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CHAPTER 1 

 

INTRODUCTION  
 

Soil salinity is one of the major environmental stresses causing substantial crop 

losses worldwide. Its prevalence throughout the world is increasing regularly in extent 

(Schwabe et al., 2006). For example, a current loss of US$ 12 billion annually due to 

salinity in the United States is expected to rise in future as soils are expected to be further 

affected (Pitman and Lauchli, 2002; Munns, 2005). According to the most recent 

statistics, over 800 million hectares of land throughout the world are salt-affected, either 

by salinity (397 million ha) or the associated condition of sodicity (434 million ha) (FAO, 

2005). In Pakistan, the estimated salt affected area is about 6.61 million hectares.  

(Anonymous, 2001), and it is increasing day-by-day due to a number of edaphic and 

climatic factors. These losses are of great concern for the countries like Pakistan, the 

economies of which rely mainly on agriculture sector.   

Salt stress causes a number of effects on plants such as osmotic effects, ion 

toxicity, hormonal imbalance, generation of reactive oxygen species and nutritional 

imbalance (Ashraf, 1994; 2004; Flowers and Flowers, 2005; Munns, 2005). These salt 

effects may cause membrane disorganization, generation of toxic metabolites, inhibition 

of photosynthesis, generation of reactive oxygen species and attenuated nutrient 

acquisition leading to cell and whole plant death (Hasegawa et al., 2000; Ashraf, 2004; 

Chartzoulakis, 2005; Flowers and Flowers, 2005).  



Generally, optimal concentration of any nutrient is required for normal plant 

growth and below optimal concentration growth is reduced. Under salt stress conditions, 

nutrient activity or availability is reduced and thus optimal concentration of essential 

nutrients by the plant is increased (Marschner, 1995). Sometimes optimal concentration 

of a nutrient varies depending upon the type of species or cultivar, level of salt stress, or 

environmental conditions (Grattan and Grieve, 1994). The availability and nutrient 

uptake by plants under salt stress are affected by various factors, e.g., soil pH, 

concentration and ratios of accompanying elements, temperature, and type of plant 

species etc. (Grattan and Grieve, 1999). It is generally believed that high amounts of Na+ 

reduce the nutrient uptake (Greenway and Munns, 1980; Marschner, 1995; Grattan and 

Grieve, 1999; Ashraf, 2004; Flowers and Flowers, 2005). For instance, high amounts of 

Na+ in soil reduced the Ca2+ activity in external medium thereby limiting its availability 

to maize plants (Suarez and Grieve, 1988) and Celosia argentea (Carter et al., 2005). 

While working with Atriplex griffithii var. stocksii, Khan and Ungar (2000) found that 

NaCl stress reduced reduction in uptake of K+, Ca2+ and Mg2+ thereby causing reduced 

plant growth. Ghulam et al. (2002) observed that the leaf K+ decreased in salt stressed 

plants of sugar beets, whereas root K+ remained unchanged under saline conditions. 

However, Parida et al. (2004) reported that salt stress caused an increase in concentration 

of Na+ and Cl- with a concomitant decrease in Ca2+ and Mg2+ in leaves, stem and roots of 

Bruguiera parviflora, but without any change in K+ in the leaves and roots. In the same 

way, a number of studies have shown that salt stress can reduce N accumulation in 

different crop plants, e.g., green bean (Pessarakli, 1991), sunflower (Ashraf and Sultana, 

2000), tomato (Flores et al., 2000), and Bruguiera parviflora (Parida and Das, 2004). 

Reduction in N accumulation [(present in both anionic (NO3
-) and cationic (NH4

+) form)] 



due to salt stress is not surprising, because Cl- uptake and accumulation is often 

accompanied by a decrease in shoot NO3
- concentration as earlier observed in egg plant 

(Savvas and Lenz, 1996), Sultana vines (Fisarakis et al., 2001), and Bruguiera parviflora 

(Parida and Das, 2004). Some scientists have attributed this reduction in N to Cl- 

antagonism with NO3
- (Bar et al., 1997). The nitrate influx rate or interaction between 

NO3
- and Cl- has been related to salt tolerance in tomato and melon (Kafkafi et al., 1992). 

In most cases, salt stress caused reduction in P accumulation in plants, which developed 

P-deficiency symptoms (Sharpley et al., 1992; Sonneveld and de Kreij, 1999; Kaya et al., 

2001a), and addition of P to saline growth medium increased crop growth and yield 

(Champagnol, 1979; Awad et al., 1990). Grattan and Grieve (1999) reviewed that salt 

stress either increases or does not affect P accumulation in plants, which depends on plant 

growing conditions (Soil culture, sand culture, or hydroponics), type of species or 

cultivars. Most of the studies that show salt-induced reduction in P accumulation in plant 

tissues were conducted in soils. Phosphate availability is reduced in saline soils because 

phosphate concentrations in soil solution are tightly controlled by sorption process and by 

low solubility of Ca-P minerals (Sharpley et al., 1992; Marschner, 1995). Studies 

showing that salt stress increases the tissue P concentration were conducted in sand or 

solution culture, where P is present in sufficient available form. Under such conditions, 

salt stress by an unknown mechanism causes the plant to lose control on P uptake 

(Roberts et al., 1984) and transport to the shoot, which is controlled at root level (Grattan 

and Maas, 1985). From all these reports, a number of scientists concluded that salt stress 

causes nutrient deficiencies due to competition of Na+ and Cl- with nutrients such as K+, 

Ca2+, H2PO4
-and NO3

- (Grattan and Grieve, 1999; Maathuis and Amtmann, 1999; Tester 

and Davenport, 2003; Subbarao et al., 2003; Hu and Schmidhalter, 2005).  



Plant nutrition depends on the activity of membrane transporters that translocate 

minerals from the soil into the plant and mediate their intra- and inter-cellular distribution 

(Marschner, 1995; Tester and Davenport, 2003; Epstein and Bloom, 2005). For example, 

Ca2+-ATPases (Ca2+-pumps) universally serve to regulate low cytoplasmic Ca2+ levels 

(Geisler et al., 2000). Similarly, regulation of Na+ and K+ uptake and their distribution in 

plant tissues is controlled by inward- and outward-rectifying K+ channels that are highly 

selective for K+ (Maathuis and Amtmann, 1999), and Na+/H+ antiporters that efflux Na+ 

against concentration gradient (Blumwald et al., 2000). One Na+/H+ antiporter, AtNHX1, 

a low affinity transporter removes the Na+ from cytoplasm and stores it in the vacuole 

(Apse et al., 1999). Smith et al. (1997) reported that HVSTI is likely to be the transporter 

affecting the SO4
2- absorption by the barley roots. Similarly, plant possesses both high-

affinity and low-affinity transporters for uptake of phosphate (Raghothama, 1999; 

Kochian, 2000). In view of these reports, it is suggested that reduction in uptake of 

mineral nutrients under saline conditions may have been due to Na+-induced blockage or 

reduced activity of these transporters. For example, Qi and Spadling (2004) demonstrated 

that high Na+ blocked the AKT1 (K+ inward-rectifying channel) and reduced K+ uptake. 

Moreover, addition of 10 mM NaCl into the cytoplasmic side of patch-clamped wild type 

Arabidopsis root cell completely inhibited AKT1 K+ channel activity (Rus et al., 2004). 

In addition, detrimental effect of Na+ on K+ transport through channels is probably more 

important at the uptake stage than at the xylem-loading stage (Qi and Spadling, 2004). 

Salt induced nutritional disorders can be alleviated by the addition of mineral 

nutrients in the growth medium. For instance, addition of N improved the growth and/or 

yield of maize (Ravikovitch, 1973), tomato (Papadopoulos and Rendig, 1983), grape 

(Taylor et al., 1987), and apple (El-Siddig and Ludders, 1994). Likewise, in a 



comprehensive review Champagnol (1979) reported that of 37 different studies, 34 show 

that addition of P to saline soil increases crop growth and yield. While working with 

tomato, Awad et al. (1990) demonstrated that addition of P increased crop salt tolerance 

over a wide range of salinity (10-100 mM NaCl). Like P, calcium is known to ameliorate 

the adverse effects of salinity in plants, presumably by facilitating higher K+/Na+ 

selectivity (Hasegawe et al., 2000). However, deleterious effects of salt stress associated 

with reduced uptake of K+ can be alleviated by the addition of K to growth medium in 

many crops, e.g., tomato, maize, sunflower, beans etc. (Grattan and Grieve, 1999). In 

view of these reports, it is suggested that high level of macro-nutrients can be supplied 

exogenously so as to alleviate the adverse effects of salt stress on plant growth.  

Of all the macronutrients, potassium is the most abundant cation in the cells of 

non-halophytic higher plants and is required by plants in amounts similar to or greater 

than nitrogen (Daliparthy et al., 1994; Epstein and Bloom, 2005). The K requirement for 

optimal growth ranges from 20 to 50 g kg-1 dry weight in the vegetative organs, fleshy 

fruits, and tubers (Fageria et al., 1991; Marschner, 1995). Uptake of K by the plant is 

highly selective and closely coupled to metabolic activity (Marschner, 1995). Potassium 

is known to play a vital role in various physiological processes such as meristematic 

growth, enzyme activation, cation/anion balance, stomatal movement, osmoregulation, 

photosynthesis and protein synthesis (Epstein and Bloom, 2005). Potassium plays a role 

in the transfer of nitrate from the roots to the shoots and leaves. Without adequate K, 

nitrate accumulates in the roots and a feedback mechanism to the root cells stops further 

nitrate uptake (Marschner, 1995). Potassium plays a major role in the transport of 

assimilates from the leaves to the roots and also to storage organs like tubers and grains. 

Due to an inadequate K supply most of the low molecular assimilates, predominately 



sugars are retained in the leaves and shoots. For example, K deficient bean plants 

contained 76 mg glucose g-1 DM in the leaves and exported only 1.6 mg in 8 h, whereas 

plants adequately supplied with K contained only 12 mg glucose g-1 DM, because glucose 

was exported with a rate of 3.4 mg in 8 h (Cakmak, 2002). As a consequence of the 

accumulation of low molecular weight carbohydrates in the leaves of plants with an 

inadequate K supply, it substantially decreases the efficiency of the conversion of sun 

energy into assimilates, and excessive electrons released from the chloroplasts lead to the 

formation of highly toxic oxygen radicals (Cakmak, 2002). Furthermore, energy 

conversion, carbohydrate formation and translocation, N metabolism and other metabolic 

processes in plants are controlled by enzyme systems, about 60 of which are activated by 

K (Epstein and Bloom, 2005). Cakmak (2002) showed that the activity of NADPH 

oxidase, which also generates the production of oxygen radicals, increases with 

decreasing K supply. From all these reports, it is suggested that potassium is a very 

important cation that plays multiple roles in plant growth and metabolism.  

Numerous studies with a wide variety of horticultural crops have shown that K+ 

uptake is impaired by salinity that leads to reduced K+/Na+ ratio (Subbarao et al., 1990; 

Izzo et al., 1991; Graifenberg et al., 1995; Perez-Alfocea et al., 1996). However, high 

K+/Na+ ratio in plants under saline conditions has been suggested as an important 

selection criterion for salt tolerance (Ashraf, 1994; 2002; 2004; Gorham et al., 1997; Qian 

et al., 2001; Reynolds et al., 2005). For example, long ago Elzam and Epstein (1969) 

observed that in Agropyron spp., the high salt tolerance of A. elongatum relative to A. 

intermedium, was  associated with its higher uptake of K+ under saline conditions. 

Similarly, in wheat salt tolerance was found to be associated with an enhanced K+/Na+ 

discrimination trait (Shah et al., 1987; Gorham et al., 1987; 1990; 1997; Dvorak et al., 



1994). In view of these reports, it is suggested that increase in tissue K+ content by any 

means may induce salt tolerance in salt sensitive crops. Different researchers have 

already shown that the deleterious effects associated with reduced uptake and 

translocation of K+ by plants grown in high Na+ were mitigated by the addition of K+ to 

the growth medium, e.g., in tomato (Satti and Lopez, 1994; Song and Fujiyama, 1996), 

maize (Botella et al., 1997), sunflower (Delgado and Sanchez-Raya, 1999), and bean and 

sunflower (Benlloch et al., 1994). High K+/Na+ ratio has been considered more important 

for many species than simply maintaining a low concentration of Na+ (Gorham et al., 

1990; Rubio et al., 1999; Cuin et al., 2003). A few years back, while reviewing salinity 

interaction with mineral nutrition in horticultural crops, Grattan and Grieve (1999) 

concluded that under field conditions, K in soil solution remains relatively low even after 

addition of K fertilizer. Thus, it is very difficult to completely correct Na-induced K 

deficiencies by the addition of K fertilizers in soil. In the last three decades, it has been 

shown that foliar feeding with macro-nutrients is beneficial in overcoming nutritional 

deficiency, e.g., in cotton (Howard, 1993; Howard et al., 1998), citrus (Calvert, 1969), 

and avocado (Sing and McNeil, 1992), and ‘French’ prune trees (Southwick et al., 1996). 

Foliar fertilization can therefore be a complementary measure taken to provide nutrients 

during a critical phase of restricted nutrient supply. In general, relatively little is known 

on the basic processes such as mechanisms of nutrient uptake by leaves, the fate of 

nutrient applied, and influence of application on different physiological processes in 

leaves (Stamper, et al. 2000; Schlegel and Schoner, 2002; Mengel, 2002; Veberic et al., 

2005). Oosterhus (1998) reported that foliar feeding of a nutrient might actually promote 

the root absorption of the same nutrient. Foliar application also reduces the quantity of 

fertilizer applied to the soil. Foliarly applied potassium fertilizers have been beneficial for 



improving growth and fruit yield of citrus and other fruit crops (Diver et al., 1985; 

Embleton and Jones, 1972). While working with apple trees, Veberic et al. (2005) 

reported that foliar spray with P, or both P and K decreased the photosynthetic rate and 

transpiration rate, but increased water use efficiency when compared to control plants. 

Furthermore, apple trees sprayed with P, or P+K differed in leaf K, which indicated that 

changes in photosynthesis or transpiration rate had not been simply due to changes in 

stomatal regulation.  

Different K sources and doses are being used as a foliar spray. Each source has its 

own advantages and disadvantages, and shows variable responses on different crop 

plants. For example, K2CO3 was found to be effective in potato as it is less toxic to leaf 

tissue and is taken up by the leaf more efficiently (Patterson, 2005). Foliarly applied 

K2CO3 or KOH solutions increased K absorption and translocation within the cotton plant 

and increased boll number and lint yield (Chang and Oosterhuis, 1995). Mullins and 

Burmester (1995) also reported an increased lint yield in cotton by foliar application of 

K, but with no difference among different K sources, KNO3, K2SO4, K2S2O3, and KCl. In 

another study, foliar application of KNO3 was very effective in increasing the K+ level in 

the leaves of ‘Hass’ avocado tree (Sing and McNile, 1992). Furthermore, foliar 

application with 5% KNO3 caused enhanced lint yield in cotton, while 4% higher total 

lint yield was observed with KNO3 application compared with other three K sources i.e. 

KCl, K2 SO4, and K2S2O3 (Howard et al., 1998). In the same way, while working with 

grass pea, Sarker and Malik (2001) reported that an improvement in yield attributes with 

the application of 0.25 %, 0.5% or 1.0% KNO3 solution as a foliar spray. Islam et al. 

(2003) used 1% KNO3 as foliar spray on jute plant leaves and obtained good results. 



A few reports are also available in the literature which indicates that foliarly 

applied K can alleviate the adverse effects of salt stress on growth and yield. For 

example, foliar spray of KH2PO4 corrected the deficiencies of both P and K in salt 

stressed strawberry (Kaya et al., 2001a), and tomato (Satti and Al-Yahyai, 1995). Kaya et 

al. (2001b) found that foliar spray of KH2PO4 alleviated the negative effects of salinity on 

growth of spinach under saline conditions by correcting Na-induced K deficiency as well 

as improving K+/Na+ ratio from 1.61 to 2.72. Recently, Ahmad and Jabeen (2005) have 

found that 250 mg L-1 solution of KNO3 under saline conditions not only inhibited toxic 

effects of salt on fruit formation in Lagenaria siceraria, but also increased its production 

by 76.9% with respect to weight per plant.   

In Pakistan, edible oil import costs 925 million US$ during 2003-2004 (Khan, 

2005). This cost will rise in near future because of the increase in population and 

increased world’s demand of oilseed. These factors further intensify the needs to move 

towards self-sufficiency in edible oil production. Among the oilseed crops, sunflower has 

considerably contributed to the local production of edible oil due to its high yield 

potential and good quality oil (Ali and Mirza, 2005). Sunflower (Helianthus annuus L.) is 

the world fourth largest oil-seed crop (Rodriguez et al., 2002). It is a non-conventional 

oilseed crop, having shown a great promise under diverse agro-climatic conditions of 

Pakistan and established itself as a cash crop. Pakistan has a unique agricultural 

environment where raising two sunflower crops (spring and autumn seasons) in a year is 

possible.  Its horizontal and vertical increase in yield in Pakistan is essential so as to meet 

the oilseed demand. Furthermore, it has attracted a special attention of the farmers due to 

its short duration, less water requirement, high profitability and its versatile role as a high 

proteinacious meal, medicinal use, preparation of textile dyes, and oil contents etc.  



Despite considerable value of sunflower as a major commercial crop, the 

maximum yield of crop is not being attained by the farmers due to the fact that crop 

growth is adversely affected due to a number of abiotic stresses including soil salinity. In 

order to alleviate the adverse effects of salt stress, a number of strategies are known in the 

literature. Of them, the exogenous application of inorganic nutrients including K has a 

great promise in correcting nutrient deficiency and hence improving growth and yield 

under salt stress. 

Thus, it was hypothesized that foliar application of potassium might alleviate the 

adverse effects of salt stress on sunflower plants, particularly where soil conditions 

restrict nutrient availability to root. 

In view of all the above reports, our objectives of the present study were:  

• To assess whether exogenously applied K could alleviate the adverse effects of 

salinity on growth and yield of sunflower. 

• To find out appropriate potassium source and optimum dose, that could 

effectively alleviate the adverse effects of salt stress on sunflower. 

• To assess which metabolic process are up- or down regulated in salt-stressed 

sunflower plants supplied with additional K as a foliar spray. 



CHAPTER 2 

 

REVIEW  

OF  

LITERATURE   
 

Salinity is one of the major abiotic stresses that adversely affect crop productivity 

and quality. Salinity is generally defined as the presence of excessive amounts of soluble 

salts in the soil solution that hinders a number of processes of plant growth. The problem 

of the salinity existed long before the human beings and start of agricultural practices. It 

has now become a very serious problem for crop production (Ashraf, 1994; Rengasamy, 

2006), particularly in arid and semi-arid regions which constitute about one third of the 

world’s land surface (Archibold, 1995). There are two main sources of salinity: primary 

or natural, resulting from weathering of minerals and soil derived from saline parent 

rocks (Sposito, 1989; Ashraf, 1994), and secondary salinization that is caused by human 

interference such as irrigation, deforestation, overgrazing, or intensive cropping (Sposito, 

1989; Ashraf, 1994). Primary salinity is more widespread as compared to secondary 

salinity (Rengasamy, 2002; 2006). According to an estimate, over 800 Mha of land 

throughout the world are salt-affected, either by salinity (397 Mha) or the associated 

condition of sodicity (434 Mha) (FAO, 2005). Of the current 230 Mha of irrigated land, 

45 Mha are salt-affected (20%). Moreover, the salinized areas are increasing at a rate of 



10% annually due to a number of factors such as low precipitation, high surface 

evaporation, irrigation with saline water, and poor cultural practices. It is estimated that 

1.6 Mha of arable land is lost every year (Ghassemi et al., 1995). A large portion of 

irrigated land is in Asia, where salinization has already affected an alarming and ever 

growing fraction of the area (Rains and Goyal 2003). In Pakistan, the estimated salt 

affected area is about 6.61 million ha (Khan, 1998; Anonymous, 2003-2004). The whole 

saline affected area is categorized as 0.598 Mha slightly saline-sodic, 1.33 Mha 

moderately saline-sodic, 2.3 Mha severely saline-sodic, and 1.96 Mha very severely 

saline-sodic (Government of Pakistan, 2003). Salinity is a great dilemma of multifarious 

nature. It has caused many social and economic problems, particularly in developing 

countries (Ashraf, 1994). Increasing salinity reduced the average yield of major crops by 

more than 50% (Bray, 2000). These losses are of great concern for the countries, like 

Pakistan and India the economies of which rely mainly on agriculture sector.  A current 

loss of  US $12 billion annually due to salinity  in the United States  is expected to rise in 

future as soils are expected to be  further affected (Pitman and Lauchli, 2002; Munns, 

2005).  

With the projected increase in populations of 1.5 billion people over the next two 

decades coupled with increased urbanization in developing countries, the world’s 

agriculture is faced with an enormous challenge to maintain our present level of food 

production (Owen, 2001). According to an estimate, more than 800 million people are 

already chronically undernourished (Conway, 1997). Therefore, in view an estimate, 

there is a need to increase productivity  by 20% in the developed countries and by 60% in 

the developing countries (Owen, 2001). In order to achieve this, different ways and 

means must be found without major increases in the amount of new land under 



cultivation, which would further threaten forests and biodiversity. In the light of these 

demographic, agricultural and ecological issues, the threat and effects of salinity become 

even more alarming. Thus, reduction in soil salinization and increase in the salt tolerance 

of crops particularly cereals and oil-seed crops are issues of global importance (Owen, 

2001; Ashraf and McNeilley, 2002; Flowers, 2004; Colmer et al., 2006; Munns et al., 

2006). 

Plants are classified as glycophytes or halophytes according to their capacity to 

grow on high salt medium. Most plants are glycophytes and cannot tolerate salt-stress. 

Adverse effects of soil salinity on plants can be observed as wilted foliage and necrosis of 

tips, margins and lamina of leaves. Ultimately, many nutrient deficiency symptoms will 

occur as a result of acutely impaired nutrient uptake by the injured root system (Nelson, 

1991; Wahome et al., 2001). Overall, salinity reduces growth rate and causes poor and 

spotty growth of crops, uneven or stunted growth and poor yields (Abrol et al., 1988). 

