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Abstract 

Soil salinity is a major problem that threatens the sustainability of agriculture in 

the world including Pakistan. Boron toxicity is also an important problem as it decreases 

plant growth and crop yields in different regions of the world. Boron is usually present at 

high concentration in saline soil and removed slowly during the process of leaching, 

therefore it may be present at toxic level after reclamation of soil. A series of experiments 

were carried out to study the growth of maize (Zea mays L.) under salinity and boron 

toxicity. For screening against salt stress initially six maize genotypes (EV-20, EV-78, 

KS-64, R-2303, R-2310, and R-2315) were allowed to grow in ½ strength Hoaglands 

solution. The required salinity level of 75 mM NaCl was developed by adding NaCl, 

whereas no salt was added in control. After 30 days plants were harvested manually and 

ranking of genotypes was done to identify salt tolerant and salt sensitive genotypes. EV-

78 and R-2303 were ranked as salt tolerant and moderately tolerant where as KS-64 and 

R-2315 were recognized as salt sensitive and moderately salt sensitive maize genotypes. 

In a set of experiments these selected genotypes were grown in solution culture under 

different treatments of NaCl and boron to monitor the growth, physiological and 

biochemical characteristics. Salinity level of 75 mM NaCl was developed with NaCl 

while in control no salt was added and boron levels of 2.5 mM and 5 mM were developed 

with supply of boron as H3BO3. The studied parameters showed that reduction in growth 

traits was more in salt sensitive genotypes (KS-64, R-2315) than the salt tolerant 

genotypes (EV-78 and R-2303) particularly under 5.0 mM B in saline conditions. EV-78 

and R-2303 accumulated less Na+ and boron, and more K+ as compared to KS-64 and R-

2315. The decreasing trend was observed in relative water contents and membrane 

stability index in sensitive and tolerant genotypes with increasing level of boron in saline 

conditions, but this reduction was less in salt tolerant genotypes. The physiological traits 

like photosynthetic rate, stomatal conductance and transpiration rate were also decreased 

with the toxic boron concentration under both saline and non saline conditions. The 

resistant genotype EV-78 produced better growth and yield under the combined salinity 

and boron toxicity as compared to the sensitive genotype KS-64 also by better 

management of oxidative stress.  
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CHAPTER - I  

INTRODUCTION 

Abiotic environmental stresses are the main factors that decrease the crop yields. 

Salinity is an important abiotic stress that threatens sustainable production of crops around 

the world (Munns, 2005). Insufficient irrigation management results in salinization of water 

and soil and is the most extensive form of salinity as it affects 20% of irrigated land world 

wide and 50% of irrigation schemes (Flower, 1999). The deleterious effects of salt stress 

experienced by the plants in saline soils are the low soil solution osmotic potential, specific 

ion toxicity, nutritional imbalance, and a combination of all of these factors (Marschner, 

1995). All of these factors adversely affect plant development and growth by affecting 

physiological and biochemical processes (Munns, 2002) and molecular characteristics 

(Winicov, 1998). 

Under saline conditions, osmotic balance is necessary for plant growth. Failure in 

osmotic adjustment results in cell dehydration, loss of turgidity and ultimately death of the 

cell (Gorham, 1995). Osmotic balance or accumulation of salts/ organic osmolites is a 

process by which cell can lower its water potential without decreasing the cell turgor. It is the 

accumulation of salts in cell that is independent of the volume changes due to loss of water 

(Taiz and Zeiger, 2002). Both inorganic and organic osmolytes play an important role in 

osmotic balance of higher plants in saline conditions. Their contribution differs among 

cultivars, among species and among different compartments of the same plant (Ashraf and 

Bashir, 2003). Ochiai and Matoh (2001) reported a positive relationship of growth with 

osmotic balance which results due to the accumulation of reducing sugars, glycinebetaine 

and K+, under salt stress. Cytoplasm accumulates low molecular- weight compounds to 

accommodate the balance of ions in the vacuole which are known as compatible solutes 

because they are not harmful for biochemical reactions that normally occur in cytoplasm 

(Hasegawa et al., 2000). These compatible solutes are proline (Singh et al., 2000), 

glycinebetaine (Khan et al., 2000) sugars and polyols (Bohnert et al., 1995).  
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Plants cannot tolerate high amount of solutes in their cytoplasm. Therefore, in saline 

conditions, the plants restrict the large amount of solutes in their vacuole or 

compartmentalize these toxic ions in their tissues to support their normal cellular activities 

(Zhu, 2003). High K+/ Na+ ratio in plants under salt stress is considered an important 

selection criterion for salinity tolerance (Ashraf, 2002; Wenxue et al., 2003).  The 

mechanism to maintain sufficient amount of  K+ in plant tissues under saline environment 

depends upon selective uptake of K+ and selective K+ and Na+ compartmentalization in 

vacuole and in different tissues (Munns et al., 2000; Carden et al., 2003).  

Photosynthesis is an important process by salt stress (Sharma et al., 2005; Munns, 

2002; Sultana et. al., 1999). Reduction in growth and yield is related directly to a decrease in 

photosynthetic activity (Meloni et al., 2003). According to Iqbal and Ashraf (2002) net 

photosynthesis was reduced by Na+ in the mesophyll tissues of leaf. Toxic concentration of 

Na+ in the cytoplasm or chloroplast can damage the structure and function of photosynthetic 

membranes when toxic ions are not separated in the vacuole (Bastias, 2004). The decreased 

photosynthesis may be due to closure of stomata that restricts the provision of CO2 for 

carboxylation or by direct damage of salt to the photosynthetic apparatus (Brugnoli and 

Lauteri, 1991). The degree of reduction in photosynthesis caused by salinity depends on the 

amount of tissues involved in photosynthesis (leaf area), pigments for photosynthesis and 

other factors that one or the other way can affect the assimilation of CO2 (Dubey, 2005). 

Salinity decreases chlorophyll contents and affects the photosynthetic electron transport and 

the activity of PS-II (Sudhir and Murthy, 2004).  

The saline environment increases reactive oxygen species (ROS) such as hydrogen 

peroxide (H2O2), superoxide (O2
-) and hydroxyl radicals (OH-) and hence results in oxidative 

stress. These ROS species cause cellular damage as they cause oxidation of proteins, nucleic 

acids and lipids (Apel and Hirt, 2004).  Under salt stress, plants have evolved efficient 

antioxidant defense system that comprises of low molecular weight antioxidants 

(ascocorbate, cartenoids and glutathione) and ROS eliminating enzymes, like superoxide 

dismutase (SOD) ascorbate peroxide (APO), catalase (CAT),  glutathione reductase (GR) and 

guaicol peroxidase (GOPX)  (Apel and Hirt, 2004). 
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Boron is an essential micro nutrient required for normal plant growth and 

development. It is a unique nutrient as its threshold between toxicity and deficiency is very 

narrow (Yau et al., 2008). The plant cell wall has strong requirement for boron and the 

normal structure and function of cell wall pectin depends upon the availability of boron. 

Boron is required for the formation of borate-dimeric rhamnogalacturonan II complex 

(Kobayashi et al., 1999) and abnormal cell wall development results from the deficiency of 

boron in nutrient solution (Matoh et al., 2000). However, boron toxicity is also an important 

problem that results in reduced shoot and root growth (Nable et al., 1990), reduced leaf 

chlorophyll contents, reduced photosynthesis, reduced stomatal conductance, deposition of 

suberin and lignin (Nable et al., 1997; Reid 2007), increased membrane leakiness and altered 

activities of antioxidant pathways and peroxidation of lipids (Karabal et al., 2003). Boron 

toxicity decreases photosynthetic activity by causing structural damage to thylakoids that 

decreases the uptake of CO2 (Molassiotis et al., 2006). 

 Excessive amount of boron in soils is of great concern due to their association 

with boron toxicity and reduced plant growth and yield of crops in different part of the world. 

Boron toxicity also occurs in saline soil as a result of poor drainage of these soils (Grieve et 

al., 2000). Boron toxicity and salinity may be a combined stress to the plants grown in the 

areas irrigated with water carrying excessive amounts of B and salts (Nable et al., 1997) and 

to the plants grown in soils having natural occurrence of high boron and salts concentrations, 

in semi arid and arid parts of the world with low rainfall and poorly drained soils (Marschner, 

1995; Nable et al., 1997). Very little information is available on the combined effect of 

salinity and boron toxicity on plants. In some studies, the interactive effect of boron toxicity 

and salt stress resulted in less adverse effect on growth than the expected additive effects 

suggesting low uptake of boron in the Cl- presence and vice versa (Yermiyahu et al., 2008). 

Similarly Shani and Hanks (1993) reported that interaction of boron and salinity was not 

dependent on each other in barley and corn. In wheat, Grieve and Poss (2000) observed that 

salinity and boron toxicity in combination significantly decreased growth and grain yield as 

compared to their individual effects.  
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In Pakistan after wheat and rice maize is the third most important cereal crop. The 

area under maize is about one million hectare, its total yield is about 3.13 million tonnes and 

its average yield is 3264 kg ha-1 (Anonymous, 2010). Maize has good food value as its oil is 

used for cooking and its green fodder is rich in protein. Its importance and use is increasing 

in Pakistan especially in soils with salinity and other allied problems like boron toxicity. 

However, improvement in agronomic and physiological characteristics of maize particularly 

for salt affected soils needs considerable attention.  

                 Maize is moderately sensitive to salinity. According to Mass and Hoffman (1977) 

with increasing soil salinity reduction in yield is: 0% at ECe (electrical conductivity of the 

saturated soil extract) 1.7 dS m-1, 10 % at ECe 2.5 dS m-1, 25 % at ECe 3.8 dS m-1, 50% at 

ECe 5.9 dS m-1 and 100 % at ECe 10 dS m-1. Maize is particularly salt sensitive at tasseling 

stage and low at grain filling stage (Mass et al., 1983). Ismail (2004) observed a higher 

reduction in growth of maize and sorghum due to combined effect of salinity and boron 

toxicity alone. However, the response of maize to boron and salinity + boron toxicity has not 

been studied extensively particularly the effects regarding water relations, photosynthesis and 

oxidative stress tolerance are lacking. Keeping in view the importance of salinity and boron 

toxicity problem and less information available on the subject, the present project has been 

planned to investigate the effect of boron under saline conditions on the physiological, 

biochemical yield characteristics of maize genotypes of differential salt tolerance. The 

specific objectives of this project are as under.  

1. To study the salt tolerance of various maize genotypes under salt stress. 

2. To evaluate the effect of boron toxicity on physiological and biochemical 

characteristics of maize genotypes under salinity. 

3. To evaluate the effect of boron toxicity in salt stressed environment on maize growth 

and yield.  
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CHAPTER – II  

                               REVIEW OF LITERATURE 

Any environmental factor that reduces the crop productivity or decreases the biomass 

is termed as a stress or disturbance (Grime, 1979). This salt solution continues to affect, the 

land on which crops are grown. This high concentration of salts in soils results a reduction in 

yield of different crops all over the world. Throughout the world more than 800 million 

hectares of land is salt affected and it is approximately 6% of the world total land area (FAO, 

2008). 

2.1 Salinity extent 

 Salinity is a condition described by excessive amount of soluble salts in soil. 

According to USDA (2008) soils are categorized as saline when the electrical conductivity 

(EC) is 4dS m-1 or more. Most of the salt affected soils have formed from natural causes, due 

to the accumulation of excessive amount of salts for a long period of time in semi arid to arid 

regions of the world (Rengasamy, 2002).Weathering of parent material releases various 

soluble salts mainly chlorides of sodium, calcium and magnesium and to some extent 

carbonates and sulphates. The most abundant and soluble salt released is sodium chloride 

(Szaboles, 1994). Besides natural salinity, large proportion of cultivated agricultural land is 

affected by salinity due to irrigation and land clearing, which resulted in the rise in water 

table and accumulation of soluble salt in the growth medium. According to FAO (2008), out 

of 1500 million hectare of dry land agriculture 32 million hectare (2%) are affected by 

secondary salinity. Of the current 230 million hectare of irrigated land, 45 million hectare 

(20%) are affected by salinity.  

Geographically, Pakistan is located in the arid/semi arid zone of the world. Use of 

poor quality irrigation water with high sodium hazard may destroy the structure of soils, and 

poor infiltration of water may cause the saline conditions (Qureshi, 1998). Of the 23 million 

hectares of the cultivable lands about 6.2 million hectares are subjected to salinity while 2.8 

million ha have some kind of cultivation, whereas 3.4 million ha could not support any crop 
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(Anonymous, 2004). A loss of Rs.20 million per year has been estimated in salt affected soils 

of Pakistan because of a decrease in agricultural production (Anonymous, 2003). 

2.2 Effect of salinity on plant growth  

  Salt stress imposes specific changes at the cell, tissue and organ levels. These 

changes are morphological, physiological and anatomical in nature (Isla et al., 1998). Soil 

salinity decreases plant growth by disturbing different physiological and biochemical 

processes (Zeng and Shannon, 2000). The most deleterious effects of salt stress on plants 

growth are specific ion toxicity, osmotic stress (Liu and Vanstaden, 2001) and nutritional 

imbalance (Gratten and Grieve 1999). Osmotic stress affects various plant biochemical and 

physiological process both at the tissue and cell levels (Lutts et al, 1996). Munns (2002) 

developed the idea of two phase growth response of plants to salinity. In the first stage, plant 

growth is inhibited due to osmotic effect of saline solution outside of the root. While high 

external salt concentration may result in water deficit conditions. The second stage of growth 

reduction is due to the buildup of excessive amount of salts in transpiring leaves and is 

therefore salt specific effect of salinity. Accumulation of toxic salt in tissues may produce 

alteration in the structure of cell membrane (Wang and Zhao, 1997) which damage cell 

metabolism (Hasegawa et al, 2000). This can further produce a decrease the photosynthetic 

enzymes activity as Rubisco and PEP-carboxylase, reduce synthesis of the protein and result 

in the reduction of plant growth (Yang et al., 2002).  

Soil salinity is an environmental stress with two main components, an osmotic stress 

component due to a reduction in the osmotic potential of soil solution, and specific ion 

toxicity component due to toxic ions mainly sodium and chloride and reduced availability of 

other essential nutrients, like Ca and K+ (Lefevre et al., 1989). The excessive amount of salts 

in leaf apoplasm may cause turgor loss and dehydration, and ultimately death of the leaf cells 

(Marschner, 1995). Both high Na+/K+ ratio and dehydration of cells inhibit the enzymatic 

activities and disturb the normal metabolic processes of plants (Booth and Beardall, 1991). In 

plants, high salinity significantly affect some of the biochemical processes involved in 

photosynthesis and growth (Chesnes and Montague, 2001). High concentration of salts may 

lead to metabolic toxicity, membrane disorganization, reduction in photosynthesis and 

ultimately plant death (Malhotra and Blake, 2004). Among different processes 
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photosynthesis is the most important process that inhibited by salinity (Demetriou et al., 

2007). Salinity may result in the production of reactive oxygen species (ROS) such as 

hydrogen peroxide (H2O2), hydroxyl radical, super oxide radical and singlet oxygen (Apel 

and Hirt, 2004). It is well documented that reactive oxygen species (ROS) may cause damage 

to macro molecule and cellular structure (Fridovich, 1986). 

2.2.1 Osmotic stress              

         According to Munns et al. (2006) toxic level of salts in soil solution decreases 

the plant ability to absorb water from soil, and inhibits plant growth. This phenomenon is the 

osmotic stress of salinity. Due to an increase in soil salinity less leaf growth rate is mainly 

because of osmotic stress of the salts in growth medium (Munns and Tester, 2008). This view 

is supported by the investigation of Hu et al., (2005) who observed that Na+ and Cl- were 

below toxic level in the growing cell of wheat exposed to 120 mM NaCl, in the growing 

tissues of leaves amount of Na+ was only 20 mM and Cl- was about 50 mM. In rapid growing 

tissues Piestun and Bernstein (2005) reported that sodium and chloride concentration was 

only 40 mM and that extent of reduction due to salt stress of either the elongation rate or the 

total volume expansion rate did not show a relationship with the sodium or chloride in 

tissues. A rapid increase in soil salinity results in loss of water from the leaf cell, but this loss 

of cell volume and turgor is transient. Cells retain their turgor and original volume within 

hours, for osmotic balance but cell elongation rates are significantly reduced (Cramer, 2002; 

Frick and Peters, 2002; Passioura and Munns, 2000). This reduction in the cell division and 

cell elongation may reduce the leaf growth and size. Dimension of cell changes which results 

in more reduction in area then depth producing small and thick leaves (Munns and Tester, 

2008). This reduction in leaf development is because of osmotic stress which is evidenced by 

experiments using mixture of salts KCl and non ionic solutes like polyethylene glycol or 

manitol (Yeo et al,. 1991; Sumer et al., 2004). Over months, an osmotic effect reduces the 

reproductive development like flowering or decreased number of florets (Munns and Tester, 

2008). Plant growth reduces due to deficiency of nutrients (Hu et al., 2007) and also ion 

toxicity, as supported by very low amount of sodium and chloride in growing cells or tissues 

which do not correlate with growth rate (Piestun and Bernstein, 2005: Hu et al., 2005). 

Properties of cell wall must be changed due to osmotic stress (Cramer and Bowman, 1991). 

Under osmotic stress, root growth is less affected as compared to leaf, and root recovers 
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more quickly after being exposed to NaCl or osmotica (Munns, 2002). According to Zhu 

(2002), adverse effect of salt stress on growth of plant is due to ion toxicity (mainly because 

of sodium and chloride) and osmotic stress. Salt stress is mainly due to toxic concentration of 

Na+ while osmotic stress is mainly due to water deficiency without any direct involvements 

of Na+ (Munns, 2002). Osmotic stress reduces the rate of the formation of new leaves and 

rate of tiller production in wheat (Munns, 2002). Osmotic stress results in rapid reduction in 

growth and grain yield and shows very little genotypic variability (James et al., 2002; Munns 

and James, 2003). Osmotic stress rapidly decreases the growth rate which depends upon 

salinity level. In multiple stems producing species like wheat, the number of tillers was 

decreased due to osmotic stress of salinity (Hussain et al., 2004). 

2.2.2 Specific ion toxicity                                      

`  Sodium is the most abundant cation in saline soils. It is the major ion 

responsible for ion toxicity particularly in graminaceous crops (Fortmeier and Schubert, 

1995; Sumer et al., 2004). Na+ specific ion toxicity is associated with the excessive amount 

of Na+ in growing cells of leaf tissue followed by inhibition of protein synthesis and 

enzymatic process (Tester and Davenport, 2003). In specific ion toxicity, ions injure cells of 

transpiring leaves and this may result in a reduction of plant growth (Munns et al., 2006). 

Na+ accumulates in leaf tissue which results in necrosis of older leaves. Reduction in growth 

and yield is mainly due to short life time periods of leaves which decrease the net 

productivity and crop yield (Munns, 2002). Salinity also reduces the fresh and the dry 

weights of leaves, roots and stems (Chartzoulakis and Klapaki, 2000). Kurban et al. (1999) 

reported that in Alhagi Pseudoalhagi (a leguminous plant), low salinity level of 50 mM NaCl 

increases the plant weight but at high salinity level of 100 and 200 mM NaCl decreases the 

plant weight. According to Mohammad et al. (1998), salt stress results in a reduction in shoot 

weight, root length, root surface area per plant, number of leaves per plant and plant height in 

tomato. High concentration of salt results in reduction of shoot, root, leaf growth and 

biomass whereas root/shoot increases in cotton (Meloni et al., 2001). 98% of the toxic salts  

are excluded by many plants in soil solution and only 2% are allowed to be transported in the 

xylem to shoot. Whereas rice, durum wheat and barley are not good excluders, although they 

still exclude 94% of the soil sodium from the transpiration stream (Munns, 2005). 
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Higher concentration of toxic ions in the nutrient solution or soil interferes with plant 

metabolism in different ways (Munns and Tester, 2008; Noreen, 2009). It decreases the water 

potential of the soil solution and forcing the plant to keep their water potential lower than that 

of soil. This process increases the salt level in the cells, which may result in ion toxicity. 

Plants adjust the toxic level of ions in two different ways. from the interior of their cells they 

either exclude toxic salts, or include salts within the leaf cell but at the same time sequester 

these toxic salts in their vacuoles. This process enables the plant to maintain low cytoplasmic 

concentration of toxic ions (O’leary, 2002). Plants control the uptake of toxic ions such as 

sodium and chloride through ion selectivity and accumulate these ions in the cytoplasm 

(Shannon and Grieve, 1999). It is done either through “strict ion regulation” to keep toxic 

concentration of sodium and chloride out of the transpiration stream and ultimately the 

cytoplasm of the aerial plant parts or through ion selectivity which enables the plants to 

distinguish between ions of similar chemical nature like sodium and potassium (Gorham, 

1997). Decrease in root hydraulic conductivity of plant in saline condition is associated with 

a decrease in the concentration or activity of aquaporins in root cell membrane (Carvajal et 

al., 1998). Specific effect of ion toxicity includes the inhibition of the uptake of potassium, 

dysfunction of membrane and production of reactive oxygen species (ROS) in the cells (Rout 

and Shaw, 2001; Ghoulam et al., 2002). Specific ion toxicity of sodium and chloride occurs 

at the level higher than 100 mM in the cytoplasm where an inhibition of most of the enzymes 

is started (Munns, 2002).   

2.2.3 Nutritional imbalance 

Salinity results in a large number of plants responses which include the readjustment 

of transport and metabolic processes to growth reduction (Parida and Das, 2005). Salinity 

affects the plants in two different ways, by decreasing the osmotic potential in the rooting 

medium and by the deleterious effect of high amount of sodium and chloride (Munns, 2002). 

Water balance in plants is disturbed due to changes in osmotic potential which results in 

decreased photosynthesis and turgidity (Koyoro, 2006). Toxic concentration of sodium and 

chloride reduce the uptake of essential nutrients and can be harmful by competing with 

potassium in biochemical processes (White and Broadley, 2001). Plants grown under saline 

conditions show high amount of Na+ and Cl- and less amount of K+, Ca2+ and Mg2+ (Tattini et 

al., 1995; Chartzoulakis et al., 2002). Uptake of mineral nutrient by plants can be decreased 
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by increasing concentration of salt in soil solution, either by direct competition between 

nutrients or by increasing the osmotic potential of solution which reduces mass flow of 

mineral nutrients to the rooting surface (Gratten and Grieve, 1999). Saline environment can 

affect the absorption of mineral nutrient, such as Na+ decreases the K+ uptake and Cl- 

decreases the NO3
- uptake (Grattan and Grieve, 1999). Salt stress may result in a combination 

of complex interactions that disturb the internal nutrient requirements, plant metabolism or 

susceptibility to injury (Grattan and Grieve, 1999). 

Nutritional imbalance occurs in the cells due to high concentration of sodium and 

chloride and reduces the absorption of essential mineral nutrients like potassium, calcium and 

manganese (Hasegawa et al., 2000). High concentration of toxic salts in the leaf apoplasm 

may cause turgor loss, dehydration and death of leaf cells (Marschner, 1995). High Na+/ K+ 

ratio and dehydration of cells due to toxic concentration of sodium disturb the enzymatic 

activity and metabolic processes in plants (Booth and Beardall, 1991). The excessive uptake 

of sodium or chloride may reduce the uptake of other essential elements like potassium, 

calcium, nitrate and phosphate (Brown et al., 2005). Movements in plants like opening and 

closing of stomata and plant tropisms require potassium-generated turgor pressure (Maathuis 

and Sanders, 1996). The osmotic pressure generated by potassium within cell is used to drive 

cellular and leaf expansion (Maathuis and Sanders, 1996). Uptake of sodium and chloride in 

excessive amount reduces the potassium uptake. The potassium deficiency initially causes 

chlorosis and then necrosis (Gopal and Dube, 2003). Ca2+ is important for structural and 

functional integrity of plasma membranes, cell wall stabilization, selectivity and activation of 

cell wall enzymes and regulation of ion transport (Rengel, 1992; Marschner, 1995). The less 

Ca2+/ Na+ ratio of saline condition plays an important role in growth reduction and cause 

significant changes in plant morphology and anatomy (Cramer and Nowak, 1992). In tolerant 

plant species the concentration of toxic ions can be four to five times more without growth 

(Marschner, 1995).  

Nitrogen is one of the most important elements in all biological materials. Changes in 

its metabolism and nutrition are of great importance. These changes may result in deficiency 

or accumulation of special nitrogenous compounds under salinity (Greenway and Munns, 

1980). Effects of salinity on uptake of NO3
- depend upon plant species and with experimental 
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conditions. In wheat plant an inhibition of more than 50% by 60mM NaCl of NO3
- uptake 

rates have been reported (Botella et al., 1997). 

2.2.4 Oxidative stress 

Saline environment can also trigger the oxidative stress through generation of reactive 

oxygen species (ROS) such as hydrogen peroxide (H2O2), superoxide (O2
-) and hydroxyl 

radicals (OH-) which are more reactive and can cause cellular damage through lipid 

oxidation, nucleic acids and proteins (Apel and Hirt, 2004). In plants salt stress may produce 

reactive oxygen species like hydrogen peroxide (H2O2), superoxide anion (O2
-) and hydroxyl 

radicals (OH-), specially in mitochondria and chloroplasts (Mittler, 2002). Under salinity, 

plants have evolved the antioxidant defense system which involve oxygen radical detoxifying 

enzymes, like superoxide dismutase (SOD),  catalase (CAT) and antioxidant molecules, such 

as α-tocopherol, reduced glutathione(GSH) and ascorbic acid (AA) (Jaleel et al., 2007). 

Accumulation of H2O2 will enhance the generation of hydroxyl radicals which causes 

the lipid peroxidation and membrane damage. Under salinity, the plant lipid metabolism is 

disturbed due to oxidative damage to membrane lipids by active oxygen radical and lipid 

peroxidation (Harnandez and Alamansa, 2002; Misra and Gupta, 2006). Saline environment 

limits gas exchange and thereby CO2 supply to the leaf (Fendina et al., 1994). One 

consequence is the over reduction of photosynthetic electron transport chain (Osmond and 

Grace, 1995). This results in production of activated oxygen species, like hydrogen peroxide, 

superoxide anion, singlet oxygen and hydroxy radicals (Apel and Hirt, 2004). These reactive 

oxygen radicals interfere with normal metabolism through lipids peroxidation of plasma 

membrane and damaging protein and nucleic acids. Plants are equipped with different 

defense systems to tackle with the potential damage cause by salinity. These mechanisms 

include the osmolytes accumulation like, glycinebetaine, prolein and sugars and up 

regulation of antioxidant enzymes as well as Na+/H+ antiporters (Manivannan et al., 2007). 

Activities of antioxidative enzymes like glutathione reductase, ascorbate peroxidase, 

dehydroascorbate reductase (DHAR), Mn- SOD and monodehydroascorbate reductase 

(MDHAR) enhance under salinity in wheat, while Cu/Zn- SOD remain the same and 

glutathione and total ascorbate content decrease (Hernandez et al., 2000). In rice plant, 

Salinity increases the content of H2O2 and activities of SOD (superoxide dismutase), GPX 
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(glutathione peroxidase) and APX (ascorbate peroxidase) while the activity of catalase 

decreases (Lee et al., 2001).  

