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ABSTRACT 

Results of two studies are reported here, a greenhouse study and 

a field study. 

In the greenhouse study, dry matter yield and nitrogen (total and 

lSN) uptake of leaves, stems and roots of tomato plants (Lycopersicum 

esculentum Mill., cv. Columbia) subjected to saline stress by NaCl were 

studied. The integrated effects of responses of these tissues to salinity 

on the whole plant basis and levels of Na+, C1- and K+ accumulation in 

these tissues were also ~tudied. The treatments cons i sted of low 

(control, 0.3 bar), medium (4.3 bars), and high (8.3 bars) salinity. The 

saline treatments were prepared by adding NaCl to nutrient solution in 

sand culture. The plants were 80 days old at the start of the treatments 

and each was in a pot containing 1.8 kg of quartz sand. The 15N was 

provi ded to plants by addi ng K15N03 to the pots and the lSN treatment 

continued with the sal ine treatments up to 30 days. The plants were 

harvested at each S-day interval during the treatment period. Dry matter 

production and nitrogen (total and 15N) uptake were significantly lower for 

saline treatments as compared with the control. Differences in dry matter 

production and 15N uptake on whole plant basis appeared in the latter part 

of the treatment period between the two saline treatments. For most of 

the parameters studi ed, the 1 eaves were found to be affected most by 

salinity, the roots were intermediate in their response and the stems were 

the least affected by salinity. The effect of salinity on the studied 
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parameters were attributed to osmotic effects and specific ion effects of 

Na+ and/or cr. 
A field study with two cultivars - Columbia and Pearson was 

conducted at the Safford Agricultural Center. Three N treatments were 

used: 0 kg N/ha, 84 kg N/ha and 168 kg N/ha and two treatments consisting 

of two water sources - river water with an EC of 1.15 dS/m and more saline 

well water of EC of 2.21 dS/m. Columbia had a significantly higher yield 

of tomatoes than Pearson for both water types. The N treatments had no 

effect on tomato yield apparently due to high residual N remaining in the 

field from the previous crop. Commercially acceptable fresh market yields 

were approached with both varieties and waters in spite of moderate 

salinity and sodium under heavy textural soil conditions, high tempera

tures and the presence of certain diseases in the area. 
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In many areas of the world under irrigated agriculture, farmers 

may have to resort to the use of saline water for irrigating their crops, 

since adequate supplies of better-quality water are unavailable. Use of 

this water can increase salt concentration in the soil, resulting in 

stunted growth of plants and reduced yield. 

Tens of thousands of hectares are lost annually to salt 

accumul at ion. At 1 east 2.2 mill i on hectares of agri cultural 1 and are 

affected by salts in the United states alone (Stavarek and Rains, 

1983) . 

The main cause of salt damage is usually due to the osmotic effect, 

i.e., the damage is mainly the result of reduced availability of soil 

moisture to plants. But sometimes the damage in saline soils may be 

caused to a large extent by the specific ion effect. In this case, the 

damage is partly the result of either the uptake of toxic quantities of 

a certa in i on or ions by the plants or the inadequate uptake of an 

essential nutrient element due to the antagonistic effect of another 

element (Sonnevald and van den Ende, 1975) 

Under saline conditions, farmers have to correctly select 

salt-tolerant crops to grow in order to maximize yields. Adequate 

drainage is a pre-requisite in these soils so that leaching of excess 

salts away from the root zone could be practiced. 
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In many regions subject to salinization, sodium and chloride are 

the main ions found in soil solution. Other ions that may be present in 

significant amount are calcium, magnesium, and sulfate. The variation in 

proportions of the ions is found to be infinite. So far as 

experimentation involving the influence of various salts on plant growth 

is concerned, the study of a particular mixture of salts becomes virtually 

an isolated case when the results obtained are referred to field 

conditions. A more fundamental evaluation of the effects of salinity is 

possible if the influence of each salt is studied separately before an 

attempt is made to interpret the effects of various mixtures of salts on 

plant growth (Gauch and Wadleigh, 1945). 

Although early work indicated that different plant organs may 

respond differently to an imposed water stress (Gates, 1955), not much has 

been done to compare the effect of salinity stress on parameters of growth 

of these organs. 

Farmers in Arizona continue to explore possibilities of producing 

new crops and expanding areas where conventional crops are produced. In 

many parts of the United States, tomatoes are used as a cash crop that 

supplements income and complements farmers' resources. They are used as 

fresh and in canning. Tomatoes have not been utilized significantly in 

the field in Arizona due to problems with diseases, high temperatures and 

poorly adapted varieties. 

Tomatoes are considered moderately sensitive to sal inity (Ayers 

and Westcot, 1985). With up to 1.7 dS/m ECw (electrical conductivity of 

irrigation water) they have about 100% yield potential while at ECw of 3.4 
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dS/m they have about 75% yi e 1 d potential and at [e" of 5.0 dS/m a 50% 

yield potential. At "maximum" ECv of 8.4 dS/m the yield would be about 

0%. In terms of soil salinity, ECe , the relationship is ECe = 1.5EC". 