How soil salinity affects plant growth or how different plants respond to saline 

environment is an important part of basic plant biology, contributing to the understanding 

of subjects ranging from gene regulation and signal transduction to ion transport, 

osmoregulation and mineral nutrition. In the existing literature, all these topics are 

discussed in different four categories: 1) physiology of salt toxicity and salt tolerance, 

which includes whole plant responses, and cellular and metabolic responses of plants to 

salt stress (Greenway and Munns, 1980; Ashraf, 1994; 2004; Hasegawa et al., 2000; 

Ashraf and Harris, 2004). 2) Intra- and inter-cellular ion transport as well as long distance 

transport in plants (Zhu, 2002; 2003; Tester and Davenport, 2003; Chinnusamy et al., 

2005), which includes physiological and molecular characterization of various ion 

transporters involved in salt uptake, extrusion, compartmentalization, and in the control 



of long distance transport (Blumwald et al., 2000; Tester and Davenport, 2003; 

Chinnusamy et al., 2005). 3) Survey of genes whose expression is regulated by salt stress 

(Bohnert et al., 1995; Ingram and Bartels, 1996; Bray, 1997; Shinozaki and Yamaguchi-

Shinozaki, 1997; Xiong and Zhu, 2001; Sunker and Bartels, 2005; Munns, 2005). 4) 

Identification of factors responsible for salt tolerance through mutational analysis (Zhu, 

2000; 2001; Xiong and Zhu, 2001; Chinnusamy et al., 2005). 

 

 

2.1. Effects of salt stress on plant growth 

 Generally, salinity can inhibit plant growth by four major ways (Greenway and 

Munns, 1980) i.e. salt-induced water stress, specific ion toxicity, (ion imbalance or 

nutritional disorders), oxidative stress, i.e., production of reactive oxygen species, and 

hormonal imbalances (Ashraf, 1994; 2004; Tester and Davenport, 2003; Munns, 2005; 

Munns et al., 2006) 

2.1.1. Osmotic stress  

 High accumulation of Na+ in saline soils causes lowering of water potential and 

thus makes the plant unable to extract water from soil –osmotic stress. Major contribution 

in salt-induced growth reduction at initial phase of salinity is of osmotic stress. Neumann 

(1997) analyzed about ten reports and concluded that genotypic variation occurs in some 

crops for osmtically induced inhibition in growth by salinity, e.g., Brassica (He and 

Cramer, 1993), maize (Cramer et al., 1994), wheat (Kingsbury et al., 1984), and rice 

(Moons et al., 1995). It is well documented that salt stress causes removal of water from 



the cytoplasm into the extra-cellular spaces resulting in a reduction of cytosolic and 

vacuolar volume (Ashraf, 1994; 2004; Munns, 1993; 2002; Neumann, 1997). This 

adverse effect of osmotic stress also depends upon severity of stress. For example, 

Stępień and Kłobus (2006) reported that dehydration symptoms were greater in the leaves 

of Cucumis sativus treated with 100 mM NaCl than those treated with 50 mM NaCl. 

Since cell division and enlargement is primarily correlated with turgor potential, 

decreased turgor is the major cause of inhibition of plant growth under saline conditions 

(Kurth et al., 1986; Cosgrove, 1993; Nuemann, 1995). Cell expansion also depends on 

hydraulic conductivity of water uptake as well as ion uptake to maintain osmotic 

potential (Neumann, 1995; 1997). However, salt induced reduction in leaf growth of 

cereals was not due to reduced turgor potential in cell expansion zone of growing leaves 

(Thiel et al., 1988; Crammer, 1992). However, growth reduction due to salt stress has 

been related to reduced plasticity of cell walls in the growing regions of the roots and 

leaves (Cramer, 1992; Pritchard et al., 1993; Neumann et al., 1994). For instance, after  a 

few minutes of addition of inhibitory level of NaCl, plasticity of cell wall was reduced 

(Chazen and Nuemann, 1994). Similar reduction in plasticity of cell wall in growing 

regions of leaves had been observed due to nutrient deficiencies or growth inhibitory 

level of ABA (Kutschera and Schopfer, 1986; Snir and Neumann, 1997). From different 

studies, it is concluded that induced changes in cell wall plasticity is metabolically 

regulated and associated with growth rates (Neumann, 1997 and references therein). 

Furthermore, it has been suggested that overall plant growth is regulated by cyclin-

dependent kinase (CDK) activity and cell division (Cockcroft et al., 2000; West et al., 

2004). It is well documented that reduction in CDK activity due to osmotic stress reduces 

cell division (Schuppler et al., 1998; Setter and Flanningan, 2001; Bartels and Sunker, 



2005). Wang et al. (1998) found that ABA induces the expression of ICK1 (inhibitor of 

CDK) and reduces cell division. Furthermore, cell enlargement in growing regions 

depends on a number of factors including over-expression of expansins, a type of proteins 

essential for acid-induced cell wall loosening (Cosgrove, 1997). While working with 

maize (Zea mays L.) Wu et al. (2001) found three expansin proteins (Exp1, Exp5 and 

ExpB8) accumulated in higher amount in the apical regions of root when maize plants 

were grown at lower water potential. Thus, inhibitory effects of salt induced osmotic 

stress on growth are regulated by cellular events. However, at low or moderate salt stress 

(Very low soil water potential) plants adjust osmotically and maintain a potential for the 

influx of water (Serrano et al., 1999; Ashraf, 1994; 2004; Bartels and Sunker, 2005).  

2.1.2. Specific ion toxicity 

Specific ion toxicity problem is different from a salinity problem.   

However, toxicity problems often accompany salinity problem. Toxicity occurs as a 

result of uptake and accumulation of certain constituents from the irrigation water and 

may occur even when the salinity is low. The toxic ions are sodium, chloride and sulfate. 

They can reduce yields and cause crop failure (Waisel, 1972). For example, while 

working with beans, Lagerwerff and Eagles (1961) demonstrated that growth inhibition 

was more in NaCl solution as compared with those of growing in PEG solution of 

equivalent osmotic potential. There is considerable variation in specific ion toxicity at 

inter-specific or intra-specific level. For example, leaf injuries were only observed in 

those soybean varieties that accumulate a high concentration of Cl- in their leaves. The 

toxicity symptom for Cl- is a leaf burn or drying of leaf tissues at the extreme leaf tips of 

older leaves and progresses back along the edges as severity increases (Marschner, 1995). 



In another study, Greenway (1965) showed that longer exposure to NaCl causes higher 

accumulation of Cl- in leaves of salt sensitive cultivars of barley as compared to those of 

salt tolerant cultivars. This greater accumulation of Cl- in the leaves of salt sensitive 

cultivars was due to greater rate of Cl- uptake. Chloride (Cl-) is taken up through roots 

and transported to shoot where it causes damaging effects on photosynthesis and other 

metabolic processes (Flowers, 1988; White and Broadley, 2001). While assessing growth 

responses of wild and cultivated tomato to varying levels of NaCl, Rush and Epstein 

(1976) reported that wild tomato (Lycopersicon cheesmanii ssp. minor (Hook) C.H. Mull) 

grew up to 250 mM NaCl, but the growth of cultivated tomato was adversely affected at 

200 mM NaCl. Wild-salt tolerant tomato accumulates higher amount of Na+ as compared 

to salt sensitive cultivated tomato (Santa-Cruz et al., 1999), thus salt sensitivity of 

cultivated tomato does not appear to be associated with tissue Na+ as has been observed 

in Arabidopsis (Zhu et al., 1998; Nublat et al., 2001). Furthermore, Rush and Epstein 

(1976) demonstrated that wild-salt tolerant tomato is highly sensitive to high K as 

compared to cultivated tomato. Ashraf et al. (1989) assessed the effects of three salts, 

NaCl, CaCl2, MgCl2 and sea water on four grass species, Agrostis stolonifera, A. 

capillaries, Holcus lanatus, and Lolium perenne. Of these salts, MgCl2 had a greater 

inhibitory effect on growth of all species. In another study, a considerable variation was 

observed between different lines of black gram [Vigna mungo (L.) Hepper] to tolerate 

different salts (NaCl, Na2SO4, CaCl2, MgSO4) at germination and seedling stage (Ashraf 

et al., 1988). However, NaCl proved to be more toxic at germination stage. Munns (2002; 

2005) reviewed that Na+-specific damages are associated with high accumulation of Na+ 

in leaves and partially associated with Na+ accumulation in roots. From these reports, it 

can be concluded that excessive amounts of any ion (cation or anion) in growth medium 



can cause toxicity which is species or cultivar specific. However, Na+ toxicity is more 

prevalent and more toxic to plants.  

 

2.1.3. Nutritional imbalance  

 Plant growth and yield are adversely affected by salinity-induced nutritional 

disorders. These disorders may result from the effect of salinity on nutrient availability, 

competitive uptake, transport or partitioning within the plant (Grattan and Grieve, 1999). 

For instance, high amounts of Na+ in soil reduced the Ca2+ activity in external medium 

thereby limiting its availability to maize plants (Suarez and Grieve, 1988) and Celosia 

argentea (Carter et al., 2005). Ionic imbalance also occurred in the rice (Oryza sativa L.) 

cells due to excessive accumulation of Na+ and Cl- and reduced uptake of other mineral 

nutrients, such as K+, Ca2+, and Mn2+ (Lutts et al., 1999). Khan and Ungar (2000) found 

that NaCl stress reduced the uptake of K+, Ca2+ and Mg2+ in Atriplex griffithii var. 

stocksii, which resulted in reduced plant growth. In another study, Ghulam et al. (2002) 

observed that the leaf K+ decreased in salt stressed plants of sugar beets, whereas root K+ 

remained unchanged under saline conditions. While working with Bruguiera parviflora, 

Parida et al. (2004) reported that salt stress caused an increase in concentration of Na+ 

and Cl- with a concomitant decrease in Ca2+ and Mg2+ in leaves, stem and roots, but 

without any change in K+ in the leaves and roots.  Furthermore, a number of studies have 

shown that salt stress can reduce N accumulation in different crop plants, e.g., green bean 

(Pessarakli, 1991), sunflower (Ashraf and Sultana, 2000), tomato (Flores et al., 2000), 

and Bruguiera parviflora (Parida and Das, 2004). Reduction in N accumulation [(present 

in both anionic (NO3
-) and cationic (NH4

+) form)] due to salt stress is not surprising, 



because Cl- uptake and accumulation is often accompanied by a decrease in shoot NO3
- 

concentration as has earlier been observed in egg plant (Savvas and Lenz, 1996), Sultana 

vines (Fisarakis et al., 2001), and Bruguiera parviflora (Parida and Das, 2004). Some 

scientists have attributed this reduction in N to Cl- antagonism with NO3
- (Bar et al., 

1997). The nitrate influx rate or interaction between NO3
- and Cl- has been related to salt 

tolerance in tomato and melon (Kafkafi et al., 1992). In most cases, salt stress causes 

reduction in P accumulation in plants, which develop P-deficiency symptoms (Sharpley 

et al., 1992; Sonneveld and de Kreij, 1999; Kaya et al., 2001a), and addition of P to saline 

growth medium increases crop growth and yield (Champagnol, 1979; Awad et al., 1990). 

Grattan and Grieve (1999) reviewed that salt stress either increases or does not affect P 

accumulation in plants, which depends on plant growing conditions (Soil culture, sand 

culture, or hydroponics), and type of species or cultivars. Most of the studies that show 

salt-induced reduction in P accumulation in plant tissues were conducted in soils. 

Phosphate availability is reduced in saline soils, because phosphate concentrations in soil 

solution are tightly controlled by sorption process and by low solubility of Ca-P minerals 

(Sharpley et al., 1992; Marschner, 1995). Studies showing that salt stress increases the 

tissue P concentration were conducted in sand or solution culture, where P is present in 

sufficient available form. Under such conditions, salt stress by an unknown mechanism 

causes the plant to lose control on P uptake (Roberts et al., 1984) and transport to the 

shoot, which is controlled at root level (Grattan and Maas, 1985). From all these reports, 

a number of scientists concluded that salt stress causes nutrient deficiencies due to 

competition of Na+ and Cl- with nutrients such as K+, Ca2+, H2PO4
-, and NO3

- (Grattan 

and Grieve, 1999; Maathuis and Amtmann, 1999; Tester and Davenport, 2003; Subbarao 

et al., 2003; Hu and Schmidhalter, 2005). Furthermore, different salinity-nutrient 



interactions occur at the same time but the adverse effects of salt stress on crop yield or 

quality depends upon the salinity level, the crop species, and type of nutrient deficiency.   

High external Na+ inhibits the uptake of other nutrients by interfering  the 

transporters present at the root plasma membrane such as K+-selective ion channels 

(Tester and Davenport, 2003). For example, Qi and Spadling (2004) demonstrated that 

high Na+ blocked the AKT1 (K+ inward-rectifying channel) and reduced K+ uptake. 

Moreover, addition of 10 mM NaCl into the cytoplasmic side of patch-clamped wild type 

Arabidospsis root cell completely inhibited AKT1 K+ channel activity (Rus et al., 2004). 

In addition, detrimental effect of Na+ on K+ transport through channels is probably more 

important at the uptake stage than at the xylem-loading stage (Qi and Spadling, 2004). 

2.1.4. Reactive oxygen species 

 The reactive oxygen species (ROS) such as superoxide (O2-), hydrogen peroxide 

(H2O2), hydroxyl radical (OH) and singlet oxygen (1O2) are produced during normal 

aerobic metabolism when electrons from the electron transport chains in mitochondria 

and chloroplasts are leaked and react with O2 in the absence of other electron acceptors 

(Smirnoff, 1993; 1998; Noctor and Foyer, 1998; Mittler, 2002). These toxic molecules 

can then damage cellular membranes, membrane-bound structures, enzymes and DNA 

especially in mitochondria and chloroplasts, and can therefore severely impair plant 

growth and survival (Allen, 1995). Chloroplasts are the first target of ROS in plant cells 

since major production of ROS occurs in chloroplast. Higher ROS production reduces the 

plant ability to repair damage to photosystem II. Stress-induced increase in 

photorespiration and NADPH activity causes increased accumulation of H2O2 (Smirnoff, 

1993; 1998; Noctor and Foyer, 1998; Mittler, 2002). The toxicity of H2O2 is due to its 



requirement of a metal reductant to form the highly reactive hydroxyl radical, which is 

potentially reactive with all biological molecules. Oxidized transition metals such as 

cuprous and ferrous ions may be released from enzymes and electron carriers during 

stress and promote the Fenton reaction to produce highly reactive hydroxyl radicals, 

which extensively oxidize proteins, lipids and nucleic acids (Halliwell and Gutteridge, 

1999).  

To overcome salt-mediated oxidative stress, plants up-regulate a battery of 

antioxidative mechanisms to detoxify and eliminate these reactive oxygen species. The 

antioxidant defense system includes antioxidant compounds (tocopherol and carotenoids) 

and enzymes like superoxide dismutase (SOD), catalase (CAT), peroxidase (POD) and 

others. Plants differ in their ability to scavenge ROS. However, in detoxification of ROS 

or in catalysing the dismutation of superoxide anions to dioxgyen and hydrogen peroxide 

(H2O2) main role is attributed to activity of SOD. The increased production of H2O2 is 

subsequently counteracted by peroxidase or catalase detoxification (Nakano and Asada 

1981; Spychalla and Desborough, 1990; Shalata and Tal, 1998; Garratt et al., 2002). In 

view of a number of studies, salt tolerance is often correlated with a more efficient 

oxidative system (Gossett et al., 1994; 1996; Noctor and Foyer, 1998; Mittova et al., 

2002; Bor et al., 2003 ). For example, over production of SOD, APX (ascorbate 

peroxidase) and CAT have been shown to improve oxidative stress tolerance thereby 

resulting in enhanced salt tolerance. However, while working with cowpea (Vigna 

radiata L.) Cavalcanti et al. (2004) concluded that efficient antioxidant system is not 

necessarily involved in enhancing salinity tolerance in plants. 

2.1.5. Hormonal Imbalance 



Increasing salinity caused a decrease in auxin, gibberellin and cytokinin levels in 

plant tissues, and an increase in abscisic acid (Moorby and Besford, 1983; Vaidyanathan 

et al., 1999). Some reports are also available in the literature which it has been observed 

that auxins and gibberellins are also increased with increase in salinity. For example, 

Yurekli et al. (2004) found that IAA, zeatine and gibberellins were increased in leaves of 

Phaseolus acutifolius but the level of ABA remained unchanged. Such changes in 

hormone levels are thought to be a primary process regulating the reduction in growth 

due to salinity. ABA has been shown to influence both tissue hydraulic and stomatal 

conductivity (Freundle et al., 2000; Hose et al., 2000). It has been suggested that ABA 

can influence growth under drought or salinity by changes in cell wall extensibility 

(Dodd and Davies, 1996; Cramer et al., 1998; Bacon, 1999) or apoplastic pH (Bacon et 

al., 1998). ABA can also influence growth through stomatal regulation under saline 

conditions. ABA in transpiring leaf tissues accumulated more than 6 folds within 10 

minutes in response to salinity which caused an increase in xylem water potential thereby 

recovering leaf growth of barley (Fricke et al., 2006). However, more and faster ABA 

accumulation in non-transpiring, growing tissues suggested that there must be other 

mechanisms through which ABA affects the plant growth in response to salinity such as 

solute transport (Roberts and Snowmann, 2000), import of photosynthates (Munns and 

Cramer, 1996), reduction in abscission through less release of ethylene (Gomezcadenas et 

al., 2002), and membrane integrity (Chen et al., 2001). For example, the pronounced 

increase in ABA in the distal portion of the elongation zone might increase peroxidase 

activity and stiffen walls in this leaf region thereby resulting in growth recovery in the 

proximal portion of the leaf growth zone (Wan et al., 2004). Furthermore, the authors 

conclude that ABA might promote growth through an increase in trans-cellular water 



flow by gating water channels. While working with rice, Gupta et al. (1998) found that 

enhanced level of ABA in salt stressed tissues of rice caused altered gene expression 

which plays an important role in tolerance to salinity. The adverse effects of NaCl on 

growth and photosynthesis can be alleviated by ABA (Popva et al., 1995). Other plant 

hormones like jasmonates also found to accumulate in the presence of salt. While 

working with tomato, Hilda et al., (2003) found that higher concentrations of jasmonates 

were accumulated in salt tolerant tomato cultivars as compared to those in the salt-

sensitive ones. It is also reported that jasmonates have an important role in salt tolerance 

through signal transduction pathways, though this role of jasmonates is not explicit yet 

(Hilda et al., 2003). Thus, different plant hormones play a substantial  role in plant 

responses to salt stress.  

2.2. Plant responses to salinity  

 2.2.1. Growth and Yeild. 

It is well documented that salt stress reduces growth and yield in different plants. 

However, the extent of adverse effect of salt stress on plant growth depends on various 

factors such as type of species and cultivar, composition of salts in which plant is 

growing and environmental factors. However, these adverse effects of salinity on plant 

growth occur in two phases (Munns, 1993; 2002; 2005). In the first phase, salinity 

reduces plant’s ability to take up water due to lower water potential of external growth 

medium (in the presence of high Na+). In this phase, cellular and metabolic changes are 

very similar to drought affected plants (Munns, 1993) and Na+ does not enter the plant 

and remains outside the plant but causes salt-induced osmotic effect which reduces plant 

growth. Thus, growth inhibition in this phase is not due to salt specific effect. There is 

considerable amount of genotypic variation for salt induced water deficit tolerance in 



plants and this topic has been extensively reviewed by Neumann (1997) which has been 

described in the earlier section. Furthermore, salt induced growth inhibition is regulated 

by hormonal signals coming from roots (Munns, 2002). At the second phase of growth 

response, Na+ is taken up by roots from where it is transported to shoot through 

transpiration stream in xylem (Tester and Davenport, 2003). A large number of reports 

are available which indicate that re-circulation of Na+ from shoot to root through phloem 

rarely exists. Thus, major contribution of Na+ transport is unidirectional thereby resulting 

in a progressive accumulation of Na+ in the leaves and eventually the leaves die (Tester 

and Davenport, 2003). However, the extent of leaf injury depends on the ability of leaf 

cells to compartmentalize salts in the vacuole (Munns, 2002). Long ago, Oertli (1968) 

proposed that osmotic damage could occur due to high accumulation of Na+ in leaf 

apoplast, which removes water from the cytoplasm. His hypothesis was based on the fact 

that water and mineral nutrients taken up through the roots and transported to the shoots 

through transpiration stream in xylem, and then water is transpired through stomata 

leaving salt in apoplast. This hypothesis is supported by the findings of Flowers et al. 

(1991) who measured Na+ concentration through X-ray microanalysis in the apoplast of 

rice plants. They reported that about 600 mM Na+ was accumulated in the apoplast of rice 

plants that were moderately salt stressed. However, such high amount of Na+ 

accumulation in leaf apoplasts of maize and cotton could not be measured by Muhling 

and Läuchli (2002). High accumulation of Na+ in cytoplasm inhibits enzyme activity, and 

other metabolic processes such as protein synthesis and photosynthesis (Ashraf, 2004; 

Munns, 2005) thereby reducing leaf growth or causing leaf death.  

2.2.2. Photosynthesis. 



Photosynthsis is the most important physiological process in plant growth and 

yield (Lawlor, 1995; Nátr and Lawlor, 2005). A number of studies have shown that 

photosynthetic capacity of different species is reduced due to salinity (Dubey, 1997; 

2005; Ashraf, 2004). Furthermore, a positive association between photosynthetic rate and 

yield has been found in Gossypium hirsutum (Pettigrew and Meredith, 1994), Asaparagus 

officinalis (Faville et al., 1999), Zea mays (Crosbie and Pearce, 1982), Vigna mungo 

(Chandra Babu et al., 1985), Brassica spp (Nazir et al., 2001), and wheat (Raza et al., 

2006). Iyengar and Reddy (1996) attributed decrease in photosynthetic rate due to 1) 

dehydration of cell membranes that reduced permeability to CO2, 2) reduced N uptake 

due to Na+ and Cl- toxicity,3) reduction of CO2 supply due to stomatal closure 4) changes 

in enzyme activity, and 5) negative feedback by reduced sink activity. The reduction in 

photosynthesis due to non-stomatal factor may be caused by toxic ions. A negative 

relationship was found between photosynthetic activity and Na+ content in the leaves in a 

number of crop species such as rice (Yeo, 1998), and Cl- content in woody perennials 

such as citrus (Walker et al., 1981). James et al. (2002) found that photosynthetic rate 

was reduced by 50% in wheat which was associated with high accumulation of Na+ in 

leaves i.e. ~350 mM. Seemann and Critchley (1985) found that high Cl- concentrations 

(250-300 mM) in the chloroplast of Phaseolus vulgaris were correlated well with the 

efficiency of Rubisco.  

Salinity also reduces the total chlorophyll content and the degree of reduction in 

total chlorophyll depends on the type of plant species and level of salt stress. For 

example, while evaluating nine spring wheat cultivars, Ashraf and McNeilly (1988) 

found that total chlorophyll content increased in salt-tolerant species, while it  decreased 

in salt-sensitive species. According to Velegaleti et al. (1990), the reduction in 



chlorophyll content is due to high accumulation of Cl- in leaves. Recently, a number of 

factors that reduce photosynthetic capacity of plants under saline conditions is 

summarized and these are 1) reduced utilization efficiency of light energy, 2) alteration in 

pigment composition, 3) impaired photo-phosphorylation, 4) decreased stomatal 

conductance leading to closure of stomata accompanied by a decrease in the availability 

of CO2 at the site of its fixation, and 5) alteration in the amount and activity of enzymes 

associated with CO2 assimilation (Dubey, 2005; Huchzermayer and Kyoro, 2005).  