2.3 Response of maize to salinity   

Among the cereals maize is an important cereal crop and is most salt-sensitive (Mass 

and Hoffman, 1977). Khan et al. (2003) reported that maize is highly variable in terms of 

salinity. Tolerance to several stress factors has been found and is thought to be of great 

concern in crop improvement (Turhan et al., 2003). In maize under salt stress water potential 

in the leaves and length and dry mass of the stem decreases (Izzo et al., 1991). In maize salt 

stress also affects leaf elongation and water transport in xylem vessels, as well as length and 

hydraulic conductivity of the root (Azaizeh et al., 1991; Evlagon et al., 1992). High 

concentration of toxic ions in soil solution affects crop water relations due to osmotic effect 

of salt stress in maize (Cramer et al., 1994; Hasegawa et al., 2000). In maize plants, sodium 

contents in shoot increases with increasing level of NaCl in soil solution, which results in 

ionic imbalance (Shabala et al., 1998).  

Tuna et al. (2008) reported that saline condition decreases the total dry matter, 

relative water content (RWC), and chlorophyll content in maize, but accumulation of proline 

and electrolyte leakage increase. Nitika et al. (2008) observed increased lipid peroxidation in 

Zea mays under salinity. Tajdoost et al. (2007) showed that in maize the amount of 

malondialdehyde (MDA) and potassium-leakage increased due to salinity-induced lipid 

peroxidation and membrane instability.  

The response of maize to salinity has been well studied. Firstly, salinity has been 

reported to affect water relations (Cramer and Nowak, 1992), which produces plant osmotic 

stress (Cramer et al., 1994). It has been reported that the salt stress not only decreases 

available water in the soil but also affects the permeability of root cortex by altering cell 

membrane water channels (Hasegawa et al., 2000).  

Other maize plant physiological parameters affected by soil saline environment 

include cell wall rheological properties (Cramer and Nowak, 1992), protein synthesis (Yang 

et al., 1996), leaf bioelectrical activity (Shabala et al., 1998), and ionic imbalance (Shabala et 

al., 1998). However there was no consistent correlation between any of these parameters and 

salinity tolerance, measured as vegetative growth or yield. Therefore, the change in plant 
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growth or yield compared with a control is the most reliable indicator of the tolerance to 

salinity (Cramer, 1994).  

In maize, a large genotypic differences for Na+ accumulation in shoot was observed 

by (Alberico and Cramer, 1993; Wang et al., 2003). Salinity resistance at germination stage 

is an important factorsince soil salinity is mostly concentrated at the surface layer. Salt stress 

has detrimental effects on germination of seeds (Kayani and Rahman, 1987; Rahman et al., 

2000; Saboora et al., 2006). Plant growth is ultimately reduced by saline environment but 

plant species differ in their sensitivity or tolerance to salts (Torech and Thompson, 1993; 

Munns and Termaat, 1986; Rogers et al., 1995).  

Maize (Zea mays) is the third most important cereal after wheat and rice and is grown 

in a wide range of climatic conditions all over the world. Maize is cross pollinated and 

became highly polymorphic through the course of natural evolution and domestication. 

Therefore, large variability for salt tolerance may exist in maize crop. (Paterniani, 1990). 

Maize (Zea mays) is a C4 plant and is classified as moderately sensitive to salinity. There is 

significant reduction in the growth and yield for maize when grown under salinity (Ouda et 

al., 2008). According to Rehman et al., (2000), maize cultivars were significantly more 

resistant to salinity at germination than at later stages of growth. Hussain et al. (2007) 

observed that in maize a negative relationship between vegetative growth parameters and 

increasing levels of salinity. They reported that shoot dry weight was 52.01 mg/plant for 

control while it decreased linearly to 25.26 mg/plant at 4000 ppm NaCl. Similar results were 

also reported by other researchers (Mansour et al., 2005). According to Akram et al. (2010), 

root dry weight of all maize hybrids decreases with increasing level of salinity. Maiti et al. 

(1996) reported that variation in maize seedlings response to salinity reflects potential grain 

yield at maturity.  

Reduction in growth due to salt stress is often accompanied by decrease in the plastic 

extensibility of the growing cell walls in root and leaf expansion areas (Pritchard et al., 1993; 

Neumann et al., 1994). In leaves of maize seedlings, the plasticity of expanding cell wall was 

reduced after few minutes by the addition of growth inhibitory levels of osmolytes or NaCl 

(Chazen and Neumann, 1994). Within 9 days of salt stress Cramer et al. (1994) noted early 

genotypic differences in leaf elongation rates of maize seedling. Mladenova (1990) also 
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observed varietals differences in two maize genotypes under salinity. Benes et al. (1996) 

observed that Cl- and Na+ in leaf sap of maize increased 2.3 and 17 times, respectively from 

control when irrigated with water of EC= 4.2 dS m-1 and the vegetative biomass was 14% 

lower in the saline compared to control plants. In many countries of the world where salinity 

problems present or may develop, maize is an important food crop. In maize under drought 

and salt stress leaf growth is one of the most sensitive processes in early growth stages 

(Neves-Piestun and Bernstein, 2005). In maize, the elongation of growing leaves is restricted 

to an area at the base of the blade enclosed by the older leaves sheaths (Kemp, 1980). With 

the leaf elongation zone, there is gradient of cell development which results in a spatial 

distribution of mineral nutrients along the leaf axis. Results of many experiments have shown 

that along the grass leaves water soluble carbohydrates, macronutrients (N, P, K+, Ca2+, and 

Mg2+) and micronutrients (Fe, Mn, and Zn) are distributed spatially (Hu et al., 2000; Neves-

Piestun and Bernstein, 2005). Growing zones of tissues are sink for nutrients. Therefore, 

metabolic and nutritional imbalance associated with control or salt stress conditions are more 

closely related with most actively growing tissues than non growing tissues. Cha-um and 

Kirdmanee (2009) reported that salt stress increases the proline concentration while 

decreases the total chlorophyll concentration of two maize genotypes. Reduction in photon 

yield in salinity stressed maize seedlings was positively correlated to net photosynthetic rate 

in which a significant decrease in photosynthetic rate of salt stress maize seedling resulted in 

considerable growth reduction. 

2.4 Boron 

2.4.1 Physical and chemical properties 

Boron was proven as an essential micronutrient for higher plant nutrition by 

Warington in 1923 (Warington, 1923). In neutral solution, B is present as boric acid 

(H3BO3). H3BO3 is a weak lewis acid with pKa of 9.24 (Woods, 1996). In plant cells, 

assuming that pH of cytoplasm is about 7.5, approximately 98% of B is present as H3BO3 

(Brown et al., 2002; Devirian and Volpe, 2003). 

2.4.2 Natural occurrence of boron 

Boron occurs in nature with an average content of 10 mg/kg in earth crust (ranging 

from 5 mg/kg in basalts to 100 mg/kg in the shales and about 4.5 mg/l in the oceans) 
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(Mayuki and Fujiwara, 2007). It is released into the environment mainly from weathering of 

the clay rich sedimentary rocks and geothermal steam (Bolanos et al., 2004). Boron is mainly 

in the form of Na2B4O5(OH)4. 8H2O. Turkey and California supply most of the B used in the 

world (WHO, 1998). 

2.4.3 Boron availability in agricultural land 

For plants boron is an essential micronutrient and its availability in irrigation water 

and soil play a key role for agricultural production. In soils, B availability is limited in many 

parts of the world, including, USA, China, Brazil and Japan. High rainfall is the main reason 

of B deficiency in these regions. In soil solution it is present as boric acid and leached out of 

the soil easily because of its greater solubility (Shorrocks, 1997; Yan et al., 2006). However, 

in the semi arid and arid zones of the world, ground water reaches the top soils by capillary 

action and evaporates leaving the salts in soil which results boron toxicity in agricultural 

lands (Yau et al., 1995). Seasonal water availability also affects the boron availability. In dry 

season, low boron availability to roots is mainly due to decreased mass flow from soil to root 

(Shorrocks, 1997) 

2.4.4 Boron uptake by plants root 

B in soil solution is present in different forms but at common soil pH values (5.5-5.7), 

the most abundant form is the soluble un-dissociated boric acid H3BO3. Plants absorb B from 

soil solution as H3BO3, roots absorb the H3BO3 by three different molecular mechanism: (1) 

Passive diffusion across lipid bilayer (2) Facilitated transport by major intrinsic protein 

(MIP) channels (3) An energy dependent high affinity transport system induced in response 

to low B supply, which is mediated via BOR transporters (Tanaka and Fujiwara, 2007).  

2.4.5 Passive diffusion across lipid bilayer 

Under excessive B availability, H3BO3 uptake by roots is carried out through a 

passive process that includes mostly boron diffusion across lipid bilayer (Brown et al., 2002; 

Tanaka and Fujiwara, 2007). Being an uncharged molecule, H3BO3 has a very high 

permeability co-efficient for lipid bilayer. In 1980, Raven pointed that the theoretical 

permeability of lipid co-efficient of H3BO3 was 8×10-6 cms-1 (Raven, 1980). Under a 
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condition of high H3BO3 supply, this passive transport across the lipid bilayer should be the 

major portion of transmembrane H3BO3 transport.  

2.4.6 Active transport by BOR transporter 

Physiogical studies also reported the presence of an active B uptake by roots under 

low B concentrations (Dannel et al., 2000; Dannel et al., 2002). In sunflower when grown 

under low boron concentration (1 uM), they observed that concentration of tracer boric acid 

(B10) was more in xylem exudates, next to root cell sap and then external solution in 

sunflower plants. Stangoulis et al. (2001) also observed that in charophyte algae (Chara 

coralline), high-affinity B transport system is present under low boron concentration. 

2.4.7 Facilitated transport by major intrinsic protein (MIP) channel 

Results of many studies showed that boron absorbance may be mediated by MIPS 

channels, which can transport small neutral molecules (Dannel et al., 2002). The first 

experimental evidence supporting the view that protein channels are involved in boron 

uptake was provided by Dordas et al. (2000). They found that boron permeation across cell 

membrane vesicles obtained from roots of squash was partially reduced by channel blockers 

like phloretin and mercuric chloride. These results were confirmed by in vivo assays 

performed with intact squash roots (Dordas and Brown, 2001). 

2.5 Function of Boron 

2.5.1 Boron and plant cell wall 

          In cell walls it is estimated that more than 90% of total B is localized (Loomis 

and Durst, 1992; Matoh et al., 1996). Boron along with Ca2+ is capable to form complexes 

with different components of cell wall such as pectins (Huang et al., 2000), polyhydroxyl 

polymers and polyols (Sommer and Sorkin, 1928). B is involved in synthesis and stability of 

cell wall (Glass, 1974) by forming esters with CIS diol groups present in cell wall (Loomis 

and Durst, 1992). It provides rigidity, strength and shape to cell. 

2.5.2 Role in cell membranes 

According to a stronger evident for the proper functions and maintenance of the cell 

membrane structure boron is needed (Brown et al., 2002). It is observed that the boron 

deficiency alters the permeability of cell membrane for ions and other solutes (Cakmak et al., 
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1995; Wang et al., 2000). Phosphorus uptake, which was reduced by roots of Vicia faba 

under boron deficiency, was restored to normal leaves when the roots were pretreated with B 

for 1 hour before the absorption experiment (Robertson and Loghman, 1974).  

2.5.3 Cell division 

For actively growing areas of plants like root tips, new leaf and bud development, B 

is necessary. Especially in meristematic cells boron requirement is necessary (Rerkasem, 

1996). This is the reason that first of B deficiency usually appears in meristems, as observed 

by Warington (1923). Higher requirement for B in meristematic tissues may be due to low 

phloem transport from shoots to other parts of plant, which results in higher accumulation of 

B in leaves (Rerkasem, 1996). 

2.5.4 Reproduction, pollen tube growth and pollen germination 

It has been demonstrated that boron is required in large quantity for reproductive 

growth (Loomis and Durst, 1992). Boron deficiency results in maize sterility and for 

malformation of flowers in both dicots and monocots (Gauch and Dugger, 1954).  

2.5.5 Boron and nitrogen fixation 

B was reported necessary for nitrogen fixation. Loomis and Durst (1992) reported 

that B is necessary for development and growth of vascular plants, diatoms and species of 

algal flagellates.  

2.5.6 Phenol metabolism 

Phenol metabolism plays a vital role in plant growth, and there is much evidence that 

B is responsible for the changes in metabolism and concentration of phenolic compounds in 

plants. Under boron deficiency, plants accumulates higher amounts of phenolic compounds 

(Cakmak and Romheld, 1997). 

2.6 Boron toxicity 

Boron is often present at toxic concentration in soils that have been irrigated with B-

contaminated water, sewage sludge or fly ash, over-fertilization of B fertilizer, as well as in 

natural deposits found in arid and semi arid regions globally (Nable et al., 1997; Cervilla et 

al., 2007). Toxicity of B is an important factor that results in many negative physiological 
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effects and a reduction of root and shoot growth (Lovett and Bates, 1984; Nable and Moody, 

1990) reduced leaf chlorophyll contents, lower stomatal conductance, reduced 

photosynthesis, deposition of suberin and lignin (Nable et al., 1997; Ghanati et al., 2002; 

Reid 2007), increased membrane leakiness, lipid peroxidation, and altered the antioxidant 

pathways activities (Karabal et al., 2003; Keles et al., 2004). Boron toxicity reduces 

photosynthesis by causing structural damage to thylakoids and thus reducing the CO2 uptake. 

These effects interrupt the photosynthetic electron transport which results in a condition 

where molecular oxygen operates as an alternative acceptor for non-utilized electrons and 

light energy resulting in generation of reactive oxygen species (Papadakis et al., 2004; 

Molassiotis et al., 2006).  

According to Gupta (1982), no boron toxicity symptoms appear in radish at 4 mg kg-1 

B concentration in soil solution however the boron level of 125 mg kg-1 results in toxicity 

symptoms in beans. Gestring and Soltanpour (1987) evaluated the effect of boron on alfalfa 

using four different levels of B, i.e. 0, 10, 20, and 40 mg kg-1 and three different types of soil. 

They found that yield was considerably reduced by B application in loamy soils and sandy 

loam; however the yield was not reduced in silty loam soils. The critical range of plant B 

resulting yield reduction was 850-975 mg kg-1 B in plant tissue.  

Paull et al. (1988) conducted an experiment using seven wheat and two barley 

genotypes and levels of up to 150 mg B kg-1 applied in soil. They found that the tillers had 

high contents of boron which were increasing linearly with increase in soil boron contents. 

They also reported that in each treatment, tissue boron concentration was minimum in the 

tolerant cultivars. Ahmed et al. (2008) conducted a pot experiment to study the effect of 

boron toxicity on cotton plants. They used different levels of boron, i.e. 0, 0.5, 1.0, 2.0, 3.0, 

5.0, 10.0, 15.0, 20.0 and 25.0 ppm to investigate the critical level of B toxicity in cotton 

plants. They reported that B toxicity symptoms appeared in older leaves at higher B 

concentration, i.e. 5 ppm B and the dry matter yield was reduced significantly by increasing 

the level of B toxicity.  

Harite and Aydin. (2008) studied the toxic effects of B on eight cultivars of cotton 

using four different levels of B i.e. 0.5, 7.5, 15, 22.5 ppm B. They reported that B 
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concentration was increased in leaves, roots and shoots due to increase in B toxicity and 

number of damaged leaves also increased with increasing level of boron.  

2.7 Symptoms of boron toxicity in plants 

As a result of boron toxicity, visible symptoms are leaf burn, chlorotic and necrotic 

patches, usually at leaves margins and older leaves tips (Marschner, 1995). Other symptoms 

exhibited by plants exposed to toxicity of B are delayed development, less vigour, leaf burn 

and reductions in size, weight and number of fruits (Paull et al., 1992; Nable et al., 1997). 

The chlorotic/necrotic patches on leaf have higher levels of B concentration as compared 

with the other tissues of leaf (Oertli, 1994). In species in which B is phloem mobile and 

accumulates in sinks rather that at the end of transpiration stream, toxicity symptoms include 

fruit disorder, bark necrosis (which could be due to death of the cambial tissues), and stem 

die back (Brown and Hu, 1996). Although the physiological basis for boron toxicity is not 

clear, three main reasons are proposed according to the chemistry of B and its ability to bind 

compounds with two hydroxyl groups in the cis-configuration: 

1. Alteration of cell wall structure. 

2. Metabolic disruption by binding to the ribose moieties of molecules such as ATP, 

NADH, or NADPH.   

3. Disruption of cell development and division by binding to ribose either as the free 

sugar or within RNA (Reid et al., 2004). There is evidence that support the view that 

B toxicity in leaves is due to osmotic stress induced by the accumulation of B (Reid et 

al., 2004). Although growth was decreased by internal boron concentration in the 

range of 1-5 mM, this inhibited growth was not due to effect of boron on either 

energy supply or reduced protein synthesis, however the toxicity to mature tissues 

was due to the accumulated retardation of many cellular processes which increased in 

light by photo oxidative stress (Reid et al., 2004). 

2.8 Boron toxicity tolerance 

Mechanism of B tolerance and the response of B toxicity is toxic to plants are not 

clearly understood (Cervilla et al., 2007). It is well established that an adequate level of 

boron for one species could be insufficient or toxic for another species (Blevins and 

Lukaszewski, 1998). It was proposed that main B toxicity resistance mechanism are 
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exclusion from roots, avoidance by means of shallow root system and reduced translocation 

to shoots (Paull et al., 1992). Boron-resistant genotypes accumulate low boron concentration 

in their leaf tissues as compared to sensitive genotypes (Nable et al., 1990). In barley and 

wheat varieties different resistance mechanisms have been projected that activate mainly by 

exclusion (Hayes and Reid, 2004). In some plants it is also reported that antioxidant enzymes 

may also decrease boron toxicity (Gunes et al., 2006; Cervilla et al., 2007). B toxicity 

resistance mechanism not only activates at the whole-plant level but also at organ and 

cellular level. For example in barley cultivar, sensitivity to boron toxicity is expressed at the 

whole plant, organ, or cellular levels (Torun et al., 2003). 

2.9 Boron and salt stress 

Boron toxicity and salt stress could occur when either plants are supplied with 

irrigated water contaminated with high boron concentration (Nable et al., 1997) or when 

grown in soils with natural occurrence of high B contents, usually in semi arid and arid zones 

of the world (Marschner, 1995; Nable et al., 1997). It has been reported that interactive effect 

of boron toxicity and salt stress result less deleterious effects on plant growth than which 

would be expected if effects of the separate factors were additive, suggesting low uptake of 

boron in the presence of Cl- and low uptake of Cl-  in the presence of boron (Yermiyahu et 

al., 2008). It has been proposed that under combined effect of salt stress and boron toxicity, 

H3BO3 can affect the activities of specific membrane components regulating the functions of 

ATPase and certain aquaporin isoforms as possible components of salinity tolerance 

mechanism (Martinez-Ballesta et al., 2008). Boron transport could occur at high 

concentration of boron in soil solution through the plasma membrane aquaporins (Dordas and 

Brown, 2001).  

It has been observed that increased supply of boron and calcium increases salt stress 

tolerance of crop and increases yield in saline soils (El-Hamadaoui et al., 2003; Bonill et al., 

2004). Despite the common occurence of salinity and boron toxicity in many parts of the 

world, very little research has been investigated to study the combined effectiveness of both 

(Ferreyra et al.,1997). Bingham et al. (1987) conducted a sand culture experiment in a green 

house and reported that wheat response to boron in the soil solution and salinity was 

independent. The B salinity interaction was non significant as compared to leaf boron 
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content. Mikkelsen et al. (1988) also reported that combine effect of salt stress and boron 

was insignificant for alfalfa. Shani and Hanks (1993) also investigated that interaction of 

boron and salinity was independent of each other in barley and corn. El-Motaium et al.(1994) 

working with different combination of B (0.3 to 11 mg/L) and salt stress (2 to 12 ds/m) found 

that B concentration in tissue of prunus root stocks decreased with increasing levels of 

salinity suggesting that there is an interaction between boron and salinity for some crops. 

According to Yadav et al. (1989) a mixed salt solution (Na+, Ca2+, Cl- and SO4
2-) reduced 

boron contents in chick pea when grown in pots. Ferreyra et al. (1997) reported the salt stress 

reduces the negative responses of many field crops when irrigated with B contaminated 

water. In another study conducted by El-Motaium (1994), using a salt mixture of chloride 

and sulfate salt, it was reported that salt stress inhibited uptake of B and accumulation in the 

stem of Prunus root stock there by reducing boron toxicity symptoms. They also found that 

negative interaction between B and SO4
2- contents in tissue indicating that sulfate can be 

responsible for the salinity induced reduction in B tissue. Some other researchers have also 

investigated that a mixture of chloride and sulfate salinity decreases the boron contents in 

leaf of Eucalyptus camaldulensis Dehnh. (Grattan et al., 1997). Boron tolerance mechanism 

in plants is similar to salinity tolerance mechanism (Alpaslan and Gunes, 2001). Also a 

negative relationship has been found between high soil B and salt stress in pea (Paull et al., 

1992, Francois et al., 1994; Steppuhn et al., 2001). Eraslan et al. (2007) studied combined 

effects of salinity and B toxicity on growth parameters of lettuce. Boron toxicity and salinity 

decreased growth and B contents in plant tissues.  

Ben-gal and Shani (2002) studied combined effects of B and salinity on tomatoes. 

Salinity levels were 1, 3, 6 and 9 dS m-1 and B levels were 0.028, 0.185, 0.37, 0.74, 1.11, 

1.48 mmol. They reported that yield decreased with increased boron contents in leaf tissue 

and increasing level of salinity resulted decreased boron accumulation. Grieve and Poss 

(2000) carried out a pot experiment  to determine the combined  effects of salinity and 

varying concentrations of B on growth and ionic relations of wheat using four salinity levels 

(electrical conductivities of the irrigation waters = 1.5, 4, 8, and 12 dS m-1) and four B levels 

(1, 5, 10, and 15 mg L-1).  Combined effect of salinity and boron significantly decreased 

biomass, yield and final grain yield of wheat.  
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Ismail (2003) studied the effects of 50 mM NaCl and 5, 10, 15 and 20 mM B on 

growth, B, Na and K contents and membrane permeability in maize and sorghum. Under non 

saline conditions, shoot dry weight of maize and sorghum was reduced with increasing levels 

of boron and significantly under saline conditions. Membrane permeability increased under 

interactive effects of salinity and boron. Boron concentration in sorghum decreased under 

combined effects of salinity and boron as compared to non saline conditions where as B 

contents were higher in maize under salinity. Sodium and chloride contents increased while 

potassium decreased in the both tested plants. 

Alpaslan and Gunes (2001) studied the interactive effects of salinity and boron on the 

growth, Na and B contents of salt resistant tomato (Lycopersicon  esculentum L.) and salt 

sensitive cucumber (Cucumis sativus L.). Treatments were (0 and 30 mM NaCl for cucumber 

and 0 and 40 mM NaCl for tomato) and B (0, 5, 10 and 20 mg kg−1 soil). Boron toxicity 

symptoms were exhibited at 5 mg kg−1 B in both tested plants. Dry weights of plants also 

decreased with the increasing concentration of applied B in both saline and non saline 

conditions however reduction was more in saline conditions. Boron contents of shoot in 

tomato decreased under saline conditions as compared with non saline conditions. However, 

B contents of cucumber increased under combined effects of salinity and boron.  

Apostol et al. (2002) conducted a pot experiment to asses interactive effects of B (0 

and 2 mM) and salinity (60 mM sodium chloride and 60 mM sodium sulfate) in a 6-month-

old jack pine (Pinus banksiana Lamb.) seedlings. They reprted that 60 mM NaCl and 60 mM 

Na2SO4 significantly reduced shoot dry weights and shoot to root dry weight ratio. 

Combination of B and salinity decreased seedling survival and B contents in jack pine 

seedlings. Sotiropolous and Dimassi. (2004) studied the effects of B and salinity on growth 

parameters and mineral composition in shoots of pear (Pyrus communis L.) rootstock. Shoots 

were allowed to grow for seven weeks in a medium containing two levels of B (0.1 and 2 

mM) along with five NaCl  levels (0, 10, 20, 40, and 80 mM). Maximum numbers of shoots 

were noted at 0.1 mM B and 0 - 20 mM NaCl. B contents were increased with combination 

of B and NaCl rates whereas Ca and Zn contents decreased 

Holloway and Alston (1992) investigated the interactive effects of salinity and B on 

growth parameters and shoot B concentration of wheat. Plants were allowed to grow in pots 
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with a mixture of salts (0, 13, 39, 75 mmole kg-1) and with boric acid (0, 20, 38 and 73 mg B 

kg-1 soil). Salinity reduced tillering, production of dry matter and grain yield whereas it 

increased Na+ and decreased B contents in the plants. B reduced dry matter production, grain 

yield whereas it increased the tissue B contents and decreased Na concentration. Combined 

effects of salinity and B produced more deleterious effects on growth than did salinity and B 

alone.  Marcar et al. (1999) studied the effects of B (0.01, 0.19, 0.46 and 0.93 mM L-1 B, as 

H3BO3), NaCl (0, 100 and 200 mM NaCl), and combined B and NaCl on growth and water 

use of Eucalyptus species. Shoot dry matter was significantly reduced by high concentrations 

of NaCl. Boron decreased dry matter production in combination but not alone. Boron 

contents increased with increasing concentrations of B and decreased with NaCl 

concentrations.  

Yermiyahu et al. (2008) investigate the interactive effect of B and salinity on the dry 

matter production and bell pepper yield (Capsicum annuum). They irrigated the plants with 

waters of different salinity (5, 15, 25 and 35 mM of NaCl) and B (0.046, 0.092, 0.185 and 

0.37 mM) levels for 40 days. The shoot dry weights decreased as the NaCl concentration 

increased in irrigation water. Increasing NaCl levels reduced B contents in the plants. They 

reported that salinity increases the B tolerance of bell pepper although it reduces yields. 

Sotiropoulos and Dimassi (2004) investigated response of kiwifruit (Actinidia deliciosa L.) 

plants to B (0.1 and 2 mM) and NaCl (0, 10, 20, 40 and 80 mM). Increasing levels of B 

significantly increased shoot proliferation. The 40 mM NaCl treatment reduced growth while 

at 80 mM, shoots died. Increasing levels of NaCl significantly increased shoot B contents. 

Edelstein et al. (2005) investigated the combined effects of boron and salinity on melon 

(Cucumis melo). They used five concentrations of boron ranging from 0.2 to 10 mg L−1, and 

two salinity levels (1.8 and 4.6 dS m−1). The B concentration with low salinity was the lowest 

in old leaves of melon. They found that in grafted plants the fruit yield was less affected by 

accumulation of boron in the leaves of the grafted plants than that of non-grafted plants. They 

also reported a non-additive effect on melon plants under effects of B and salinity. 

