased non-significantly in Sheikhupura site-2 and Qadir abad site-1 ecotypes at 100 mM 

salt level. This decrease was also non-significant in Sheikhupura site-1 and Qadir abad site-1 

ecotypes at 200 mM of salinity level but significant decrease was recorded at 300 mM salt 

level in these ecotypes. All other ecotypes showed significant decrease in shoot k+ level with 

increase in salt level from 0 mM to 300 mM in growth medium. This decrease became to 

maximum level at 300 mM salt in Jhang site ecotype (Table 4.5; Fig 4.10).  

4.5. ORGANIC OSMOLYTES 

Total Free amino acids increased significantly in all ecotypes. This increase was highly 

significant in different ecotypes at different salt levels in growth medium.  Nankana site-1 

ecotype showed significant increase in this parameter at 100 mM salt level. Thereafter, it 

became consistant but non-significant with increase in salt concentration in growth medium. 

On the other hand in Nankana site-2 ecotype gradual increase was recorded. In Sheikhupura 

site-1, Qadir abad site-1 and Jhang site ecotypes, this parameter increased non-significantly 

from 0 mM to 100 mM and 200 mM to 300 mM salt level but significantly increased with 

increase in salt level from 100 mM to 200 mM. In Sheikhupura site-2 significant increase in 

total free amino acids was recorded with increase in salt level from 100 mM to 300 mM but 

no significant effect on Qadir abad site-2 ecotype (Table 4.6; Fig 4.11). 

Total soluble sugars significantly increased in all ecotypes under saline conditions. Ecotypes 

differed significantly but non-significant interaction between ecotype and treatment was 

found. Low level of salt in growth medium 0 mM to 200 mM not effected Nankana site-2, 

Sheikhupura site-2 and Qadir abad site-1 ecotypes in case of total soluble sugars. But 300 

mM salt level significantly increasesd this parameter in all these ecotypes. In Nankana site-1 

and Qadir abad site-2 ecotypes gradual and significant increase in this parameter was 

recorded. Only 200 mM salt level significantly increased this parameter in Sheikhupura site-1 

and Jhang site ecotypes as compared to other salt levels (Table 4.6; Fig 4.11). 

Salt levels non-Significantly affected the proline content in all ecotypes. But ecotypes 

differed significantly. A gradual but non-significant increase was recorded in Nankana site-2, 

Sheikhupura site-1 and Jhang site ecotype. While in Nankana site-1, Sheikhupura site-2, 

Qadir abad site-1 and Qadir abad site-2 gradual decrease in proline content was recorded. 

Highly significant interaction between ecotype and treatment showed poor performance of all 

ecotypes in case of proline content (Table 4.6; Fig 4.11).  
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4.6. IONIC CONTENT  

Root Ca2+ increased significantly >.01 and gradually in Nankana site-2, Sheikhupura site-1, 

Qadir abad site-2 and Jhang site ecotypes with increase in salinity level from 0 mM to 300 

mM in growth medium. On the other hand in Nankana site-1, Sheikhupura site-2 and Qadir 

abad site-1 ecotypes Ca2+ highly significantly decreased with increase in salt level from 0 

mM to 100 mM, thereafter significant increase was recorded in these ecotypes with increase 

in salt level from 100 mM to 300 mM. This increase was highly significant at 300 mM salt 

level (Table 4.7; Fig 4.13). 

Shoot Ca2+ increased significantly with increase in salt level and became highly significant 

increase at 300 mM salt level. This increase was not only significant but also gradual with 

fewer variables. In Sheikhupura site-2 ecotype significant decreased in this parameter at 100 

mM was recorded, thereafter highly significant increase was noted. In Qadirababd   site-2 and 

Jhang site ecotypes, 100 mM salt level resulted non-significant impact on shoot Ca2+. 

Thereafter, significant increase was recorded with increase in salt level (Table 4.7; Fig 4.13). 

Root Na+ was significantly affected in all ecotypes of Cyperus alopecuroides Rottb. at all 

levels of salinity inducted in growth medium. In Sheikhupura site-2 and Sheikhupura site-1 

ecotypes, root Na+ increased significantly with increase in salt level from 0 mM to 200 mM in 

growth medium but difference among 200 mM and 300 mM salt level was non-significant. 

Salt levels significantly affected root Na+ in all ecotypes but ecotypic response comparison 

was non-significant among all ecotypes (Table 4.7; Fig 4.13). 

Shoot Na+ increased significantly in all ecotypes of Cyperus alopecuroides Rottb. with 

increase in salt concentration in growth medium. However salinity impact was significant and 

gradual as salinity level increased but ecotypic difference in relation to salinity level was non-

significant. Shoot Na+ showed a similar response like root Na+ to salinity (Table 4.7; Fig 

4.14). 

Varying salts levels in growth medium significantly increased root Cl- concenteration but 

ecotypes differed non-significantly. Cl- content increased gradually with increase in salt level. 

In Sheikhupura site-1 and Sheikhupura site-2 ecotypes, non-significant increase was recorded 

from 200 mM to 300 mM salt level. In all ecotypes root Cl- was high under saline condotions. 

However maximum root Cl- was recorded in Qadir abad site-1 ecotype at 300 mM salt level  
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Table 4.5: Mean squares from the analysis of variance of the data for organic osmolytes                

for salinity tolerance in differently adapted ecotypes of Cyperus alopecuroides Rottb. 

SOV df Total soluble 

sugars  

 

Total free 

amino acids 

 

Proline  

 

Flavonoids 

Ecotypes (E) 6 13.916 *** 

 

11.926 *** 

 

6.848 *** 

 

5.375 *** 

 

Treatment (Tr) 3 6.623 *** 

 

5.537 ** 

 

0.369 ns 

 

31.537 *** 

 

E x Tr 18 1.577 ns 

 

0.221 ns 

 

5.485 *** 

 

0.988 ns 

 

 

*, **, and *** = significant at 0.05, 0.01 and 0.001 levels, respectively 

ns = non-significant 
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Fig. 4.11. Organic osmolytes of seven ecotypes of Cyperus alopecuroides Rottb. under 

four treatment levels of salt stress. 
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Fig. 4.12. Organic osmolytes of seven ecotypes of Cyperus alopecuroides Rottb. under 

four treatment levels of salt stress. 
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Table 4.6: Mean squares from the analysis of variance of the data for Calcium, Sodium                   

and chloride Ions for salinity tolerance in differently adapted ecotypes of Cyperus 

alopecuroides Rottb. 

 

SOV 

df Root Ca2+ Shoot Ca2+ Root Na+ 

Ecotypes (E) 6 2.611 * 

 

3.910 * 

 

0.063 ns 

 

Treatment (Tr) 3 28.733 *** 

 

98.819 *** 

 

40.403 *** 

 

E x Tr 18 1.671 ** 

 

2.035 ** 

 

0.175 ns 

 

 

SOV df Shoot Na+ Root  Cl- Shoot Cl- 

Ecotypes (E) 6 0.124 ns 

 

0.434 ns 

 

0.272 ns 

 

Treatment (Tr) 3 33.634 *** 

 

278.245 *** 

 

79.620 *** 

 

E x Tr 18 0.164 ns 

 

1.279 ns 

 

0.380ns 

 

 

*, **, and *** = significant at 0.05, 0.01 and 0.001 levels, respectively 

ns = non-significant 
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Fig. 4.13. Ions content of seven ecotypes of Cyperus alopecuroides Rottb. under four 

treatment levels of salt stress. 
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Fig. 4.14. Ions content of seven ecotypes of Cyperus alopecuroides Rottb. under four 

treatment levels of salt stress. 
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in growth medium. Minimum increase was recorded in Qadir abad site-1 ecotype at 100 mM 

salt level. In whole situation 300 mM salt level was more effective as compared to 100 and 

200 mM salt level (Table 4.7; Fig 4.14). 

Shoot Cl- increased significantly and gradually with increase in salt level in all ecotypes of 

Cyperus alopecuroides Rottb. This increase was highly significant with increasing salt level 

from 0 mM to 200 mM in all ecotypes. Thereafter non-significant increase was recorded in 

Sheikhupura site-1 and Qadir abad site-1 ecotypes with further increase in salt level. All 

ecotypes differed non-significantly and interaction between ecotypes and treatments was also 

non-significant (Table 4.7; Fig 4.14). 

4.7. ROOT ANATOMICAL ATTRIBUTES 

 

Root radius non-significantly responded to salinity. Salt level 100 mM increased root radius 

in Qadir abad site-1 and Qadir abad site-2 ecotypes. Thereafter very low increase was 

recorded with increase in salt levels from 200 mM to 300 mM. On the other hand. Salinity at 

100 mM had reduced the root radius much. Thereafter no further decrease was recorded in 

Nankana site-1, Sheikhupura site-1 and Sheikhupura site-2 ecotypes. No change in this 

parameter was recorded at all levels of salinity in Nankana site-2 and Jhang site ecotypes. 

Root radius in all ecotypes differed significantly (Table 4.8; Fig 4.15).   

Root sclerenchyma thickness significantly increased at 100 mM salt level. This increase 

became highly significant and gradual in Nankana site-2, Nankana site-1, and Sheikhupura 

site-1 with Jhang site ecotypes with increase in salt level in growth medium. Qadir abad site-

2 ecotype showed somewhat different response to salinity. In this ecotype root sclerenchyma 

thickness increased at 100 mM salt level but non-significant increase was recorded at 200 

mM and 300 mM salt levels. In Sheikhupura site-2 ecotype non-significant decrease in this 

variable was recorded at 100 mM salt level, thereafter significant decrease was recorded at all 

other levels of salinity. While in Qadir abad site-1 gradual but non-significant decrease was 

recorded at all level of salinity (Table 4.8; Fig 4.15).  

Root endodermis thickness increased significantly with increase in salt level in growth 

medium. All ecotypic root endodermis response differ significantly to saline conditions. A 

significant increase in this attribute at 100 mM was recorded in Nankana site-2 ecotype but 

no change after that. Nankana site-1, Sheikhupura site-1 showed same typical response as 

increase in this parameter at 300 mM salt level and non-significant increase at other salt level 
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Table 4.7: Mean squares from the analysis of variance of the data root anatomical 

attributes for salinity tolerance in differently adapted ecotypes of Cyperus alopecuroides 

Rottb. 

SOV df Root radius 

 

Sclerenchyma 

thickness  

Root 

endodermis 

thickness 

Root epidermal 

cell area 

Ecotypes (E) 6 53.250 *** 

 

32.090 *** 

 

96.014 *** 

 

43.992 *** 

 

Treatment (Tr) 3 0.651 ns 

 

7.552*** 

 

108.820 *** 

 

94.349 *** 

 

E x Tr 18 9.730 *** 

 

15.178 *** 

 

5.714 *** 

 

12.077 *** 

 

 

SOV Df Root aerenchyma 

cell area 

Root vascular 

bundle  thickness 

Root metaxylem 

cell area 

Ecotypes (E) 6 7.156 *** 

 

8.618 *** 

 

56.165 *** 

 

Treatment (Tr) 3 42.543 *** 

 

2.391 * 

 

21.562 *** 

 

E x Tr 18 2.333 * 

 

7.034 *** 

 

30.343 *** 

 

 

*, **, and *** = significant at 0.05, 0.01 and 0.001 levels, respectively 

ns = non-significant 
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Fig. 4.15. Root anatomical attributes of seven ecotypes of Cyperus alopecuroides Rottb. 

under four treatment levels of salt stress.  
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Fig. 4.16. Root anatomical attributes of seven ecotypes of Cyperus alopecuroides Rottb. 

under four treatment levels of salt stress. 
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Fig. 4.17. Root anatomical attributes of seven ecotypes of Cyperus alopecuroides Rottb. 

under four treatment levels of salt stress. 
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Plate.1. Transverse sections of roots of differently adapted ecotypes of Cyperus 

alopecuroides Rottb. under different levels of salt stress.  
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Plate. 2. Transverse sections of roots of differently adapted ecotypes of Cyperus 

alopecuroides Rottb. under different levels of salt stress. 
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Plate.3. Transverse sections of roots of differently adapted ecotypes of Cyperus 

alopecuroides Rottb. under different levels of salt stress. 
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Plate. 4. Transverse sections of roots of differently adapted ecotypes of Cyperus 

alopecuroides Rottb. under different levels of salt stress.  
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levels was observed. Sheikhupura site-2 and Qadir abad site-2 ecotypes showed non-

significant increase at 100 mM salt level but thereafter significant increase was recorded with 

increase in salt level in growth medium. Only Qadir abad site-1 and Jhang site ecotypes 

showed significant and gradual increase in root endodermis thickness with increase in salt 

level in growing medium (Table 4.8; Fig 4.15).  

Root epidermal cell area decreased significantly in Qadir abad site-1, Qadir abad site-2 and 

Jhang site ecotypes with increase in salt level from 0 mM to 300 mM in growing 

environment. But in other ecotypes like Nankana site-2, Nankana site-1, Sheikhupura site-1 

and Sheikhupura site-2 significant increase was recorded only at 300 mM salt level in growth 

medium. Ecotypes significantly differ in root epidermal cell area response.  Significant 

Interaction between ecotype and treatment levels indicated poor response of this parameter to 

salinity (Table 4.8; Fig 4.16).  