In view of Munns (2002; 2005) the rate of leaf death is crucial for the survival of 

plants because certain leaf area or photosynthesizing tissue is necessary to supply 

photosynthates to produce flowers and seeds. Thus, if leaf death rate is higher in salt 

stressed plants than the rate of production of new leaves, the plant may produce lower 

amount of seed or even may not survive to produce seed. For example, Munns and James 

(2003) reported that salinity causes high accumulation of Na+ in the leaves of salt 

sensitive cultivars of durum wheat thereby resulting in death of old leaves. The new 

leaves become injured and succulent, which in turn result in lower yield. However, it is 

also believed that salt-induced reduction in leaf expansion is associated with a loss in cell 

turgor pressure rather than a salt-specific effect. This is supported by the evidence that 

Na+ and Cl- are always below toxic concentrations in the growing cells themselves. For 

example, Hu and Schmidhalter (1998) showed that Na+ in leaf cells of wheat plants 

growing in 120 mM NaCl was only 20 mM, and Cl - only 60 mM. By summarizing all 

these reports, it can be concluded that growth inhibition due to salt stress is due to salt-

induced osmotic stress (salt-induced water deficit) at the initial phase of salt stress, 

whereas at later stages accumulation of Na+ in different plant parts occurs which 

progressively increases and causes both ionic and osmotic effects on various plant 



metabolic activities thereby resulting in reduced growth. Furthermore, photosynthesizing 

tissue is more sensitive to both ionic and osmotic components of salinity. Tolerance of 

photosynthetic system to salinity depends on how effectively plant excludes or 

compartmentalizes the toxic ions. However, extent of the adverse effects of salt stress on 

photosynthesizing tissue or on growth varies depending upon the type of species, level of 

stress and duration of stress. 

2.3. Physiological basis of salt tolerance 

2.3.1. Salt Tolerance  

Plant salt tolerance can be defined as the ability of a plant to grow and complete its life 

cycle on a substrate that contains high concentrations of soluble salts. Plant has to 

osmotically adjust and take up mineral nutrients in sufficient amount for its metabolism 

to grow in saline environment (Sacher and Staples, 1984). However, Shannon and Grieve 

(1999) defined “salt tolerance” as the inherent ability of plants to withstand the effects of 

high salt concentrations in the root zone or in the leaves without a significant adverse 

effect. Generally, plants have been classified as glycophytes and halophytes depending 

on their sensitivity to salt stress (Waisel, 1972; Flowers et al., 1977; Marschner, 1995). 

Halophytes are plants that have the ability to grow at 400 mM NaCl, whereas 

glycophytes are sensitive to even low concentrations of salt. Although salt tolerance 

varies among species and cultivars (Ashraf, 1994; 2002; 2004), all plants in general use 

the same general salt tolerance mechanism (Zhu, 2001; 2002). Salt sensitivity of plants 

also depends on environmental factors (Shannon et al., 1994; Marschner, 1995), as well 

as plant developmental stage (Neumann, 1995; Ashraf and Khanum, 1997; Vicente et al., 

2004).. However, plant salt tolerance can be achieved by avoiding high ion concentration, 



i.e., delayed germination or maturity until favorable conditions, salt exclusion at root 

level or preferential root growth in non-saline areas, compartmentation of salts in vacuole 

or  specialized cells such as salt glands and salt hairs or storage in older leaves, and 

selective discrimination of Na+ against K+ or Ca2+ (Greenway and Munns, 1980; Ashraf, 

1994; 2004; Marschner, 1995; Maathuis and Amtmann, 1999; Hasegawa et al., 2000; 

Munns, 2002; 2005; Tester and Davenport, 2003; Flowers, 2004).  

2.3.2. Ion homeostasis  

Both halophytes and glycophytes are unable to tolerate high amounts of Na+ in the 

cytoplasm, which therein inhibits plant metabolic processes. Therefore, both these types 

of plants restrict excessive amounts of Na+ accumulation in the cytoplasm to protect plant 

metabolism. For example, Wyn Jones et al., (1984) demonstrated a partial ion exclusion 

mechanism in two species of Agropyron, A. junceum and A. intermedium.  Agropyron 

junceum. accumulated lower in comparison with A.  intermedium and lower accumulation 

of Na+ and Cl- in the leaves of the former species  was related to its high salt tolerance. 

Wyn Jones et al. (1984) suggested that partial exclusion of toxic ions  could be used as 

the primary selection criterion for salt tolerance in wheat. While working with barley, 

Carden et al. (2003) found that a salt tolerant variety maintained a 10-fold lower cytosolic 

Na+ in the root cortical cells than a salt sensitive variety, particularly at day 5 of salt 

stress. However, this difference was masked at day 8 of the stress. In order to assess the  

inheritance of the mechanism of Cl- uptake in  Vitis.  Sykes (1993) crossed Vitis 

champini, a Cl- excluder, with Vitis vinifera, a Cl- accumulator. The ability to restrict Cl- 

ion accumulation in shoot tissues segregated widely with some offspring performance 

better than in either parent. Rogers et al. (1993) selected a population of Trifolium repens 



with lower Cl- content through two generations of recurrent selection for lower chloride 

concentrations at 40 mM NaC1. A salt-tolerant “low Cl-” population, raised from 

selections in Trifolium repens, showed better plant growth and lower uptake of C1- and 

Na+ under salt stress than corresponding “high C1-” or the respective unselected 

population in spite of no difference under non-saline conditions (Rogers and Noble, 

1992; Rogers et al., 1997). In a field experiment conducted on naturally salt affected soils 

using four Brassica species (relatively salt tolerant, B. napus and B. carinata; salt 

sensitive, B. campestris and B. juncea), a close association between their degree of salt 

tolerance and ability to exclude both Na+ and C1- was found (Haq et al. 2002). While 

examining the mechanism of ion accumulation in two near isogenic barley cultivars 

“Maythorpe” (relatively salt sensitive) and “Golden Promise” (relatively salt tolerant) 

Wenxue et al. (2003) found that “Golden Promise” maintained significantly lower Na+ 

concentrations but higher K+/Na+ and Ca2+/Na+ ratios in young leaf blade and young 

sheath tissues than “Maythorpe” when exposed to salt stress. Munns and James (2003) 

found that salt-sensitive genotypes of durum wheat which could not effectively exclude 

salt from the transpiration stream,  accumulated salt up to toxic levels in the leaves 

thereby resulting in the death of old leaves and new leaves were injured and become 

succulent. However, the validity of the ion exclusion mechanism for salt tolerance was 

questioned (Ashraf, 2004) in view of the contradictory results reported for different 

species. For example, Van Steveninck et al. (1982) showed that the salt tolerant species 

Lupinus luteus accumulated more Na+ and C1- in the shoots than the salt sensitive L. 

angustifolius. Such differences in ion accumulation can even be observed within a single 

species. For example ion accumulation varied between maize cultivars differing in salt 

tolerance (Lessani and Marschner, 1978; Hajibagheri et al., 1987). This variation in 



mechanism of ion uptake could be due to some multiple adaptations to toxic ions 

operating simultaneously within a specific plant. These mechanisms can occur in all cells 

within the plant, or can occur in specific cell types, showing adaptations at cellular or 

whole plant level (Tester and Davenport, 2003; Carden et al., 2003). From these reports, 

it is evident that glycophytes can use both mechanisms (ion exclusion or ion inclusion) 

for salt tolerance. However, these two mechanisms depend on the pattern of ion 

distribution between leaves and on ion compartmentation within the cell (Greenway and 

Munns, 1980; Wyn Jones, 1981; Ashraf, 1994; 2004; Munns, 2002).  

 

2.3.3. Osmotic adjustment 

Osmotic adjustment is an osmoregulatory process in which water potential of a 

cell can be decreased without an accompanying decrease in cell turgor or it is net increase 

in solute content per cell that is independent of the volume changes that result from loss 

of water (Taiz and Zeiger, 2002). Osmotic adjustment in plants subjected to salt stress 

can occur by the accumulation of inorganic and/or organic solutes. In salt excluders, 

plants in which salt exclusion is the major mechanism of salt tolerance, accumulation of 

low-molecular-mass organic solutes must be increased to achieve osmotic balance. In 

contrast, in salt includers, plants in which salt inclusion is the primary mechanism of salt 

tolerance, osmotic adjustment occurs due to accumulation of inorganic ions and 

particularly Na+ and Cl- ions at organ, tissue or cellular level (Greenway and Munns, 

1980; Ashraf, 1994; 2004). Although both organic and inorganic solutes play a crucial 

role in osmoregulation of higher plants subjected to saline conditions, their relative 

contribution varies among species, among cultivars and even between different 



compartments within the same plant (Greenway and Munns, 1980; Ashraf, 1994; Ashraf 

and Bashir, 2003). The compatible osmolytes generally found in higher plants are low 

molecular weight sugars, organic acids, polyols and nitrogen containing compounds such 

as amino acids, imino acids, ectoine, soluble low molecular weight proteins such as late 

embryogenesis-abundant proteins and dehydrins, and quaternary ammonium compounds. 

The important amino acids in this respect include alanine, arginine, glycine, serine, 

leucine and valine, together with the imino acid, proline and the non-protein amino acids, 

citrulline and ornithine (Rabe, 1990; Mansour, 2003). While assessing the role of some 

amino acids and proline in osmoregulation of spinach plants subjected to salt stress, 

Martino et al., (2003) found that osmoregulation due to accumulation of some free amino 

acids and proline was one of the predominant strategies used by spinach plants to tolerate 

saline stress. Amides such as glutamine and asparagine have also been reported to 

accumulate in plants subject to salt stress (Dubey, 1997; Mansour, 2003). Proline 

accumulates in larger amounts than other amino acids in salt stressed plants (Ashraf, 

1994; Ali et al., 1999; Abraham et al., 2003). Of different quaternary compounds, proline 

is known to play an important role in osmotic adjustment in salt stressed plants (Mohanty 

et al., 2002; Yang et al., 2003). 

Osmotic adjustment gained considerable attention as a significant and effective 

mechanism of salinity resistance in crop plants. For example, studying the mechanism of 

salt tolerance in salt tolerant grass species, Ochiai and Matoh (2001) found a positive 

relationship of growth with osmotic adjustment, which occurred mainly due to the 

accumulation of potassium, glycinebetaine, and reducing sugars under saline conditions. 

In wheat, a salt tolerant cultivar Giza 164, was found to have higher osmotic adjustment 

as compared with a salt sensitive cultivar Sakha 69 (Abdul-Aziz and Reda, 2000). In the 



same crop, Saneoka et al. (1999) found similar results while comparing two cultivars 

differing in salt tolerance. In contrast to all these reports, there are some reports in which 

there is little or no correlation between osmotic adjustment and salt tolerance. For 

example, while comparing different classes of plants with regard to their degree of salt 

tolerance, Katerji et al. (2003) could not find any correlation between the amount of 

osmotic adjustment, leaf area, and yield reduction in plants sensitive to salinity. In view 

of these contrasting reports on the relationship of osmotic adjustment and plant growth 

under saline stress, it is not yet clear that osmotic adjustment is a useful physiological 

mechanism of salt tolerance.  

2.4. Strategies to improve crop salt tolerance 

 2.4.1 Conventional Screening/Selection and Breeding  

(Biotic Approach) 

Tolerance to abiotic stresses is very complex at the whole plant and cellular levels 

(Foolad 1999; 2003). This is due to the complexity of interactions between stress factors 

and various molecular, biochemical and physiological phenomena affecting plant growth 

and development (Zhu, 2002).There is a strong evidence that stress-tolerance 

mechanisms may vary from species to species and at different developmental stages 

(Ashraf 1994; Foolad 1999; Foolad and Lin, 2001). However, basic cellular responses to 

salt stress are conserved among most plant species (Zhu 2001; 2002). For example, salt 

stress provokes similar osmotic stress, oxidative stress and protein denaturation in plants, 

which lead to similar cellular adaptive responses such as accumulation of compatible 

solutes, induction of stress proteins and acceleration of reactive-oxygen species 

scavenging system (Zhu 2002). In view of all these plant responses to acclimate salt 



stress, a variety of approaches has been suggested to improve crop salt tolerance, 

including conventional breeding, wide crossing, the use of physiological traits and, more 

recently, marker-assisted selection and the use of transgenic plants. However, none of 

these approaches could be used to facilitate crop production under salt stress conditions 

as a sole solution. For example, while reviewing the strategies for improving crop salt 

tolerance, Flowers and Yeo (1995) were of view that conventional breeding programmes 

have rarely delivered enhanced salt tolerance. Although wide crossing has resulted in 

improved crop salt tolerance, it generally reduces yield to unacceptably low levels (Yeo 

and Flowers, 1986). However, screening and selection using physiological criteria was 

effectively used for improving salt tolerance in rice (Dedolph and Hettel, 1997). 

Similarly, Munns et al. (2002; 2006) suggested that screening and selection approach on 

the basis of ion exclusion could be used to improve salt tolerance. In addition, it is 

possible to produce transgenic plants expressing some traits relating to salt tolerance. 

However, recent analysis showed that none has been tested in the field and few claims for 

success meet even minimal criteria required to demonstrate enhanced tolerance (Flowers, 

2004).  

2.4.2. Shotgun Approache 

 2.4.2.1. Exogenous Application of Organic Compounds 

Despite all these approaches, a number of scientists proposed exogenous applications of 

compatible solutes, antioxidants, growth promoters, and inorganic salts as shotgun 

approach to induce salt tolerance in plants (Makela et al., 1996; Hayat and Ahmad, 2003; 

Ahmed and Jabeen, 2005; Ashraf and Foolad; 2005; 2007; Raza et al., 2006). Any 

compound can be exogenously applied either as a pre-sowing seed treatment, as a foliar 

spray or through the rooting medium.  For example, in a number of studies in which 



salicylic acid (SA) applied as a foliar spray or as a pre-sowing seed treatment it was 

found that growth and/or yield was promoted under normal or stress conditions 

(Jayachandran et al., 2000; Kalarani et al., 2002; Singhvi et al., 2002; Sivakumar et al., 

2002; Shakirova et al., 2003; Singh and Usha, 2003; Khodary, 2004; El-Tayyeb, 2005). 

Similarly, SA application through the rooting medium also caused growth promotion of 

tomato (Tari et al., 2002) and Phaseolus vulgaris (Stanton, 2004) under salt stress. 

Likewise, exogenous application of glycinebetaine as a foliar spray counteracts the 

growth inhibition induced by NaCl in different crop plants, e.g., wheat (Diaz-Zorita et al., 

2001), tomato (Makela et al., 1998), and rape (Makela et al., 1999). Foliar application of 

salt-induced deficient nutrients such as K, Ca and N was also found to induce salt 

tolerance in strawberry (Kaya et al., 2001a), spinach (Kaya et al., 2001b), cucumber and 

pepper (Kaya et al., 2003) and rice (Ikeda et al., 2004). However, effectiveness of these 

compounds through seed priming or as a foliar spray depends on the type of species, 

plant developmental stage, time of application, and concentration of the compound 

absorbed by the plant. 

2.4.2.2. Exogenous Application of Inorganic Compounds 

Foliar application of stress-induced deficient compounds such as N, P, K, Mg, Ca 

etc. can also be used to alleviate the adverse effects of stresses. Foliar applied nutrients 

may be useful either in promotion of acclimation and resistance of plants to salinity, or in 

enhancing repair mechanisms once damage has occurred. Calcium has been the most 

frequently studied foliar applied nutrient to enhanced acclimation against some stresses 

because of its central role in promoting the integrity of the cell wall by cross-linking 

pectin molecules (Andrews, 2002). In the USA, pre-harvest applications of calcium 

hydroxide (0.72% w/v ) reduced the incidence of rain-induced cracking of sweet cherry 



(Prunus avium L.) fruit and three weekly applications before harvest were more effective 

than two  applications (Callan, 1986). The combined calcium/ copper treatment appeared 

to be more effective in preventing fruit cracking period. Although the role of copper in 

plants is not fully understood, it is known to be an essential co-factor for many oxidase 

proteins (Sansmann and Boger, 1983), some of which are involved in photosynthesis 

(Fernandes and Henriques, 1991) and lignifications of cell walls (Rahimi and Bussler, 

1974). In the New York State, Stover et al. (1999) observed that foliar sprays of boron 

plus zinc, applied pre-bloom either with or without urea, enhanced cropping of previously 

winter-damaged apple trees. Thus, foliar nutrient applications of calcium, boron, and /or 

zinc may increase cold acclimation and hasten repair of cold damaged tissue, thereby 

enhancing cropping and yield the following season. Increasing concentration of 

macronutrients in salt stressed plants by exogenous root application or foliar application 

is also useful in ameliorating the adverse effects of salt stress. For instance, addition of N 

improved the growth and/or yield of maize (Ravikovitch, 1973), tomato (Papadopoulos 

and Rendig, 1983), grape (Taylor et al., 1987), and apple (El-Siddig and Ludders, 1994). 

Likewise, in a comprehensive review Champagnol (1979) reported that of 37 different 

studies, 34 show that addition of P to saline soil increases crop growth and yield. While 

working with tomato, Awad et al. (1990) demonstrated that addition of P increased crop 

salt tolerance over a wide range of salinity (10-100 mM NaCl). Like P, calcium is known 

to ameliorate the adverse effects of salinity in plants, presumably by facilitating higher 

K+/Na+ selectivity (Hasegawe et al., 2000). Likewise, deleterious effects of salt stress 

associated with reduced uptake of K+ can be alleviated by the addition of K to  the 

growth medium in many crops, e.g., tomato, maize, sunflower, beans etc. (Grattan and 

Grieve, 1999). In view of these reports, it is suggested that high level of macro-nutrients 



can be supplied exogenously so as to alleviate the adverse effects of salt stress on plant 

growth.      

It is also necessary to understand how stress affects foliar nutrient levels and how 

foliar nutrient levels affect stress resistance mechanisms. Role of plant nutrients on stress 

resistance mechanisms has gained a significant recognition and opened new avenues for 

use of foliar applied nutrients to counteract the deleterious effects of stresses. Salt-

induced oxidative stress is a major stress that results in the formation of ROS that damage 

the cells.  

Antioxidant defense systems detoxify or scavenge ROS (Mittler, 2002). However, 

little information is available on the role of mineral nutrients in protecting plants from 

oxidative stress. For example, three year-old birch (Fagus sylvatica L.) seedlings were 

fertilized weekly with varying levels of nutrient solutions for five months after which it 

had been observed that total chlorophyll, and carotenoid concentrations, and the 

chlorophyll: carotenoid ratio in the leaves decreased with a decrease in nutrient solution 

concentration from 2X to 0.50X (Polle et al., 1997). The relative increase in carotenoids 

suggested that nutrient deficient plants may have a greater demand for protection from 

light induced oxidative stress. Catalase activity was the lowest in plants grown in the 

0.1X nutrient solution, but SOD activity was the highest in the 0.1X and 0.5X solution 

(Polle et al., 1997). Lower photosynthetic activity as expected under nutrient deficient 

conditions (Petterson and McDonald, 1994) may reduce the requirement for 

detoxification of H2O2 by catalase and hence lower its enzyme (Catalase) activity. 

Another possibility is that catalase has high turn-over rate (Feierabend and Engel, 1986), 

and nutrient deficiency may reduce catalase synthesis (Catalase protein synthesis). While 

higher SOD activity under nutrient deficiency suggests that chlorotic leaves were 



exposed to increased oxidative stress from superoxide radicals. Likewise, while working 

with French bean (Phaseolus vulgaris L.) Sanchez et al. (2000a; 2000b) reported that 

increase in N in the nutrient solution caused a decrease in CAT and POD activity while it 

caused an increase in SOD activity and H2O2. They also observed that the activity of the 

phenolic synthesizing enzymes phenylalanine ammonium lyase increased, whereas that 

of the phenolic-degrading enzymes polyphenol oxidase decreased. Thus with change in 

leaf N concentration due to changes in N in nutrient solution caused significant 

biochemical changes which may protect the plant from oxidative stress. Since Mg is a 

part of chlorophyll molecule its deficiency may affect the photoreduction in chloroplasts, 

possibly leading to the production of superoxide radicals and H2O2, and higher demand of 

antioxidative defense system. While working with French bean (Phaseolus vulgaris L.), 

Cakmak and Marschner (1992) found that total ascorbate and non-protein sulfhydryl 

(SH) compounds increased significantly in the leaves of Mg-deficient plants compare 

with those of Mg-sufficient plants. They also observed that activities of SOD, ascorbate 

peroxidase (APX) and glutathione (GSH) increased with increase in ascorbate and non-

protein SH compounds in Mg-deficient leaves, whereas there was no change in Mg-

sufficient leaves. From these results Cakmak and Marschner, (1992) suggested that Mg 

deficiency may induce ROS production and stimulate antioxidant defense systems to 

detoxify them. From all these reports, it can be concluded that nutrient deficiency either 

caused by nutrient deficiency or salt stress affects plant growth directly or indirectly such 

as through nutrient-deficient-induced oxidative stress. Although, interaction between 

plant nutrient levels and stress repair mechanisms is not fully understood, foliar 

application of nutrients can be used to induce stress resistance mechanisms.  

2.4.2.3. Role of Potassium 



Of all the macronutrients, potassium is the most abundant cation in the cells of 

non-halophytic higher plants and is required by plants in amounts similar to or greater 

than nitrogen (Daliparthy et al., 1994; Epstein and Bloom, 2005). The K requirement for 

optimal growth ranges from 20 to 50 g kg-1 dry weight in the vegetative organs, fleshy 

fruits, and tubers (Fageria et al., 1991; Marschner, 1995). Uptake of K by the plant is 

highly selective and closely coupled to metabolic activity (Marschner, 1995). Potassium 

is known to play a vital role in various physiological processes such as meristematic 

growth, enzyme activation, cation/anion balance, stomatal movement, osmoregulation, 

photosynthesis, and protein synthesis (Epstein and Bloom, 2005). Potassium plays a 

central role in the transfer of nitrate from the roots to the shoots and leaves. Without 

adequate K, nitrate accumulates in the roots and a feedback mechanism to the root cells 

stops further nitrate uptake (Marschner, 1995). Potassium plays a major role in the 

transport of assimilates from the leaves to the roots and also to storage organs like tubers 

and grains. Due to an inadequate K supply most of the low molecular assimilates, 

predominately sugars are retained in the leaves and shoots. For example, K deficient bean 

plants contained 76 mg glucose/g DM in the leaves and exported only 1.6 mg in 8 h, 

whereas plants adequately supplied with K contained only 12 mg glucose/g DM, because 

glucose was exported with a rate of 3.4 mg in 8 h (Cakmak, 2002). As a consequence of 

the accumulation of low molecular weight carbohydrates in the leaves of plants with an 

inadequate K supply, it substantially decreases the efficiency of the conversion of sun 

energy into assimilates. The excessive electrons released from the chloroplasts lead to the 

formation of highly toxic oxygen radicals (Cakmak, 2002). Furthermore, energy 

conversion, carbohydrate formation and translocation, N metabolism and other metabolic 

processes in plants are controlled by enzyme systems, about 60 of which are activated by 



K (Epstein and Bloom, 2005). Cakmak (2002) showed that the activity of NADPH 

oxidase, which also generates the production of oxygen radicals, increases with 

decreasing K supply. From all these reports, it is suggested that potassium is a very 

important cation that plays multiple roles in plant growth and metabolism.  