Two sal inity studies were conducted. Study A was a greenhouse 

experiment in which the three different plant tissues - leaves, stem and 

roots - were harvested at 5-day intervals after the start of NaCl salt 

treatments to compare dry matter yield and uptake of Nand N-15 of the 

three tissues of tomato (Lycopersicum esculentum) plant. Study B was a 

field experiment in which yield comparisons of two tomato varieties were 

made in less saline and more saline irrigated plots. 

on: 

The objectives of study A are to study the effect of NaCl stress 

(i) Dry matter yield of leaves, stem and roots 

(i i) Uptake of Nand N-15 of the tissues 

(iii) Whole plant responses. 

The objectives of study Bare: 

(i) Comparing the yields of the two tomato varieties 

(ii) Relating N03- petiole analysis to tomato yields. 

(iii) To see if the two varieties are adaptable to the area and 

could produce satisfactorily in spite of soil and water 

salinty, disease problems and high temperatures. 
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Apart from the tYPlcally saline nature of the major deserts, there 

are about 400 million hectares of salt-affected land in the world. Losses 

of land to salts accumulated through irrigated agriculture are estimated 

to amount to at least several tens of thousands hectares per year (Flowers 

et al., 1977). There are 2.2 million hectares of saline soil in the U.S. 

and one-fourth of the irrigated acreage is salt-affected (Stavarek and 

Rains, 1983). 

Salinity thus may eventually become the ultimate limitation to 

irrigated agriculture. Such a possibility is based on both the 

deleterious effects of sodium salts on the physical structure of soils and 

on the chemical toxicity of high levels of salts on biological systems, 

particularly those of higher plants (Stavarek and R~;ns, 1983). 

Excessive concentration of soluble salts in the root medium affects 

plant growth by osmotic inhibition of water absorbtion, by specific 

effects of constituent ion(s) in the saline media, or a combination of the 

two. Specific ion effects may also involve direct toxicity or cause a 

variety of nutritional effects (Bernstein and Hayward, 1958). 

Osmotic Effect 

Specific ion effect, in addition to the osmotic effect, is 

i nd i cated by a devi at ion ingrowth response from one salt compared to 

another (Bernstein and Hayward, 1958). The progressive decrease in the 
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growth of red kidney bean (Phaseo7us vu7garis) plants with increasing 

osmotic pressure in the range of 1 to 4 atmospheres led Gauch and Wadleigh 

(1945) to conclude that it was directly and primarily related to osmotic 

pressure when NaCl, Na2S04 and CaC1 2 were the salts added to the base 

nutrient solution. But with MgC1 2 and MgS04, additional specific effects 

of Mg caused greater depressions of growth than occurred with the first 

three salts. 

Besides decreased dry matt~r production with increased salinity of 

tomato plants, total water absorbed by the plants decreased linearly with 

increasing salinity (Pessarakli and Tucker, 1988). Similar results were 

reported by Pessarakli et al. (1989) in their study with sweet corn (Zea 

mays L.) in which the saline stressed plants absorbed significantly less 

water than the control. 

Either NaCl or water stress significantly decreased absorption of 

NH4+ and N03- in red kidney beans (Frota and Tucker, 1978). According to 

Bernstein et al. (1974) , the reduced growth is a result of decreased N 

uptake with increasing salinity level. 

Cooper and Dumbroff (1973) reported that the growth rate of plants 

grown in a balanced nutrient solution was more of a function of the 

duration of the applied stress than the rapidity with which a particular 

osmotic concentration was reached in the root medium. 

Fresh fruit yields of tomatoes decreased as the level of salinity 

of nutrient solution was increased from 2 to 5 dS/m (Papadopoulos and 

Rendig,1983). Abdul-Kadir and Paulsen (1982) reported that salinity 
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stress retarded growth of wheat and decreased N content of the whol e 

pl ant. 

According to Bernstein and Hayward (1958), Black (1956) found that 

Atrip7ex hastata had salt content much less than the content originally 

present in the volume of water absorbed because of the selectivity of the 

plant in absorption of salts from the root medium. In their experiment 

with beans, Lagerwerff and Eagle (1962) found that in many instances, ions 

were excluded from entering into the roots in a way that suggests that the 

process is select i ve and active. They, for example, found that the 

exclusion of sodium ions exceeded exclusions of calcium and potassium 

ions. 

The existence within the plant root of a limiting layer of cells 

which delimits the inner boundary of outer space seems likely. 

Transmission of water by these cells deeper into the plant tissues by 

osmotic processes takes place, while absorption of certain ions is 

restricted, resulting in the build-up in the outer layers of a 

concentration which prevents further diffusion of the ion species into 

the plant, or even promotes an outward diffusion into the root medium to 

re-establish equilibrium. The limiting factor in transmitting the 

diffusion pressure deficit (water potential) of the above-ground parts to 

the root medium would be the osmotic properties of the cell outer layers 

(Bernstein and Hayward, 1958). 

