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ABSTRACT 

Two separate investigations, on wheat and barley were conducted under control 

environments. In the fIrst experiment, two wheat varieties, selection line (SL) and 

Yecoro Rojo (YR) were grown in 100 mM NaCI salinized sand culture with the 

additional 2 levels (4 and 8 meq/L) of Ca, Mg and NH.. application. Control treatments 

( 0 salt plus 4 meq/L of Ca, Mg and NH.) were also included. The fresh and dry matter 

yield after 4 weeks in salinized Hoagland solution and supplemental nutrient addition 

reveals that salinity significantly reduced the yield and the addition of 8 meq/L N'H4 

increase the yield among the salt treatment pots followed by 8 meq/L supplemental Ca. 

Likewise, number of tillers and grain yield was also increased by the addition of 8 meq/L 

NH4 to salinized Hoagland solution. SL produced significantly higher yields than YR. 

Water and osmotic potential were significantly increased with salinity but turgor potential 

was not effected significantly. Concentrations of Na and CI were significantly higher in 

both varieties in the salt added plants, and the uptake was reduced by the high level of 

supplemental NH4• Generally, YR (a salt sensitive variety) absorbed higher amount of 

Na, Mg, CI and P04, which might be the possible cause of nutritional disturbance and 

hence reduced yield. 

In the second experiment, two selected barley varieties (California Mariout and 

Gustoe) were grown in lysimeter, irrigated with two NaCI salinity water (150 and 250 

mM) and a control with two LF (0.2 and 0.4). As the salt concentrations of irrigation 

water increased, vegetative growth and grain yield reduced significantly. LF 0.4 had 

significant effect at moderate salinity on yield but was similar as LF, 0.2 when the 
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salinity increased to 250 mM. Both varieties achieved the highest WUE for the above 

ground dry matter and grain yield at moderate salinity. Mariout was salt tolerant and 

high yielding both in and out of salinity. Soil salinity (ECJ and Na content increased 

as the salinity of irrigation water increased. Na concentration of leaf tissue was 

significantly increased, while Ca and K concentration decreased with increase in salinity. 

The possible reason for reduced yield at high salinity was the Ca deficiency. 



CHAPTER 1 

INTRODUCTION 
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Although the world as a whole has enough land to support its projected 

population, many countries do not have the resources to be self sufficient in food and 

fuel. The production of food, fiber and fuel in the world is beset with many problems 

including desert encroachment and salinization of arable land especially in arid and semi

arid regions. The projected increase in crop land for the final quarter of this century is 

only 10%, yet the world demand for food is expected to be double by the year 2000 (UN 

World Food Conference Report 1974). If these projections are valid, this makes it 

necessary to produce a greater yield per unit area than ever before and the resources 

available must be used efficiently. 

Amongst the various natural calamities, it is well established that salinity both in 

soil and water impairs the performance of many agricultural crops and threatens the 

validity of acheiving the projected food requirements. Salt affected soils occupy about 

7% of the world's land area (Dudal and Purnell, 1986). According to Mudie (1974), a 

total of 53 x 1()6 hectare of the world's irrigated land is salt affected. Another estimate 

by Massoud (1981) shows that out of 1.5 x 1<)9 hectare of the world's cultivated land, 

about 3.4 x 108 ha (23%) are saline and another 5.6 x 108 (37%) are sodic. 

Water is the major contributing factor for life as well as salinity development and 

at the same time salinity management. In irrigated agriculture, the economics of utilizing 

a piece of land is based on all aspects of the water supply for that land. The global scale 
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study of water reveals that most of the water in the hydrosphere is salty and much of the 

fresh water is frozen. According to Todd (1970), the oceans contain about 97% of 

Earth's water, the continents about 2.8% and the atmosphere about 0.001 %. These 

figures shows that there is only small percentage of readily manageable fresh water as 

a resource for water supply. These statistical figures are quite impressive and the studies 

of the distribution and productive potential of these natural resources (soil and water) are 

required to plan their development on a global scale. 

Agriculture in many areas of the world is adversely affected by salts in soil and 

irrigation water, in some cases so seriously that even the production of forage plants for 

grazing domestic livestock is not possible. Areas that are severely affected can be used 

at varying levels of intensity in their present state, although the productivity of much salt 

affected land can be increased by the use of salt tolerant plants. Two approaches have 

been advocated so far for the reclamation of and improvement of such lands: soil and 

water management and growing salt water tolerant plants. The soil and water 

management practices that would be required in the future scenario would include a 

multi-disciplinary approach which includes use of salt tolerant crops, efficient water use 

and minimum salt build up. However, this cannot be achieved based on the present 

knowledge. Further knowledge of salt tolerance mechanism, salinity fertility interactions 

in terms of yield improvement through the addition of fertilizers under saline condition 

and methods and amounts of irrigation water are needed to manage salinity. 

Salinity may induce nutritional deficiencies. The imbalance of cations has been 

observed (Bernstein 1964, Bernstein et al. 1974) and supplemental fertilizers application 
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has been shown to over come such effects as salinity induced calcium deficiencies in 

susceptible crops. LaHaye and Epstein (1969, 1971) reported that increasing the Ca2+ 

level in nutrient solution protected bean plants from salt injury. Kent and Lauchli (1985) 

also reported the beneficial effects of Caz+ under NaCI salinity. Uptake of N and P by 

wheat was inhibited under high NaCI and NaS04 concentration in the root medium 

(Mahajan and Sonar, 1980). Absorption rates of NHz + and NOi in red kidney bean was 

significantly reduced under NaCI stress (Frota and Tucker, 1978, and Saad, 1979). High 

salinity (-1.2 MPa) resulted in a substantial reduction of ISN uptake by cotton while a 

lower level of salinity (0.4 MPa) failed to produce a significant effect (pessarakli and 

Tucker, 1985). In many field studies, researchers set out to test the hypothesis that N 

fertilizer addition alleviates at least to some extent, the deleterious effects of salinity on 

plants (Ravikovitch and Yole, 1971 I and II, Bernstein et al. 1974, Kafkafi and Yousef 

1980). Abrol (1968) found a considerable increase in dry matter production and N 

content of wheat plant grown at high level of nitrogen fertilizers. 

Although an ameliorative effect by Mg2+ under saline condition has not been 

reported in the literature despite its pivotal role in the chlorophyll except that it depresses 

the uptake of calcium in crops grown under saline environment (Hensen and Munns 

1988, and Nassery et al. 1979). Kadir and Paulson (1982) reported growth retardation 

of wheat when MgS04, MgClz and NaCI were added to nutrient solution. The role of 

Mg2+ under saline condition is still not clear and needs to be investigated. 

For all of the obvious reasons enumerated so many times in the past, it is 

inevitable that an increased percentage of our crops will have to be grown in future with 
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water considered to brackish or saline by today's agriculture standards (O'Leary, 1984). 

Many brackish waters that are not now used for irrigation because they are deemed too 

salty, but can in fact be used effectively for irrigation especially if properly adopted 

management practices are applied (Rhoades, 1977, 1984). With the future in mind it 

behooves us to find ways of learning to live with these higher salinity waters. According 

to Hoffman (1983), with saline irrigation water, crop productivity and water use 

efficiency are highest when irrigation is managed to meet the leaching requirement. The 

amount of leaching necessary to satisfy the leaching requirement depends primarily upon 

the salinity of the applied water and the salt tolerance of the crop. 

The ultimate goal should be to maximize the use of irrigation water supplies with 

minimum yield reduction and to grows crops on salt affected land. Of course there are 

practical constraints which now prevent this, as well as economic disincentives. 

Considerable research has been done on the individual mineral element as an 

amendment to reduce the toxic effect(s) of Na and CI (espacially true for Ca) but no 

comparative fertilizer amendments studies have been done to evaluate the differences in 

term of reducing the salinity effect as well as the various levels. The first objective of 

this research was to study the effects of caSo4, MgS04 and NH"N03 alone and in 

various doses with NaCI, on the performance of two wheat varieties. The working 

hypothesis was that the additional mineral nutrients to salt solution will bring some 

measurable changes in wheat yield. The second objective was to study the effect of 

various levels of salinities and leaching fractions on the growth, yield, water use 

efficeincy of two selected barley varieties grwon in the greenhouse. The study was 
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initiated and designed on the hypothesis to see if there could be any differences in yield 

of barley if various levels of salinity are used under two leaching fractions. 
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CHAPTER 2 

REVIEW OF LITERATURE 

Salinity always threatens agriculture in arid and coastal environments. 

Management strategies for using saline soil or water to produce crops have been 

improved immeasurably by the knowledge gained over the past century, but the ultimate 

solution has still not been found. According to Hillgard, who spent his long life in 

experimentation stated that "the whole subject is in a confused state and needs extensive 

investigation ". In the words of Letey (1984), "we have certainly learned much, but some 

matters still evades us and we are inclined to ask the question, as Montaigne did" 

"Why will not nature please once for all to lay open her bosom to us, and 
plainly discover to us the means and conduct of her movements, and prepare our 
eyes to see them? 

But nature does not yield so easily, thus we are left with the approach suggested 

by Aristotle: 

The investigation of the truth is in one way hard, in another way easy. An 
indication of this is found in the fact that no one is able to obtain the truth 
adequately; while on the other hand we do not collectively fail, but every one says 
something true about the nature of things, and while individually we contribute 
little or nothing to the truth, by the union of all a considerable amount is amassed. 

2:1. Salinity Stress on Plant Growth 

Glycophytes or nonhalophytes plants are ill equipped to cope with the stresses of 

saline conditions while halophyte, thrive under them. According to Lauchli and Epstein 

(1990), stress refers to a condition that diverges from the normal range that a given plant 

encounters to such an extant as to prevent the plant from expressing fully its genetic 
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potential for growth, development and reproduction. Salinity depresses the growth and 

economic yield of crops through physical effects (osmotic effects) or specific ion effects, 

and may have chemical effects. 

2:1:1. Osmotic Effects 

On a mass or equivalent bases, chloride salts are generally more inhibitory to the 

growth of plants than sulfate salts but this difference tends to disappear when 

concentrations are expressed on an osmotic basis (Richards, 1954). This indicate that 

it is the total concentration of solute particles in solution rather than their chemical nature 

which is mainly responsible for the inhibitory effects of saline solution on the growth of 

plants. Richards further stated that an increase in the osmotic pressure of the soil 

solution may result in a decrease in the water uptake by roots. 

The reduction in the osmotic potential of the medium has long been held to be the 

prime cause, directly or indirectly, of the adverse effects of salinity on plant growth 

(Maas and Nieman 1978). According to Lauchli and Epstein (1990), if the osmotic 

potential of the medium becomes lower than that of the plants cell, the later would suffer 

osmotic desiccation. To survive, the plant must adjust osmotically, i.e. in medium of 

a given high salinity it must build up even higher internal solute concentrations. 

Flowers et al. (1991) reported that when rice cv. Amber and IR2153 were 

subjected to mildly saline (50 mM NaCL) conditions, the leaves showed symptoms of 

water deficit, even though ion accumulation was more than sufficient to adjust to the 

decrease in external water potential. Yeo et al. (1991) concluded that the initial growth 
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reduction in rice caused by salinization was due to limitation of water supply and that the 

initial effects of low salinity (osmotic effects) were reversible. Pessarakli and Tucker 

(1985, 1988) reported that water uptake by cotton (a salt tolerant plant) and tomato (a 

less salt tolerant) was significantly reduced by lowering the osmotic potential from -0.03 

to -0.09 MPa. Reduction in water uptake by plants due to salt stress has been reported 

by many investigators (O'Leary, 1974; Frota and Tucker, 1978; and Pessaraldi, 1981). 

All these investigators generally agreed that root permeability of plants (expressed as 

hydraulic conductivity of the root system) decreased significantly under salt stress 

condition. This may also contribute to the reduction in nutrient uptake under saline 

conditions. 

Hoffman and Shannon (1986) reported that the effect of anion on plants is to 

suppress growth. In general, growth suppression is a non-specific effect depending more 

on the osmotic stress caused by the total concentration of soluble salts than on the level 

of individual ions. Thus, growth typically decreases linearly as salinity increases beyond 

a threshold salinity level. The osmotic effect is similar whether salinity is increased by 

raising the concentration of nutrient ions or by adding non-nutrient salts which are 

common in saline soils such as NaCI, Na2S04 or CaCl2 (Hayward and Long, 1941, 

Gauch and Eaton, 1942). 



2:1:2. Specific Ion Effects 

2: 1 :2: 1. Nutritional Effects 
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The most common feature of salinity stress is the presence of high 

concentrations of certain ions. Na+ and Cl" generally predominate (Epstein and Rains, 

1987; Szabolcs, 1989). The high ratio of these ions to others causes nutritional 

imbalances. Some cations influences the uptake of other cations by plants. Such 

antagonism occurs between K+ and Ca2+ or Mg2+ and Na+ (Mengel and Kirkby, 1979; 

and Cramer et al. 1985). These antagonistic effects may incur nutritional disturbances 

in plant tissues. Mengel and Kirkby (1979) reported that K+ uptake was depressed by 

high Na + concentration in the solution. There is abundant evidence that Na + can effect 

K+ uptake and accumulation within plant cells and organs (Cramer et al. 1985). These 

authors speculate that the salt tolerance appears to be correlated with selectivity of K+ 

uptake over Na+. Ben-Hayyiun et al. (1987) reported that K+ application can reduce the 

deleterious effect of Na + salinity on plant development. However, contradictory results 

on the effects of K+ fertilization under saline condition on whole plant and field crops 

have been reported (Iyengar and Reddy, 1994). 

Bernstein (1982) reported that the addition of K as KCI to the roots increased K 

and decreased Ca and Mg concentration in tops of plants. Maize plants tested in the 

same experiment responded differently to different CI salts. Plant growth was better in 

the presence CaCl2 than with any combination of NaCI, MgCl2 or KCI at comparable 

osmotic pressures. A high Ca content depressed the K and Mg levels in plants, however, 

and a mixed nutrient solutions (Ca + K + Mg + Na) corrected the imbalance. 
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Saline conditions may inhibit the absorption of N03-. Thus, in short term 

experiments (up to 12 hours) with barley seedlings, Aslam et al. (1984) found that SOl 

and to a greater extent CI- diminished the rate of N~- uptake, the degree of inhibition 

being 83 % at 0.2 M NaCl. 

Ward et al. (1986) showed that salinity inhibits nitrate uptake but has little effect 

on N03- reduction. Nitrate uptake could thus be a limiting factor for growth and 

development in saline environments. Bernstein et al. (1974) found that despite the 

decrease in total N uptake, the leaf N concentration in some grain and vegetable crops 

increased with increasing salinity at all levels of N fertilization. Increased N 

concentration in maize and cotton under salinity stress was also reported by Khalil et al. 

(1967). The uptake and metabolism of lS~ and lsN03 in red kidney beans (Phaseolus 

vulgaris L.) was adversely affected by both salt and water stress of -0.4 MPa osmotic 

potential (Frota and Tucker, 1978; Saad, 1979 and Frota and Tucker, 1978). Reduced 

iSN uptake and metabolism by various crops, as well as impaired protein synthesis under 

stress condition, have been also reported by several other investigators; Helal and Mengel 

(1979), for barley (Hordeum vulgare L); Pessarakli and Tucker (1988) for tomato 

(Lycopersicun esculentum mill); Pessarakli et al. (1989) for com (Zea mays L) and 

Pessarakli et al. (1989) for green bean (Phaseolus vulgaris L). 

Despite the evidence indicating N applied to saline soils above a level considered 

optimal under non-saline conditions does not improve plant growth or yield, a substantial 

numbers of laboratory and greenhouse studies have shown that salinity reduces N 

accumulation in plant ( Cram, 1973; Khan et al. 1990; Deane-Drummond and Glass, 
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1982). With a few exceptions (Gorham e~ al. 1988), this is not surprising, since an 

increase in CI- uptake and accumulation is accompanied by a decrease in shoot NOl -

concentration. Aslam et al. (1984) reported that CI- inhibited NOl - uptake more than 

sol- when these anions were present in iso-osmotic basis. 

Gorham et al. (1986) observed that despite a drastic reduction in leaf N~

concentration in response to salinity, other nitrogen containing fractions either increased 

(eg. proline, glycine betaine and total soluble protein) or were not greatly reduced (eg. 

total amino acid content). These results argue against N deficiency per se as a 

mechanism of salinity induced deficiency. This conclusion is also supported by Munns 

and Termaat (1986). Their review suggested that although NaCI treated plants may 

contain less N than non-stressed plants, there is no strong evidence that this effect is 

growth limiting. 

The relationship between salinity and trace element nutrition is complex. In saline 

and sodic soils, the solubility of micronutrients (Zn, Cu, Fe and Mn) is particularly low 

and plants grown in these soils often exhibit deficiencies of these elements (page et al. 

1990). In their opinion, B is the trace element likely to be phytotoxic in saline soil and 

Cu, Zn, Fe and Mn often limit growth because of their low solubility in saline 

environments. According to Hassan et al. (1970), Zn and Mn concentrations increased 

in shoots of salt stressed barley but decreased in com. Although the literature is 

contradictory regarding the effect of salinity on shoot Mn concentration in barley, the 

differences may be explained in part by the composition of salinizing salts (Suhayda et 

al. 1992). A saline solution rich in divalent cations increases shoot Mn concentration 
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whereas a saline environment dominated by monovalent cations reduces shoot Mn 

concentrations. 

Reports on the influence of salinity on Fe concentration in plants are as 

inconsistent as those that concerning Zn and Mn. Salinity increases Fe concentration in 

the shoot of pea (Dahiya and Singh, 1976), rice (Verma, 1984) but decrease its 

concentration in the shoots of barley and corn (Hassan et al. 1970). In an other 

investigation with barley, salinity had no effect on shoot Fe concentration but low Ca 

salinity increased root Fe in certain barley species (Suhayda et al. 1992). 

2: 1 :2:2. Toxicity 

Toxicity as used in the present account refers to any inhibition in growth or 

function which appears to be related solely to the excessive accumulation of a specific 

ion. In many field and greenhouse experiments, one of two kinds of evidence for 

specific ion toxicities have been observed. One is that high concentrations of Na+ and 

CI- or other ions reduce growth or cause specific injury. The other is that isosmotic 

solutions of different composition elicit different responses (which has been discussed 

previously). According to Termaat and Munns (1986), it is still not clear whether the 

growth response is dominated by osmotic effects (Le. by water deficit) or by specific 

effects (Le_ NaCI toxicity or nutrient deficiency). It is also unknown whether the cause 

is located in the shoot or root. As might be expected, genotypes may differ in these 

responses even within the species. 
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Termaat and Munns (1986) also eliminated water deficit in the shoot as a primary 

cause of growth reduction in a short term experiment. Shoot growth of barley, wheat, 

Egyptian clover and lupin did not improve when the water potential of the shoot was 

artificially raised (Termaat et al. 1985; Munns and Termaat, 1986). They raised the 

possibility that growth in NaCI solutions may be limited by the reduced rate of transport 

of essential nutrients to the shoot. 

Kingsbury and Epstein (1986) found that the growth of a salt sensitive line of 

wheat was adversely affected by nutrient solutions containing high concentration of Na+ 

(more than 100 mM), but not by an isosmotic solution without Na+ at elevated 

concentration. However, the growth of a salt-tolerant line was unimpaired by any of the 

solution used. It was further reported that solutions containing high Na concentrations 

were more toxic than those containing high Cl concentrations. The overall results 

provide evidence that there is a definite specific toxic ion effect which is related to salt 

sensitivity of wheat. 

Curtin et al. (1993) conducted laboratory experiments to study plant responses to 

sol and Cl- salinity on the growth and ionic composition of barley (Hordeum vulgares 

L) and kochia (Kochia Scoparia L). There results shows that plant response to salinity 

depends on the kind of salt (SOl or Cn as well as the total electrolyte concentration. 

Growth was significantly better (by an average of 17%) in the SOl system indicating 

CI- toxicity. However, barley salinized with sulfate salt developed severe Ca2+ 

deficiency because of low solubility of Ca2+ under those conditions. 
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An experiment conducted by Grattin and Maas (1984, 1988) on soybean plants 

showed leaf injury which was identified as phosphate toxicity. The extent to which 

salinity induced such leaf injury depended on the concentration of phosphate, the 

Ca2+ INa + ratio and plant variety. 

The specific effect of NaCI, in addition to its osmotic effect, was elegantly 

demonstrated by Cramer et ale (1988). They monitored the growth of maize roots in the 

presence of mannitol and NaCl. In mannitol, growth with time reduced initially, but 

gradually recovered. In NaCI, the growth reduction was somehow linear and the growth 

rate declined to 20 % of that before salt addition and did not recover. 

Specific ion toxicity symptoms are most common in woody plants even under 

moderate concentrations of some ions. Bernstein (1965) shows some color photographs 

of severe leaf injury due to Na+ or Cl" salts in several fruit crops. These crops have 

little ability to exclude Na + or CI- from their leaves and are long lived, hence, often 

suffer toxicity at even moderate soil salinity. 

2:2. Interactive Effects of Salinity and Fertility 

The plant response to nutrient additions in the deficiency and sufficiency range 

were described by Mitcherlich in 1909 as the "law of diminishing returns". Yield 

reductions were observed when excessive amount of fertilizers (mainly nitrogenous) were 

applied. The response of plants to additions of nutrients under nonsaline condition has 

been thoroughly investigated over the last tOO years. Usually, experiments changing 

only one nutrient at a time which yields a linear response at the lowest fertilization 
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supply range and a saturation plateau at higher doses (Kafkafi, 1984). Under saline 

conditions, which are characterized by low nutrient ion activities and extreme ratios of 

NalCa, NalK, CalMg, Cl/N~ and Cl/S04, nutritional disorders can develop and crop 

growth may be reduced even under an adequate nutrient supply. According to Grattan 

and Grieve (1994), nutrient imbalance may results from the effect salinity has on nutrient 

availability, uptake or partitioning within the plant or may be caused by physiological 

inactivation of a given nutrient, resulting in an increase in the plant's internal 

requirement for that essential element. Bernstein et al. (1974) were the first to gave a 

comprehensive review and concept of the salinityl fertility interaction. According to 

their theory, there are three types of possible interaction between salt tolerance and 

fertility: 1) no effect on salt tolerance; 2) increased salt tolerance and; 3) decreased salt 

tolerance. Their idealized salinity and nutrition interaction theory is shown in Figure 1. 