2.5. Foliar Application of Nutitents 

 Generally, plants take up water and mineral nutrients through roots while leaves 

are meant for gaseous exchange. Leaves are covered by a cuticle which is an effective 

barrier to penetration of water and solutes (Schonherr and Baur, 1994; 1996). Generally, 

foliar uptake of a nutrient depends on the type of plant species and its epidermal structure 

and composition (amount of wax deposited or type of cuticle), growth conditions (leaf 

age), type of potassium source used, concentration of K applied at the leaf surface, pH of 

applied K solution, absorption of K in leaves with subsequent utilization by the plant 

(Mengel, 2002; Wójick, 2004). Translocation of nutrients taken up through leaves 

depends on general metabolism of plant, leaf age, relative position of “source” to “sink”, 

nutritional status of plants and environmental factors (Chamel et al., 1985). These factors 

are presented in a table reported by Alexander, 1985 and are presented in  

Table 1. Factors that influence on the efficiency of foliar nutrient spray 

Related to Plant Related to environment Spray solution 

Cuticular wax, 

Epicuticular wax 

Age of leaf 

Stomata 

Guard cell 

Trichomes, Leaf hairs 

Adxial leaf side  

Abaxial  leaf side 

Temperature  

Light 

Photoperiod 

Wind 

Humidity 

Drought 

Time of the day 

Osmotic potential of the root 

Concentration 

Application rate 

Application 

technique 

Wetting agent 

pH 

Polarity 

Hygroscopicity 



Leaf turgor 

Surface moisture 

Cation exchange capacity 

Nutrient status of plant 

Cultivar  

Growth stage 

medium 

Nutrient stress 

 

Compound /salt use 

Sticking property 

Sugars 

Nutrient ratio 

 

2.5.1. Penetration of Nutrients into Leaf Tissue. 

 Epicuticular wax is the outermost layer of leaf which is composed of ketones, 

ester of long chain fatty acids and long chain alcohol. This biochemical arrangement 

hinders the penetration of water and ions across the membrane (Marschner 1995). Intra-

cuticular waxes within cuticular waxes are more polar than those of epicuticular (Baker, 

and Bukovac, 1971; Bukovac and Norris 1967). Low permeability of cuticles is a 

necessity to protect plants from dessication and to minimize leaching of nutrients from 

the apoplast (Marschner, 1995). Various aspects of foliar nutrition with different 

inorganic salts have been studied (Neumann, 1988), but only few mechanistic studies of 

cuticular penetration of ions and salts have been conducted in the past (Yamada et al., 

1964; McFarlane and Berry, 1974; Chamel, 1988).Some earliar studies suggest that 

penetration of calcium salts (Schönherr, 2000; 2001) and potassium salt [(KNO3, KCl, 

KH2PO4, K2CO3)] (Schönherr and Luber, 2001) across the cuticle is a purely physical 

process and not affected by metabolic activity of mesophyll (Schönherr, 2000; 2001). 

While working with pear (Pyrus communis L. cv. Conference) leaf cuticles Schönherr 

and Luber, (2001) found that cuticular penetration of potassium salts was of first order 

and rate constants were independent of times. Although cations and anions were 

penetrated in equivalent amounts (Krüger, 1999), penetration was restricted to aqueous 

pores crossing the cuticles (Schönherr, 2000). Hydrated ions cannot shed their hydration 



shells, and lipid phases such as cutin and cuticular waxes are not accessible to them. 

Hence, it was not possible to speed up the rate of penetration by increasing temperature 

or adding plasticizers both of which increase fluidity of waxes (Buchholz and Schönherr, 

2000), but  they do not influence number and size of aqueous pores. With increasing 

humidity, rate of penetration increased because cuticles swelled but the main humidity 

effect was related to dissolution of salt residues on the surface of cuticles (Schönherr, 

2000; 2001). This process is governed by the point of deliquescence (POD) which is the 

humidity over a saturated salt solution containing solid salt (Kolthoff et al., 1969; Lide, 

1991). If humidity was higher than the POD, salt dissolved and salt penetration 

proceeded from saturated salt solutions. Water solubility was an other determinant of 

cuticular penetration, and organic Ca salts penetrated much more slowly than inorganic 

salts because of low POD’s, high molecular weight and low aqueous solubility (Krüger, 

1999; Schönherr, 2000; 2001). While working with pear (Pyrus communis L. cv. 

Conference) leaf cuticles, Schönherr and Luber, (2001) found that cuticular penetration 

of KCl and K2CO3 (having highest K contents i.e., 53 and 57%) was higher than that of  

KNO3 and KH2PO4 at lower humidity level, thus being  more useful as foliar fertilizers. 

Mineral nutrients enter the epidermal cells through the ectodesmata pores with a 

diameter of less than 1 nm (Schőnherr, 1976). These pores are readily permeable to 

solutes such as urea (radii 0.44 nm), but not larger molecules such as synthetic chelates.  

These ectodesmata are lined with fixed negative charges which increases density from the 

outside of the cuticle to the inside. Accordingly, the permeation of cations along this 

gradient is enhanced, whereas anions are repulsed from this region (Tyree et al., 1990). 

Therefore, the uptake of cations by the leaves is more rapid than that of anions. The 

number of ectodesmata on the adaxial leaf surface is usually lower than on the abaxial 



surface. Marschner (1995) estimated that the number of ectodesmata per cm² of a leaf 

surface is approximately 1010. However, the number of ectodesmata is strongly affected 

by environmental conditions such as high air temperatures, intense solar radiation, 

drought, and pathogenic infections.  Their number also depends upon the physiological 

state of the leaves as they develop. The number of ectodesmata per unit of a surface area 

decreases, which affects the leaf ability to absorb ions and permeability (Schőnherr and 

Bukovac, 1978). 

Leaves have stomata at least on one side. Penetration of liquids into these 

openings is possible when surface tension is sufficiently low (Schőnherr and Bukovac, 

1978). It has been demonstrated that penetration of organic ions (succinic acid-2,2-

dimethyl hydrazide) into leaves was much faster when stomata were open even though 

liquid entry did not occur (Schőnherr and Bukovac, 1978). They suggested that selective 

permeability of cuticles around the guard cells might have been responsible for such type 

of results. Such a selective permeability is also applicable to inorganic salts, which 

indicates that higher uptake of inorganic salts into stomatous leaf surfaces occurs 

particularly in light. 

 

2.5.2. Selective absorption of nutrients into cells  

The cell walls of a leaf serve as a apoplastic pathway for the movement of 

nutrients and mainly composed of cellulose, hemicellulose, and pectin. The two latter 

compounds contain large amounts of galacturonic acids rich in free carboxyl groups that 

facilitate the cation adsorption at the plasma membrane, which is mainly composed of 

proteins and lipids. It is an effective barrier to solutes of high molecular weight (Mengel, 



2002).  It is the site of selectivity and transport against the concentration gradient of 

solutes (Marschner, 1995). Selective transport of nutrients across the plasma membrane 

requires energy and specific carriers, permeases and channels. Nutrient transport through 

the plasma membrane may also be a passive process driven by diffusion. 

2.5.3. Chemical nature of the nutrient solution  

 Generally, the absorption rate of mineral nutrients by the leaves strongly depends 

on chemical properties of the cations. The higher the valence of a cation, the lower is its 

ability to move into the cells (Mengel, 2002). However, among cations of the same 

valence, the penetration through leaf surface decreases with the diameter of hydrated ion 

(Franke, 1967). Thus, the uptake of cations by the epicuticular cells decreases in the 

following order: NH4 + > K+ > Na+ > Ca2+ > Mg2+. 

 

2.5.4. Foliar Absorption of Potassium 

 Different reports about the foliar absorption K indicates that accompanied anion plays a 

part in the absorption through leaf. Wittwer and Teubner (1959) showed the highest 

uptake of leaf applied K+ from K-citrate solution. They have the opinion that citric acid 

radicals stimulated metabolism in leaf tissues which consequently led to increased K+ 

absorption. Driver et al. (1985) demonstrated that leaf absorption of K+ from K-sulphate 

was much lower than that of K-nitrate. Farlane and Berry (after Komosa, 1990) found 

that penetration of K+ from the K-chloride and K-nitrate through the isolated cuticular 

membrane was more rapid than that of K-sulphate. 



In view of all these above-mentioned reports, it is amply clear that K is one of 

important mineral nutrients in mitigating the adverse effects of salt stress on plants. It is 

also clear that foliar application of inorganic fertilizers such as K has a great promise in 

correcting nutrient deficiency, but there are very few reports, which show that foliar 

application of K could alleviate the adverse effects of salt stress. In view of great 

importance of sunflower as oilseed crop the present study was conducted to assess 

whether foliar application of K could alleviate the adverse effects of salt stress on 

sunflower. Furthermore, it is also not explicit from the above-mentioned reports what 

type of growth processes are triggered by foliarly applied K. Thus, in the present study 

the focus was to identify the processes that are regulated by foliar application of K. 



CHAPTER 3 

 

MATERIALS  

AND  

METHODS 
 

Two independent experiments were conducted during spring and autumn 2005 in 

a naturally lit wire-house in the Botanic Gardens, Department of Botany, University of 

Agriculture, Faisalabad, Pakistan (latitude 31°30 N, longitude 73°10 E and altitude 213 

m). Achenes of sunflower (Helianthus annuus L cv. SF -187, Monsanto, USA) were 

obtained from the Regional Office of Pakistan Seed Council Faisalabad, Pakistan. During 

the spring and autumn seasons mean day temperature 30.6 ± 5.1 oC and 31.6 ± 8.4 oC, 

night temperature 18.3 ± 7.6 oC, 20.3 ± 6.4 oC, relative humidity (RH) 35.9 ± 6.5, 45.6 ± 

8.3, and the day length from 8 to 11 and 9 to 11 hours were recorded, respectively.  

3.1. Sand culture experiment: 

Achenes of sunflower (Helianthus annuus L) were surface sterilized in 5% 

sodium hypochlorite solution for 10 minutes before further experimentation. Ten 

sunflower achenes were directly sown in each plastic pot of 28 cm diameter, but after 

germination, seedlings were thinned to three of almost uniform size. Each pot contained 

12.50 kg of well washed sand. The experiment was arranged in a completely randomized 



design with four replicates. All pots were irrigated with full strength Hoagland’s nutrient 

solution for 18 days after which NaCl treatments in Hoagland’s nutrient solution were 

begun. The NaCl treatments used were 0 or 150 mM in full strength Hoagland’s nutrient 

solution. Salt solution was applied in aliquots of 50 mM every day. Two liters of 

treatment solution was applied to each pot after every week, however, moisture content 

of the sand was maintained daily by 200 ml distilled water in to each pot. Different 

concentrations of K [(NS (No spray), WS (spray of water+ 0.1% Tween 20 solution), 

0.5%, 1.0%, 1.5%, and 2.0% K in 0.1% Tween 20 solution)] from six different K sources 

(KCl, K2SO4, KH2PO4, KNO3, KOH, K2CO3) were applied foliarly two times to non-

stressed and salt stressed sunflower plants. First foliar application of K was done one 

week after the commencement of salt treatment. The second foliar application was done 

one week after the first application. Each potassium salt treatment or blank solution was 

prepared in 0.1% Tween-20 solution and its pH was maintained at 6.5 to ensure the 

maximum penetration of salt into the leaf tissue and to avoid the leaf injury.   Pot Soil 

was totally covered with plastic sheet to avoide the absorption via roots before each foliar 

application.   

After 40 days of germination, the data for gas exchange characteristics, leaf 

chlorophyll content, and water relation parameters were recorded. Thereafter, one plant 

from each pot was harvested and used for the estimation of growth and mineral nutrient 

status of plants, while the remaining two plants were left to reach maturity and then 

harvested for the estimation of yield and yield components. Plant roots were carefully 

removed from the sand and washed in cold LiNO3 solution isotonic with the 

corresponding treatment in which plants were growing. One mM of Ca (NO3)2.4H2O 

solution was added to LiNO3 solution to maintain membrane integrity. Fresh weights of 



shoots and roots were recorded.  Fresh plant material was oven-dried at 65 oC for one 

week and dry weights measured.   

3.2. Water relation parameters 

3.2.1 Leaf water potential (Ψw) 

A fully expanded youngest leaf was excised from each plant and leaf water 

potential measurement was made with a Scholander type pressure chamber (Arimad-2- 

Japan) early in the morning between 6.00 a.m. to 8.00 a.m. 

3.2.2 Leaf osmotic potential (Ψs) 

The same leaf that was used for water potential measurements was frozen into 2 

cm3 propylene tubes for two weeks at -20°C in an ultra-low freezer, after which time the 

leaf tissue was thawed and extracted by crushing the material with a metal rod. After 

centrifugation (8000 x g) for four minutes, the sap was used directly for osmotic potential 

determination in a vapor pressure osmometer (Wescor, 5520). 

3.2.3. Leaf turgor potential (Ψp) 

The leaf turgor potential was calculated as the difference between osmotic 

potential and water potential values as         

Ψp = Ψw  - Ψs   

3.3. Chlorophyll fluorescence 

The polyphasic rise of fluorescence transients was measured by a Plant Efficiency 

Analyzer (PEA, Handsatech Instruments Ltd., King’s Lynn, UK) according to Strasser et 

al (1995).  



The transients were induced by red light of 3000 µmol m-2 s-1 provided by an 

array of six light emitting diodes (peak 650 nm), which focused on the sample surface to 

give homogenous illumination over exposed area of sample surface. All the samples were 

dark adapted for 30 minutes prior to fluorescence measurements. 

Fо   = Minimum fluorescence with all PSII reaction centers open 

Fm  = Maximum fluorescence with all PSII reaction centers open 

Fv  = Variable fluorescence 

Fv/Fm = Maximal quantum yield of PSII 

 

3.4. Gas exchange characteristics: 

Measurements of net CO2 assimilation rate (A), transpiration rate (E), stomatal 

conductance (gs), and sub-stomatal CO2 concentration (Ci) were made on a fully 

expanded youngest leaf by using an open system LCA-4 ADC portable infrared gas 

analyzer (Analytical Development Company, Hoddeson, England). These measurements 

were made from 10 a.m. to 2.00 p.m. with the following specifications/adjustments: leaf 

surface area 11.35 cm2, ambient CO2 concentration (Cref) 342.12 µmol mol-1, temperature 

of leaf chamber (Tch) varied from 39.2 to 43.9oC, leaf chamber volume gas flow rate (v) 

396 mL min-1, leaf chamber molar gas flow rate (U) 251 µmol s-1, ambient pressure (P) 

99.95 kPa, molar flow of air per unit leaf area (Us) 221.06 mol m-2 s-1, PAR (Qleaf) at 

leaf surface was maximum up to 918 µmol m-2. 

3.5. Relative membrane permeability 



Relative membrane permeability (RMP) of the leaf cells was determined by the method 

described by Yang et al. (1996). A fully mature young leaf from each plant was cut into 

one-cm2 discs. These freshly prepared discs (0.5 g) were placed into test tubes containing 

20 ml demonized water. After vortexing the samples for 3 s , initial electrical 

conductivity (EC0) of each sample was measured. The samples were then stored at 4 oC 

for 24 h and electrical conductivity (EC1) was measured again. Samples were then 

autoclaved for 15 minutes, cooled to room temperature and electrical conductivity (EC2) 

measured for the third time. The relative permeability of cell membrane was calculated 

by using the following formula: 

  Relative permeability (%) = (EC1-EC0) / (EC2-EC0) x 100 

3.6. Chlorophyll contents 

Chlorophylls a and b were determined according to the method of Arnon (1949). 

Fresh leaves weighed (0.2 g) were cut and extracted overnight with 80% acetone at -4°C. 

The extract was centrifuged at 10, 000 x g for 5 minutes. Absorbance of the supernatant 

was read at 645, 663 and 480 nm using a spectrophotometer (Hitachi-220 Japan). The 

chlorophylls a and b were calculated by the following formulae: 

Chl a (mg g-1 f.wt.) = [12.7(OD 663)-2.69(OD 645) ×V/1000×W] 

Chl b (mg  g-1 f.wt.) = [22.9(OD 645)-4.68(OD 663) ×V/1000×W] 

Where 

 

V = volume of the sample 

W = weight of fresh tissue 

Acar
 = OD 480+ 0.114(OD 663) -0.638(OD645) 



Em = 2500 

 

 

3.7. Analysis of nutrients  

The dried ground shoot and root material (0.1 g) was digested with sulphuric acid 

and hydrogen peroxide for the analysis of different nutrients (N, P, K, Ca Mg, Na, and Cl, 

according to the method of Wolf (1982). 

3.7.1. Digestion of plant material 

 The dried ground material (0.1 g) was placed in digestion tubes, then added 2.5 

ml of conc. H2SO4, and incubated overnight at room temperature. Then 1 ml of H2O2 

(35% A.R. Grade extra pure) was poured down the sides of the digestion tubes. The tubes 

were ported in a digestion block and heated up to 350oC until fumes were produced. 

Heated was continued  for another 30 min, and then were removed from the block and 

cooled. One ml of H2O2 was added to each tube. All the tubes were placed back into the 

digestion block until fumes were produced for 20 min. The digestion of the material was 

considered complete when the material became colorless. The volume of the extract was 

made to 50 ml with distilled water, filtered and used for the determination of mineral 

elements.  

3.7.2. Determination of Na+, K+ and Ca2+  

Na+, K+ and Ca2+ cations were determined with a flame photometer (Jenway, PFP-7). 

A graded series of standards (ranging from 5 to 25 mg L-1) of Na+, K+ and Ca2+ were 



prepared and standard curves were drawn. The values of Na+, K+ and Ca2+ recorded on flame 

photometer were compared with the respective standard curve and the concentrations worked 

out.  

3.7.3. Estimation of Mgnesium 

 Already digested material was used to estimate Mg2+ with an atomic 

absorption spectrophotometer (Perkin Elmer Analyst300,USA ). 

3.7.4. Nitrogen determination 

 Nitrogen was estimated by micro-Kjeldhal’s method (Bremner, 1975). Following 

reagents were used for N determination  

• Boric acid solution (3%) 

• Sulphuric acid standard (0.01 N) 

• Mixed indicator of bromocresol methylene red  

3.7.4.1 Procedure 

 The digested material (5 mL) was taken in Kjeldhal’s tubes. The tubes were placed on 

the Kjeldhal’s ammonia distillation unit and 5 mL of 40% NaOH were added to each tube. 

Boric acid solution (5 mL) was taken in a conical flask with a few drops of mixed indicator. 

When the distillate was approximately 40 mL, the distillation was stopped. The distillate was 

cooled for a few minutes and titrated it with 0.01 N standard H2SO4 till the solution turned 

pink. A blank was run for the complete procedure. 

   

N %age = (V2-V1) x N  x 0.014 x 100 
     W 
 



Where  

V2  = volume of standard H2SO4 required to titrate the sample solution. 

V1 = volume of standard H2SO4 required to titrate the blank solution. 

N = Normality of H2SO4 

W = Weight of the sample. 

3.7.5. Estimation of phosphorus 

 Phosphorus (P) was determined spectrophotometrically following Jackson, (1962). 

The extracted material (2 mL) was dissolved in 2 mL of Barton’s reagent and total volume 

was made to 50 mL. These samples were kept for half an hour before taking readings at 470 

nm. The values of phosphorus were calculated by using a standard curve. The Barton’s 

reagent was prepared as described below: 

3.7.5.1 Barton’s reagent 

Solution A:  25 g of ammonium molybdate were dissolved in 400 mL of distilled water. 

Solution B: Ammonium metavandate (1.25 g) was dissolved in 300 mL of boiling water, 

cooled and 250 mL of conc. HNO3 were added to it. The solution was again 

cooled at room temperature. 

 The solutions A and B were mixed and the volume was maintained up to one liter and 

stored at room temperature. 

3.7.6. Determination of Cl-  

 For the determination of Cl contents, shoot and root samples (100 mg) were ground and 

extracted in 10 ml of distilled water, heated at 80oC till the volume became half. The 



volume was again maintained to 10 mL with distilled water. Cl- content was determined 

with a chloride analyzer (Model 926, Sherwood Scientific Ltd., and Cambridge, UK). 

3.7.7. Yield Parameters  

At maturity, heads of sunflower were removed from plants and data for number of 

achenes per capitulum, 100 achenes weight, and achene yield/plant were recorded. 

3.8. Experimental design and Statistical analysis: 

The experiments were set up in a completely randomized design (CRD) with four 

replicates. Analysis of variance of all parameters was computed using the MSTAT 

computer package (MSTAT Development Team, 1989). The least significance difference 

between the mean values was calculated following Snedecor and Cochran (1980). The 

Duncan’s New Multiple Range test (DMRT) at 5% level of probability was used to test 

the difference among mean values.  

 

 

 

 

 

 

 

 

 

CHAPTER 4 

 



RESULTS  

 

In order to assess whether foliar application of K could alleviate the 

adverse effects of salt stress on sunflower, two independent experiments were 

conducted during spring and autumn 2005 in a naturally lit wire-house in the 

Botanic Gardens, Department of Botany, University of Agriculture, Faisalabad, 

Pakistan (latitude 31°30 N, longitude 73°10 E and altitude 213 m). From the 

analysis of variance of the data (four way ANOVA) for different growth and 

yield attributes, it is obvious that effects of foliarly applied potassium on 

sunflower were similar in both seasons i.e., autumn and spring (Table 1-2). 

Therefore, data for both seasons were pooled and were subjected to three-way 

ANOVA using MSTAT computer package in order to avoid non-significant 

interactions.  

Analysis of variance of the data for fresh weights of shoots of sunflower is 

presented in Table 1. Imposition of salt stress caused a significant (P< 0.001) 

reduction in shoot fresh weights of sunflower (Fig.1a). Exogenous application of 

varying levels of potassium (K) of six different sources improved shoot fresh 

weight of sunflower under both control and saline conditions. However, a 

maximum increase in shoot fresh weight of control plants was observed when 

1% K of all six sources applied as a foliar spray except K2SO4, 0.5% level of which  

Table 1:  Mean squares from analysis of variance (ANOVA) of the data for fresh 
and dry weights of shoots and roots  (g) of sunflower (Helianthus 
annuus L.), when different levels of potassium of different sources were 
applied exogenously to salt-stressed and non-stressed plants. 