This literature review shows that both salinity and boron toxicity are important problems in 

agriculture and are not properly understood particularly their combined effects. This 

knowledge is not only important for better understanding of the subject but also for the 
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production of crop plants which can grow better under these stressed conditions. The studies 

in this manuscript have been conducted to improve our understanding of these topics. 

 

Table 2.1 An overview of salinity and boron interactions reported in the literature  
Plant 
species 

Level of B 
treatment 

Level of 
salinity 
treatment 

Interaction Authors 

Maize 0-20 mM 0-50 mM NaCl Synergistic Ismail (2003) 

Sorghum 0-20 mM 0-50 mM NaCl Synergistic Ismail (2003) 

Wheat 2.5-200 µM 75 mM NaCl Differential Masood et al. 

(2012) 

Cucumber  0-20 mg Kg-1 soil 0-30 mM NaCl Synergistic Alpaslan and Gunes 

(2001) 

Wheat 0.1-1.5 mM 1.5, 4, 8 and 12 

dS/m  

Synergistic Grieve and Poss 

(2000) 

Wheat 

grass 

0.7-20 mg L-1  0.5-20 dS/m Antagonistic Diaz and Gratten 

(2009) 

Broccoli 0.5, 12 and 24  

mg L-1 

2, 12 and 19 

dS/m 

Antagonistic Smith et al.(2010) 

Cucumber 0-20 mg Kg-1 soil 0-30 mM NaCl Synergistic Alpaslan and Gunes 

(2001) 

Tomato 0-20 mg Kg-1 soil 0-40 mM NaCl No interaction Alpaslan and Gunes 

(2001) 

Tomato 0-20 mg Kg-1 soil 1, 3, 6 and 9 

dS/m 

Antagonistic Ben-Gal and Shani 

(2002) 

Bell 

pepper 

0.046-1.1mM 5, 15, 25, 35 

and 45 mM 

NaCl  

Antagonistic Yermiyahu et al. 

(2008) 

Maize 0-20 mM 0-50 mM NaCl Antagonistic Ismail (2003) 

Sorghum 0-20 mM 0-50 mM NaCl Antagonistic Ismail (2003) 
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CHAPTER - III 

MATERIALS AND METHODS 

 This research has been conducted to evaluate the performance of different maize 

genotypes against different levels of salt stress (NaCl) and boron toxicity. There were five 

following studies to achieve the objectives of the research. All these studies were carried out 

separately. 

Study 1 Screening of different maize genotypes for salinity tolerance in solution 

culture 

Study 2 Effects of salinity and boron toxicity on water relations of the selected maize 
genotypes 

Study 3 Effects of salinity and boron toxicity on chlorophyll contents and 

photosynthetic parameters 

Study 4 Comparative oxidative stress tolerance of selected maize genotypes against 

salinity and boron toxicity 

Study 5: Growth, biochemical and ionic responses of different maize genotypes under 

salinity and boron toxicity3.1 Growth conditions and experimental materials  

3.1.1 Experimental site  

 The solution culture and pot culture experiments were conducted in the wire house of 

Saline Agriculture Research Center, Institute of Soil and Environmental Sciences, University 

of Agriculture, Faisalabad. The wire house has glass roof with no control of temperature, 

light and humidity because all sides were open and had a wire net to control the birds.  

3.1.2 Seed source 

The hybrid maize genotypes used in this study were collected from Ayub Agriculture 

Research Institute, Faisalabad. These genotypes are commonly used by the farmers and 

information about their salinity and boron resistance will be helpful for the farmers to select 
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genotypes for their salt-affected lands. The selected genotypes may also be used for 

exploring the mechanisms of salinity and boron toxicity resistance in maize. 

3.1.3 List of Genotypes 

1- EV-20  

2- EV-78 

3- KS-64  

4- R-2303 

5- R-2310  

6- R-2315 

3.2 Experimental techniques 

An overview of the methodology of all the studies is given in this section where as a detailed 

methodology of specific techniques/ analysis has been given in section 3.3 and 3.4 which 

follows immediately after this section. 

3.2.1 Study-1 

 Healthy seeds of 6 maize genotypes were sown in polythene coated iron trays 

containing 2 inch layer of acid washed gravels and irrigated with distilled water daily. At 2-3 

leaf stage, seedlings of uniform size were transplanted in foam- plugged holes of thermopole 

sheets floating on 100 L capacity iron tubs. These iron tubs were lined with polythene sheet 

and were containing ½ strength Hoagland’s solution (Hoagland and Arnon, 1950). Proper 

aeration was provided by bubbling air through nutrient solution for 8 hours a day by aeration 

pump. Nutrient solution was changed weekly. After one week of transplantation, salinity 

level of 75 mM NaCl was developed by adding NaCl in three installments (one daily), 

whereas no salt was added in control. The pH was monitored daily and maintained at 5.5-6.5 

throughout experiment by adding HCl (0.1 M) and/or NaOH (0.1 M). The average weather 

conditions during this study were: 17.7 ± 2.1°C minimum temperature, 33.7 ± 2.5°C 
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maximum temperature, 37.5 ± 4.7% minimum relative humidity, 73.8 ± 4.6% maximum 

relative humidity and sunshine hours: 7 h and 33 ± 31 min. After 30 days of salinity 

treatment plants were harvested manually and data for the following parameters were 

recorded considering each (one) plant as one sampling unit: 

1) Root and shoot fresh weights 

2) Root and shoot dry weights 

3) Root length (longest root) and shoot length (plant height) 

4) Leaf Na+ concentration  

5) Leaf K+ concentration  

6) Leaf K+/Na+ ratio  

To evaluate the salt tolerance of the studied genotypes a scoring system will be used and 

based on their performance each genotype will be awarded a score in each parameter. These 

scores of the genotypes in different parameters will be used to calculate a cumulative score 

on the basis of which the genotypes will be categorized as salt-resistant and salt-sensitive. 

3.2.2 Study-2 

Healthy seeds of 4 selected genotypes (two sensitive, two tolerant) were grown in ½ strength 

Hoagland’s nutrient solution as in Study-1. After one week of transplantation in tubs, salinity 

level of 75 mM NaCl was developed whereas in control no salt was added. Boron levels of 

2.5 mM and 5 mM were also developed with H3BO3 at this stage in the respective treatments. 

There were six treatments i.e. T1= (Control : non-saline + 0.5 mM B), T2= (non-saline + 2.5 

mM B), T3= (non-saline + 5.0 mM B), T4= (75 mM NaCl + 0.5 mM B), T5= (75 mM NaCl + 

2.5 mM B), T6= (75 mM NaCl + 5.0 mM B). The average weather conditions during this 

study were: 18.5 ± 2.4°C minimum temperature, 33.4 ± 2.3°C maximum temperature, 39.1 ± 

3.8% minimum relative humidity, 71.9 ± 4.3% maximum relative humidity and sunshine 

hours: 7 h and 39 ± 28 min. Plants were harvested after 30 days of growth in treatment 
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solutions and data were collected considering each (one) plant as one sampling unit. At 

harvest, leaf area was measured using leaf area meter, leaf relative water contents were 

determined following methodology of Weatherly (1950). The other parameters which were 

determined include the followings: 

1) Root and shoot fresh weights 

2) Root and shoot dry weights 

3) Leaf area 

4) Membrane stability index (MSI) 

5) Relative water content (RWC) 

6) Leaf Na+ concentration  

7) Leaf K+ concentration  

8) Leaf K+/Na+ ratio  

3.2.3 Study-3 

Growth conditions and treatments were the same as in Study-2. The average weather 

conditions during this study were: 19.4 ± 2.4°C minimum temperature, 35.3 ± 2.9°C 

maximum temperature, 35.9 ± 4.4% minimum relative humidity, 69.8 ± 5.2% maximum 

relative humidity and sunshine hours: 7 h and 45 ± 21 min. Leaf water potential (WP) was 

determined from the middle of fully expanded youngest leaf (third leaf from top) with the 

help of Scholander type pressure chamber. Leaf osmotic potential was determined with an 

osmometer and leaf turgor potential was calculated from the difference between osmotic 

potential and water potential. Photosynthetic parameters were recorded by using infrared gas 

analyzer. Na+, K+ and B concentration of root and shoot were determined with flame 

photometer and spectrophotometer respectively. All the data in this study was collected 

considering each (one) plant as one sampling unit. The parameters recorded in this study are 

as under:     
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1) Root and shoot fresh weights 

2) Root and shoot dry weights 

3) Root length (longest root) and shoot length (plant height) 

4) Leaf water potential 

5) Osmotic potential 

6) Turgor potential 

7) Photosynthetic rate 

8) Transpiration rate 

9) Stomatal conductance 

10) Na+ concentration in shoot 

11) K+ concentration in shoot 

12) B concentration in shoot 

 

3.2.4 Study-4 

 All the growth conditions and treatments were the same as described in Study-2. The 

average weather conditions during these studies were: 19.9 ± 3.1°C minimum temperature, 

35.1 ± 2.8°C maximum temperature, 36.3 ± 6.7% minimum relative humidity, 71.5 ± 4.9% 

maximum relative humidity and sunshine hours: 7 h and 43 ± 26 min. Activities of 

antioxidant enzymes, superoxide dismutase (SOD), catalase (CAT) and peroxidase were 

determined from the youngest fully developed leaves following the methods described later 

in this chapter. The following parameters recorded in this study  considering each (one) plant 

as one sampling unit:     

1) Root and shoot fresh weights 

2) Root and shoot dry weights 

3) Root length (longest root) and shoot length (plant height) 

4) Superoxide dismutase (SOD) 

5) Catalase (CAT) 
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6) Peroxide (POD) 

7) Leaf Na+ concentration  

8) Leaf K+ concentration  

9) Leaf B concentration  

 

3.2.5 Study-5  

 This pot experiment was conducted to study the effect of boron toxicity on growth and yield 

of maize genotypes in salt-affected soil, using four maize genotypes selected from the first 

study (two tolerant and two sensitive). Soil was collected from a normal soil and analyzed for 

physicochemical properties. The soil was air dried and passed through 2 mm sieve and 

thoroughly mixed. Glazed pots were filled with 12 kg soil per pot. Six seeds of each 

genotype were sown in each pot and thinning was done fifteen days after germination to 

maintain two plants per pot. The recommended doses of nitrogen, phosphorous and 

potassium (170-85-60 kg ha-1) were applied in the form of urea, single super phosphate and 

potassium sulphate. The desired level of salinity (7.5 dS m-1) and Boron (5ppm) were 

developed by adding calculated amount of NaCl and H3BO3 before filling the soil in the pots. 

The average weather conditions during these studies were: 19.8 ± 2.9°C minimum 

temperature, 33.9 ± 2.9°C maximum temperature, 38.3 ± 5.1% minimum relative humidity, 

72.1 ± 3.5% maximum relative humidity and sunshine hours: 7 h and 48 ± 30 min. At harvest 

the following parameters were recorded considering each (one) plant as one sampling unit.  

 Plant height 

 Stalk yield per plant 

 Number of leaves 

 Grain yield per plant 

 1000 grain weight 
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 Ionic analysis (Na+, K+ and B concentration in shoot) 

 

3.3  SOIL ANALYSIS 

3.3.1 Mechanical analysis 

 Mechanical analysis was carried out by Bouyoucos hydrometer method (Moodie et 

al., 1959) and international textural triangle was used for designating the textural class. 

3.3.2 pH of saturated  soil paste 

 Saturated paste of soil was prepared and its extract was taken following USDA Hand 

Book 60. pH value of the saturated soil paste was recorded with pH meter. 

3.3.3 Electrical conductivity (EC) of saturation extract 

   Electrical conductivity of saturated soil extract was measured with the electrical 

conductivity (EC) meter using 0.01N KCl for standardization. 

3.3.4 Sodium and Potassium 

  Na+ and K+ concentrations in the saturated soil extracts were determined using 

Sherwood 410 Flame Photometer with the help of self prepared standard solutions using 

reagent grade salts of NaCl and KCl.  

3.3.5 Boron 

 Boron was determined after hot water extraction. Boron in the soil extract was 

measured using azomethine-H as described by (Bingham, 1982). This is  a colorimetric 

method in which azomethine-H is used as a color developing reagent and the intensity of 

color developed is recorded with UV-VIS-spectrophotometer at 420 nm wave length. 
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3.4 Plant Analysis 

3.4.1 Sodium and Potassium 

Na+ and K+ in plant leaf samples were determined with Sherwood 410 Flame 

Photometer with the help of self prepared standard solutions using reagent grade NaCl and 

KCl. The youngest fully expanded leaves were collected at the time of harvesting, rinsed in 

water and stored at -10°C. The frozen leaf samples were crushed and sap was collected and 

used for Na+ and K+ analysis. 

3.4.2 Boron 

 After dry ashing as described by Chapman and Pratt (1961) boron in the plant extract 

was measured using azomethine-H as described by (Bingham, 1982). This is  a colorimetric 

method in which azomethine-H is used as a color developing reagent and the intensity of 

color developed is recorded with UV-VIS-spectrophotometer at 420 nm wave length. 

3.4.3 Measurment of relative water contents (RWC) 

      For relative water contents, young leaf samples were weighed (0.5 g) as fresh weight 

and immediately hydrated to full turgidity. After 4 hours, samples were taken out of distilled 

water and turgid leaves were quickly dried with filter paper to remove surface water and 

immediately weighed to obtain fully turgid weight (TW). These samples were oven dried at 

65°C for 48 hours to determine dry weight (DW). Relative water contents were determined 

by the following formula: 

     RWC= [(FW-DW)/(TW-DW)] 

3.4.4 Measurement of membrane stability index (MSI) 

         The membrane stability index was determined by estimating the ions leaching from leaf 

tissue into distilled water by the method described by Sairam (2002). Fresh leaf sample (0.2 

g) was taken in test tubes containing double distilled water in two sets. One set of test tubes 

was kept in water bath at 40°C temperature for 30 minutes and its electrical conductivity was 

recorded (C1) using an electrical conductivity meter. Second set of test tubes was kept at 
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100°C in boiling water for 15 minutes and its electrical conductivity (C2) was also recorded. 

MSI was calculated using the following formula: 

      MSI = (1-C1/C2)*100 

3.4.5 Gas exchange characteristics 

         The data of net photosynthetic rate (Pn), stomatal conductance (gs) and transpiration  

rate were recorded on 3rd leaf from top of each plant using an open system LCA-4 ADC 

Portable Infrared Gas Analyzer (Analytical Development Company, Hoddesdon, England). 

Data were recorded from 9 to 11 a.m with following specification adjustments; molar flow of 

air per unit leaf area: 403.3 mmol m-2 S-1, water vapor pressure in chamber ranged from 6.0 

to 8.9 m bar, atmospheric pressure: 99.9 kPa, photosynthtically active radiation at leaf 

surface was maximum upto 1711 µmol m-2 S-1, temperature of leaf ranged from 28.4 to 32.7 

°C, ambient temperature ranged from 22.7 to 29.9 °C, ambient CO2 concentration was 352 

umol mol-1.  

3.4.6 Leaf water potential 

         The third leaf from top (fully expanded youngest leaf) was excised to determine the 

leaf water potential with a Scholander Type Pressure Chamber (Arimad-2-2, Japan). 

 3.4.7 Leaf osmotic potential 

        The same leaf, as used for water potential, was frozen at-10 °C for seven days after 

which time the frozen leaf material was thawed and cell sap was extracted with the help of 

disposable syringe. The sap so extracted was directly used for the determination of osmotic 

potential using an Osmometer (Wescor-5500). 

 3.4.8 Turgor potential 

       Turgor potential was calculated as the difference between osmotic potential and water 

potential values as given below: 

      Ψp =   Ψw – Ψs 
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3.4.9Activities of antioxidant enzymes  

 Superoxide dismutase (SOD) 

 Catalase (CAT)  

 Peroxide (POD 

For extracting antioxidant enzymes, 0.5 g fresh leaves samples were ground using a tissue 

grinder in 5 mL of 50 mM cooled phosphate buffer (pH 7.8) placed in an ice bath. The 

homogenate was centrifuged at 15000 x g for 20 min at 4 °C. The supernatant was used for 

determination of antioxidant enzymes 

3.4.9.1 Superoxide dismutase (SOD) 

        SOD activity was determined by measuring its ability to inhibit the photoreduction of 

nitroblue tetrazolium (NBT) using the method as described by Giannopolitis and Ries (1977). 

The reaction mixture (3 ml) contained 50 µM NBT, 13 mM methionine, 1.3 µM riboflavin, 

50 mM phosphate buffer (pH 7.8), 75 nM EDTA and 20 to 50 µl of enzyme extract. The test 

tubes containing the reaction solution were irradiated under light (15 fluorescent lamps) at 78 

µmol m-2 s-1 for 15 min. The absorbance of the irradiated solution was recorded on UV-VIS-

spectrophotometer at 560 nm. One unit of SOD activity was defined as the amount of 

enzyme required for 50% inhibition of nitroblue tetrazolium(NBT) reduction. 

3.4.9.2 Catalase (CAT) and Peroxidase (POD) 

For the determination of activities of peroxidase (POD) and catalase (CAT), method 

of Chance and Maehly (1955) was used with some modifications. CAT reaction mixture (3 

ml) contained 5.9 mM H2O2, 50 mM phosphate buffer (pH 7.0) and 0.1 ml enzyme extract. 

The reaction was initiated by addition of the enzyme extract. The changes in absorbance of the 

reaction mixture were recorded after every 20 seconds at 240 nm. One unit enzyme activity 

was defined as change in absorbance of 0.01 units per minute. The POD reaction mixture 

contained (3 ml), 20 mM guaiacol, 50 mM phosphate buffer (pH 5.0), 40 mM H2O2, and 0.1 

ml enzyme extract. The changes in absorbance of the reaction mixture were recorded every 

20 s at 470 nm. One unit of POD activity was defined as an absorbance change of 0.01 units 

per min. Activity of each enzyme was expressed on protein basis and protein contents of the 
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extract was determined by the method of Bradford (1976) using bovine serum albumin as 

standard.  

3.5. Statistical analysis 

The data obtained from all the studies were subjected to analysis of variance 

following a split plot statistical arrangement (Gomez and Gomez, 1984) and the means were 

compared using least significant difference (LSD) test. 
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CHAPTER – IV 

RESULTS AND DISCUSSION 
 
Study 1: Screening of different maize genotypes against salinity in solution 

culture 

4.1.1 Results 

4.1.1.1 Shoot fresh weight  

 

The shoot fresh weight in all the maize genotypes decreased significantly with salinity (75 

mM NaCl) (Table 4.1.1). There was 45% reduction in the shoot fresh weight due to salinity 

on genotypic mean basis. The genotypes also differed significantly from one another. In 

control conditions, the maximum shoot fresh weight was observed in EV-78 (55.5 g) 

followed by EV-20 (52.3 g) and R-2310 (51.2 g) and they did not differ significantly. The 

minimum shoot fresh weight was observed in KS-64 (39.9 g) and it did not differ 

significantly from R-2315 (44.2 g). At 75 mM NaCl level, the maximum shoot fresh weight 

was produced by EV-78 (32.8 g) followed by R-2303 (32.3 g) and R-2310 (26.5 g) in a 

descending order. EV-78 and R-2303 did not differ significantly in this treatment. The 

minimum shoot fresh weight was produced by R-2315 (22.0 g) followed by KS-64 (22.2 g), 

EV-20 (24.9 g) and R-2310 (26.5 g) in a descending order and their differences were 

statistically non significant. On treatment mean basis, EV-78 produced the maximum shoot 

fresh weight and differed significantly from the other genotypes except R-2303 and KS-64 

produced the minimum shoot fresh weight and was statistically at par with R-2315. 

 

4.1.1.2 Shoot dry weight  

Salinity significantly decreased the shoot dry weight in all of the maize genotypes 

(Table 4.1.2). The maximum shoot dry weight in control conditions was observed in EV- 78 

(9.50 g) followed by R-2310 (8.95 g) and R-2303 (8.81 g) and they did not differ 

significantly. The minimum shoot dry weight was noted in KS-64  
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Means sharing the same small letters are statistically similar at P ≤ 0.05. Means sharing the same capital letters 

are statistically similar at P ≤ 0.05 in either a row or a column. Values in parenthesis are percent of control. 

 

 

Means sharing the same small letters are statistically similar at P ≤ 0.05. Means sharing the same capital letters 

are statistically similar at P ≤ 0.05 in either a row or a column. Values in parenthesis are percent of control. 

  

 

Genotypes Control 75 mM NaCl Mean 

EV-20  52.3± 0.38 ab  24.9± 1.19 g (48)  38.6± 0.79 B 

EV-78   55.5± 1.15 a 32.8± 1.37 ef (59) 44.1± 1.26 A 

KS-64  39.9 ± 0.39 de 22.2± 0.94 g (56) 31.0± 0.67 C 

R-2303 48.9± 4.87 bc 32.3± 0.47 ef (66)  40.6± 2.67 AB 

R-2310  51.2± 0.80 ab 26.5± 0.87 g (52) 38.8± 0.83 B 

R-2315     44.2± 1.70 cd 22.0±0.69g (50) 33.1± 1.2 C 

Mean    48.6±1.55 A 26.8± 0.92 B       

Genotypes Control 75 mM NaCl Mean 

EV-20  5.22± 1.87 c 3.84± 0.43 d (74) 4.53± 1.15 C 

EV-78   9.50± 3.42 a 6.33± 1.33b (67) 7.92± 2.38 A 

KS-64  4.62± 0.90 cd 2.09± 0.54e (45) 3.36± 0.72 D 

R-2303 8.81± 1.79 a 5.51± 0.57bc (63) 7.16± 1.18 B 

R-2310  8.96± 3.64 a 4.99± 0.62 c (56) 6.97± 2.13 B 

R-2315     4.99 ±1.17 c 2.39± 0.75 e (48) 3.69± 0.96 D 

Mean 7.02±  2.13 A 4.19± 0.70 B  

Table 4.1.1 Effect of salinity on shoot fresh weight per plant (g) of maize 
genotypes (n=3) 

Table 4.1.2 Effect of salinity on shoot dry weight per plant (g) of maize genotypes 
(n=3) 



38 
 

followed by R-2315 (4.99 g) and EV-20 (5.22 g). Their differences were also statistically non 

significant. In saline treatment (75 mM NaCl) the maximum shoot dry weight was produced 

by EV-78 (6.33g) followed by R-2303 (5.5 g) and R-2310 (4.98 g). The genotypes EV-78 

and R-2303 did not differ significantly. The minimum shoot dry weight in salinity treatment 

was recorded in KS-64 (2.09 g) and it was statistically similar to R-2315. On treatment mean 

basis, EV-78 produced the maximum and significantly higher shoot dry weight from the 

other genotypes where as KS-64 (3.36 g) produced the minimum shoot dry weight and was 

statistically at par with R-2315.  

 

4.1.1.3 Root fresh weight   

 

Salinity (75 mM NaCl) significantly reduced the root fresh weight in all of the maize 

genotypes and on genotypic mean basis there was 48% reduction in root fresh weight due to 

salinity (Table 4.1.3). In non-saline conditions (control), the maximum root fresh weight was 

observed in EV-78 (26.0 g) followed by R-2303 (21.9 g) and R-2310 (20.8 g). EV-78 also 

differed significantly from all the other genotypes. The minimum root fresh weight was 

recorded in KS-64 (11.2 g) followed by R-2315 (17.1 g) and EV-20 (19.5 g) in an ascending 

order. In saline conditions (75 mM NaCl) the maximum root fresh weight was found in EV-

78 (17.9 g) and it differed significantly from all the other genotypes in this treatment. The 

genotypes R-2303 (11.5 g) and R-2310 (11.2 g) were statistically similar and the next higher 

producers of the root fresh weight in saline treatment. The minimum root fresh weight in 

salinity treatment was found in KS-64 (4.6 g) followed by R-2315 (6.0 g) and EV-20 (8.5 g) 

in an ascending order. The genotypes KS-64 and R-2315 did not differ significantly. On 

treatment mean basis EV-78 produced the maximum and significantly higher root fresh 

weight than the other genotypes and KS-64 produced the minimum root fresh weight.  

4.1.1.4 Root dry weight  

 

Salinity significantly reduced root dry weight of all the maize genotypes except EV-

20 (Table 4.1.4). The average root fresh weight of the genotypes was reduced 
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Means sharing the same small letters are statistically similar at P ≤ 0.05. Means sharing the same capital letters 

are statistically similar at P ≤ 0.05 in either a row or a column. Values in parenthesis are percent of control. 

 

 

 

Table 4.1.4 Effect of salinity on root dry weight per plant (g) of maize genotypes 

Means sharing the same small letters are statistically similar at P ≤ 0.05. Means sharing the same capital letters 

are statistically similar at P ≤ 0.05 in either a row or a column. Values in parenthesis are percent of control. 

 

Genotypes Control 75 mM NaCl Mean 

EV-20  19.5±5.97 cd 8.5± 0.59 g (44) 14.0± 3.28 C 

EV-78   26.0± 5.67 a 17.9± 3.31de (69) 21.9± 4.49 A 

KS-64  11.2± 3.67 f 4.6±0.46 h (41) 7.9 ±2.06 E 

R-2303 21.9± 1.03 b 11.5±0.39 f (53) 16.7± 0.71 B 

R-2310  20.8± 8.08 bc 11.2±0.52 f (54) 16.0± 4.30 B 

R-2315     17.1± 2.11 de 6.0± 0.78 h (35) 11.6± 1.44 D 

Mean     19.4± 4.42 A 10.0± 1.01 B  

Genotypes Control 75 mMNaCl Mean 

EV-20  1.59±0.05 df 1.40±0.02 d-g 
 (88) 

1.49±0.03 C 

EV-78   4.72± 0.14 a 2.00±0.17 cd  
(42) 

3.36±0.15 A 

KS-64  0.91± 0.11 fg 0.85±0.02 g  
(93) 

0.88± 0.06 D 

R-2303 2.48± 0.04 c 1.67±0.04 de 
 (67) 

2.07± 0.04 B 

R-2310  3.21± 0.12 b 1.60±0.10 df 
 (50) 

2.40± 0.11 B 

R-2315     4.70± 0.33 a 1.90±0.16 cd 
 (40) 

3.30± 0.24 A 

Mean    2.93± 0.13 A 1.57± 0.08B  
 

Table 4.1.3 Effect of salinity on root fresh weight per plant (g) of maize 
genotypes (n=3) 
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significantly and by 46% due to salinity (75 mM NaCl). In non-saline conditions (control) 

the maximum root dry weight was produced by EV-78 (4.72 g) followed by R-2315 (4.70 g) 

and statistically these genotypes did not differ significantly from each other. The minimum 

root dry weight was produced by KS-64 (0.91 g) which differed non-significantly from EV-

20 (1.59 g). Under saline conditions (75 mM NaCl), the maximum root dry weight was 

recorded in EV-78 (2.00 g) and it differed significantly from KS-64 (0.85 g) only which 

produced the minimum root dry weight. On treatment mean basis EV-78 produced the 

maximum root dry weight and differed significantly from all the other genotypes except R-

2315 where as KS-64 produced the minimum root dry weight and differed significantly from 

all the other genotypes. 