Root aerenchyma cell area increased significantly and gradually in Nankana site-2, Jhang site 

ecotypes with increase in salt level. Nankana site-1, Sheikhupura site-2 and Qadir abad site-1 

showed non-significant increase at 100 mM salt level but significant increase in this attribute 

was recorded at 200 mM and 300 mM salt level. Sheikhupura site-1 ecotype showed increase 

in root aerenchyma cell area only at 300 mM salt level in growth medium while Qadir abad 

site-2 gave such response at 100 mM salt level. Thereafter no significant change was 

recorded (Table 4.8; Fig 4.16). 

Vascular bundle area gradually and consistently decreased in Nankana site-1, Sheikhupura 

site-2, Qdirabad site-2 and Jhang site ecotypes with increase in salt level in medium and 

differences were highly significant among ecotypes at higher salt level. Induction of salts 

resulted in an increase in vascular bundle area in Nankan site-2, Sheikhupura site-1 and Qadir 

abad site-1 ecotypes which become maximum at 300 mM salt level, on the other hand, a non-

significant decrease in vascular bundle area was recorded with increase in salt level of the 

medium up to 200 mM level, and thereafter a sharp and significant decrease was noted at the 

highest level 300 mM (Table 4.8; Fig 4.16).  

Root metaxylem cell area decreased in all ecotypes with induction of salt in growth 

medium. This reduction became highly significant at 100 mM salt level in Jhang site 

ecotype, at 100 mM and 200 mM salt level in Nankana site-1 ecotype and at 300 mM salt 

level in Qadir abad site-2 ecotype. Non-significant response was recorded at other salt 

levels in above mentioned ecotypes. On the other hand an increase in root metaxylem cell 
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area was recorded in Nankana site-2, Sheikhupura site-1 and Qadir abad site-1 ecotypes 

which became maximum at 300 mM salt level in growth medium. While Sheikhupura site-

2 ecotype not affected at any salt level (Table 4.8; Fig 4.17). 

4.8. STEM ANATOMICAL ATTRIBUTES 

Stem radius in Nankana site-2 and Nankana site-1 ecotypes increased non-significantly with 

induction of salt in growth medium and non-significant decrease was recorded in 

Sheikhupura site-2 and Qadir abad site-1 ecotypes. This parameter was significantly affected 

in Sheikhupura site-1, Qadir abad site-2 and Jhang site ecotypes by salt levels. This parameter 

decreased not only significantly but also gradually in these ecotypes. This become highly 

significant in Qadir abad site-2 and Jhang site ecotypes at 300 mM salt level in growing 

environment. A non-significant interaction between ecotype and treatment showed good 

response of stem radius to salinity (Table 4.9; Fig 4.18). Stem sclerenchyma thickness 

increased gradually and significantly in Nankana site-2, Nankana site-1, Qadir abad site-1, 

Sheikhupura site-1, Sheikhupura site-2 and Qadir abad site-2 ecotypes with increase in salt 

level in growth medium but Jhang site showed no response at 100 mM salt level. Thereafter a 

significant and gradual increase in this parameter was recorded at 200 mM and 300 mM salt 

level (Table 4.9; Fig 4.18).  

Stem epidermal cell area increased significantly at 100 mM salt level in Nankana site-1 and 

Nankana site-2 ecotypes but no change was noted as the salt level increased from 100 to 200 

mM in growth medium, Thereafter again significant increase was recorded in above 

mentioned ecotypes. Instead Sheikhupura site-1 and Sheikhupura site-2 ecotypes showed no 

change in this regard with increase in salt level from 0 mM to 100 mM, Thereafter a 

significant decrease was recorded with further increase in salt level up to 300 mM in growth 

medium. But no change was found in stem epidermal cell area in Qadir abad site-1 ecotype at 

any level of salt applied. Qadir abad site-2 ecotype showed a significant increase in this 

attribute at 100 mM salt level as compared to 0 mM salt level, Thereafter a significant 

decrease was noted as salt level increased further. On the other hand Jhang site showed 

significant decrease at 100 mM salt level, but no further decrease was recorded with increase 

in salt level in growth medium. Ecotypes differed significantly in stem epidermal cell area 

but there was also a significant interaction between ecotype and treatment level showing not 

great performance of this parameter to salinity (Table 4.9; Fig 4.18).  



   

 72 

Table 4.8: Mean squares from the analysis of variance of the data stem anatomical attributes 

for salinity tolerance in differently adapted ecotypes of Cyperus alopecuroides Rottb. 

SOV df Stem radius Stem 

sclerenchyma 

thickness 

Stem epidemal 

cell area 

Stem 

parenchyma 

cell area 

Ecotypes (E) 6 19.283 *** 

 

76.187 *** 

 

2.841 * 

 

51.259 *** 

 

Treatment (Tr) 3 4.426 ** 

 

32.726 *** 

 

4.628 ** 

 

102.279 *** 

 

E x Tr 18 1.990 ns 

 

0.702 *** 

 

10.802 *** 

 

11.783 *** 

 

 

SOV df Stem vascular 

bundle area 

Stem meta 

xylem cell 

area 

Ecotypes (E) 6 35.798 *** 

 

18.739 *** 

 

Treatment (Tr) 3 14.472 *** 

 

16.640 *** 

 

E x Tr 18 3.682 ** 

 

14.825 *** 

 

 

*, **, and *** = significant at 0.05, 0.01 and 0.001 levels, respectively 

ns = non-significant 
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Fig. 4.18. Stem anatomical attributes of seven ecotypes of Cyperus alopecuroides Rottb. 

under four treatment levels of salt stress. 
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Fig. 4.19. Stem anatomical attributes of seven ecotypes of Cyperus alopecuroides Rottb. 

under four treatment levels of salt stress. 
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Plate.5. Transverse section of stem of differently adapted ecotypes of Cyperus 

alopecuroides Rottb. under different levels of salt stress. 
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Plate. 6. Transverse section of shoot of differently adapted ecotypes of Cyperus 

alopecuroides Rottb. under different levels of salt stress. 
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Stem parenchyma cell area was decreased in Nankana site-2 and Sheikhupura site-1 ecotypes 

in saline medium. This decrease was not only significant but also gradual with increase in salt 

level in growth medium. This decrease was significant in Nankana site-1 ecotype at 200 mM 

and 300 mM salt level but non-significant decrease was recorded in Qadir abad site-1 ecotype 

even at higher levels of salinity. In contrast, salt at 100 mM concentration in growing 

environment highly significantly increased this parameter in Sheikhupura site-2, Qadir abad 

site-2 and Jhang site ecotypes.Thereafter a sharp decrease was noted in Sheikhupura site-2 

and Qadir abad site-2 ecotypes but no particular change in this parameter was recorded at 

higher salt levels. Ecotypes differed significantly in stem parenchyma cell area and 

significant interaction between ecotype and treatment was also found which determined the 

slow response of  this parameter to salinity (Table 4.9; Fig 4.18).  

Stem vascular bundle area decreased in Nankana site-2 and Sheikhupura site-2 ecotypes at 

200 mM salt level which become significant at 300 mM saline environment. Whereas saline 

levels had significantly and gradualy increased this parameter in  Nankana site-1 ecotype. In 

the same but opposite  way significant and gradual decrease in this parameter was noted in 

Jhang site ecotype  with increase in salt level. Medium salt level in growth medium resulted 

in increase in stem vascular bundle area but higher salt levels 200 mM and 300 mM in 

growth medium significantly  and sharply reduced this parameter (Table 4.9; Fig 4.19).  

Stem metaxylem area was not affected in Nankana site-2 ecotype by medium saline 

conditions Thereafter a significant reduction in it was noted with regard to increase in  

salinity. This decrease was very sharp and significant even at 100 mM salt level in Jhang site 

and Sheikhupura site-2 ecotypes. stem metaxylem area  increased with increase in salt level 

upto 200 mM but, 300 mM salt level decreased this parameter as compared to 200 mM in 

Nankana site-1 and Qadir abad site-1 ecotypes. Salt  level 100 mM increase this parameter 

but further increase in salt level significantly decreased it in Sheikhupura site-1 ecotype but 

gradual and significant increase in this parameter was noted at 200 mM and 300 mM salt 

level in Qadir abad site-2 ecotype (Table 4.9; Fig 4.19).  

4.9. LEAF ANATOMICAL ATTRIBUTES 

Leaf lamina thickness decrease in Nankana site-2 and Nankana site-1 ecotypes with the 

induction of salts in growth medium. Reduction in this parameter was found significant and 

consistent in Sheikhupura site-1, Sheikhupura site-2 and jhang site ecotypes with increase in 

salt level. Medium salt level in growth medium increase leaf lamina thickness in Qadir abad 
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site-1 and Qadir abad site-2 ecotypes but higher salt levels (200 mM, 300 mM) significantly 

decreased this parameter in these ecotypes. Like treatment, populations also differed 

significantly. Ecotype and treatments also showed significant interaction (Table 4.10; Fig 

4.20).   

Leaf lower epidermis cell area significantly increased in Nankana site-2 ecotype at 100 mM 

salt level but no decrease was recorded with increase in salt level up to 300 mM in growth 

medium as compared to 0 mM salt level. Salinity significantly decreased this parameter in 

Nankana site-1, Sheikhupura site-2, Qadir abad site-1 and Jhang site ecotypes. No decrease in 

this parameter was noted in Sheikhupura site-1 and Qadir abad site-2 ecotypes at 100 mM 

salt level in growth medium.  Thereafter significant decreased was recorded at 200 mM salt 

level in Sheikhupura site-1 ecotype with no forther decrease at 300 mM salt level. Increase in 

salt level from 100 mM to 300 mM decreased this parameter in Qadir abad site-2 ecotype 

significantly and gradually (Table 4.10; Fig 4.20).  

Leaf upper epidermal cell area was decreased gradually in Nankana site-2 and Sheikhupura 

site-2 and Jhang site ecotypes with gradual increase in salt level. These salt levels highly 

significantly and sharply decreased this leaf attribute in Nankana site-1 and Qadir abad site-1 

ecotypes. In contrast in Sheikhupura site-1 ecotype, a huge increase in this parameter was 

noted at 100 mM salt level but no increase or decrease at 200 mM salt level as compared to 0 

mM salt (control). Thereafter, a sharp decrease in this parameter was recorded at 300 mM salt 

level. Qadir abad site-2 was only ecotype which showed gradual and significant increase in 

this parameter with increase in salt level in growth medium (Table 4.10; Fig 4.20).  

Leaf sclerenchyma thickness increased significantly in all populations of Cyperus 

alopecuroides Rottb. with increase in salt level in growth medium. Populations not only 

differed significantly but also showed significant interaction with treatment (Table 4.10; Fig 

4.21).  

Leaf mesophyll cell area decreased significantly in ecotypes with induction of salts in growth 

medium which was highly significant in Nankana site-2 and Sheikhupura site-2 ecotypes. 

Medium salt level (100 mM) in growth medium non-significantly reduced this parameter in 

Nankana site-1, Sheikhupura site-1, Qadir abad site-1, Qadir abad site-2 and Jhang site   



   

 79 

Table 4.9: Mean squares from the analysis of variance of the data leaf anatomical 

attributes for salinity tolerance in differently adapted ecotypes of Cyperus alopecuroides 

Rottb. 

SOV df Leaf lamina 

thickness 

Leaf  lower 

epidermal cell 

area 

Leaf  upper 

epidermal cell 

area 

Leaf 

sclerenchyma 

thickness 

Ecotypes (E) 6 7.474 *** 

 

205.711 *** 

 

3.114 * 

 

18.133 *** 

 

Treatment 

(Tr) 

3 72.475 *** 

 

566.3 *** 

 

66.198 *** 

 

130.231 *** 

 

E x Tr 18 5.670 *** 

 

86.762 *** 

 

13.450 *** 

 

5.712 *** 

 

 

SOV df Leaf mesophyll 

cell area 

Leaf 

metaxylem cell 

area 

Leaf 

metaphloem 

cell area 

Leaf v.b area 

Ecotypes (E) 6 3.504 ** 

 

69.164 *** 

 

40.022 *** 

 

6.127 *** 

Treatment 

(Tr) 

3 21.937 *** 

 

127.717 *** 

 

66.459 *** 

 

13.347 *** 

E x Tr 18 0.685 ns 

 

7.489 *** 

 

6.451 *** 

 0.362 ns 

 

*, **, and *** = significant at 0.05, 0.01 and 0.001 levels, respectively 

ns = non-significant 
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Fig. 4.20. Leaf anatomical attributes of seven ecotypes of Cyperus alopecuroides Rottb. 

under four treatment levels of salt stress. 
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Fig. 4.21. Leaf anatomical attributes of seven ecotypes of Cyperus alopecuroides Rottb. 

under four treatment levels of salt stress. 
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Plate.7. Transverse sections of leaves of differently adapted ecotypes of Cyperus 

alopecuroides Rottb. under different levels of salt stress. 
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Plate. 8. Transverse sections of leaves of differently adapted ecotypes of Cyperus 

alopecuroides Rottb. under different levels of salt stress. 
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 ecotypes. But further increase in salt level decrease this parameter consistently in these 

ecotypes.A non-significant interaction between ecotype and treatment showed good response 

of leaf mesophyll cell area to salt levels (Table 4.10; Fig 4.21).  