A sand culture experiment was performed to study the interactive effect of salinity and 

nutrition. The objective of their study was to compare crop response to salinity when 

nutrients were limiting, adequate or in excess to guide proper fertiJization for maize (Zea 

mays L.), wheat (Triticum aestivum L.), barley (Hordeum vulgares L.) and six vegetable 

crops. Increasing levels of phosphate (0.1 to 2.0 mM) aggravated salt injury in corn and 

decreased salt tolerance. Decreasing solution K from 2 to 0.4 meq/L did not affect the 

yield of maize. Deficient levels of P or N did not consistently decrease salt tolerance of 

any crop studied, although wheat and barley showed erratic decreases in salt tolerance 

when N or P was deficient. When Nor P was severely growth limiting, salinity effected 

growth of broccoli (Brassica Oleracea var. capitata) and cabbage (B.Oleracea var. 
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Figure 1. Types of interaction of salinity with other variables. such as fertility 

Note. (A) Independent effects of salinity and the other variable at two levels (B) 
Decreased salt tolerance. (C) Increased salt tolerance, respectively, at the level 
of other variable represented by lower line in each graph. Conversely, B 
indicates greater response and C a lesser response to other variable with 
increasing salinity. 
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botrytis) to a greater extent than when N and P were adequate. Conversely, when 

salinity severely limited growth, the nutritional response of some crops decreased. 

In contrast to the Bernstein et al. 's (1974) idealized picture, Grattan and Grieve 

(1994) defmed the salinity-nutrient interaction based on plant performance at optimal 

fertility relative to the performance at suboptimal fertility. Their interpretation is shown 

in Figure 2. According to them, plant growth is promoted more if the most limiting 

factor is relieved rather than the less limiting factor. For example, if nutrient deficiency 

limits growth more than salinity, a crop appears more salt tolerant than it would be if the 

plant were adequately supplied with that nutrient. 

Bernstein's (1974) salinity/fertility interaction model was supported by Okusanya 

and Ungar (1884) decade later. In their study, nutrient application increased the growth 

of the halophytes in saline soil conditions, presumably because salinity was only 

moderately growth limiting. On the other hand, nutrient application did not improve the 

growth of glycophytes under saline conditions presumably because salinity was severely 

growth limiting. 

Finck (1977) reported that as long as the level of water stress is tolerable (at low 

and medium salt content), plants exclude unwanted ions as far as possible and promote 

the uptake of nutrients. With increasing salt content, the uptake of Na+ becomes more 

pronounced. This lUXUry consumption is essential for the compartmentation of an 

increasing outside osmotic pressure, but harmful for the nutritional situation, causing 

growth depression due to surpluses and deficiencies. 
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Types of Growth responses a plant can exhibit under variable salinity as 
the nutrient status within the substrate increases from suboptimal to optimal 
levels. 

Note. (A) salt tolerance increased by optimizing plant nutrient status. (B) salt tolerance 
, unaffected by optimizing plant nutrient status. (C) Salt tolerance decreased by 

optimizing plant nutrient status. 
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In many experiments, nutrient concentration is the most limiting factor in non-

saline or low salinity conditions; yet, when the identical concentration is present in a 

highly saline environment, salinity is the limiting factor. This point was also emphasized 

by Champagnol (1979) in his literature review on the relationship between salinity and 

phosphorus nutrition of plants. Grattan and Grieve (1994) further stated that much of 

the data in the literature that describes salinity N or salinity P response function should 

be reanalyzed by examining the interaction under low, moderate and high salinity levels. 

La! and Singh (1973) observed a beneficial effect of increased fertilization level 

on nutrient uptake, grain and straw yield of wheat grown in high levels of salts (EC = 

3.45 dS/m and sodium absorption ratio (SAR) = 16.73). 

The literature on the effects of fertilizing saline soils thus appears contradictory. 

As additional examples, Ravikovitch and Yoles (1971) observed increased salt tolerance 

of millet and clover by P fertilization and of other crops by fertilization with N in some 

cases and P in others. On the other hand, Khalil et al. (1967) noted that fertilizing with 

N increased the sensitivity of com and cotton to salinity. Khalil et al. (1967) also 

suggested that although salt tolerance is not increased by fertilization, crops on saline 

soils may respond to higher levels of P fertilization because the restriction of root growth 

by salinity may decrease the recovery of P by the roots. This effect would be less 

important in sand culture, since P is continually supplied to the roots. Khalil et al. 

(1967) also suggested that increased K fertilization may be required in saline soil to 

counteract the competitive effects vf high Na+ concentration. 



36 

2;2: 1. Salinity and Nitrogen 

Nitrogen is usually one of the most growth limiting plant nutrients in both saline 

and non- saline soils. Dry plant materials contains about 2-4 % N (Mengel and Kirkby, 

1987). Plant absorb nitrogen for amino acids and purine and pyrimidine bases, the 

nitrogenous building blocks of proteins and nucleic acids respectively (Lehninger, 1982). 

Plants use nitrogen either as NH.t + (highly reduced form) or N03- (highly oxidized) as 

their sole source of nitrogen. Regarding the role of salinity on the uptake of fertilizer 

nitrogen, Sameni et al. (1980) observed that the N uptake by bean plants generally 

decreased with an increase in the salinity of irrigation water up to 3.5 dS/m. A similar 

trend was noted by Abdul Kadir and Paulson (1982) who reported that the increase of 

NaCI salinity from 0.1 to 10.4 bars significantly decreased total nitrogen in wheat plants 

presumably due to the antagonism of nitrate by Cl" as a major factor. 

Pessarakli and Tucker (1985) evaluated the effect of salt stress on lSN absorption 

rates, to indicate how plant parts (roots and shoots) react to NaCI stress conditions. 

Cotton (Gossypium hirsutum L.) was grown in complete Hoagland solution in pots with 

various NaCI concentrations (0, -0.4, -0.8 and -1.2 MPa osmotic potentials). Low and 

medium levels of salinity (-0.4 and -0.8 MPa) failed to exhibit a significant effect on the 

lSN (,sNH4) absorption rate, while high levels of salinity (-1.2 MPa) resulted in 

substantial reduction in lSN absorption rate. Water uptake rate and plant growth were 

affected to a greater extant than lSN absorption rate. It was further reported that the 

effect of salinity was more pronounced at vegetative than at reproductive stages of 

growth. The nitrogen concentration was greater in roots than shoots. 
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Dhir et al. (1977) conducted a micro plot experiment on two varieties of wheat 

by applying 3 levels of N (0, 40 and 80 kg/ha) and 4 levels of water salinities (up to 16 

dS/m) on a loamy sand under arid environment. The kharchia variety performed better 

than kalyan sona wheat and showed only negligible decrease in yield up to 8 dS/m 

salinity of irrigation water. The number of tillers, grain and 1000 grain weight were 

increased by N application up to 8 dS/m. 

Bakhati et al. (1976) studied the response of maize to salinity ( 0 and 2500 ppm 

CaCl2 + NaCI at 1:1) at 3 levels of nitrogen ( 0, 1.4 and 2.8 g N/pot) applied either 

(NH4)2S04 or Ca(N03)2' Applied N at the rate of 1.4 g N/pot was of assistance in 

overcoming the effect of salinity and improved the dry matter yield. Plant N uptake was 

lower under saline condition than under normal ones and under saline conditions, N 

uptake from Ca(N03)2 was greater than from ~)S04' Sherma and La! (1975) also 

reported that the increased application of nitrogen tended to mitigate the adverse effect 

of salinity on wheat crop. 

Papadopoulas and Rendig (1983) studied the interactive effects of salinity and 

nitrogen on the growth and yield of tomato grown in a greenhouse irrigated with recycled 

nutrient solutions having increasing levels of N and salinity. A positive response to 

increasing levels of N was obtained at lowest initial salinity levels of 1 dS/m. At salinity 

levels of 5 and 9 dS/m, increasing N was ineffective in counteracting adverse effects on 

growth and yield caused by the presence of enhanced salt concentration of the nutrient 

solution. Total N uptake was severely suppressed by impaired growth associated with 

high salinity irrespective of N level. The possible decrease in N uptake by increasing 
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salinity has been partly attributed to a probable substitution of CI- for N~" in tissue. For 

instance, N deficiency increased leaf CI" levels in maize, barley and some vegetables. 

NaCI salinity significantly decreased the amount of total N in all parts of wheat 

presumably as a results of antagonism of nitrate by chloride as a major factor (Abdul 

Kadir and Paulson, 1982). Aslam et al. (1984) reported that both KCI and NaCI salt 

inhibited the nitrate uptake similarly suggesting that the process was more sensitive to 

anions than than cations in saline solutions. 

Kelman and Qualset (1993) studied two wheat cultivars supplied with 2 nitrogen 

levels and three salinity levels. They reported minimal nitrogen effects in their study 

because of high level of basal N in the experimental site. In one other study EI-Agradi 

et al. (1991) reported increased dry matter of sorghum with increased nitrogen 

fertilization in a saline medium. They also reported an increase CalNa ratio with 

increasing nitrogen dose and decreased CI/S04 ratio. 

2:2: 1: 1. Ammonium and Nitrate Nutrition under Saline Conditions 

The form in which N is supplied under saline conditions is also important 

(Martinez and Cerda, 1989). Many greenhouse sand culture and hydroponic studies have 

been conducted and only recent ones will be reviewed. Ali (1993) studied the growth 

and N uptake of barley grown in nutrient solution containing different NH4-N/NOl -N 

ratios at various salinity levels. He found that mixed N nutrition resulted in greater 

accumulation of whole plant N than plants receiving only N'H4 + or NOl " as a source of 

N. Dry matter yield was also significantly increased with mixed N nutrition in saline 
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environments than with ~ + or N03- alone in saline solution. Shaviv et al. (1990) 

found in a field experiments that wheat grown in soil salinized with NaCI was more 

tolerant in terms of grain yield under a combination of ~- and NOi than with either 

alone. Mixed NH., and N03- N source produced larger dry matter and protein yield than 

N03- alone particularly in grain. 

Leidi et al. (1992) studied the effect of nitrogen form (N'H4- and NOi) under NaCI 

salinity on peanut and cotton. They found that salinity level affected the growth of 

NH4 + -fed plants but not N03- fed plants. Ammonium resulted in a less efficient use of 

nitrogen under saline condition for both species. Lewis et al. (1989) also found that 

NH4 + fed maize and wheat plants were more sensitive to salinity than N03- fed plants 

grown in saline culture. Similar responses were found by Feign (1990). Lewis (1989) 

also found that Ca2+ addition to the media improved the growth rate of plants in N~

treatments but not those in ~ + treatments. Martinez and Cerda (1989) found that CI 

uptake was enhanced in cucumber when half the nitrate in the solution was replaced by 

NH4 +. This may be the explanation of the superiority of N~- form over NH4 + form by 

reducing the CI- concentration. These investigators further noted that when N03- was the 

only N source, accumulation of K in the plant increased under saline condition more than 

when the media contained both N03- and NH4 +, K was reduced. Similar effects were 

found in salt-stressed melon by Feign (1990). As the ~/N03 ratio increased, plants 

accumulated more Na+ and CI- and less Ca2+ and K+ in their leaves. 

Bourgeais et al. (1992) studied the comparative effects of nitrogen source (N03-' 

NH4 + and NH/N03 ratio) on the growth and physiological responses of soybean exposed 
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to NaCI stress (0 and 100 mM) for 28 days in complete nutrient media. They found that 

root and stem biomass of soybeans were not altered, irrespective of NaCI and N 

treatment, while leaf biomass of N03- and ~ + fed plants decreased significantly due 

to NaCI toxicity. Physiological response data showed that the mixed applications 

improved the plant response to salinity. On the other hand, Singh et al. (1992) in a 

greenhouse experiment on wheat grown under normal and saline condition reported a 

significant decrease of dry matter yield with application of nitrogen as a urea, ~)2S04 

or Ca(N03)2. The reason for the yield reduction was salt builtup which was evident from 

the significant decrease in N, P and K uptake with increasing of salinity from 0 to 20 

dS/m. 

Ideally, NH4 + should be the best source of N for it should be used more 

efficiently in the plants than N03- (Barker and Mill, 1980). However, when sufficient 

N is supplied only as ~ +, the toxic accumulation of uncomplexed NH.. + overrides the 

potential benefits. Much of the energy production of plants goes into carbon skeletons 

for incorporation of ~ + and its detoxification. Barker and Mills (1980) work is also 

supported by Leidi et al. (1991). In their experiment on wheat, interactions among the 

form of nitrogen supplied ~ + or N03-), NaCI and pH showed that increasing pH 

from 5 to 8 resulted in reduced growth of ammonium fed plants but not of nitrate fed 

plants at all concentration of NaCI applied. In their study, the sensitivity of NH.. + fed 

plant to NaCI was thought to be due to mainly the decreased shoot concentration of K+ 

because the shoot concentration of K+ was inversely correlated with Na+ and NH.. + at 

higher pH of the media. 
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Silberbush and Lips (1991) studied the interaction among N, K, NaCI and 

NHiN03 ratio and their effect on vegetative and reproductive growth of wheat. In their 

report, the number of tillers per plant was correlated with dry matter yield. Tiller 

number aIso increased with N concentration and with the ~/N03 ratio, with or without 

60 mM NaCI in the medium. However at relatively high ~/N03 ratio, grain 

production was more susceptible to NaCI than vegetative yield, compared plants grown 

with N03- nitrogen only. 

2:2: 1 :2. Salinity and NO}:..N 

There seems to be an optimum range of nitrate concentration in the nutrient 

solution which produces maximum yields at each salinity level. Torres and Bingham 

(1973) reported 9 meq/l N03- for wheat to be the optimum in nutrient solution at NaCI 

concentrations of up to 176 meq/L Cl". Under field conditions, Kafkafi et aI. (1978) 

suggested the range 50 - 250 ppm (N-N~- = 3.6-18 meq/l). Bernstein et aI. (1974) 

reported optimal nitrate N in their study to be 4 meq/L for some grain and vegetable 

crops. This is below the optimum level demonstrated by Torres and Bengham (1973) 

and Kafkafi et al. (1982). From the data of Bernstein et aI. (1974) on leaf composition 

of com and other vegetable crops, it is clear that increasing the nitrate concentration 

from 0.4 to 4 meq/L resulted in a decrease in the CI content of leaves at each Cl" 

concentration in the solution. The total CI- concentration in leaf of com at 0.4 meq/l 

N03- and 50 meq/L Cl" was 64 while at 4 meq/L N~- it was only 38 meq/IOO g dry 

weight. 
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The literature on fertilizer effects under saline conditions is contradictory. 

Selassie and Wagenet (1981) reported a negative effect of high urea treatment on maize 

when combined with soil salinity. This might be due to a high initial concentration of 

nitrogen or a toxic effect of ammonia. Khalil et al. (1967) also reported that addition of 

N as N03 increased the sensitivity of the crops to salinity. 

2:2: 1 :3. Salinity and NH4-N 

When ammonium ion is present and taken up as a cation, it was shown to reduce 

Ca2+ and Mg2+ content of tomato plants (Kafkafi et al. (1971). When Cl" is the dominant 

anion in the solution, ~ + nutrition increased the Cl" concentration in the plant as 

compared with N03- nutrition (Weigel et al. 1973). Under normal field conditions, ~ + 

fertilizers are rapidly converted to NO; by nitrification and creates no particular 

problems. But in a saline environments, NH4 + fertilizers might depress K+ uptake by 

plants (Feign, 1990 and Mertinez and Cerda, 1989). 

2:2:2. Salinity and Calcium 

Calcium is an essential mineral nutrient that plays vital nutritional and 

physiological roles in plant metabolism. Calcium helps maintain membrane integrity and 

is important in senescence processes (Hanson, 1984). It stabilizes cell wall structures, 

regulates ion transport and controls ion exchange behavior as well as enzyme activities 

(Demarty, et al. (1984). Calcium protects membranes from the adverse effect of Na+ 

and minimizes the leakage of cytosolic K+ (Alam, 1994). Calcium also plays a major 
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role in improving the physical condition of the soil. High Na + levels in the root 

markedly reduce the activity of Ca2+ in the solution and decrease the amount of Ca2+ 

available for plant uptake. Na+ may also displace ea2+ from the plasmalemma of the 

root cell. Cereals are particularly susceptible to Ca2+ deficiency at high external Na/Ca 

ratios. Sodium induced Ca2+ deficiency symptoms have been observed in maize (Maas 

and Grieve, 1987), rice (Grieve and Fujiyama, 1987), sorghum, com and bean 

(Kawasaki and Mortisugu, 1978; 1979). 

Solomon et al. (1986), studying pea (Pisum sativum L.) grown in nutrient solution 

containing 120 mM NaCI as the sole source of salinity, observed abnormal root 

morphology and anatomy. These abnormalities were completely reversed when 10 mM 

Ca2+ was applied (Solomon et al; 1989). 

The importance of Ca2+ for selective ion uptake by plants is well documented 

(Epstein, 1961; Rains, 1972). Calcium play an even more significant role under saline 

conditions. LaHaye and Epstein (1969, 1971) demonstrated that increasing Ca2+ levels 

in nutrient solutions protected bean plants from salt injury, presumably restricting Na + 

influx and translocation. Elzam and Epstein (1969) found a highly positive correlation 

between growth and Ca2+ levels in Agropyron species exposed to salinity. Kent and 

Lauchli (1985) found that increased Ca2+ offset the reduction in cotton root growth 

caused by NaCl. They suggested that KINa selectivity may be improved under saline 

conditions by increased Ca2+ concentrations. 

Ward et al. (1986) studied the effect of Ca2+ on N03" assimilation in young barley 

(Hordeum vulgares L. var. eM. 72) seedlings in the presence and absence of NaCl. 
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Calcium increased the activity of N03- transporter under saline conditions, but had little 

effect under non-saline conditions. NaCI decreased N03- uptake, while Ca2+ had little 

effect on NO; uptake in the absence of NaCI, the rate of NOJ- uptake increased with 

increasing Ca2+ between 1.0 to 3 MM. Nitrate uptake rates under saline conditions were 

increased from 31 to 55% of the salt free control with increasing Ca2+ level. It was 

further reported that Mn2+ and Mg2+ increased N03- uptake under saline conditions, 

neither was as effective as Ca2+. Huffaker and Rains (1986) also reported similar 

results. In their study, the presence of Ca2+ greatly protected the N03-, NH.s + and P 

transporters against NaCI injury. In the absence of NaCI, Ca2+ had no effect on the 

uptake of nitrogen. 

Zekri and Parsons (1990) whished to determine whether the ability of sour orange 

seedlings to withstand saline irrigation water could be improved by the addition of Ca2+ 

to the water. Sour orange (Citrus aurantium L.) seedlings were treated for 4 months 

with a nutrient solution containing either no NaCI, 40 mM NaCI or 40 mM NaCI plus 

various concentrations of caSo4 , CaCl2 or KCl. After 4 months, NaCI alone reduced 

root and shoot dry weights by 30% but with no leaf necrosis. Addition of 1, 5 or 7.5 

mM caSo4 to solutions containing 40 mM NaCI significantly inhibited the NaCI induced 

reductions in shoot dry weight. Addition of 7.5 mM CaCl2 or 7 mM KCI to the NaCI 

solution reduced leaf Na+ but increased Cl" to the toxicity level hence growth was not 

improved. In their study, the beneficial effect of caSo4 was mainly attributed to a 

reduction in the accumulation of Na+ and CI- below the toxicity level in the leaves. 

Their study further suggested that the beneficial effects of adding Ca2+ depended on the 
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anion associated with Ca2+ salt. Calcium sulfate but not CaCl2 was able to overcome the 

damaging effect of NaCI to sour orange seedlings. 

Khan et aI. (1992) evaluated the effects of gypsum, Zn and intermittent saline 

irrigation on the growth, yield and nutrition of rice in greenhouse. Gypsum and Zn 

application significantly reduced the adverse effects of salinity and resulted in the 

production of the maximum number of tillers and maximum plant height. Nitrogen and 

P contents of the straw decreased with the increase in the salinity levels but gypsum and 

Zn had an additive effect on the N content. The interactive effects of gypsum and Zn 

were found to result in an increase in K, Ca, Mg, S and Zn contents and a decrease in 

Na and CI contents of rice plants even at the highest salinity (16 mS/cm) level. 

Evlagon et aI. (1992) studied the effect of salinity stress and calcium on hydraulic 

conductivity and growth of maize seedling to test the hypothesis that maize and other 

cereals respond similarly to salinity stress as barley in term of hydraulic conductivity and 

growth. It was concluded that primary root's growth was reduced by 54% after 4 days 

exposure to 0.1 strength Hoagland solution salinized with 100 mM NaCI. However, root 

length was only reduced by 20% when 100 mM calcium was also added to the salinized 

root medium. Salinization with 100 mM NaCI reduced hydraulic conductivity in the 

apical 4 cm of the primary roots by 80% and when when 10 mM Ca2+ was added to 100 

mM NaCI, the reduction was only 51 %. This clearly indicates that Ca2+ improves the 

hydraulic conductivity and salt tolerance mechanism at least of maize. 