 



 
Source  of 
variation Df Shoot fresh 

weight 
Shoot dry 
weight 

Root fresh 
weight 

Root dry 
weight 

S                              1       23.29ns      2.145ns       0.90ns     0.165ns  

Salt                              1 81294.43*** 4980.18*** 5647.44*** 321.28*** 

S x Salt                         1        0.511ns       0.031ns       0.035ns    0.001ns  

KS                          5   215.333**     21.964ns      23.787***   0.212ns  

S x KS                     5      0.001ns       1.382ns       1.494ns    1.55 ns  

Salt x KS                     5  640.567***  31.287*      17.911**   0.539ns  

S x Salt x KS                5     0.004ns     1.972ns       1.138ns   3.739ns  

KL                           5 6911.02*** 228.742***    30.494***  0.463ns  

S x KL                      5      0.0433ns     0.0014ns      1.845ns  2.794ns  

Salt x KL                      5  191.251**    6.552ns     4.901ns   0.99ns  

S x Salt x KL               5     0.001ns    3.902ns     2.875ns  5.464ns  

KS x KL                 25  214.433*** 7.224ns     8.293**  0.5679ns  

S x KS x KL            25     0.0013ns   4.542ns    5.253ns  3.667ns  

Salt x KS x KL            25  290.999***    12.580ns    7.175*   0.271ns  

S x Salt x KS x KL     25      0.0018ns   7.919ns    4.492ns  1.708ns  

Error                          432   61.71 10.892   4.460 0.935 

   ns = non-significant;  

    *, **, *** = significant at 0.05, 0.01 and 0.001 levels, respectively.  

   S: Season; Salt: 150 mM salinity; KL: Potassium level;  KS: Potassium source;   



 



Fig. 2a

Fig. 2b

Shoot dry weight of sunflower (Helianthus annuus ) when six sources of
K were applied as a foliar spray to 18-day old plants subjected to normal
or saline conditions.(NS=no spray; Ws = water spray)

Comparison of six sources of K with respect to their effect on shoot dry
weight of sunflower (Helianthus annuus) grown under normal or saline
conditions.

LSD at 5% Salt x KS x KL = Non-significant
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was found effective in improving shoot fresh weight. However, under saline 



conditions, application of 0.5% K from six different sources caused a maximum 

increase in shoot fresh weight except KOH where foliar spray of 1% KOH caused 

a maximum increase in shoot fresh weight. In addition, further increase in the 

level of K application did not further improve shoot fresh weight of non-

salinized or salinized plants. Overall, exogenous application of KH2PO4 caused a 

maximum increase in shoot fresh weight of sunflower plants under non-saline 

conditions, whereas under saline conditions foliar spray with K2CO3 was least 

effective in improving shoot fresh weight of sunflower plants (Fig 1b). 

 Shoot dry weight of sunflower plants was significantly reduced due to 

salt stress (Table 1).However foliar spray of varying levels of potassium (K) from 

six different sources improved  shoot dry weight of shoots. Since interaction term 

(Salt x KS x KL) was non-significant it was not legitimate to compare the mean 

values at each level of K applied to sunflower plants under non-stressed or 

stressed conditions. However, from the mean values it can be assessed that 0.5 

and 1.0% levels of K were most effective in enhancing shoot dry weight of non-

stressed or salt stressed plants and further increase in K level from either source 

did not further improve shoot dry weight except 2% KH2PO4 applied to non-

stressed plants, which caused a maximum increase in shoot dry weight (Fig 2a). 

However, this improvement in shoot dry weight due to exogenous application of 

varying levels of K was independent of the K sources used (Table 1). Which 

compare the effects of K applied from six sources on shoot dry weight, KH2PO4  



Fig 3a

Fig: 3b

LSD at 5% Salt x KS x KL = Non-significant

Root fresh weight of sunflower (Helianthus annuus ) when six sources of
K were applied as a foliar spray to 18-day old plants subjected to normal
or saline conditions.(NS=no spray; Ws = water spray

Comparison of six sources of K with respect to their effect on root fresh
weight of sunflower (Helianthus annuus) grown under normal or saline
conditions.
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Fig:4a

Fig:4b

Root dry weight of sunflower (Helianthus annuus) when six sources of K
were applied as a foliar spray to 18-day old plants subjected to normal or
saline conditions.(NS= no spray ; WS= water spray)

Comparison of six sources of K with respect to their effect on shoot dry
weight of sunflower (Helianthus annuus) grown under normal or saline
conditions.

LSD at 5% Salt x KS x KL = Non-significant
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was found to be more effective in improving shoot dry weight of non-salinized 



plants (Fig 2b). However, under saline conditions the effectors of all six sources 

of K were similar in improving shoot dry weight except K2CO3 which caused a 

relatively smaller increase in shoot dry weight (Fig 2 b).  

Growth medium salinity stress caused a marked reduction in root fresh 

and dry weights of sunflower plants (Table 1). Exogenous application of different 

levels of K from six sources caused an improvement in root fresh weight of non-

salinized and salinized plants, whereas it did not alter root dry weight at either 

treatment (Fig. 3a, 4a). Foliar application of 0.5% K as KNO3 and KOH, and 1%K 

as K2HPO4 salts, improved the root fresh weight, whereas under non-saline 

conditions, maximal increase in root fresh weight was observed when 0.5% KCl, 

and 1.5 or 2% K2CO3 was foliarly applied. All levels of K applied as K2SO4 or 

KH2PO4 had a similar increasing effect on root fresh weight of non-stressed 

plants. In contrast, foliar spray with KOH or KNO3 did not affect the root fresh 

weight of non-salinized sunflower plants. Overall, foliar application of K as 

K2SO4 or KH2PO4 salts were effective in increasing root fresh weight, whereas 

under saline conditions only K2SO4 was effective in increasing root fresh 

weight.(Fig.3b;4b)Yield and yield components such as achene yield, number of 

achenes, and 100 achene weight were significantly reduced due to imposition of 

salt stress. However, exogenous application of different levels of K from six 

sources improved all these yield attributes of both non-stressed and salt stressed 

plants. (Table 2; Fig 5a, 6a, 7a) 

Table 2: Mean squares from analysis of variance (ANOVA) of the data for 
achene yield, number of achene/plant, and 100 achene weight (g) of  



sunflower (Helianthus annuus L.), when varying  levels of potassium 
of different sources were applied exogenously to salt-stressed and 
non-stressed plants. 

 
      

Source of variation df Number of 
Achenes 

Achene 
yield 

100 Achene 
wt 

S                              1       228.30 ns        0.07 ns      0.01ns  

Salt                              1 612757.25*** 3017.06 *** 258.77 *** 

S x Salt                         1           3.84 ns        0.0191ns      0.001ns  

KS                          5       973.13 ns        3.68 **      0.29 ns  

S x KS                     5           0.006ns       2.35 ns      1.57ns  

Salt x KS                     5     1492.48ns       2.07 ns      0.042 ns  

S x Salt x KS                5           0.009ns       1.45 ns      4.14 ns  

KL                           5  15625.05 ***    35.20 ***     3.64 *** 

S x KL                      5          0.09 ns       2.16 ns      2.61 ns  

Salt x KL                      5     452.75 ns       2.69 *      0.11 ns  

S x Salt x KL                 5        0.002 ns       1.38ns     1.14 ns  

KS x KL                 25    588.291ns       1.17 ns     0.07 ns  

S x KS x KL            25        0.003 ns       7.34 ns    4.25 ns  

Salt x KS x KL            25    666.08 ns       0.89 ns    0.03 ns  

S x Salt x KS x KL       25       0.004ns       5.90 ns    2.18 ns  

Error                           432 1779.35      0.933   0.146 

   ns = non-significant;  

    *, **, *** = significant at 0.05, 0.01 and 0.001 levels, respectively.  

   S: Season; Salt: 150 mM salinity; KL: Potassium level;  KS: Potassium source  



Fig:5a

Fig:5b

LSD at 5% Salt x KS x KL = Non-significant

Fig 35a. Achene yield plant-1 of sunflower (Helianthus annuus ) when six
sources of K were applied as a foliar spray to 18-day old plants subjected
to normal or saline conditions.(NS=no spray; WS=water spray)

Comparison of six sources of K with respect to their effect on achene
yield of sunflower (Helianthus annuus ) grown under normal or saline
conditions.  
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Fig:6a

Fig:6b

LSD at 5% Salt x KS x KL = Non-significant

Number of achenes/plant of sunflower (Helianthus annuus ) when six
sources of K were applied as a foliar spray to 18-day old plants subjected
to normal or saline conditions.(NS=no spray; WS=water spray)

Comparison of six sources of K with respect to their effect on number of
achenes/palnt of sunflower (Helianthus annuus) grown under normal or
saline conditions.  
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Fig:7a

Fig:7b

LSD at 5% Salt x KS x KL = Non-significant

100 achene weight(g) of sunflower (Helianthus annuus ) when six
sources of K were applied as a foliar spray to 18-day old plants subjected
to normal or saline conditions.(NS=no spray; WS=water spray)

Comparison of six sources of K with respect to their effect on 100 achene
weight (g) of sunflower (Helianthus annuus) grown under normal or
saline conditions.  
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Varying levels of K from six sources had a similar increasing effect on achene 



yield of non-stressed plants except KNO3 and KH2PO4 0.5% or 1.0% 

concentrations of which caused a maximum increase in achene yield, 

respectively. However, in salt stressed plants different levels of K from six 

sources had a similar increasing effect on achene yield. In contrast, 0.5% KCl and 

KH2PO4, 1.0% K2SO4 and KNO3 caused a maximal increase in 100 achene weight 

under non-saline conditions, whereas under saline conditions all K levels from 

six sources were equally effective in increasing 100 achene weight. Likewise, 

number of achenes was significantly increased in non-salinized plants when 0.5% 

of K2SO4 and KH2PO4, 1.0% of KNO3 and 2.0% KCl were applied as a foliar spray.  

In contrast, in salt stressed plants number of achenes increased due to all K 

levels, irrespective of K source used except 0.5% of K2SO4 or K2CO3, which did 

not increase the number of achenes.  

Comparison of the effects of different K sources on yield attributes shows 

that K2SO4 was the most effective in increasing achene yield and number of 

achenes of non-stressed plants. However, under saline conditions, effects of six K 

salts applied foliarly on these yield attributes was not different (Fig 5b, 6b, 7b).  

All gas exchange parameters like CO2 assimilation rate (A), stomatal 

conductance (gs), transpiration rate (E) were significantly reduced due to salt 

treatment (Table 3). Varying levels of K caused an increase in all these gas 

exchange attributes (Fig: 8a, 9a, 10a). Net CO2 assimilation rate (A) was 

maximally increased in non-salinized or salinized plants due to 0.5% or 1.0% K  

Table 3: Mean squares from analysis of variance (ANOVA) of the data for 
assimilation rate (A), stomatal conductance (gs), sub-stomatal CO2 



concentration (Ci) , transpiration rate (E) and water use efficiency  (A/E) 
of sunflower (Helianthus annuus L.), when varying levels of potassium 
of different sources were applied exogenously to salt-stressed and 
non-stressed plants. 

 
Source of 

variation 

df A  

µmol CO2 m-2 

s-1 

E 

(mmol H2O m-2 

s-1) 

gs 

(mmol mol1H2O 

m-2 S-1) 

Ci  

(µmol H2O 

m-2 s-1 

WUE (A/E) 

µmol CO2 

/mmol H2O) 

Salt    1  1032.89 ***     85.00 *** 1244121.70*** 97626.76*** 9.88*** 

KS   5     38.33 *** 2.23 ***      3907.74 ***    180.41 ns  11.70 *** 

KL    5  139.39 *** 4.59 ***     4915.54 ***  1973.67 *** 25.23 *** 

Salt x KS   5     2.96 ns 0.76 ***     2531.94 ***   135.75 ns  1.84 *** 

Salt x KL   5    4 .23 ns       0.45 **     3169.01 ***   140.78 ns  0.93 ** 

KS x KL  25    8.36 *** 0.63 ***       903.61 ***     80.62 ns  2.05 *** 

Salt x KSx KL  25    1.38 ns 0.30 ***       667.12 *     46.32 ns  0.83 *** 

Error  216        2.92       0.113       375.16   310.56     0.22 

   ns = non-significant;  

    *, **, *** = significant at 0.05, 0.01 and 0.001 levels, respectively.  

   KL: Potassium level;  KS: Potassium source; Salt: 150 mM salinity 



Fig: 8a

Fig: 8b

CO2 assimilation rate of sunflower (Helianthus annuus ) when six
sources of K were applied as a foliar spray to 18-day old plants subjected
to normal or saline conditions.(NS= no spray; WS= water spray)

Comparison of six sources of K with respect to their effect on CO2 

assimilation rate of sunflower (Helianthus annuus) grown under normal
or saline conditions.

LSD at 5% Salt x KS x KL = Non-significant
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Fig:9a

Fig: 9b

LSD at 5% Salt x KS x KL = 35.797

Stomatal conductance(g s ) of sunflower (Helianthus annuus ) when six
sources of K were applied as a foliar spray to 18-day old plants subjected
to normal or saline conditions.(NS=no spray; WS= water spray)

Comparison of six sources of K with respect to their effect on stomatal
conductance(g s ) of sunflower (Helianthus annuus) grown under normal
or saline conditions.
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Fig: 10a

Fig:10b

LSD at 5% Salt x KS x KL = 0.759

Transpiration rate(E ) of sunflower (Helianthus annuus ) when six
sources of K were applied as a foliar spray to 18-day old plants subjected
to normal or saline conditions. (NS=nospray; WS=water spray)

Comparison of six sources of K with respect to their effect on
transpiration rate(E) of sunflower (Helianthus annuus) grown under
normal or saline conditions.
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Fig: 11a

Fig: 11b

LSD at 5% Salt x KS x KL = Non-significant

Substomatal CO2(C i ) concentration of sunflower (Helianthus annuus)
when six sources of K were applied as a foliar spray to 18-day old plants
subjected to normal or saline conditions.(NS=no spray; WS=water spray)

Comparison of six sources of K with respect to their effect on
Substomatal CO2(C i ) concentration of sunflower (Helianthus annuus ) 
grown  under normal or saline conditions.  
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from either K source and remained almost unchanged with increase in foliarly 



applied K level from six K sources. However, A decreased significantly from its 

maximal value in non-stressed plants when 1.5% or 2.0% K applied as KCl or 

K2SO4 exogenously (Fig 8a ;8b ). In addition, foliar spray of different doses of 

KOH  did not alter  A of salinized plants. Overall, K2SO4, K2CO3 and KNO3 were 

most effective in improving A in both salinized and non-salinized plants. 

(Fig. 8b,9b,10b). 

 Generally, exogenous application of K enhanced the stomatal 

conductance (gs) but this enhancement was more under saline conditions   

Optimal concentration of K in enhancing stomatal conductance in salt stressed 

plants was 0.5% for K2SO4, 1.0% for KCl and 1.5% for K2CO3 and KNO3. 

Furthermore, stomatal conductance of salinized sunflower plants remained 

almost unchanged due to KH2PO4 or KOH applied exogenously. (Fig: 10a ).    

Overall, exogenous application of KCl was the most effective in increasing 

stomatal conductance in salt-stressed plants (Fig.10 b).  

Sub-stomatal CO2 (Ci) increased in non-stressed plants due to exogenous 

application of varying levels of KCl, K2CO3 or KH2PO4, whereas in stressed 

plants except KOH all K salts were effective in improving Ci. Furthermore, 

maximum increase in Ci was observed when 1.5% K from KCl, K2SO4 or KNO3 

applied as a foliar spray. Overall, KNO3 and KCl were the most effective in 

increasing Ci of salt stressed plants (Fig: 11a, 11 b).  

Transpiration rate of salt stressed or non-stressed plants increased due to 

foliarly applied varying levels of K except when KH2PO4 applied to non-stressed  



plants or KNO3 applied to salt stressed plants. However, 0.5% KCl or KOH, and 

1% KNO3 or K2SO4 caused a maximal increase in transpiration rate in non-

stressed plants, whereas in salt-stressed plants, 1.5% KCl, or K2CO3, and 1.0% 

K2SO4 or KH2PO4 caused a maximal increase in transpiration rate. Overall, KNO3 

and KH2PO4 were the most effective in minimal increase in transpiration rate of 

salt stressed plants. 

 Water use efficiency (calculated as A/E; WUE) was enhanced in both 

salinized and non-salinized plants due to different levels of K from six different 

sources. Overall, foliar spray with KNO3 was the most effective in improving 

WUE of both stressed and non-stressed plants (Fig: 12a, 12b).  

Correlation coefficients (r) between growth and rate of photosynthesis 

clearly show a significant positive relationship between growth and net CO2 

assimilation rate at varying levels of K from six K sources. Sunflower plants that 

had higher biomass at 1.0% or 1.5% K level had higher photosynthetic rate under 

both saline and non-saline conditions, this association being more under non-

saline conditions. Furthermore, the maximum increase in growth in non-stressed 

sunflower plants due to KH2PO4 was not related to net CO2 assimilation rate, 

whereas in salt stressed plants a positive relationship between growth and net 

CO2 assimilation rate has been observed when K2SO4 or K2CO3 applied 

exogenously . Changes in net CO2 assimilation rate due to varying levels of K  



Fig:12a

Fig: 12b

LSD at 5% Salt x KS x KL = 1.263

Water use efficiency(A/E ) of sunflower (Helianthus annuus ) when six
sources of K were applied as a foliar spray to 18-day old plants subjected
to normal or saline conditions.(NS=nospray; Ws=water spray)

Comparison of six sources of K with respect to their effect on Water
use efficiency (A/E) of sunflower (Helianthus annuus ) grown under
normal or saline conditions.   
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from six K sources were associated with changes in stomatal conductance, sub-

stomatal CO2, or transpiration rate.  

Photosynthetic pigments (chlorophyll ‘a’ and chlorophyll ‘b’) were reduced due 

to addition of salt to the rooting medium (Table: 4). Foliar spray of varying levels 

of K caused a significant increase in chlorophyll ‘a’ in salt stressed plants, 

whereas an increase in chlorophyll ‘b’ due to exogenous application of K from all 

six sources was non-significant (Fig: 13a, 14a) Foliar spray with KCl or KNO3 was 

more effective in increasing chlorophyll ‘a’ as compared to other sources of K.  A 

maximum increase in chlorophyll ‘a’ was observed when 1.5% KNO3 was 

applied to salt stressed plants. Overall, KNO3 and KCl were effective in 

alleviating the adverse effects of salt stress on chlorophyll ‘a’ (Fig: 13b, 14b). 

Imposition of salt stress reduced the quantum yield (Fv/Fm) of photo-

system II (PSII). However, application of different levels of K as a foliar spray 

alleviated adverse effects of salt stress on quantum yield (Table: 4). Foliar spray 

with 1.0-2.0% KCl or KNO3 increased the Fv/Fm values. Furthermore, higher 

concentration of K2SO4 or KOH applied exogenously reduced Fv/Fm values of 

non-stressed plants. Overall, KCl or KNO3 applied as a foliar spray were the 

most effective in improving quantum yield of PSII (Fv/Fm) of salt-stressed 

plants.(Fig: 15a, 15b) 

Correlation coefficients (r) between chlorophyll ‘a’, and quantum yield of 

PSII (Fv/Fm) or gas exchange characteristics clearly show a significant positive 

relationship between these attributes at varying levels of K from six different K  



Table 4: Mean squares from analysis of variance (ANOVA) of the data for 
Chlorophyll a,  Chlorophyll b, and quantum yield of PSII of 
sunflower (Helianthus annuus L.), when varying levels of potassium of 
different sources were applied exogenously to salt-stressed and non-
stressed plants. 

 
Source of 

variation 
df 

Chlorophyll a 

 (mg g-1 f..wt) 

Chlorophyll b  

(mg g-1 f..wt) 

Quantum yield of 

PSII (Fv/Fm) 

Salt  1 3.20310 *** 1.4351*** 0.06500*** 

KS 5        0.00250 ns 0.0145 ns 0.00014 ns 

KL  5        0.01230 * 0.0311 ns 0.00037 ns 

Salt x KS 5        0.00160 ns 0.0114 ns 0.00024 ns 

Salt x KL 5        0.01150 * 0.0054 ns 0.00140 *** 

KS x KL 25        0.00063 ns 0.0043 ns 0.00008 ns 

Salt x KSx KL 25 0.00061 ns          0.0030 ns 0.00008 ns 

Error  216        0.00411          0.02245         0.00032 

  ns = non-significant;  

  *, **, *** = significant at 0.05, 0.01 and 0.001 levels, respectively.  

   KL: Potassium level;  KS: Potassium source;  Salt: 150 mM salinity 



 

Fig:13a

Fig:13b

Chlorophyll a of sunflower (Helianthus annuus) when six sources of K
were applied as a foliar spray to 18-day old plants subjected to normal or
saline conditions.(NS=no spray; WS=water spray)

       Comparison of six sources of K with respect to their effect on 
Chlorophyll a  of sunflower (Helianthus annuus ) grown  under normal or 
saline conditions.     

LSD at 5% Salt x KS x KL = Non-significant
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Fig:14a

Fig: 14b

LSD at 5% Salt x KS x KL = Non-significant

Chlorophyll b of sunflower (Helianthus annuus) when six sources of K
were applied as a foliar spray to 18-day old plants subjected to normal or
saline conditions.(NS=no spray; WS=water spray)

Comparison of six sources of K with respect to their effect on
Chlorophyll b of sunflower (Helianthus annuus ) grown under normal or
saline conditions.
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Fig:15a

Fig:15b

Quantum yield of PSII (Fv/Fm ) of sunflower (Helianthus annuus ) when
six sources of K were applied as a foliar spray to 18-day old plants
subjected to normal or saline conditions.(NS=no spray; WS=water spray

Comparison of six sources of K with respect to their effect on
Quantum yield of PSII (Fv/Fm) of sunflower (Helianthus annuus ) grown 
under normal or saline conditions. 

LSD at 5% Salt x KS x KL = Non-significant
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sources. Similarly, a positive relationship between chlorophyll ‘a’ and growth 

has also been observed which indicates the positive role of varying levels of K 

applied exogenously in protecting photosynthetic pigments, and enhancing net 

CO2 assimilation rate thereby resulting into increase in growth under both non-

saline and saline conditions. 