Leaf metaxylem cell area showed variable response to different levels of salinity in all 

ecotypes. This parameter was decreased significantly at 100 mM salt level in Nankana site-2 

ecotype but not further decrease was recorded with increase in salt level upto 200 mM. This 

ecotype showed decrease with further increase in salt level upto 300 mM in growth medium. 

Salinity has highly decreased this parameter in Nankana site-1 and Qadir abad site-1 

ecotypes. While in Sheikhupura site-1, Qadir abad site-1 and Jhang site ecotypes 100 mM salt 

level decreased this parameter, Thereafter no further decrease was recorded with increase in 

salt level. Whereas Sheikhupura site-2 ecotype showed decrease only after 100 mM salt level 

but no further decrease after 200 mM  salt level (Table 4.10; Fig 4.21).  

Leaf metaphloem cell area decrease gradually in Jhang site, Qadirabad site-2, Qadirabad site-

1 and Sheikhupura site-2 ecotypes with induction of increasing salt levels Whereas an 

increase was shown in Nankana site-1 ecotype at 100 mM salt level but further increase in 

salt level decreased this parameter. A minute decrease was recorded in Sheikhupura site-1 

ecotype at higher salt levels as compared to control (0 mM) level. In contrast, Nankana site-2 

ecotype showed no change with change in salt level (Table 4.10; Fig 4.22).  

Leaf vascular bundle area decreased gradually and significantly with gradual increase in salt 

level in growth medium. Salt level decreased this parameter not only significantly but 

ecotypes also differed significantly in response whereas non-significant interaction was 

recorded between  these two factors (Table 4.10; Fig 4.22).  

4.10. BRACT ANATOMICAL ATTRIBUTES 

Bract lamina thickness not effected in Nankana site-2 and Sheikhupura site-2 ecotypes by 

100 mM salt level, Thereafter a significant decrease was recorded at 200 mM but no further 

decrease was noted at 300 mM salt level. While Sheikhupura site-1 and Nankana site-1 and 

Jhang site ecotypes showed significant decrease at 100 mM but no further decrease in this 

parameter was recorded with increase in salt level. Bract lamina thickness showed a gradual 

decrease in Qadir abad site-1 and Qadir abad site-2 ecotypes with increase in salt level in 

growth medium. Ecotypes also differed significantly but significant interaction between 

ecotype and treatment showed not well performance (Table 4.11; Fig 4.23).  
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Bract lower epidermal cell area increased significantly in Nankana site-2, Sheikhupura site-1, 

Qadir abad site-1 and Qadir abad site-2 ecotypes at 100 mM salt level but further increase 

was recorded only in Nankana site-2 ecotype at 200 mM salt level while in other ecotypes 

this salinity level decreased this parameter which was highly significantly decreased at 300 

mM in all ecotypes. In Nankana site-1 ecotype gradual and significant decrease was noted 

with increase in salt level. Higher salt level (200 mM) increased this parameter but further 

increase in salt level (300 mM) decreased it significantly as compared to control level. Bract 

lower epidermal cell area gave somewhat variable response in Jhang site ecotype to 

salinity.This parameter showed a significant decrease at 100 mM salt level but no further 

decrease was recorded with increase in salt level (Table 4.11; Fig 4.23).  

Bract upper epidermal cell area was increased at 100 mM salt level in Nankana site-1, 

Nankana site-2 and Qadir abad site-1 ecotypes. Thereafter a gradual decrease in this 

parameter was recorded with increase in salt level in growth medium. While in other 

ecotypes a significant decrease was noted which was gradual in Jhang site ecotype. Ecotypes 

differed significantly regarding this parameter and also showed significant interaction with 

treatment levels (Table 4.11; Fig 4.23). 

Bract sclerenchyma thickness increased significantly in all populations with induction of salts 

in growth medium (Table 4.11; Fig 4.24).  

Bract mesophyll cell area increased in Nankan-  site-2 ecotype at 100 mM salt induction in 

growth medium which was gradually decreased with further induction of salt. A significant 

decrease was recorded in Sheikhupura site-2 and Sheikhupura site-1 ecotypes at 100 mM salt 

level which become gradually decreased with further increase in salt level. In contrast in 

Nankana site-1 ecotype, salinity had decreased this parameter at 100 and 200 mM salt level 

with no further decrease at 300 mM salt level. On the other hand a minute decrease was 

recorded in Qadir abad site-1 and Qadir abad site-2 ecotypes at increasing levels of salinity. 

Jhang site ecotype was only one which showed significant decrease at 100 mM but minor 

decrease in this parameter was recorded with further increase in salt level (Table 4.11; Fig 

4.24).  

Bract metaxylem cell area decreased gradually and significantly in Jhang site, Qadir abad 

site-2 and Sheikhupura site-1 ecotypes with induction of salt in growth medium. While 100 

and 200 mM salt level significant reduced this parameter in Nankana site-2 ecotype but no 

further decrease was recorded at 300 mM salt level. Same level of reduction at 100 and 200 
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mM was noted in Nankana site-1 ecotype while further decrease was noted at 300 mM salt 

level. Sheikhupura site-2 ecotype showed a significant increase at 100 mM salt level but 

further increase in salt level significantly reduced this parameter. Inspite Qadir abad site-1 

ecotype was only one same level of reduction in this parameter with increased salt level in 

growth medium (Table 4.11; Fig 4.24).  

Bract metaploem area was significantly and gradually decreased in Nankana site-2, Nankana 

site-1, Sheikhupura site-1, Qadir abad site-1 and Jhang site ecotypes with increase in salt 

level in growth medium. Sheikhupura site-2 ecotype showed some what increase in this 

parameter at 100 mM salt level but further increase in salt level decrease this attribute. Qadir 

abad site-2 ecotype also showed decrease in this parameter at 100 mM salt level but 

significant reduction was recorded at 200 mM with no further reduction at 300 mM salinity in 

growth medium (Table 4.11; Fig 4.25).   

Bract vascular bundle area decreased with induction of salt in growth medium. This was 

significantly decreased and gradually decreased in Jhang site, Qadir abad   site-2, Nankana-  

site-1, Sheikhupura site-2 and Qadir abad site-1 ecotypes with continuous induction of salt in 

growth medium. While Sheikhupura site-1 ecotype showed a minor  reduction in this 

parameter at 100 mM salt level but further increase in salt level cause significant reduction as 

compared to 0 mM salt level. Salt level of 100 mM increased bract vascular bundle area in 

Nankana site-2 ecotype but further increase in salt level cause a significant reduction in this 

parameter (Table 4.11; Fig 4.25).  
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Table 4.10: Mean squares from the analysis of variance of the data bract anatomical 

attributes for salinity tolerance in differently adapted ecotypes of Cyperus alopecuroides 

Rottb. 

SOV df Bract lamina 

thickness 

Bract lower 

epidermal cell 

area 

Bract upper 

epidermal cell 

area 

Bract 

sclerenchyma 

thickness 

Ecotypes (E) 6 23.107 *** 

 

119.240 *** 

 

171.8022 *** 

 

11.466 *** 

 

Treatment 

(Tr) 

3 91.617 *** 

 

320.454 *** 

 

560.245 *** 

 

99.964 *** 

 

E x Tr 18 4.435 *** 

 

92.111 *** 

 

51.050 *** 

 

2.115 *** 

 

 

SOV df Bract 

mesophyll 

cell area 

Bract 

metaxylem 

cell area 

Bract 

metaphloem 

cell area 

Stomatal 

area 

Stomatal 

density 

Ecotypes 

(E) 

6 81.432 *** 

 

111.132 *** 

 

99.085 *** 

 

4.814 *** 

 

4.119 ** 

 

Treatment 

(Tr) 

3 259.965 *** 

 

1120.991 *** 

 

293.627 *** 

 

33.147*** 

 

51.925 *** 

 

E x Tr 18 24.567 *** 

 

81.003 *** 

 

18.510 *** 

 

3.527 ** 

 

4.774 *** 

 

 

*, **, and *** = significant at 0.05, 0.01 and 0.001 levels, respectively 

ns = non-significant 
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Fig. 4.23. Bract anatomical attributes of seven ecotypes of Cyperus alopecuroides Rottb. 

under four treatment levels of salt stress. 
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Fig. 4.24. Bract anatomical attributes of seven ecotypes of Cyperus alopecuroides Rottb. 

under four treatment levels of salt stress. 
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Fig. 4.25. Bract anatomical attributes of seven ecotypes of Cyperus alopecuroides Rottb. 

under four treatment levels of salt stress. 
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Fig. 4.26. Bract anatomical attributes of seven ecotypes of Cyperus alopecuroides Rottb. 

under four treatment levels of salt stress. 
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Plate.9. Transverse sections of bracts of differently adapted ecotypes of Cyperus 

alopecuroides Rottb. under different levels of salt stress. 
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Plate.10. Transverse section of bract of differently adapted ecotypes of Cyperus 

alopecuroides Rottb. under four levels of salt stress. 
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Plate.11. Longitudinal sections of bracts of differently adapted ecotypes of Cyperus 

alopecuroides Rottb. under four levels of salt stress. 
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Plate.12. Longitudinal sections of bracts lower epidermis of differently adapted ecotypes 

of Cyperus alopecuroides Rottb. under four levels of salt stress. 
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Stomatal density decreased with induction of salt in growth medium. A significant and 

gradual decrease was recorded in Jhang site, Nankana site-1 and Qadir abad site-2 ecotypes 

against salinity levels.  While Nankana site-2 ecotype showed no decrease at 100 mM, 

Thereafter a significant decrease was recorded with increase in salt level. 100 mM salt level 

increased this parameter in Sheikhupura site-1 and Qadir abad site-1 ecotypes. Further 

increase in salt level decrease this feature gradually. While Sheikhupura site-2 ecotype 

showed increase with increase in salt level up to 200 mM but further increase in salt level 300 

mM decreased it (Table 4.11; Fig 4.25).  

Stomatal area was increased in Nankana site-1, Qadir abad site-1, Qadir abad site-2 and 

Jhang site ecotypes at 100 mM salt level in growth medium, whereas further increase in salt 

induction decreased this attribute. Salinity at medium level had no effect on Nankana site-1 

ecotype but higher levels possessed significant reduction in this parameter. 300 mM salinity 

level had highly significant effect on stomatal area which was decreased in all ecotypes at 

this level. Sheikhupura site-1 ecotype showed a gradual decrease with increase in alt level. 

Whereas Sheikhupura site-2 ecotype showed a gradual increase in stomatal area with increase 

in salt level in growth medium (Table 4.11; Fig 4.26).  

4.11. MULTIVARIAT REDUNDANCY ANALYSIS (RDA)  

 

RDA ordination analysis showed a variable trend of all ecotypes of Cyperus alopecuroides 

Rottb. in relation to morpho-anatomical and physiological modifications which change along 

salinity gradient. Nankana site-2 and Sheikhupura site-2 ecotypes showed strong association 

with S.L, S.F.WT, B. AR. whereas these attributes showed weaker association with Qadir 

abad site-1 and Sheikhupura site-1 ecotypes. With increase in salt level upto 100 mM these 

parameters showed strong association with Sheikhupura site-2 ecotype but weak association 

was observed with Sheikhupura site-1 and Nankana site-2 ecotypes. On the other hand 

R.F.WT and R.D.WT showed strong association with Qadir abad site-2 ecotype at 0 mM salt 

level which become weaker with Jhang site and Nankana site-1 ecotypes. Both these ecotypes 

also showed association with R.L. at 100 mM salt level. With increase in salt level upto 100 

mM. R.F.WT, R.D.WT and R.L showed weak association with Jhang site, Qadir abad site-2 

and Qadir abad site-1 ecotypes. All morpho-agronomical attributes showed somewhat 

association with Sheikhupura site-1 ecotype at 200 mM salt level in growth medium but no 

association was by any morpho-agronomical attribute with ecotypes at 300 mM salt level.  
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4.11.1. RDA ordination bi-plot of gas exchange, pigments traits under the influence of 

treatments for seven ecotypes 

Jhang site ecotype showed a strong association with E at 0 mM salt level but weak 

association was shown with this parameter at 100 mM salt level. While Ci showed strong 

association with Qadir abad site-2 ecotype at 0 mM salt level but weaker association was 

shown with Nankana site-1 ecotype at 100 mM salt level. A, Chl.a, Chl.b, T.Chl strongly 

associated with Nankana site-1 and Sheikhupura site-2 ecotype but showed weak association 

with Qadir abad site-2 and Qadir abad site-1 ecotypes at 100 mM salt level. gs and WUE 

showed weak association with all ecotypes at 0 mM but string association was found with 

Sheikhupura site-1 ecotype at 100 mM salt level. Physiological peremeters showed weak 

association with Nankana site-1 and Sheikhupura site-2 ecotypes while no association was 

shown at 300 mM between Physiological attributes and ecotypes. 