Suhayda et aI. (1992) conducted an experiment to evaluate the comparative 

response of cultivated and wild barley species to salinity stress and Ca2+ supply. 
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Seedling performance was determined at increasing concentrations of N~S04' MgS04 

and CaCl2 (within the electrolyte conductivity range of 0.26 to 1.38 dS/m) and the Ca2+ 

mole fraction of salt treatments in solution culture experiments. They defined the C~mI) 

as the molar ratio of Ca2+/(Ca2+ + Mg2+ + Na+), which was maintained at 0.02 or 

0.09. Salt treatment at a C~mI) of 0.02 significantly reduced leaf area, shoot growth, root 

growth and the root to shoot ratio seedlings of the commercial cultivar Harrington 

(hordeum vulgare. L) relative to the wild species, Foxtail barley (hordeumjubatum. L). 

Growth of the Harrington improved substantially when the C~mI) was increased from 0.02 

to 0.09. The wild species maintained high levels of Ca2+ and had more favorable 

K+ INa + ratios then the commercial cultivars at both C~mI) ratios. 

Carter et al. (1979) also reported that MgS04 and NaS04 soil salinities reduced 

barley yield when Caltotal cation ratios were less then 0.15 or when activity ratios 

(ac.lClwc..J catiau) were less then 0.09 (Janzen and Chang, 1987). Wang et al. (1992) 

identified three ecotypes of wild barley (H. lubatum L), two of which were more tolerant 

of MgS04 salinity and high Na + than the third. The investigator attributed enhanced 

growth of the tolerant ecotypes to their superior Ca2+ use efficiency and their ability to 

restrict Na + and Mg2+ translocation to the leaves. 

2:2:3. Salinity and Magnesium 

Magnesium is the fifth essential mineral element in the group of six 

macronutrients. It is the only mineral constituent of the chlorophyll molecule, and is 

located at its center (Tisdale et al. 1984). Chlorophyll usually accounts for about 
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15-20% of the total Mg2+ content of plants. Keeping this important role in plants in 

view, Aparicio-Tejo and Boyer (1983) conducted an experiment to study the Mg2+ 

nutrition response of maize at low water potential, but failed to get any response. 

The role ofMgH in saline soils is controversial. According to Marschner (1986), 

Ca2+ is strongly competitive with Mg2+ and the binding sites on the root plasma 

membranes appear to have less affinity for the highly hydrated Mg2+ than for Ca2+. If 

this is true, an antagonistic effect between these two ion is unlikely. Bernstein and 

Hayward (1958) reported a marked reduction in leaf Mg2+ under high substrate CaH . 

Carter et al. (1979) found that barley growth was reduced when Mg2+ ICaH ratio 

increased above 10. Suhayda et al. (1992) observed CaH induced Mg2+ deficiency in 

sesame. Plaut and Grieve (1988) found reduced photosynthetic rates and water use 

efficiency in salt-stressed corn when the external Ca2+ IMgH ratio was increased. 

Kent and Lauchli (1985) conducted an experiment to confirm the specificity of 

Ca2+ in promoting root growth. Magnesium sulfate and KCI at the rate of 10 and 20 

mM, respectively, were substituted for the Ca2+ in their experiment. Root growth was 

not enhanced by the addition of either MgS04 or KCl. The addition of as low as 10 mM 

MgS04 to non salinized solution resulted in a significant reduction in roots and shoot 

fresh weight of cotton indicating the sensitivity of young cotton seedlings to a high levels 

of Mg2+. The two NaCI treatments (0 and 200 mM) with adequate and high Mg2+ did 

not differ significantly. 

Key et al. (1962) studying the CalMg ratio effect on maize and soybean yield 

showed that solutions with Mg/Ca ratio greater than 1 reduced the growth of both plants. 
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Marcar and Termaat (1990) showed that Mg2+ salts reduced the root growth of 

eucalyptus more than Na + salts. The reduced growth was associated with low calcium 

concentration in the roots. All these studies involving Ca2+ interaction in saline 

environments revealed that Mg2+ disrupts the calcium nutrition but very few studies 

addressed the Mg2+ and Na + interaction. The focus of the wheat experiment study was 

especially on Mg2+ nutrition under saline conditions apart from many other aspects. 

2:3. Crop Tolerance to Salinity 

Crops and plants do not respond to salinity in a similar manner; some agriCUltural 

crops produce exceptional yields at much greater salinity than others (Ayers and Westcot, 

1985). Those plants that produce acceptable yields at elevated salinity are better able to 

make osmotic adjustments which enable them to extract water from a saline solution. 

Such an adjustment is called salt tolerance. Maas (1990) defined salt tolerance as the 

plant's capacity to endure the effects of excess salt in the medium of root growth. 

Implicit in this defmition is the idea that a plant can withstand a very narrow range of 

salt without adverse effects. Maas (1990) further gave arguments presenting the real 

world situation by stating that "the salt tolerance of a plant in reality is not an exact 

value". This is because there is no specific salt in field situation but a mixture of 

solutes, secondly the environmental and field variability are not specified for a particular 

crop (tolerance) and thirdly, the stage of growth and varietal differences must be 

specified to define salt tolerance. Thus to be useful to growers, salt tolerance must be 

defined in terms of economic yield reduction caused by specified salt concentrations. 
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Maas and Hoffman (1977) have presented relative crop yield information as a 

linear function of soil solution ECe for field crops, forage crops, fruit crops and 

ornamental. Relative yield is the yield of a crop grown under saline conditions expressed 

as a fraction of that achieved under non-saline condition, but other wise comparable 

conditions (Maas, 1990). They grouped crops into four salt tolerance divisions for 

classification purposes which includes sensitive, moderately sensitive, moderately tolerant 

and tolerant categories. Relative yield was calculated from the relation: 

where: 

a = salinity threshold (where yield first starts decline) in dS/m 

b = yield reduction per unit salinity decrease 

(l) 

ECe = mean electrical conductivity of saturation extract taken from 

the root zone 

Y r = relative yield in percent 

Hoffman et al. (1983) developed a linear response function which is reasonably 

accurate when salinity is expressed in terms of osmotic potential OP(fc) of the soil solution 

at field capacity. When the OP(fc) is known, the yield response can be determined as a 

function of the osmotic stress experienced by plants for OP(fc) exceeding a crop's 

threshold. 



50 

(2) 

A = The salinity threshold expressed in bars 

B = The slope expressed in % per bar 

OPere) = The osmotic potential of the soil water extract from the root 

zone at field capacity 

The difference between these two equations is that equation 1 is linear like 

equation 2 but OPere) is not a linear function of ECc• The deviation from linearity is small. 

Maas (1990) made calculations based on these two equations and reported that yields 

calculated from equation 2 are within 1 to 2 % of those of calculated from equation 1. 

The parameters A and B in both cases, i.e. ECc and OPfe, can be determined from 

the following relation: 

A = -O.72Sal. 06 
(3) 

100 B=--------
-O.72S( lOOb+

ab t06 
-A 

(4) 

In the above equations the a and b are empirical constants derived from the linear 

equation models. Equations 3 and 4 are based on the relationship: OP = -O.72SECc••
C16 

from the Figure 6 (relationship between osmotic pressure of saturation extracts of soil 
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and electrical conductivity, USDA Handbook No 60, 1954) after converting osmotic 

pressure in atmosphere at 0 C to osmotic potential in bars at 25 C. Maas (1990) 

assumed that the soluble salt concentration in the soil water at field capacity is twice that 

of the saturation soil extract, thus OP (fc) by definition can best expressed at field capacity. 

Carter (1981) presented salt tolerance data for crops in tabular form, calculating 

relative crop production for each unit increase in ECc, and listing crops alphabetically by 

common name within the four classification units of Maas and Hoffman (1977). These 

tables also give threshold salinity values and the productivity decrease as a percentage 

of normal yield for each unit increase in ECc' Such tables (Bresler et al. 1982) can be 

extremely useful in selecting crops for growth under anticipated salinity conditions. The 

former needs to know the levels of salinity that begin to reduce yield and how much 

yield will be reduced at levels above the threshold. 

van Genuchten and Hoffman (1984) developed a non-linear computer model that 

describes the sigmoidal growth response of plants to salinity. One of these models takes 

the form: 

Yilt 
Y = ----:;.:...-

r (5) 

where: 

Y r = relative yield in percent 

Y m = the yield under non saline condition 



c = Average root zone salinity (dS/m) 

Cso = the salinity at which the yield is reduced by 

50 % and P is the empirical constant 
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Like the two piece linear models, this sigmoidal model requires two parameters 

to describe the response curve, the value of Cso and P. 

2:4. Salt Tolerance Mechanisms 

With the development of soil science and the extended use of modern agriculture 

technology, man must meet the challenges of increasing food production and using for 

agriculture, areas and resources of water formerly considered unsuitable for the purpose. 

Much has been achieved due to the development of various agrotechnical practices. 

Attempts are being made to develop salt tolerant varieties of various crops. To succeed 

in this, it is necessary to understand the actual damage caused to plants by salinity and 

the mechanisms by which individual plants, cultivars or plant communities withstand the 

damage of salinity and develop normally. 

In no groups of plants is the need to understand and manipulate the characters 

conferring salt tolerance more apparent then in the Graminae. Within this tribe are found 

several of the world's most important crop plants: various forms of wheat, barley, rye 

and triticale. Wheat alone accounts for approximately a quarter of the world's food 

production and barley, rye and triticale together account for an additional 15-18 % (Wyn 

Jones et al. 1984). Barley and rye are commonly regarded as salt tolerant while wheat 

is generally thought to be less resistant to salt stress. 
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The damage caused to plants by salinity can be osmotic, toxic or nutritional 

(Bernstein 1964, Richards 1954, Ayers, and Westcot, 1985) and has been discussed in 

the beginning of this chapter. Counteracting the osmotic effect by osmotic adaptation of 

the plant, involves accumulation of ions or synthesis of other osmotica and this is 

difficult to differentiate from a toxic effect of the accumulating ion (pojakoff-Mayber, 

1982). 

The recognition of the importance of turgor for extension growth (Hsiao et al. 

1976 a) resulted in a thorough investigation of osmotic adaptation of plants under salinity 

and water stress (Flowers et aI. 1977; Greenway and Munns, 1980). Maintenance of 

turgor is an obligatory condition for growth of plants. There is apparently a critical level 

of turgor pressure below which extensive growth is impossible. It follows, therefore, 

that growth stops before turgor is reduced to zero. Any turgor reduction due to salinity 

induces growth inhibition. Osmotic adaptation allows, therefore, maintenance of turgor 

so that a decrease in potential of the tissue is not necessarily accompanied by a decrease 

in relative water content (poljakoff-Mayber, 1982). 

Osmotic adaptation under salinity is usually achieved by ion uptake from the 

external solution or by internal synthesis of organic solutes or both. It is usually 

halophytes which maintain the gradient for water uptake by ion accumulation (Flowers, 

et al. 1977). Greenway and Munns (1980) reviewed and reported that the inability of 

some glycophytes to adopt osmotically under saline conditions is ascribed to their 

inability to accumulate enough ions from the external medium. Sodium and potassium 

are the two main cations responsible for the osmotic adaptation. 
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Collander (1941) recognized two mechanism in higher plants that are able to 

tolerate salinity: the first is salt exclusion which ensure that salt reaches the shoot only 

in very small amounts. This might be due to a very efficient selectivity toward K+ 

during absorption, as in many grasses (Albert and Popp, 1977). Another possibility is 

that Na + is absorbed in significant amounts but is reabsorbed from the xylem sap in 

proximal parts of the roots or in shoots (Jacoby, 1965; Rains, 1969) and is then either 

stored or retranslocated to the soil (Winter, 1982, and Winter and Preston, 1982). 

The second mechanism is salt inclusion by which plants absorb salt and store it 

at high amounts in stem and leaves. Many salt includers are succulent probably because 

of the accumulation of salts in large vacuoles of mesophyll cells (Kramer, 1984). Other 

salt including species have spacial glands on leaf surface that excretes salt at a high 

concentration. 

Jeschke (1984) reported that salt tolerance mechanism is related to the selective 

uptake of K+ in case of NaCI salinity. According to Jeschke (1984), during the entry 

of ions into the root and the plant as a whole, selectivity can be achieved at three 

membranes, the plasmalemma of the cortical root cells, the tonoplast of the root (and 

shoot) cells and the plasmalemma of the xylem parenchyma cells. Five different but 

possibly related mechanisms of KINa selectivity can discerned at these sites: 

1: Preference for K+ during influx 

2: K+ - Na+ exchange at the plasmalemma 

3: Selective Na+ accumulation in vacuoles and Na+ - K+ exchange across the 

tonoplast. 



4: Selectivity during release of K+ and Na+ to the xylem vessels 

5: Selective reabsorption of Na+ from the xylem sap. 
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Jeschke (1980) and Pitman et ale (1981) reported that in barley roots the cortex 

cells are able to sequester Na + predominantly in the vacuoles while maintaining favorable 

KINa ratios in the cytoplasm. This important pattern of ion compartmentation is brought 

about by selective K+ influx and Na + efflux at the plasmalemma. 

Work done at IRRI (1977, 1978) indicates that salt injury in rice involves water 

stress; tolerance is associated with a high electrolyte content in the roots and a low 

content in the shoot. The accumulation K+ in the shoot correlates well with salt 

tolerance. 

Recently Alberico and Cramer (1993) conducted an experiment with the primary 

focus of determining whether there were differences in salt tolerance between seven 

selected cultivars of maize and if any such difference was correlated with the Na+ 

concentration in the shoot. Another objective was to determine whether the response to 

supplemental Ca2+ was associated with salt tolerance or, more precisely, were the more 

salt tolerant cultivars less responsive to the addition of supplemental Ca2+ in salinized 

nutrient solution. They concluded that Na + exclusion from the shoot was not correlated 

with and was an unreliable indicator of salt tolerance in maize. The addition of 

supplemental Ca2+ to the salinized nutrient solution was found to ameliorate the effects 

of NaCl and increase leaf area, dry weight for all seven cultivars. Salt tolerance was not 

positively correlated with [Na+] in the shoot it is not recommended as a selection criteria. 
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He and Cramer (1993) questioned the high shoot KINa ratio or K-Na selectivity 

as criteria for salt tolerance. In their study of six rapid cycling brassica species, KINa 

ratios in shoot were greatly reduced by seawater salinity. This decrease was correlated 

with salt induced growth reduction. The change in KINa ratio with increasing salinity 

was not correlated with K-Na selectivity. Both KINa ratio and K-Na selectivity were not 

found to be correlated with the relative salt tolerance of these bras sica species, indicating 

that the maintenance of a high KINa ratio as a mechanism for salt tolerance in these 

brassica species was not operative. Schachtman et al. (1991) also ruled out the 

possibility of KINa selectivity as a mechanism of salinity tolerance in wheat. They tested 

two genotypes of wheat (salt sensitive and salt tolerant) and observed no significant 

differences in the KINa permeability ratios in channel of root cells. 

Yet in an other experiment with the ornamental species begonia, chlorophytum, 

coleus, meranium and mesembryanthemum, Zurayk et al. (1993) reported that the 

restriction of Na+ entry to the shoot is linked to the salinity tolerance. 

Mesembryanthemum was declared salt tolerant because it controlled Na+ entry to the 

shoot at water salinities above 5 dS/m. Similarly, Gregoria and Senadhira (1993) 

investigated the genetics of salinity tolerance in rice. Test materials involved susceptible, 

moderately tolerant and tolerant rice parents. Two week old seedlings were grown in 

a salinized (EC = 12 dS/m) culture solution for 19 days under controlled conditions. 

Typical characteristics of salinity tolerance in rice were found to be Na+ exclusion and 

an increased absorption of K+ to maintain a good Na-K balance in the shoot. 
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2:4: 1. Factors Effecting Salt tolerance 

Salt tolerance is not an exact value because plants is interact with many other 

environmental and biological factors at the same time they have challenged by salinity. 

Salt sensitivity also changes considerably during plant development. 

2:4: 1: 1. Biological Factors. 

Lauchli and Epstein (1990) recognized three developmental stages with respect 

to salt tolerance or salt sensitivity, which include germination, vegetative growth and 

reproductive growth. Evidence shows that vegetative growth in crops is usually more 

sensitivethan the other stages. Many salt sensitive plant species germinate readily in the 

presence of high salt concentration. This has been documented for corn (Maas et al. 

1983) kenaf, (Hibiscus cannabin us) , (Kurth and Lauchli, 1985) and tomato, 

(Lycopersicum escullentum) , (Kurth et al. 1986 b). The more salt tolerant cotton, 

Gossypium hersutum (Shannon and Francois, 1977; Kent and Lauchli, 1985) and sugar 

beet, Beta vulgaris (Ayers and Hayward. 1948) are more salt tolerant at germination than 

in later development stages. Rains et al. (1987) in a field study on the reuse of saline 

drainage water reported that cotton yield was only slightly reduced at the highest salinity 

level in the irrigation water despite significant reductions in vegetative growth and 

development. 

Genotypic variation also effects salt tolerance. Lynch et aI. (1982) found that 

barley cultivar cv. Briggs is more salt sensitive to early salinization but more resistant 

at later stages of development while Arimar showed the opposite trend. 
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Donova and Day (1969) found that 'California Mariout' barley cultivar, was very 

tolerant to high levels of salinity, while Arivat had a very low level of salt tolerance. 

It was further concluded that, at moderate salinity levels, most barley cultivars had a 

uniform seedling emergence, but at high levels salinity only the most tolerant cultivars 

produced satisfactory seedling growth. 

The salt tolerance of many fruit trees and wine grapes can be significantly 

improved by selecting root stocks that restrict Cl" or Na + accumulation. Although citrus 

is not considered very salt tolerant, there are differences in salt tolerance among the 

various root stocks (Bernstein, 1969; Shalhevet et al. 1974). According to Walker and 

Douglas (1983) these differences are attributed to salt exclusion, particularly to CI

exclusion. Citrus apparently excludes CI- from shoots, not sequestering it in the root but 

by restricting its entry into and/or movement within the roots. 

2:4: 1:2_ Environmental Factors 

Physical conditions other than soil fertility also effect the salt tolerance of crops. 

Aubertin et al. (1968) reported that low oxigen levels interact with salinity to effect the 

shoot growth of tomatoes, while Aceves-N et al. (1975) reported low germination of 

wheat under low O2, Low O2 is often a result of flooded or poorly drained soil. A 

shallow water table also influences both soil salinity and ~ levels. 

Climatic variation influences salt tolerance as much as, if not more than any 

factor (Maas, 1990). Most crops tolerate greater salt levels in a cool humid climate than 

in a hot dry climate. Francois and Goodin (1972) found that salinity was increasingly 
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damaging to sugar beets (Beta vulgares L.) as temperature increased from 25-40 C. 

Yields of many crops are also decreased more by salinity when relative humidity 

decreases. Hoffman and Rawlins (1971), Hoffman et al. (1971), Nieman and Paulson 

(1967) works indicate that barley, bean, corn, cotton, onion and radish were more 

sensitive to salt at low humidity than at high humidity. But the tolerance of beet and 

wheat were not greatly affected by humidity. 

Another variable that has been added recently with respect to general salt 

tolerance has been the interactive effect of air pollution, often as keyed to atmospheric 

ozone levels. Bytnerowicz and Taylor (1983) found that ozone decreased the yield of 

some crops more under non saline condition than saline conditions. Hoffman et al. 

(1973) and Maas et al. (1973) fonnd that ozone affected pinto bean to the greatest extent 

at -4 bars root zone osmotic potential but that this was beyond the economic production 

range of the crops. Ogata and Maas (1973) found the effects of salinity on ozone 

tolerance to occur at such a high salinity level that beet root yield was depressed due to 

salinity. Hence salinity could not be used as an ozone tolerance enhancement factor. 

Hoffman et al. (1975) found that salinity at moderate levels significantly and 

economically increased alfalfa tolerance to ozone. 

2:5. Plant Water Relation and Salinity 

The energy status of water is usually expressed as the total water potential 

represented by i' at any point in the plant, can be partitioned into its component the 

osmotic potential ('1"), turgor potential (P) matric potential (T) and gravitational potential 
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(i'a). As gravity is a very small component of the total water potential, it is neglected. 

The gravitational potential is also eliminated because there is no gravitational differences 

between cells. Turner (1981) gave the following relation: 

Salesbury and Ross (1992) also gave a similar equation: 

'OJO = 'OJ' = 'OJ' 'OJ (7) 
"Xw "Xw "Xw + "Xp 

where the superscript ° and i represent outside and inside potential respectively. Jacoby 

(1994) reported that the water potential in a saline envirnment (i' w ~ is primarily 

determined by its salt concentration (i' ,..0). According to the equation 7, exposure of 

plant cells to low i' w 
0 results in the cell equliberating to the i' wi by cell water loss and 

accompanying decrease in i'wi and turger (i',J. 

According to Jacoby (1994), turgor is a prerequisite for plant cell expansion based 

on the Cossgrove (1989) equation that relates growth to turgor: 

G = m(1J.1p - y) (8) 

where: 

G = Growth rate 

m = plasticity of cell wall 
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Y = Threshold turgor for cell enlargement 

This equation clearly indicates that in a saline environments growth should cease 

if turgor is not regulated. The salt tolerant plants are capable of maintaining their turgor 

within the range of their tolerance or may be able to adjust the threshold value and 

plasticity (Jacoby, 1994). Equation 8 also shows that to maintain growth under saline 

conditions plants may either increase the amounts of solutes in the cells and regulate 

turgor or adjust plasticity and/or threshold turgor. 

Kingsbury et al. (1984) studied the water relation of two selections of bread wheat 

that differed in their relative salt resistance. In salinized solution, they found that the 

differences in water relations between varieties were minimal and were only apparent for 

three days following salinization. Two weeks later, samples taken from the salt 

treatments showed lower water and solute potential than the control treatments by 

approximatly the same difference as was present between the two solutions (-5 bars). 

The main point is that no differences between the lines were in evidence. This 

observation let to the conclusion that a difference in water relations was unlikely to be 

the major difference in their relative salt tolerance. 