Addition of 150 mM NaCl to the rooting medium had a significant 

adverse effect on all water relation parameters (Table: 5). Leaf water potential of 

sunflower plants was not affected significantly due to foliar spray with six K 

salts. However, different doses of K applied foliarly significantly     increased or 

decreased leaf water potential of sunflower plants grown under saline 

conditions. Furthermore, this improving effect on leaf water potential was more 

on stressed plants. For example, foliar spray with 0.5% KCl or KNO3 improved 

leaf water potential of salt stressed plants. (Fig: 16a) Likewise, exogenous 

application of 1.0% or 1.5% KH2PO4 significantly improved leaf water potential 

of salinized plants. Overall, the effect of different K salts on leaf water potential 

of non-stressed or stressed plants was non-significant (Fig: 16b).  

Leaf osmotic potential was significantly reduced due to external NaCl 

concentration. Exogenous application of different doses of K further reduced (P< 

0.05) leaf osmotic potential (more negative values). Foliar spray with 0.5%-1.5% 

KCl caused a significant reduction (P< 0.05) in osmotic potential of salinized 

plants. Similarly, leaf osmotic potential of salt stressed plants was consistently 

decreased with increase in the level of foliarly applied KNO3. (Fig: 17a)  



Table 5: Mean squares from analysis of variance (ANOVA) of the data for leaf 
water potential (Ψw), osmotic potential (Ψs), turgor potential (Ψp), and 
relative water contents (RWC) of sunflower (Helianthus annuus L.), 
when varying levels of potassium of different sources were applied 
exogenously to salt-stressed and non-stressed plants. 

 
Source of 

variation 
df 

Ψw 
(-MPa) 

Ψs 
(-MPa) 

Ψp 
(MPa) 

 RWC 
(%) 

Salt    1  15.280 ***    5.368 *** 2.445 *** 7011.06 *** 

KS   5  0.011 ns 0.059 * 0.014 ns    84.27 ns 

KL    5  0.071 *** 0.075 * 0.008 ns   324.46 *** 

Salt x KS   5  0.003 ns    0.008 ns 0.007 ns    16.42 ns 

Salt x KL   5  0.024 ns    0.008 ns       0.024 *   271.66 *** 

KS x KL  25  0.004 ns    0.013 ns 0.004 ns          15.09 ns 

Salt x KSx KL  25  0.004 ns   0.005 ns 0.002 ns       9.68 ns 

Error  216        0.016        0.026      0.008          46.00 

    

    ns = non-significant;  

    *, **, *** = significant at 0.05, 0.01 and 0.001 levels, respectively.  

    KL: Potassium level; KS: Potassium source; Salt: 150 mM salinity



Fig:16a

Fig:16b

LSD at 5% Salt x KS x KL = Non-significant

Water potential of leaf (-MPa) of sunflower (Helianthus annuus ) when six
sources of K were applied as a foliar spray to 18-day old plants subjected
to normal or saline conditions.(NS=no spray; WS=water spray)

Comparison of six sources of K with respect to their effect on water
potential of leaf (-MPa) of sunflower (Helianthus annuus ) grown under
normal or saline conditions. 
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Fig:17a

Fig:17b

LSD at 5% Salt x KS x KL = Non-significant

Leaf osmotic potential of sunflower (Helianthus annuus) w hen six
sources of K were applied as a foliar spray to 18-day old plants subjected
to normal or saline conditions.(NS=no spray; WS=water spray)

Comparison of six sources of K with respect to their effect on osmotic
potential of leaf (-MPa) of sunflower (Helianthus annuus ) grown under
normal or saline conditions. 
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Fig:18a

Fig:18b

LSD at 5% Salt x KS x KL = Non-significant

Leaf turgor potential(Mpa) of sunflower (Helianthus annuus ) when six
sources of K were applied as a foliar spray to 18-day old plants subjected
to normal or saline conditions.(NS=no spray; WS=water spray)

Comparison of six sources of K with respect to their effect on turgor
potential of leaf (MPa) of sunflower (Helianthus annuus ) grown under
normal or saline conditions.
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Furthermore, the effect of different K sources on leaf osmotic potential was 

significantly different. Overall, foliar spray with KNO3 or KCl was more effective 

in decreasing leaf osmotic potential as compared to the other K sources under 

saline conditions, whereas under non-saline conditions only KNO3 caused a 

reduction in leaf osmotic potential (Fig 17b).  

Leaf turgor potential (calculated as the difference between Ψs and Ψw 

values) significantly reduced due to imposition of salt stress (Table: 5). However, 

leaf turgor potential increased with increase in the level of exogenously applied 

K from six different sources under saline conditions (P< 0.05), whereas the 

reverse was true under non-saline conditions except when KNO3 or KH2PO4 

applied exogenously, which did not change the leaf turgor. Furthermore, this 

increase in leaf turgor of salt stressed plants was not consistent with increasing 

levels of K from six different sources. All doses of KNO3 had a similar increasing 

effect on leaf turgor of salt stressed plants, whereas 1% or 1.5% KCl applied 

foliarly caused an increase in leaf turgor potential. Likewise, foliar application of 

1.5% or 2% K2CO3 also increased leaf turgor potential of salt stressed plants. 

Overall, the increasing effect of exogenously applied KNO3 applied on leaf 

turgor potential was more than that of the other K sources under both saline and 

non-saline conditions. (Fig: 18a, 18b) 

Relative water contents (RWC) of sunflower plants were significantly 

reduced due to the imposition of salt stress (Table: 5 ). However, exogenous 

application of different levels of K from six sources caused an increase in RWC  



Fig:19a

Fig 19b

Relative water contents (RWC) of sunflower (Helianthus annuus ) when
six sources of K were applied as a foliar spray to 18-day old plants
subjected to normal or saline conditions.(NS=no spray; WS=water spray)

Comparison of six sources of K with respect to their effect on Relative
water contents (RWC %) of sunflower (Helianthus annuus) grown under
normal or saline conditions.

LSD at 5% Salt x KS x KL = Non-significant
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Fig 20a

Fig20 b

LSD at 5% Salt x KS x KL = Non-significant

Relative permiability(%) of leaf cell membrane measured in sunflower
(Helianthus annuus) when six sources of K were applied as a foliar spray
to 18-day old plants subjected to normal or saline conditions(NS= no 

Comparison of six sources of K with respect to theor effect on relative
permiability(%) of leaf cell membrane measured in sunflower (Helianthus 
annuus) grown under normal or saline conditions.

0
10
20
30
40
50
60

R
el

at
iv

e 
pe

rm
ea

bi
lit

y(
%

)

KCl control KCl Saline

0
10

20
30

40

50

60

R
el

at
iv

e 
pe

rm
ea

bi
lit

y(
%

) K2SO4 control K2SO4 Saline

0
10
20
30
40
50
60

NS WS 0.5 1 1.5 2
K conc. (%)

R
el

at
iv

e 
pe

rm
ea

bi
lit

y(
%

)

K2CO3 Control K2CO3 Saline

0
10
20
30
40
50
60

R
el

at
iv

e 
pe

rm
ea

bi
lit

y(
%

) KNO3 Control KNO3 Saline

0

10

20

30

40

50

60

R
el

at
iv

e
 p

er
m

ea
bi

lit
y(

%
)

KH2PO4 Control KH2PO4 Saline

0
10
20
30
40
50
60

NS WS 0.5 1 1.5 2
K conc. (%)

R
el

at
iv

e 
pe

rm
ea

bi
lit

y(
%

)

KOH Control KOH Saline

0

10

20

30

40

50

60

NS WS KCl K2SO4 K2CO3 KNO3 KH2PO4 KOH
Potassium sources

R
el

at
iv

e 
pe

rm
ea

bi
lit

y(
%

)

Control Saline

 



(Fig: 19a). Generally, all levels of K had a similar increasing effect on RWC. 

Furthermore, foliar spray with different K sources did not significantly alter 

RWC. Overall, of six K sources, K2CO3 was least effective in increasing RWC. 

 ( Fig.19b) 

A marked increase in relative leaf cell membrane permeability was 

observed due to growth medium salt stress (Table 5). Foliar spray of various 

levels of K from six different sources did not alter the relative leaf cell membrane 

permeability under non-saline conditions, whereas under saline conditions, it 

increased with increase in K level particularly when K2SO4, KH2PO4 or KNO3 

applied exogenously. Overall, there is no significant effect of different K sources 

on relative cell membrane permeability under non-saline or saline conditions. 

(Fig: 20a, 20b) 

Leaf and root N, P and K+ were significantly reduced due to the addition 

of salt to the rooting medium (Fig: 21a, 22a,23a 24a,25a , 26a). Exogenously 

applied varying levels of K did not change the accumulation of these nutrients in 

the leaves and roots except leaf and root K+, and leaf P. Leaf P was consistently 

increased in salt stressed plants with increase in K level sprayed, particularly 

when KH2PO4 applied (Fig: 23a ). Likewise, leaf and root K+ increased with 

increase in external K from six different sources under both non-saline and saline 

conditions. However, foliar application of 1.5% K2SO4 and KH2PO4, 1.0% KNO3 

and KOH, and 0.5% K2CO3 caused a maximal increase in leaf K of non-stressed 

plants (Fig: 25a, 26a). While comparing the effects of different K sources on leaf  



Table 6: Mean squares from analysis of variance (ANOVA) of the data for 
concentrations nitrogen, phosphorus and potassium (mg g-1 d.wt) in 
Leaves and roots of sunflower (Helianthus annuus L.), when different 
levels of potassium of different sources were applied exogenously to 
salt-stressed and non-stressed plants. 

 
Source of 

variation 

Df Leaf N Root N Leaf P Root P Leaf K+ Root K+ 

Salt    1  3565.90***  953.39 *** 43.01 *** 
 

77.926 *** 8613.28 *** 2123.35 *** 

KS   5      40.90*     10.57 ns 0.070 ns 0.243 ns    14.05 ns    12.98 ns 

KL    5      11.57 ns    7.71 ns 0.412 ns 0.306 ns 125.42 *** 73.08 *** 

Salt x KS   5      2.90 ns    2.35 ns 0.033 ns 0.497 ns      7.10 ns      3.07 ns 

Salt x KL   5   12.22 ns 12.20 ns 0.100 ns 0.162 ns     6.76 ns       3.36 ns 

KS x KL  25      6.640ns   2.27 ns 0.018 ns 0.266 ns    6.41 ns       6.85 ns 

Salt x KSx KL  25     1.23 ns   1.51 ns 0.009 ns 0.347 ns    2.91 ns       3.81 ns 

Error  216     15.94 8.34 0.1965 1.034 18.61 7.74 

    ns = non-significant;  

    *, **, *** = significant at 0.05, 0.01 and 0.001 levels, respectively.  

    KL: Potassium level;  KS: Potassium source; Salt: 150 mM salinity



Fig:21a

Fig:21b

Leaf nitrogen of sunflower (Helianthus annuus ) when six sources of K
were applied as a foliar spray to 18-day old plants subjected to normal or
saline conditions.NS=no spray; WS=water spray)

Comparison of six sources of K with respect to their effect on Leaf
nitrogen of sunflower (Helianthus annuus ) grown under normal or saline
conditions.  

LSD at 5% Salt x KS x KL = Non-significant
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Fig:22a

Fig:22b

Root N (mg g-1dwt) of sunflower (Helianthus annuus ) when six sources
of K were applied as a foliar spray to 18-day old plants subjected to
normal or saline conditions.(NS=no spray; WS=water spray)

Comparison of six sources of K with respect to their effect on root
nitrogen of sunflower (Helianthus annuus ) grown under normal or saline
conditions.  

LSD at 5% Salt x KS x KL = Non-significant
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Fig:23a

Fig:23b

LSD at 5% Salt x KS x KL = Non-significant

Leaf P of sunflower (Helianthus annuus ) when six sources of K were
applied as a foliar spray to 18-day old plants subjected to normal or
saline conditions.(NS=no spray; WS=water spray)

Comparison of six sources of K with respect to their effect on Leaf p of
sunflower (Helianthus annuus ) grown  under normal or saline conditions. 
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LSD at 5% Salt x KS x KL = Non-significant

Fig:24a 

Fig:24a

Root P of sunflower (Helianthus annuus ) when six sources of K were
applied as a foliar spray to 18-day old plants subjected to normal or
saline conditions.(NS=no spray; WS=water spray

Comparison of six sources of K with respect to their effect on root p of
sunflower (Helianthus annuus) grown  under normal or saline conditions. 
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Fig:25a

Fig:25b

Leaf K+ of sunflower (Helianthus annuus ) when six sources of K were
applied as a foliar spray to 18-day old plants subjected to normal or
saline conditions.(NS=no spray; WS=water spray)

Comparison of six sources of K with respect to their effect on Leaf
potassium of sunflower (Helianthus annuus ) grown under normal or
saline conditions.  

LSD at 5% Salt x KS x KL = Non-significant
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Fig:26a

Fig:26b

LSD at 5% Salt x KS x KL = Non-significant

Fig 22a. Root K+ of sunflower (Helianthus annuus ) when six sources of K
were applied as a foliar spray to 18-day old plants subjected to normal or
saline conditions.(NS=no spray; WS=water spray)

Comparison of six sources of K with respect to their effect on root
potassium of sunflower (Helianthus annuus) grown under normal or
saline conditions.
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and root K+, application of K2CO3 followed by KH2PO4 and K2SO4 caused a 



maximal increase in leaf K+ of salt stressed plants whereas a maximum increase 

in leaf K+ of non-stressed plants was observed when KH2PO4 or KNO3 applied 

foliarly. (Fig: 25b, 26b). In contrast, maximal increase in root K+ of both salt 

stressed or non-stressed plants was observed when K2CO3, K2SO4 or KNO3 

applied foliarly. Furthermore, foliar spray with all the six K sources had a similar 

non-significant effect on N and P in leaves and roots. (Fig: 21b,22b,23b,24b). 

 Salt regime had a significant reducing effect on leaf and root Ca2+ and 

Mg2+ (Table 7). However, foliar application of different doses of K did not alter 

the accumulation of Ca2+ and Mg2+ in leaves and roots, except in salt stressed 

plants where 1.0% K2CO3 or KOH applied exogenously caused an increase in leaf 

Ca2+. (Fig: 27a, 28a, 29a, 30a). Overall, concentration of Ca2+ and Mg2+ in the 

leaves and roots did not change due to the application of the six K sources under 

both non-saline and saline conditions.(Fig: 27b, 28b, 29b, 30b) 

Concentration of Na+ in shoots and roots was significantly increased 

under salt stress (Table 8). Exogenous application of different levels of K from six 

different sources did not affect the concentration of Na+ in the shoots, whereas its 

effect on root Na+ was significant particularly under saline conditions. However, 

increase or decrease in root Na+ with increase in K levels applied exogenously 

was not consistent.(Fig: 31a.,32a).  All the six K sources did not significantly alter 

shoot Na+, whereas root Na+ was increased significantly.  Increase in root Na+ 

was more when 0.5% K2SO4 or 0.5% K2CO3 or 1.0% KNO3 applied to salt stressed  

Table 7: Mean squares from analysis of variance (ANOVA) of the data for 
concentrations of calcium and magnesium (mg g-1 d.wt) in Leaves and 



roots of sunflower (Helianthus annuus L.), when varying levels of 
potassium of different sources were applied exogenously to salt-
stressed and non-stressed plants. 

 
Source of 

variation 

df Leaf Ca2+ Root Ca2+ Leaf Mg2+ Root Mg2+ 

Salt    1  447.503 *** 813.389*** 26.197 ***   9.3820 *** 

KS   5      0.945 ns     1.778 ns    0.0068 ns    0.0071 ns  

KL    5    3.611 *   11.845 ns    0.0103 ns    0.0373 ns  

Salt x KS   5      0.898 ns     0.245 ns    0.0046 ns    0.0021 ns  

Salt x KL   5      1.140 ns     5.603 ns    0.0122 ns    0.0063 ns  

KS x KL  25      0.618 ns     0.760 ns    0.0015 ns    0.0042 ns  

Salt x KSx KL  25      0.519 ns     1.112 ns    0.0016 ns    0.0034 ns  

Error  216          1.201     9.658   0.0276   0.0230 

ns = non-significant;  

    *, **, *** = significant at 0.05, 0.01 and 0.001 levels, respectively.  

    KL: Potassium level;  KS: Potassium source; Salt: 150 mM salinity 

 



Fig:27a

Fig:27b

Leaf Ca2+ concentration of sunflower (Helianthus annuus) when six
sources of K were applied as a foliar spray to 18-day old plants subjected
to normal or saline conditions.(NS=no spray; WS=water spray)

Comparison of six sources of K with respect to their effect on LeafCa2+ of
sunflower (Helianthus annuus ) grown  under normal or saline conditions. 

LSD at 5% Salt x KS x KL = Non-significant

0

2

4

6

8

10

Le
af

 C
a2+

 (m
g 

g-1
 d

.w
t) KCl control KCl Saline

0
2

4
6

8

10

12

Le
af

 C
a2+

 (m
g 

g-1
 d

.w
t) K2SO4 control K2SO4 Saline

0

2

4

6

8

10

NS WS 0.5 1 1.5 2
K conc. (%)

Le
af

 C
a2+

 (m
g 

g-1
 d

.w
t) K2CO3 Control K2CO3 Saline

0

2

4

6

8

10

Le
af

 C
a2+

 (m
g 

g-1
 d

.w
t) KNO3 Control KNO3 Saline

0

2

4

6

8

10

Le
af

 C
a2+

 (m
g 

g-1
 d

.w
t) KH2PO4 Control KH2PO4 Saline

0

2

4

6

8

10

NS WS 0.5 1 1.5 2
K conc. (%)

Le
af

 C
a2+

 (m
g 

g-1
 d

.w
t) KOH Control KOH Saline

0
1
2
3
4
5
6
7
8
9

10

NS WS KCl K2SO4 K2CO3 KNO3 KH2PO4 KOH
Potassium sources

Le
af

 C
a2+

 (m
g 

g-1
 d

.w
t)

Control Saline

 



Fig:28a

Fig:28b

LSD at 5% Salt x KS x KL = Non-significant

Root Ca2+ concentration of sunflower (Helianthus annuus) when six
sources of K were applied as a foliar spray to 18-day old plants subjected
to normal or saline conditions.(NS=no spray; WS=water spray

Comparison of six sources of K with respect to their effect on root Ca2+ of 
sunflower (Helianthus annuus ) grown  under normal or saline conditions. 
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Fig:29a

Fig:29b

Leaf Mg2+ concentration of sunflower (Helianthus annuus) when six
sources of K were applied as a foliar spray to 18-day old plants subjected
to normal or saline conditions.(NS=no spray; WS=water spray

Comparison of six sources of K with respect to their effect on leaf Mg2+  of
sunflower (Helianthus annuus ) grown  under normal or saline conditions. 

LSD at 5% Salt x KS x KL = Non-significant
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Fig:30a

Fig:30b

Root Mg2+ concentration of sunflower (Helianthus annuus ) when six
sources of K were applied as a foliar spray to 18-day old plants subjected
to normal or saline conditions.(NS=no spray; WS=water spray)

Comparison of six sources of K with respect to their effect on root Mg2+ of 
sunflower (Helianthus annuus ) grown  under normal or saline conditions. 

LSD at 5% Salt x KS x KL = Non-significant
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plants. Overall, all the six K sources did not change the shoot Na+, whereas root 

Na+ increased in salt stressed plants due to foliar application of KNO3  only (Fig 

:31b, 32b). There was a significant increasing effect of salt stress on leaf and root 

Cl- (Fig: 33a,34a ). However, exogenously applied K from six different K sources 

had no significant effect on leaf or root Cl- under non-saline or saline conditions. 

Overall, all K sources had a similar non-significant effect on leaf or root Cl- ( Fig: 

33b, 34b ). 

Leaf Na+ and  Cl- were negatively correlated with growth as well as leaf 

water relations parameters such as water potential, turgor potential, RWC etc. 

(Leaf Na+ vs shoot dry weight r = -0.638***; Leaf Na+ vs leaf water potential r = -

0.797***) indicating that their adverse effect on growth was due to salt induced 

osmotic stress.   

Although leaf Na+ was not reduced significantly in salinized plants due to 

exogenously applied K, K+/Na+ ratios were consistently increased in salt 

stressed plants with increase in exogenous K level irrespective of K source used 

(Fig: 35a & b, 36a &b ). 

A significant positive relationship was found between leaf K+ and growth, 

water relation parameters (RWC, water potential etc.), chlorophyll ‘a’, and gas 

exchange parameters (A, gs, E, Ci), which indicates the effective role of varying 

levels of K applied exogenously in protecting photosynthetic pigments and 

enhancing net CO2 assimilation rate thereby resulting in increase in growth 

under non-saline or saline conditions.  



Table 8: Mean squares from analysis of variance (ANOVA) of the data for 
sodium and chloride (mg g-1 d.wt) in Leaves and roots of sunflower 
(Helianthus annuus L.), when varying levels of potassium of different 
sources were applied exogenously to salt-stressed and non-stressed 
plants. 

 
Source of 

variation 

df Leaf Na+ Root Na+ Leaf Cl-1 Root Cl-1 

Salt    1  5934.14 *** 13450.73 *** 33609.60 ***   78877.30*** 

KS   5        1.41 ns        57.38 ***     195.90 ns          24.06 ns  

KL    5        6.26 ns          1.83 ns        19.54 ns            4.05 ns  

Salt x KS   5        2.12 ns        74.38 ***       34.27 ns          49.77 ns  

Salt x KL   5        5.05 ns        32.80 *         12.56 ns            8.74 ns  

KS x KL  25        1.04 ns          4.67 ns        24.40 ns            7.34 ns  

Salt x KSx KL  25        1.19 ns          6.12 ns          9.37 ns            9.71 ns  

Error  216        6.02       13.08     116.84         84.04 

ns = non-significant;  

    *, **, *** = significant at 0.05, 0.01 and 0.001 levels, respectively.  

    KL: Potassium level;  KS: Potassium source; Salt: 150 mM salinity 



Fig:31a

Fig:31b

LSD at 5% Salt x KS x KL = Non-significant

Leaf Na+ concentration sunflower (Helianthus annuus) when six sources
of K were applied as a foliar spray to 18-day old plants subjected to
normal or saline conditions.(NS=no spray;WS=water spray)

Comparison of six sources of K with respect to their effect on leaf Na+ o
sunflower (Helianthus annuus) grown  under normal or saline conditions. 
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Fig:32a

Fig:32b

Fig 30a. Root Na+ concentration of sunflower (Helianthus annuus ) when
six sources of K were applied as a foliar spray to 18-day old plants
subjected to normal or saline conditions.(NS=no spray; WS=water spray)

Comparison of six sources of K with respect to their effect on root Na+ o
sunflower (Helianthus annuus) grown  under normal or saline conditions. 

LSD at 5% Salt x KS x KL = Non-significant
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Fig:33a

Fig:33b

Leaf Cl-concentration of sunflower (Helianthus annuu s) when six sources
of K were applied as a foliar spray to 18-day old plants subjected to
normal or saline conditions.(NS=no spray; WS=water spray)

Comparison of six sources of K with respect to their effect on leaf Cl-

sunflower (Helianthus annuus) grown  under normal or saline conditions. 