4.11.2. RDA ordination bi-plot of Nutrients, ions and organic osmolytes traits under the 

influence of treatments for seven ecotypes. 

Nutrients, ions and organic osmolytes showed a strong association with ecotypes. K in root 

and shoot showed strong association with Sheikhupura site-1, Nankana site-1, Jhang site and 

Qadirababd site-2 ecotypes at 0 mM salt level but weak association was found with 

Sheikhupura site-2 ecotype at this salt level. Both these parameters were weakly associated 

with all ecotypes at 100 mM salt level. P in shoot showed strong association with Nankana 

site-2 ecotype at o mM at salt level and weak association with Qadir abad site-1 ecotype but 

at 100 mM salt level P in shoot and root showed strong association with Nankana site-2 and 

Qadir abad site-1 ecotypes. Organic osmolytes, ions and nutrients showed weaker association 

with all ecotypes except T.S.S., T.F.A.A which showed strong association at 200 mM salt 

level. Whereas at 300 mM salt level. All remaining osmolytes, ion, nutrients showed strong 

associatins i.e. Flav with Nankana site-2 and Qadir abad site-1 , Ca.R, Na.sh, Cl.R, N% in 

root with Sheikhupura site-2, N% shoot, Na.R,  Cp% sh,Cp% R, Ca. sh, Cl.sh, Proline with 

Sheikhupura site-1 and Jhang site ecotypes while weak associations were recorded of N% 

shoot, Na+ in R,  Cp% sh, Cp% R, Ca+. sh, Cl-.sh, Proline with Sheikhupura site-2, Qadir 

abad site-2 and Nankana site-1 ecotypes.  
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4. 11. 3. RDA ordination bi-plot of anatomical traits under salt stress for seven ecotypes 

Root anatomical characteristics associated with different ecotypes at different treatment 

levels. Root vascular bundle area showed strong association with Jhang site and Sheikhupura 

site-1 ecotypes. While root epidermal cell area showed weaker association with other 

ecotypes of C. alopecuroides. Rottb. at 0 mM salt level in growth medium. Other root 

anatomical attributes showed no association with any ecotypes at 0 mM salt level. Root 

vascular bundle area showed strong association with Jhang site ecotype at 100 mM salt level 

while root epidermal cell area showed weaker association with Qadir abad site-2 ecotype at 

this salt level but again no association of other anatomical attributes was shown with any 

ecotype at 100 mM salt level. On the other hand root radius, root endodermis thickness and 

root metaxylem area showed weaker association with Qadir abad site-1, Sheikhupura site-1 

and Jhang site ecotypes at 200 mM salt level but at 300 mM salt level also showed weaker 

association with Qadir abad site-1, Jhang site and Qadir abad site-2 ecotypes. Root 

sclerenchyma and root aerenchyma was also weakly associated with Sheikhupura site-2, 

Qadir abad site-2 and Nankana site-1 ecotypes and also weakly associated with Sheikhupura 

site-2, Sheikhupura site-1 and Nankana site-1 ecotypes at 300 mM salt lvel in growth 

medium. 

Stem epidermal cell area and stem metaxylem area showed strong association with Jhang site 

and Sheikhupura site-1 ecotype at 0 mM salt level, while vascular bundle area and stem 

radius showed a strong association with Nankana site-2 ecotypes at the same salt level. But 

stem aerenchyma showed a weaker association with Nankana site-1 and Sheikhupura site-2 

ecotypes at 100 mM salt level while stem sclerenchyma area was only attribute which has no 

association with any ecotype at 0 mM and 100 mM salt level. Stem radius and stem vascular 

bundle area were the only stem anatomical attributes which showed strong association with 

Nankana site-2 ecotype at 200 mM salt level in growth medium. In the same way stem 

sclerenchyma was also only stem anatomical attribute which showed strong association with 

Nankana site-2 ecotype at 300 mM salt level. No more stem anatomical attribute showed 

association with any ecotype at 200 mM and 300 mM salt level. 

Leaf sclerenchyma showed a strong association with Jhang site and Sheikhupura site-1 

ecotypes but leaf upper epidermis and leaf lamina thickness showed weaker association with 

Nankana site-1 and Sheikhupura site-2 ecotypes at 0 mM salt level. Leaf metaxylem and leaf 

mesophyll also showed a weak association with Qadir abad site-1 and Qadir abad site-2 
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ecotypes while a strong association was shown between L.L.Epi, L.Vb, L.M.Phl and 

Nankana site-2 ecotype at 0 mM salt level. Leaf sclerenchyma was weakly associated with 

Sheikhupura site-1 ecotype at 100 mM salt level but leaf upper epidermis and leaf lamina 

thickness showed weaker association with Sheikhupura site-2 ecotype while L.L.Epi, L.Vb , 

L.M.Phl showed strong association with Nankana site-2 ecotype at 100 mM salt level in 

growth medium. L.Vb area, L.metaphloem area were main ecotypes which showed strong 

association with Nankana site-2 ecotype at 200 mM salt level. But no association was shown 

between leaf anatomical parameters and ecotypes at 300 mM salt level. 

Bract sclrenchyma thickness, bract mesophyll area, bract stomatal density and bract stomatal 

area showed strong association with Jhang site and Sheikhupura site-1 ecotypes at 0 mM salt 

level in growth medium but bract metaxylem area and bract lamina thickness were weakly 

associated with Nankana site-1 and Sheikhupura site-2 ecotypes. While bract upper epidermal 

cell area, bract lower epidermal cell area, bract vascular bundle area and bract metaphloem 

area also weakly associated with Qadir abad site-1 ecotype at 0 mM salt level in growth 

medium. At 100 mM salt level different interaction was shown. Bract sclrenchyma thickness, 

bract mesophyll area strongly associated with Jhang site and Sheikhupura site-1 ecotypes 

while bract stomatal density and bract stomatal area showed weak association with Qadir 

abad site-1 and Sheikhupura site-2 ecotypes. Bract upper epidermal cell area, bract lower 

epidermal cell area, bract vascular bundle area and bract metaphloem area also weakly 

associated with Nankana site-1 ecotype at 100 mM salt level. There was no anatomical 

parameter which showed any association with any ecotype at 200 mM and 300 mM salt level 

in growth medium. 

4.12 CORRELATION STUDIES  

Pearson’s correlation coefficients (r) were calculated among different morphological, 

anatomical and physiological parameters.  

4.12.1. CORRELATION AMONG MORPHOLOGICAL CHARACTERISTICS  

Different responses were recorded during correlation studies in seven ecotypes of Cyperus 

alopecuroides Rottb. Bract area positively and significantly correlated with root fresh weight, 

shoot fresh weight, shoot dry weight and shoot length at p>0.05. Root fresh weight positively 

and significantly correlated with bract area, root dry weight, shoot dry weight and root length 

at p>0.05. Root dry weight positively and significantly correlated with root fresh weight, 

shoot dry weight and root length at p>0.05. Shoot fresh weight positively and significantly 
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correlated with bract area, shoot dry weight, root length and shoot length at p>0.05. Shoot dry 

weight positively and significantly correlated with bract area, root, root fresh weight, root dry 

weight, shoot fresh weight, root length and shoot length  at p>0.05. Root length positively 

and significantly correlated with root fresh weight, root dry weight, and shoot fresh weight, 

shoot dry weight and shoot length at p>0.05. Shoot length positively and significantly 

correlated with bract area, root fresh weight, shoot fresh weight, shoot dry weight and shoot 

length at p>0.05. 

4.12.2. CORRELATION AMONG PIGMENTS AND GAS EXCHANGE 

CHARACTERISTICS 

 Chlorophyll a positively and significantly correlated with chlorophyll b, total chlorophyll, 

CO2 assimilation rate, stomatal conductance and substomatal CO2 concentration at p>0.05. 

Chlorophyll b positively and significantly correlated with chlorophyll a, total chlorophyll, 

CO2 assimilation rate, transpiration rate and substomatal CO2 concentration at p>0.05. Total 

chlorophyll positively and significantly correlated with chlorophyll a, chlorophyll b, CO2 

assimilation rate, transpiration rate and substomatal CO2 concentration at p>0.05. Carotenoid 

negatively correlated with transpiration rate at p>0.05. CO2 assimilation rate positively and 

significantly correlated with chlorophyll a, chlorophyll b, total chlorophyll, transpiration rate, 

stomatal conductance and substomatal CO2 concentration at p>0.05. Transpiration rate 

positively and significantly correlated with chlorophyll b, total chlorophyll, CO2 assimilation 

rate and substomatal CO2 concentration at p>0.05 while negatively correlated with 

carotenoid, stomatal conductance and water use efficiency at p>0.05. Stomatal conductance 

positively correlated with chlorophyll a, CO2 assimilation rate and significantly correlated 

with water use efficiency but negatively correlated with transpiration rate at p>0.05. 

Substomatal CO2 concentration positively correlated with chlorophyll a, but positively and 

significantly correlated with chlorophyll b, total chlorophyll, CO2 assimilation rate and 

transpiration rate at p>0.05. Water use efficiency positively and significantly correlated only 

with stomatal conductance but negatively correlated with transpiration rate at p>0.05. 

Pigments and gas exchange parameters positively correlated with 0 and 100 mM salt level but 

negatively correlated with 200 and 300 mM salt level. Transpiration rate was only parameter 

which negatively correlated with 100 mM also at p>0.05. 
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Fig. 4.27. RDA ordination bi-plot of Morpho-agronomic attributes of seven ecotypes of 

Cyperus alopecuroides Rottb.  under (NaCl) salt stress. 
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Fig. 4.28. RDA ordination bi-plot of physiological attributes of seven ecotypes of 

Cyperus alopecuroides Rottb. under (NaCl) salt stress. 
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Fig. 4.29. RDA ordination bi-plot of Nutrients, Osmolytes and Ions parameters of seven 

ecotypes of Cyperus alopecuroides Rottb. under (NaCl) salt stress. 
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Fig. 4.30. RDA ordination bi-plot of anatomical parameters of seven ecotypes of Cyperus 

alopecuroides Rottb. under (NaCl) salt stress. 
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4.12.3. CORRELATION AMONG ORGANIC OSMOLYTES, NUTRIENTS AND 

IONS CHARACTERISTICS 

Total free amino acids positively correlated with N%, crude protein in root and shoot, and 

phosphorus, sodium in shoot and calcium in root, While positively and significantly 

correlated with total soluble sugars and flavonoids at at p>0.05. Total free amino acids 

negatively correlated with potassium in root and shoot at p>0.05. Total soluble sugars 

positively correlated with N% in root but positively and significantly correlated with total 

free amino acids and flavonoids at p>0.05. This parameter negatively correlated with proline, 

potassium in root, shoot at p>0.05. Proline negatively correlated with total soluble sugars, 

phosphorus in shoot, potassium in root and shoot at p>0.05. Flavonoids positively and 

significantly correlated with total free amino acids, total soluble sugars, N% in root and 

shoot, crude protein in root and shoot, sodium in root and shoot, calcium in root and shoot, 

chloride in root and shoot at p>0.05.While negatively correlated with potassium in root and 

shoot at p>0.05. N% in root positively and significantly correlated with flavonoids, N% in 

shoot, crude protein in root and shoot, sodium in root and shoot, calcium in root and shoot, 

chloride in root and shoot at p>0.05 but negatively correlated with phosphorus in shoot, 

potassium in root and shoot at p>0.05. Nitrogen in shoot positively and significantly 

correlated with flavonoids, N% in root, crude protein in root and shoot, sodium in root and 

shoot, calcium in root and shoot, chloride in root and shoot at p>0.05 while negatively 

correlated with phosphorus in root and shoot, potassium in root and shoot at p>0.05. Crude 

protein in root positively and significantly correlated with flavonoids, N% in root, N% in 

shoot, crude protein in root, sodium in root and shoot, calcium in root and shoot, chloride in 

root and shoot at p>0.05 but negatively correlated with phosphorus in shoot, potassium in 

root and shoot at p>0.05. Crude protein in shoot positively and significantly correlated with 

flavonoids, N% in root and shoot, crude protein in root, sodium in root and shoot, calcium in 

root and shoot, chloride in root and shoot at p>0.05 while negatively correlated with 

phosphorus in root and shoot, potassium in root and shoot at p>0.05. Phosphorus in root 

negatively correlated with N% in shoot, calcium in shoot, chloride in shoot at p>0.05. While 

phosphorus in shoot negatively correlated with proline, N% in root and shoot, crude protein 

in root and shoot, potassium in root and shoot, sodium in root and shoot, calcium in root and 

shoot, chloride in root and shoot at p>0.05. Potassium in root positively and significantly 

correlated with potassium in shoot at p>0.05 but negatively correlated with flavonoids, N% in 

root and shoot, crude protein in root and shoot, sodium in root and shoot, calcium in root and 



   

 106 

shoot, chloride in root and shoot at p>0.05. Potassium in shoot positively and significantly 

correlated with potassium in root but negatively correlated with total free amino acids, 

flavonoids, N% in root and shoot, crude protein in root and shoot, sodium in root and shoot, 

calcium in root and shoot, chloride in root and shoot at p>0.05. Sodium in root  positively 

and significantly correlated with flavonoids, N% in root and shoot, crude protein in root and 

shoot, sodium in  shoot, calcium in root and shoot, chloride in  shoot but negatively 

correlated with potassium in root and shoot at p>0.05. Sodium in shoot  positively and 

significantly correlated with flavonoids, N% in root and shoot, crude protein in root and 

shoot, sodium in  root, calcium in root and shoot, chloride in  root and shoot but negatively 

correlated with potassium in root and shoot at p>0.05. Calcium in root  positively and 

significantly correlated with flavonoids, N% in root and shoot, crude protein in root and 

shoot, sodium in root and shoot, calcium in  shoot, chloride in root and shoot but negatively 

correlated with potassium in root and shoot at p>0.05. Calcium in shoot  positively and 

significantly correlated with flavonoids, N% in root and shoot, crude protein in root and 

shoot, sodium in  root and shoot, calcium in root, chloride in root and shoot but negatively 

correlated with potassium in root and shoot at p>0.05. Chloride in root  positively and 

significantly correlated with flavonoids, N% in root and shoot, crude protein in root and 

shoot, sodium in root and shoot, calcium in  root and shoot, chloride in  shoot but negatively 

correlated with potassium in root and shoot at p>0.05. Chloride in shoot  positively and 

significantly correlated with flavonoids, N% in root and shoot, crude protein in root and 

shoot, sodium in  root and shoot, calcium in root and shoot, chloride in root but negatively 

correlated with potassium in root and shoot at p>0.05. organic osmolytes, nutrients and ions 

negatively correlated with 0 and 100 mM salt level but positively correlated with 200 and 300 

mM salt level except potassium ion which positively correlated with 0 and 100 mM salt level 

and negatively correlated with 200 and 300 mM salt level at p>0.05. 