Casas et al. (1991) studying cell growth and water relation of halophytes, reported 

that cells adapted to NaCI exhibited reduced rates of cell division compared to unadapted 

cells. Turgor of NaCI adapted cells was equivalent to unadapted cells indicating that the 

cells of halophyte do not respond to salt by osmotic "over adjustment" as reported for 

glycophytic tobacco by Binzel et al. (1985). The most recent literature on glycophyte 

cells (Binzel et al. 1987; Munns and Termaat, 1986; Termaat et al. 1985) shows that 
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after initial turgor potential reduction, glycophytes and mesophytes are able to adapt to 

moderate salt or water stress and maintain turgor potential. At moderate levels of 

salinity, turgor potential of glycophytes cells actually increases as a function of the levels 

of adaptation (Binzel et al. 1985). 

Greenway and Munns (1980) reported that higher turgor potential is the principle 

factor for maintaining growth at high salinity. Flowers et al. (1977); Wyn Jones et al. 

(1977) also reported that halophytic as well as glycophytic plant species adjust to high 

salt concentration by lowering the tissue osmotic potential with increased uptake of 

solutes. 

Thiel et al. (1988) determined the cellular turgor pressure in leaves of salinized 

barley seedlings and correlated the turgor values with leaf elongation rates and values of 

bulk leaf osmotic potential. Adding NaCI to the medium caused the leaf elongation rate 

to decline immediately, followed by gradual recovery, the extent of which depended on 

the NaCI concentration. Salt stress reduced cellular turgor in expanding and expanded 

leaf tissue. The turgor pressure of expanding tissue recovered quickly as a result of 

osmotic adjustment but decreased turgor persisted in the expanded tisuue. These results 

indicate that salinity reduces leaf elongation through osmotic effects on turgor in the short 

term, but the sustained component of reduction in leaf elongation is not caused by a leaf 

water deficit in the long term. The later part of this conclusion is in agreement to the 

previous work of Munns and Termaat (1988). Thiel et al. (1986) further concluded that 

salt accumulation in leaf cell walls could cause loss of turgor and then dehydration of the 

cells. Such a loss of turgor has been demonstrated in expanded barley leaves. 
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2:6. Irrigation With Saline Water 

From the growing concern for food and forage, it seems that an increased 

percentage of our crops in the future will have to be grown with high salinity water on 

a marginal land which is considered too harsh or saline by today's agricultural standards. 

But the problem is how glycophytes will be able to \\ithstand high salinity either in soil 

or water. Recognition of this fact is attested by the high level of attention given to 

research designed to improve soil and water management practices and to increase crop 

tolerance to salinity (O'Leary, 1984). O'Leary further stressed that the soil and water 

management practices that will be required in future scenario involving the use of 

increasingly brackish or saline water for irrigation are relatively independent of the type 

and sources of plant used as a crops. However, the development of crops with the 

required levels of salt tolerance can be accomplished either through selection and genetic 

improvement or by searching among the wild species that already possess extremely high 

salinity tolerance for those having the appropriate characteristics that might make them 

desirable crop plants. Glenn et al. (1991) evaluated the terrestrial halophyte, Silicomia 

higeZovii Torr. as an oil seed crop direct seawater irrigation during 6 years of field trials 

in an extreme coastal desert environments. Yields of seed and biomass equaled or 

exceeded freshwater oil seed crops such as soybean and sunflower. The seeds contain 

26-33% oil, 31 %protein and was low in fiber and ash. 

The future need for food will undoubtedly prompt more widespread use of saline 

water for irrigation. Not only will this water have a higher salinity than much of the 

irrigation water used in the past, but the quantity of water available will be less because 
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of its use and degradation by nonagricultural enterprise. Management of these poor-

quality waters will thus be more difficult in the future and all available knowledge will 

have to be exploited (Hanks, 1984). 

The beneficial use of high salinity water in areas where such water is available 

has been suggested by Valantine (1984) in the Imperial Valley and San Joaquin Valleys, 

in California, Boyko 1966; and Somer, 1979). Watson (1991) has shown that saline 

drainage water are reusable to grow salt tolerant plants. Valantine (1984) suggested that, 

where there is high salinity water available for irrigation, the economic reward for using 

that water should be sufficient to overcome the added cost and lower return associated 

with using poorer quality water. 

Various scientists (Rhoades, 1977, 1984, and 1987; Grattan et al. 1987; Shannon 

et al. 1987; Ayers et al. 1986a; Rain et al. 1987) concluded that the use of saline waters 

for irrigation is feasible, especially when waters are alternated or combined with good 

quality water supply. This option is seriously considered in parts of India (Gupta, 

personal communication) and Israel (Shalhevet, 1984). 

Research performed in many arid regions of the world indicate that water 

conventionally classified as too saline for agriculture can be used for certain salt tolerant 

crops without marked yield reduction. Alfalfa, sorghum, and wheat have been grown 

with water containing 1,500 mg/L to 5,000 mg/L TDS in Colorado's Arkansas Valley 

(Miles, 1977). Hardan (1976) showed that pear trees can be grown with water ranging 

up to 4,000 mg/L without any loss in yield. According to Frenkel and Shainberg (1975) 

and Kern and Shainberg (1978), in Israel, cotton is grown commercially with 4.6 dS/m 
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(about 3,000 mg/L TDS). In India, irrigation water in the range of 4 dS/m to 5 dS/m 

has been used successfully over the long term (paliwal, 1972). In Russia's Usbekistan 

region, irrigation of cotton with drainage water between 5,000 - 6,000 mg/L TDS has 

been successfully used for many years (Bressler, 1979). 

Ahmad and Abdullah (1982) irrigated beet root and upland cotton on coastal sand 

with various dilutions of seawater supplemented with chemical amendments. There was 

an increase in fresh weight of beet root tuber up to 12,000 ppm salts and sugar content 

up to 16,000 ppm salt in irrigation water. No adverse effect was found on the fiber 

quality in either species of cotton plant due to brackish water irrigation. 

Rhoades (1984, 1987) proposed two strategies, one a cyclic strategy which 

involves crop rotation, different sources of water and developing irrigation plans for the 

entire crop rotation. The other is the traditional strategy, which involves blending 

surface water supply before irrigation to obtain water of acceptable quality. Either can 

be used when water of different qualities are available. At least one source must be low 

in salts while other can be saline within limits (less than 6,000 mg/L TDS). 

2:7. Salinity and Leaching 

When saline water is used for irrigation, leaching may be required if the level of 

salt accumulation in the root zone is expected to exceed the salt tolerance level of that 

particular crop (Meiri and Shalhevet, 1985). Under steady state conditions, leaching 

requirements depend mainly on the salinity level of the irrigation water (CJ and on the 

tolerance of the crop to salinity (CJ (US Salinity Lab Staff, 1954). 
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The leaching requirement is the smallest fraction of applied water that must be 

passed through the root zone to prevent any loss in crop productivity from an excess 

accumulation of salts (Ayers and Westcot, 1985). Originally defined by USSLS (1954) 

the required leaching fraction is: 

(9) 

where: 

Dd = Depth of drainage water 

D j = Depth of irrigation water 

Cj = Concentration of irrigation water 

Cd = Concentration of drainage water 

EC j = Electrical conductivity of the irrigation water 

ECd = Electrical conductivity of the drainage water 

Leaching occurs whenever net water application exceeds evapotranspiration, 

provided soil infiltration, hydraulic conductivity and drainage are adequate. The amount 

of leaching necessary to satisfy the leaching requirement depends primarily upon the 

salinity of applied water and salt tolerance of the crop. 

As the leaching fraction (LF) decreases, the salt concentration of soil solution 

increases a~ crop roots extracts nearly pure soil water (Rhoades, 1983). If the salt 

concentration exceeds the crop threshold level, leaching is required to restore full 
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productivity. In a situation where leaching is insufficient, crop losses will become severe 

over time and reclamation will be required before additional crops can be grown. 

According to Hoffman (1990), the basic premise that leaching is essential remains 

true, but how much or at what time still needs to be answered because of variations in 

irrigation water salinity and salt tolerance of crop, the climate and the soil and water 

management. 

According to Ayers and Westcot (1985), a high leaching fraction (LF = 0.5) 

results in less salt accumulation than a lower leaching fraction (LF = 0.1). But the 

problem with a high leaching fraction is the leaching of fertilizer materials and with low 

LF, salt build up occurs. As our ability to match crop water requirement with water 

application improves, our ability to minimize excess drainage will improve 

proportionately. The ultimate goal is to acquire the skill and knowledge necessary to use 

as efficiently as possible all available irrigation water. Achieving this objective will 

minimize the amount of drain water or salinity build up. 

Meiri and Shalhevet (1973) performed an experiment on pepper plants to see the 

effect of different salinity levels and fluctuations in soil salinity as achieved by different 

leaching treatment (LF = 0 - 0.48) on vegetative growth and yield. They observed that 

better yield resulted in plots leached every irrigation. Meiri and Shalhevet (1973) further 

reported that for treatments receiving too heavy leachings, lowered the maximum salinity 

levels and extended over a shorter period compared to treatments leached every irrigation 

and resulted in better growth. 
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Hoffman et al. (1979) conducted field experiments to establish the leaching 

requirements for frequently irrigated wheat grain, sorghum and lettuce. The 4 year study 

in field plots consisted of six replicated leaching fractions (0.17, 0.13, 0.09, 0.07, 0.04 

and 0.02) irrigated daily with water having a TDS of 1350 mg/L. Wheat yields at the 

higher LF's (0.17,0.13, 0.09, and 0.07) were not significantly different from each other. 

Mean values of relative crop yield plotted as a function of LF calculated as DiDi showed 

that the minimum LF consistent with the maximum crop production (leaching 

requirement) for wheat and sorghum is about 0.08 based on linear regression analysis. 

The least significant difference indicates that yield was significantly reduced below 0.07 

leaching treatment. The minimum LF for lettuce was 0.26. Lettuce yields were reduced 

linearly throughout the range of LF tested, thus leaching requirement cannot be stated 

with confidence. 

In another similar experiment, Jobes et al. (1981) reported the leaching 

requirement for tomato, oat and cauliflower irrigated with water having electrical 

conductivity of 2.1 dS/m with 6 replicated leaching fraction treatments (as reported by 

Hoffman et al. 1979). The leaching requirement (LR) was 0.1 for oat grain, 0.21 for 

tomato fruit, and 0.17 for cauliflower heads. 

Hoffman et al. (1983) evaluated the influence of the salt concentration of 

irrigation water and the frequency of water application on tall fescue yield at three 

leaching fractions. They concluded that, as the salt concentration of the irrigation water 

increased or leaching fraction decreased, dry matter production was reduced significantly. 

Differences in production because of irrigation frequency however, were insignificant. 
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With low stress (LF = 0.27 and low salinity water EC = 1 dS/m) annual dry matter 

yields were 2.0 kg/m2, compared to annual yields of 1.4 kg/m2 with high stress (LF = 

0.09 and high salinity water, EC = 4 dS/m). 

The leaching requirement, the smallest steady state LF which prevents any loss 

in crop was also determined for barley, cowpea and celery in field plots irrigated with 

water having EC of 2.3 dS/m by Hoffman and Jobes (1983). The LR was 0.1 for barley 

grain and 0.13 for barley forage. The LR of 0.16, 0.17 and 0.14 was reported for 

cowpea seeds, forage and celery respectively. 

Smith and Hancock (1986) reviewed the available method of estimating LR and 

discussed their inadequacies. They reanalyzed the basic concept of leaching and 

developed a simple physical equation which involve only the concentration of applied 

water C j and desired water salinity C.: 

(10) 

As this equation is independent of the plant water use, it is of general application 

and it is concluded that the equation provides a better method of estimating the leaching 

requirement than previous methods, however, the validity is not yet proven by field data. 

2:8. Water Use Efficiency Under Saline Conditions 

Economically important species growing in soil experience variable soil water 

contents depending on irrigation, rainfall, leaf area and evaporative demand. Salinity 
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may reduce the availability of this water because of its effect on soil water potential and 

it may also reduce total water use because leaf area, transpiration and growth are all 

reduced by salinity (Richards, 1992). Productivity of agricultural species on salt affected 

soil will depend fIrstly, on whether crops are able to use all the available water (the more 

water used, the more productive they will be), and secondly how effIciently the water is 

used, i.e, how much growth is produced per unit of evapotranspiration. 

The relation of water and salinity stress to yield was done by Hanks (1974). For 

water stress the Hanks model is as follows: 

Y T = (11) 
Yilt Tilt 

Where Y m indicates maximum yield attained when soil does not limit transpiration (T = 

Tml. The yield prediction was based on the evaluation of de Wit (1958) model who 

showed that for dry, high radiation climates yield and transpiration were related by: 

Y m 
= 

T Tmu 
Eq. (12) 

Where: 

Y = Total dry mass per unit area 

T = Total transpiration per area during growth to harvest 

Tmax = Mean daily free water evaporation 

m = is a constant which is governed by plant species 
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Childes and Hanks (1975) investigated the situation where transpiration was 

limited only by salinity and found that the relationship of yield to transpiration was also 

a linear one. 

Richards (1992) compared the productivity of wheat and barley in soils of 

different salt concentration with a limited water supply. Productivity was assessed as 

total dry weight or dry weight per unit of water used (water use efficiency, WUE). 

Barley achieved the highest productivity because it used more of the available water and 

it had a greater WUE for the above ground weight than wheat. However, when WUE 

for total organic weight of roots and shoots was determined or WUE was corrected for 

grain production, wheat and barley had the same productivity. In one of their 

experiment, sown at low plant density, barley and wheat used less water than some 

halophytes and they completed their life cycle leaving some water behind in the soil. 

The increase in WUE due to salinity was hypothesized to be due to three possible 

factors: 1) that stomatal conductivity may decline without a corresponding fall in 

assimilation capacity; and 2) that salt may be sequestered in old leaves, resulting in an 

apparent increase in WUE. A third factor may be that root growth is less in the salt 

treatment then in the control and above ground growth may be correspondingly higher. 

Hoffman and Jobes (1983) studied the leaching fraction and water use of barley, 

cowpea and celery, irrigated with water having EC of 2.3 dS/m. Evapotranspiration at 

each LF was calculated as the difference between the value of Dj and Dd• It was found 

that neither the grain nor forage yield of barley increased above an ET of 410 mm, while 

in their earlier studies, the ET for wheat (Hoffman et al. 1979) and oat (Jobes et al. 
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1983) was 440 and 390 mm, respectively, indicating that barley was similar to other 

grain crops grown at the same time of year. It was further reported that as the leaching 

was reduced from 0.17 to 0.02, ET was reduced 39% for barley, 36% for cowpea and 

41 % for celery. 

Bernstein and Francois (1973) in their study on the sensitivity of alfalfa to salinity 

of irrigation and drainage waters reported negligible effects of salinity treatment on water 

requirement except when growth was impaired. Leaching percentage (LP = 100*LF) 

did not affect water requirement. 

Gale and PoljakoffMayber (1970) reported a significant reduction in transpiration 

rate per unit leaf area when Atriplex (Atriplex halimus) was grown in saline solution with 

increasing level of salinity. Webb (1966) also found that transpiration of Salicomia 

bigelovii decreased by about 15% when salinity of the culture solution increased from 10 

gIL to 30 gIL. 

Zawislanski et al. (1992) reported that evapotranspiration was reduced when 

brackish or seawater is used for irrigation by forming a thin layer of salt crust. 

Lysimeter data of Miyamoto et al. (1993 a) shows that WUE increased somewhat with 

increasing salinity. 

Hoffman et al. (1983) conducted rhizotron experiments with tall fescue grass to 

determine how yield, ET and root density were related to irrigation water salinity, 

leaching fraction and irrigation frequency. Irrigation frequency had no significant 

effect on yield. The increased salinity of irrigation water and decreased leaching fraction 

significantly reduced the yield and evapotranspiration. 
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Two separate experiments, one on wheat at the Campbell Avenue Research Farm 

greenhouse of the University of Arizona and the second one on barley at the 

Environmental Research Laboratory greenhouse were conducted during the winter of 

1993/1994. The wheat experiment was designed to study the fertility interaction with 

salinity by including several cationic mineral nutrients over which to observe the 

nutritional effects. In this way, the effect(s) of an individual mineral nutrient cation 

could be differentiated from general affect of salinity. Childs and Hanks (1975), 

Hoffman and Rawlins (1971), Patel et al. (1975) found that under low to moderate levels 

of salinity an improvement in yield results from increased fertilization and available soil 

water. 

The objective of the second experiment was to study the effect of salinity and 

leaching fraction on yield and water use efficiency of barley when irrigated with saline 

water. 

3:1. Wheat Experiment 

In this experiment, a presumed salt tolerant selection line (S-36) developed in 

Pakistan and a salt sensitive wheat (Triticum aestivum L. cv Yecoro Rojo) were tested 

in the greenhouse. Wheat was selected for this study because, according to Wyn Jones 

et al (1984), it accounts for approximately a quarter of the world's food production The 
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crop was grown in sand culture. Sand culture was used for the experiment because it 

permitted the maintenance of low nutrient concentrations by frequent monitoring and 

adjusting of nutrient solution. 

The seeds were pregerminated in a plastic flat trays about 5cm deep, irrigated 

with 1110 strength Hoagland nutrient solution. Washed Santa Cruz river sand was 

sterilized for 3 hours and washed with distilled water. Plastic pots of 30 cm diameter 

in size were fllied with about 6 kg dry sterilized sand. Lined porcelain cloth at the 

bottom of the pot helped retain the sand. 

3: 1 : 1. Treatments 

The experiment was arranged in the greenhouse in randomized complete block 

design with four replications. Each replication had 11 treatments including control and 

salinity treatments. A total of 88 pots were used for the experiment. 

Six, five days old, pregerminated seeds of each cultivar of about the equal size 

were chosen from the tray and transplanted into each pot which was washed and 

saturated with 2L of full strength modified Hoagland solution (Hoagland and Arnon, 

1950). 

The salt treatments included, control and 100 mM NaCI with different 

combinations of caSo4, MgS04 and ~N03. The details of the treatment combinations 

are given in Table 1. 



75 

Table 1. Experimental treatments combination in Hoagland solution with and without 
100 mM NaCI salt for wheat experiment. 

Treatment Application Rate 

T1 Control (Hoagland Solution, H S) 

T2 HS+ 4 meq/L caSo4 

T3 HS+ 4 meq/L MgS04 

T4 HS+ 4 meq/L NH4N03 

T5 HS+ NaCI 

T6 HS+ NaCI + 4 meq/L caSo4 

T7 HS+ NaCI + 8 meq/L caSo4 

T8 HS+ NaCI + 4 meq/L MgS04 

1'9 HS+ NaCI + 8 meq/L MgS04 

T10 H S + NaCI + 4 meq/L ~N03 

Tll H S + NaCI + 8 meq/L NH4N03 

Note: The mineral nutrient solutions were prepared on an equivalent 
basis rather then molar basis with the idea to have equal 
concentrations. 
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Two weeks after transplanting, the seedlings were subjected to the different 

treatments. NaCI treatment in full strength nutrient solution was applied stepwise, in 

order to avoid osmotic shock: an initial application of 25 mM was raised two days later 

to the final 100 mM in the nutrient solution while the CaSo4, MgS04 and NH..N03 were 

used in full dose during the initial adjustment. 

Salts treatments continued with the addition of 2 L every week until the harvest 

of the crop. The sand was completely saturated with Hoagland and salt solution at each 

irrigation. Distilled water was added periodically to the pots to compensate for water 

losses by transpiration and evaporation. 

After 4 weeks in salt treatments, prior to heading, one fully expanded leaf Oeaf 

3 from the base) was taken from each treatment pot for measurements of water potential, 

osmotic potential and ion contents (cations and anions). At the same time, two plants 

were harvested from each treatment pot for fresh and dry matter yield. The remaining 

4 plants were grown to maturity. Leaf 3 was chosen for the water relation and ion 

analysis because according to Rawson et al. (1988), leaf 1 can be influenced by 

environmental conditions during seed growth and Leaf 4 is still expanding with extensive 

and abrupt changes, while Leaf 3 would be a first indicator of productivity. 

3: 1 :2. Environmental Conditions 

The experiment in the greenhouse was conducted under natural day light 

conditions with a photoperiod of 10-12 hours. The day and night temperature set point 
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were 28 + 1 and 21 + 1 C respectively with a relative humidity of 50 + 5 % • The position 

of the replication in the greenhouse was changed so that all the experimental unit exposed 

to the micro variation of greenhouse climate. 

3:2. Barley Experiment 

This study was accomplished in the Environmental Research Laboratory 

University of Arizona, greenhouse, using lysimeter (l m diameter and 1 m high) filled 

with soil material collected from the excavation of Biosphere II project, about 40 km 

north of Tucson (Arizona). The soil was gravelly, sandy loam. The pH of the 

composite sample was 7.6 and the ECe was 0.57. 

The lysimeter were already constructed in a large greenhouse equipped with the 

drainage bucket in the side of each lysimeter for collecting the gravity drainage water. 

The soil in lysimeter was non saline and was sown previously to a wheat crop. 

Barley genotypes used in this experiment were chosen from their tolerance to 

salinity and high yield. The presumed salt tolerant barley was "California Mariout" 

(Epstein et al, 1980; Richards et al. 1987; Rawson et al. 1988), whereas Gustoe (Dr. 

Ramage, Professor at Univ. of Arizona, variety) was the high yielding variety with 

unknown salt tolerance or susceptibility. Both varieties were grown in the lysimeter until 

maturity. Barley was selected for this study primarily because it is salt tolerant and a 

major grain crop grown both on saline and nonsaline soils throughout the world. 
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3:2: 1. Experimental Work. Treatments and Design 

Before the initiation of the experiment, neutron access tubes were inserted in each 

lysimeter to monitor the moisture content and schedule irrigations based on 50% moisture 

depletion. The top 6 cm of soil in the lysimeter was pulverized with rotavator to have 

a good seed bed for barley seeds. With the help of template, 40 holes were made on the 

top of the lysimeter soil, in which 3 seeds of barley were grown on December 14, 1993. 