 

4.1.1.5 Shoot length  

 

There was a significant reduction in shoot length in all of the maize genotypes due to 

salinity (Table 4.1.5) and on genotypic mean basis this reduction was 9%.  In non-saline 

conditions (control) the maximum shoot length was recorded in EV-78 (124.3 cm) followed 

by R-2303 (118 cm) and R-2310 (115 cm). The minimum shoot length was noted in KS-64 

(99.6 cm) followed by R-2315 (104.33 cm) and EV-20 in an ascending order. In saline 

treatment (75 mM NaCl), the maximum shoot length was observed in EV-78 (113.6 cm) 

which was followed by R-2303 (106 cm) and R-2310 (105 cm). The minimum shoot length 

was found in KS-64 (93 cm) followed by R-2315 (96.6 cm) and EV-20 (102.3 cm) in an 

ascending order. The genotype EV-78 produced the maximum and significantly higher shoot 

length than the other genotypes in both the treatments as well as on treatment mean basis 

where as KS-64 produced the minimum and significantly lower shoot length than the other 

genotypes in both the treatments as well as on treatment mean basis 

 

4.1.1.6 Root length  

 

            Salt stress significantly decreased the root length of all the maize genotypes (Table 

4.1.6). In non saline conditions the maximum root length was found in EV-20  
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Table 4.1.5 Effect of salinity on shoot length (cm) of maize genotypes (n=3) 

 

 

 

 

 

 

 

 

 

Means sharing the same small letters are statistically similar at P ≤ 0.0. 

Means sharing the same capital letters are statistically similar at P ≤ 0.05 in either a row or a column. 

 

 

     Table 4.1.6 Effect of salinity on root length (cm) of maize genotypes (n=3) 

 

 

 

 

 

 

 

 

 

 

 

 

Means sharing the same small letters are statistically similar at P ≤ 0.0. 

Means sharing the same capital letters are statistically similar at P ≤ 0.05 in either a row or a column. 

 

 

Genotypes Control 75 mM NaCl Mean 

EV-20  114.0± 0.58 c 102.3± 0.88 e 108.1± 0.73  D 

EV-78   124.3± 1.20 a 113.6± 0.88 c 119.0± 1.04 A 

KS-64  99.6± 1.20 f 93.0± 0.58 h 96.3± 0.89 F 

R-2303 118.0± 1.16 b 106.0± 1.16 d 112.0± 1.16 B 

R-2310  115.0± 1.53 c 105.3± 0.67 d 110.1± 1.09 C 

R-2315     104.3± 1.20 de 96.6± 0.88 g 100.5± 1.04 E 

Mean    112.5± 1.15 A 102.8± 0.84 B  

Genotypes Control 75 mM NaCl Mean 

EV-20  40.3± 1.86 a 29.6± 1.86 de 35.0± 1.86 A 

EV-78   32.0± 3.22 cd 22.3± 0.88 f 27.1± 2.05 C 

KS-64  33.0± 1.16 b-d 25.0± 1.52 ef 29.0± 1.34 BC 

R-2303 38.3± 0.88 ab 25.6± 1.20 ef 32.0± 1.04 AB 

R-2310  36.0± 1.53 a-c 28.6± 2.67 de 32.3± 2.09 AB 

R-2315     29.3± 0.88 de 21.0± 1.53 f 25.1± 1.21 C 

Mean    34.8± 1.59 A 25.3± 1.61 B  



42 
 

(40.3 cm) and it did not differ significantly from R-2303 (38.3 cm) and R-2310 (36 cm). The 

minimum root length was observed in R-2315 (29.33 cm) followed by EV-78 (32 cm) and 

KS-64 (33 cm) and these genotypes were statistically similar. In saline treatment (75 mM 

NaCl), the maximum root length was observed in EV-20 (29.6 cm) and it differed 

significantly from EV-78 and R-2315 only whereas the minimum root length was found in R-

2315 (21 cm) which differed significantly from EV-20 and R-2310 only. On treatment mean 

basis, the maximum root length was produced by EV-20 and the minimum root length was 

produced by R-2315. 

 

4.1.1.7 Leaf Na+ concentration   

 

             The Na+ concentration was increased significantly in the leaf sap due to 75 mM NaCl 

salinity (Fig. 4.1.1). In non saline conditions, the minimum leaf Na+ concentration was found 

in EV-78 (87.3 mol m-3) followed by R-2303 (92 mol m-3) and R-2310 (98 mol m-3) in an 

ascending order (Fig. 4.1.1). EV-78 also differed significantly from all other genotypes in 

this treatment. It was found that KS-64 (113.3 mol m-3) has the highest Na+ concentration 

and it differed significantly from all the other genotypes. KS-64 was followed by R-2315 and 

EV-20 in a descending order. 

 

4.1.1.8 Leaf K+ concentration   

 

. Salinity (75 mM NaCl) significantly decreased potassium concentration in the leaves 

of the maize genotypes (Fig 4.1.2). At  salinity level  of 75 mM NaCl, the maximum 

potassium (K+) concentration was found in EV-78 (131 mol m-3) which differed significantly 

from all the other genotypes except R-2303 (128.3 mol m-3) (Fig 4.1.2). The minimum 

potassium (K+) concentration was noted in KS-64 (98.3 mol m-3) followed by R-2315 (104.3 

mol m-3) and EV-20 (112.3 mol m-3) and these genotypes differed significantly from one 

other. 
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.  

4.1.1.9 Leaf K+: Na+ ratio  

 

            Data regarding K+: Na+ ratio is given in Figure 4.1.3 which shows that K+: Na+ ratio 

was decreased significantly by salinity (75 mM NaCl). The highest K+: Na+ ratio in this 

treatment was recorded in EV-78 (1.5) followed by R-2303 (1.3) and their differences were 

non-significant (Fig 4.1.3). The minimum K+: Na+ ratio was found in KS-64 (0.8) and it 

differed significantly from all the other genotypes except R-2315.  

 
 
 
 

 

Fig 4.1.1 Effect of salinity on leaf Na+ conc. (mol m-3) of maize genotypes (n=3). 

Columns show Na+ conc. and error bars show LSD value. 
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Fig 4.1.2 Effect of salinity on leaf K+ conc. (mol m-3) of maize genotypes (n=3). 

Columns show K+ conc. and error bars show LSD value. 

 

 

Fig 4.1.3 Effect of salinity on leaf K+: Na+ ratio of maize genotypes (n=3). 

Columns show K+: Na+ ratio and error bars show LSD value. 
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4.1.2 DISCUSSION  

This solution culture study was conducted to evaluate different maize genotypes for their 

growth performance and leaf ionic composition in response to salinity. This study shows that 

salinity has a negative effect on the growth of all the genotypes of maize as there was a 

significant reduction in their growth parameters under salinity (75 mM NaCl). According to 

Parida and Das (2005) salt stress is a primary environmental factor decreasing plant growth 

and yield. Reduction in plant growth as a result of saline condition has been reported in many 

species (Al-Khateeb, 2007; Turan et al., 2009; Zadeh and Nacini, 2007). High salt 

concentration disturbs several physiological processes of plants, which results in reduction in 

plant growth and development (Taffouo et al., 2004). Salt stress decreases water potential in 

the maize leaves, plant height and stem dry mass (Izzo et al., 1991). It also affects leaf 

elongation, xylem water transport, root length and root hydraulic conductivity of maize 

(Azaizeh et al, 1991; Evlagon et al., 1992). According to Cicek and Cakirlar. (2002) salinity 

significantly reducesthe shoot length, fresh and dry weight of shoots and leaf area of maize 

with increasing intensity of salt stress.  

 The results of the present study showed that under saline conditions, there is a 

significant increase in Na+ concentration while concentration of K+ and K+: Na+ ratio is 

significantly decreased. The toxic ions (Na+ and Cl-) accumulation under salinity has been 

also observed earlier (Sotiropoulos and Dimassi 2004; Sotiropoulos, 2007). In plants the 

presence of toxic ions Na+ and Cl- is considered toxic and the main reason of growth 

reduction under salinity (Muscolo et al., 2003). Amzallag (1999) observed that there is a 

negative relationship between the biomass of aerial organs and Na+ content. Similar 

relationship has also been found in this study (Fig. 4.1.4) where as it has also been found in 

this study that K+ (Fig 4.1.5) and K+: Na+ ratio (Fig 4.1.6) have a positive relationship with 

shoot growth. Fortmeier and Schubert (1995) reported that salt tolerant maize genotypes have 

low shoot Na+ concentration which show that exclusion of Na+ is positively related to salt 

tolerance in maize. Toxic concentration of Na+ and Cl- inside the cells has many negative 

effects on cell processes and functions (Serrano et al., 1999). If excessive amounts of Na+ 

and Cl- cannot be efficiently moved in the vacuole, these accumulated ions in the cytosol 

may result in a significant reduction in photosynthesis, ultra structural and metabolic damage 

and finally the death of leaves (Greenway and Munns, 1980; Yeo, 1998). Under salinity 
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disturbance of K+ nutrition, a high Na+/K+ ratio in the tissues results in salt injury in many 

plants (Lutts et al., 1996; Ashraf and Sultana, 2000; Pagter et al., 2009). High potassium 

concentration in leaf facilitates osmotic regulation with relatively less energy expenditure 

than the accumulation of compatible solutes (Tattini et al., 1995; Storey and Walker 1999). 

The K+ is required as a co-factor in more than 50 plant enzymes and these enzymes are 

particularly affected by high Na+ and low K+/Na+ ratios (Munns and Tester, 2008).  

 Genotypic variation has also been observed within a treatment, the highest shoot 

fresh and dry matter was produced by EV-78 (44.19, 7.91) whereas the minimum shoot fresh 

and dry weight (31.09, 3.35) was produced by KS-64. KS-64 produced the minimum fresh 

and dry weights due to higher accumulation of Na+ in its leaves and lower concentration of 

K+ and K+: Na+ ratio which deteriorated its performance. Different genotypes also showed 

different relationship between growth and leaf ionic composition (Figs. 4.1.7 and 4.1.8). 

Plant species and their genotypes differ greatly in growing under salt stress conditions 

(Rozeff, 1995 and Wahid et al., 1997). Maize is a major cereal crops and is relatively 

sensitive to salinity (Mass and Hoffman, 1977; Fortmeier and Schubert, 1995) and this 

sensitivity depends upon the genotype (Cramer, 1994). Bastias et al. (2004) reported 40% 

decline in dry weight of maize genotype when exposed to 100 mM NaCl salinity. According 

to Cramer. (1994), the maize ecotype Zea mays L. amylacea proved to be more resistant than 

the Pioneer-3578. Maize genotypes G2 and SRO73 have been observed as more salt tolerant 

maize cultivars than the other in a long-term experiment (Abd-El Baki et al., 2000; Shabala 

et al., 1998). Saline environment results in a greater increase in cytoplasmic Na+ content in 

the salt sensitive variety than in the resistant variety (Lacerda et al., 2003). According to 

Blanco et al. (1998) salt resistant variety contains low Na+ and high K+ content as compared 

to salt sensitive variety.  

 To evaluate the salt tolerance of the studied genotypes a scoring system has been 

used and based on their performance each genotype has been awarded a score in each 

parameter. These scores of the genotypes in different parameters and their cumulative score 

is shown in Table 4.1.7. Based on these scores EV-78 and R-2303 have been selected as 

tolerant and moderately tolerant genotypes respectively and KS-64 and R-2315 as sensitive 

and moderately sensitive genotypes, respectively.            
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Table 4.1.7 The ranking of maize genotypes on the basis of their growth and leaf ionic 

composition (n=3). 

  

 
Genotypes 

Shoot 
fresh 

weight 

Shoot 
dry 

weight 

Shoot 
fresh 

weight 

Shoot 
dry 

weight 

Leaf 
Na+ 

conc. 

Leaf 
K+ 

conc. 

Leaf 
K+: Na+ 

ratio 

 
TOTAL 

EV-20 3 3 3 2 3 3 3 20 

EV-78 6 6 6 6 6 6 6 42 

KS-64 2 1 1 1 1 1 1 8 

R-2303 5 5 5 4 5 5 5 34 

R-2310 4 4 4 3 4 4 4 27 

R-2315 1 2 2 5 2 2 2 16 
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Fig 4.1.4 Relationship between shoot dry weight and leaf Na+ concentration (n=3). 

 

 

Fig 4.1.5 Relationship between shoot dry weight and leaf K+ concentration (n=3). 

 

 

Fig 4.1.6 Relationship between shoot dry weight and leaf K+: Na+ ratio (n=3). 
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A. 

 

D. 

B. 

 

E. 

C. 

 

F. 

 

Fig. 4.1.7 Relationship between leaf Na+ concentration (mol m-3) and shoot dry weight (g 

plant-1) of different maize genotypes. (n=3). A. EV-20, B. EV-78, C. KS-64, D. R-2303, E. 

R-2310 and F. R-2315. 
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A. D. 

B. E. 

C. F. 

 

Fig. 4.1.8 Relationship between leaf K+ concentration (mol m-3) and shoot dry weight (g 

plant-1) of different maize genotypes. (n=3). A. EV-20, B. EV-78, C. KS-64, D. R-2303, E. 

R-2310 and F. R-2315. 
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Study 2: Effects of salinity and boron toxicity on water relations of the 

selected maize genotypes 

 

4. 2.1 Results  

4.2.1.1 Shoot fresh weight  

 

  The data for shoot fresh weight (SFW) are given in Table 4.2.1. Boron concentration 

of 2.5 as well as 5 mM significantly decreased the mean shoot fresh weight of the maize 

genotypes in both non-saline and saline conditions. Salinity alone also significantly 

decreased the shoot fresh weight and the combined effect of salinity and boron toxicity was 

significantly higher than their individual effects. In non saline conditions the maximum shoot 

fresh weight was observed in EV-78 and the minimum shoot fresh weight was observed in 

KS-64 at 2.5 as well as 5 mM B levels. Similar trend was observed under saline conditions. 

The genotype EV-78 and KS-64 differed significantly in all the stress treatments except at 5 

mM B level under saline conditions. On treatment mean basis the genotypes differed 

significantly and EV-78 produced the maximum shoot fresh weight where as KS-64 

produced the minimum shoot fresh weight. 

 

4.2.1.2 Shoot dry weight  

 

 Shoot dry weight of the maize genotypes has been decreased significantly by 

the addition of boron at 2.5 mM and 5 mM B level under both non saline and saline 

conditions (75 mM NaCl) (Table 4.2.2). Salinity alone also caused a significant reduction in 

the shoot dry weight but the combined effect of salinity and boron toxicity was significantly 

higher than the salinity alone. Under non saline conditions at all boron levels, the salinity 

tolerant genotype EV-78 produced significantly higher shoot dry weight than the salt 

sensitive genotype KS-64. However, in saline conditions these two genotypes did not 

differed significantly at all boron levels. On treatment mean basis EV-78 produced the 

maximum shoot dry weight but differed significantly only from the salt sensitive genotype 

KS-64. 
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Table 4.2.1 Effects of salinity and boron toxicity on shoot fresh weight per plant (g) of 

maize genotypes (n=3) 

 

Genotypes Non-Saline Saline (75 mM NaCl) Mean 

mM Boron mM Boron 

0.05 2.5 5.0 0.05 2.5 5.0 

EV-78 44.2 a 41.2 ab 
(93) 

37.0 c 
(84) 

22.3 fg 
(50) 

18.1 h 
(41) 

16.1 h-j 
(36) 

29.8 A 

R-2303 39.2 bc 
 

38.2 bc 
(97) 

32.9 de 
(84) 

18.5 gh 
(47) 

17.6 hi 
(45) 

13.5 i-k 
(34) 

26.6 B 

R-2315 36.3 cd 
 

30.8 e 
(85) 

31.5 e 
(87) 

19.3 gh 
(53) 

17.4 hi 
(48) 

12.2 k 
(34) 

24.9 C 

KS-64 41.2 ab 
 

30.3 e 
(74) 

24.6 f 
(60) 

17.3 hi 
(42) 

12.3 jk 
(30) 

10.3 jk 
(25) 

22.7 D 

Mean 40.4 A 35.1 B  31.5 C 19.4 D 16.3 E 13.0 F   

Means sharing the same small letters are statistically similar at P ≤ 0.05. Means sharing the same capital letters 

are statistically similar at P ≤ 0.05 in either a row or a column. Values in parenthesis are percent of control. 

 

Table 4.2.2 Effects of salinity and boron toxicity on shoot dry weight per plant (g) of 

maize genotypes (n=3) 

Genotypes Non-Saline Saline (75 mM NaCl) Mean 

mM Boron mM Boron 

0.05 2.5 5.0 0.05 2.5 5.0 

EV-78 6.92 a 
 

6.25 ab 
(90) 

5.33 de 
(77) 

4.37 f-h 
(63) 

3.50 ij 
(51) 

3.25 jk 
(47) 

4.94 A 

R-2303 5.38 d 
 

6.10 bc 
(113) 

5.44 cd 
(101) 

4.58 fg 
(85) 

4.21 f-h 
(78) 

3.89 g-h 
(72) 

4.93 A 

R-2315 5.42 cd 
 

5.54 cd 
(102) 

5.57 b-d 
(103) 

4.66 ef 
(86) 

4.16 f-i 
(77) 

3.74 h-j 
(69) 

4.85 A 

KS-64 5.48 cd 
 

3.68 h-j 
(67) 

3.71 h-j 
(68) 

3.86 g-h 
(70) 

3.75 h-j 
(68) 

2.77 k 
(51) 

3.87 B 

Mean 5.80 A 5.39 B  5.01 C  4.37 D  3.90 E  3.41 F   

Means sharing the same small letters are statistically similar at P ≤ 0.05. Means sharing the same capital letters 

are statistically similar at P ≤ 0.05 in either a row or a column. Values in parenthesis are percent of control. 
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4.2.1.3 Root fresh weight  

 

 The root fresh weight (RFW) of the maize genotypes has been decreased significantly 

by 5 mM B level under non saline conditions (Table 4.2.3). In saline condition, both boron 

levels caused a significant reduction in the root fresh weight as compared to salinity alone. 

Saline treatment alone caused a significant reduction in the root fresh weight of the maize 

genotypes. On treatment mean basis, the salt tolerant genotype EV-78 produced the 

maximum root fresh weight and KS-64 produced the minimum root fresh weight and these 

genotypes differed significantly. In non-saline conditions, the genotypes mostly did not differ 

significantly at different boron levels. However, in saline conditions, KS-64 produced the 

minimum root fresh weight and differed significantly from EV-78 which produced higher 

root fresh weight than KS-64. 

 

4.2.1.4 Root dry weight  

 

 The data for root dry weight (RDW) are given in Table 4.2.4. Under non 

saline conditions, root dry weight was significantly decreased by 2.5 as well as 5 mM boron. 

Under saline condition, only 5 mM treatment further reduced the root dry weight of the 

maize genotypes. The genotype mean showed significant differences among the genotypes 

with the minimum root dry weight in the case of the salt sensitive genotype KS-64 and a 

significantly higher root dry weight in the case of salt tolerant genotype EV-78. Similar 

genotypic trend was observed in the individual boron treatments under non-saline and saline 

conditions. 

.  
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Table 4.2.3 Effects of salinity and boron toxicity on root fresh weight per plant (g) of 

maize genotypes (n=3) 

 

Genotypes Non-Saline Saline (75 mM NaCl) Mean 

mM Boron mM Boron 

0.05 2.5 5.0 0.05 2.5 5.0 

EV-78 22.3 ab 19.8 a-d 
(89) 

16.3 c-h 
(73) 

16.7 b-h 
(75) 

13.5 e-i 
(61) 

11.7 g-j 
(53) 

16.7 AB 

R-2303 20.8 a-c 17.19b-g 
(83) 

14.3 d-i 
(69) 

15.0 d-i 
(72) 

11.2 h-j 
(54) 

12.5 f-j 
(60) 

15.2 B 

R-2315 23.5 a 20.9 a-c 
(89) 

17.6 a-f 
(75) 

18.8 a-e 
(80) 

16.3 c-h
(69) 

13.2 e-j 
(56) 

18.3 A 

KS-64 17.8 a-f 
 

21.4 a-c 
(120) 

11.16 h-j 
(63) 

9.4 i-k 
(53) 

7.9 jk 
(44) 

5.25 k 
(30) 

12.18 C 

Mean 21.0 A 19.8 A 14.8 B 15.0 B 12.2 C 10.6 C  

Means sharing the same small letters are statistically similar at P ≤ 0.05. Means sharing the same capital letters 

are statistically similar at P ≤ 0.05 in either a row or a column. Values in parenthesis are percent of control. 

 

   

Table 4.2.4 Effects of salinity and boron toxicity on root dry weight per plant (g) of 

maize genotypes (n=3) 

Genotypes Non-Saline Saline (75 mM NaCl) Mean 

mM Boron mM Boron 

0.05 2.5 5.0 0.05 2.5 5.0 

EV-78 3.31 bc 2.93 c-d 
(89) 

2.57 d-f 
(78) 

1.79 h-j 
(54) 

1.67 h-k 
(50) 

1.25 j-m 
(38) 

2.25 B 

R-2303 2.78 c-e 2.60 d-f 
(94) 

1.69 h-k 
(61) 

1.56 h-l 
(56) 

1.24 j-m 
(45) 

1.18 k-n 
(42) 

1.84  C 

R-2315 4.77 a 
 

3.58 b 
(75) 

2.38 e-g 
(50) 

2.10 f-h 
(44) 

1.76 h-j 
(37) 

1.34 i-m 
(28) 

2.66 A 

KS-64 1.84 g-i 
 

1.04 l-n 
(56) 

1.02 l-n 
(55) 

0.93 mn 
(51) 

0.85 mn 
(46) 

0.62 n 
(34) 

1.05 D 

Mean 3.13 A 2.28 B 2.21 C 1.59 D 1.43 DE 1.38 E  

Means sharing the same small letters are statistically similar at P ≤ 0.05. Means sharing the same capital letters 

are statistically similar at P ≤ 0.05 in either a row or a column. Values in parenthesis are percent of control. 
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4.2.1.5 Shoot length (cm) 

 

 The mean shoot length of the maize genotypes has been significantly decreased by  

2.5 as well as 5 mM boron levels under non saline conditions (Table 4.2.5), however only 5 

mM B decreased the shoot length under saline conditions (as compared to salinity alone). 

Salinity alone also caused a significant reduction in the shoot length. The genotypes differed 

significantly on treatment mean basis with the maximum shoot length produced by the salt 

tolerant genotype EV-78 followed by R-2315 and R-2303 in a descending order. The 

minimum shoot length has been produced by the salt sensitive genotype KS-64. In different 

treatments except at 5 mM B under saline conditions, EV-78 produced the maximum shoot 

length and differed significantly from KS-64 which produced the minimum shoot length. At 

5 mM B level under saline conditions all the genotypes produced statistically similar shoot 

length. 

 

4.2.1.6 Root length (cm) 

 

 The root length of different maize genotypes is presented in Table 4.2.6. Root length 

showed a significant reduction with increasing toxic concentration of boron under non-saline 

as well as saline conditions. The genotype EV-78 produced the maximum root length at 5 

mM B level under non-saline conditions and at 0.05 and 2.5 mM B level under saline 

conditions and differed significantly from KS-64 which produced lower root length. At 5 

mM B level under saline conditions, all the genotypes were at par statistically. On treatment 

mean basis the genotype EV-78 produced the maximum root length and differed significantly 

from all the other genotype. The minimum average root length was produced by R-2303 and 

R-2315 which also did not differ significantly. 
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Table 4.2.5 Effects of salinity and boron toxicity on shoot length (cm) of maize 

genotypes (n=3) 

 

Genotypes Non-Saline Saline (75 mM NaCl) Mean 

mM Boron mM Boron 

0.05 2.5 5.0 0.05 2.5 5.0 

EV-78 120 a 108 b-e 111 b-d 105 d-f 103 e-g 91.3 i-l 106 A 

R-2303 107 c-e 102 e-h 104 e-g 99.0 f-i 96.0 h-j 82.6 k-m 99.1 C 

R-2315 116 ab 116 ab 107 c-e 101 e-h 98.3 g-i 89.6 j-l 104 B 

KS-64 99.0 f-i 93.3 i-k 86.6 kl 89.3 j-l 85.6  l 93.3 i-k 91.2 D 

Mean 110.6 A 105 B 102 C 98.8 CD 95.9 D 90.2 E  

Means sharing the same small letters are statistically similar at P ≤ 0.05. 

Means sharing the same capital letters are statistically similar at P ≤ 0.05 in either a row or a 

column. 

 

Table 4.2.6 Effects of salinity and boron toxicity on root length (cm) of maize 

genotypes (n=3) 

 

Genotypes Non-Saline Saline (75 mM NaCl) Mean 

mM Boron mM Boron 

0.05 2.5 5.0 0.05 2.5 5.0 

EV-78 42.3 a 38.0 ab 34.3 b-d 31.6 c-e 30.3 c-e 25.0 g-j 33.6 A 

R-2303 34.3 b-d 31.6 c-e 29.6 d-f 23.6 h-j 23.0 i-j 23.6 h-j 27.6 C 

R-2315 34.6 b-c 32.0 c-e 34.0 b-d 27.6 f-i 25.0 g-j 21.3 j 29.1 C 

KS-64 41.3 a 38.3 ab 29.0 e-g 28.0 f-h 28.3 f-h 24.6 g-j 31.6 B 

Mean 38.1 A 35.0 B  31.7 C 27.7 D 26.6 D 23.6 E  

Means sharing the same small letters are statistically similar at P ≤ 0.05. 

Means sharing the same capital letters are statistically similar at P ≤ 0.05 in either a row or a 

column. 



57 
 

4.2.1.7 Shoot boron concentration  

There was a significant increase in shoot boron concentration with increasing levels 

of toxic boron under non-saline as well as saline conditions, on overall mean basis (Table 

4.2.7). The boron concentration was decreased significantly under saline conditions as 

compared to the respective non-saline conditions. In all the individual treatments, the salt 

tolerant genotype EV-78 accumulated the minimum shoot boron and differed significantly 

from the salt sensitive genotype KS-64 which accumulated the maximum shoot boron 

concentration. At 5 mM boron level under non-saline conditions and at 2.5 as well as 5 mM 

boron level under saline conditions all the genotypes differed significantly.  On treatment 

mean basis also, the genotypes differed significantly and KS-64 accumulated the highest 

shoot boron followed by R-2315, R-2303 and EV-78 in a descending order.  