Wadleigh, Gauch and Strong (1947) determined the penetration of 

roots into soil layers of increaSing salinity. They found that the roots 

removed less water as salinity increased. This resulted in the 
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development of a uniform osmotic pressure throughout the root zone for 

each crop in the following way: bean 7 to 8 ; corn 10.5 to 11.5; alfalfa 

(Medicago sativa) 12 to 13; and cotton (Gossypium hirsutum) 16 to 17 atm. 

Therefore, for most pl ants, sal ine soil s should be irrigated when the 

moisture content is appreciably above the permanent wilting point of the 

soil, as determined in the non-saline condition. The residual moisture 

which is unavailable to the plant is greater when the salinity is higher 

(Bernstein and Hayward, 1958). 

Apart from directly affecting decreased water absorption on plant 

growth, moisture deficits in the plant may indirectly affect growth 

through changes in the rates of metabo1ic processes (Bernstein and 

Hayward, 1958). Abdel Rahman et al. (1971) noted an increase in total 

available carbohydrates of plants with increase in moisture stress. Frota 

and Tucker (1978) reported that protein synthesi s was s i gnlfi cantly 

reduced .in bean shoots when the plants were subjected to NaCl salinity and 

carbowax treatments. 

According to Rhodes and Matsuda (1976) the most rapidly detected 

alteration in metabolism appears to be that affecting protein synthesis. 

Hs i ao (1970) reported that detectabl e changes in polyri bosome 1 evel s 

occurred in young etiolated corn shoots within 35 minutes following mild 

stress. In other studies with higher plants, other workers have shown 

that polyribosome levels (Brandle et al., 1973;, Morilla et al., 1973;, 

and Nir et al., 1970) and protein synthesis (Dhindsa and Cleland, 1975; 

Morilla et al. 1973; and Nir et al., 1970) are reduced following stress. 

Rhodes and Matsuda (1976) postulated that polyribosome levels of 
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drought-hardy species will decrease less for a unit loss of water 

potential than drought-sensitive species, and changes in polyribosome 

levels may provide a basis for predicting stress effects on growth. 

Cations 

SPECIFIC ION EFFECTS 

Nutritional Effects 

According to Lunin and Batchelder (1964), previous investigation 

has shown that irrigation with saline water alters the exchangeable cation 

composition of the soil. As salinity increases, the equilibrium in soil 

solution is greatly modified and this, in turn, results in change in the 

cation composition of the plant. Alteration of the fertility level of the 

soil still results in further changes in plant composition. Increased 

rates of fertilization could result in salinization and could minimize 

yield decrements (Lunin and Batchelder, 1964). 

Saline soil solution usually contains Ca, Na and Mg ions. If 

deterioration of soil structure is to be avoided, the proportion of Na 

ions cannot be excessive (U.S. Salinity Lab Staff, 1954). 

High concentrations of Ca ion may result in nutritional imbalance 

in some plants if not compensated by some other ion such as Na and K 

(Bernstein and Hayward, 1958). Bernstein and Ayers (1953a) observed in 

their study of salt tolerance of some varieties of carrots (Daucus carota) 

that relatively poor yields were obtained for those varieties which tended 

to accumulate more Ca2
+ and less K+ at a given salinity level. Salinity 

resulting from addition of CaC1 2 and NaCl to irrigation water increased 
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the uptake of Ca2+ and decreased the uptake of K+. Bean plants were found 

to accumulate high levels of Ca2+. The decrease in yield has been 

attributed to a nutritional component, as well as the osmotic one 

(Bernstein and Ayers, 1953b). Epstein (1961) found that in the absence 

of Ca2+, Na+ interferes with K+ absorption and K+ with Na+ absorption, at 

all ratios tested. In the presence of Ca2+, Na+ interferes slightly with 

K+ absorption at low Na+ concentrations (1 to 2 mM), but at higher Na+ 

concentration, there is little or no inhibition of K+ absorption. In the 

presence of Ca2+, K+ inhibits Na+ absorption at low concentrations of K+ 

but at higher concentrations of K+ the inhibition per increment of K+ is 

reduced. Lagerwerff and Eagle (1962) found that there was a high rate of 

accumul at i on of Ca ion in the roots of beans and the oppos He in the 

leaves. In his study with rice shoots (Oryza sativa), Pa'lfi (1965) found 

that the uptake of ammonium ions into the plaut is impaired by the 

presence of Na ions. He also found that the N/P ratio was higher in the 

high Na medium, i.e., high Na content exerts a differential effect on the 

uptake of Nand P. Ion relations and growth of beans in NaCl are markedly 

influenced by the external Na/Ca solution ratio: at 50 mM NaCl, growth of 

beans decreased and Na ion concentration in leaves increased only when 

Na/Ca ratio in solution exceeded 17 (Lahaye and Epstein, 1971). Greenway 

and Munns (1980) assume here that an increase in membrane permeability due 

to the high Na/Ca is the primary cause of these responses; they think this 

is likely, as low Ca ions in the absence of NaCl did not affect growth in 

most experiments. Alternatively, Lahaye and Epstein (1971) argued that 

low Ca ions per se increased membrane permeability leading to an increase 
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in passive Cl and Na ion transport which would become conspicuous only at 

high external ion concentrations. 