The plant to plant distance was kept 12 cm and the rows 15 cm apart. The lysimeter 

were irrigated with CAP (Central Arizona Project Water, EC = 1.04 dS/m) water. 

A basal dose of fertilizers N, P and K at the rate of 250, 125 and 100 kg/ha 

respectively, was applied and mixed with the top layer of soil before growing the crop. 

The N and P were applied in three splits while, the K was applied in the full amount at 

the time of sowing. The second and third splits of N and P were applied at heading and 

grain formation stage respectively. 

One week after the emergence, the barley was thinned to 40 seedlings per 

lysimeter. An effort was made to have uniform seedlings. On December 27, 1993, each 

lysimeter was irrigated with 37.8 L of salt solution and 37.8 L of CAP water to the 

controllysimeter irrespective of leaching fraction. 

The experiment was randomized in such way that all the replications and 

treatments cover the full variations prevailing in the greenhouse. The layout plan is 

shown in Table 2. 



Table 2. Experimental layout and treatments combinations for barley experiment. 

Salinity Varieties 

1 A 

1 A 

1 B 

1 B 

2 A 

2 A 

2 B 

2 B 

3 A 

3 A 

3 B 

3 B 

Salinity 1 = 0 mM NaCI 
Salinity 2 = 150 mM NaCI 
Salinity 3 = 250 mM NaCI 

Variety A = Gustoe 
Variety B = Mariout 

LF I = Leaching fraction of 0.2 
LF II = Leaching fraction of 0.4 

LF 

I 

IT 

I 

IT 

I 

IT 

I 

II 

I 

II 

I 

II 

Rl R2 R3 

16 37 39 

18 64 36 

12 67 17 

65 60 50 

15 24 20 

13 66 48 

40 21 10 

38 33 34 

57 42 49 

45 72 58 

62 47 56 

9 23 63 
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The values in the replication columns are the numbering systems of lysimeter in the 
greenhouse 
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There were two salinity treatments (150 mM and 250 mM NaCl salinity) and a 

control. Each salinity treatment including the control was split into two leaching fraction 

(0.2 and 0.4) and two varieties of barley as discussed earlier. Spray for insect and pest 

control was also done with safer soap and malathion, three times during the entire crop 

season to control aphids and other insects. 

3:2:2. Calculation of Depth of Irrigation Water for Achieving the Desired 

Leaching Fraction 

The two leaching fractions (0.2 and 0.4) were chosen because according to Ayers 

and Westcot (1985), LF = 0.1 is too small because of salinity built up and 0.5 will be 

too high because of the possible nutrients and fertilizers leaching beyond the root zone. 

The following relation was used to calculated D j (Ayers and Westcot, 1985): 

ET 
l-LF 

(13) 

where ET is the evapotranspiration during irrigation interval. ET was calculated from 

the difference of neutron probe readings taken after 48 hours of the irrigation and at the 

50 % depletion level. 

3:2:3. Neutron Probe Calibration 

A 2 inch PVC pipe was inserted in each lysimeter before the initiation of the 

experiment. Neutron probe readings were taken at three depths i.e. 15, 30 and 45 cm 
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depth. All the three readings were averaged and the moisture content was calculated on 

gravimetric basis based on the precaliberation of the neutron probe for the same soil at 

three different moisture contents i.e. wet, moist and dry condition. The calibration graph 

is shown in Figure 3. 

The irrigation with salt treatment was scheduled at about 50+5% moisture 

depletion. 

The initial irrigation treatment was applied disregarding LF, while, the subsequent 

irrigations were done with adjustment for LF by maintaining the desired ratio between 

the depth of drainage water and the depth of irrigation water. 

The drainage water volume was measured twice weeldy (after 48 hours and the 

5th day after irrigation). The electrical conductivity of the leachate was measured each 

time. 

3:2:4. Leaf and Soil sampling 

At the heading stage, a third fully expanded leaf was excised from a plant in each 

treated lysimeter for the determination of solute potential and ion analysis. The samples 

for the osmotic potential were capped in polypropylene tube and stored for two weeks 

in a freezer at -20 C. Leaf samples collected for ion analyses were washed with 

deionized water and stored for further analyses. 

Soil samples from the barley experiment were also collected from the upper 20 

cm (the most active root zone) soil depth after harvesting of the crop. 
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3:3. Data Collection 

The number of tillers and plant height are the major factors that contribute to the 

yield and water use efficiency. The number of tillers (central randomly selected) of five 

plants was taken and averaged for barley, while for wheat the tillers per plant of the 

entire pot were recorded and averaged. Plant height for barley was also recorded for the 

same five plants which were counted for number of tillers. After harvesting the plants 

of both experiments, the final harvest was air-dried and the dry weight was recorded. 

For the barley experiment, the entire 1 m2 lysimeter surface area was harvested for dry 

matter and grain yield. The dry material was threshed in the seed laboratory of the 

University of Arizona. 

3:3:1. Leaf Water Potential ('1'J. 

For wheat, water potential was measured with pressure chamber (Scholander, et 

al, 1964). A third freshly excised leaf was sealed in a pressure chamber with the cut 

surface protruding. Pressure was applied from a tank of compressed gas until the cell 

sap appears at the cut surface. The amount of pressure required to force water out of 

the leaf cell was regarded as v w in MPa. 

3:3:2. Osmotic Potential ('1' ... } 

The fresh leaf material was frozen in 2 cm2 polypropylene tubes for two weeks, 

thawed, and the sap extracted by crushing the material with a metal rod. The sap 
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extracted from the thawed sap was directly measured for osmotic potential by a vapor 

pressure osmometer Wescor, C-52, 511 (Turner, 1981). 

3:3:3. Turgor potential (ifP) 

At present, the most widely used method for obtaining turgor potential is by 

estimating it from measurement of total water potential and osmotic potential. From 

equation (6) the ifp was calculated as follow: 

p = 1p'-1t 

3:4. Chemical Analysis of Plant Material 

3:4: 1. Total Ca. Mg. K and Na 

(14) 

Oven-dried tissues (70 C for 48 hours) were ground in a Wiley mill, passed 

through a 1 mm, screen and analyzed for cations by a microwave wet digestion method 

in Soil Water and Plant Testing Laboratory, University of Arizona. In the microwave 

digestion system, the procedure utilizes ramped power levels to obtain the desired 

temperature stages. Pressure in one vessel is monitored. Temperature is related to 

pressure and can also be monitored. About 0.5 gram finely ground dry material was 

treated with 0.5 ml conc. HN03 and 2 m1 H20 2• The acids and plant material were 

mixed in Teflon and digested in the microwave (CEM-CORP MD5-21(0) and assayed 

by ICP (Inductively Coupled Plasma Emission Spectroscopy, Leeman PS l000-UV). 
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3:4:2. Water Soluble Anions 

Wheat leaves were analyzed for CI, S04' N03 and P04. About 0.25 g oven dried 

sample was mixed with 25 ml deionized water in 125 ml. The flask was shaken for 30 

minutes at medium speed on a gyratory shaker and centrifuged for 10 minutes at 4000 

rpm. The supernatants were collected in a scintillation vials and stored at 4 C and the 

anions determined after 48 hours on Dionex ion chromatograph (Model 2320i). 

3:5. Soil Analyses 

Soil samples from the barley experiment were air dried, finely ground and passed 

through 20 mesh size screen. Cations (Ca, Mg, K and Na) were determined in I: I soil 

water extracts by ICP with appropriate dilutions. The EC of the soil samples was also 

determined by making saturated soil pastes as described by USSL (1954). 

3: 6. Statistical Analyses 

Statistical evaluation of treatments effects by analyses of variance was performed 

using CoS tat Software package (CoHort Software, 1990). The separation of means was 

done by using Duncan Multiple range Test. The dry matter and grain yield data of wheat 

were converted to relative yields prior to statistical analyses. Relative yields were 

obtained by expressing yield as a percentage of the highest yielding treatments, which 

for both varieties was the 4 meq/L ~N03 system with no salts. Similarly, the WUE 

data for barley was calculated as the g of biomass per kg of water used prior to statistical 

analyses. 
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RESULTS AND DISCUSSION 
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The experiments were conducted at two different locations and on different crops 

with different salt treatments, therefore each experiment results are presented in separate 

sections. For wheat, fresh and dry matter yield data after 4 weeks in salt solution, 

relative dry matter yield and shoot fresh wt/dry wt ratios (FW/DW), plant water relations 

and mineral analyses of wheat leaf tissues were recorded and discussed. The grain yield 

of the remaining plants were also recorded at the end of the experiment and reported. 

For the barley experiment which followed the wheat experiment, the data for plant 

height, number of tillers, dry biomass, grain yield, water use efficiency were recorded 

and reported. Plant mineral analyses for cations at spike emergence stage and soil 

analyses for EC and cation minerals after harvesting the crop were also recorded and 

discussed. 

4:1 Wheat Experiment 

4: 1: 1. Salinity Effects on Plant Growth and Development of Wheat 

Gross differences in growth became evident early in the experiment. Yecoro Rojo 

(hence forth YR) which is an early maturing variety (Torres and Bingham, 1973) begin 

to develop tillering and spikes earlier than Selection Line (selected for salinity tolerance 

hence forth SL). YR began to develop spikes approximately 55 days after germination 
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whereas SL did not form spikes until about 75 days. The plant height was not recorded, 

but generally YR was shorter stature than SL. 

The fresh and dry matter yield of the two plants harvested after 4 weeks in salt 

solution was significantly affected by the combined salt and nutrient treatments. Addition 

of salts significantly (p < 0.(01) lowered the fresh and dry matter yield. SL which was 

assumed to be salt tolerant produced higher fresh and dry matter yield (Table 3). The 

addition of NH4N03 to 100 mM NaCl solution at both levels (4 and 8 meq/L) increased 

the yield significantly as compared to other combined salt and nutrient treatments (Figure 

4). Addition of MgS04 at both 4 and 8 meq/L levels to salt solution reduced the shoot 

fresh weight and the results were comparable when 100 mM NaCl was applied alone to 

the nutrient solution. Amendments of the saline solution with caSo4 enhanced the shoot 

growth but it was not as effective in enhancing the yield as NH4N03• The shoot dry 

matter yield followed a similar trend indicating the superiority of NH.. addition to saline 

media by counteracting salinity toxic effects over Ca. These results are an agreement 

to the previous work of Silberbush and Lips (1991) who compared K and two N forms 

under saline (60 mM NaCI) and non saline condition. In their experiment, K had no 

significant effect on ameliorating the salinity effect but, NH4 at 6 mM increased shoot 

dry weight. In another experiment, Ehret et al. (1990) and Torres and Bingham (1973) 

reported the anleliorative effect of Ca on wheat under saline condition, while Ehret et al. 

(1990) also reported that MgS04 in salt solution behaved similar to NaCI in reducing the 

yield of wheat and barley. By comparing the effect of Ca with NH4 as an amendment to 

saline solution, it is clear from the Figure 5 that NH4 performed better in term of dry 
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Table 3. The effects of salinity (100 mM NaCl) and various nutrients combinations on fresh weight (FW), 
dry weight (OW) and FW/OW ratio of two wheat varieties, SL and YR (4 weeks after treatment 
application) 

Varieties 

SL YR 

NO Treatment FW OW FW/OW FW OW FWIDW 
combination (g) (g) (gm) (g) 

TI Control (HS) 80.47" 10.03 8.03 52.19 6.36 8.21 

T2 HS + 4 meq/L 77.15 9.81 7.87 45.97 6.31 7.28 
CaS04 

T3 HS + 4 meq/L 74.83 9.86 7.59 54.00 7.24 7.46 
MgS04 

T4 HS + 4 meq/L 81.40 10.25 7.94 56.35 8.05 7.00 
NH4N03 

T5 HS + 100 mM 35.20 5.18 6.80 24.57 3.61 6.82 
NaCI 

T6 HS+ NaCI+ 4 37.84 5.78 6.54 25.24 4.26 5.92 
meq/L CaS04 

T7 HS+ NaCI+ 8 38.04 5.93 6.42 27.15 4.39 6.18 
meq/L CaS04 

T8 HS+ NaCI+ 4 32.46 4.84 6.71 22.84 3.42 6.68 
meq/L MgS04 

T9 HS+ NaCI+ 8 32.13 4.68 6.87 23.03 3.49 6.60 
meq/L MgS04 

TIO HS+NaCI+4 40.11 6.56 6.12 26.78 4.86 5.51 
meq/L NH4N03 

TIl HS+ NaCI+8 41.60 6.75 6.17 29.88 4.99 5.99 
meq/L NH4N03 

* = Means of four replications 
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Figure 4. . Effects of different treatments with or without salts on the fresh matter 
yield of wheat. 
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Figure 5. Effects of different treatments with,or without salts on dry matter yield of 
wheat. 
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matter yield response than Ca, the reason of insignificant Ca effect may be the 

incomplete solubility or precipitation of caSo4 in combined nutrient and salt solution. 

The relative shoot dry weight of both varieties (Figure 6) showed that there was more 

reduction in YR than SL, but the differences were not big enough and the desired 

tolerance of SL at early growth stage was not achieved as was expected. The differences 

in growth between the two varieties under saline conditions, amended with nutrient 

solution was due in part of their different growth pattern (e.g. early emergence, early 

spike formation, short internodes and early maturity). Table 3 also shows the FW/DW 

ratios of the shoot. In both the varieties, the FW IDW ratio of shoot decreased with the 

increase in root zone salinity which is a typical response of glycophytes to salinity 

(Greenway and Munns, 1980). With the increase in salinity of the root medium, the 

inorganic ions concentration gradually increases, which along with the decreased tissue 

water (low FW/DW ratio) may help plants in osmotic adjustment to high root zone 

salinity (Salim, 1989). 

Sensitivity or tolerance of crops to salinity cannot be defmed by a single term 

(Maas and Hoffman, 1977) but may vary according to the yield component used as an 

index. Different growth phases can be effected to different extant by salinity and 

amendments. Therefore, screening for salt tolerance among genotype cannot be limited 

to the early growth stage (Silberbush and Lips, 1991). In case of wheat, this screening 

should be carried out until grain maturity. 

The data on number of tillers per plant was taken before the harvesting of crop. 

All the productive tillers (bearing spikes) were counted and averaged. The early 
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Figure 6. Effects of different treatments with or without salts on relative dry matter 
yield (RDMY) of two selected wheat varieties. 
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maturing YR produced fewer productive tillers per plant (Table 4) as compared to SL 

enen in the control pots (Figure 7). The reason for fewer tillers in the control pots is the 

inherent character which could not be changed with fertilizers, while SL produced 50 % 

more tillers per plant. All of the salt treatment with or without nutrient amendments, 

significantly (p < 0.0001) reduced the number of tillers. The nutrient addition did not 

effect the number of tillers significantly in YR except that NH.. addition produced 1 more 

tiller while the remaining treatments were similar. SL produced significantly (P < 

0.001) more tillers per plant especially when amended with the NH.. and Ca. The 

differences in number of tillers when supplied with NH.. and Ca were 20% and 11 % 

respectively smaller when compared to control. The addition of Mg at both levels 

produced fewer tillers than NaCI addition to the nutrient solution. The combined 

analyses (averaging the mean values of both varieties, not shown in the table) revealed 

that NH4 at the rate of 8 meq/L produced maximum number of tillers and was not 

significantly different from the control pots which clearly indicates the superiority of NH.. 

as an amendment counteracting the deleterious effects of NaCI salinity. Francois et al. 

(1986) reported fewer tillers per plant of wheat with increasing levels of salinity. YR 

initially produced more tillers but the younger tillers did not reach maturity. The reason 

for the reduction in the development of young tillers may be Na exclusion from older 

tillers toward the younger ones, where it accumulated and caused the immature death. 

In case of SL, the younger tillers survived until the maturity and produced some grain. 

This seems to be the mechanism by which SL avoids salinity hazard by accumulating Na 

in the primary shoot and restricting its movement to the younger tillers while YR did not 
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Table 4. Effects of various treatment combinations with or without salinity (N aCI = 100 
mM) on number of tillers per plant and grain yield (g/pot) of two wheat 
varietie, SL and YR. 

No of Tillers 

Treatment SL YR 
Combinations 

Control (HS) 153 8 

HS + 4 meq/L 14 7 
CaS04 

HS + 4 meq/L 16 7 
MgS04 

HS + 4 meq/L 17 9 
NH4N03 

HS + NaCI 6 3 

HS + NaCI + 4 8 3 
meq/L CaS04 

HS + NaCI + 8 9 3 
meq/L CaS04 

HS + NaCI + 4 6 3 
meq/L MgS04 

HS + NaCI + 8 6 3 
meq/L MgS04 

HS + NaCI + 4 8 4 
meq/L NH4N03 

HS + NaCI + 8 10 4 
meq/L NH4N03 

a: Average of four plants and four replications 
b: Average of four replications 

Grain Yield 

SL YR 

34.6b 12.6 

37.9 12.7 

39.9 11.5 

43.9 15.4 

17.1 4.2 

20.3 4.2 

20.9 4.2 

16.9 4.1 

14.9 3.8 

20.7 5.0 

23.5 5.2 
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Figure 7. Effects of different treatments with or without salts on number of tillers 
of two selected wheat varieties. 
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tolerate the high Na accumulation in younger tillers and hence immature death of the 

younger tillers occurred. Silberbush and Lips (1991) also reported that NH.. under saline 

condition produced more wheat tillers while K-amended NaCI solution did not effect the 

number of tillers. 

Salt treatments hastened maturity. The inflorescence emerged from the boot 

approximately 7-10 days earlier in the salt treatments than in the control treatment. This 

difference was greater for YR than SL and maintained throughout the grain filling and 

seed maturation stages. NH..-amended salt solution slightly delayed the maturity among 

the salt treated and nutrient amended salt solution. 

4: 1 :2. Grain Yield 

The principal objective of most small grain farmers is maximum grain yield per 

unit area of the land. Keeping this objective in view, grain yield was recorded for both 

varieties. Grain yield data for both varieties is given in Table 4 and the average absolute 

and relative grain yield are plotted in Figure 8 and 9. The negative grain yield (absolute 

and relative yield) response to the salt solution alone or supplemented with nutrient 

elements can be clearly noted. The grain yield was significantly reduced (P < 0.001) 

by salt treatment (Table 5). The yield reduction was 67% for YR when 100 mM NaCI 

was applied to the nutrient solution. All the supplemental elements at both concentration 

levels when added to the salt solution did not effect the yield significantly in comparison 

to the control pots. The higher level of supplemental Mg (8 meq/L) further reduced 

(70 %) grain yield indicating the toxicity of Mg more than when NaCI was applied alone. 



Table 5. Analyses of variance summaries of various growth and yield parameters of two wheat varieties grown 
in saline (100 mM NaCI) sand culture. 

Source of DF 

variations 

Varieties (V) 1 

Treatments (T) 10 

VxT 10 

LSD (V) 0.05 

LSD (T) 0.05 

LSD (V) 0.01 

LSD (T) 0.01 

*** Significant at P = 0.0001 
NS = nonsignificant at P = 0.05 

FW 

*** 

*** 

*** 

2.41 

5.661 

3.210 

7.528 

DW No. of Grain 

tillers Yield 

*** *** *** 

*** *** *** 

NS *** *** 

0.402 0.566 1.702 

0.944 1.328 3.992 

0.535 0.753 2.263 

1.254 1.766 5.306 

\0 
-...l 
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Figure 8. Effects of different treatments with-or without salts on absolute grain yield 
of two selected wheat varieties. 
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Figure 9. Effects of different treatments with or without salts on relative grain yield 
of two selected wheat varieties. 
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By comparing the results of supplemental Ca, Mg and ~, it can be seen that the higher 

level of ~ addition to salt solution significantly (p = 0.05) increased the yield over 

Ca and Mg; the reduction when compared to control was 59%. In contrast to YR, the 

grain yield for SL was significantly (p < 0.(01) higher and the addition of supplemental 

Ca and ~ increased the yield over salt treatment alone. The grain yield in SL was 

reduced by 51 % when 100 mM NaCL was added to the nutrient solution but reduced 

only 32 % when 8 meq/L ~ was supplemented to the salt solution. Similar to YR 

grain yield, adding Mg at both levels (4 and 8 meq/L) reduced the grain yield. By 

comparing the relative grain yield of both the varieties (Figure 9), it is clear that SL 

out yielded YR at each salt plus supplemental nutrient level. The reason for lower yield 

of YR was the reduction in both spikes numbers and individual grain weight (not 

recorded but observed). Individual spike weight of SL was high and the grain reached 

full maturity but in YR the grains were shrivelled. Francois et al. (1988) reported 

similar result for triticale when irrigated with saline water. The combined data (average 

of both varieties) further confirm the superiority of NFI4 addition over Ca. Torres and 

Bingham (1973) reported that number of tillers and spike formation were greatest under 

9 meq/L N03 added to the salt solution and of course, least under the highest NaCllevels 

(120 mM). In their experiment, straw and grain production paralleled number of tillers, 

being greatest at the 9 to 15 meq/L treatment provided the salinity was moderate (60 

mM). Grain yield data of both the varieties was correlated with number of tillers (Figure 

10 and 11). Plants with greater number of tillers produced greater grain yield. Heberer 
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Figure 10. . Relationship between grain yield and number of tillers per plant of 
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mM N aCI in nutrient solution, 
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Figure 11. . Relationship between grain yield and number of tillers per plant of Yecora 
Rojo (YR) grown on 2 levels of Ca, Mg and NH4 with 0 or 100 mM 
NaCI in nutrient solution. 
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and Below (1989), Chhipa and Lal (1985) and Silberbush and Lips (1991) reported 

similar results for wheat. 