 

4.2.1.8  Root boron concentration  

Data about root boron concentration (Table 4.2.8) indicated that there was significant 

increase in root boron concentration with increasing levels of boron under non-saline as well 

as saline conditions.  The root boron concentration in saline conditions was significantly 

lower than under respective non-saline conditions. The genotypes differed significantly for 

root boron concentration on treatment mean basis and KS-64 accumulated the highest root 

boron concentration followed by R-2315, R-2303 and EV-78 in a descending order. In 

different boron treatments under non-saline as well as saline conditions the maximum boron 

concentration was shown by the salt-sensitive genotype KS-64 and the minimum boron 

concentration was shown by the salt-tolerant genotype EV-78 and these genotypes also 

differed significantly. At 2.5 as well as 5 mM boron level under saline conditions all the 

genotypes differed significantly and KS-64, the sensitive genotype was followed by R-2315 

and R-2303 in a descending order. 
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Table 4.2.7 Effects of salinity and boron toxicity on leaf boron concentration (mmol 

g–1 dry wt.) of maize genotypes  (n=3) 

 

Genotypes Non-Saline Saline (75 mM NaCl) Mean 

mM Boron mM Boron 

0.05 2.5 5.0 0.05 2.5 5.0 

EV-78 13.1m 17.2 g-i 20.9 d-e 10.6 n 13.3 lm 15.0 j-k 15.0 D 

R-2303 14.0 k-m 18.8 f-g 21.9 c-d 11.3 lm 16.5 i 17.2 h-i 16.7 C 

R-2315 14.8 k-l 20.0 e-f 23.9 b 14.4 k-m 18.4 g-h 19.4 f-g 18.5 B 

KS-64 16.8 i 22.7 bc 26.0 a 16.7 i 21.2 c-e 21.6 c-d 20.8 A 

Mean 14.7 D 19.7 B 23.2 A 13.3 E 17.4 C 18.3 C  

Means sharing the same small letters are statistically similar at P ≤ 0.05. 

Means sharing the same capital letters are statistically similar at P ≤ 0.05 in either a row or a 

column. 

 

Table 4.2.8 Effects of salinity and boron toxicity on root boron concentration (mmol 

g–1 dry wt.) of maize genotypes (n=3) 

 

Genotypes Non-Saline Saline (75 mM NaCl) Mean 

mM Boron mM Boron 

0.05 2.5 5.0 0.05 2.5 5.0 

EV-78 6.96 j-l 10.4 ef 10.8 d-f 6.32 kl 5.73 l 7.41 i-k 7.95 D 

R-2303 7.85 h-j 12.0 cd 11.8 b-d 6.8 j-l 8.90 gh 9.60 fg 9.53 C 

R-2315 8.66 g-i 13.2 bc 14.0 b 6.04 kl 10.8 d-f 11.7 d-e 10.7 B 

KS-64 10.6 ef 15.9 a 15.7 a 7.88 h-j 13.6 b 14.7 b 12.9 A 

Mean 8.51 D 12.9 A 13.1 A 6.78 E  9.76 C 10.7 B  

Means sharing the same small letters are statistically similar at P ≤ 0.05. 

Means sharing the same capital letters are statistically similar at P ≤ 0.05 in either a row or a 

column. 
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4.2.1.9 Shoot Na+ concentration  

 

 The data about shoot Na+ concentration are given in Table 4.2.9. On overall mean 

basis, there was a significant increase in shoot Na+ concentration under saline conditions as 

compared to respective non-saline treatments. Addition of 5 mM B under saline conditions 

further increased the shoot Na+ concentration as compared to salinity alone. The genotypes 

differed significantly for shoot sodium concentration on treatment mean basis and the salt 

sensitive genotype KS-64 accumulated the highest sodium in its shoots followed by R-2315, 

R-2303 and EV-78 in a descending order. The genotype KS-64 also accumulated the highest 

shoot sodium in different individual treatments and differed significantly from EV-78 that 

accumulated the lowest shoot sodium. The genotype R-2315 and R-2303 differed only at 5 

mM boron level under saline conditions with a significantly higher shoot Na+ concentration 

in the case of R-2315. 

 

4.2.1.10 Root Na+ concentration  

         The data regarding root sodium concentration reveals that the root Na+ concentration 

was increased with salinity and with the addition of boron on overall mean basis. The 

genotypes differed with in different treatments. The salt tolerant genotype EV-78, 

accumulated the minimum root Na+ concentration and differed significantly from the salt-

sensitive genotype KS-64 that accumulated the highest root Na+ concentration in different 

individual treatments. In all the saline treatments, all the genotypes differed significantly and 

the KS-64 was followed by R-2303 and R-2315 in a descending order. The genotypes also 

differed significantly on treatment mean basis and the maximum root Na+ concentration was 

accumulated by KS-64 followed by R-2315, R-2303 and EV-78 in a descending order. 
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Table 4.2.9 Effect of salinity and boron toxicity on leaf Na+ concentration (mol m-3) of 

maize genotypes (n=3) 

 

Genotypes Non-Saline Saline (75 mM NaCl) Mean 

mM Boron mM Boron 

0.05 2.5 5.0 0.05 2.5 5.0 

EV-78 42.0 k 41.3 k 42.0 k 100.3 e 101.0 ef 101.0 e 71.2 D 

R-2303 46.0 jk 52.3 ij 52.0 ij 109.6 d 114.6 cd 112.3 d 81.1 C 

R-2315 53.0 h-j 58.0 g-i 59.3 f-i 117.0 cd 119.6 bc 126.6 b 88.9 B 

KS-64 60.6 f-h 61.0 fg 67.0 f 126.6 b 125.6 b  135.3 a 96.0 A 

Mean 50.4 D 53.1 CD 55.0 CD 113.4 B 115.2 AB 118.8 A  

Means sharing the same small letters are statistically similar at P ≤ 0.05. 

Means sharing the same capital letters are statistically similar at P ≤ 0.05 in either a row or a 

column. 

 

Table 4.2.10 Effect of salinity and boron toxicity on root Na+ concentration (mol m-3) 

of maize genotypes (n=3) 

 

Genotypes Non-Saline Saline (75 mM NaCl) Mean 

mM Boron mM Boron 

0.05 2.5 5.0 0.05 2.5 5.0 

EV-78 30.0 n 42.6 m 49.0 l 72.0 h 73.0 h 81.6 g 58.0 D 

R-2303 35.3 n 58.0 jk 57.6 k 93.6 f 95.0 f 97.6 ef 72.8 C 

R-2315 48.3 l 63.6 ij 65.0 i 102.0 de 105.6 cd 109.3 bc 82.3 B 

KS-64 51.6 l 65.0 i 68.0 hi 112.6 ab 115.0 a 117.3 a 88.2 A 

Mean 41.3 E 57.3 D 59.9 C 95.0 B 97.1 B 101.5 A  

Means sharing the same small letters are statistically similar at P ≤ 0.05. 

Means sharing the same capital letters are statistically similar at P ≤ 0.05 in either a row or a 

column. 
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4.2.1.11 Shoot K+ concentration  

 

 The data regarding shoot potassium concentration shows that the shoot K+ 

concentration was decreased significantly by salinity and 5 mM boron treatment under non-

saline conditions (Table 4.2.11). Addition of 5 mM boron under saline conditions further 

decreased shoot K+ concentration as compared to salinity alone. The lowest potassium 

concentration was observed under saline conditions in the presence of 5 mM boron.  The 

genotypes also differed significantly for the K+ accumulation in their shoots and on treatment 

mean basis EV-78 accumulated the highest potassium concentration followed by R-2303, R-

2315 and KS-64 in a descending order. In different treatments under non-saline and saline 

conditions also there were genotypic differences. The salt tolerant genotype EV-78 

accumulated the highest shoot potassium and differed significantly from the salt-sensitive 

genotype KS-64 which accumulated the lowest shoot potassium concentration. 

 

4.2.1.12 Root K+ concentration  

 The data regarding root potassium concentration shows that the root potassium 

concentration was decreased significantly by all the salinity treatments and 5 mM boron 

treatment under non-saline (Table 4.2.12). Both the boron levels under saline conditions 

further significantly reduced the root K+ concentration as compared to salinity alone and the 

minimum potassium concentration was observed under saline conditions at 5mM B level.  

There were genotypic differences in different treatments under non-saline and saline 

conditions with the salt tolerant genotype EV-78 accumulated the highest root potassium and 

differed significantly from the salt-sensitive genotype KS-64 which accumulated the lowest 

root potassium concentration in all the treatments. The genotypes also differed significantly 

for the K+ accumulation in their roots on the treatment mean basis and EV-78 accumulated 

the highest potassium concentration followed by R-2303, R-2315 and KS-64 in a descending 

order. Similar genotypic trend was also observed at 2.5 and 5 mM boron levels under saline 

conditions. 
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Table 4.2.11 Effects of salinity and boron toxicity on leaf K+ concentration (mol m-3) of 

maize genotypes (n=3) 

 

Genotypes Non-Saline Saline (75 mM NaCl) Mean 

mM Boron mM Boron 

0.05 2.5 5.0 0.05 2.5 5.0 

EV-78 190.6a 192.0 a 177.3 b 145.6 e 130.6 f 129.0 f 160.8 A 

R-2303 184.0 ab 180.6 ab 173.3 bc 130.0 f 130.0 f 120.0 f-h 153.0 B 

R-2315 175.0 b-c 171.0 bc 163.0 cd 125.0 fg 113.3 gh 108.3 hi 142.6 C 

KS-64 161.6 cd 162 cd 152.0 de 110.6 hi 98.3 ij 94.0 j 129.7 D 

Mean 177.9 A 176.3 A 166.4 B 127.8 C 118.0 CD 112.7 D  

Means sharing the same small letters are statistically similar at P ≤ 0.05. 

Means sharing the same capital letters are statistically similar at P ≤ 0.05 in either a row or a 

column. 

 

Table 4.2.12 Effects of salinity and boron toxicity on root K+ concentration (mol m-3) 

of maize genotypes (n=3) 

 

Genotypes Non-Saline Saline (75 mM NaCl) Mean 

mM Boron mM Boron 

0.05 2.5 5.0 0.05 2.5 5.0 

EV-78 164.0 b 170.3 a 168.6 ab 100.0 g 78.6 ij 70.0 k 125.2 A 

R-2303 152.0 c 154.2 c 145.0 d 89.0 h 64.3 l 61.6 l 111.0 B 

R-2315 143.6 d 131.3 e 135.3 e 83.6 hi 55.0 m 54.3 m 100.5 C 

KS-64 132.3 e 122.0 f 124.3 f 75.6 j 43.0 n 46.6 n 90.6 D 

Mean 148.0 A 144.4 AB 143.3 B 87.0 C 60.2 D 58.1 D  

Means sharing the same small letters are statistically similar at P ≤ 0.05. 

Means sharing the same capital letters are statistically similar at P ≤ 0.05 in either a row or a 

column. 
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4.2.1.13 Relative water content (%) 

 

 The mean relative water contents (RWC) of the maize genotypes has been reduced 

significantly due to 5 mM boron under non-saline conditions and by all of the saline 

treatments (Table 4.2.13). Low as well as high boron treatments under saline conditions 

significantly decreased the relative water contents as compared to control but not as 

compared to salinity alone. The mean relative water content of the salt tolerant genotype EV-

78 was significantly higher than the salt-sensitive genotype KS-64 which had the minimum 

relative water content. Similar genotypic trend was observed in all the individual treatments 

except at 5 mM B level under saline conditions where all the genotypes were statistically at 

par. 

 

4.2.1.14 Membrane stability index (%) 

 

The data about membrane stability index (MSI) are given in Table 4.2.14. On over all 

mean basis under non-saline condition MSI was reduced significantly by 5 mM B whereas 

under saline condition all the treatments were statistically similar although they differed 

significantly from the control (non-saline) treatment. The salt tolerant maize genotype EV-78 

showed the maximum and significantly higher membrane stability index than the other 

genotypes where as the salt sensitive genotype KS-64 showed the minimum MSI on 

treatment mean basis. On treatment mean basis KS-64 did not differ significantly from R-

2315 but differed significantly from R-2303 which maintained a significantly higher 

membrane stability index. The salt tolerant genotype EV-78 maintained the maximum and 

significantly higher membrane stability index than the salt sensitive genotype KS-64 in all 

the individual treatments except the 2.5 and 5 mM boron level under saline conditions.  
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Table 4.2.13 Effects of salinity and boron toxicity on relative water   

                      contents (%) of maize genotypes (n=3) 

 

Genotypes Non-Saline Saline (75 mM NaCl) Mean 

mM Boron mM Boron 

0.05 2.5 5.0 0.05 2.5 5.0 

EV-78 79.9 a 73.6 ab 72.2 ac 66.7 bd 59.2 d-g 54.5 f-j 67.6 A 

R-2303 70.3 bc 67.3 b-d 64.0 c-e 53.4 f-j 47.6 j 47.2 j 58.3 B 

R-2315 60.3 d-f 57.7 e-h 53.6 f-j 49.6 h-j 51.1 g-j 48.4 ij 53.5 BC 

KS-64 57.0 e-i 52.9 f-j 51.4 g-j 49.7 h-j 48.7 ij 47.6 j 51.2 C 

Mean 66.9 A 62.9 AB 60.3 BC 54.9 CD 51.7 D 49.4 D  

Means sharing the same small letters are statistically similar at P ≤ 0.05. 

Means sharing the same capital letters are statistically similar at P ≤ 0.05 in either a row or a 

column. 

 

Table 4.2.14 Effects of salinity and boron toxicity on membrane stability index (%) of 

maize genotypes (n=3) 

 

Genotypes Non-Saline Saline (75 mM NaCl) Mean 

mM Boron mM Boron 

0.05 2.5 5.0 0.05 2.5 5.0 

EV-78 77.8 a 76.9 a 68.6 bc 62.0 c-f 56.8 d-h 57.7 d-h 66.6 A 

R-2303 73.8 ab 64.0 cd 62.3 c-e 52.8 g-j 60.0 d-g 49.3 i-k 60.4 B 

R-2315 62.0 c-e 60.1 d-g 53.8 f-j 52.6 g-j 48.9 i-k 43.9 k 53.6 C 

KS-64 55.9 e-i 53.0 g-j 46.6 jk 49.4 i-k 49.3 i-k 49.8 i-k 50.7 C 

Mean 67.4 A 63.5 AB 57.8 BC 54.2 CD 53.8 CD 50.2 D  

Means sharing the same small letters are statistically similar at P ≤ 0.05. 

Means sharing the same capital letters are statistically similar at P ≤ 0.05 in either a row or a 

column. 
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4.2.1.15 Leaf area  

 

 The data regarding leaf area shows that the mean leaf area of the maize genotypes has 

been decreased significantly by different stress treatments under both non-saline and saline 

conditions (Table 4.2.15). On over all mean basis under non-saline condition, significant 

reduction in LA was recorded at 2.5 as well as 5 mM B. Salinity also reduced the mean leaf 

area significantly and addition of 5 mM B caused a further significant reduction as compared 

to salinity alone. The salt tolerant maize genotype EV-78 produced the maximum and a 

significantly higher mean leaf area than the other genotypes where as the salt sensitive 

genotype KS-64 produced the minimum leaf area. The genotype EV-78 also produced the 

maximum leaf area in all the individual treatments under non-saline and saline conditions 

and differed significantly from KS-64 which produced the minimum leaf area in all the 

treatments. 

 

4.2.1.16 Water potential  

The water potential data is shown in Table 4.2.16 which revealed that value of water 

potential became more negative with increasing level of boron toxicity under both non-saline 

and saline conditions. Salinity alone also reduced the water potential and the minimum value 

was recorded under combined treatment of salt stress and boron toxicity. On over all mean 

basis, the genotypes differed significantly and the salt sensitive genotype showed the lowest 

water potential value where as the salt tolerant genotype maintained the highest water 

potential value. Similar genotypic trend was observed at 2.5 and 5.0 mM B level under saline 

conditions but under salinity alone and at 2.5 and 5.0 mM B levels under non-saline 

conditions these genotypes did not differ significantly. 
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Table 4.2.15 Effects of salinity and boron toxicity on leaf area (cm2) of maize 

genotypes (n=3) 

 

Genotypes Non-Saline Saline (75 mM NaCl) Mean 

mM Boron mM Boron 

0.05 2.5 5.0 0.05 2.5 5.0 

EV-78 1026.3 a 1010.0 a 829.0 cd 729.7 d-f 672.7 e-g 646.7 fg 819.0 A 

R-2303 966.0 ab 876.0 b-c 780.0 c-e 674.0 e-g 599.3 gh 559.7 g-i 742.5 B 

R-2315 810.0 cd 604.7 f-h 463.3 ij 353.0 j-l 320.0 lm 278.7 lm 471.6 C 

KS-64 732.0 d-f 516.0 hi 461.0 i-k 343.0 km 258.0 lm 208.7 m 418.2 C 

Mean 883.5 A 751.6 B 633.3 C 522.6 D 462.5 DE 423.4 E  

Means sharing the same small letters are statistically similar at P ≤ 0.05. 

Means sharing the same capital letters are statistically similar at P ≤ 0.05 in either a row or a 

column. 

 

Table 4.2.16 Effects of salinity and boron toxicity on water potential (-MPa) of maize 

genotypes (n=3) 

 

Genotypes Non-Saline Saline (75 mM NaCl) Mean 

mM Boron mM Boron 

0.05 2.5 5.0 0.05 2.5 5.0 

EV-78 0.54 k 1.05 g-h 1.06 g-h 1.15 d-h 1.21 c-g 1.27 b-e 1.04 D 

R-2303 0.65 jk 1.00 hi 1.13 e-h 1.17 d-h 1.25 b-f 1.33 a-c 1.09 C 

R-2315 0.72 j 1.06 g-h 1.15 d-h 1.18 d-h 1.30 a-d 1.38 ab 1.13 B 

KS-64 0.86 i 1.11 f-h 1.15 d-h 1.20 c-g 1.38 ab 1.44 a 1.19 A 

Mean 0.69 E 1.05 D  1.12 C 1.17 C  1.28 B   1.35 A  

Means sharing the same small letters are statistically similar at P ≤ 0.05. 

Means sharing the same capital letters are statistically similar at P ≤ 0.05 in either a row or a 

column. 
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4.2.1.17 Osmotic potential  

The data regarding osmotic potential are presented in Table 4.2.17 which revealed 

that boron toxicity under both saline and non-saline conditions resulted in a significant 

decrease in the osmotic potential. The combined effect of salt stress and boron toxicity 

resulted in a decrease in the osmotic potential. On over all mean basis the salt sensitive maize 

genotype KS-64 showed the minimum osmotic potential value and differed significantly 

from all the other genotypes where as the salt tolerant genotype EV-78 maintained the 

maximum osmotic potential. Similar genotypic trend was observed under saline and saline + 

boron toxicity conditions where as at toxic boron levels under non-saline condition these 

genotypes did not differ significantly. 

 

4.2.1.18 Turgor potential  

The data about turgor potential is given in Table 4.2.18 which showed that salinity 

and boron toxicity both reduced the turgor potential. An addition of 5 mM B under saline 

conditions caused a further significant reduction as compared to salinity alone. There was a 

mixed genotypic behavior on treatment mean basis as well as in the individual treatments. 

The salt tolerant genotype produced the maximum turgor potential in most of the treatments 

but differed significantly from the salt sensitive genotype under non-saline conditions only. 
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Table 4.2.17 Effects of salinity and boron toxicity on osmotic potential of maize 

genotypes (n=3) 

 

Genotypes Non-Saline Saline (75 mM NaCl) Mean 

mM Boron mM Boron 

0.05 2.5 5.0 0.05 2.5 5.0 

EV-78 1.02 l 1.30 i 1.49 bc 1.22 j 1.36 f-i 1.41d-g 1.30 C 

R-2303 1.10 k 1.31 i 1.29 ij 1.32 hi 1.42 c-f 1.47 b-e 1.31 C 

R-2315 1.13 k 1.39 e-h 1.33 g-i 1.39 e-h 1.45 b-e 1.53 ab 1.37 B 

KS-64 1.21 j 1.35 f-i 1.48 b-d 1.40 d-g 1.52 ab 1.60 a 1.43 A 

Mean 1.11 D 1.34 C 1.40 BC 1.33 C 1.43 A 1.49 A  

Means sharing the same small letters are statistically similar at P ≤ 0.05. 

Means sharing the same capital letters are statistically similar at P ≤ 0.05 in either a row or a 

column. 

 

Table 4.2.18 Effects of salinity and boron toxicity on turgor potential of maize 

genotypes (n=3) 

 

Genotypes Non-Saline Saline (75 mM NaCl) Mean 

mM Boron mM Boron 

0.05 2.5 5.0 0.05 2.5 5.0 

EV-78 0.49 a 0.40 bc 0.32 d 0.07 l 0.14 i-k 0.14 i-k 0.26 A 

R-2303 0.44 ab 0.23 e-g 0.24 e-g 0.14 i-k 0.16 h-k 0.13 k 0.22 B 

R-2315 0.41 bc 0.21 f-h 0.31 d 0.21 f-h 0.14 i-k 0.15 h-k 0.24 AB 

KS-64 0.34 d 0.32 d 0.27 e 0.20 g-j 0.14 i-k 0.16 h-k 0.23 AB 

Mean 0.42 A 0.29 B 0.28 B 0.16 C 0.15 C 0.14 D  

Means sharing the same small letters are statistically similar at P ≤ 0.05. 

Means sharing the same capital letters are statistically similar at P ≤ 0.05 in either a row or a 

column. 
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4.2.2 Discussion 

 

The results of this experiment reports the performance of salt tolerant and susceptible 

maize genotypes under combined stress of salinity and boron treatments. A significant 

growth reduction of the maize genotypes has been observed by boron toxicity, salinity and 

salinity + boron toxicity. Salinity + boron toxicity caused a higher growth reduction than 

their individual effects. Moreover, the toxic effect of boron and salt stress was higher in the 

salt susceptible genotypes KS-64 than in the salt resistant maize genotype EV-78 and in most 

of the cases these two genotypes differed significantly. In earlier studies the combined 

treatment with boron toxicity and salinity significantly reduced germination in chickpea 

(Yadave et al., 1989), maize and sorghum (Ismail, 2003). Holloway and Alston (1992) and 

Grieve and Poss (2000) reported that boron toxicity and salinity interact to decrease growth 

and yield of wheat. Alpaslan and Gunes (2001) observed that boron toxicity is more visible 

in the salt sensitive crop (cucumber) than the salt tolerant crop (tomato). Ismail (2003) 

observed a significant decrease in germination, root and shoot length, dry matter production 

while an increase in membrane permeability under interactive affect of boron and salt stress. 

However it has also been reported that pea (Aleonforte et al., 2005) and wheat plant 

(Bingham et al., 1987) respond independently of soil salinity and toxicity of B. An over view 

of salinity and boron interactions reported for different crops in literature has been compiled 

and presented in Table 2.1. 

 

In this study, the salt sensitive genotype KS-64 showed greater growth reduction and 

accumulated more boron than salt resistant genotype EV-78. The high B accumulation by 

sensitive genotypes or the lower accumulation of B by tolerant genotypes may be due to 

differences in membrane permeability which is linked with membrane and cell wall 

composition (Nable and Paul, 1991). Nable (1988) reported that sensitive genotypes of wheat 

and barley accumulate more B than tolerant genotype. Boron uptake response differs with 

crop and growth conditions. In an earlier study barley and maize did not show any interaction 

for B and salt stress (Shani and Hanks, 1993), where as in other studies B uptake was 

reported to be increased in Zea mays L. Amylacea (Bastias et al., 2004) and in cucumber 

(Alpaslan and Gunes, 2001). The salt sensitive genotype KS-64 accumulated more sodium 



70 
 

and less potassium than the salt tolerant genotype EV-78. Under salt stress plants can either 

exclude toxic ions out of the interior cells or accumulate these ions within the cells and store 

these in the vacuoles. The objective of this sequestration is to maintain a relatively low salt 

concentration in cytoplasm (O’ Leary, 2002). Ion selectivity under salt stress enables the plant 

to control absorption and accumulation in the cytoplasm of toxic ions like sodium and 

chloride (Shannon et al., 1999). 

 

  Membrane stability index is a good parameter of salt tolerance in crop plants. Sairam 

et al. (2002) reported that the membrane stability index was higher in the tolerant genotype 

of wheat than sensitive genotype under salinity stress. Alpaslan and Gunes (2001) reported 

that permeability of membrane was significantly more in cucumber and tomato under boron 

toxicity and salt stress. B influences several processes associated with membranes and it 

plays an important role as a structural component of the cell membrane. B forms complexes 

with phospholipids, glycoprotein and sugars which are membrane constituents (Bonilla et al., 

2004; Brown et al., 2002) and stabilize their structure (Cakmak et al., 1995). On contrary, 

Bastias et al. (2004) reported that boron alleviated adverse effect of salt stress on K+ and 

membrane stability in maize. Apostol et al. (2002) grew jackpine under boron toxicity and 

salt stress and suggested that Cl- alters permeability of cell membrane that results in 

accumulation of Na+ in leaves thus Cl- contributes to Na+ and B toxicity. In present study the 

salt tolerant maize genotype EV-78 was able to maintain a higher membrane stability index 

than the salt sensitive maize genotype KS-64 that may have helped this genotype to better 

tolerate the combined stress conditions.  

 

           The salt resistant genotype EV-78 maintained more relative water contents than salt 

sensitive genotype KS-64. It has been reported that salt stress significantly decreased relative 

water content in wheat (Duan et al., 2008) and maize (Cickk and Cakiralar, 2002; Kholova et 

al., 2009). Flower and Ludlow (1986) suggested that relative water content is a measure of 

plant water status and reflects the metabolic activity in plant tissues. Katerji et al. (1996) 

suggested that decrease in relative water content indicate a loss of turgor due to limited water 

availability for the processes of cell extension. In this study the salt sensitive genotype KS-64 

showed more negative value of water potential and osmotic potential than salt tolerant 
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genotype EV-78. Salinity lowers the water potential and disturbs the ion distribution 

(Rontein and Hanson, 2002; Yordanov et al., 2003) and plant adjust their water potential to 

more negative levels (Koyro, 2006; Suarez and Medina, 2008). Similar results were observed 

by Izzo et al. (1991) that salt stress lowered the water potential in maize leaves. However salt 

tolerant plants have ability to adjust their tissue water potential to a level that is lower than 

that of water potential of saline medium in which they are growing (Unger, 1991). Under 

salinity lower osmotic potential is most depressing effect in plants for nutrient and water 

uptake (Munns, 2002; Rengasamy et al., 2002). The results of this study indicate that both 

salinity and boron toxicity reduces shoot and root growth of maize and their interaction 

causes a greater reduction than their individual effects. The growth reduction due to salinity 

and boron is due to ion toxicity as is clear from the relationship of shoot dry weight with leaf 

ionic composition (Figs. 4.2.1-4.2.4). The disturbed water relations and membrane stability 

also contributed to the growth reduction. The salt tolerant genotype EV-78 performed better 

by maintaining better leaf ionic composition, water relations and membrane stability index.  

               

    

 

  



72 
 

A. 

 

B. 

 

C. 

 

Fig. 4.2.1 Relationship between leaf ionic composition and shoot dry weight (g plant-1) of 
different maize genotypes. (n=3). A). Na+ concentration (mol m-3) B). K+ 
concentration (mol m-3) C). B concentration (mmol g-1 dry wt.) 
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A. C. 

B. D. 

 

Fig. 4.2.2 Relationship between leaf Na+ concentration (mol m-3) and shoot dry weight (g 

plant-1) of different maize genotypes. (n=3). A). EV-78, B). R-2303, C). R-2315 

and D). KS-64.  
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A. C. 