Bract lamina thickness positively and significantly correlated with bract upper epidermal cell 

area, bract mesophyll cell area, bract vascular bundle area, bract metaxylem area, bract 

metaphloem area, stomatal density leaf lower epidermal cell area, leaf mesophyll cell area, 

leaf vascular bundle area, leaf metaxylem area, leaf metaphloem and root epidermis cell area 

at p>0.05 but negatively correlated with root aerenchyma at p>0.05.  Bract lower epidermal 

cell area positively and significantly correlated bract upper epidermal cell area and bract 

vascular bundle area at p>0.05. Bract upper epidermis cell area positively and significantly 

correlated with bract lamina thickness, bract mesophyll cell area, bract vascular bundle area, 
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bract metaphloem area and leaf metaphloem area at p>0.05 while negatively correlatd with 

root aerenchyma at p>0.05. Bract mesophyll cell area positively and significantly correlated 

with bract lamina thickness, bract upper epidermal cell area, bract sclerenchyma thickness, 

bract vascular bundle area, bract metaxylem area, bract stomatal density and stem metaxylem 

area but negatively correlated with root aerenchyma area at p>0.05. Bract sclerenchyma 

thickness positively and significantly correlated with bract mesophyll cell area, bract stomatal 

area and metaxylem area while negatively correlated with stem sclerenchyma thickness and 

root aerenchyma area at p>0.05. Bract vascular bundle area positively and significantly 

correlated with bract lamina thickness, bract lower epidermal cell area, bract upper epidermal 

cell area, bract mesophyll cell area, bract metaxylem area, bract metaphloem area, bract 

stomatal density, bract stomatal area, leaf upper epidermal cell area, leaf mesophyll cell area, 

leaf sclerenchyma thickness, leaf vascular bundle area, leaf metaxylem area, leaf metaphloem 

area and root epidermal cell area at p>0.05. but negatively correlated with root aaerenchyma 

and root endodermal cell area at p>0.05. Bract metaxylem area positively and significantly 

correlated with bract lamina thickness, bract mesophyll cell area, bract vascular bundle area,  

bract metaphloem area, bract stomatal density, leaf sclerenchyma thickness, leaf vascular 

bundle area, leaf metaxylem area and root epidermal cell area but negatively correlated with 

root aerenchyma cell area and root endodermis thickness  at p>0.05. Bract metaphloem 

positively and significantly correlated with bract lamina thickness and bract upper epidermal 

cel area, bract vascular bundle, bract metaxylem area, bract stomatal area, leaf sclerenchyma 

thickness and root epidermal cell area but negatively correlated with root sclerenchyma and 

root aerenchyma at p>0.05. Bract stomatal density positively and significantly correlated with 

bract lamina thickness, bract mesophyll cell area, bract vascular bundle area, bract 

metaxylem area, bract stomatal area, leaf sclerenchyma and root epidermal cell area at p>0.05 

but negatively correlated with root sclerenchyma thickness and root aerenchyma area at 

p>0.05. Bract stomatal area positively and significantly correlated with bract sclerenchyma 

and bract stomatal density but negatively correlated with root aerenchyma at p>0.05. 

Leaf lamina thickness positively and significantly correlated with leaf mesophyll cell area 

and stem aerenchyma while negatively correlated with root aerenchyma and root endodermis 

thickness at p>0.05. Leaf lower epidermal cell area positively and significantly correlated 

with leaf mesophyll cell area and leaf metaphloem area at p>0.05. Leaf upper epidermis 

positively and significantly correlated with bract vascular bundle area but negatively 

correlated with root aerenchyma and root endodermis thickness at p>0.05. Leaf mesophyll 
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cell area positively and significantly correlated with bract vascular bundle area, bract 

metaphloem area, leaf lamina thickness, leaf lower epidermal cell area, leaf vascular bundle 

area, leaf metaxylem, leaf metaphloem, but negatively correlated with root aerenchyma and 

root endodermis thickness at p>0.05. Leaf sclerenchyma positively and significantly 

correlated with bract vascular bundle area, bract metaxylem area, bract metaphloem area, 

bract stomatal area and leaf metaxylem but negatively correlated with root aerenchyma and 

root endodermis thickness at p>0.05. Leaf vascular bundle area positively and significantly 

correlated with bract lamina thickness, bract upper epidermal cell area, bract vascular bundle 

area, bract metaxylem area, bract metaphloem area, leaf mesophyll cell area, leaf metaxylem 

area, leaf metaphloem, stem radius, stem vascular bundle and root epidermal cell area but 

negatively correlated with root aerenchyma and root endodermis thickness at p>0.05. Leaf 

metaxylem positively and significantly correlated with bract lamina thickness, bract vascular 

bundle area, bract metaxylem area, bract metaphloem area, , leaf mesophyll cell area leaf 

metaxylem area, leaf metaphloem but negatively correlated with but negatively correlated 

with root aerenchyma and root endodermis thickness at p>0.05. Leaf metaphloem positively 

and significantly correlated with bract upper epidermal cell area,  bract vascular bundle area, 

leaf mesophyll cell area and  leaf metaxylem area but negatively correlated with root 

aerenchyma and root endodermis thickness at p>0.05. 

Stem radius positively and significantly correlated with leaf and stem vascular bundle area 

but negatively correlated with root endodermis thickness while stem epidermal cell area not 

correlated with any anatomical attribute. Stem aerenchyma positively and significantly 

correlated with leaf lamina thickness. Stem sclerenchyma negatively correlated root vascular 

bundle area and bract sclerenchyma but positive correlation was found with stem radius. 

Stem vascular bundle area positively and significantly correlated with leaf vascular bundle 

area and stem radius but negatively correlated with root aerenchyma area, root endodermis 

thickness and root metaxylem area. Stem metaxylem positively and significantly correlated 

bract mesophyll cell area and bract sclerenchyma thickness. Root radius negatively correlated 

with leaf metaphloem area. Root epidermal cell area positively and significantly correlated 

with bract lamina thickness, bract vascular bundle area, bract metaxylem area, bract stomatal 

density, leaf vascular bundle area and negatively correlated with root sclerenchyma and root 

aerenchma area. Root sclerenchyma thickness negatively correlated with bract stomatal 

density and root epidermal cell area. Root aerenchyma negatively correlated with bract 

lamina thickness, bract upper epidermal cell area, bract mesophyll cell area, bract 
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sclerenchyma thickness, bract vascular bundle area, bract metaxylem area, bract metaphloem 

area, bract stomatal density, leaf lamina thickness, leaf upper epidermal cell area, leaf 

mesophyll cell area, leaf sclerenchyma thickness, leaf vascular bundle area, leaf metaxylem 

cell area, leaf metaphloem cell area, stem vascular bundle area and root epidermal cell area. 

Root endodermis thickness negatively correlated with bract vascular bundle area, bract 

metaxylem area, bract metaphloem area, leaf lamina thickness, leaf upper epidermal cell area, 

leaf mesophyll cell area, leaf sclerechyma thickness, leaf vascular bundle area, leaf 

metaxylem area, leaf metaphloem area, stem radius and stem vascular bundle area. Root 

vascular bundle area negatively correlated with stem sclerenchyma thickness but positively 

and significantly correlated with root metaxylem area. Root metaaxylem area negatively 

correlated with stem vascular bundle area but positively and significantly correlated with root 

vascular bundle area. 
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2. Pearson, s correlation coffecient among Morpho-agronomic characteristics of seven 

ecotypes of Cyperus alopecuroides Rottb. under salt stress.   

 

significant and positive at p>0.05   

 

significant and negative at p>0.05   

significant and positive at p>0.01   

 

significant and negative at p>0.01   

significant and positive at 

p>0.001   

 

significant and negative at 

p>0.001   

statistically non-significant   
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3. Pearson, s correlation coffecient among Physiological characteristics of seven 

ecotypes of Cyperus alopecuroides Rottb. under salt stress.  

 

significant and positive at p>0.05   

 

significant and negative at p>0.05   

significant and positive at p>0.01   

 

significant and negative at p>0.01   

significant and positive at 
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significant and negative at 
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4. Pearson, s correlation coffecient among Organic osmolytes, NPK values and ions 

content values of seven ecotypes of Cyperus alopecuroides Rottb. under salt stress.  

 

 

significant and positive at p>0.05   

 

significant and negative at p>0.05   

significant and positive at p>0.01   

 

significant and negative at p>0.01   

significant and positive at 
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significant and negative at 
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5. Pearson, s correlation coffecient among Bract, Leaf, Stem and Root anatomical 

characteristics of seven ecotypes of Cyperus alopecuroides Rottb. under salt stress.  

 

significant and positive at p>0.05   

 

significant and negative at p>0.05   

significant and positive at p>0.01   

 

significant and negative at p>0.01   

significant and positive at 

p>0.001   

 

significant and negative at 

p>0.001   

statistically non-significant   
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CHAPTER 5                                                                                                                                    

DISCUSSION 

Seven ecotypes of Cyperus alopecuroides Rottb.  responded differently to various levels of 

salinity applied in growth medium in relation to structural and functional modifications. 

Populations adapted high level 200 mM -300 mM of salinity can be regarded as salt tolerant. 

All populations subjected to high salinity level. The best population among all was 

Sheikhupura   site ecotypes which were collected from wastewater habitats. This was also 

evident that populations collected from Sheikhupura site-2 and Qadir abad site-2 ecotypes 

showed best growth and biomass production at high salinity level. Salinity tolerance on the 

basis of plant biomass production in sedge species ecotypes can be indicated as sh-site-2> 

qad site-2>nan site-2>jh site>sh  site-1>nan site-1 and qad site-1. 

 5.1. MORPHO-AGRANOMIC CHARACTERISTICS 

Total plant biomass as root fresh weight, root dry weight, shoot fresh weight, shoot dry 

weight, root length, shoot length and bract area in seven ecotypes of Cyperus alopecuroides 

Rottb. were investigated in present study. The results showed that populations greatly varied 

in above mentioned parameters. Salinity levels in growth medium significantly affected all 

parameters investigated in present study. All populations responded differently from each 

other and did not show any sequence in response. This indicates vast diversity among 

Cyperus alopecuroides Rottb. populations collected from different location of Punjab, 

Pakistan. 