Anions 

With anions, the situation is more striking than with cations 

(Bernstein and Hayward, 1958). Gauch and Wadleigh (1945) found a decrease 

in total N concentration in bean plants in the presence of high 

concentrations of NaC1 or CaC1 2 in culture solution. Other studies on 

tomato, barley and bean plants show that salinity increased the total N 

content of the plants (Hayward and Long, 1943; Gauch and Eaton, 1942; 

Wadleigh and Ayers, 1945). In their toxicity study, Wall ace and Berry 

(1981) suggested that there is a possibility that yield reduction due to 

increased sal inity is not entirely from C1 ion toxicity, but may be 

partially due to induced deficiency of N03- by the increased external C1 

ion concentration. Abdu1-Kadir and Paulsen (1982) concluded that salinity 

affected wheat (Triticum aestivum) by both osmotic effects and antagonism 

of N03 ion metabolism by C1 ion. 

The 504 ion promotes Na uptake while it generally restricts uptake 

of Ca ion (Hayward and Wadleigh, 1949). 

Toxicity Effects 

Chloride 

Excessive accumulation of C1 ion results in characteristic leaf 

injury symptoms and dieback in many fruit plants. Hayward and co-workers 

(1943, 1946) have demonstrated the specificity of these symptoms by 

comparing those of 504 ion salts in stone-fruit trees. Ayers (1950) has 
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shown chloride specificity symptoms in avocado (Persea americana). 

Species that are quite salt-sensitive may get leaf burn symptoms; species 

under extreme moisture deficits may develop leaf-injury symptoms like 

those of chloride toxicity (Bernstein and Hayward, 1958). 

Bicarbonate 

Excessive bicarbonate ion is toxic to plants, but sensitivity 

varies with species. Wadleigh and Brown (1952) demonstrated that beans 

were more sensitive than beets (Beta vu7garis) and Dallis grass (Paspa7um 

di7ataum) was more sensitive than Rhodes grass (Ch7oris gayana). 

Bi carbonate is produced by the react i on of CaC03 wi th CO2 and H20 in 

calcareous soils and may be mainly responsible for lime-induced chlorosis 

(Wadleigh and Brown, 1952). A greater problem in saline soils is the 

tendency of bicarbonate to precipitate calcium in the soil, resulting in 

an increase in exchangeable sodium (Wilcox et al., 1954). 

Boron 

Toxicity levels of boron are only slightly above the level 

required for optimum growth of many species (Bernstein and Hayward, 

1958). If excess boron is present in saline soils, it is generally more 

difficult to lower it to a safe level than other saline constituents 

(Reeve et al., 1955). Boron accumulation is highest in leaves and this 

makes foliar analysis particularly effective for diagnosing B toxicity. 
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Sodium 

A number of factors may complicate the response of plants to excess 

sodi urn. Indi rect effects on plants are produced by deteri orat i on of 

structure in sodic soils. Other factors are toxic effects in 

sodium-sensitive species and nutritional effects. Sodium-tolerant crops 

that are mainly affected by poor soil structure include beets and Rhodes 

grass (Bernstein and Pearson, 1956; Bower and Wadleigh, 1948), cotton 

(Chang and Dregne, 1955), tomatoes (Thorne, 1944), and some grain crops 

(Ratner, 1935). Plants which are more sensitive to sodium get leaf burn 

symptoms when sodium in leaves becomes excessive (Bernstein and Hayward, 

1958). 

Excess Cl- and/or Na+ as Primary 
Causes for Salt Sensitivity 

Large differences in ion con cent rat i on occur between different 

parts of the same plant. Older leaves of non-halophytes grown at high 

salinity levels usually have higher cr concentrations than younger leaves: 

e.g. peas (Flowers, 1972), pepper (Capsicum frutescens) (Bernstein, 1961) 

and soybean (G7ycine max) (Wilson et al., 1970). These patterns are 

probably due to a combination of rapid volume increases in expanding 

leaves, and the prolonged intake of ions by expanded leaves via the 

transpiration stream. In sharp contrast, young leaves of halophytes have 

very similar ion concentrations to old leaves, for example in Suaeda 

maritima (Flowers and Hall, 1978) and Atrip7ex hastata (Greenway et al., 

1966). The equal distribution of ions may lessen both the chances of water 

deficits in expanding leaves and ion excess in expanded leaves (Greenway 



26 

and Munns, 1980). Available evidence is consistent with the assumption 

that the poor growth of sensitive varieties at high NaCl is caused by the 

high ion concentration in the expanded leaves (Greenway and Munns, 1980). 