B. D. 

 

Fig. 4.2.3 Relationship between leaf K+ concentration (mol m-3) and shoot dry weight (g 

plant-1) of different maize genotypes. (n=3). A). EV-78, B). R-2303, C). R-2315 

and D). KS-64.  
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A. C. 

B. D. 

 

Fig. 4.2.4 Relationship between leaf B concentration (mmol g-1 dry wt.) and shoot dry 

weight (g plant-1) of different maize genotypes. (n=3). A). EV-78, B). R-2303, C). 

R-2315 and D). KS-64.  
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Study 3:  Effects of salinity and boron toxicity on chlorophyll contents and 

photosynthetic parameters  

 
 
4.3.1  Shoot fresh weight  

  

Shoot fresh weight (SFW) of all genotypes decreased with increasing levels of boron 

both under saline and non-saline condition (Table 4.3.1). However, on mean basis SFW was 

significantly decreased by 2.5 mM B and 5 mM B under non-saline conditions and similar 

significance reduction was also noted where boron concentration of 2.5 and 5 mM was 

applied under saline condition. In non-saline condition with application of 2.5 and 5 mM B, 

EV-78 and R-2303 were at par with each other and were significantly different from R-2315 

and KS-64 regarding SFW, while under saline condition KS-64 produced minimum SFW 

and significantly different from rest of genotypes. In combined treatment of 75 mM NaCl 

and 5 mM B KS-64 produced lowest SFW and did significant difference by EV-78 and R-

2303. 

 
4.3.2 Shoot dry weight  
  

 

With application of 2.5 and 5 mM B under saline condition, on mean basis shoot dry 

weight (SDW) was significantly decreased respectively while non-significant difference was 

noted with 2.5 and 5 mM B in non-saline medium as shown in table 4.3.2. Maximum SDW 

was produced by EV-78 and minimum SDW was in KS-64 in 2.5 mM B + non-saline 

condition. Similar trend regarding SDW was observed under 5 mM B in non-saline 

conditions. SDW was significantly high in 2.5 mM B + saline condition with rest of 

genotypes while significant lowest SDW was produced by KS-64 in 5 mM B + saline 

condition treatment with respect to EV-78, R-2303 and R-2315.  
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Table 4.3.1 Effects of salinity and boron toxicity on shoot fresh weight per plant (g) of 

maize genotypes (n=3). 

 

Genotypes Non-Saline Saline (75 mM NaCl) 

0.05 2.5 5.0 0.05 2.5 5.0 Mean 

mM B mM B  

EV-78 51.3 a 45.2 b 
(88) 

40.0 b-d 
(78) 

23.3 fg 
(45) 

20.5  f-h 
(40) 

17.7 h-j 
(35) 

33.0 A 

R-2303 42.5 bc 42.2 bc 
(99) 

35.9 de 
(84) 

19.8 g-i 
(47) 

20.0 g-i 
(47) 

14.9 ij 
(35) 

29.2 B 

R-2315 39.9 cd 34.8 de 
(87) 

34.5 e 
(86) 

21.8 f-h 
(55) 

19.8 g-i 
(50) 

13.5 jk 
(34) 

27.4 B 

KS-64 33.9 e 
 

32.4 e 
(96) 

25.6 f 
(76) 

17.3 h-j 
(51) 

13.1 jk 
(39) 

9.5 k 
(28) 

21.9 C 

Mean 41.9 A 38.6 B 34.0 C  20.5 D 18.3 D 13.9 E   

Means sharing the same small letters are statistically similar at P ≤ 0.05. Means sharing the same capital letters 

are statistically similar at P ≤ 0.05 in either a row or a column. Values in parenthesis are percent of control. 

 

Table 4.3.2 Effects of salinity and boron toxicity on shoot dry weight per plant (g) of 

maize genotypes (n=3). 

 

Genotypes Non-Saline Saline (75 mM NaCl) 

0.05 2.5 5.0 0.05 2.5 5.0 Mean 

mM B mM B  

EV-78 8.42 a 7.75 a 
(92) 

6.83 b 
(81) 

4.86 d 
(58) 

3.96 e-g 
(47) 

3.35 f-h 
(40) 

5.86 A 

R-2303 5.88 c 6.60 bc 
(112) 

5.94 c 
(101) 

4.03 e-g 
(69) 

3.19 h 
(54) 

2.99 h 
(51) 

4.77 B 

R-2315 5.92 c 6.04 c 
(102) 

6.07 c 
(103) 

4.12 d-f 
(70) 

3.11 h 
(53) 

2.84 h 
(48) 

4.68 B 

KS-64 5.98 c 4.18 de 
(70) 

4.21 de 
(70) 

3.28 gh 
(55) 

2.73 h 
(46) 

1.87 i 
(31) 

3.71 C 

Mean 6.55 A 6.14 AB 5.76 B 4.07 C  3.25 D 2.76 E  

Means sharing the same small letters are statistically similar at P ≤ 0.05. Means sharing the same capital letters 

are statistically similar at P ≤ 0.05 in either a row or a column. Values in parenthesis are percent of control. 
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4.3.3 Root fresh weight  
 

In Table 4.3.3 data showed non-significant difference regarding root fresh weight 

(RFW) under application of 2.5 mM B in non-saline condition while significantly lowest 

RFW was produced by KS-64 as compared to other genotypes which were at par in 5 mM B 

in non-saline condition. In treatment application of 2.5 mM B + saline condition significant 

high RFW was noted in R-2315 as compared to other genotypes which produced low RFW 

and were non-significant with each other. Non-significant response of RFW was observed 

among EV-78, R-2303 and R-2315 genotypes but these genotypes were significantly 

different with KS-64 genotype which produced lowest RFW. 

 
4.3.4 Root dry weight  

 

Decreasing trend regarding root dry weight (RDW) was noted with application of 

boron under both saline and non-saline condition (Table 4.3.4). On mean basis in RDW 

significant difference was exist at 2.5 and 5 mM B in non-saline condition, with the similar 

reduction was observed with boron application of 2.5 and 5 mM under saline condition. In R-

2315 significantly high RDW was noted by 0.05 and 2.5 mM B in non-saline condition and 

significant lowest RDW was produced by KS-64 in saline treatment at 0.05 and 2.5 mM B. 

In 5 mM B under non-saline condition EV-78 produced maximum RDW which was at par 

with R-2315 and significantly did difference with that of R-2303 and KS-64 which produced 

lowest RDW. 
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Table 4.3.3 Effects of salinity and boron toxicity on root fresh weight per plant (g) of 

maize genotypes (n=3). 

 

Genotypes Non-Saline Saline (75 mM NaCl) 

0.05 2.5 5.0 0.05 2.5 5.0 Mean 

mM B mM B  

EV-78 23.5 a 21.8 ab 
(93) 

17.4 b-d 
(74) 

15.5 c-e 
(66) 

12.4 d-g 
(53) 

10.6 e-g 
(45) 

16.9 AB 

R-2303 22.0 ab 19.1 a-c 
(87) 

15.4 c-e 
(70) 

13.9 c-f 
(63) 

10.0 e-g 
(45) 

11.3 e-g 
(51) 

15.3 B 

R-2315 24.6 a 22.9 ab 
(93) 

19.0 a-c 
(77) 

17.4 b-d 
(71) 

14.9 c-e 
(61) 

11.8 d-g 
(48) 

18.4 A 

KS-64 18.9 a-c 23.4 a 
(124) 

12.2 d-g 
(65) 

8.3 f-h 
(44) 

6.8 gh 
(36) 

4.1 h 
(22) 

12.3 C 

Mean 22.2 A 21.8 A 16.0 B 13.8 B 11.0 C 9.5 C  

Means sharing the same small letters are statistically similar at P ≤ 0.05. Means sharing the same capital letters 

are statistically similar at P ≤ 0.05 in either a row or a column. Values in parenthesis are percent of control. 

 

Table 4.3.4 Effects of salinity and boron toxicity on root dry weight per plant (g) of 

maize genotypes (n=3). 

Genotypes Non-Saline Saline (75 mM NaCl) 

0.05 2.5 5.0 0.05 2.5 5.0 Mean 

mM B mM B  

EV-78 3.41 bc  3.03 cd 
(89) 

2.68 d-f 
(79) 

1.89 hi 
(55) 

1.77 h-j 
(52) 

1.26 j-m 
(37) 

2.34 B 

R-2303 2.88 c-e 2.70 d-f 
(94) 

1.79 h-j 
(62) 

1.66 h-k 
(58) 

1.34 i-l 
(47) 

1.20 k-m 
(42) 

1.93 C 

R-2315 4.87 a 
 

3.69 b 
(76) 

2.48 e-g 
(51) 

2.20 f-h 
(45) 

1.83 h-j 
(38) 

1.36 i-l 
(28) 

2.74 A 

KS-64 1.94 gh 
 

1.14 k-m 
(59) 

1.03 lm 
(53) 

0.97 lm 
(50) 

0.95 lm 
(49) 

0.72 m 
(37) 

1.12 D 

Mean 3.23 A 2.38 B 2.29 C 1.68 D  1.47 D 1.13 E  

Means sharing the same small letters are statistically similar at P ≤ 0.05. Means sharing the same capital letters 

are statistically similar at P ≤ 0.05 in either a row or a column. Values in parenthesis are percent of control. 
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4.3.5 Shoot/ root boron concentration  

 

Shoot boron concentration was increased with the increase in boron application under 

both saline and non saline condition. However increasing trend was more under non saline 

condition. In 2.5 mM B with non-saline condition significant maximum shoot boron 

concentration was noted in KS-64 and lowest shoot boron concentration was observed in EV-

78, while in KS-64, significant maximum shoot B concentration was noted which did 

significant difference with R-2315, R-2303 and EV-78 under 5 mM B in non saline 

condition. In saline condition with boron application of 2.5 mM significant maximum shoot 

boron concentration was in KS-64 followed by R-2315, R-2303 and EV-78. Similar trend 

regarding shoot boron concentration was also noted in 5.0 mM B under saline condition.  

Like shoot boron concentration increasing trend in root boron concentration was observed 

with increasing levels of boron as shown in table 4.3.6. Significantly highest root boron 

concentration was noted in KS-64 and significant lowest root boron concentration was in 

EV-78 under 2.5 and 5 mM B in non saline condition as well as in saline condition. 

 

4.3.6 Shoot/root Na+ concentration  

 

 Significant increase in shoot Na+ concentration was observed under saline condition 

as compared to non saline treatment as shown in table 4.3.7.  Shoot Na+ concentration was at 

par by 2.5 and 5 mM B both under saline and non-saline condition. Maximum shoot Na+ 

concentration was noted in KS-64 under non saline condition with the application of 2.5 and 

5.0 mM B which was significantly different from EV-78 which produced minimum shoot 

Na+ concentration similar trend was noted in KS-64 and EV-78 under saline condition with 

application of 2.5 mM B, while by application of 5 mM B maximum shoot Na+ concentration 

was accumulated in KS-64 significantly more then shoot Na+ concentration as in R-2315, R-

2303 and EV-78. On mean basis, Root Na+ concentration was significantly increased with 

maximum value in 5 mM B followed by 2.5 mM B  in saline condition, while under saline 

condition  root Na+ concentration was at par both under 2.5 and 5.0 mM B (table 4.3.8). 

Maximum root Na+ concentration was in KS-64 followed by R-2315, R-2303 and EV-78 

respectively had significant low root Na+ concentration  as compared to KS-64 both under 
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2.5 mM B and 5 mM B in saline condition. Root Na+ concentration was significantly high 

only in saline condition when compared to non saline condition only. Significant low root 

Na+ concentration was in EV-78 and maximum was in KS-64 and R-2315 by 5 mM B in non 

saline condition. 

 

4.3.7 Shoot/ root K+ concentration   

Combined effect of salt stress and boron toxicity significantly decreased shoot K+ 

concentration (Table 4.3.9) under saline and non saline conditions. The reduction was more 

pronounced under saline conditions as compared to non-saline condition. On mean basis 

under non-saline condition, significant reduction in shoot K+ was recorded by 2.5 mM B + 5 

mM B as compared to 0.05 mM B, whereas under saline condition lowest shoot K+ 

concentration was in 5 mM B. Maximum shoot K+ concentration was in EV-78 by 2.5 mM B 

which was significantly different with rest of genotypes with minimum shoot K+ 

concentration in KS-64 while R-2303 and R-2315 showed non-significant response in shoot 

K+. Under 5 mM B with significantly high shoot K+ was in EV-78 under non-saline 

condition. EV-78 accumulated significantly maximum shoot K+ concentration than KS-64 by 

2.5 and 5 mM B under saline concentration. Root K+ concentration (table 4.3.10) was 

significantly decreased with increasing level of boron and only under saline condition also. 

All genotypes were significantly varied regarding root K+ concentration with maximum root 

K+ was in EV-78 and minimum was in KS-64 by all boron levels 0.05, 2.5 and 5.0 mM B 

under non-saline condition and same trend was observed by all genotypes under saline 

condition with increasing levels of boron. 
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Table 4.3.5   Effects of salinity and boron toxicity on shoot boron                    

concentration (mmol g-1 dry wt.) of maize genotypes (n=3). 

 

Genotypes Non-Saline Saline (75 mM NaCl) 

0.05 2.5 5.0 0.05 2.5 5.0 Mean 

mM B mM B  

EV-78 13.8 mn 18.0 h-j 21.5 ef 11.3 o 15.3 lm 17.0 i-k 16.2 D 

R-2303 15.7 kl 20.8 ef 23.9 c 13.5 n 18.5 hi 19.2 gh 18.6 C 

R-2315 16.5 j-l 22.0 de 25.9 b 16.4 kl 20.4 fg 21.4 ef 20.4 B 

KS-64 19.2 gh 24.7 bc 28.0 a 18.7 h 23.2 cd 23.6 c 22.9 A 

Mean 16.3 E 21.4 B  24.8 A 15.0 F 19.4 D 20.3 C  

Means sharing the same small letters are statistically similar at P ≤ 0.05. 

Means sharing the same capital letters are statistically similar at P ≤ 0.05 in either a row or column. 

 

Table 4.3.6 Effects of salinity and boron toxicity on root boron concentration (mmol 

g-1 dry wt.) of maize genotypes (n=3). 

 

Genotypes Non-Saline Saline (75 mM NaCl) 

0.05 2.5 5.0 0.05 2.5 5.0 Mean 

mM B mM B  

EV-78 5.71 m-o 8.45 i-k 9.71 g-i 5.31 o 3.83 p 5.53 no 6.42 D 

R-2303 5.89 m-o 10.0 f-h 10.5 e-g 5.88 m-o 7.00 k-m 7.75 j-l 7.84 C 

R-2315 6.42 l-o  11.2 d-f 13.0 bc 5.03 op 8.90 h-j 9.94 f-h 9.10 B 

KS-64 9.35 g-i 13.8 ab 15.2 a 6.87 l-n 11.7 c-e 12.1 cd 11.5 A 

Mean 6.84 E 10.9 B  12.1 A  5.77 F 7.86 D  8.85 C   

Means sharing the same small letters are statistically similar at P ≤ 0.05. 

Means sharing the same capital letters are statistically similar at P ≤ 0.05 in either a row or column. 
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Table 4.3.7 Effects of salinity and boron toxicity on shoot Na+ concentration (mol m-3) 

of maize genotypes (n=3). 

 

Genotypes Non-Saline Saline (75 mM NaCl) 

0.05 2.5 5.0 0.05 2.5 5.0 Mean 

mM B mM B  

EV-78 37.0 p 45.3 o 46.0 o  89.3 i 112.0 fg 111.0 fg 73.4 D 

R-2303 41.0 op 56.3 lm 56.0 lm 98.6 h 125.6 cd 122.3 de 83.3 C 

R-2315 48.0 no 62.0 k-m 63.3 j-k 106.0 gh 130.6 bc 136.6 b 91.1 B 

KS-64 55.6 mn 65.0 jk 71.0 j  115.6 ef 136.6 b 145.3 a 98.2 A 

Mean 45.4 D 57.1 C 59.0 C 102.4 B 126.2 A  128.8 A   

Means sharing the same small letters are statistically similar at P ≤ 0.05. 

Means sharing the same capital letters are statistically similar at P ≤ 0.05 in either a row or column. 

 

Table 4.3.8 Effects of salinity and boron toxicity on root Na+ concentration (mol m-3) 

of maize genotypes (n=3). 

 

Genotypes Non-Saline Saline (75 mM NaCl) 

0.05 2.5 5.0 0.05 2.5 5.0 Mean 

mM B mM B  

EV-78 19.0 m 33.6 l 39.3 k 53.0 h-j 76.3 g 85.3 f 51.1 D 

R-2303 24.6 m 49.0 ij 47.6 j 74.0 g 100.0 d 102.7 d 66.3 C 

R-2315 37.3 kl 54.6 hi 55.0 h 83.6 f 110.6 c 115.0 bc 76.0 B 

KS-64 41.0 k 56.0 h 57.6 h 93.6 e 120.0 ab 123.7 a 82.0 A 

Mean 30.5 E 48.3 D 49.9 D 76.0 C 101.7  B 106.7 A   

Means sharing the same small letters are statistically similar at P ≤ 0.05. 

Means sharing the same capital letters are statistically similar at P ≤ 0.05 in either a row or column. 
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 Table 4.3.9 Effects of salinity and boron toxicity on shoot K+ concentration (mol m-3) 

of maize genotypes (n=3). 

Genotypes Non-Saline Saline (75 mM NaCl) 

0.05 2.5 5.0 0.05 2.5 5.0 Mean 

mM B mM B  

EV-78 215.6 a 195.3 b 174.3 cd 164.6 de 157.3 ef 127.3 h-j 172.4 A

R-2303 196.0 b 175.3 cd 148.3 fg 136.0 g-i 139.3 gh 105.0 kl  150.0 B 

R-2315 187.0 bc 164.3 de 138.0 g-i 125.3 ij 126.3 h-j 93.3 l  139.0 C 

KS-64 175.6 cd 156.0 ef 130.6 hi  115.6 jk 111.3 k 75.6 m 127.5 D 

Mean 193.5 A 172.7 B 147.8 C 135.4 D 133.5 D  100.3 E   

Means sharing the same small letters are statistically similar at P ≤ 0.05. 

Means sharing the same capital letters are statistically similar at P ≤ 0.05 in either a row or column. 

 

Table 4.3.10 Effects of salinity and boron toxicity on root K+ concentration (mol m-3) 

of maize genotypes (n=3). 

 

Genotypes Non-Saline Saline (75 mM NaCl) 

0.05 2.5 5.0 0.05 2.5 5.0 Mean 

mM B mM B  

EV-78 173.6 a 159.6 b 153.0 c 114.6 fg 89.3 jk 80.0 l 128.3 A 

R-2303 162.0 b 143.3 d 128.0 e 100.3 i 74.3 m 71.0 m 113.1 B 

R-2315 153.6 c 119.3 f 118.3 f 93.6 j 64.3 n 64.3 n 102.2    C  

KS-64 142.3 d 110.0 gh 107.3 h 85.6 k 53.0 o 56.6 o 92.5 D 

Mean 157.9 A 133.0 B  126.6 C  98.5 D  70.2 E 68.0 F   

Means sharing the same small letters are statistically similar at P ≤ 0.05. 

Means sharing the same capital letters are statistically similar at P ≤ 0.05 in either a row or column. 
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4.3.8 Chlorophyll contents  

Data in table 4.3.11 showed a significant decreasing pattern in chlorophyll content 

with increasing concentration of boron both under saline and non-saline condition. R-2303 

showed maximum chlorophyll content followed by EV-78, R-2315 and KS-64 by 0.05 mM 

B in non saline condition, while EV-78 showed significant maximum chlorophyll content 

than KS-64 by 5 mM B in non saline condition. Non significant response regarding 

chlorophyll contents was observed in all genotypes by 2.5 and 5 mM B in saline condition 

with maximum value in EV-78 and KS-64 by 2.5 mM B and minimum value was in KS-64 

and R-2315 by application concentration of 2.5 and 5 mM B respectively. 

 

4.3.9 Net photosynthetic rate  

 

Combined stress of salinity and boron decreased the net photosynthetic rate (Table 

4.3.12). At 2.5 mM B EV-78 and R-2303 were at par with each other and did significant 

difference with R-2315 and KS-64 in non-saline medium, while in boron application of 5 

mM B maximum photosynthetic rate was in EV-78 was significantly differed with R-2303, 

R-2315 and KS-64 under same medium. Photosynthetic rate of EV-78 was maximum in 2.5 

mM B which was significantly different as in KS-64, while significant lowest photosynthetic 

rate was noted in KS-64 under saline condition by boron application of 5mM. 
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Table 4.3.11 Effects of salinity and boron toxicity on chlorophyll   

                       content of maize genotypes (n=3). 

Genotypes Non-Saline Saline (75 mM NaCl) 

0.05 2.5 5.0 0.05 2.5 5.0 Mean 

mM B mM B  

EV-78 39.7 b 36.2 c-e 37.1 bc 29.8 g-i 27.0 i-k 22.5 mn 32.0 A 

R-2303 43.9 a 37.0 b-e 29.7 g-i 31.9 f-h 25.9 j-l 20.7 n 31.5 A 

R-2315 35.8 c-e 32.0 fg 29.6 g-i 33.5 d-f 25.9 j-l 22.4 mn 29.9 B 

KS-64 32.8 e-g 28.7 h-j 24.7k-m 23.8 k-n 25.2k-m 22.9 l-n 26.4 C 

Mean 38.0 A 33.5 B 30.3 C  29.8 C  26.0 D 22.15 E   

Means sharing the same small letters are statistically similar at P ≤ 0.05. 

Means sharing the same capital letters are statistically similar at P ≤ 0.05 in either a row or column. 

 

Table 4.3.12 Effects of salinity and boron toxicity on photosynthetic 

                         rate (µmol CO2 m-2 s-1) of maize genotypes (n=3). 

 

Genotypes Non-Saline Saline (75 mM NaCl) 

0.05 2.5 5.0 0.05 2.5 5.0 Mean 

mM B mM B  

EV-78 19.3 a 19.0 a  18.6 ab 14.0 e 12.0 f 11.0 f-h 15.6 A 

R-2303 19.0 a 19.0  a 16.6 c 11.6 fg 11.3 f-h 11.2 f-h 14.7 B 

R-2315 17.0 bc 16.3 cd 15.6 c-e 10.6 f-i 10.3 f-I  9.6 hi 13.2 C 

KS-64 16.0 cd 14.6 de 14.6 de 9.0 i 10.0 g-i 9.0 i 12.2 D 

Mean 17.8 A 17.2 A 16.4 B 11.3 C 10.9 C 10.1 D  

Means sharing the same small letters are statistically similar at P ≤ 0.05. 

Means sharing the same capital letters are statistically similar at P ≤ 0.05 in either a row or column. 
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4.3.10 Stomatal conductance  

 

Significant reduction in stomatal conductance was shown by data (Table 4.3.13) 

under saline medium as compared to non-saline medium along with increasing level of 

boron. All genotypes varied significantly under non saline medium with application of 0.05 

and 2.5 mM B with maximum value was  in EV-78 and minimum was in KS-64, while by 

5.0 mM B, R-2315 and KS-64 were at par with each other and were significantly showed less 

stomatal conductance as in EV-78 and R-2303. In saline medium all genotypes significantly 

varied regarding stomatal conductance with maximum value in EV-78 and minimum in KS-

64 with increasing boron levels.  

 

4.3.11 Transpiration rate  

 Data regarding transpiration rate showed non significant difference by 2.5 mM B and 

5 mM B under non-saline condition (Table 4.3.14) while significant variation was observed 

under saline condition with increasing level of boron on mean basis. Transpiration rate was 

non-significant by 2.5 and 5 mM B in saline medium among genotypes while significantly 

maximum transpiration rate was noted in EV-78 only in saline medium. EV-78 and R-2303 

were significantly varied regarding transpiration rate as compared to R-2315 and KS-64 by 

2.5 mM B and both EV-78 and R-2303 were significantly different from R-2315 and KS-64 

genotypes under non-saline conditions. 
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Table 4.3.13 Effects of salinity and boron toxicity on stomatal conductance (mmol m-2 
s-1 ) of maize genotypes (n=3). 

 

Means sharing the same small letters are statistically similar at P ≤ 0.05. 

Means sharing the same capital letters are statistically similar at P ≤ 0.05 in either a row or column. 

 

Table 4.3.14 Effects of salinity and boron toxicity on transpiration rate (mmol H2O m-2 

s-1) of maize genotypes (n=3). 

 

Genotypes Non-Saline Saline (75 mM NaCl) 

0.05 2.5 5.0 0.05 2.5 5.0 Mean 

mM B mM B  

EV-78 5.57 a 5.20 ab 4.66 b-d  3.54 h 2.52 i-k 1.99 k-m 3.91 A   

R-2303 4.91 bc 4.34 c-e 4.13 d-g 2.94 i 2.29 j-m 1.91 lm 3.42 B 

R-2315 4.21 d-f 3.68 f-h 3.77 e-h 2.47 i-l 2.10 j-m 1.74 m 2.99 C 

KS-64 3.52 h 3.62 gh 4.03 e-h 2.58 ij 2.05 j-m 1.80 m 2.93 C 

Mean 4.55 A 4.21 B 4.15 B 2.88 C 2.24 D 1.86 E  

Means sharing the same small letters are statistically similar at P ≤ 0.05. 

Means sharing the same capital letters are statistically similar at P ≤ 0.05 in either a row or column. 

 

 

 

  

Genotypes Non-Saline Saline (75 mM NaCl) 

0.05 2.5 5.0 0.05 2.5 5.0 Mean 

mM B mM B  

EV-78 196.0 a 193.6 ab 192.3 ab 168.0 hi 168.0 hi 165.0 i 180.5 A 

R-2303 188.3 bc 185.0 cd 182.0 de 157.3 j 157.3 j 157.0 j 171.1 B 

R-2315 179.0 ef 175.6 fg 173.3 f-h 147.6 k 143.3 kl 140.6 l 159.9 C 

KS-64 170.0g-i 167.6 hi 167.0 hi 137.6 l 129.3 m 124.3m 149.3 D 

Mean 183.3 A 180.5 A 178.6 B  152.6 C 149.5 D 146.7 D   
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4.3.2 Discussion 

       Data regarding shoot fresh and dry weight of this study showed that combined effect of 

salt stress and boron toxicity was more in salt sensitive genotype KS-64 as compared to salt 

resistant genotype EV-78. Data about ionic analysis revealed that salt sensitive genotype 

accumulated more sodium and boron than salt resistant genotype, whereas the reverse trend 

was observed for accumulation of potassium in salt sensitive and salt resistant genotypes. 