LSD at 5% Salt x KS x KL = Non-significant
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Fig:34a

Fig:34b

Root Cl- concentration of sunflower (Helianthus annuus ) when six
sources of K were applied as a foliar spray to 18-day old plants subjected
to normal or saline conditions.(NS=no spray; WS=water spray)

Comparison of six sources of K with respect to their effect on root Cl-

sunflower (Helianthus annuus ) grown  under normal or saline conditions. 

LSD at 5% Salt x KS x KL = Non-significant
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Table 9: Mean squares from analysis of variance (ANOVA) of the data for 
ratios of K+/Na+, Ca2+/Na+, of Leaf and root ,  Leaf/root K+ and Na+  of 
sunflower (Helianthus annuus L.), when varying levels potassium of 
different sources were applied exogenously to salt-stressed and non-
stressed plants.  

 
Source of 

variation 

df Leaf  

K+/Na+ 

Root 

K+/Na+ 

Leaf 

Ca+/Na+ 

Root 

Ca2+/Na+ 

Leaf/ 

root K+ 

Leaf/Root 

Na+ 

Salt    1  1918.775 *** 
 

1.204 *** 162.791*** 61.3998 *** 4.3951 ***  0.6490 *** 

KS   5      0.0834 ns 0.016 ns     0.171 ns    0.9117 *** 0.1393 ns 0.1122 ** 

KL    5  3.67 ns 6.892ns 0.156 ns 0.1025 ns 0.1124 ns 0.0021 ns 

Salt x KS   5  0.151 ns 
 

0.0186 ns 0.174 ns 0.9561 *** 0.0966 ns 0.1418 *** 

Salt x KL   5  0.453 ns 0.0067 ns 0.154 ns 0.3299 ns 0.1168 ns 0.0857 * 

KS x KL  25  0.826ns 
 

 0.0030 ns     0.066 ns   0.1114 ns 0.0854 ns   0.0117 ns 

Salt x KSx KL  25  0.779ns 0.00472 ns     0.073 ns   0.1436 ns 0.0429 ns   0.0271 ns 

Error  216      2.59  0.0129 
 

0.278    0.1594   0.1220     0.0312 

ns = non-significant;  

    *, **, *** = significant at 0.05, 0.01 and 0.001 levels, respectively.  

     KL: Potassium level; KS: Potassium source; Salt: 150 mM salinity



Fig 35a. 

Fig 35b. 

Leaf K/Na ratio of sunflower (Helianthus annuus ) when six sources of K
were applied as a foliar spray to 18-day old plants subjected to normal or
saline conditions.

Comparison of leaf K/Na ratio of sunflower (Helianthus annuus) when six
sources of K were applied as a foliar spray to 18-day old plants subjected
to normal or saline conditions.

LSD at 5% Salt x KS x KL = Non-significant
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Fig 36a.

Fig 36b.

Root K/Na ratio of sunflower (Helianthus annuus) when six sources of K
were applied as a foliar spray to 18-day old plants subjected to normal or
saline conditions.

Comparison of root K2+/Na1+ratio of sunflower (Helianthus annuus ) when
six sources of K were applied as a foliar spray to 18-day old plants
subjected to normal or saline conditions.

LSD at 5% Salt x KS x KL = Non-significant
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CHAPTER 5 

 

DISCUSSION 
 

High soil salinity causes adverse effects on plant growth and yield due to 

salt-induced osmotic stress, nutritional imbalance, specific ion toxicity, hormonal 

imbalance and generation of reactive oxygen species (Ashraf, 1994; 2004; Mittler, 

2002; Munns, 2002; 2005; Flowers, 2004; Bor et al., 2003; Huchzermeyer and 

Koyro, 2005). One of the most effective ways to overcome salt-induced reduction 

in growth is to induce salt tolerance in plants by conventional breeding, marker 

assisted selection, use of transgenic plants, and exogenous applications of 

osmoprotectants, growth promoters, antioxidant compounds and inorganic salts 

(Ashraf, 1994; 2002b; 2004; Munns, 2002; 2005; Ashraf and Harris, 2004; Flowers, 

2004; Ashraf and Foolad; 2005; 2006). Of all these strategies, foliar application of 

salt-induced deficient nutrients such as K, Ca and N has gained a considerable 

ground as a shotgun approach to ameliorate the adverse effects of salt stress 

(Grattan and Grieve, 1999; Achilea, 2000; Al-Karaki, 2000; Kaya et al., 2001a; 

2001b; 2003; Ikeda et al., 2004; Ahmed and Jabeen, 2005).  

From the results of the present study, it is evident that exogenous 

application of K improved the growth and yield of sunflower plants under both 

non-saline and saline conditions. These results can be related to some earlier 



studies in which it has been observed that exogenously applied K promotes the 

growth and counteracts the salt-induced growth inhibition in different crops 

species, e.g., strawberry (Kaya et al., 2001a), spinach (Kaya et al., 2001b), 

cucumber, pepper (Kaya et al., 2003) and rice (Ikeda et al., 2004). For example, 

salinity stress-induced growth inhibition in the spinach plants was alleviated by 

exogenously applied 4 mM KH2PO4 (Kaya et al., 2001b) Similarly, foliar spray 

with 1 mM KNO3 mitigate the adverse effects of salt stress on growth and yield 

of rice plants (Ikeda et al., 2004). In a same way, Din et al. (2001) found that foliar 

spray with K2SO4 counteracted salt induced regulation in growth and yield by 

salt stress. However, the effective level of K applied foliarly in enhancing growth 

and yield in sunflower plants in the present study varied with the type of salt 

use. For example, the most effective level of KCl, KNO3, K2SO4 and KOH in 

enhancing growth of non-stressed was 1.0% K, whereas those of K2CO3 and 

KH2PO4 were 1.5% and 2.0%, respectively. Similarly, in enhancing growth of salt 

stressed plants, the most effective dose of KCl, KNO3, K2CO3, and KOH was 

found to be to be 1.0% K, whereas it was 1.5% or 2.0% for K2SO4 and KH2PO4, 

respectively. Furthermore, optimal K doses in enhancing yield were 0.5% or 1.0% 

under both non-saline and saline conditions. Overall, KH2PO4 followed by K2SO4 

and KNO3 were the most effective in increasing growth of both salt stressed and 

non-stressed plants. This variation in effective levels of K from different K 

sources in enhancing growth and yield may have been due to differential rates of 

penetration of different K sources into leaf tissue also. Effectiveness of K 



application depends on type of plant species (amount of wax deposited or type 

of cuticle), growth conditions, type of potassium source used, concentration of K 

applied at the leaf surface, pH of applied K solution, absorption of K in leaves 

with subsequent utilization by the plant (Mengel, 2002; Wójick, 2004). For 

instance, Miley and Oosterhuis (1994) reported that of KNO3, K2SO4, K2S2O3, KCl, 

and K2CO3 applied as a foliar spray only KNO3 was more effective in improving 

growth and yield of cotton. In contrast, Mullins and Burmester (1995) found no 

effect of different K sources on increasing yield in cotton.  

Photosynthesis is one of the most promising physiological processes 

contributing to plant growth and productivity of crops for food. In other words, 

photosynthetic capacity in crop plants is the primary component of dry matter 

productivity. Thus, final biological yield or economical yield can be increased 

either by increasing the rate of photosynthesis or by optimizing assimilate 

partitioning (Nátr and Lawlor, 2005). In the present study, a significant positive 

relationship was observed between photosynthetic rate and each of shoot fresh 

weight, shoot dry weight, achene yield, 100 achene weight and number of 

achenes, which indicates that increased photosynthetic rate due to exogenous 

application of K might have a substantial contribution to biomass production 

and grain yield under non-saline or saline conditions. 

Stomatal regulation is a very important factor in controlling 

photosynthetic rate as well as water balance of plants growing under stressful 

environments (Dubey, 2005; Athar and Ashraf, 2005). In the present study, 



exogenously applied K caused an increase in stomatal conductance of both salt 

stressed and non-stressed plants. A positive relationship between leaf K and leaf 

turgor (r2 = 0.768***), and leaf turgor and stomatal conductance (r2 = 0.692***) has 

been observed which indicates the potential role of K in stomatal regulation.  

This could be due to role of K as a major osmoticum in vacuole, for maintaining 

high tissue water content under stressful environment (Marschner, 1995). In view 

of some recent reports, stomatal regulation largely depends upon the 

distribution of K in epidermal cells, guard cells and leaf apoplast (Shabala et al., 

2002).The regulation of voltage-dependent K+-selective inward (KIR) and 

outward rectifying channels (KOR) present at plasma membrane of guard 

cells,play an important role in influx or efflux of K which in turn results in 

stomatal regulation (Pilot et al., 2001; Shroeder et al., 2001; Shabala, 2003). In 

addition to specific K+-selective channels, guard cells also possess a wide range 

of non-selective cation channels (NSCC). These channels are likely to be involved 

in release of solutes during turgor adjustment (Demidchik et al., 2002). Gene 

expression of all these channels is changed due to salt stress (Golldack et al., 

2003; Pilot et al., 2003), as has been observed in the leaf epidermis of Arabidopsis 

(Dennison et al., 2001) and ice plant (Su et al., 2002). All these channels are 

regulated by various factors; and the most important one is pH (Shabala, 2003). 

For example, voltage-dependent K+-selective inward (KIR) channels, responsible 

for opening of stomata were found to be  activated due to apoplastic acidification 

(Pilot et al., 2001; Roelfsema and Hedrich, 2002) and cytosolic acidification 



(Dietrich et al., 2001). Electrophysiological studies suggest that different 

potassium transporters are responsible for the regulation of cytoplasmic and 

vacuolar pH and of ion gradients induced by salt stress (Carden et al., 2003; 

Pardo et al., 2006). In view of Wilkinson and Davies (2002), alkaline pH of 

apoplast under stress conditions leads to an accumulation of ABA in the 

apoplast. Higher accumulation of ABA in apoplast triggers appropriate receptors 

on the surfaces of cells adjoining guard cells,resulting in leakage of K from guard 

cell to the adjacent cells, which in turn causes stomatal closing (Holbrook et al., 

2002). This phenomenon is also applicable to nutrient deficient plants with 

reduced nutrient translocation to affect plant growth (Epstein and Bloom, 2005). 

Thus, higher efficiency of KCl followed by KNO3 and K2CO3 applied foliarly in 

comparison with other K sources in reversing salt-induced stomatal closure may 

have been due to differential role of accompanying anion (HCO3-; Cl-, SO42-, 

HPO4-, NO3-) on acifidification/alkalinization of cellular environment with 

subsequent changes in gene expression and activities of K channels. For example, 

transport of phosphate inside the cell against electrochemical gradient is through 

the H+/Pi co-transport (Smith, 2002), which may increase apoplastic pH. 

Likewise, SO42- is also transported imported inside the cell through H+/SO42- co-

transporters (Smith et al., 1995; 1997), which may change intrinsic pH.    

Since foliarly applied K can reverse the stomatal closure induced by salt 

stress, an increase in photosynthetic rate could be expected. In the present study, 

photosynthetic rate increased with increase in exogenous K. However, foliar 



application of K2SO4, K2CO3 or KNO3 was the most effective in enhancing net 

CO2 assimilation rate in salt stressed plants. Increase in photosynthetic rate due 

to foliar application of K might have been due to stomatal or non-stomatal 

limitations, major controlling factors of photosynthetic rate (Brugnoli and 

Bjorkman, 1992; Athar and Ashraf, 2005; Dubey, 2005). However, sub-stomatal 

CO2 (Ci) of K2CO3 and K2SO4 applied plants was lower in comparison with those 

applied with other K sources. This indicates that stomatal limitation is not a sole 

factor in changing photosynthetic rates of salt stressed plants. These results can 

be related to some earlier findings on different crops, e.g., sugar beet (Terry and 

Ulrich, 1973), cotton (Longstreth and Nobel, 1980; Bednarz et al., 1998), and 

almond (Basile et al., 2003). While working with cotton, Bednarz et al. (1998) 

concluded that under mild K deficiency stomatal limitations are the major factors 

affecting the photosynthetic rate, whereas metabolic limitations become a 

dominant limiting factor under severe K deficiency. Likewise, Basile et al. (2003) 

reported that reduced K availability in soil caused a reduction in leaf K and 

affected the photosynthetic capacity via biochemical limitations. Thus, the results 

from the present study suggests that the increase in photosynthetic rate may 

have been due to some metabolic factors including photosynthetic pigments, 

concentration and activity of rubisco, supply of ATP and NADPH to 

photosynthetic carbon reduction (PCR) cycle and use of assimilation products 

(Lawlor and Cornic, 2002; Athar and Ashraf, 2005). Of these variables, only 

photosynthetic pigments were determined in the present study. In the present 



study, Chl ‘a’ in salt stressed plants was generally increased with K application, 

and parallels can be drawn between leaf K and photosynthetic rate or 

chlorophyll ‘a’. Increase in chlorophyll ‘a’ of salt stressed plants due to K 

application might have been due to increased biosynthesis or reduced 

degradation of chlorophyll ‘a’. While discrimination these phenomenons Santos 

(2004) found that salt stress had a greater inhibitory effect on chlorophyll 

biosynthesis than on chlorophyllase mediated degradation in sunflower plants. 

Thus, changes in photosynthetic rate might have been due to protective effect of 

K on salt-induced adverse effects on chlorophyll biosynthesis. This view is 

further supported by the fact that increased leaf K protected the photosynthetic 

apparatus (improved Fv/Fm values) under saline conditions.   

Generally, plant water status is maintained by regulating stomatal 

conductance and transpiration rate. In the present study, salt stress reduced both 

stomatal conductance and transpiration rate. However, varying levels of K 

applied foliarly caused an increase in stomatal conductance and transpiration 

rate under saline conditions. A positive relationship between stomatal 

conductance and each of transpiration rate, turgor potential or RWC (r2 = 

0.720***; 0.692***, 0.783*** respectively) has been observed which indicates the 

role of stomatal regulation in regulation of plant water status. However, 

comparatively smaller increase in stomatal conductance with greater increase in 

transpiration rate was observed in salt stressed plants when K2SO4 was applied 

foliarly, whereas the reverse was true when KNO3 was applied at salt stressed 



plants. From these results, it is obvious that changes in plant water status in salt 

stressed plants may have been due to some factors other than stomatal 

regulation. Recently, a gene ERECTA, a putative leucine rich repeat receptor like 

kinase, has been identified in Arabidopsis, which is responsible for directly 

regulatory plant transpiration efficiency (Masle et al., 2005). In view of the roles 

of K in activation of various enzymes and channels, a possible activation of such 

type of kinase (ERECTA) by different K sources can not be ruled out. It has been 

reported that high transpiration rate increase salt stress susceptibility in plants 

(An et al., 2001; Li et al., 2001) which has been ascribed to increased translocation 

of Na along with water due to transpiration (Yeo et al., 1987). In the present 

study, such increase in Na+ accumulation in the leaves of salt stressed plants 

supplied with increasing level of K has not been observed, particularly in those 

plants showing high rates of transpiration. These results are in parallel with 

those of An et al. (2001) who have shown that Na+ translocation to shoot was 

independent of the transpiration rate in a salt tolerant cultivar of soybean. 

Recently, Quintero et al. (2006) reported that high accumulation of Na+ in shoots 

was more dependent on transpiration rate when plants were deficient in K+ than 

in plants with sufficient shoot K+. From these reports, it can be suggested that 

increased leaf K+ due to increasing level of K applied foliarly restricts the Na+ 

translocation from root to shoot. This view is further supported by the results of 

the present study that Na+ accumulation in roots was higher than in shoots and 



partitioning of Na+ in roots was  further increased with an increase in K supply, 

particularly when KH2PO4 and KNO3 were applied foliarly.       

Salt stress disturbs the ion homeostasis resulting in osmotic stress and ion 

toxicity, both of which  generate  reactive oxygen species (ROS).The ROS trigger 

phytotoxic reactions such as lipid peroxidation of membranes resulting in 

increased  cell membrane permeability and  ion leakage (Mittler, 2002; Sairam et 

al., 2002; Kukreja et al., 2005). While evaluating salinity tolerance of different 

wheat cultivars, Sairam et al. (2002) and  Farooq and Azam (2006) reported that 

cell membrane permeability is lower in salt tolerant cultivars as compared to that 

in  salt sensitive ones. Thus, they proposed that cell membrane stability can be 

used as an effective selection criterion for salt tolerance. In the present study, salt 

stress increased cell membrane permeability and ion leakage, but foliar spray 

with different doses of potassium reduced cell membrane permeability and ion 

leakage. These results are similar to the findings of Kaya et al. (2001b) in which it 

was observed that foliarly applied 5 mM KH2PO4 reduced the ion leakage in 

spinach grown under saline conditions. Furthermore, the protective role of K on 

photosynthetic apparatus against water stress-induced photo-oxidative damage 

in wheat has been well documented (Pier and Berkowitz, 1987; Sen-Gupta et al., 

1989). In view of these reports and the results for the present study, it can be 

suggested that increased leaf K has a protective role against salt-induced 

oxidative damage. 



Osmoregulation, i.e., the maintenance of turgor is considered to be an 

important process for normal cellular metabolism (Taiz and Zeiger, 2002). The 

results for water relation parameters presented here indicate that salt stress 

adversely affected all these parameters. Exogenous application of varying levels 

of K had a significant decreasing effect (more negative values) on leaf osmotic 

potential, whereas leaf water potential, leaf turgor potential and leaf relative 

water content (RWC) were increased in salt-stressed plants. While drawing a 

relationship among different water relation parameters and leaf, it was found 

that  positive association exists between leaf water potential, leaf turgor potential 

or leaf relative water content (RWC), and leaf K, whereas a negative relationship 

was found  between plant water status and leaf Na+. From these results, it is 

obvious that plant water status decreased with increase in leaf Na under saline 

conditions, whereas increasing level of foliarly applied K contributed to the  

maintenance of plant water status, because  foliar application of K increased the 

values of RWC of stressed plants close to these of non-stressed plants. These 

results suggest that foliar application of K can alleviate salt induced osmotic 

stress. These results can be related to the findings of some other studies in which 

it has been observed that increase in leaf K due to supplemental K caused 

maintenance of leaf turgor and RWC by decreasing leaf osmotic potential under 

water stress conditions, e.g., in wheat (Pier and Berkowitz, 1987), maize 

(Premachandra et al., 1990), Vigna radiata (Nandwal et al., 1998) and sorghum 



(Jones et al.1980). Furthermore Morgan (1992) showed that the wheat lines 

showing high osmotic adjustment had high accumulation of K in their leaves. 

It is well established that potassium plays important roles in plant growth 

and various physiological processes such as stomatal regulation, photosynthesis, 

ormoregulation, protein synthesis, turgor-pressure-driven solute transport in 

xylem (Marschner, 1995; Ashraf, 2004). However, under stressful environments 

such as water deficit, salt stress or reduced nutrient availability in soil, uptake of 

K through roots and its supply to the growing regions of shoots is considerably 

reduced (Ashraf, 1994; 2004; Marschner, 1995; Grattan and Grieve, 1999; Munns, 

2005). Thus, maintenance of sufficient amount of potassium is essential for plant 

survival under normal or saline environment. In the present study, foliar 

application of varying levels of K increased the tissue K contents of non-stressed 

or salt stressed plants. However, effect of exogenous application of different 

potassium sources on leaf or root K was significantly variable. For example, 

exogenous application of KH2PO4 and KNO3 was more effective in increasing 

leaf K of non-stressed plants, whereas in salt stressed plants maximal increase in 

leaf K was observed when K2CO3 followed by KH2PO4 was applied. It is 

generally believed that leaf-applied K is readily absorbed, however, this 

variability in accumulation of K in leaves was possibly due to differential 

chemical properties of different K sources, because absorption rate of mineral 

nutrients by leaves strongly depends on chemical properties of cation, valency of 

a cation (Mengel., 2002), diameter of cation (Franke, 1967), nature and chemical 



properties of accompanying anion (Mengel., 2002). For example, K2HPO4 

followed by K3PO4 are more rapidly absorbed by leaves than Na3PO4 (Wójick, 

2004). Farlane and Berry (cited in Komosa, 1990) reported that absorption of K 

from KCl and KNO3 through isolated cuticular membrane was more rapid than 

that of K2SO4. While examining the effects of foliar application of different K 

sources on maize and lettuce, Chamel (1971; 1973) observed that uptake of KNO3 

or KCl was higher than that of K2SO4. Likewise, Driver et al. (1985) demonstrated 

that leaf absorption rate of K from KNO3 was much higher than that of K2SO4. 

Similarly, Wittwer and Teubner (1959) showed the highest uptake of leaf applied 

K from K-citrate solution. They proposed that citric acid radicals stimulated 

metabolism in leaf tissues, which consequently increased K absorption. 

However, most mineral nutrients are absorbed passively through the epidermis 

and hence their absorption also depends on its permeability to epidermis, 

density of stomata and concentration of salt deposited on leaf surface in the form 

of thin film (Knoche et al., 1994). In the present study, application of higher 

concentration of K caused leaf injuries or leaf burning with a subsequent 

reduction in leaf K, particularly when KCl, K2SO4 or KOH were applied to non-

stressed plants. Such reduction in nutrient absorption through leaf may have 

been due to destruction of ectodesmata structures (Marschner, 1995). Salt-

induced reduction in leaf or root K was ameliorated by varying levels of leaf-

applied K. These results are in agreement with what has earlier been reported in 

different crops, e.g., cotton (Coker et al., 2000), strawberry (Kaya et al., 2001a), 



spinach (Kaya et al., 2001b), cucumber and pepper (Kaya et al., 2003). Overall, 

exogenous application of KH2PO4, K2CO3 and K2SO4 were more effective in 

enhancing tissue K content under saline conditions. However, the greater effect 

of leaf applied KH2PO2, K2CO3 and K2SO4 on K accumulation in  the leaves of 

salt stressed plants were possibly due to their low salt indices (0.097 for KH2PO4, 

0.80 for K2SO2, while 1.94 for KCl, and 1.6 for KNO3) and thus foliar fertilizer of 

choice for many crops (Ankorion, 1998). This view is further supported by 

Weinbaum (1988) who reported that leaf burning, a common problem due to 

foliar spray with high concentration, can be overcome by using low salt index 

fertilizers (i.e. those free of Na and Cl) containing low K and proper adjuvant. 