An extremely high sensitivity of leaves to Cl- and/or Na+ was indicated for 

a salt-sensitive soybean variety (Lauchli and Wieneke, 1978). After 14 

days at 100 mM NaCl, dry weight was 35% lower than controls. Leaves 

contained only 10mM Na+ and 15 mM Cl-, yet these low concentrations were 

presumably detrimental because the roots contained the same concentration 

of Na+, and lower cr, as the roots of a more salt-tolerant variety 

(Lauchli and Wieneke, 1979). 

According to Greenway and Munns (1980), there is evidence that the 

sensitive soybean variety might have a poor ability to sequester Cl- in 

its vacuoles. The varieties did not differ in Cl- uptake by the plant as 

a whole, but there were substantial differences in the proportion of the 

absorbed Cl- which was translocated to the shoots, this was 65% in the 

sensitive and 30% in the tolerant variety (Lauchli and Wieneke, 1979). 

The most likely interpretation is that less Cl- uptake in the vacuoles of 

the roots of the sensitive variety left more Cl- for translocation to the 

shoots. This is strongly supported by the low Cl-/K+ ratio in the cortical 

cells of its roots (6-10 cm from the tip); this ratio being four-to eight 

fold lower than in the tolerant variety (Lauchli and Wieneke, 1978). 

Abel and Mackenzie (1964) found that soybean varieties, salt 

to 1 erant or sens i t i ve, accumul ated cr in the roots when the soi 1 was 

treated with NaCl. However, only salt sensitive varieties accumulated Cl-



27 

in the stem and leaves. They attributed the salt tolerance of certain 

varieties to their ability to exclude Cl- from the above ground parts. 

High sensitivity to Cl- has been shown for some species of fruit 

trees (Bernstein and Ayers, 1975). For example, the yield of grapevines 

(Vitaceae vinifera) was 50% lower at 5 meq/l KCl than at 5 meq/l K2S04 

even though the leaves contained only 0.15 meq Cl-/g dry weight. 

In their paper "Use of Concentrated Macronutrient Solutions to 

Separate Osmotic from NaCl- Specific Effects on Pl ant Growth", Termaat and 

Munns (1986) indicated that the specific effects on the shoot could be 

excessive transport of Na+ or Cl- to the shoot, excessive transport to the 

shoot of other ions such as phosphate, or inadequate transport of other 

ions such as K+, Ca2+, Mg2+, N03- or SO/-. They gave a possible explanation 

why the increase in root: shoot ratio is associ ated with NaCl-treated 

plants as suggested by Trewavas (1985) who proposed that organic carbon 

(C) and organic nitrogen (N) both regulate the growth of plant organs; 

high C/N increasing growth rates of the roots and stimulating floral 

initiation and leaf senescense in the shoot. To apply this model to 

NaCl-stressed plants, the uptake of N by the roots would be reduced 

directly through competetion by cr (Deane-Drummond and Glass, 1982). 

This would increase C/N ratio in the root which, being first to come into 

contact with this N, would compete more effectively than the shoot for 

this nutrient. Shoot C/N would be increased as a result. Earlier dates 

of maturation are well known in NaCl-stressed plants (Ayers et al., 1952) 

and enhanced rates of 1 eaf senescence are al so documented (Pri sco and 

O'Leary, 1972). 
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The earliest response of a non-halophyte subjected to salinity is 

that its 12aves grow more slowly than in non-saline conditions. Root 

growth is frequently less affected than shoot growth. These effects are 

clear even in the short term before ions would have accumulated to high 

levels (Munns and Termaat, 1986). In the long term, another factor comes 

in: prolonged transpiration brings large amounts of salts into the shoot, 

especially into the old leaves, thus killing them; this process must 

eventually limit the supply of assimilates to the growing regions and 

might be the main factor that determines yield (Munns and Termaat, 1986). 

The rate of accumulation of Na+ or Cl- in the leaves will depend 

mainly on the ability of the roots to exclude the salt from the 

transpiration stream and the volume flux of the transpiration stream. 

Grafting experiments show that the difference between closely related 

genotypes is largely due to root properties (woody perennials, Downtown 

1984; soybean, Lauchli 1984), but perhaps transpiration rates are also 

important: any factor which reduces the amount of transpiration per unit 

of carbon fixed would also reduce the salt concentration in the leaves and 

so prolong their effective life. This would occur if a plant had an 

inherently high water-use efficiency, or if it were grown under conditions 

which increased the ratio of photosynthesis to respiration such as high 

humidity, high CO2 or high light (Munns and Termaat, 1986). 

Sensitivity as a Function of 
Membrane Composition 

It is possible that sensitivity to salinity is a function of 

membrane composition and structure (Kafkafi, 1987). Staehelin (1976) has 
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shown with isolated chloroplasts that Na+ exchanges for adsorbed Ca+ which 

causes the stack structure of photosystem II to swell and lose its light 

induction capability. Increasing the ionic strength or replacing the Na+ 

with Ca2+ reverses the situation and the membrane shrinks and resumes its 

structure and functional properties. 