This sedge species has association with typha. It means, this mostly adapted aqauatic habitat 

and have much fresh biomass as compared to dry biomass. High saline conditions (200 mM 

and 300 mM) highly significantly reduced the fresh weight in all populations. This biomass 

reduction also reported by Behzadifar et al., 2013 in Catharanthus roseous and Mozafariyan 

et al., 2013 in tomato and Mohammadzadeh et al., 2013 in Ocimum basilcum. But medium 

salt level (100 mM) enhanced these parameters in Nankana site-1 and Sheikhupura site-1 

populations. This stimulation in growth at medium salinity level as reported by Marcum and 

Murdoch, 1992 in Sporobolus virginicus, Naidoo, 1994 in Triglochin spp., Sai Kachout et al., 

2009 in Atriplex hortensis and A. rosea, and Redondo-Gómez et al., 2010 in Arthrocnemum 

macrostachyum. Like root, shoot biomass, root shoot length and bract area also enhanced at 

100 mM salt level but higher salinity level decreased these attributes significantly like Mane 

et al., 2011 in Pennisetum alopecuroides. Root biomass reduced with increase in salt level in 
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growth medium but in Nankana site-1, Sheikhupura site-1,Qadir abad site-1, Jhang site and 

Nankana site-2 ecotypes, an increase was recorded at low or medium level of salinity, 

Khosravinejad et al., 2009 in barely, Amira and Qados 2010 in Vicia faba L. and Shahid et 

al., 2011 in Pisum sativum L., reported reduction in biomass production under moderate salt 

stress, whereas Ouni et al., 2013 in halophytic species like Tecticornia indica and Suaeda 

fruticosa reported similar reduction under severe stress. The highest reduction in root fresh 

weight observed under 200 mM and 300 mM salt level in growth medium. But reduction 

level of root biomass was lesser than shoot biomass. Plant biomass reduction due to salinity is 

common in most of cultivated crops and trees. The reduction in biomass with the increase in 

salinity was due to changes in physiological and biochemical activities Craine 2005 which 

may be due to the reduction in number of leaves and leaf area Yunwei et al., 2007. Plants dry 

matter content is a functional parameter used to assess the plant strategy for resource 

acquisition and use Duru et al., 2009. There was significant decrease in dry matter content of 

sugar beet cultivars at 350 mM salinity level (Dadkhah and Grrifiths 2006), whereas at 250 

mM salinity, shoot and root dry matter contents significantly decreased in hybrid maize 

varieties Eker et al., 2006 and the increase in dry matter content in Pennisetum alopecuroides 

at 100 mM salinity reported by Mane et al., 2011. Such stimulation in dry matter production 

under the influence of salinity might be due to the accumulation of inorganic ions and organic 

solutes for osmotic adaptation while a decrease in dry matter content at the highest salinity 

levels might be due to the inhibition in hydrolysis of reserved foods and their translocation to 

the growing shoots on sand-binding plants on radish plant, (Xu et al., 2008; Mathur et al., 

2006 on moth bean Vigna aconitifolia. L., Jamil et al., 2007 on Raphanus sativus. L., Taffouo 

et al., 2009 on Vigna unguiculata L., and Kapoor & Srivastava, 2010 on Vigna mungo L.) 

5.2. PHOTOSYNTHETIC PIGMENTS 

Chlorophyll is a main light absorbing pigment which plays a key role in photosynthesis Xu et 

al., 2008. Salinity caused a significant change in chlorophyll content in all Cyperus 

alopecuroides Rottb. populations. In most of cases, chlorophyll content significantly 

decreased with increase in salinity level in growth medium Kosová et al., 2015; Marsalova et 

al., 2016). Due to variations in populations, their response to chlorophyll content reduction 

was also variable. Reduction in chlorophyll content due to salt stress was more in salt 

sensitive species because higher salt level causes a burning effect on leaves and other 

pigments also. But salt tolerant species protect themselves from such deteriorated effects of 

salinity. While in trees chlorophyll content decreased due to enzymatic degradation of 
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chlorophyll. Such results were also reported by Xu et al., 2000 in plant tolerance to salt 

stress; Jaleel et al., 2008 in Catharanthus roseus and  Samsunlu, 2012 in walnut whereas 

salinity stressed significantly increased chlorophyll content reported by Nazarbeygi et al., 

2011 in Canola. 

5.3. GAS EXCHANGE CHRACTERISTICS 

Photosynthesis is a key process by which green plants and certain other organisms prepare 

their food in the form of sugars by absorbing sun light. Photosynthesis is a basic source of 

energy for all organisms. As photosynthesis is a basic source of energy, therefore was a 

primary target of environmental stresses like salinity Stępie´and Kłbus 2006. In our study 

(photosynthesis) Net CO2
 assimilation rate was negatively affected in all population of 

Cyperus alopecuroides Rottb. by salinity. Which was badly affected at all levels of salinity as 

decreasing level was increased with increase in salinity level such results were also reported 

by Sharma et al. 2005; Munns et al., 2006. Reduced photosynthetic activity under salinity 

stress may be due to disorientation of the lamellar system of chloroplasts that affected the 

biochemistry of photosynthesis (Meloni et al., 2003; DeRidder et al., 2007). Salinity also 

affected transpiration rate in all populations of Cyperus alopecuroides Rottb. which was 

significantly decreased with increase in salinity level. Lower photosynthetic rate and 

transpiration rate indicated poor survival of plant species under limited moisture avalibility 

(Eisa et al., 2012). Survival of all populations under saline conditions indicated their greater 

adaptability to salinity (Karaba et al., 2007; Chaves et al., 2009; Syvertsen and Melgar, 2010; 

Shabala et al., 2012). Inhibition of photosynthesis coincided with a strong decrease in the 

transpiration rate (Liu and Stutzel, 2002; Debez et al., 2006). Reduced transpiration rate may 

be due to less loading of salt into the leaves, and hence extend the life span of leaf by 

maintaining salts below toxic levels (Koyro, 2006). 

Stomatal conductance decreased gradually in Nankana site-1, Nankana site-2 and Qadir abad 

site-1 ecotypes with increasing salt level. But increase in stomatal conductance in 

Sheikhupura site-1 ecotype upto 200 mM salt level. This parameter also increased with 

increase in salt level from 0 mM to 100 mM in growth medium in Sheikhupura site-2, Qadir 

abad site-2 and Jhang site ecotypes. Thereafter significant decrease was recorded with 

increasing salt level upto maximum in all ecotypes. Such result already been reported by 

Moradi and Ismail 2007; Parida et al., 2003. 
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Sub stomatal CO2 concentration was significantly decreased with induction of salt in growth 

medium. Sheikhupura site-1 and Qadir abad site-1 ecotypes showed increase in Sub stomatal 

CO2 concentration at 100 mM salt level in growth medium. Thereafter decrease in this 

parameter was recorded with increase in salt level upto 200 mM but remain consistant with 

further increase in salt level. In all other ecotypes of Cyperus alopecuroides Rottb.  this 

parameter significantly decreased with increase in salt level up to 200 mM then became 

consistant with increase in salt level even upto 300 mM (Karaba et al., 2007; Chaves et al., 

2009; Syvertsen and Melgar, 2010; Eisa et al., 2012; Shabala et al., 2012). 

Water use efficiency was highly significantly increased in Sheikhupura site-1 ecotype with 

increase in salt level upto 100 mM but further increase in salt level upto 300 mM 

significantly decreased the Water use efficiency. 100 mM salt level increased this parameter 

but after that further increase in salt level significantly decreased the water use efficiency. 

This enhancement of water use efficiency has already been reported by Downton et al., 1985; 

Ayala and O’Leary, 1995; Ezawa and Tada, 2009. 

5.4. IONS AND ORGANIC OSMOLYTES 

Often under salt stress conditions, stomatal behaviour (size, shape and orientation) may play 

a critical role for survival. Stomatal behaviour prevents tissue dehydration by limiting water 

loss (Fricke et al., 2004). This limits the accumulation of anoxious ions in plants as their rate 

of upward transport in the xylem is mainly determined by transpiration rate (Kerstiens et al., 

2002). At the start of salt action, lower stomatal conductivity and transpiration rate and little 

toxic ion accumulation contribute to higher salt tolerance (Veselov et al., 2008). In salt 

stressed plants closure of stomata may be induced by abscisic acid accumulation (Fricke et 

al., 2004; Veselov et al., 2008). Changes in water relations of plants that are stressed by 

salinity can be seen in certain studies which confirm that many plants undergo osmotic 

regulation when they exposed to salt stress by increasing the negativity of the osmotic 

potential of the leaf sap (Rodriguez et al., 1997; Gama et al., 2007, 2009; Kaymakanova and 

Stoeva, 2008; Kaymakanova et al., 2008). 

Accumulation of organic osmolytes is a defensive plant strategy to avoid dessication and 

collapse of living tissue (Ashraf, 2004; Ruiz-Lozano et al., 2012). Almost all halophytic 

plants aquire same strategy with the increase in salt levels as they accumulate high 

concentrations of organic osmotica, mainly proline, glycine betaine, and free amino acids. In 

response to environmental stresses, accumulation of various organic osmolytes was one of 
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the adaptive components for the successful survival of plant species, as was also reported by 

Yoshiba et al., 1997 and Salpeter et al., 2012.  

Protein content can also be affected negatively or positively by salt stress (Pang et al., 2010). 

The results of certain studies (Sultana et al., 2000; Tort and Turkyilmaz, 2004; Beltagi et al., 

2006; Chen et al., 2007; Kapoor and Srivastava, 2010., Marsalova et al., 2016) demonstrate a 

decrease, or increase, in protein content in plants treated with different salt concentrations 

(Kosová et al., 2013a, b, 2014a, 2015; Komatsu et al., 2014), here published only a few 

studies aimed at proteome response to salinity in halophytes reviewed by Kumari et al., 2015; 

Marsalova et al., 2016 as well as a comparison of proteome response between related plant 

species with contrasting salt tolerance (glycophyte vs halophyte; reviewed by Kosová et al., 

2013d). A few studies aimed at comparison of salt response between a glycophyte and a 

halophyte at transcript and protein levels included a comparison of Arabidopsis thaliana and 

Thellungiella halophila (Taji et al., 2004; Gong et al., 2005; Pang et al., 2010), Tangut 

nitraria (Cheng et al., 2015), common wheat Triticum aestivum and T. aestivum, Thinopyrum 

ponticum (Wang et al., 2008; Peng et al., 2009) and its wild relative Porteresia coarctata 

(Sengupta and Majumder, 2009), Kandelia candel (Wang et al., 2014). 

Contribution of inorganic ions, as well as organic osmolytes for osmotic adjustment were 

important, not only at cellular level (Shabala and Lew, 2002; Mahajan and Tuteja, 2005; 

Demiral and Turkan, 2006), but also at the whole-plant level (Hariadi et al., 2011; 

Djanaguiraman et al., 2006). Organic osmolytes play a direct role in osmoprotection and 

reactive oxygen species scavenging, which also control over-activity of ion channels (Cuin 

and Shabala, 2007; Wu et al., 2012; Kosová et al.,2015; Marsalova et al., 2016).  

Generally, Na+ and Cl- uptake  increased under high salinities (Ashraf, 2004; Garthwaite et 

al., 2015; Kosová et al., 2015), but limited uptake of the noxious ions (Na+ and Cl-) along 

with increased uptake of beneficial ions (K+ and Ca2+) was better adaptive characteristic of 

plant species to detoxify lethal effects of such toxic ions. Increased salt concentrations 

generally induced increase in Na+ and Cl- and decrease in Ca2+, K+ and Mg2+ levels (Abd El-

Wahab, 2006; Ashraf and Orooj, 2006; Baghalian et al., 2008; Abd EL-Azim and Ahmed, 

2009; Koksal et al., 2016). Toxic Na+ ion decreases Ca2+ (Abo-Kassem, 2007) and 

phosphorus concentration in the plant tissues (Zhang et al., 2014). 
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5.5. ROOT ANATOMICAL ATTRIBUTES  

Root radius increased in Qadir abad site-1 and Qadir abad site-2 ecotypes at medium level of 

salinity. Thereafter very low increase was recorded with increase in salt levels from 200 mM 

to 300 mM. Bahaji et al., 2002 reported that increased root area is characteristic feature of 

moderately salt tolerant species. On the other hand, Salinity at 100 mM reduced the root 

radius much. Thereafter no further decrease was recorded in Nankana site-1, Sheikhupura 

site-1 and Sheikhupura site-2 ecotypes. Peng et al., 2007 also reported similar findings in 

some desert halophytes. However, root area generally related to increased parenchymatous 

region, and hence, can play a critical role in water conservation (Senthil-Kumar et al., 2003).  

No change in this parameter was recorded at all levels of salinity in Nankana site-2 and Jhang 

site ecotypes. Root radius in all ecotypes varys significantly. 

Root sclerenchyma thickness increased with increase in salt level in growth medium. This 

characteristic may offer some resistance to water loss and may play a crucial role in 

adaptation to unfavourable conditions. Earlier reports Puccinia terniflora (Yujing et al., 2000) 

support the present finding. 

Root endodermis thickness increased significantly with increase in salt level in growth 

environment. One of the important factors relating to the survival of the ecotypes under high 

salinity was the restriction of radial flow of water and inorganic ions through a barrier, i.e., 

endodermis and sclerenchyma (Krishnamurthy et al., 2011), which are more developed in all 

ecotypes. 

Root epidermal cell area decreased significantly in Qadir abad site-1, Qadir abad site-2 and 

Jhang site ecotypes with increase in salt level from 0 mM to 300 mM in growing 

environment.  But in other ecotypes like Nankana site-2, Nankana site-1, Sheikhupura site-1 

and Sheikhupura site-2 significant increase was recorded only at 300 mM salt level in growth 

medium. Increased epidermal area under high salinities could play an important role to 

withstand osmotic stress for the survival of these species, as reported by (Boughalleb et al. 

2009) in Nitraria retusa, Atriplex halimus and Medicago arborea, and (Dolatabadian et al. 