Plants sensitivity to boron reduces the expansion of meristematic tissues (decreased leaf 

area), increases necrosis of mature parts (reduced photosynthesis) and decreases 

photosynthates supply to growing plant parts (Nable et al., 1997). Reduction in growth of 

crops by salt stress and boron toxicity has been reported in many studies (Ismail, 2003; 

Sotiropoulos et al., 2006) and is summarized in Table 2.1. At toxic level, boron alters cell 

wall cross linkage and inhibit the cell wall expansion (Loomis and Durst, 1992). Reduction in 

yield by excessive B is a result of toxic effects as boron enters the plant tissues and interferes 

with physiological processes (Gupta et al., 1982; Nable et al., 1997). Increased leaf Na+ and 

decreased leaf K+ concentration have an adverse relationship with shoot dry weight of maize 

(Fig. 4.3.1) which also depends on maize genotypes (Figs. 4.3.2-4.3.4). In plants B toxicity is 

associated with chlorosis and necrosis, usually at the tips and margins of the older leaves 

(Nable et al., 1997). Our results are supported by previous findings that salt stress may 

decrease the severity of boron toxicity by decreasing shoot and stem B accumulation 

(Rozema et al., 1992; El-Motaium et al., 1994; Grattan et al., 1997). The low accumulation 

of B in salt stressed plants is likely responsible for reduced B toxicity symptoms observed in 

other studies (El-Motaium et al., 1994; Marcar et al., 1999). Apostol et al. (2002) reported 

that interactive effect of salinity and boron decreases shoot B in jack pine (Pinus banksiana).  

Bastias et al. (2004) reported the physiological effects of salt stress and boron on Zea 

mays and observed that salt stress affected mainly water relations, growth and chlorophyll 

contents. They explained that boron absorption which depends on aquaporine functionality 

could depend on the sensitivity of the plants to salinity. Chlorophyll content in plants has a 

strong negative correlation with salt stress (Singh and Dubey, 1995; Parida and Das, 2005). 

Similar results were observed in rice (Sultana et al., 1999), cotton (Meloni et al., 2003), 

wheat (Sairam et al., 2002), maize (Tuna et al., 2008; Kholova et al., 2009), pea (Hernandez 
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et al., 1995) and glycine max seedling (Chen and Yu, 2007). The leaf chlorophyll contents, 

net photosynthetic rate, stomatal conductance and transpiration rate have a strong negative 

correlation with leaf Na+ concentration and a strong positive correlation with leaf K+ 

concentration (Figs. 4.3.5-4.3.8). Salinity decreases chlorophyll content and affects the 

photosynthetic electron transport thus inhibiting the PS-II activity as a result of salt toxicity 

in chloroplasts (Sudhir and Murthy, 2004). 

Data regarding the stomatal conductance and photosynthetic rate revealed that 

interactive effect of salt stress and boron toxicity decreased the stomatal conductance and 

photosynthetic rate and decline was more in salt sensitive genotype KS-64 than salt resistant 

genotype EV-78. Reduction in photosynthetic rate under salinity also has been reported in 

rice (Djanaguiraman et al., 2003) and Brassica spp (Nazir et al., 2001). Photosynthesis is 

one of the key processes inhibited under salt stress (Sharma and Minhas, 2005; Misra and 

Dwivedi, 2004; Hasegawa et al., 2000; Munns, 2002; Ashraf and Shahbaz, 2003; Sultana et 

al., 1999). Reduction in growth and yield is directly linked to the declining in photosynthetic 

activity (Meloni et al., 2003). Reduction in net photosynthetic rate is related to decrease of 

stomatal conductance (Brugnoli and Lauteri, 1991). Excessive amounts of salt inside the cells 

can also induce changes in structure and chemical composition of plasma membrane (Wang 

and Zhao, 1997) which results in disruption of cell metabolism (Hasegawa et al., 2000). 

According to Iqbal et al. (2002) net photosynthesis was reduced by Na+ in the leaf mesophyll. 

Toxic concentration of Na+ in the cytoplasm or chloroplast affects the photosynthesis when 

toxic ions are not accumulated in the vacuole (Bastias, 2004). The decrease in photosynthesis 

may be due to stomatal closing that restricts the entry of CO2 for carboxylation or due to 

direct effects of salt on the photosynthetic machinery (Brugnoli and Lauteri, 1991). Many 

studies showed that salt stress reduces net photosynthetic rate, transpiration rate, and stomatal 

conductance (Gibbered et al., 2002; Burman et al., 2003). Salt stress affects enzymes, 

chlorophylls and carotenoids and these changes depend upon the duration and severity of 

salinity stress (Misra et al., 1997).  

A significant variation for transpiration rate was also observed in the present study, 

salt tolerant genotype EV-78 maintained higher transpiration rate than salt sensitive genotype 

KS-64 but transpiration rate was significantly reduced under interactive effect of salt stress 

and boron toxicity. Boron toxicity in salt affected soils is usually common in arid regions 
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which have high plant transpiration (Keren and Bingham, 1985). In plants boron is 

transported via transpiration stream from roots to leaves (Raven, 1980; Ben-Gal and Shani, 

2002; Dannel et al., 2000; Pfeffer et al., 1999) so reduced accumulation of boron in leaves of 

tolerant genotype EV-78 may be due to reduced transpiration rate under salt stress as B is 

usually transported through xylem. It has been reported that the ability of the plants to 

tolerate B toxicity was due to the capacity of the plants to restrict the B uptake by roots and 

transport to shoot (Nable et al.,1991; Paul et al., 1992). Similar results have been previously 

reported on wheat (Holloway and Alston, 1992), melon (Edelstein et al., 2005) and tomato 

(Ben-Gal and Shani, 2002). Ferreyra et al. (1997) studied 42 different crop species for their 

growth under combined effect of boron toxicity and salt stress. They reported salt stress 

reduces the negative response of many field crops when irrigated with B contaminated water. 

Boron toxicity has been found to reduce the transpiration and decrease yield of wheat 

(Bingham et al., 1987).  
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Fig. 4.3.1 Relationship between leaf ionic composition and shoot dry weight (g plant-1) of 
different maize genotypes. (n=3). A). Na+ concentration (mol m-3) B). K+ 
concentration (mol m-3) C). B concentration (mmol g-1 dry wt.) 

A. C. 

B. D. 

 

Fig. 4.3.2 Relationship between leaf Na+ concentration (mol m-3) and shoot dry weight 

(g plant-1) of different maize genotypes. (n=3). A). EV-78, B). R-2303, C). R-2315 and 

D). KS-64. 
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A. C. 

B. D. 

 

Fig. 4.3.3 Relationship between leaf K+ concentration (mol m-3) and shoot dry weight (g 

plant-1) of different maize genotypes. (n=3). A). EV-78, B). R-2303, C). R-2315 

and D). KS-64.  
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A. C. 

B. D. 

 

Fig. 4.3.4 Relationship between leaf B concentration (mmol g-1 dry wt.) and shoot dry 

weight (g plant-1) of different maize genotypes. (n=3). A). EV-78, B). R-2303, C). 

R-2315 and D). KS-64.  
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A. 

 

D. 

 

B. 

 

E. 

 

C. 

 

F. 

 

Fig. 4.3.5 Relationship between  
Chlorophyll contents and leaf ionic 
composition of maize (n=3). A). Leaf Na+, 
B). Leaf K+, C). Leaf Boron.  

Fig. 4.3.6 Relationship between net 
photosynthetic rate and leaf ionic compositio
of maize (n=3). A). Leaf Na+, B). Leaf K+, C).
Leaf Boron. 
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A. 

 

D. 

 

B. 

 

E. 

 

C. 

 

F. 

 

Fig. 4.3.7 Relationship between  
Stomatal conductance and leaf ionic 
composition of maize (n=3). A). Leaf Na+, 
B). Leaf K+, C). Leaf Boron.  

Fig. 4.3.8 Relationship between transpiration
rate and leaf ionic composition of maize (n=3
A). Leaf Na+, B). Leaf K+, C). Leaf Boron. 
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Study 4:  Comparative oxidative stress tolerance of selected maize 

genotypes against salinity and boron toxicity 

 
4.4.1 Shoot fresh weight  

 

Table 4.4.1 shows the data regarding shoot fresh weight (SFW) of maize genotypes, 

which revealed that SFW decreased significantly with increasing levels of toxic boron in 

both non-saline and saline conditions. Toxic effects of boron were more pronounced under 

saline conditions. On over all mean basis under non saline conditions shoot fresh weight 

decreased significantly at 5.0 mM B as compared to other teatments. Under saline conditions 

T6 (5.0 mM B) differed significantly from other treatments. Under non saline conditions at 

2.5 as well as 5 mM B maximum SFW was recorded in EV-78 and minimum was in KS-64. 

Both the genotypes differed significantly from each other. Similar situation was observed in 

all of the treatments under saline conditions.  

 

4.4.2 Shoot dry weight  

 

Data for shoot dry weight (SDW) in Table 4.4.2 showed that under both saline (75 

mM NaCl) and non-saline condition SDW decreased with the application of boron. On over 

all mean basis there was significant reduction in SDW at 5 mM B as compared to control 

under non saline conditions, whereas under saline conditions maximum SDW was found at 

0.05 mM B and minimum was observed at 5 mM B. Under non saline conditions at 2.5 as 

well as 5 mM B maximum SDW was recorded in EV-78 and minimum was in KS-64. Both 

these genotypes differed significantly from each other. Similar results were noted in all of the 

treatments under saline conditions.  
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Table 4.4.1 Effects of salinity and boron toxicity on shoot fresh weight per plant (g) of 

maize genotypes (n=3). 

Genotypes Non-Saline Saline (75 mM NaCl) 

0.05 2.5 5.0 0.05 2.5 5.0 Mean 

mM B mM B  

EV-78 47.2 a 47.1 a 
(99) 

43.0 bc 
(91) 

24.3 g 
(51) 

22.1 gh 
(47) 

20.4 hi 
(43) 

34.6 A 

R-2303 42.5 b-d 44.2 ab 
(104) 

38.9 de 
(92) 

21.5 gh 
(51) 

21.6 gh 
(51) 

17.5 i-k 
(41) 

31.6 B 

R-2315 39.9 c-e 36.8 e 
(92) 

37.5 e 
(94) 

22.3 gh 
(56) 

21.4 g-i 
(54) 

16.2 k 
(41) 

29.5 C 

KS-64 44.5 ab 36.3 e 
(82) 

30.6 f 
(69) 

20.3 h-j 
(46) 

16.3 jk 
(37) 

14.3 k 
(32) 

27.5 D 

Mean 43.5 A 41.6 A  37.5 B 22.4 C  20.3 C  17.1 D   

Means sharing the same small letters are statistically similar at P ≤ 0.05. Means sharing the same capital letters 

are statistically similar at P ≤ 0.05 in either a row or a column. Values in parenthesis are percent of control. 

 

Table 4.4.2 Effects of salinity and boron toxicity on shoot dry weight per plant (g) of 

maize genotypes (n=3). 

 

 

Means sharing the same small letters are statistically similar at P ≤ 0.05. Means sharing the same capital letters 

are statistically similar at P ≤ 0.05 in either a row or a column. Values in parenthesis are percent of control. 

  

Genotypes Non-Saline Saline (75 mM NaCl) 

0.05 2.5 5.0 0.05 2.5 5.0 Mean 

mM B mM B  

EV-78 8.82 a 8.15 ab 
(92) 

7.57 b-d 
(86) 

5.16 ef 
(59) 

4.73 f-h 
(54) 

4.40 g-j 
(50) 

6.20 A  

R-2303 7.28 d 8.00 bc 
(110) 

7.44 cd 
(102) 

5.08 e-g 
(70) 

4.68 f-i 
(64) 

4.28 h-j 
(59) 

6.15 A 

R-2315 7.32 cd 7.44 cd 
(102) 

7.33 cd 
(100) 

4.87 f-h 
(67) 

4.27 h-j 
(58) 

4.25 h-j 
(58) 

6.07 A 

KS-64 7.38 cd 5.58 e 
(76) 

5.71 e 
(77) 

4.36 h-j 
(59) 

4.02 ij 
(54) 

3.76 jk 
(51) 

5.10 B 

Mean 7.70 A 7.29 B  7.01 B 4.87 C  4.42 D  3.92 E   
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4.4.3 Root fresh weight  

 Data regarding root fresh weight (RFW) are given in Table 4.3.3. Interactive effect of 

salinity and boron toxicity decreased root fresh weight significantly. On over all mean basis 

RFW decreased significantly at 5 mM B than control under non saline conditions. Under 

saline conditions significant reduction in root fresh weight was observed at 5 mM B as 

compared to .05 mM B. Under non saline conditions at 2.5 as well as 5 mM B maximum 

RFW was produced by R-2315 and minimum was produced by KS-64. Under saline 

conditions in all of the treatments genotypeR-2315 produced significantly maximum RFW 

than KS-64.  

 

4.4.4 Root dry weight   

Data regarding root dry weight (RDW) are given in Table 4.4.4 which showed a 

decreasing trend in root dry weight  with increasing toxic concentration of boron both under 

saline (75 mM NaCl) and non-saline conditions. On over all mean basis under non-saline 

conditions minimum RDW was noted at 5 mM B and it differed significantly from control. 

Under saline conditions significant reduction in root fresh weight was observed at 5 mM B as 

compared to .05 mM B. Under both saline and non saline conditions the highest root dry 

weight was produced by R-2315 and the lowest was produced by KS-64.  
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Table 4.4.3 Effects of salinity and boron toxicity on root fresh weight per plant (g) of 

maize genotypes (n=3). 

Genotypes Non-Saline Saline (75 mM NaCl) 

0.05 2.5 5.0 0.05 2.5 5.0 Mean 

mM B mM B  

EV-78 21.3 ab 
 

17.9 a-e 
(84)  

17.2 a-g 
(81) 

15.7 b-h 
(74) 

12.4 e-j 
(58) 

12.2 f-j  
(57) 

15.8 AB 

R-2303 19.8 a-c 
 

16.8 a-g 
(85) 

15.3 c-h 
(77) 

14.2 c-h 
(72) 

10.1 h-k 
(51) 

11.5 g-j  
(58) 

14.3 B 

R-2315 22.2 a 
 

18.4 a-d 
(83) 

18.5 a-d 
(83) 

17.8 a-f 
(80) 

15.2 c-h 
(68) 

13.0 d-i 
(59) 

17.5 A 

KS-64 16.8 a-g 
 

14.1 c-h 
(84) 

12.1 f-j 
(72) 

8.44 i-k 
(50) 

6.8 jk 
(40) 

5.2  k 
(31) 

11.3 C 

Mean 20.0  A 16.8 B  15.8 BC 14.2 C  11.1 D  10.0 D  

Means sharing the same small letters are statistically similar at P ≤ 0.05. Means sharing the same capital letters 

are statistically similar at P ≤ 0.05 in either a row or a column. Values in parenthesis are percent of control. 

 

Table 4.4.4 Effects of salinity and boron toxicity on root dry weight per plant (g) of 

maize genotypes (n=3). 

Genotyp

es 

Non-Saline Saline (75 mM NaCl) 

0.05 2.5 5.0 0.05 2.5 5.0 Mean 

mM B mM B  

EV-78 3.13 ab 2.98 bc 
(95) 

2.58 b-f  
(82) 

2.02 f-i 
(65) 

1.77 g-l  
(57) 

1.29 i-m 
(41) 

2.34 AB 

R-2303 3.23 ab 2.80 b-d 
(87) 

1.89 f-j 
(59) 

1.79 g-k 
(55) 

1.34 h-m 
(41) 

1.19 j-m 
(37) 

2.07 B 

R-2315 3.78 a 3.07 ab 
(81) 

2.77 b-e  
(73) 

2.33 c-g 
(62) 

1.86 f-j 
(49) 

1.36 h-m 
(36) 

2.45 A 

KS-64 2.23 d-g 2.04 e-h 
(91) 

1.14 k-m 
(51) 

1.09 lm 
(49) 

1.04 lm 
(47) 

0.82 m 
(37) 

1.39 C 

Mean 2.89 A 2.68 AB 2.32 B  1.80 C 1.50 CD 1.16 D 

Means sharing the same small letters are statistically similar at P ≤ 0.05. Means sharing the same capital letters 

are statistically similar at P ≤ 0.05 in either a row or a column. Values in parenthesis are percent of control. 
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4.4.5 Shoot boron concentration  

Shoot boron concentration (Table 4.4.5) increased significantly with increasing 

concentration of boron under non-saline as well as saline conditions, however boron 

concentration reduced significantly under saline conditions. On over all mean basis under 

non-saline conditions, maximum shoot boron concentration was found at 5 mM B, whereas 

under saline conditions shoot boron concentration significantly increased at 2.5 and 5 mM B 

as compared to .05 mM B. Under non saline conditions at 2.5 as well as 5 mM B maximum 

shoot boron concentration was recorded in KS-64 and minimum was in EV-78. Both the 

genotypes differed significantly from each other. Similar trend was observed in all of the 

treatments under saline conditions.  

 

4.4.6 Shoot Na+ concentration  

  

Data regarding Na+ concentration in shoot is presented in Table 4.2.6. Shoot Na+ 

concentration increased significantly with increasing concentration of boron and increase in 

Na+ concentration was more pronounced under saline conditions. On over all mean basis 

under non-saline conditions maximum Na+ concentration was noted at 5 mM B whereas 

under saline conditions significantly increased  Na + concentration was recorded at 5 mM B 

as compared to .05 mM B. Under both saline and non saline conditions in all the treatments 

genotype KS-64 accumulated significantly more Na + than EV-78. 
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Table 4.4.5 Effects of salinity and boron on shoot boron concentration (mmol g–1 dry 

wt.) of maize genotypes (n=3). 

Genotypes Non-Saline Saline (75 mM NaCl) 

0.05 2.5 5.0 0.05 2.5 5.0 Mean 

mM B mM B  

EV-78 10.9 lm 15.8 f-h 17.1 d-f 8.57 n 12.1 kl 13.9 ij 13.1 D  

R-2303 11.8 kl 17.4 de 18.1 d 9.53 mn 15.3 f-h 16.2 e-g 14.7 C 

R-2315 12.6 jk 18.6 cd 20.1 b 12.4 kl  17.2 d-f 18.4 d 16.5 B 

KS-64 14.6 hi 21.2 ab 22.2 a 14.7 g-i 20.0 bc 20.6 b 18.9 A 

Mean 12.5 E 18.2 B  19.4 A  11.3 F  16.2 D 17.3 C   

Means sharing the same small letters are statistically similar at P ≤ 0.05. 

Means sharing the same capital letters are statistically similar at P ≤ 0.05 in either a row or column. 

 

Table 4.4. 6 Effects of salinity and boron on shoot Na+ concentration (mol m-3) of 

maize genotypes (n=3). 

Genotypes Non-Saline Saline (75 mM NaCl) 

0.05 2.5 5.0 0.05 2.5 5.0 Mean 

mM B mM B  

EV-78 50.0 k 50.3 k 52.0 k 96.3 g 100.3 g 97.0 g  74.3 D 

R-2303 53.6 k 61.3 j 61.0 j 103.0 fg 111.6 de 108.3 ef 83.1 C 

R-2315 61.0 j 67.0 ij 65.6 ij 110.3 de 116.6 cd 124.0 ab 90.7 B 

KS-64 67.6 ij 70.3 hi 77.0 h  123.6 ab 122.6 bc 130.3 a  98.6 A 

Mean 58.0 D 62.2 C  63.9 C 108.3 B 112.8 A  114.9 A   

Means sharing the same small letters are statistically similar at P ≤ 0.05. 

Means sharing the same capital letters are statistically similar at P ≤ 0.05 in either a row or column. 
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4.4.7 Shoot K+ concentration  

 Data regarding shoot K+ concentration (Table 4.2.7) indicated that shoot K+ 

concentration was reduced significantly both under saline and non-saline conditions with 

increasing toxic concentration of boron. Under saline conditions K+ concentration was 

reduced more as compared to non-saline conditions. On over all mean basis, under non-saline 

conditions, significant reduction in shoot K+ was recorded at 5 mM B as compared to other 

treatments, whereas under saline conditions at 5 mM B significantly less shoot K+ was found 

as compared to .05 mM B. Under both saline and non saline conditions in all the treatments 

genotype EV-78 accumulated significantly higher shoot K+ concentration than KS-64 and 

both the genotypes differed significantly from each other.  

   

4.4.8 Super oxide dismutase  Data regarding the activity of super oxide dismutase 

(SOD) is given in Table 4.4.8, which indicated that SOD activity increased in response to 

boron treatment under non saline condition however combined stress of salinity and boron 

toxicity decreased SOD activity. On over all mean basis significantly increased SOD activity 

was observed at 2.5 and 5 mM B as compared to control under non-saline conditions, 

whereas under saline conditions maximum SOD activity was observed at .05 mM B as 

compared to 2.5 and 5 mM B. Under non saline conditions at 2.5 and 5 mM B maximum 

SOD activity was observed in EV-78 which differed significantly from R-2315. Under saline 

conditions in all the treatments genotype EV-78 showed significantly more SOD activity than 

KS-64 and both the genotypes differed significantly from each other.  
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Table 4.4.7 Effects of salinity and boron on shoot K+ concentration (mol m-3) of 

maize genotypes (n=3). 

 

Genotypes Non-Saline Saline (75 mM NaCl) 

0.05 2.5 5.0 0.05 2.5 5.0 Mean 

mM B mM B  

EV-78 179.3 a 178.3 a 167.3 a-c 135.6 g 120.6 h 119.6 h 150.1 A 

R-2303 175.3 ab 170.6 a-c 163.3 b-e  120.0 h  120.0 h 110.0 h-j 143.2 B 

R-2315 164.3 b-d 161.0 c-e 153.0 d-f  115.0 hi 103.3 ij 98.3 jk 132.5 C 

KS-64 152.6 d-f 152.0 ef 142.0 fg  105.0 ij 88.3 k 87.0 k 121.1 D 

Mean 167.9 A 165.5 A 156.4 B 118.9 C 108.0 D 103.7 D   

Means sharing the same small letters are statistically similar at P ≤ 0.05. 

Means sharing the same capital letters are statistically similar at P ≤ 0.05 in either a row or column. 

 

Table 4.4.8 Effects of salinity and boron toxicity on (sod) of maize genotypes (n=3). 

Genotyp

es 

Non-Saline Saline (75 mM NaCl) 

0.05 2.5 5.0 0.05 2.5 5.0 Mean 

mM B mM B  

EV-78 52.0 d 56.0 d 56.6 d 75.3 a 48.0 i-l 45.0 m-o 55.5 A 

R-2303 49.0 h-k 53.0 ef 54.6 de 73.3 a 47.3 k-m 42.0 pq 53.2 B 

R-2315 47.6 j-l 49.6 g-k 50.3 g-i 70.6 b 43.6 op 40.0 q 50.3 C 

KS-64 46.3 l-n 50.0 g-j 51.1 f-h 65.6 c 44.3 n-p 37.0 r 49.0 D 

Mean 48.7 C 52.1 B  53.2 B 71.2 A 45.8 D 41.0 E  

Means sharing the same small letters are statistically similar at P ≤ 0.05. 

Means sharing the same capital letters are statistically similar at P ≤ 0.05. 
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4.4.9 Catalase  

          Result shown in Table 4.4.9 revealed that activity of catalase (CAT) significantly 

enhanced with increasing concentration of boron under non saline condition but decreasing 

trend was observed in CAT activity under interactive effect of salinity and boron toxicity. On 

over all mean basis significantly increased CAT activity was observed at 2.5 and 5 mM B as 

compared to control under non-saline conditions, whereas under saline conditions maximum 

CAT activity was observed at .05 mM B as compared to 2.5 and 5 mM B. Under saline and 

non saline conditions in all the treatments genotype EV-78 showed significantly more CAT 

activity than KS-64 and both the genotypes differed significantly from each other.  

 

4.4.10 Peroxidase  

Data regarding activity of peroxides is shown in Table 4.4.10 which indicates that increasing 

levels of boron increased POD activity under non saline condition, whereas combined effect 

of salinity and boron toxicity significantly decreased the activity of POD. On over all mean 

basis significantly increased POD activity was observed at 2.5 and 5 mM B as compared to 

control under non-saline conditions. Under saline conditions maximum POD activity was 

observed at .05 mM B and minimum was observed at 5 mM B. Under non saline conditions 

at 2.5 and 5 mM B maximum POD activity was observed in EV-78 which differed 

significantly from all other genotypes in these treatments. Under saline conditions in all the 

treatments salt tolerant genotype EV-78 showed the highest POD activity and differed 

significantly from KS-64. 
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Table 4.4.9 Effects of salinity and boron toxicity on (cat) of maize genotypes (n=3). 

 

Genotypes 

Non-Saline Saline (75 mM NaCl) 

0.05 2.5 5.0 0.05 2.5 5.0 Mean 

mM B mM B  

EV-78 68.0 d 73.0 c 79.0 ab 80.0 a 62.0 f-h 59.0 ij 70.1 A 

R-2303 63.0 f 67.3 de 77.0 b 77.0 b 58.3 i-k 56.0 kl 66.4 B 

R-2315 59.3 h-j 63.6 f 64.6 ef 67.3 de 55.0 lm 52.3 mn 60.3 C 

KS-64 57.0 j-l 62.3 fg 60.0 g-i 60.0 g-i 51.6 no 49.0 o 56.6 D 

Mean 61.8 C 66.5 B 70.1 A 71.0 A 56.7 D 54.0 E  

Means sharing the same small letters are statistically similar at P ≤ 0.05. 

Means sharing the same capital letters are statistically similar at P ≤ 0.05 in either a row or column. 

 

Table 4.4.10 Effects of salinity and boron toxicity on leaf POD of maize genotypes (n=3). 

 

Genotypes Non-Saline Saline (75 mM NaCl) 

0.05 2.5 5.0 0.05 2.5 5.0 Mean 

mM B mM B  

EV-78 57.0 de 64.3 b 68.0 a 54.0 e-g 43.3 j 38.0 l 54.1 A 

R-2303 53.3 f-g 60.0 cd 63.6 b 51.3 gh 41.3 jk 37.0 l 51.1 B 

R-2315 52.6 f-h 57.0 de 60.3 c 50.3 hi 40.0 kl 33.6 m 49.0 C 

KS-64 51.0 g-i 55.0 ef 59.3 cd 48.0 i 39.0 kl 31.6 m 47.3 D 

Mean 53.5 C 59.0 B 62.8 A 51.0 D 40.9 E 35.0 F  

Means sharing the same small letters are statistically similar at P ≤ 0.05. 

Means sharing the same capital letters are statistically similar at P ≤ 0.05 in either a row or column. 
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4.4.2 Discussion 

The main objective of this experiment was to study the comparative oxidative stress 

tolerance of selected maize genotypes against salinity and boron toxicity. Results of this 

study showed that under non saline conditions boron toxicity increased activities of 

antioxidants enzymes (SOD, CAT, and POD) whereas combined stress of salinity and boron 

toxicity significantly reduced the activities of all these enzymes showing as adverse 

interaction between salinity and boron toxicity for these parameters. The results also showed 

that tolerant genotype EV-78 has better ability to detoxify the ROS by producing the higher 

levels of antioxidants than sensitive genotype KS-64.  