As for chloride, Kuiper (1968) found that the composition of the 

root membrane, especially its lipid composition, has a major role in 

absorption or rejection of Cl-. He found that grape varieties with large 

quantities of monogalactose diglyceride in the root lipids demonstrated 

a high accumulation rate of chloride in the leaves. In rootstocks of 

varieties that demonstrated limited chloride accumulation, phospholipids 

replaced the monoga1actose dig1yceride (Kuiper, 1968). It is, therefore, 

possible that the first stage of anion uptake is its penetration to the 

lipid fraction of the root membrane and it is possible that different 

degrees of resistance of various plants to sal inity are due to their 

specific lipid composition of the roots (Kafkafi, 1987). 

Salinity and Stage of Plant Development 

Germination 

The surface soil is usually more saline than soil below because of 

evaporation and capillarity of saline waters to the surface, so the seed 

would be in more saline environment than the roots of mature plants 

(Wadleigh and Fireman, 1948). The type of salt is important since the 

extent of the decrease in germi nat i on of seed wi th i ncreas i ng sal t 



30 

concentration varies with the species and type of salt (Ryan et al., 

1975). 

Vegetative Growth and Fruiting 

Although there is a general consensus that salt tolerance of plants 

usually changes during ontogeny (Bernstein and Hayward, 1958; Strogonov, 

1964), there are several conflicting reports concerning the relative 

susceptibility of the various stages of plant growth to salt stress. 

Strogonov (1964) and Pearson and Bernstein (1959) concluded that salt 

tolerance of plants tends to increase with age, but Greenway (1965) found 

no evidence for an increase in salt tolerance during development of barley 

(Hordeum vu7gare). According to Dumbroff and Cooper (1974), salt 

tolerance of tomato changed during ontogeny and the osmotic stress was 

most deleterious to plants when applied during early growth, particularly 

during the succulent seedling stage. Since salinity retards vegetative 

growth, it may be expected to delay flowering. Hayward and Long (1941) and 

Hayward and Spurr (1944) reported a delay in fl ower- bud format i on of 

tomato and in anthesis of flax (Linum usitatfssimum). However, the 

checking of vegetative growth by sal inity may hasten maturation and 

harvest dates of crops with indeterminate growth habits (Bernstein et al., 

1951). Salinity reduces yield by decreasing both fruit number and size 

(Bernstein et al., 1951). 

Salinity, therefore, causes many problems to plants. The degree 

to which salinity affects plant growth depends on many factors, including 

nature of the crop, its tolerance to sal inity, and different micro

environmental conditions of the plant. 
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Studying the effect of salinity on different plant organs gives a 

better insight in understanding the plant behavior to this problem. The 

greenhouse study of tomato plants reported here was aimed towards that 

goal. Since NaCl is the most abundant salt found in irrigated agriculture, 

it therefore was used in the study as the source of salinity in 

irrigation. The field study was conducted to see the adaptability of two 

varieties of tomatoes and to compare their yield under two saline 

conditions and to see if there is a differential nitrate content of 

petioles between the varieties and if petiole nitrate could be related to 

yield. 

Since salinity is one of the main and growing problems in 

agriculture on a worldwide scale, more research is needed to confront it 

in a more integrated, multidisciplinary way with soil scientists, plant 

physiologists, geneticists and breeders working together. 



CHAPTER 3 

MATERIALS AND METHODS 

Study A: Effect of NaCl Salinity Stress 
on Growth and Dry Matter Yield of 
Leaves. Stem and Roots of Tomato 
and Their Total Nand 15N Uptakes 
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This study was conducted in a greenhouse on the University of 

Arizona campus. Tomato seeds of the cultivar 'Columbia' were sown in 

trays containing quartz sand. The temperatures in the greenhouse ranged 

from 15 to 32°C during the day over the treatment period. A month after 

germination, the seedlings were transplanted into individual styrofoam 

235 ml cups also containing sand. One half strength Hoagland nutrient 

solution (Hoagland and Arnon, 1950) was applied with irrigation water. 

A month later, each of the plants for the study was transplanted into a 

pot containing 1.8 kg quartz sand and cQmplete Hoagland nutrient solution 

was applied with each irrigation. The plants were established in the new 

regime for 10 days before the pretreatment harvest was made. 

After 5 days, the first pretreatment harvest was made and two 

plants were harvested and leaves, stems and roots were separated. The 

roots were washed with distilled water to remove sand, salt and nutrients. 

The three tissues were then dried and dry weights determined. The same 

procedure was repeated for the second pretreatment harvest 5 days later. 

The data obtained from the two pretreatment harvests (see Appendix A) was 

used to calculate the growth rate of plants on day 0- the day when the 

saline treatments were started- which would be the starting reference 

point for all the treatments. At the start of the salt treatments, the 



33 

seedlings were 80-days-old and had not yet formed flower buds. Treatments 

were begun at the 80-day-old stage and response differences to salinity 

were compared between the 80-day-old plants in this study and the 

14-day-old plants in a similar study by Pessarakli and Tucker (1988) who 

used the same tomato cultivars. 