Based on the yield parameters (number of tillers and grain yield), it can be 

concluded that SL is salt tolerant and the yield can be manipulated (increased) with the 

addition of fertilizers (Grattan and Grieve, 1994). 

According to Bernstein (1974), the effects of salinity and nutrition on grains and 

vegetables are independent and additive when stress is imposed upon them by nutrient 

deficiency and salinity. When either of these factors severely limits growth, the other 

has little influence on yield. This interpretation becomes true for YR because salinity 

was limiting the growth, hence the addition of nutrients did not improve the yield, while 

salt tolerance was improved by nutrients for SL. 

4: 1 :3. Water Relations 

Results of the three water relation parameters, leaf water potential (vw) , leaf 

solute potential (v J and leaf turgor potential (v p) of fully expanded leaf, and of both 

cultivars are presented in Table 6 and ANOVA in Table 7. vp was calculated as the 

difference between v w and v.. Addition of salt alone or supplemented with nutrient ions 

significantly (p < 0.001) decreased the Vw of both the cultivars (Figure 12). The 

highest v w values were observed in the control treatment. Analyses of variance (Table 

7) for V. showed significant (p < 0.001) decrease for both varieties. Lower values 

were observed when NaCI was added alone (Figure 13) but the rest of the salt treatments 



Table 6. Mean leaf water potential ('1' w), osmotic potential ('1's) and turgor potential ('1' •• ) of two wheat varieties 
at different combinations of nutrients and salt (NaCI = 100 mM) for 4 weeks. 

Varieties 
SL YR 

Treatment Combinations eKwl eKJ eKpl eKwl eKJ eKrl 
(-MPa) (-MPa) (MPa) (-MPa) (-MPa) (MPa) 

Tl = Control (Hsa) 1.08b 1.28 0.20 1.07 1.25 0.18 

T2 = HS + 4 meq/L CaS04 0.96 1.23 0.27 0.98 1.27 0.29 

T3 = HS + 4 meq/L MgS04 1.03 1.25 0.22 1.07 1.31 0.24 

T4 = HS + 4 meq/L NHtNO) 1.08 1.31 0.23 0.95 1.30 0.35 

T5 = HS + NaCI 1.61 1.87 0.27 1.66 1.84 0.18 

T6 = HS + NaCI + 4 meq/L CaS04 1.44 1.80 0.37 1.54 1.86 0.33 

T7 = HS + NaCI + 8 meq/L CaS04 1.53 1.87 0.34 1.43 1.74 0.30 

T8 = HS + NaCI + 4 meq/L MgS04 1.36 1.68 0.32 1.37 1.81 0.44 

T9 = HS + NaCI + 8 meq/L MgS04 1.36 1.69 0.30 1.71 ·2.00 0.29 

TIO = HS + NaCI + 4 meq/L NH4N03 1.42 1.79 0.37 1.46 1.85 0.39 

TIl = HS + NaCI + 8 meq/L NH4N03 1.60 1.96 0.36 1.59 1.84 0.25 

a: HS = Hoagland Solution. b: Each value is the mean of four replications. -~ 
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Table 7. Combine analyses of variance of plant water relation parameter of two 
wheat varieties grown at different nutrients combinations with 100 mM NaCl. 

Source of DF 
variation 

Varieteis (V) 1 

Treatments (T) 10 

VxT 10 

LSD (V) 0.05 

LSD (T) 0.05 

LSD (V) 0.01 

LSD (T) 0.01 

Water r~latiQn 12arameters 
irw ira irp 

NS NS NS 

......... ... ...... NS 

NS NS NS 

0.062 0.074 0.068 

0.145 0.173 0.160 

0.082 0.098 0.090 

0.193 0.230 0.212 

*** = significant at P = 0.001, NS = non significant at P = 0.05. 



-ca a.. 
~ 1 
...!,.. 

.! -C 
I» 
'0 a.. 
l-

106 

l;;;lgSL .VR 

I» 1.2 -~ 

T1 T2 T3 

Tl = Hoagland Solution (HS) 
1'2 = HS + 4 meq/L CaSO. 
T3 = HS + 4 meq/L MgSO. 
T4 = HS + 4 meq/L NH.NO, 
TS = HS + 100 mM NaCI 

T4 ~ T6 T7 T8 T9 T10 

. Treatments 

T7 = HS + NaCI + 8 meq/L CaSO. 
T8 = HS + NaCI + 4 meq/L MgSO. 
T9 = HS + NaCI + 8 meq/L MgSO. 
TlO = HS + NaCI + 4 meq/L NH..NO, 
Til = HS + NaCI + 8 meq/L NH..N03 

T6 = HS + NaCI + 4 meq/l CaSO. 

Figure 12. Effects of different nutrients levels in salt and nutrient solution on water 
potential of two selected wheat varieties. 
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Figure 13. Effects of different nutrients levels'in salt and nutrient solution on osmotic 
potential of two selected wheat varieties. 
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were not significantly different among themselves. The interaction for both irwand ir. 

with the varieties was also not significant (p > 0.4). No significant differences were 

demonstrated in the ir w and ir. between the two selected cultivars. The magnitude of the 

ranges of values are indicative of variability between replicate samples. It appears from 

the data that any differences in water relations between varieties were either masked by 

variability obtained in the replicated samples, or were not present at the sampling time. 

In view of the large variability in replicate data, it seems futile to attempt any detail 

interpretations. The main point is the fact that no differences between the two cultivars 

were evident and the salt tolerance cannot be based on the water relation parameters 

(Kingsbury et al. 1983). According to Flowers et al. (1977) and Wyn Jones et al (1977), 

halophyte as well as glycophyte plant species adjust to high salt concentration by 

lowering tissue osmotic potentials with increased uptake of solutes. In this experiment, 

ir. was lowered by the addition of salts, and the reduction in yield may have been due 

to toxic effect of accumulated solutes despite the osmotic adjustment in tissues (Flowers 

et al. 1977, Wyn Jones, et al. 1977). Kingsbury et al. (1983) compared two selected 

lines of bread wheat differing in their relative salt resistance and found no significant 

difference in water relations of both varieties. Termaat and Munns (1986) studied the 

water relations of wheat in the expanding and expanded leaves and found no significant 

differences in the ir. of expanding leaf tissue of wheat grown in 100 mM NaCI, 

however, ir. of the fully expanded leaf was higher for the NaCI treatment. 

Analyses of the irp reveals that there were no significant differences (p > 0.05) 

in the irp (Figure 14). The reason may be again the high variability in the irw and ir. 
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Figure 14. Effects of different nutrients levels' in salt and nutrient solution on turgor 
potential of two selected wheat varieties. 
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and there is no direct method to measure i'p. It can be concluded that i'p is not to be 

a reliable tool for assigning varietal tolerance levels. These results contradict Greenways 

and Munns (1980) who reported that higher i'p is the principal factor for maintaining 

growth at high salinity. In the present experiment, the lack of response may be due to 

the variability in the i'w and '1' •. Secondly, sampling time may cause variability in '1'p. 

Unfortunately, a continuous monitoring of water potential was not possible, on account 

of limitations in availability of equipment and manpower. Because the two varieties 

differed in yield ability under salt treatment, it is inferred that the water relation 

parameters are not the major threatening survival or yield reducing factor for wheat. 

This conclusion is of course restricted to the condition of this experiment. Kingsbury et 

al. (1983) presented an almost similar opinion. 

4:1:4. Mineral Composition of Plant Tissue 

4: 1:4: 1. Sodium Uptake 

Chemical analyses of leaf tissue collected at early spike emergence are listed in 

Table 8. Sodium concentrations in plant tissue increased significantly (p < 0.001) with 

salt addition in both varieties. Greater amounts of Na (7.4 and 12.83 g kg- l DW in SL 

and YR, respectively) were observed when 100 mM NaCI was added to the Hoagland 

solution. The second highest amount was found when NaCI + MgS04 (100 mM + 8 

meq/L) were applied in irrigation water. The increase in Na concentration with respect 

to control was 87% for both varieties indicating Na specific toxicities and nutritional 

imbalance. The concentration of Na was significantly reduced by the addition of ~ 



Table 8. Leaf mineral composition of two wheat varieties grown on 3 different supplemental nutrients addition to 
100 mM NaCI in sand culture 

Varieties 

SL YR 
Treatments Na K Ca Mg Na K Ca MG 

g kg·· DW 

TlO 0.93 55.71 5.98 2.57 1.58 56.01 6.96 2.62 

T2 1.01 49.72 6.27 2.31 1.54 55.40 7.42 2.36 

T3 0.96 52.00 5.91 3.44 1.44 52.40 6.29 3.28 

T4 0.85 54.17 7.58 2.47 1.63 54.26 7.97 2.26 

T5 7.40 35.38 3.50 2.35 12.83 34.58 3.99 2.05 

T6 5.53 36.23 3.95 2.39 11.31 34.39 3.99 1.90 

T7 5.45 34.27 4.20 2.16 11.10 36.25 4.74 1.95 

T8 6.05 33.80 3.30 2.92 11.90 34.16 3.37 2.41 

T9 6.99 35.07 3.23 3.37 12.16 33.69 3.76 2.96 

TIO 4.80 37.25 3.99 1.94 11.02 38.80 4.26 1.79 

TIl 4.68 41.48 4.64 1.75 10.41 35.54 4.72 1.46 

a: Treatment combination is given in table 4. Each value is the mean of three replications. ---
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and Ca to the NaCI treated nutrient solutions. NIl. at both 4 and 8 meq/L level 

significantly (p < 0.05) reduced the Na content in leaf tissues of SL but the Na+ 

reduction in YR was not pronounced at the lower level of applied NIl.. The reduced 

uptake of Na in NIl. applied salt treatment plant tissue could be the results of Na dilution 

due to growth which is evident from the high yield in SL as compared to YR. 

By comparing the supplemental NH4 and Ca addition to salt solution, it is evident 

(Figure 15) that NH4 addition to salt solution was better in terms of reduced Na+ uptake 

and hence Na toxicity or Na induced ion deficiency (especially K). The beneficial effects 

of NIl. are also reported by Ali (1993); Dhir (1977); Sherma and La! (1975); Silberbush 

and Lips (1991) and Torres and Bingham (1973). All of these authors found decreased 

Na+ uptake when ~ was added to the salt solution. The reduced uptake of Na in Ca 

amended salt solution is supported by LaHaye and Epstein (1969, 1971). According to 

them, Ca reduces the permeability of root cell membranes to Na, resulting in restricted 

Na uptake by rice. In contrast, Yeo and Flowers (1985) observed no significant effects 

of various Na/Ca ratios on the uptake of Na and the growth of rice shoots. This may 

be due to (1) a lower salinity level (50 mM) used in their experiment compared to 100 

mM NaCl in this study, and (2) a shorter period of salinization (7 days compared to 44 

days). 

The Na concentration of both the cultivars were significantly different (p < 

0.(01) as shown in the ANOYA in Table 9. YR accumulated two to three times more 

Na + in leaf tissues at all treatment pots than did SL. Even in the control pots, YR 

accumulated higher Na. The higher level of Na may be the cause of reduced yield in YR 



Table 9. Combine analyses of variance for mineral concentrations of two wheat varieties grown under 
different levels of nutrients and 100 mM NaCI salinity. 

Minerals ions 

Source of DF Na K Ca Mg CI N03 

Variations 

Varieties (V) 1 *** NS ** *** *** ** 

Treatments (T) 10 *** *** *** *** *** *** 

VxT 10 *** NS NS NS *** *** 

LSD (V) 0.05 0.354 2.26 0.27 0.081 1.357 3.242 

LSD (T) 0.05 0.831 5.30 0.635 0.189 3.183 7.604 

LSD (V) 0.01 0.474 3.022 0.362 0.108 1.815 4.335 

LSD (T) 0.01 1.111 7.068 0.849 0.253 4.256 10.167 

*, **, *** significant at 0.05, 0.01 and 0.001 level of probabilities respectively. 
NS = nonsignificant. 

S04 P04 

*** *** 

*** *** 

** * 

0.403 1.499 

0.945 3.515 

0.539 2.004 

1.264 4.699 

--w 
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Figure 15. Na+ concentration in leaves of two selected wheat varieties grown on 0 
. and 100 mM NaCI and different supplemental level of Ca, Mg and NH4 

in sand culture. 
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as compared to SL. Rana (1977), and Torres and Bingham (1973) reported higher Na+ 

level in salt sensitive wheat varieties under saline condition. In contrast, Kingsbury et 

al. (1983) reported little differences of Na uptake between the selected tolerant and 

sensitive lines of wheat, which may be due to (1) using 20% seawater as a salt treatment 

as compared to NaCI salinity (Seawater contains considerable amount of Ca and Mg), 

and (2) using solution culture as compared to sand culture in this experiment. The 

justification of higher Na in Kingsbury et al's. (1983) experiment was compartmentation 

of Na in the vacuoles in the salt tolerant verities. In the present experiment, the low 

uptake of Na in SL may be attributed to the Na exclusion from the shoot or preferential 

(selective) ion uptake. Schleiff (1978) and Chhipa and La! (1983) reported that salt 

tolerant plants maintain the ionic balance in their body by higher uptake of K, Ca and 

P and lower uptake of Na. Greenway (1962) was also of the view that salt sensitive 

varieties accumulated higher quantities of Na and CI than those of salt tolerant varieties 

which is the cause of reduced yield at elevated salinity. 

4: 1 :4:2. Potassium Uptake 

Potassium concentration in the wheat tissue was significantly reduced (p < 0.001) 

by the addition of salt with or without supplemental nutrient element to nutrient solution. 

The highest concentration of K (Table 8) was observed in control (Hoagland solution) 

pots and was not significantly different from control versus control + supplemental 

nutrients addition (Tl - T4, Figure 16) at low level without salt solution, but different 

from rest of the salt treated pots. Supplemental Ca, NH.. and Mg addition to the salt 
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Figure 16. K+ concentration in leaves of two ~elected wheat varieties grown on 0 and 
100 mM NaCI and different supplemental level of Ca, Mg and NH4 in 
sand culture. 
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solution did not effect K concentration in leaf tissue. Both the cultivars on an average 

had almost similar K concentration. These results reveals that Na reduced the K uptake 

due to the raising of the NalK ratio in the external solution, while supplemental nutrient 

elements has no synergistic effect on enhancing the K uptake. Even though 

nonsignificant, NH4 supplemented salt solution enhanced the K uptake, which may be due 

to better growth in these pots. In general, the decrease in K content equals the increase 

in Na content of leaves. Although K concentration was reduced by salt stress, the 

reduction were judged unlikely to be critical since even the lowest content noted (33.6 

g/kg DW) was well above the minimum level considered adequate for wheat (Epstein, 

1972). Possibly, however, there may be an increased requirement for K, when plants 

are under stress. Kingsbury et al. (1983) reported reduced K uptake by two 

wheat varieties when irrigated with 20% and 40% seawater. Both the salt resistant and 

tolerant cultivars in their experiment had similar shoot K concentrations under 20 % 

seawater irrigation, but there was more K in the roots of resistant lines than sensitive 

lines. Alberaco and Cramer (1993), in preliminary screening of seven maize cultivars, 

reported that supplemental Ca did not significantly effect the K concentration of shoots. 

Kent and Lauchli (1985) also reported that shoot K content of salinized cotton seedlings 

were unaffected by the Ca level in the growth medium. In contrast, Silberbush and Lips 

(1991) reported that K was reduced by the addition of Na but increased with nitrogen 

(NH4 or N03 in various combinations) and K in the media. The positive effect of 

nitrogen and K in their experiment may be due to the lower salinity applied (60 mM as 

compared to 100 mM is this experiment). It can be concluded from these results that Na 
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has a strong antagonistic effect on K uptake at elevated salinity and may possibly be 

counteracted and compensated by the higher K level in the external solution. 

4: 1 :4:3. Calcium Uptake 

Data pertaining to Ca concentration in leaf tissue as affected by salt treatment and 

supplemental nutrient addition to salt solution is shown in Table 8 and the analyses of 

variance in Table 9. The Ca concentration in leaves was depressed by the addition of 

NaCI to salt solution. The addition of 4 meq/L supplemental Ca to salt solution (T6) had 

similar Ca leaf concentrations as when NaCI was applied alone (T5) but the Ca 

concentration increased significantly (p < 0.(01) when 8 meq/L Ca was supplemented 

to the salt solution (Figure 17). This implies that Ca at the low level was not sufficient 

to counteract Na effect or increase yield. It may also be that Ca was not completely 

dissolved or precipitated as CaC03 because the water used for irrigation has sufficient 

C03 and HC03 to buffer Ca changes. The reduction in Ca uptake due to NaCI salinity 

was almost two fold in comparison to control. Supplemental Mg (T8 and T9) to the salt 

solution depressed Ca even more than when NaCI was applied to the nutrient solution 

which shows the Mg antagonistic effect on Ca. Cations antagonism under non saline 

condition is well known to influence tissue cation ratios (Mengel and Kirkby, 1987). 

Kawasaki and Moritsugu, (1979), and Ohno and Grunes, (1985) reported reduced Ca 

uptake by plants under high salt and Mg concentration which leads to Ca deficiency. 

However, visual Ca deficiency symptoms were not evident in the plants, and the 

proclaimed beneficial effects of Ca (LeHaye and Epstein, 1969; Cramer et al. 1985; 
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Figure 17. Ca2+ concentration in leaves of tWo selected wheat varieties grown on 0 
and 100 roM NaCI and different supplemental level of Ca, Mg and NH4 
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120 

Lynch and Lauchli, 1988 and Lynch et al. 1987) were not achieved in this experiment. 

The lower Ca concentration in the tissue are reflected in term of low fresh and dry 

matter yield, grain yield, numbers of tillers, none of which increased to the level 

expected as compared to the control pots with the addition of supplemental Ca (1"2). 

There could be two major reasons of comparatively poor performance and reduced 

uptake of Ca in this experiment. The flrst one is that the levels that were used in this 

experiment were not high enough for wheat under saline condition, as the wheat Ca 

requirement is high as compared to other cereals (Ehret et al. 1990). Secondly, the 

incomplete dissolution of gypsum or the ion pair formation of Ca with S04 reduced the 

activity of Ca ion in the solution (Suhayda et al. 1992). Ehret et al. (1990) compared the 

growth and ion uptake of wheat and barley grown in saline solution culture (MgS04' or 

NaS04 plus MgS04 salt stress), reported that salinized wheat had equivalent or higher 

Ca and high Ca/(Na+Mg) ratio than barley. The higher Ca requirement of wheat is 

apparently speciflc to a saline situation. The result would have been different if CI 

would have been the associated ion to Na or Mg was in their experiment. Kent and 

Lauchli (1985) reported that adding 10 mM Ca as S04 or Cl to 200 mM NaCl solution 

did not improve germination and shoot yield of cotton seedling, but to a large degree it 

offset the reduction in root growth caused by NaCl. The signiflcantly higher (P < 0.05) 

Ca uptake in NH.t supplemented saline medium deserves special attention. In both 

cultivars, the Ca concentration was enhanced by the addition of NH.t which shows that 

NH4 has a synergistic effect on Ca uptake. The better yield of SL in particular (YR also) 

in NH4 supplemented salt solution could be the better utilization of Ca and other essential 
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ions and dilution of Na in plants. To my knowledge, no such beneficial effect of NH4 

on Ca is reported in the literature under saline condition. Further experimentation may 

be needed to confmn the beneficial effects of NH4 on Ca utilization under saline 

condition at various concentrations. 

4: 1 :4:4. Magnesium Uptake 

Magnesium concentration in the leaves was significantly affected (p < 0.001) by 

the treatment. From the data in Table 8 and Figure 18, it is evident that Mg content was 

highest when supplemental Mg was added to the nutrient solution irrespective of salt 

additions. In both varieties, more Mg was found in T3 (Hoagland sol. + 4 meq/L Mg) 

followed by T9, while supplemental NH4 at both level (4 and 8 meq/L) to salt solution 

reduced the Mg uptake possibly by the antagonistic effect or competition between these 

cations under saline conditions. Kent and Lauchli (1985) reported that Mg content in the 

roots or shoot was unaffected by high concentrations of Na and Ca in the nutrient 

solution. The high concentration observed in T9 (100 mM NaCI + 8 meq/L) may be 

toxic because in both cultivars the growth and yield parameters were reduced 

significantly. These results are also in agreement to the work of Ehret et al. (1990) who 

reported increased Na and Mg concentration with increasing salinity, with Mg being 

highest in the wheat and Na highest in the barley. However, in their study, supplemental 

Ca addition reduced Mg content in wheat. This was true for YR in the present study 

which is sensitive but not for SL. Kingsbury and Epstein (1986) reported that salt 

resistant line of wheat accumulated more Mg than salt sensitive line under saline 
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Figure 18. Mg2+ concentration in leaves of two selected wheat varieties grown on 0 
and 100 mM NaCI and different supplemental level of Ca, Mg and NH4 
in sand culture 
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conditions, possibly for osmotic adjustment. Kent and Lauchli (1985) found that the 

addition of 10 mM MgS04 to the salinized solution even resulted a significant reduction 

of root and shoot fresh weight, indicating a sensitivity of the cotton seedling to high level 

of Mg. In their experiment, NaCI treatment with adequate and high Mg level did not 

differ significantly in term of root and shoot yield. 

4: 1 :4:5. Chloride Uptake 

The results of leaf tissue CI concentrations are given in Table 10 and the 

statistical analyses are summarized in Table 9. The addition of NaCI alone or 

supplemented with Ca, Mg and ~ at various concentrations significantly (p < 0.0001) 

increased the CI concentration in the leaves when compared with control (Figure 19). 