While working with green house tomatoes, Chapagain (2001) and Chapagain 

and Wiesman (2004) found that foliar spray of 2% KH2PO4 or 1% KH2PO4 with 

proper adjuvant delivery system increased the leaf K, yield and fruit quality of 

greenhouse tomatoes. Furthermore, KCl is not recommended for foliar 

application due to its high Cl content which may cause leaf damage, particularly 

in Cl sensitive crops such as rice (Bhatti et al., 1983), and potato (Beringer et al., 

1990). In view of El-Fouly and El-sayed (1997) and the results from the present 

study it can be suggested that K can be applied foliarly to correct salt-induced K 

deficiency under saline conditions. Furthermore, it can be concluded that 

accumulation of K depends on different chemical nature of accompanying anion 

(such as negative charge, characteristic in changing pH, phloem mobility etc.), 

concentration of K salt at leaf surface, type of adjuvant delivery system, leaf age, 



plant growth stage, nutritional plant status and weather conditions (such as light, 

humidity , air temperature etc.). 

The results of the present study for tissue ion concentration show that salt 

stress increased the accumulation of Na+ and Cl- coupled with a decrease in N, P, 

K+, Ca2+ and Mg2+ in salt stressed plants, which are in general agreement with 

the view that plants growing under saline conditions suffer ionic imbalance, 

nutrient deficiency and specific ion toxicity (Ashraf, 1994; 2004; Munns, 2002, 

2005). However, foliar spray with varying levels of potassium did not have an 

increasing or a decreasing effect on leaf or root Na+, Cl-, Ca2+, and Mg2+ except in 

salt stressed plants where 1.0% K2CO3 or KOH applied exogenously caused an 

increase in leaf Ca2+. Thus, salt induced nutritional deficiency cannot be 

alleviated by foliar application of K. Generally, it is believed that high 

accumulation of Na+ in leaves causes cytoplasmic toxicity. To avoid salt stress, 

most plant species accumulate major proportion of Na+ in their roots and exclude 

it from the shoots (Ashraf, 1994; 2004; Munns, 2005). Thus, regulation of Na+ 

uptake and translocation from root to shoot seems to be a crucial adaptation of 

plants to salt stress (Munns, 2002; 2005). In the present study, foliar application of 

K did not reduce Na+ accumulation in salt stressed leaves. Since difference 

between Na+ accumulation in salt stressed leaves and non-stressed leaves is high, 

the effect of varying levels of K on this attribute under salt stress was not explicit. 

Furthermore, more Na+ was restricted in the roots of salt stressed plant with a 

consistent increase in K supply, particularly when KH2PO4 or KNO3 applied 



foliarly. These results support the findings of Kaya et al. (2001b) in which they 

reported that foliar application of 5 mM KH2PO4 reduced the Na+ accumulation 

in salt-stressed leaves of spinach. Likewise, Mirzapour et al. (2004) demonstrated 

that exogenous K application decreased the leaf Na+ of salt-stressed sunflower 

plants. From these results, it is clear that exogenous K application increased the 

leaf K+ and reduced the leaf Na+ by restricting Na+ influx in the shoots but the 

underlying mechanism which controls Na+ translocation from roots to shoots 

needs to be elucidated.  

In conclusion, exogenous application of K increased the tissue K+, 

regulated the opening and closing of stomata and thus helped in maintaining 

plant water status. Higher leaf K+ reduced Na+ translocation from roots to shoots 

thereby protecting the photosynthesizing tissues from specific ion toxicity as well 

as salt induced oxidative damage. Exogenous application of K increased the 

photosynthetic rate which in turn resulted in improved in growth and yield. 

However, effectiveness of K applied foliarly in inducing salt tolerance in 

sunflower plants was found to be linked to the absorption of K in leaves and 

accompanying anion in different K sources.  



CHAPTER 6 

 

GENERAL DISCUSSION 
 

Generally mineral nutrients such as N, P, and K are taken up through 

roots by plants (Marschner, 1995). However, some nutrients such as CO2, SO2, 

and O2 are absorbed in the leaves via stomata (Taiz and Zeiger, 2002). Uptake of 

mineral nutrients through leaves is restricted due to deposition of cuticle on 

epidermis. By eliminating this barrier, nutrients can be supplied through leaves. 

Those nutrients that are taken up by the leaves can contribute to the nutrient 

needs of plants (Mengel, 2002). Thus, the effectiveness of foliar application of 

mineral nutrients depends on rate at which foliarly applied nutrients are 

absorbed with a subsequent translocation within leaves (Chamel et al., 1985). 

Generally, foliar fertilization is a very useful technique to supplement deficient 

nutrients in plants, when soil conditions restrict nutrient availability to roots 

(Mengel, 2002). Under saline condition, uptake of K, Ca, and N through roots 

and its supply to the growing regions of shoots is considerably reduced (Ashraf, 

1994; 2004; Marschner, 1995; Grattan and Grieve, 1999; Munns, 2005). Thus, foliar 

fertilization of these nutrients, which is routinely used to promote fertilization, 

suppress physiological disorders, and to promote plant growth and yield 

(Alexander, 1985; Howard et al., 1998; Pervez et al., 2004a; 2004b ), can be used as 



a shotgun approach to ameliorate adverse effects of salt stress on plant growth 

and yield. 

In view of the data for different growth parameters presented in the 

present study, it is evident that exogenous application of K improved the growth 

and yield of sunflower plants under both non-saline and saline conditions. Some 

earlier studies also show that exogenously applied K promotes the growth and 

counteracts the salt-induced growth inhibition in different crops species, e.g., 

strawberry (Kaya et al., 2001a), spinach (Kaya et al., 2001b), cucumber, and 

pepper (Kaya et al., 2003), and rice (Ikeda et al., 2004). However, in the present 

study, the effective level of K applied foliarly in enhancing growth and yield in 

sunflower plants varied with the type of potassium salt use. Overall, KH2PO4 

followed by K2SO4 and KNO3 were the most effective in increasing growth of 

both salt stressed and non-stressed plants. This variation in K sources in 

enhancing growth and yield may have been due to differential rates of 

penetration of different K sources into leaf tissue. Foliar uptake of a nutrient is 

more when nutrient solutions remain in the form of a fine thin film on the leaf 

surfaces. During hot and dry climates, foliar spray can easily evaporate and salts 

accumulate on leaf surface without being absorbed thereby causing leaf burning. 

Such adverse effects can be avoided by spraying in evening and using low 

concentration of salt and proper surfactants. Using radioactive isotopes through 

which it is possible to discriminate the nutrients applied to the leaves and the 

same nutrient already present in plants or simultaneously taken up by roots, a 



number of reports are available in the literature providing information on the 

general behavior of foliar uptake and/or translocation of nutrients when applied 

to leaves (Chamel et al., 1985).  

Generally, foliar uptake of a nutrient depends on the type of plant species 

and its epidermal structure and composition (amount of wax deposited or type 

of cuticle), growth conditions (leaf age), type of potassium source used, 

concentration of K applied at the leaf surface, pH of applied K solution, 

absorption of K in leaves with subsequent utilization by the plant (Mengel, 2002; 

Wójick, 2004). Translocation of nutrients taken up through leaves depends on 

general metabolism of plant, leaf age, relative position of “source” to “sink”, 

nutritional status of plants and environmental factors (Chamel et al., 1985). Thus, 

variation in effective level of K and effective K source in enhancing growth and 

yield might have been due to differential rates of penetration of different K 

sources into leaf tissue as well as the subsequent translocation with in the leaves. 

The decline in productivity in many plant species subjected to stressful 

environments is often associated with a reduction in photosynthetic capacity. 

Because yield (economic yield) of most crops is represented by structural parts 

(grain, tuber, root), which is the net outcome of the synthesis of assimilates by 

leaves and translocation of these assimilates to the developing organs (seed, 

tuber etc.) where they are utilized to synthesize other organic compounds such 

as starch, proteins and oil etc. In other words, yield is determined by the 

interplay between the “source” and “sink” (Lawlor, 1995; Nátr and Lawlor, 



2005). Increasing supply of K increased the rate of photosynthesis. However, 

foliar application of K2SO4, K2CO3 or KNO3 was the most effective in enhancing 

net CO2 assimilation rate in salt stressed plants. A maximum increase in 

photosynthesis in the leaves sprayed with K2SO4 may have been due to more K 

supply to the leaves and maintenance of phloem transport (Ashley and Goodson, 

1972), i.e., pattern of photosynthetic assimilates partitioning from leaves to 

storage organs. For instance, addition of K2SO4 in growth medium increased 

more K in leaves and increased the rate of phloem transport in potato (Beringer 

et al., 1983). Increase in photosynthetic rate due to exogenous foliar application 

of KNO3 may have been due to N component. However, in comparison with 

K2SO4 relatively less increase in growth and yield due to foliar spray with KNO3 

may have been due to diversion of energy derived from photosynthates, since 

absorption and assimilation of nitrate requires energy (Marschner, 1995). The 

data of the present study show a significant positive relationship between 

photosynthetic rate and each of shoot fresh weight, shoot dry weight, achene 

yield, 100 achene weight and number of achenes, which indicates that increased 

photosynthetic rate due to exogenous application of K might have a substantial 

contribution to biomass production and grain yield under non-saline or saline 

conditions. 

Foliar application of K generally promoted rate of photosynthesis which 

might have occurred due to stomatal or non-stomatal limitations, major 

controlling factors of photosynthetic rate (Brugnoli and Bjorkman, 1992; Athar 



and Ashraf, 2005; Dubey, 2005). As is evident from the present study, 

exogenously applied K caused an increase in stomatal conductance of both salt 

stressed and non-stressed plants. In addition, photosynthetic rate increased with 

increase in exogenous K level. A positive relationship between leaf K and 

stomatal conductance has been observed which indicates the potential role of K 

in stomatal regulation. This could be due to role of K as a major osmoticum in 

vacuole, for maintaining high tissue water content under stressful environment 

(Marschner, 1995). In view of some recent reports, stomatal regulation largely 

depends upon the distribution of K in epidermal cells, guard cells and leaf 

apoplast (Shabala et al., 2002). Thus, increasing level of foliarly applied K might 

have increased the stomatal conductance and facilitated the CO2 diffusion into 

leaves thereby favoring high photosynthetic rates which in turn favored a high 

biomass and higher crop yield. However, differential effect of different K sources 

on stomatal conductance and net CO2 assimilation rate may have been due to 

differential role of accompanying anion (HCO3-; Cl-, SO42-, HPO4-, NO3-) on 

acifidification/ alkalinization of cellular environment, or on changes in activities 

of K channels. 

Salt stress disturbs the ion homeostasis resulting in osmotic stress and ion 

toxicity, both of which generate reactive oxygen species (ROS). The ROS trigger 

phytotoxic reactions such as lipid peroxidation of membranes resulting into 

increased cell membrane permeability and ion leakage (Mittler, 2002; Sairam et 

al., 2002; Kukreja et al., 2005). In the present study, salt stress increased cell 



membrane permeability and ion leakage, but foliar spray with different doses of 

potassium reduced cell membrane permeability and ion leakage. In view of the 

protective role of K on photosynthetic apparatus against oxidative damage it can 

be suggested that increased leaf K has a protective role against salt-induced 

oxidative damage. 

It is well established that potassium plays important roles in plant growth 

and various physiological processes such as stomatal regulation and 

photosynthesis (Marschner, 1995; Ashraf, 2004). However, under stressful 

environments such as salt stress, uptake of K through roots and its supply to the 

growing regions of shoots is considerably reduced (Ashraf, 1994; 2004; 

Marschner, 1995; Grattan and Grieve, 1999; Munns, 2005). Foliar application of 

varying levels of K resulted in increased tissue K contents of non-stressed or salt-

stressed plants. However, effect of exogenous application of different potassium 

sources on leaf or root K was significantly variable. It is generally believed that 

leaf-applied K is readily absorbed, however, this variability in accumulation of K 

in the leaves may have been due to differential chemical properties of different K 

sources, because absorption rate of mineral nutrients by leaves strongly depends 

on chemical properties of cation, valency of a cation (Mengel, 2002), diameter of 

cation (Franke, 1967), nature and chemical properties of accompanying anion 

(Mengel., 2002). The results of the present study suggested that K can be applied 

foliarly to correct salt-induced K deficiency under saline conditions. 

Furthermore, it can be concluded that accumulation of K depends on different 



chemical nature of accompanying anion (such as negative charge, characteristic 

in changing pH, phloem mobility etc.), concentration of K salt at leaf surface, 

type of adjuvant delivery system, leaf age, plant growth stage, nutritional plant 

status and weather conditions (such as light, humidity , air temperature etc.). 

It is well evident that antagonism is important feature of ion interaction 

during uptake whereby reduction of cation uptake by other cation takes place for 

maintaining charge balance within the cells (Marschner, 1995). Under saline 

conditions, Na+ is taken up in large amounts and reduce uptake of other 

nutrients such as N, P, K, Ca and Mg resulting in nutritional disorders and 

eventually reduced growth and yield (Grattan and Grieve, 1999). Nutritional 

disorder in salt stressed plants may result from the effect of salinity on nutrient 

availability, competitive ion uptake and transport, and partitioning of nutrient 

with in the plant (Marschner, 1995; Grattan and Grieve, 1999). Exogenously foliar 

applied K did not improve accumulation of macronutrients; possibly due to in 

effectiveness of leaf K+ on competitive ion uptake which occurs at the root level, 

where Na concentration is very high. That’s why deleterious effects of salt stress 

associated with nutrient imbalance can be alleviated by the addition of K to the 

growth medium (Grattan and Grieve, 1999). Accumulation of Na+ in roots was 

higher than in shoots and partitioning of Na+ in roots was  further increased with 

an increase in K supply, particularly when KH2PO4 and KNO3 were applied 

foliarly, indicating that foliar application of K restricts the Na+ translocation from 

root to shoot and thus protects photosynthetic part. This view is supported by 



the fact that K applied as a foliar spray caused an increase in chlorophyll ‘a’ and 

PSII efficiency (improved Fv/Fm values) under saline conditions.   

Numerous studies with a wide variety of horticultural crops have shown 

that K+ uptake is impaired by salinity that leads to decrease in K+/Na+ ratio 

(Subbarao et al., 1990; Izzo et al., 1991; Graifenberg et al., 1995; Perez-Alfocea et 

al., 1996). High K+:Na+ ratio is more important  for many species than simply 

maintaining a low concentration of Na+ (Gorham et al., 1990;  Rubio et al., 1999;  

Cuin et al.,  2003). Therefore, high K+/Na+ selectivity in plants under saline 

conditions has been suggested as an important selection criterion for salt 

tolerance (Ashraf, 1994; 2002; 2004; Gorham et al., 1997; Qian et al., 2001; 

Reynolds et al., 2005). The underlying mechanism for reducing K+/Na+ ratio 

under salt stress seems to be dependent upon low selective K+ uptake and 

transport to shoot (Carden et al., 2003; Ashraf, 2004). Plants use low- and high-

affinity transporters for selective uptake of K+ from the growth medium 

(Maathuis and Amtmann, 1999; Blumwald, 2000), and they also determine 

K+/Na+ ratio in plant cells (Quintero and Blatt, 1997; Maathuis and Amtmann, 

1999). Oosterhus (1998) reported that foliar feeding of a nutrient might actually 

promote the root absorption of the same nutrient. In view of these reports, it is 

suggested that enhancement in tissue K+ content by any means may induce salt 

tolerance in salt sensitive crops. Exogenous application of K enhanced leaf K+, 

with decrease in leaf Na+ which results in increase in K+/Na+ ratio of salt 

stressed plants thereby application of K increasing the growth of sunflower 



plants. Thus exogenous foliar application of K might have promoted selective 

uptake of K+ and reduces Na+ uptake. However, the detailed mechanism how 

exogenously applied modulates Na+ and K+ transport activities in order to 

establish ionic homeostasis needs to be elucidated.  

In conclusion, foliarly applied K caused increase in leaf K, regulated the 

opening and closing of stomata and thus helped in maintaining plant water 

status. Higher leaf K+ reduced Na+ translocation from roots to shoots thereby 

protecting the photosynthesizing tissues from specific ion toxicity as well as salt 

induced oxidative damage. Exogenous application of K increased the 

photosynthetic rate which in turn resulted in improved in growth and yield. 

However, effectiveness of K applied foliarly in inducing salt tolerance in 

sunflower plants was found to be linked to the absorption of K in leaves and 

accompanying anion in different K sources. 



Conclusions 
1. Salt induced reduction in growth and yield was alleviated by the 

exogenous application of K when applied as a foliar spray. 

2. Effectiveness of K application in mitigating the adverse effects of salt 

stress was dose dependent. Of the four (0.50, 1.0, 1.5 and 2.0%) levels of K 

applied as a foliar spray, 1.0% K was found to be the most effective in 

alleviating the adverse effects of salt stress on sunflower. 

3. Extent of effectiveness and effective concentration of K application in 

alleviating the adverse effects of salt stress was mainly depended on the 

absorption of K in leaves and accompanying anion in different K sources. 

4. Increase in growth and yield with the application of varying levels of K 

under saline conditions was found to be associated with higher 

photosynthetic rate.  

5. Improvement in achene yield with the externally applied K on sunflower 

was related to higher accumulation of K in the leaf tissue. 

6. Exogenous application of K regulated the opening and closing of stomata 

which helped maintain plant water status. 

7. Variation in stomatal conductance as influenced by exogenously applied 

K might have been due to differential effect of accompanying anion on 

pH of cellular environment which regulates activities of K channels 

thereby regulating stomatal regulation. 



8. Exogenous foliar application of K enhanced leaf K and reduced leaf Na+ 

of salt stressed plants thereby resulting in improved K+/Na+ ratio. 

9. Foliar application of K from different sources did not improve the 

accumulation of N, P, Ca2+, and Mg2+ in roots and shoots.  

10. Increased leaf K content due to exogenously applied K had a protective 

role against salt-induced oxidative damage and thus protected 

photosynthetic pigments from degradation. 



Future Prospects 
Undoubtedly, plant breeders have made considerable achievement in the 

past few years in improving salinity tolerance in some potential crops using 

artificial selection and conventional breeding approaches as well as molecular 

biology approaches, but a substantial improvement in salinity tolerance in crops 

is still an important challenge to agricultural scientists. However, exogenous 

application of inorganic nutrients such as N, P and K has a considerable value in 

alleviating the adverse effects of salinity stress in crops.  In view of the results 

from the present study, exogenous application, particularly of K can be used as a 

shotgun approach to ameliorate adverse effects of salt stress on plant growth and 

yield. In view of the results of the present study, it is evident that effectiveness of 

K application depends on type of species, plant developmental stage, and 

concentration and type of K source. Therefore, it is necessary to optimize dose 

and type of K salt to be used as foliar spray. Thus there is a need to consider all 

the above-mentioned factors before recommending any dose or source of K 

application for a specific crop.  

In the present study, exogenous application of K caused significant 

changes in stomatal conductance, transpiration rate and photosynthetic rate, 

which were positively associated with changes in growth. However, the results 

indicated that the K-induced effects on photosynthetic rate were due to both 

stomatal and non-stomatal factors. The mechanism by which K application 



caused changes in photosynthetic rate is not clearly known. Therefore, further 

work is needed to elucidate the mechanism of K-induced changes in 

photosynthetic rate. 

In the present study, increasing levels of K applied foliarly reduced Na+ 

translocation from roots to shoots. Thus, it is necessary to determine the role of K 

applied foliarly in regulating the genes and ion transporters controlling uptake of 

Na+ as well as other nutrients in plants subjected to environmental stresses. This 

knowledge ultimately will lead to a major contribution to overcome nutrient 

deficiencies/excess occurring under salt stress.  

Furthermore, the integration of physiological and biochemical appraisal of 

the effects of the exogenous K application with new advancements in molecular 

biology is crucial to uncover the interplay of multiple mechanisms that can lead 

to enhanced salt tolerance. 



CHAPTER 7 

 

SUMMARY  
 

 Exogenous application of micro- and macro-nutrients as foliar spray to 

correct stress induced nutrient deficiency in plants has gained a significant 

ground during the last few years, because it is considered as a shotgun approach 

to improve stress tolerance in different crops. Of different essential nutrients 

known for normal plant growth, potassium plays important roles in the 

regulation of plant growth and various physiological processes such as stomatal 

regulation, photosynthesis, ormoregulation, etc. in plants grown under saline or 

non-saline conditions. An experiment was conducted at the Botanic Gardens of 

Department of Botany, University of Agriculture, Faisalabad to assess as to 

whether exogenously applied K from different sources at the vegetative stage can 

alleviate the adverse effects of salt stress on the growth and yield of sunflower 

plants.  

 Three weeks old sunflower plants (SF-187) were subjected to 0 or 150 mM 

NaCl salinity in a sand culture. Different concentrations of K [(NS (No spray), 

WS (water spray or 0.1% Tween 20 solution, 0.5%, 1.0%, 1.5% and 2.0% K in 0.1% 

Tween 20 solution)] from six different K sources (KCl, K2SO4, KH2PO4, KNO3, 

KOH, K2CO3) were applied foliarly two times to non-stressed and salt stressed 



sunflower plants. First foliar application of K was done one week after the 

commencement of salt treatment. Second foliar application was applied one 

week after the first application. Salt stress reduced the growth and yield of 

sunflower plants. This reduction in growth and yield due to salt stress was found 

to be associated with reduced rate of photosynthesis.  

 Exogenously applied K had ameliorative as well as growth promoting 

effects under both non-saline and saline conditions. The the most effective level 

of KCl, KNO3, K2SO4 or KOH in enhancing growth of non-stressed was 1.0% K, 

whereas those of K2CO3 and KH2PO4 were 1.5% and 2.0%, respectively. Overall, 

KH2PO4 followed by K2SO4 and KNO3 were the most effective K sources in 

increasing growth of both salt stressed and non-stressed plants. Exogenously 

applied K caused an increase in stomatal conductance of both salt stressed and 

non-stressed plants and facilitated the CO2 diffusion into leaves thereby causing 

high photosynthetic rates which in turn favored a high biomass and crop yield. 

However, foliar application of KCl followed by KNO3 and K2CO3 were more 

effective as compared with other K sources in reversing salt-induced stomatal 

closure.  

Accumulation of Na+ in the roots was higher than in shoots when 

increasing levels of K were supplied through leaves. However, partitioning of 

Na+ in roots was more when KH2PO4 and KNO3 were applied foliarly. Salt stress 

increased cell membrane permeability and ion leakage, but foliar spray with 

different doses of potassium reduced cell membrane permeability and ion 



leakage. In conclusion, exogenous application of K increased the tissue K+, 

regulated the opening and closing of stomata and thus helped to maintain plant 

water status. Higher leaf K+ and reduced Na+ translocation from roots to shoots 

under exogenously K application protected the photosynthesizing tissues from 

specific ion toxicity as well as salt induced oxidative damage. Exogenous 

application of K increased the photosynthetic rate, which in turn resulted in 

improved growth and yield. However, effectiveness of K applied foliarly in 

inducing salt tolerance in sunflower plants was found to be linked to the 

absorption of K in leaves and accompanying anion in different K sources. 
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