2011) in Zea mays. . Naturally this layer is protective and have important role in controlling 

water and nutrient movement across the roots (Bagniewska-Zadworna and Zenkteler, 2006), 

and ultimately limited water loss from roots (Taleisnik, 1999). Rewald et al., (2013) reported 

that plants roots were first   sites of damage or line of defense due to the direct contact with 

soil solution and the first to encounter excess salinity.On the other hand, being the outermost 
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cell layers after the epidermis / exodermis, the cortex was the first tissue to encounter salinity. 

Very recently, Boughalleb et al., 2009 found that the root cortex thickness was promoted 

under 100 mM, 200 mM NaCl in the xerohalophyte shrubs Nitraria retusa and Atriplex 

halimus. However, in some cases, salinity imposed a reduction in cortex development. Akram 

et al., 2002 reported a decreased size of the cortex under salinity stress in three varieties of 

Triticum aestivum; the most salt-sensitive variety showed a more pronounced decrease. 

Similarly, the cortical parenchyma in Chloris gayana Kunth decreased under saline 

conditions ceccoli et al., 2011, and reductions of cortex thickness under high salinity were 

also reported in shrubs Boughalleb et al., 2009 and tree roots Reinoso et al., 2004. Hakim et 

al. 2014 conducted an experiment on rice and opined that cortical cells of MR-211 and MR-

232 did not show cell collapse up to 8 dSm−1 salinity levels compared to susceptible checks 

(IR-20 and BRRI dhan-29). The significant damage of cortical tissues in salt-sensitive turf 

grass species has also been reported by Uddin et al., 2012. 

Root aerenchyma cell area increased with increase in salinity level in growth medium. 

Aerenchyma is a characteristic feature of roots of aquatic sedges (Keddy, 2000); however, 

this increase in aerenchyma seemed to be due to lysis of parenchymatous tissue. This 

characteristic may increase the uptake of salts and oxygen (Hameed et al., 2011, Hameed et 

al., 2014). It has been reported that some air cavities, particularly in roots, are filled with 

water, which has high diffusivity (van der Weele et al., 1996). High diffusion rate of water 

will carry dissolved salt during conduction and ultimately excretion out of the plant body. 

Vascular bundle thickness gradually and consistently decreased in Nankana site-1, 

Sheikhupura site-2, Qdirabad site-2 and Jhang site ecotypes with increase in salt level of the 

medium and differences were highly significant among ecotypes at higher salt level. 

Induction of salts resulted in an increase in vascular bundle area in Nankan site-2, 

Sheikhupura site-1 and Qadir abad site-1 ecotypes which become maximum at 300 mM salt 

level, on the other hand, a decrease in vascular bundle area was recorded with increase in salt 

level of the medium up to 200 mM level, and thereafter a sharp and significant decrease was 

noted at the highest level 300 mM. Such results have already been reported by Hameed et al., 

2014. Increased vascular region, and in particular, vessel area can certainly be useful in more 

and efficient flow of water, as well as nutrient towards other aerial parts of a plant (Baloch et 

al., 1998), and hence, extremely important under limited moisture availability such as 

physiological droughts caused by salinity. Increased xylem vessel related to root hydraulic 

conductivity by Cachorro et al., 1993 in Phaseolus vulgaris. 
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5.6. STEM ANATOMICAL ATTRIBUTES 

Stem radius in Nankana site-2 and Nankana site-1 ecotypes increased with induction of salt in 

growth medium which indicate an adaptive strategy for storing more water and increase in 

vascular bundle area for conduction of water and nutrients such modifications already 

reported by Naz et al., 2015.  A decrease in this parameter in Sheikhupura site-2, 

Sheikhupura site-1 and Qadir abad site-1 ecotypes became highly significant in Qadir abad 

site-2 and Jhang site ecotypes at 300 mM salt level in growing medium indicate sensitivity 

rate of ecotypes to salinity. Haddadi et al., 2016. 

Stem sclerenchyma thickness increased gradually in Nankana site-2, Nankana site-1, Qadir 

abad site-1, Qadir abad   site-2, Sheikhupura site-1, Sheikhupura site-2 and Jhang site 

ecotypes with increase in salt level in growth medium.  This was protective mechanism in 

plants inhabiting saline environments (Waldron and Selvendran, 1990). Sclerenchyma tissue 

played important in providing mechanical support to tissues (Lo et al., 2008), and also played 

important role in minimizing water loss. Many researchers related highly developed 

mechanical tissues to salinity or drought tolerance, for example Walsh (1990) in Spartina 

alterniflora, (Vasellati, 2001) in Paspalidium dilatatum and (Hameed et al., 2009) in 

Imperata cylindrica. In xerophytic or halophytic/salt tolerant species, sclerification  was 

reported in pith, and inner and outer cortical regions of many plant species Kandelia candel 

(Hwang and Chen, 1995) in Puccinellia tenuiflora (Yujing et al., 2000), and Prosopis 

strombulifera (Reinoso et al., 2004). 

Stem epidermal cell area increased in all populations of cyperus alopecuroides Rottb. with 

increase in salt level . Increase in epidermal thickness is an important strategy adopted by 

halophytic or salt tolerant species to minimize water loss from aerial plant parts (Nawaz et 

al., 2012). Halophytes, glycophytes and desert plants generally equipped with thick epidermis 

covered with thick cutical or waxy layer, which may played a critical role in desiccation 

tolerance, especially under aridity or physical droughts. Similar findings have earlier been 

reported by (Hajibagher et al., 1983) in Suaeda maritime, (Nawaz et al., 2012) in Asparagus 

and (Akram et al., 2002) in Triticum aestivum. 

Stem parenchyma cell area was decreased in Nankana site-2 and Sheikhupura site-1 ecotypes 

in saline medium. This decrease was not only significant but also gradual with increase in salt 

level in growth medium. This decrease was significant in Nankana site-1 ecotype at 200 mM 

and 300 mM salt level but non-significant decrease was recorded in Qadir abad site-1 ecotype 
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even at higher levels of salinity. In contrast, salts at 100 mM concentration in growing 

environment highly significantly increased this parameter in Sheikhupura site-2, Qadir abad 

site-2 and Jhang site ecotypes. Thereafter a sharp decrease was noted in Sheikhupura site-2 

and Qadir abad site-2 ecotypes but no particular change in this parameter was recorded at 

higher salt levels. Decrease in perenchyma cell area under slat stress also reported by (Walsh, 

1990) in Spartina alterniflora, (Baloch et al., 1998) in Arabidopsis thaliana and (Yujing et 

al., 2000) in Puccinellia tenuiflora However, more tolerant populations Sheikhupura site-2, 

Qadir abad site-2 and Jhang site showed considerably larger parenchyma cells than that 

recorded in Nankana site-2, Nankana site-1 and Sheikhupura site-1 ecotypes. Larger 

parenchyma cells usually possess large vacuoles (Nawaz et al., 2012), and therefore, have 

more capacity for water storage (Bell and O’Leary, 2003), as well as dumping off toxic ions 

like Na+ and Cl- (Hameed et al., 2009). 

Stem vascular bundle area and metaxylem area decreased in Nankana site-2,  Nankana site-1 

,Jhang site and Sheikhupura site-2 ecotypes under saline environment. Medium salt level in 

growth medium resulted in increase in stem vascular bundle area but higher salt levels 200 

mM and 300 mM in growth medium sharply reduced this parameter, vessel area may be 

useful in more and efficient flow of water, as well as nutrient towards other aerial parts of a 

plant (Baloch et al., 1998), and hence, extremely important under limited moisture 

availability such as physiological droughts caused by salinity.  

5.7. LEAF ANATOMICAL ATTRIBUTES 

Leaf lamina thickness decreased consistently in Nankana site-2 and Nankana site-1 

Sheikhupura site-1, Sheikhupura site-2 and jahang-site ecotypes with increase in salt level. 

Medium salt level in growth medium increased leaf lamina thickness in Qadir abad site-1 and 

Qadir abad site-2 ecotypes but higher salt levels (200 mM, 300 mM) decreased this parameter 

in these ecotypes. A decrease in leaf thickness also reported in glycophytes like Hibiscus 

cannalinus (Curtis and Läuchli, 1987), Aegilops and Triticum (Azmi and Alam, 1990) and 

Sorghum (Baum et al., 2000). In halophytes, Hameed et al., (2009) reported increased leaf 

thickness in Imperata cylindrica under salt stress, whereas a decrease was reported by 

(Hameed et al., 2012) in Panicum antidotale and (Awasthi and Maurya, 1993) in Oryza 

sativa. 

Leaf upper epidermal cell area decreased gradually in Nankana site-2, Sheikhupura site-2, 

Nankana site-1, Qadir abad site-1 and Jhang site ecotypes with gradual increase in salt level 
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which indicated differential anatomical adaptation in response to salinity. Such results were 

also reported by (Atabayeva et al., 2013) in Hordeum vulgare. In contrast in Sheikhupura 

site-1 ecotype, a huge increase in this parameter was noted at 100 mM salt level. Qadir abad 

site-2 was only ecotype which showed gradual increase in this parameter with increase in salt 

level in growth medium. Leaf lower epidermal cell area increased in Nankana site-2 ecotype 

at 100 mM salt level but  decrease was recorded in Nankana site-1 Sheikhupura site-2, Qadir 

abad site-1, Sheikhupura site-1 ,Qadir abad site-2 and Jhang site ecotypes with gradual 

increase in salt level from 0 mM to 300 mM .  Leaf lower epidermis is generally more 

important in minimizing water loss through leaf surface (Ennajeh et al., 2010), and an 

increase in this parameter may reflects better salt tolerance. Epidermis thickness is a 

prominent characteristic of osmotic stress tolerance (Yujing et al., 2000) and therefore 

increase in thickness indicated high tolerance capability of the halophytes.   Salinity induced 

increase in epidermal thickness not only improve the water use efficiency (WUE) of plants 

but also provide additional space for efficient sequestration of Na+ in the leaf epidermis 

(Shabala et al., 2012). At higher saline condition decreased the epidermal thickness may 

contributed to the limited cell division and growth at higher salinity (Carcamo et al., 2012). 

Leaf sclerenchyma thickness increased in all populations of Cyperus alopecuroides Rottb. 

with increase in salt level in growth medium. This characteristic can give mechanical strength 

to the leaf tissues (Chandramony and George, 1975), and prevent surplus water loss 

(Abernethy et al., 1998). This showed an osmotic stress tolerance (Gielwanowska et al., 

2005; Alvarez et al., 2008), which is important for the conservation of water, particularly 

under unfavorable environmental conditions (Hameed et al., 2009).  

Leaf mesophyll cell area decreased in all ecotypes with induction of salts in growth medium. 

The mesophyll tissue is chlorenchymatous which contains numerous chloroplasts and 

considered principal   site for photosynthesis. The significant decrease in the palisade tissue 

at extreme salinity might be an adaptation to minimize the photosynthetic energy utilization 

in the higher saline condition (Asish et al., 2016).  

Leaf metaxylem cell area showed variable response to different levels of salinity in all 

ecotypes. This parameter was decreased significantly at 100 mM salt level in Nankana site-2 

ecotype but not further decrease recorded with increase in salt level upto 200 mM. This 

ecotype showed decrease with further increase in salt level upto 300 mM in growth medium. 

Salinity highly decreased this parameter in Nankana site-1 and Qadir abad site-1 ecotypes. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4801874/#B5
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4801874/#B61
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4801874/#B12
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While in Sheikhupura site-1, Qadir abad site-1 and Jhang site ecotypes 100 mM salt level 

decreased this parameter, thereafter no further decrease recorded with increase in salt level. 

Whereas Sheikhupura site-2 ecotype showed decrease only after 100 mM salt level but no 

further decrease after 200 mM  salt level. This showed may be little salt tolerance (Baloch et 

al., 1998; Miyazawa and Terashima, 2001) therefore is very important under limited moisture 

availability (Ali et al., 2009).   

Leaf metaphloem cell area decreased gradually in Jhang site, Qadirabad site-2, Qadir abad 

site-1 and Sheikhupura site-2 ecotypes with induction of increasing salt levels whereas 

Nankana site-1 ecotype showed an increase at 100 mM salt level but further increase in salt 

level decreased this parameter. A minute decrease recorded in Sheikhupura site-1 ecotype at 

higher salt levels as compared to control (0 mM) level. In contrast, Nankana site-2 ecotype 

showed no change with change in salt level. Leaf vascular bundle area decreased gradually 

and significantly with gradual increase in salt level in growth medium. Such results were also 

reported by (Ahmad et al., 2016) in Aveneae grasses. 

5.8. BRACT ANATOMICAL ATTRIBUTES 

Bract is also a leaf like structure which played a key role in photosynthesis and water 

regulation. Bract lamina thickness not affected in Nankana site-2 and Sheikhupura site-2 

ecotypes by medium level of salinity, but higher levels decreased this parameter. While 

Sheikhupura site-1 and Nankana site-1 and Jhang site ecotypes showed decrease at medium 

level of salinity. Bract lamina thickness showed a gradual decrease in Qadir abad site-1 and 

Qadir abad site-2 ecotypes with increase in salt level in growth medium. A decrease in lamina 

thickness also reported in glycophytes like Hibiscus cannalinus (Curtis and Läuchli, 1987), 

Aegilops and Triticum (Azmi and Alam, 1990) and Sorghum (Baum et al., 2000). In 

halophytes (Hameed et al., 2009) reported increased leaf thickness in Imperata cylindrica 

under salt stress, whereas a decrease was reported by (Hameed et al., 2012) in Panicum 

antidotale and (Awasthi and Maurya, 1993) in Oryza sativa.  