Of particular interest is the significant reduction (among the salt treated pots) of Cl" in 

plants treated with ~ as ~N03' The higher level of supplemental NH4N03 (8 

meq/L) , significantly reduced the CI- concentration in SL. YR accumulated more CI

than SL at each salt plus nutrient treatment. The poor performance of YR may be due 

to the combined toxicity of CI and Na which are accumulated in higher amount in the 

leaf tissues. These results are in agreement with the previous work of Suhayda et al. 

(1992), Kingsbury, et al. (1983). According to Storey and Wyn Jones (1978), the salt 

tolerance of barley was correlated with CI exclusion from the shoot. The comparatively 

better performance under saline condition when supplemented with NH4N03 in this study, 

might be the restriction of CI to the shoot by N03 associated with ~ in NH4 treated 

pots. Ahmad et al. (1993) reported the interaction of salinity and both forms of Nand 



Table 10. Water soluble anions concentration of two wheat varieties grown in salt (100 mM NaCI) and 
supplemental nutrients addition in sand culture. 

Varieties 
Treatments SL YR 

CI N03 S04 P04 CI N03 S04 P04 

g kg-I DW 

T1 3 3.93 37.05 6.27 11.72 4.05 62.88 6.96 26.86 

T2 1.98 30.92 10.28 12.70 2.52 58.18 7.42 26.25 

T3 3.95 30.47 9.67 14.72 2.47 57.63 6.29 24.48 

T4 2.49 31.76 6.32 13.48 1.69 60.95 7.97 27.01 

T5 23.33 11.82 4.96 18.47 35.18 6.02 3.99 33.20 

T6 24.81 13.49 4.45 15.65 32.99 6.92 3.99 31.96 

T7 25.51 14.14 4.94 15.02 32.23 7.06 4.74 31.76 

T8 26.08 12.07 6.44 14.64 32.05 4.86 3.37 29.24 

T9 23.97 10.83 4.55 19.23 34.68 4.19 3.76 32.07 

TIO 21.29 14.88 4.77 20.25 29.31 6.51 4.26 37.62 

Tll 15.78 12.21 5.03 23.50 27.68 6.27 4.72 43.50 
- -a: Treatment combination is given in table 4. Each value is the mean of three replications. tv 

~ 
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Figure 19. Concentration of CI- in leaves of ,wheat grown on different concentration 
of Ca, Mg and NH4 in the nutrient sand culture with or witiD.Jt 100 mM 
NaCl. 
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concluded that the best N-fertilizer form is NH4NO) under salt condition, because of its 

dual function as cation and anion restricting Na and Cl and also as providing nitrogen the 

most limiting element in agriculture. Curtin et al. (1993) also reported that plant 

response to salinity depends on the kind of salts (sulfate or chlorides) contributing to 

salinity as well on the electrolyte concentration. Growth of barley and Kochia was better 

with S04 system than Cl due to CI toxicity. 

4: 1 :4:6. Nitrate Uptake 

The N03 concentration in leaf tissue was significantly (p < 0.001) reduced by 

the addition of salts regardless of the supplemental substrate NO) treatment (Figure 20). 

The N03- concentration in control was almost 3 times greater than in salt treated SL 

plants (Table 10) while in YR, the decrease in NO) concentration in the salt treated 

plants was 10 fold which indicates the possibility of NaCl induced NO) deficiency in YR 

(Torres and Bingham, 1973). Jadav (1969) likewise concluded that NaCI reduced the 

availability of N03 to wheat (sonora 64). Additional support for the CI- induced 

reduction in NO) uptake is the higher Cl concentration in the salt treated plants. These 

results are also an agreement with the work of Ward et al. (1986) who attributed the 

reduced N03 uptake due to increased accumulation of Cl or S04 in the roots. Ward et 

al. (1986), however, reported the increased activity of NO) transporter due to Ca2+ under 

saline conditions, but it had little effect under nonsaline conditions. This increased 

transporter activity in term of higher NO) uptake due to Ca was not significantly evident 

in this experiment, possibly due to insufficient supplemental Ca in the substrate or it 
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Figure 20. Concentration of N03" in leaves of wheat grown on different concentration 
of Ca, Mg and NH4 in the nutrient sand culture with or without 100 mM 
NaCl. 
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might be Ca precipitation in the solution. Smith (1973) reported that N03 uptake in 

barley is dependent on the internal rather than external CI- concentration. CI was present 

in higher amount both in internal and external medium, which resulted reduced uptake 

of N03 in this experiment. Silberbush and Lips (1991) reported a positive response of 

wheat yield to increase NHiN03 ratio, but shoot N concentration was not changed by 

this ratio and the reduced uptake of N03 was attributed to the unequal uptake of cations 

and anions by the root which may induce significant pH changes at the root-soil 

interface. 

4: 1 :4:7. Sulfate Uptake 

An examination of the data (Table 10) for water soluble S04 concentration in 

plant tissue reveals significant differences (p < 0.001) between the control and salt 

treated plants. The supplemental addition of Ca, Mg in salt solution did not significantly 

effect S04; however, supplemental NH4 as NH4N03 increased slightly the S04 uptake 

(Figure 21) which might be due to the better utilization or comparatively high growth in 

the nitrogen fed plants under saline condition. In many salinity fertility interaction 

experiments, S04 is not considered an important component because it is seldom present 

in most of the fertilizers and is low in soil. However, in the present experiment, the 

significant decrease in S04 concentration in salt treated plants might be due to interaction 

or competition with CI which resulted depressed uptake of S04. Similar findings were 

reported by Curtin et al. (1993) for barley salinized with CI or S04 salts. The SOl 
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Figure 21. Concentration of S04" in leaves of wheat g row non d iff ere n t 
concentration of Ca, Mg and NH4 in the nutrient sand culture with or 
without 100 mM NaCl. 
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concentration in leaves was decreased 3 times when Cl was the source of salinity and 

decreased by almost 2 times when S04 was the source of salinity in their experiment. 

Our results also indicates the competition between these two anions while N03 addition 

increased the utilization of S04' Manchanda et al. (1982) have also shown that certain 

plants (cereals) are less tolerant of Cl salinity than of S04 salinity, due to excessive 

accumulation of CI in plant tissue or induce nutritional disorders, such as inhibition of 

N03 or P04 uptake. The significantly lower uptake of S04 by YR might be the higher 

CI content as compared to the slightly tolerant SL under salt treatment. 

4:1:4:8. Phosphate Uptake 

P04 concentration in leaves was significantly affected (p < 0.(01) by several 

experimental treatments including saline and nonsaline. There was inconsistent P04 

uptake pattern in various treatments in SL (Figure 22), but the YR P04 concentration was 

two times greater than SL. Generally, the P04 uptake increased with salinity treatment 

with or without supplemental nutrient element in the salt solution. However, both 

varieties had at least adequate P levels exceeding 10 mM phosphate/l00 g ~ to 3 g/kg 

(Chapman, 1966). According to Bernstein et al. (1974), increasing level of P04 

aggravated salt injury in corn and decrease salt tolerance. If the same applies in this 

experiment, it can be concluded that the higher level of P04 associated with high CI 

concentration in the leaf tissue caused severe nutritional disorders and reduce the yield 

in YR more than SL. The addition of supplemental NH.t did not offset the P04 tissue 

concentration significantly. These results are also in agreement to the work of Silberbush 
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TI = Hoagland Solution (HS) 
1'2 = HS + 4 meq/L CaSo4 

T3 = HS + 4 meq/L MgS04 
T4 = HS + 4 meq/L NH,.NOJ 
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Figure 22. Concentration of P04 '" in leaves of Wheat grown on different concentration 
of Ca, Mg and NH4 in the nutrient sand culture with or without 100 mM 
NaCI. 
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and Lips (1991ll), but they are in apparent contradiction to the work of Papadopoulos 

and Rendig (1983) who reported that increased CI concentration resulted decrease the P 

concentration. This negative P and CI relationship was attributed to their interaction 

other than competition. Possibly, P might have been precipitated with Ca in soil (soil 

has high Ca in their experiment) which resulted in reduced uptake of P04 rather than 

competition with Cl. 

4:2. Barley Experiment 

4:2: 1. Plant Growth and Development as Affected by Salinity 

Details of growth (plant height, number of tiller, biomass yield and grain yield) 

in relation to varieties and applied salinity under different leaching fractions (LF) are 

reported in table and figures along with the analyses of variance. There were little gross 

differences in growth except that Gusteo was short stature and the control plants reached 

maturity about one week earlier than California Mariout. Secondly, the Gustoe spikes 

were shorter than Mariout. The germination was uniform in both varieties. All the 

growth parameters were significantly affected (p < 0.(01) by the applied salinity. 

4:2:2. Plant Height 

The analyses of variance for plant height showed significant differences between 

applied salinity level, genotype and also between the two LFs. In general a barley 

genotype grown in non saline environment produced taller plants (fable 11) than did the 



Table II. Plant height and number of tillers per plant of two barley varieties subjected to NaCI salinity with two leaching 
fractions (LF) 

Salini,tt 

(NaCI) 

(mM) 

0 

150 

250 

Source of 
Variations 

LF 
Varieties (V) 
Salinity (S) 
LFxV 
LF xS 
VxS 
LFxVxS 

varieties 
Mariout Gustoe Mariout Gustoe 

LFl a LF2b LFI LF2 LFI LF2 LFI 

------Plant Height (cm)--------- -----No of Tillers/plant---

97c 103 78 82 15 16 11 

71 72 58 61 9 10 8 

49 55 45 45 7 7 4 

Analyses of Variance (ANOVA) 

DF 

I 
I 
2 
1 
2 
2 
2 

P 

< 0.005 
< 0.0001 
< 0.0001 
NS 
NS 
< 0.001 
NS 

P 

NS 
< 0.0001 
< 0.0001 
NS 
NS 
NS 
NS 

a: LFI = 0.2; b: LF2 = 0.4. c: Average of 5 plants and 3 replications. NS = nonsignificant at P = 0.05. 

LF2 

12 

7 

5 

...... 
w 
w 
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same genotype grown in the saline environment. This indicates that barley was unable 

to reach its full height potential when irrigated with saline water. Both barley genotypes 

responded to high LF (0.4) in terms of slightly taller plants than at low LF (0.2) at 

moderate salinity. The differences are clearly shown in Figure 23. By comparing both 

varieties, Gustoe height was not effected by either LF at height salinity significantly but 

Mariout produced taller plants (p < 0.05) at LF 0.4 under high salinity. This effect of 

high LF is due to salt dilution in the root zone which resulted better growth in Mariout 

than Gusto, which was less tolerant, thus failed to respond to high salinity even at higher 

LF. The superiority of Mariout in term of plant height under high salinity is reported 

by Donovan and Day (1969), but Gustoe is not tested for salinity tolerance (indicating 

less tolerant). Similar findings were reported by Day and Elmigri (1986). The analyses 

of variance (Table 11) shows that none of the interaction terms were significant except 

variety and treatment which may be due the difference in the tolerance level of these two 

barley genotypes. 

4:2:3. Number of Tillers 

The analyses of variance for number of tillers per plant (Table 11) showed a 

significant (p < 0.0001) difference between varieties and applied salinity treatment, but 

LF and all the interaction terms were short of significance. Table 11 shows that barley 

genotypes produced more tillers under non saline conditions than at high salinity (NaCI 

= 250 mM) level. It also clearly indicates the higher tolerance of Mariout than Gustoe 

(Figure 24). The reduction in number of tillers at high salinity is due to increased 
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Influence of irrigation water salinity and leaching fraction on the number 
of tillers per plant of two selected barley varieties. 
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osmotic pressure of soil solution, because of higher salt concentration which in tum 

results in restricted moisture availability to the plants. The plant can absorb moisture so 

long as the osmotic pressure of root cells is greater than that of soil solution. As the 

concentration of salts in growth medium increases, the osmotic pressure gradient 

decreases and water absorption goes down at slower rate resulting in poor growth and 

development. The normal cell division which is responsible for production of tillers 

decreases under saline condition (Chhipa and Lal, 1986). The reduction in number of 

tillers may also be due to the destruction of naturally occurring hormones under saline 

condition (O'Leary and Prisco, 1970). The results of the present study are an agreement 

to those of Silberbush and Lips (1991); and Francois et al. (1986). All of them observed 

reduction in number of tillers with increasing level of salinity of the root medium or 

irrigation with saline water. 

4:2:4. Total Dry Biomass 

The reduced plant height and tiller numbers effects are reflected in the total above 

ground dry biomass (Table 12). The analyses of variance (Table 12) for dry biomass 

showed a significant differences (p = 0.001) for LF, between varieties and within 

treatments (P < 0.0001). Barley genotypes grown in non saline environment produced 

more biomass than did the same genotype under high applied salinity. There was a 

linear decrease in yield (Figure 25) with increasing salinity. The effect of LF was 

pronounced and more biomass was produced at LF 0.4. At higher salinity, the effect of 

LF was less at moderate level of salinity, indicating that salinity through the toxicity of 



Table: 12. Total biomass and grain yield of two barley varieties subjected to NaCI salinity with two leaching fractions (LF). 

varieties 

Salinity Mariout Gustoe Mariout Gustoe 

(NaCl) LFla LF2b LFI LF2 LFI LF2 LFI LF2 

(mM) -------Total Biomass (g/m2) ________ _ -----Grain Yield g/m2 ___ 

o 1415.1C 1613.1 1l09.3 1380.2 482.6 532.2 344.9 406.6 

150 1074.5 1210.7 989.7 1035.0 344.1 417.9 208.2 301.5 

250 625.9 673.4 491.8 535.7 217.7 241.3 94.5 98.7 

Analyses of Variance (ANOVA) 

Source of 
Variation DF P P 
LF I < 0.005 < 0.005 
Varieties (V) I < 0.0001 = 0.0001 
Salinity (S) 2 < 0.0001 < 0.0001 
LF x V I NS NS 

.LF x S 2 NS NS 
VxS 2 NS NS 
LF x V x S 2 NS NS 

a: LFI = 0.2; b: LF2 = 0.4. c: Average of 3 replications. NS = nonsignificant at P = 0.05. 
..
w 
00 
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Figure 25. Effect of saline irrigation water and leaching fraction on the dry biomass 
yield of two barley varieties. 
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a specific ions may have limited the growth (Fink, 1978). High biomass yield would be 

desirable whenever the barley crop is grown for hay production or to provide mulching 

material for the reclamation of disturbed land area, such as copper mine wastes or coal 

mine wastes. By comparing the two varieties, Mariout produced more biomass under 

both saline and non saline environment and under both LF. These results are an 

agreement to the work of Day and Elmigri (1986), who tested 15 barley genotype 

including Mariout which produced high yield when irrigated with high salinity water. 

Hoffman et al. (1979) reported wheat yield reduction when LF was reduced from 0.17 

to 0.02 but this was not true for sorghum, which could be due to the higher salt tolerance 

level of sorghum than wheat. Secondly, sorghum does not produce tillers while wheat 

does, which are effected by salinity as noted in the first (wheat) experiment (reduction 

in number of tillers for wheat). Hoffman et al. (1983) studied the irrigation water 

salinity, LF and irrigation frequency effect on tall fescue, reported that dry matter 

production was reduced significantly with the reduction of LF and increase in irrigation 

water salinity. 

4:2:5. Grain Yield 

Grain yield, an important yield component in small grains, paralleled number of 

tillers and biomass production, being greater in the control than when the plants were 

irrigated with high salinity water. The grain yield data of two barley genotypes with 

respect to different salt treatment and LF is presented in Table 12 and Figure 26. The 

grain yield decreased significantly with an increase in the salinity of irrigation water. 
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The average grain yield (for both LF) decline with respect to control for Mariout was 

25 % and 54 % for the salinity of irrigation water of 150 and 250 mM, respectively, and 

for Gustoe, the reduction was 25% and 74% when the salinity of irrigation water 

increased from 150 to 250 mM, respectively. These values indicate that at moderate 

salinity level, the percent reduction for both genotypes was same but Mariout out-yielded 

at high salinity because of its higher salt tolerance level. Rawson et ale (1988) described 

the origins of salt tolerance a two fold deriving from (1) a physiological tolerance - this 

was defined as a small relative reduction in growth due to salinity, and (2) an absolute 

tolerance - this was shown as an intrinsic high growth rate of the genotype, i.e. apparent 

both in and out of salinity. According to this division, Mariout has the absolute tolerance 

origin. Decrease in grain and biomass yield of barley with an application of highly 

saline water were also reported by Pal et ale (1984) and Day and Elmigri (1986). The 

reduction in yield under salt stressed environment is due in part to the osmotic adjustment 

effect which lowers the osmotic potential of the medium, a possibility under arid and 

semi-arid environments (Hoffman and Rawlins, 1971), and nutritional disturbance and 

toxicity (high Na and CI) according to Curtin et al.(1993). Shainberg and Oster (1978) 

reported that, during the irrigation phase, as the water evaporates or is transpired, the 

osmotic potential of the soil solution drops and concentrations of specific ions toxic to 

plant growth increase, which results in stunted growth, nutritional imbalance followed 

by low production. Thus under saline water cultivation, it is best to grow tolerant crops 

and their varieties, as most of them by virtue of their low moisture requirement and 

higher osmotic pressure have better tolerance to the saline conditions. 
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Leaching fraction had significant effect (p < 0.(05) on the grain yield. The 

effect of LFs was much pronounced at moderate salinity (Figure 27) than at high salinity 

(NaCI = 250 mM). Hoffman and Jobes (1983) reported LF of 0.13 to be an optimum 

for barley grain production which is well below the lower LF (0.2) in this experiment. 

The reason of their reduced optimum level of LF was due to low salinity water used in 

their experiment (EC = 2.3 dS/m compared to 150 mM = 15 dS/m and 250 mM = 25 

dS/m). Secondly, Hoffman and Jobes (1983) used only one level of irrigation salinity 

water which could have resulted different optimum LF if higher salinity water were used. 

4:2:6. Water Loss and Water Use Efficiency CWUE) 

Evapotranspiration (ET) for each applied salinity and LF treatment was calculated 

as the difference between total water application during the entire growth period minus 

drainage. The analyses of variance (Table 13) showed a significant difference between 

the two LF, which was expected because more water was used for LF of 0.4 than LF 

of 0.2. As the LF 0.4 is twice of LF 0.2, the consumption of water by the plants was 

not doubled by same ratio firstly, because the desired LF (0.2 and 0.4) was not 

maintained precisely, and secondly, due to the light textured soil (Gravelly, sandy loam 

soil) the water holding capacity was low which resulted high drainage volume. 

Mariout consumed significantly (p < 0.05) more water than Gustoe which is not 

surprising because of its more biomass production. As shown in the Figure 27, the 

differences in water consumption by the two genotypes were more obvious when non 

saline water was used but diminished at high salinity for both varieties because of 



Table 13. Influence of NaCI salinity at two leaching fractions on water use and water use efficiency (WUE) of two barley varieties. 

varieties 

Salinity Mariout Gustoe Mariout Gustoe 

(NaCI) LFla LF2b FI LF2 LFI LF2 LFI LF2 

(mM) -------water used (L)------ . -----WUEc ( g DW/kg water)---

0 356.17 431.30 328.75 406.29 3.97 3.74 3.37 3.40 

150 267.25 280.45 214.89 262.12 4.02 4.32 4.61 3.95 

250 186.63 217.26 189.91 209.42 3.35 3.10 2.59 2.56 

Analysis of Variance (ANOVA) 

Source of DF P P 
Variations 
LF 1 < 0.0050 NS 
Varieties (V) 1 = 0.0500 < 0.0500 
Salinity (S) 2 < 0.0001 < 0.0001 
LF x V 1 NS NS 
LF xS 2 NS NS 
VxS 2 NS <0.0500 
LF x V x S 2 NS NS 

a: LFI = 0.2; b: LF2 = 0.4. c: WUE is based on the above ground total dry biomass. Values are averages of 3 replications. 
NS = nonsignificant at P = 0.05. -t 
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reduced yield. From these results, it can be concluded that the significant reduction in 

water loss due to salinity was reduced yield at higher salinity, due to less transpiring 

surface area (less number of leaves). Richardson (1985); McCree and Richardson (1987) 

also concluded that the reduction in water loss due to salinity was doubling the carbon 

gain by the plant and less exposed area for transpiration. 

WUE was defined as above ground dry mass (g) per kilogram of water transpired 

(g/kg) (Richards, 1992). WUE was also calculated on the basis of grain yield. The 

WUE data for both genotypes at various LF showed no significant differences (p < 0.05 

data not shown in the table); thus, the water used for both LF were averaged with 

corresponding averaging the biomass and grain yield for both varieties. The WUE with 

respect to biomass and grain yield is shown in Figure 28 and 29 respectively. Based on 

the total above ground dry matter, WUE was highest at the intermediate (NaCl = 150 

mM) salt concentration and only fell below the control at the highest salt level. This 

increase in WUE casts doubt on an increase respiration rate as being important in saline 

soils, except, perhaps at the highest salt concentration (Yeo, 1983). According to 

Richards (1992), factors that may increase WUE as a result of salinity are: (1) that 

stomatal conductance may decline without a corresponding fall in assimilation capacity, 

and (2) that salt may be sequestered in old leaves, resulting in an apparent increase in 

WUE. A third factor may be that root growth is less in the salt treatment than in the 

control and above ground growth may be correspondingly higher. In this experiment, 

the first and the third factors are mostly likely the explanation while reduced WUE at 

higher salt level is due to low plant density (less number of tillers hence fewer leaves) 
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and more exposed barren area for evaporation. It was also proved by Richard (1992) 

that when wheat and barley were grown at high plant density, under saline environment, 

they were either as productive or more productive than the salt tolerant species including 

a C4 halophytes as the plants used all available water and had the highest WUE. 