The treatments were as follows: (i) Control in which Hoagland 

solution was mixed with distilled water resulting in 0.3 bar osmotic 

pressure, (ii) Medium saline water of 4.3 bars osmotic pressure and (iii) 

High saline water of 8.3 bar osmotic pressure. In both saline treatments 

the Hoagland solution also contributed 0.3 bar osmotic pressure. The 4 

bars in (ii) and the 8 bars in (iii) (above) were obtained by adding NaCl 

(24 mmol NaCl per liter of the culture solution for each bar stress) to 

distilled water (Pessarakli and Tucker, 1988; Pessarakli et al., 1989). 

The 15N treatments were split into three doses. Splitting 15N into doses 

applied at different times would make its use more efficient since there 

would be less leaching than if it was applied all at once, and there would 

be less residual amount left in those plants that would be harvested 5 

days after its application. The first 15N dose was applied on the day the 

salt treatments started, the second 10 days later, and the third was 

applied after another 10-day interval. The 15N was added as 10 mg 15N per 

pot on days 1, 11 and 21 of the 15N treatment period. The form of 15N was 

added was K15N03 (5.1 atom % 15N). In a completely randomized design, there 

were two replicates (2 plants) in each treatment that were harvested every 

5 days and there were were six post-treatment harvests over a 30-day 
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period. The plants were irrigated daily to avoid excess salt accumulation 

as water evaporated. 

Flower buds began forming a week after 15N treatments started but 

they were removed as they formed to rna i nta in the plants vegetat i ve 1 y 

(Crawford et al., 1989). 

At each harvest, leaves, stems and roots were separated, the roots 

were washed, the plant parts dried and dry weights recorded. The plant 

parts were then ground in a Wiley mill to pass through a 2 mm screen and 

total Nand 15N determinations were made using micro-Kjeldahl (Bremner, 

1965) and mass spectrometer methods (Pessarakli and Tucker, 1988; 

Pessarakli et al., 1989), respectively. From the N values and the total 

dry weight data, total Nand lsN uptake were calculated for each treatment 

and harvest date. In addition, Na+ and cr were determined in selected 

samples using atomic absorption spectrophotometry and ion chromatography 

(EPA, 1984), respectively. The statistical analysis on data was performed 

using procedures described by Steel and Torrie (1960). The means were 

separated by the least significant difference (LSD) test at the 0.05 level 

of confidence. 

Study B: Effect of Salinity on NO~ 
Uptake and Yield of Two Cultivars of Tomatoes 

Tomato seeds of two cultivars - 'Columbia' and 'Pearson' - were 

sown in quartz sand trays in a greenhouse on the University of Arizona 

campus on 14 January 1987. The two cultivaras were selected after a 

preliminary varietal screening study (Yacoub, 1986 unpublished data) 

conducted at Safford which indicated that these are adapatable to the 
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area. The plants were transferred to individual cups 20 days later and 

on 15 April 1987 they were taken to the Safford Agricultural Center where 

they were transplanted into the field C3. The spacing between plants was 

51 em and the row spacing was 100 cm. There were 10 plants in each 

subplot representing one N treatment. There were three N treatments- Nl (0 

kg N/ha) , N2 (84 kg N/ha) , and NJ (168 kg N/ha)- for each cultivar and for 

each of the two water sources;low saline Gila River water (water I) and 

higher saline well water (water II). The treatments were blocked four 

times in a split plot design. The lay-out is ilustrated in Figure 1. 

The soil on the area of the station where the study was conducted 

has Grabe clay loam, a member of the coarse loamy, mixed, thermic family 

and Typic Torrifluvents. Soil samples were taken from the field prior to 

transplanting for analysis. 

Two water treatments were used for irrigation. They were the less 

saline Gila river water (water I) and the saline well water (water II) 

whose salinities were 1.15 and 2.21 dS/m, respectively. Detailed chemical 

analyses of waters I and II are shown in Table 1. Furrow irrigation was 

applied once weekly. 

Superphosphate was banded into the row before transplanting at the 

rate of 22 kg P/ha. 

The source of N fertilizer was urea whose first dosage was applied 

on 7 May 1987 at 84 kg N /ha in both N2 and NJ treatments. The second 

dosage was applied on 22 June 1987 just before NJ treatment at 84 kg N/ha 

which added up to 168 kg/ha for this treatment. 
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Well water River- water 

row 1 row 2 row 1 row 2 

Nl Nl N2 N2 
Yl __ N2 N2 V2 Bl V2 N2 t:i1 

V
1
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N3 N3 N3 N3 
N2 N2 Nl Nl 

Y2 N3 N3 Vi B2 V2 N3 N3 V
1
_ 

Nl Nl N2 N2 
Nl Nl N2 N2 

Y1 N3 N3 V2 B3 Vi Nl Nl V2_ 

N2 N2 N3 N3 
N2 N2 N3 N3 

Y
1 
__ N

1 Nl V2 B4 Vi N2 N2 V2_ 

Fig. 1. 