  Several biotic and abiotic stresses like salinity, drought and high temperature are 

responsible for generation of ROS in plants (Gossett et al., 1994). Salt stress results in 

hyperionic and hyperosmotic effects in plants leading to membrane disorganization, 

accumulation of reactive oxygen species (ROS) and metabolic toxicity (Hasegawa et al., 

2000). These reactive oxygen species are superoxide redicals (O2
-), hydroxyl radicals (OH-) 

and hydrogen peroxide (H2O2) (Lee and Iersel, 2008; Sudhakar et al., 2001; Hernandez and 

Almansa, 2002; Tsai et al., 2004; Hong et al., 2005) and are generated in mitochondria, 

chloroplast, cytosols and peroxisomes from different path ways like photorespiration, 

(Mittler, 2002). Salinity and boron toxicity inhibits photosynthesis by causing structural 

damage to thylakoids and reduces CO2 uptake. These effects disturb the photosynthetic 

transport of electrons and favour the conditions where molecular oxygen use an alternative 

acceptor for non-utilized electrons and result in generation of active oxygen species 

(Molassiotis et al., 2006). These species are highly reactive and may cause cellular damage 

through oxidation of proteins, nucleic acids and lipids, (Apel and Hirt, 2004; Alscher et al., 

1997). Over production of  H2O2 under boron toxicity (Karabal et al., 2003; Gunes et al., 

2006; Gunes et al., 2007) and combined salinity and boron toxicity (Alpaslan and Gunes, 

2001; Molassiotis et al., 2006) is a common response of plants and elimination of reactive 

oxygen species (ROS) is an important stress tolerance mechanism (Serrano, 1999; Hasegawa 

et al., 2000; Xiong and Zhu, 2002; Misra and Gupta, 2006; Gossett et al., 1994; Dahan et al., 

1997; Hernandez et al., 2000; Badawi et al., 2004) in which plants are equipped with 

enzymatic and non enzymatic mechanisms to detoxify toxic effect of AOS. Accumulation of 

reactive oxygen species was found in apple rootstock (Molassiotis et al., 2006) and barley 
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plants (Karabal et al., 2003) under boron toxicity and in potato (Rahnama and  

Ebrahimzadeh, 2005), wheat genotypes (Sairam et al., 2005) and rice seedlings (Tsai et al., 

2004) under salt stress environment. The important enzymes involved in detoxification of 

ROS are superoxidex dismutase (SOD), catalase (CAT), and peroxidase (POD) whereas non 

enzymatic molecules are ascorbates, glutathione and  carotenoids (Meloni et al., 2003). In 

1969 (McCord and Fridovich) discovered the superoxide dismutase (SOD) which is a very 

important enzyme of antioxidant system, SOD catalyses the dismutation of O2
- into H2O2 and 

oxygen which is an important mechanism of cell defense (Halliwell and Gutteridge, 1999) 

and this H2O2 is further detoxified by CAT and POD (Noctor and Foyer, 1998; Bowler and 

Fluhr, 2000; Zhu et al., 2001). 

                In the present study SOD activity increased under saline environment. Similar 

results were observed by many other researchers (Dahan et al., 1997; Yu and Rengel, 1999; 

Shalata et al., 2002; Comba et al., 1998; Zhu et al., 2004). Increased activity of SOD was 

observed in maize and sunflower (Rios-Gonzalez et al., 2002) and cotton (Meloni et al., 

2003). Karabal et al. (2003) studied the antioxidant response of barley plants under B 

toxicity. Boric acid treatment (5mM) increased activities of APX and GR in sensitive 

cultivars of barley, whereas resistant cultivar showed increased activities of catalaze and 

APX. Rahnama and Ebrahimzadeh (2005) found that SOD, CAT and APX activities of 

potato seedlings were increased under salt stress. Molassiotis et al. (2006) reported that 

activity of SOD and CAT increased in apple rootstock under boron toxicity. Ersalam et al. 

(2007) observed an increased activity of CAT in spinach under boron toxicity while it 

remained unchanged in carrot under salt stress and boron toxicity. SOD and CAT activities 

were increased in lettuce (Ersalam et al., 2007) and grape vine (Gunes et al., 2006) under salt 

stress and boron toxicity. (Dubey et al., 2005) reported an increased activity of CAT whereas 

POD activity decreased in sunflower under boron toxicity.                
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  Study 5: Comparative yield performance of selected maize genotypes 

against salinity and boron toxicity in soil 

 

4.5.1 Results 

4.5.1.1 Shoot fresh weight  

 

Both under non-saline and saline conditions shoot fresh weight (SFW) followed a 

decreasing trend with 5 ppm B as shown in Table 4.5.1.1. Magnitude of reduction was higher 

under saline medium. All genotypes showed significant variation in SFW under each 

treatment both in non-saline and saline condition. Maximum SFW was produced by EV-78 

which was significantly different from R-2303, R-2315 and KS-64. KS-64 produced the 

lowest SFW in each treatment, both in saline and non-saline medium. 

 

4.5.1.2 Shoot dry weight  

 

Percent reduction in shoot dry weight (SDW) was high in 5 ppm B under both non-

saline and saline medium as shown in Table 4.5.1.2. SDW among EV-78 and R-2303 was at 

par and was significantly high with respect to R-2315 and KS-64. Maximum SDW was noted 

EV-78 which was significantly different from R-2315 and KS-64 but showed non-significant 

difference with R-2303. Performance regarding SDW was maximum in genotype EV-78 as 

compared to other genotypes. 

 

4.5.1.3 Grain yield  

 

At 5 ppm B yield per plant decreased both under non-saline and saline condition as 

shown in Table 4.5.1.3. However reduction was more pronounced under saline condition + 5 

ppm B. In non-saline condition + 5 ppm B maximum yield was produced by EV-78 which 

was significantly differed with R-2303, R-2315 and KS-64. Both R-2315 and KS-64 were at 

par with 5 ppm B under non-saline condition. On the other hand under saline condition + 5 

ppm B significant low yield per plant was noted in KS-64 as compared to EV-78, R-2303 

and R-2315. 
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Table 4.5.1 Effects of salinity and boron toxicity on shoot fresh weight per plant (g) of 
maize genotypes (n=3). 

Genotype Non-Saline +  ppm B Saline (7.5 dS m-1)+ ppm B Mean 

(0.45 ppm B) (5 ppm B) (0.45 ppm B) (5 ppm B) 

EV-78 290.0 a 283.6 b 215.0 h 204.3 i 248.2 A 

R-2303 270.6 c  265.0 d 197.3 j 184.6 k 229.42 B 

R-2315 259.6 e 249.6 f 186.3 k 172.3 l 217.0 C 

KS-64 248.0 f 238.0 g 170.3 l 155.6 m 203.0 D 

Mean 265.5 A 260.6 B 192.2 C 179.2 D  

 

Table 4.5.2 Effects of salinity and boron toxicity on shoot dry weight per plant (g) of 
maize genotypes (n=3). 

Genotype Non-Saline +  ppm B Saline (7.5 dS m-1)+ ppm B Mean 

(0.45 ppm B) (5 ppm B) (0.45 ppm B) (5 ppm B) 

EV-78 40.0 a 31.0 c 24.6 e 22.0 fg 29.4 A 

R-2303 36.0 b 29.3 c 21.6 g 20.0 gh 26.7 B 

R-2315 31.0 c 27.0 d 19.0 h 18.3 h 23.8 C 

KS-64 27.0 d 23.6 ef 16.33 i 14.33 j 20.3 D 

Mean 33.5 A 27.7 B 20.4 C 18.6 D  

 
Table 4.5.3 Effects of salinity and boron toxicity on grain yield per plant (g ) of maize 

genotypes (n=3). 
Genotype Non-Saline +  ppm B Saline (7.5 dS m-1)+ ppm B Mean 

(0.45 ppm B) (5 ppm B) (0.45 ppm B) (5 ppm B) 

EV-78 71.6 a 66.6 c (93) 44.0 f (61) 41.0 g (57) 55.8 A 

R-2303 69.0 b 62.6 d (91) 39.6 gh (57) 37.6 hi (54) 52.2 B 

R-2315 65.0 c 59.6 e (92) 41.0 g (63) 37.3 i (57) 50.7 C 

KS-64 59.0 e 59.0 e (100) 37.66 hi (64) 34.6 j (59) 47.5 D 

Mean 66.1 A 62.0 B 40.5 C 37.6 D  

Means sharing the same small letters are statistically similar at P ≤ 0.05. Means sharing the same capital letters 

are statistically similar at P ≤ 0.05 in either a row or a column. Values in parenthesis are percent of control. 
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4.5.1.4 1000 Grain weight  

 

Decreasing trend in 1000 grain weight was shown be data in Table 4.5.1.4, with 5 

ppm B both under saline and non-saline condition. Under non-saline + 0.45 ppm B EV-78 

and R-2303 produced maximum 1000 grain weight and were significantly different with R-

2315 and KS-64. EV-78 and R-2303 also produced significantly high 1000 grain weight with 

5 ppm B under non-saline medium and lowest 1000 grain weight was noted in KS-64 and R-

2315 which were at par with each other. KS-64 produced lowest 1000 grain weight which 

was significantly different with EV-78 and R-2303. 

 

4.5.1.5 Plant height  

 

Result shown in Table 4.5.5 revealed that plant height significantly decreased with 

increasing boron level both under non-saline and saline medium. In 5 ppm B + non-saline 

condition all genotypes showed significant variation with maximum plant height in EV-78 

and lowest in KS-64. Similar trend of plant height was also observed in 5 ppm B and 0.45 

ppm B in saline medium.  

 
 

4.5.1.6 Shoot boron concentration  

 

Shoot boron concentration increased with the increasing level of boron (5ppm B) but 

under saline condition shoot boron concentration was low as in non-saline condition as 

shown in Table 4.5.6. Both under non-saline and saline condition with 5 ppm B KS-64 

showed significantly less shoot boron as compared to rest of genotypes. Only under saline 

condition maximum shoot boron concentration was in EV-78 and did significance difference 

with other genotypes. 
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Table 4.5.4 Effects of salinity and boron toxicity on 1000 grain weight (g) of maize 
genotypes (n=3). 

Genotype Non-Saline +  ppm B Saline (7.5 dS m-1)+ ppm B Mean 

(0.45 ppm B) (5 ppm B)  (0.45 ppm B)  (5 ppm B) 

EV-78 187.6 a 184.0 ab 145.6 e 138.3 fg 163.9 A 

R-2303 184.0 ab 182.6 b 141.0 f 135.6 gh 160.8 B 

R-2315 177.6 c 176.3 cd 136.0 gh 132.3 hi 155.5 C 

KS-64 172.3 d 172.3 d 129.0 i 129.0 i 150.6 D 

Mean 180.4 A 178.8 B 137.9 C 133.8 D  

 

Table 4.5.5 Effects of salinity and boron toxicity on plant height (cm) of maize 
genotypes (n=3). 

Genotype Non-Saline +  ppm B Saline (7.5 dS m-1)+ ppm B Mean 

 (0.45 ppm B)  (5 ppm B)  (0.45 ppm B) (5 ppm B) 

EV-78 151.0 a 148.3 a 122.3 d 112.3 ef 133.5 A 

R-2303 139.3 b 132.3 b 111.6 ef 103.0 g 121.5 B 

R-2315 132.0 c 122.3 d 103.3 g 94.3 h 113.0 C 

KS-64 108.0 f 112.6 e 92.6 h 82.6 i 99.0 D 

Mean 132.5 A 128.9 B 107.5 C 98.0 D  

 

Table 4.5.6 Effects of salinity and boron on shoot boron concentration (mmol g–1 dry 
wt.) of maize genotypes (n=3). 

Genotype Non-Saline +  ppm B Saline (7.5 dS m-1)+ ppm B Mean 

 (0.45 ppm B) (5 ppm B)  (0.45 ppm B)  (5 ppm B) 

EV-78 15.6 fg 16.5 ef 10.8 j 12.6 i 13.9 D 

R-2303 16.5 ef 18.1 b-d 14.0 hi 14.9 gh 15.9 C 

R-2315 17.3 c-e 19.3 b 15.9 e-g 17.1 d-f 17.4 B 

KS-64 19.3 b 21.9 a 18.7 bc 19.2 b 19.8 A 

Mean 17.2 B 18.9 A 14.9 D 16.0 C  

Means sharing the same small letters are statistically similar at P ≤ 0.05. 

Means sharing the same capital letters are statistically similar at P ≤ 0.05 in either a row or column. 
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4.5.1.7 Shoot Na+ concentration 

 

Data (Table 4.5.7) showed that on mean basis shoot Na+ concentration was increased 

significantly with 5 ppm B under non-saline conditions but was non-significantly different 

under saline conditions. Maximum shoot Na+ concentration was noted in KS-64 which 

showed significance difference than EV-78, while R-2303 was at par with R-2315 and KS-64 

under non saline condition with 5 ppm B. With 5 ppm B lowest shoot Na+ concentration was 

in EV-78 followed by R-2303 and significantly differed with R-2315 and KS-64 in saline 

medium. 

 

4.5.1.8 Shoot K+ concentration 

 

According to data (Table 4.5.8) difference in shoot K+ concentration was non 

significant among 5 ppm B + 0.45 ppm B under non-saline medium. Maximum shoot K+ 

concentration was accumulated by EV-78 significantly differed with R-2315 and KS-64, 

whereas KS-64 accumulated less K+. Under saline + 0.45 ppm B lowest shoot K 

concentration was in KS-64 which was significantly differed with rest of genotype, while 

under 5 ppm B + saline condition, EV-78 and R-2303 were at par with each other and 

accumulated maximum shoot K+ concentration as compared to R-2315 and KS-64. 
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Table 4.5.7 Effects of salinity and boron on shoot Na+ concentration (mol m-3) of 
maize genotypes (n=3). 

Genotype Non-Saline +  ppm B Saline (7.5 dS m-1)+ ppm B Mean 

(0.45 ppmB) (5ppmB) (0.45ppmB) (5ppmB) 

EV-78 40.0 i 40.3 i 90.3 e 87.0 e 64.4 D 

R-2303 43.6 hi 51.3 g 101.6 cd 98.3 d 73.7 C 

R-2315 51.0 gh 57.0 fg 106.6 bc 114.0 ab  82.1 B 

KS-64 57.6 fg 60.3 f 112.6 b 120.3 a 87.7 A 

Mean 48.0 C 52.2 B 102.8 A 104.9 A  

 

Means sharing the same small letters are statistically similar at P ≤ 0.05. 

Means sharing the same capital letters are statistically similar at P ≤ 0.05 in either a row or column. 

 

 

Table 4.5.8 Effects of salinity and boron on shoot K+ concentration (mol m-3) of maize 

genotypes (n=3). 

Genotype Non-Saline +  ppm B Saline (7.5 dS m-1)+ ppm B Mean 

(0.45ppmB) (5ppmB) (0.45ppmB) (5ppmB) 

EV-78 109.3 a 108.3 a 82.3 ef 81.6 ef 95.4 A 

R-2303 105.3 ab 100.6 a-c 83.0 d-f 76.3 fg 91.3 A 

R-2315 94.3 b-d 91.0 c-e 79.6 ef 64.3 h 82.3 B 

KS-64 82.6 d-f 82.0 ef 65.3 gh 55.0 h 71.2 C 

Mean 97.9 A 95.5 A 77.5 B 69.3 C  

 

Means sharing the same small letters are statistically similar at P ≤ 0.05. 

Means sharing the same capital letters are statistically similar at P ≤ 0.05 in either a row or column. 



116 
 

4.5.2 Discussion 

 

 

             The aim of this study was to explore the growth and yield performance of selected 

maize genotypes against salinity and boron toxicity. In the present study, biomass production 

was significantly reduced under salinity and boron toxicity and the reduction was higher in 

salt sensitive KS-64 than salt tolerant EV-78. The possible reasons for this genotypic 

difference may relate to relative accumulation of B in sensitive genotype KS-64 and 

genotypic difference in growth rate per se. The genotypes with inherently faster growth rate 

and high shoot biomass are seem to experience slower accumulation of B at toxic levels. 

Boron can be toxic to plants when its concentration in the soil solution exceeds a critical 

value (El- Motaium et al., 1994; Eaton, 1994;Tsadilas, 1997). According to Turan et al. 

(2009) NaCl salinity reduced the dry weight of experimental plants. The effects of salt stress 

on plants include decrease growth and yield of plant and death of plant may occur under 

severe saline conditions (Storey and Walker, 1999; Khan et al., 2000). Turan et al. (2009) 

reported that salinity inhibited shoot and root growth of maize. According to Cicek and 

Cakirlar. (2002) salinity results in significant decrease in growth parameters and leaf area of 

maize with an increase in salt stress. Salt build up is the major factor that decreases the yield 

of cultivated plants which are mostly glycophytes (Bohnert et al., 1995). According to 

Lacerda et al. (2003) salt sensitive genotype accumulates more Na+ than salt tolerant 

genotypes and is a primary factor decreasing plant growth and yield (Parida and Das, 2005). 

Similar results were observed by Tester and Davenport (2003) and Munns and Tester (2008) 

that salinity reduces plant growth, and yield. Na+ and Cl- are mostly responsible for osmotic 

and ion toxicity that results in a significant reduction in crop growth and yield (Munns and 

Tester, 2008). Plant salt resistance is usually determined by the comparison of the weight or 

yield of plants grown in saline environment to those grown in control environment (Munns 

and Rawson, 1999).  

 Excessive boron has very negative physiological effects on plants like reduction in 

root and shoots growth (Nable and Moody, 1990). Alpaslan and Gunes (2001) they reported 

that reduction in plant growth under boron toxicity and salt stress was more sever in salt 
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sensitive cucumber than salt tolerant tomato. Dry weight and the total chlorophyll content of 

hot pepper (Capsicum annuum L.) decreased with increasing salinity and B levels 

(Supanjani, 2006). Diaz and Grattan (2009) study the interactive effect of B toxicity and 

salinity on wheat grass. They reported that shoot biomass decreased with increasing salinity 

and   boron concentration in irrigation water but tissue B concentration decreased with 

increasing salinity. Smith et al. (2010) conducted experiments in which broccoli was 

irrigated with B- containing saline water, results of study showed that head yield and shoot 

biomass were decreased by both B and salt stress. Masood et al. (2012) reported that salt and 

boron stress decreased the shoot biomass in wheat. It is well documented that when B is 

present above permissible limit in growth medium, plant growth is significantly reduced 

(Reid et al., 2004).  Many studies have reported the effects of the combined stresses of 

salinity and boron toxicity, on yield and quality of different crops including tomato (Ben-Gal 

and Shani, 2002), Zea mays L (Bastias et al., 2004), melon (Edelstein et al., 2005), date palm 

(Tripler et al., 2007), pepper (Yermiyahu et al., 2007). According to Eaton (1944) as toxic 

concentration of B increases in plant matter, yield is reduced in tomatoes as well as in other 

plant species. Tripler et al. (2007) reported that increased boron from 0.3 to 1.5 mM 

substantially reduced yield of date palm but further increased to 3 mM caused only minor 

reduction in yield. Boron toxicity tolerance mechanisms are not clearly understood (Reid et 

al., 2004; Cervilla et al., 2007). It was proposed that important boron tolerance mechanisms 

are exclusions from roots, a reduced translocation into the shoots and avoidance mechanism 

by means of shallow root system (Paull et al., 1992).  

 
      According to Marschner (1998) plant tolerance to boron differs widely among species 

and, to some extent, among cultivars within a species. In present study data regarding the 

yield attributes showed that B + NaCl stress gave lower yield than either treatment alone and 

this reduction was more pronounced in salt sensitive genotype KS-64. Yield inhibition by 

excess B is a result of a toxic effect as B enters the plant tissues and interferes with 

physiological processes (Nable et al., 1997). 

 
          In saline sodic soils usually high levels of boron are present which are removed 

more slowly during leaching than salt ions and toxic concentration of boron may be present 

in some reclaimed salt affected soils (Alpaslan and Gunes, 2001; Ben Gal and Shani, 2002; 
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Nable et al., 1997). So, increased salinity and boron toxicity tolerance of crop is needed to 

increase food production in many parts of the world. In order to manage agriculture more 

efficiently, it is necessary to understand the physiological processes which prevent boron 

toxicity under salt stress (Wimmer et al., 2002). In spite of the considerable agricultural 

importance, the mechanisms of boron toxicity in saline conditions are still very poorly 

understood and need a considerable work. A series of experiments were carried out to study 

the growth of maize (Zea mays L.) under salinity and boron toxicity. For screening against 

salt stress initially six maize genotypes (EV-20, EV-78, KS-64, R-2303, R-2310, and R-

2315) were allowed to grow in ½ strength Hoaglands solution in the absence (control) or 

presence of 75 mM NaCl (saline treatment). Plant growth parameters and leaf ionic 

composition was recorded after 30 days of growth under treatment solution. Based on the 

growth and leaf ionic composition the genotypes EV-78 and R-2303 were ranked as salt 

tolerant and KS-64 and R-2315 were ranked as salt sensitive. In a set of experiments these 

selected genotypes (two sensitive, two tolerant) were grown in solution culture under 

different treatments of NaCl and boron to monitor the growth, physiological and biochemical 

characteristics. The studied parameters showed that reduction in growth traits was more in 

salt sensitive genotypes (KS-64, R-2315) than the salt tolerant genotypes (EV-78, R-2303) 

particularly under 5.0 mM B in saline conditions. EV-78 and R-2303 accumulated less Na+ 

and boron and more K+ as compared to KS-64 and R-2315. The decreasing trend was 

observed in relative water contents and membrane stability index in sensitive and tolerant 

genotypes with increasing level of boron in saline conditions, but this reduction was less in 

salt tolerant genotypes. The physiological traits like photosynthetic rate, stomatal 

conductance and transpiration rate were also decreased with the toxic boron concentration 

under both saline and non saline conditions. The resistant genotypes were also able to better 

manage the oxidative stress under salinity and boron toxicity. The selected salt tolerant 

genotypes EV-78 and R-2303 also produced better growth and yield as compared to the 

sensitive genotype KS-64 and R-2315 under the combined salinity and boron toxicity which 

confirmed the results of solution culture studies.  
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CHAPTER – V 

 

SUMMARY 

 

World-widely salinity has been a threat to agriculture and it has increased over time 

particularly in arid to semi arid areas. In developing countries, population continues to grow, 

hence more quantity of food is required to feed the population. To cope with this situation, 

one can increase the acreage of cultivated land or increase crop production per unit area. To 

increase crop production to meet the population food demand marginal lands have been used. 

An increase in population growth rate and land degradation by salinization has given the 

scientists an opportunity to select and develop salt tolerant crops using genetic approaches. 

 In plants, effect of different ions on major processes and organic production depends 

on their physiological role in plant growth and development and elemental concentration in 

environment. Similar to other essential micronutrients, boron is required for plant growth and 

development. Boron has a key role in plant nutrition and cell wall structures. Plant growth is 

restricted by high levels of boron in arid and semi arid areas throughout the world. High level 

of boron is present in saline water and saline soils. Very little information is available on the 

combined effects of salinity and boron toxicity. Keeping this situation in consideration the 

present project was designed to study the phytotoxicity of boron and salinity in maize 

genotypes. The experiments were laid out with the following objectives. 

 

1. To assess the salt tolerance of various maize genotypes under salt stress. 

2. To evaluate the effect of boron toxicity on physiological and biochemical 

characteristics of maize genotypes under salinity. 
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3. To assess the effect of boron toxicity in salt stressed environment on maize growth 

and yield.  

Six maize genotypes were first evaluated in Hoagland’s nutrient solution under 

treatments i.e control and 75 mM NaCl. Regarding results of growth and ionic relations, 

significant differences were recorded among the maize genotypes. Results of this study 

revealed that salt tolerant and moderately tolerant genotypes (EV-78, R-2303, respectively) 

produced more shoot fresh and dry weights, had less accumulation of Na+ and showed higher 

K+:Na+ ratio, where as less shoot fresh and dry weights and high accumulation of Na+ and 

lower K+:Na+ ratio was noted in the salt sensitive and moderately sensitive genotypes (KS-

64, R-2315, respectively). Therefore, in this study two tolerant and sensitive genotypes were 

selected and used for further studies.  

In the second study, the selected genotypes from the first experiment were grown in 

treatments i.e three boron levels (0.05, 2.5 and 5 mM B) were used in non-saline and saline 

conditions (75 mM NaCl). Growth parameters of maize genotypes decreased with the 

addition of 5 mM boron level under both non-saline and saline conditions. Similarly, 

reduction in growth parameters was more in salt sensitive genotypes (KS-64) than in salt 

tolerant genotypes (EV-78). In shoot under saline conditions along with increasing boron 

toxicity, concentration of potassium was decreased and the concentration of Na+ increased. 

Less accumulation of boron and Na+ was found in salt tolerant genotypes, while more K+ was 

recorded in shoot than in the salt sensitive genotypes. Boron and K+ accumulation were 

decreased while Na+ concentration increased in root under saline conditions. More potassium 

and less Na+ and boron concentration was found in salt tolerant genotypes than in salt 

sensitive genotypes.   

A decreasing trend was found in relative water content and membrane stability index, 

photosynthetic rate, stomatal conductance and transpiration rate under salinity, boron toxicity 

and combined stress of salinity and boron toxicity. The salt tolerant genotype showed better 

efficiency regarding physiological activities than salt sensitive genotype under combined 

stress. More negative values were noted regarding water potential and osmotic potential 

particularly in saline condition + boron toxicity. More negative values were noted for salt 
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sensitive genotypes than salt tolerant genotypes. Salt tolerant genotypes showed high value 

of turgor potential than salt sensitive ones. Similarly, the salt tolerant genotype was better 

able to with stand oxidative stress under salinity, boron toxicity and salinity x boron toxicity.  

A pot study was conducted to check the yield behavior of salt tolerant genotypes (EV-

78, R-2303) and salt sensitive genotypes (KS-64, R-2315) under treatments of control and 

soil salinity (7.5 dS m-1) with toxic boron level of 5 ppm. Better response in growth and yield 

was noted in the salt tolerant genotype EV-78. In saline conditions grain yield per plant 

decreased along with toxic level of boron with less reduction in salt tolerant genotypes. 

Boron and potassium concentration was less under saline conditions, while sodium 

concentration increased under saline condition (alone) and saline condition + 5 ppm boron. In 

shoot, more accumulation of potassium and less accumulation of sodium and boron was 

found in the salt tolerant genotype.  

It can be concluded from the results of conducted studies that salinity stress caused a 

significant reduction in growth of maize genotypes. The genotypes EV-78 was ranked as 

tolerant due to maintenance of high K+: Na+ ratio, better water relations and photosynthetic 

parameters and high activities of the enzymes of oxidative stress pathway whereas the 

genotype KS-64 showed poor performance in these parameters and was ranked as sensitive 

genotypes. The interactive effect of salinity and boron toxicity further decreased the growth 

and yield and reduction in growth was high in the salt sensitive genotype than the salt 

tolerant one. Under saline conditions tolerance to boron toxicity may be due to differential 

boron accumulation in salt tolerant and sensitive maize genotypes. EV-78 genotypes 

accumulate less boron than salt sensitive genotype under salt stress. Probably boron uptake is 

controlled by transpiration, and under the interactive effect of salinity and boron toxicity in 

salt sensitive genotypes passive diffusion rate of boron may be more than salt tolerant 

genotypes due to increased membrane disorder. The genotype EV-78 is better able to with 

stand salinity and high boron levels and can be used by farmers or breeders for the 

development of more tolerant maize genotypes.  
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