By comparing the two varieties, Mariout has comparatively high WUE in terms 

of biomass and significantly high when corrected for grain yield (Figure 29). The reason 

for the reduced WUE on the basis of grain yield for Gustoe is that the salinity effect on 

grain formation is more than biomass (Selberbush and Lips, 1991; Chhipa and Lal, 

1986; Pal et al. 1984). Richardson and McCree (1985) and McCree and Richardson, 

(1987) attributed the high WUE in moderately saline environment due to reduced water 

losses which were more than carbon gain (C gain per unit of water loss). McCree and 

Richardson (1987) further explain that mild salinization of sorghum reduced the water 

loss rate per plant, which allowed the length of irrigation cycle to be increased which in 

turn increased the C gain per cycle and WUE. 

The data indicate that irrigation of barley with moderately saline water should 

reduce the growth rate and yield, but at the same time it should reduce the water use and 

enhance osmotic adjustment, so that the plants should be able to survive continue growth 

for a longer time between irrigations than would be the case with good quality water. 

These physiological adjustments should mitigate the effects of using poor quality 

irrigation water in the field. 



150 

4:2:7. Soil Analyses 

4:2:7: 1. Soil Salinity 

The electrical conductivity (EC = dS/m) of the leachate determined after each 

irrigation showed an almost similar pattern as the salt concentration of the applied 

irrigation water and, therefore, it is not reported here. However, it is worth mentioning 

that the steady state salinity profile was achieved after the second irrigation (because the 

difference in EC of irrigation water and leachate were almost constant) and followed a 

constant pattern till the end of the experiment. The EC of the saturated soil paste extract 

(ECJ was determined after the harvesting of the crop in upper 20 cm of soil and shown 

in Table 14. The ECc increased significantly (p < 0.0001) with the increase of salinity, 

but LF and varietal differences had no significant effect on the salinity of the soil solution 

(Figure 30). The insignificant effect of LF on soil salinity seems surprising, because, 

according to Ayers and Westcot (1985), the salinity of soil solution increases with depth 

by about 3 fold if the LF increases. This pattern was not evident in this experiment 

which may likely be because the soil samples were taken from the active root zone (20 

cm depth). Secondly, the high hydraulic conductivity ( not measured, but the texture of 

soil was sandy loam with 15 % gravel which make the soil more porous) and low water 

holding capacity (due to 70% sand) reduces the chances of salt build up in the upper 20 

cm layer. Hoffman et al, (1979); Hoffman and Jobes (1983), and Hoffman et al, (1983) 

expressed CI concentration in the profile as an index of salinity reported that ct 

concentration did not change significantly in the upper 20 cm depth with various LF (LF, 
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Table 14. Electrical conductivity of the saturated soil paste (ECJ, Na and K contents 
of soil after harvesting the crop as influenced by NaCl salinity and 
two leaching fractions. 

ECe (dS/m at 25 C) 

Salinity Mariout 

NaCI (mM) LFI LF2 LFI 

0 3.8 2.9 3.5 

150 12.5 11.0 12.5 

250 24.0 23.3 26.0 

Na Content. mg kg-1 

0 82 60 91 

150 708 825 752 

250 1501 1583 1205 

K Content. mg kg-1 

0 25.0 16.0 21.7 

150 17.3 14.5 16.2 

250 22.2 21.5 21.5 

LFI and LF2 stands for LF = 0.2 and 0.4 respectively 
Values are average of 3 replications 

Gustoe 

LF2 

2.7 

12.3 

25.2 

83 

753 

1264 

23.2 

15.7 

16.6 
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0.02, 0.07, 0.14 and 0.17) but significantly increased with depth. The high Cl" in their 

experiment was in the lower depth (1 m). Our results agree with those authors in the 

upper 20 cm depth. 

4:2:7:2. Soil Mineral Ion Analyses 

Chemical analyses of extracts of the soil in the upper 20 cm depth showed that 

Na concentration increased dramatically as was expected (P < 0.00(1) with the increase 

of salt level in the irrigation water (Table 14). According to Ayers and Westcot (1985), 

water having Na concentration greater than 210 mg/kg is not suitable for irrigating 

agriculture crops because of Na toxicity. The reduced yield of barley at high salinity 

might be the result of high Na availability. LF and varietal differences had no significant 

effect on the Na content of the soil (Figure 31). 

The results of K analyses in soil were not significantly effected by either salinity 

or LF (Table 14), but there was slight reduction ofK content at moderate salinity (Figure 

32) and again an increase at high salt treatments level which could possibly be due to 

better yield at moderate salinity where plants took more K than at high salinity. 

The soil Ca concentration followed similar trend (Figure 33) as was noted for K + 

being minimum at moderate salinity and higher when 250 mM NaCI was applied in 

irrigation water (Table 15). The analyses of variance showed significant differences of 

Ca with addition of salts, but the interaction term was insignificant (Table 17). The 

reduced uptake of Ca and K (to be discussed later) by plants under saline condition 

cannot be attributed to their availability, since soil has considerably higher K and Ca than 
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Table 15. Ca and Mg in extracts after harvesting the crop as influenced by NaCI salinity 
and two leaching fractions. 

Ca Content. mG kG-1 

Salinity Mariout 

NaCI LFI LF2 LFI 
(mM) 

0 32:0 26.4 34.4 

150 23.7 21.0 33.7 

250 40.7 33.5 39.3 

MG Content. mG kG-1 

o 9.2 7.7 9.8 

150 6.4 6.2 8.2 

250 8.6 6.6 9.2 

LFI and LF2 stands for LF = 0.2 and 0.4 respectively 
Values are average of 3 replications 

Gustoe 

LF2 

27.3 

24.4 

35.2 

10.3 

7.7 

9.5 



155 

1600 

1400 
I2Zl Gustoe·LF1 ~ Gustoe·LF2 

1200 ~ Marlout·LF1 ~ Marlout·LF2 

- 1000 en .:.: -en 
800 E -ftJ 

Z 600 

400 

200 

O+--_....L...:;....a... ......... 
o 150 250 

Salinity (NaCI=mM) 

Figure 31. Influence of salinity and leaching fraction on Na+ concentration of soil 
water after harvesting the crop. 



156 

30~----------------------------------------------~ 

-= ~ -CJ 
E -

28 

~ 18 

14 

ILZl Gustoe·LF1 r7'hl Gustoe·LF2 

~ Marlout·LF1 ~ Marlout·LF2 

10 -t-----&:.. ........ ---

Figure 32. 

o 150 250 

Salinity (NaCI=mM) 

Influence of salinity and leaching fraction on K+ concentration of soil 
water after harvesting the crop. 



45 

40 

35 -en 
~ -en 

30 E -ftJ 
(.) 

25 

20 

15 

Figure 33. 

~ Gustoe-LF1 ~ Gustoe-LF2 

., Marlout-LF1 ~ Marlout-LF2 

o 150 

Salinity (NaCI=mM) 

157 

250 

Influence of salinity and leaching fraction on Ca2 + concentration of soil 
after harvesting the crop. 



158 

the critical level (Chapman 1966); but rather, the suppression of K and Ca2+ uptake 

appears to be the result of physiological uptake antagonism between Na, K and Ca. 

These relationships are remarkably similar to those described by Janzen and Chang 

(1987) except for Ca, which they attributed due to unavailability of Ca under high 

salinity rather than suppression by salinity. No significant relationship was observed 

between applied salt and Mg content of soil. At both levels of salinity, higher values of 

Mg were observed in Gustoe-barley lysimeter than in the Mariout-barley lysimeter 

(Figure 34). The biomass at each level of treatment including control was higher for 

Mariout thus more Mg was harvested from the soil. 

4:2:8. Plant Analyses 

Chemical analyses of the leaves sampled from both varieties before spike 

emergence is shown in Table 16 and the ANDV A in Table 17. The Na concentration 

in plant tissue increased markedly (from 7.64 to 22.1 g/kg) and linearly (Figure 35a) 

with increasing salinity stress. The results of Na uptake were significant (p < 0.00(1) 

for varieties and salinity and the interaction of salinity and variety, but LF had negligible 

effect on Na tissue concentration. As was expected, the Na concentration of Mariout was 

significantly lower than Gustoe and the toxic effects of high Na concentration of Gustoe 

is reflected in the lower yield. These results indicates that Mariout has tolerance due to 

reduced accumulation of Na in or exclusion of Na from, the shoots. Dry biomass and 

grain yield were inversely related to the Na concentration in the plant tissue (Figure 

35b). Similar results were reported by Jnazen and Chang (1987). Storey and Wyn Jones 
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Table 16. Total Na, Ca, K and Mg concentrations of leaf tissue of two barley varieties 
exposed to NaCl salinity at two leaching fractions (LF). 

NSl CQntent. g k~-l 
Salinity Mariout GustQe 

NaCl (mM) LF1 LF2 LF1 LF2 

0 8.05 8.06 7.64 8.40 

150 15.87 14.48 19.98 18.62 

250 16.59 16.35 22.14 21.39 

Ca Content g kg-1 

0 7.59 8.75 6.84 8.07 

150 5.03 4.99 4.80 5.57 

250 2.90 2.96 2.33 2.58 

K Content g kg-1 

0 50.2 43.4 29.6 29.2 

150 33.9 31.2 27.3 22.8 

250 29.4 32.3 29.0 26.1 

Mg Content ~ kg-1 

0 2.53 2.55 2.95 2.46 

150 2.33 2.15 3.05 2.60 

250 2.57 2.17 3.08 2.76 

LF1 = 0.2 and LF2 = 0.4. Values are average of 3 replications 



Table 17. Analyses of variance for ECc and mineral contents of soil and plant tissues as influenced by salinity and leaching fraction. 

----------Soil------------- ------Plants----------

S.V. DF ECc Na K Ca Mg Na Ca K Mg 

LF 1 NS NS NS NS NS NS NS NS NS 

Var (V) I NS NS NS NS <0.05 <0.001 NS =0.001 < 0.05 

Salinity (S) 2 <0.001 < 0.001 < 0.05 < 0.05 NS <0.001 <0.001 <0.01 <0.01 

LFxV NS NS NS NS NS NS NS NS NS 

LFxS 2 NS NS NS NS NS NS NS NS NS 

VxS 2 NS NS NS NS NS <0.05 NS NS NS 

LFxVxS 2 NS NS NS NS NS NS NS NS NS 

NS: nonsignificant at P = 0.05 

-~ 
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Figure 35a. Changes in the Na+ concentration of Mariout and Gustoe barley grown 
under various level of applied salinity and leaching fraction. 
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Figure 35b. Relationship between Na uptake of plants and dry biomass of two barley 
varieties grown under different levels of applied irrigation water salinity 
and leaching fractions. 
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(1977) reported the results of ion relation of two salt and water stressed barley cultivars 

(California Mariout and Arimar). In their study, the greater tolerance of Mariout over 

Arimar appeared to be attributed to the exclusion of Na from the shoot which was 

accompanied by small build up of ion in the roots, but again this phenomenon was more 

marked in the case of CI (which was not determined in this study). Storey and Wyn 

Jones (1977) also showed California Mariout (67% of control fresh wt yield) to be 

somewhat more tolerant than Arimar (47% of control) when subjected to 150 mM NaCl. 

These results are also supported by Curtin et al. (1993) and Francois et al. (1986). 

In earlier growth period (early spike emergence), young leaves showed symptoms 

of deficiency. Emerging leaves remained rolled and bleached, Muhammad et al., 1987, 

recognized these symptoms as Ca deficiency for rice. Data for Ca in the plants (Table 

16) indicate that the probable cause of injury symptoms shown by the barley (rolled and 

bleached leaves) was Ca deficiency. The deficiency symptoms were more pronounced 

in the Gustoe at high salinity. The Ca content of barley exposed to NaCI solutions 

decreased markedly (from 8.75 to 2.33 g/kg) as salt concentration increased from 0 to 

250 mM NaCI (Figure 36). Ca deficiency is commonly observed in barley when Ca 

content is less than 3 g/kg (Ward et al., 1973). These results suggest that the lower yield 

at higher concentration of Na was due to imbalance of Ca. The values for Mariout were 

approximately equal to 3 g/kg but values for Gustoe were well below the critical 

concentration range at high salinity. The yield of barley did, however, appear to be 

controlled by the level of Ca concentration as indicated by a vary strong relationship 
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Changes in Ca2
+ concentration of Mariout and Gustoe barley subjected to 

an incremental salt and two leaching fraction. 
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between yield and Ca concentration (Figure 37) of plant tissues (Janzen and Chang, 

1987). 

Potassium concentration in the barley tissue was significantly suppressed by the 

applied salinity (Figure 38). The applied salinity reduced K concentration of barley 

similarly and was significantly different from the K content of the control plants. K+ is 

needed by plants in largest amount of all the cations. Since K must be absorbed from 

saline environment which invariably have large excess of Na over K, a capability to 

selectively absorb K is also requisite for plant growing in saline condition (Omielan et 

al. 1991). This work shows that Mariout absorbed K more selectively than Gustoe. In 

spite of the voluminous work done on NalK ratios, however, these differences were not 

well defined in this experiment which looks surprising. But, the inconsistent K 

concentration at high salinity might be the fertilizer application at the time of tillering 

stage which might have mitigated the suppressive effect of Na over K accumulation in 

plans. The values obtained for K uptake are in agreement to the tissue K level of barley 

reported by Curtin et al. (1993); Storey and Wyn Jones (1978). 

Magnesium concentration in barley tissue was not effected significantly (p > 

0.05) by the salinity, but there were significant differences in the uptake of the two 

varieties (Figure 39). Mariout Mg concentration was significantly lower (p < 0.05) than 

Gustoe. The high Mg uptake by Gustoe at elevated salinity might be the cause of severe 

Ca deficiency. These results are an agreement to the previous work of Francois et al. 

(1986); Curtin et al. (1993) and Janzen and Chang (1987). 
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Figure 37. Relation between Ca2
+ uptake of two barley varieties and grain yield under 

different levels of applied irrigation water salinity and leaching fraction. 
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Figure 39. Changes in the Mg2+ concentration of two barley varieties grown under 
various salinity and leaching fraction. 
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The mineral nutrient contents in plants were not effected by LF treatment but 

were affected by salinity. This clearly indicates that salinity build up at the root zone 

was not a problem, but the yield reduction were due to the high salinity of the irrigation 

water. However, the yield response to LF indicates that better yield at high LF could be 

the dilution of salt by water even at high salt level and the roots were able to extract 

more fresh water, because there was plenty of water available during growth period. 

Bernstein and Francois, (1973) also found no significant effect of LF on mineral uptake 

of alfalfa at high salinity. 
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CHAPTERS 

SUMMARY AND CONCLUSIONS 

Salinity imposes a double stress on glycophytic plants i.e. water deficiency at 

higher salt content (salinity build up due to limited leaching) and nutritional disturbances 

at low or medium degrees of salinity. Since plants require a balanced nutrition with 

nutrient contents in the optimum range and other elements below a harmful level, the 

concept of supplemental fertilization is applied in order to overcome such affects as 

salinity induced nutrient deficiency. 

The purpose of the wheat experiment was to evaluate and identify the addition of 

supplemental nutrient elements in various doses on reducing the harmful effects of 

salinity. The effects of salinity at 0 and 100 mM NaCI and three nutrients elements Le. 

Ca, Mg and NH4 at 2 levels (4 and 8 meq/L) on plant fresh matter, dry matter, number 

of tillers, grain yield, plant water relations and nutrients uptake of wheat tissue were 

studied in the greenhouse. The following are the summarized findings. 

The plants receiving supplemental NH4 at the rate of 4 meq/L without salt 

produced significantly higher fresh, dry matter and grain yield as compared to plants 

irrigated with salt solution plus supplemental nutrients additions. By comparing the 

results of yield parameters grown under 100 mM NaCI plus nutrients addition, it 

becomes evident that 8 meq/L ~ was the best fertilizer overcoming the harmful effects 

of salinity in term of comparatively high yield followed by Ca at 8 meq/L while Mg, 

addition at both 4 and 8 meq/L aggravated the effect of salinity. 
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Selection Line (S-36), which was assumed to be salt tolerant, produced higher 

fresh and dry matter, grain yield and number of tillers as compared to Yecoro Rojo, 

which might be possibly of the better utilization of additional fertilizer nutrients and 

excluding Na from the young leaves. The yield of YR was severely depressed by 100 

mM NaCI and was not relieved by the addition of either fertilizer nutrients. 

Results of the three water relation parameters showed that leaf water potential and 

osmotic potential were significantly increased (negatively) by the addition of salts 

irrespective of nutrient addition; however, turgor potential was not effected significantly 

by either treatments. Both the varieties were not significantly different for either water 

relation parameters. Therefore, it was concluded that one time water relation 

measurement should not be the bases of the selection criteria for salt tolerance. This 

conclusion is restricted to the condition of this experiment. The variability in the water 

relation among the replicate sample was vary high. Secondly, the growth patterns of the 

two varieties was also different. For conclusive water relation parameters study, it is 

essential to measure the water relation components at different time and different growth 

stages, that might gave some good results for the varietal salt tolerance differences. 

As long as the water stress is tolerable, plants try to exclude unwanted ions as far 

as possible and promote the uptake of nutrients. With increasing salt contents, the uptake 

of Na becomes pronounced. This lUXUry consumption is essential for the compensation 

of an increasing outside osmotic pressure, but harmful for the nutritional situation 

causing growth depression due to surpluses and deficiencies. The high Na content in leaf 

tissue of YR may be the cause of lower yield, while in SL, the Na uptake was 
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significantly less and the addition of NH.. in particular and Ca to some extant reduced the 

Na uptake. 

The K uptake was significantly reduced by the addition of salt irrespective of the 

supplemental fertilizers, however, though nonsignificant, NH4 addition increase the K 

uptake in both varieties. 

Both Ca and Mg were reduced significantly by the addition of salts as compared 

to control plants. Supplemental addition of Mg to the salt solution depressed Ca even 

more than NaCI which shows the Mg antagonistic effect on Ca. The uptake of Mg was 

depressed by ~ addition, while Ca uptake was enhanced by the addition of ~ to salt 

solution. 

The addition of NaCI alone or supplemented with nutrients, resulted increased CI 

concentration. Chloride induced deficiency has been implicated as a factor causing 

growth reduction in wheat plants salinized with NaCI (Torres and Bingham, 1973). 

Similarly, Aslam et al. (1984) reported that CI salts decreased the rate ofN0.J absorption 

by barley seedlings. YR accumulated significantly higher amount of CI than SL which 

could possibly be the major cause of yield reduction. Ammonium addition as ~N03 

reduce the CI uptake in SL more than YR which could be the reason of higher yield in 

SL. 

The N03 and S04 concentration was significantly reduced by salt additions. SL 

under saline treatments absorb significantly higher N03 and S04 as compared to YR 

which may also be the possible reason of better yield in SL. Phosphate uptake was 

significantly increased with salt addition and YR absorb significantly higher P04. There 
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are indications that higher levels of P04 might caused some micronutrients deficiency or 

caused nutritional disturbance. 

The primary objective of the second study (barley experiment) was to evaluate the 

influence of salt concentration of irrigation water on two selected barley varieties at two 

leaching fractions. Thus, this study differed significantly from those where soil water 

is depleted during the growing season and leaching curtailed (e.g. Hank et al. 1978, 

Stewart et al. 1975). With the prerequisite for leaching, irrigation amounts were dictated 

by leaching fraction but, the two varieties were selected to create significant differences 

if any in yield, due to saline irrigation. 

The plant height, number of tillers per plant, total dry biomass, and grain yield 

of barley were significantly reduced by the increasing salts in irrigation water from 0 to 

250 mM NaCl. Highest growth and yield were observed in controllysimeter followed 

by medium salinity (150 mM NaCI). The LF effect was significantly pronounced in all 

the growth and yield parameters at moderate salinity, but the differences diminished at 

high salinity which dictates the specific toxicity (Na and CI) and nutritional disturbances 

such as Ca deficiency which might be the yield limiting factor. By comparing the two 

varieties, Mariout out yielded both in saline and non saline environment under both 

leaching fractions. It was concluded that Mariout was salt tolerant as compared to 

Gustoe, and according to Rawson et al. (1988) division, Mariout has the absolute 

tolerance origin (Le., high growth rate apparent both in and out of salinity). 

As regard the water uses, Mariout consumed significantly more water than Gustoe 

which is not surprising because of its more biomass production. The differences in water 
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use diminished at high salinity for both varieties. The LF treatments has no significant 

effects on the WUE, therefore, the WUE values for both LF were averaged for all the 

three salinity treatments. WUE was greater at moderate salinity and decline with 

increasing salinity. The reason of reduce WUE at high salinity was the reduce yield and 

more evaporation because of more barren spot. On the bases of biomass, Mariout and 

Gustoe had similar WUE at moderate salinity, but when the WUE was calculated on the 

grain yield bases, Mariout has significantly higher WUE at all treatments level. This 

was because the yield of Mariout was not as much decreased as Gustoe at both salinity 

levels. 

The ECe increased significantly with the addition of salts and the LF treatments 

had no significant effect on ECc' Likewise, Na content of soil was also linearly 

increased with the addition of saline water. Potassium, Ca and Mg content of soil were 

significantly reduced at moderate salinity and increased at high salinity. This increase 

may be the reduced uptake of these ions due to high salinity. Varietal differences had 

no significant effect on soil Na, K, Ca and Mg contents. 

The plant uptake of Na was significantly increased with the increase in salinity. 

The Ca uptake was reduced correspondingly in both varieties with the increase in 

salinity, and the values of Ca concentration at high salinity showed that acute Ca 

deficiency occurred in barley which was more pronounced for Gustoe than Mariout. 

These results supported the findings of Janzen and Chang (1987) and Curtin et al. (1993) 

that lack of Ca may limit the growth of barley plant when exposed to high salinity. 

Similarly, K content was reduced significantly in both varieties but he concentration was 
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well above the deficiency level. The concentration of Mg was not effected by salinity 

level significantly, but Mariout uptake was lower than Gustoe at elevated salinity. LF 

treatments had no significant effect on any mineral nutrient uptake by barley. 
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