Bract lower epidermal cell area increased significantly in Nankana site-2, Sheikhupura site-1, 

Qadir abad site-1 and Qadir abad site-2 ecotypes at 100 mM salt level but further increase 

recorded only in Nankana site-2 ecotype at 200 mM salt level while in other ecotypes this 

salinity level decreased this parameter which decreased highly significantly at 300 mM in all 

ecotypes. In Nankana site-1 ecotype gradual and significant decrease was noted with increase 

in salt level. Higher salt level (200 mM) increased this parameter but further increase in salt 
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level (300 mM) decreased it significantly as compared to control level. Bract lower epidermal 

cell area gave somewhat variable response in Jhang site ecotype to salinity. This parameter 

showed a significant decrease at 100 mM salt level but no further decrease was recorded with 

increase in salt level. Bract upper epidermal cell area increased at 100 mM salt level in 

Nankana site-1, Nankana site-2 and Qadir abad site-1 ecotypes. Thereafter a gradual decrease 

in this parameter recorded with increase in salt level in growth medium. While in other 

ecotypes a significant decrease was noted which bacame gradual in Jhang site ecotype. There 

are several reports on a decreased epidermal area under salt stress in glycophytes (Enstone et 

al., 2003; Bray and Reid, 2002) as well as in halophytes or salt tolerant plants (Balsamo et 

al., 2006; Agarie et al., 2007). Bract sclerenchyma thickness increased significantly in all 

populations with induction of salts in growth medium Increases in sclerenchyma area 

increase mechanical strength (Chan et al., 1999). 

Bract mesophyll cell area increased in Nankan site-2 ecotype at 100 mM salt induction in 

growth medium which was gradually decreased with further induction of salt. A significant 

decrease was recorded in Sheikhupura site-2 and Sheikhupura site-1 ecotypes at 100 mM salt 

level which become gradually decreased with further increase in salt level. In contrast in 

Nankana site-1 ecotype, salinity had decreased this parameter at 100 and 200 mM salt level 

with no further decrease at 300 mM salt level. On the other hand a minute decrease was 

recorded in Qadir abad site-1 and Qadir abad site-2 ecotypes at increasing levels of salinity. 

Jhang site ecotype was only one which showed significant decrease at 100 mM but minor 

decrease in this parameter was recorded with further increase in salt level. A decrease in 

mesophyll cell area has also been reported by Samarajeewa et al., 1999. in Oryza sativa, 

Hameed et al., 2009. in Imperata cylindrica and Cachorro et al., 1995. in Phaseolus vulgaris 

Bract metaxylem cell area decreased gradually and in Jhang site, Qadir abad site-2 and 

Sheikhupura site-1 ecotypes with induction of salt in growth medium. While 100 and 200 

mM salt level significant reduced this parameter in Nankana site-2 ecotype but no further 

decrease was recorded at 300 mM salt level. Same level of reduction at 100 and 200 mM was 

noted in Nankana site-1 ecotype while further decrease was noted at 300 mM salt level. 

Sheikhupura site-2 ecotype showed a significant increase at 100 mM salt level but further 

increase in salt level significantly reduced this parameter. Inspite Qadir abad site-1 ecotype 

was only one same level of reduction in this parameter with increased salt level in growth 

medium.  
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Bract metaploem area was significantly and gradually decreased in Nankana site-2, Nankana 

site-1, Sheikhupura site-1, Qadir abad site-1 and Jhang site ecotypes with increase in salt 

level in growth medium. Sheikhupura site-2 ecotype showed somewhat increase in this 

parameter at 100 mM salt level but further increase in salt level decreased this attribute. Qadir 

abad site-2 ecotype also showed decrease in this parameter at 100 mM salt level but 

significant reduction was recorded at 200 mM with no further reduction at 300 mM salinity in 

growth medium.   

Bract vascular bundle area decreased with induction of salt in growth medium. This was 

significantly and gradually decreased in Jhang site, Qadir abad   site-2, Nankana site-1, 

Sheikhupura site-2 and Qadir abad site-1 ecotypes with continuous induction of salt in 

growth medium while Sheikhupura site-1 ecotype showed a minor reduction in this parameter 

at 100 mM salt level but further increase in salt level caused significant reduction as 

compared to 0 mM salt level. Salt level of 100 mM increased bract vascular bundle area in 

Nankana site-2 ecotype but further increase in salt level cause a significant reduction in this 

parameter. Such result has also been reported by Nawaz et al., 2014. 

Stomatal density decreased with induction of salt in growth medium. A significant and 

gradual decrease was recorded in Jhang site, Nankana site-1 and Qadir abad site-2 ecotypes 

against salinity levels.  While Nankana site-2 ecotype showed no decrease at 100 mM, 

Thereafter a significant decrease was recorded with increase in salt level. 100 mM salt level 

increased this parameter in Sheikhupura site-1 and Qadir abad site-1 ecotypes. Further 

increase in salt level decreased this feature gradually. While Sheikhupura site-2 ecotype 

showed increase with increase in salt level up to 200 mM but further increase in salt level 300 

mM decreased it. Stomatal area increased in Nankana site-1, Qadir abad site-1, Qadir abad 

site-2 and Jhang site ecotypes at 100 mM salt level in growth medium, whereas further 

increase in salt induction decreased this attribute. Salinity at medium level had no effect on 

Nankana site-1 ecotype but higher levels possessed significant reduction in this parameter. 

300 mM salinity level had highly significant effect on stomatal area which was decreased in 

all ecotypes at this level. Sheikhupura site-1 ecotype showed a gradual decrease with increase 

in alt level whereas Sheikhupura site-2 ecotype showed a gradual increase in stomatal area 

with increase in salt level in growth medium. Decrease in stomatal density with increasing 

salinity have also been reported in several other halophytes such as Bruguiera 

parviflora (Parida et al., 2004a),  Nitraria retusa and Atriplex halimus (Boughalleb et al., 

2009) and Chenopodium quinoa (Shabala et al., 2012, 2013).  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4801874/#B43
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4801874/#B10
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4801874/#B10
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4801874/#B61
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4801874/#B63
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On a whole, it was found that differently adapted populations of Cyperus alopecuroides 

Rottb. had various levels of structural and functional adaptations and therefore showed 

various levels of salt tolerance. 

5.9. CONCLUSION 

All ecotypes had high degree of salt tolerance, therefore well adapted to hypersaline wetlands 

and salt marshes. Response of each ecotypes is different to increasing salt stress that was 

based on specific morpho-anatomical and physiological parameters. But some ecotypes 

showed better growth rate as compared to others. They not only modified themselves 

structurally and functionally, but also developed some specific adaptive strategies in better 

way for their survival under harsh saline environmental conditions.  

They showed stability in chlorophyll pigmants, increased in CO2 assimilation rate at 

moderate salinity levels, decrease transpiration rate (hence markedly increased water use 

efficiency under salinity stress), high stomatal conductance, increased N, high Na+ and Cl- 

uptake in roots along with increased K+, and low translocation of toxic ions in shoot. 

Anatomiucally, increase in root endodermis thickness, aerenchyma, decrease in metaxylem 

area, decrease in leaf, stem and bract epidermal cell area, mesophyll, metaxylem, decrease in 

stomatal density were clear indicators of salt tolerance which prevent water loss. Moreover, 

increase in succulence, restricted uptake of toxic ions, and osmotic adjustment enhance 

markedly degree of salt tolerace in this species. Aerenchyma is a characteristics feature of 

this species, which mainly involved in gaseous exchenge under anaerobic condition, but also 

reported to be in bulk movement of salts from roots to external environment.The differently 

adapted ecotypes were eva;uated in controlled environments and therefore, only genetically 

fixed characters expressed relatiing to their adaptive components. 

These genetic variations in different populations may suppose to be fixed due to high 

selection pressure of adverse saline environment in view of their evolutionary history. 
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CHAPTER 6 

                                                                                                                          SUMMARY 

There are numbers of environmental stresses which affect plant growth. Among these 

environmental abiotic stresses, drought and salinity are note worthy. Soil salinity is an ever–

increasing problem worldwide that affected approximately 20% of irrigated land and 

significantly reduced crop yield. It is estimated that about 835.6 million hectares (Mha) of 

land have been affected by salinity throughout the world. Salinity has also severely affected 

Pakistan. About 21 Mha cultivated area has been damaged so far and 7 Mha has become 

useless for cultivation due to salinity. The affected area in Punjab is 3.1 Mha. The salinity 

stress has become a big threat to developing countries, such as Pakistan. Pakistan is located 

under arid and semi-arid type of geographical region. According to recent reports total saline 

area of Pakistan comprised of 1.90 million hectares, 1.84 Mha permeable saline sodic, 1.01. 

Mha is impermeable saline sodic and 0.030 Mha sodic in character. So problem of salt stress 

is constantly occuring and become a major issue of public concearn by affecting crop yield, 

plant biodiversity and global environment.  

 To maintain the agriculture productivity in salt affected areas, use of the salt tolerant 

genotype with better osmotic adjustment is an important strategy. The present study focused 

to uncover the mechanisms of salt tolerance at structural and functional levels of naturally 

adapted populations of Cyperus alopecuroides Rottb. species from various locales of Punjab, 

Pakistan in a hydroponic system. Seven populations of sedge species were collected from 

ecologically different habitats, i.e., Nankana site-1, Nankana site-2, Sheikhupura site-1 and 

Sheikhupura site-2, Qadir abad site-1, Qadir abad site-2 and Jhang site. The experiment was 

conducted in totally completely randomized design with three replicates and four treatment 

levels 0 mM (control), 100 mM, 200 mM, 300 mM of salinity. NaCl was used for this 

purpose. Salinity levels were maintained with help of ECe meter for one year. 

 Genetic variations for salinity tolerance were found in all populations, its magnitude 

corresponded to the selection pressure of the habitats. The lesser saline   site-1 and Jhang site 

populations of sedge species were the least tolerant to salt stress in relation to most of the 

morphological characteristics and growth attributes measured. The moderately saline   site 

populations were relatively less affected due to salt stress. 100 mM NaCl stimulated growth 

in Sheikhupura site-1 and Jhang site population measured in terms of plant height, root length 

and fresh and dry weights of shoots and root biomass and optimal growth was recorded at 

100 mM NaCl in the growth medium. Among all these populations Nankana site-2 

population showed poor performance under all salt levels in growth medium While all 
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populations showed minimum growth at 300 mM NaCl in growth medium. Little but gradual 

decrease in chl.a content in all populaions except Nankana site-2 showed makes them salt 

tolerant. High salinity levels even 300 mM NaCl in growth medium not badly affected 

Nankana site-1 and Sheikhupura site-1 populations in accordance to photosynthetic pigments 

showed their high degree of salinity tolerance. Maximum CO2 assimilation rate, minimum 

transpiration rate, high stomatal conductance and water use efficiency in sheikhupura   sites 

also indicated their salt tolerant quality. High N, K+ but low P accumulation necessary for 

metabolic function in Sheikhupura   sites gives more evidence of salt tolerent character.  

Sheikhupura   sites and Jhang site were only   sites where proline content increased with 

increase in salinity level. Na+ and Cl- accomulation in root and shoot increased gradualy with 

in crease in salt level in growth medium except Sheikhupura   sites where only minute 

increase was recorded after increase from 200 mM to 300 mM salt level in growth medium. 

Root endodermis thickness also increased gradually and become maximum in Sheikhupura, 

Qadirabad and Jhang sites to avoid enterance of NaCl in central stele but development and 

increase in aerenchyma to store salt outside the stele also make them salt tolerance. Decrease 

in root metaxylem area in Nankana site-1, Sheikhupura site-2, Qadirabad   site-2 and Jhang 

site may be for conduction of water and solutes speedily under saline conditions. Decrease in 

leaf, stem and bract epidermal cell area, mesophyll, metaxylem make maximum utilization of 

limited water and solute resources and increase in leaf sclerenchyma thickness give support 

to open leaf blade for absorbance of maximum light spectra. Minimum decrease in mesophyll 

cell area in Sheikhupura site-2 to increase photosynthetic rate was another adaptive strategy 

against salinity. Stomatal density decreased gradually in Nankana site-1, Qadirabad   site-2 

and Jhang site indicated less salt tolerant populations while increase in stomatal density in 

Sheikhupura site-2 population even at high level (200 mM) NaCl salt stress indicated more 

salinity tolerant among all populations. On the basis of above mentioned indicators, 

Sheikhupura site-2 population was declared more salt tolerant and Nankana site-1, Qadirabad   

site-1 populations were less salt tolerant. Medium level (100 mM) NaCl of salinity stimulated 

growth in more salt tolerant populations while high level (300 mM) NaCl in growth medium 

decrease growth in all population but effects were more severe in less salt tolerant 

populations.  
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