N3 N3 Nl Nl 

B1 , B2, B3 and B4 are blocks 1, 2, 3 and 4. N1- 0 kg N/ha, N2-

84 kg N/ha and N3- 168 kg N/ha. V1 - Columbia variety and V2-

Pearson variety. 

The lay-out of the two tomato varieties in the field with 
N treatments and two irrigation water sources. 
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Table 1. Chemical analysis of waters I and II used to irrigate tomato 
plants at Safford Agricultural Center, 1987. 

Soluble SAR 

Water EC salts pH Ca Mg Na Cl 504 HC03 N03 

dS/m ppm --------Milligrams per liter---------

I 1.15 777 7.80 80 15 147 170 105 185 <2 3.95 

II 2.21 1591 7.35 78 14 415 334 200 483 6.5 11.39 
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Five weeks after fertilizer application there was ample growth for 

sampling petioles for N03- analysis. Petiole sampling continued every 2 

weeks for 8 weeks. The samples were dried and ground after collection. 

Nitrate was determined with a nitrate electrode using an Orion Research 

Model 407A meter. 

Since some plants died, the number of plants in each subplot was 

counted just before harvesting started. The first crop harvest was made 

on 2 July 1987 followed by second, third, fourth, and fifth harvests on 

15-, 22-, 29 July and 5 August 1987, respectively. The fifth harvest was 

carried out in flooded conditions due to a heavy rain that fell 2 days 

previously, resulting in rotting of fruit. Harvest was suspended until 

the final harvest on 23 August 1987. 
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CHAPTER 4 

RESULTS AND DISCUSSION 

Study A: Effect of NaCl Salinity Stress on Growth and Dry Matter 

Yield of Leaves, Stem and Roots of Tomato and their Nand 15N uptake. 

Results Based on Observations 

Figure 2 shows the set-up of plants on a bench in the greenhouse. 

Figure 3 shows the plants 5 days after the start of the saline treatments. 

The high saline-treated plant (on the right) seemed to be slightly smaller 

than the control and the medium saline-treated plant on the left and the 

middle, respectively. The difference in size of the plant was due to 

reduction in growth by high salinity. Figure 4 represents the plants 10 

days after the start of the. treatments. Here the control plant (right) 

was the largest and the high saline-treated plant (left) was the smallest. 

Figure 5 shows the same trend 5 days later (day 15). By day 30 after the 

start of the saline treatments there was much more separation in size 

between the different treatments (Figure 6) with the control plant (on 

the right) being the largest and the high saline-treated plant (on the 

left) the smallest; and the medium saline-treated plant (in the middle) 

being moderate in size between the low and high saline treatments. Here 

the control plant clearly shows the largest size and number of leaves, 

most number of petioles and longest stem length than both the saline 

treated-plants, while the high saline-treated plant had the smallest of 
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The set-up of tomato plants on a bench in the greenhouse. 

Tomato plants 5 days after the start of the saline treatments
control (left), medium saline (middle) and high saline (right). 
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Tomato plants 10 days after the start of the saline treatments
control (right), medium saline (middle) and high saline (left). 

Tomato plants on day 15. Control (right), medium saline 
(middle) and high saline (left). 
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Tomato plants on day 30. Control (right), medium saline 
(middle) and high saline (left). 

Tomato plants on day 30 with their roots exposed. Control 
(right), medium saline (middle) and high saline (left). 
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these tissues and the medium saline-treated plant was moderate in size. 

Figure 7 shows the uprooted pl ants on day 30 with the control on the 

right, the medium saline-treated plant in the middle and the high 

saline-treated plant on the left. The roots are most dense in the control 

followed by the medium saline treatment and least dense in the high saline 

treatment. 

The above observations indicate that the differences in growth of 

different parts of the plant are not only affected by the 1 eve 1 of 

salinity, but also by the duration of the saline treatment. 

Results Based on Data and Discussion 

Average Dry Weights of Leaves 

On days 5 and 10 after the start of treatments there were no 

significant differences among the treatment means, but differences 

started to appear on day 15 with the control having a higher treatment 

mean than both the medium and high saline treatments up to the last 

harvest on day 30 (Table 2). The medium and high saline treatment means 

were not significantly different from each other until at the last 

harvest when the difference became significant. Figure 8 illustrates the 

trends of the three treatments in the 30-day treatment period. 

These results indicate that it takes between 10 to 15 days for the 

dry weight of leaves to be affected by medium saiinity level used in this 

study and that increasing salinity to the high level does not affect the 

leaf dry weight until after 25 days of subjecting the plants to this 

salinity level. Apart from osmotic effect, there is a possibility that 
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Table 2. Dry weights of tomato leaves for the three NaCl treatments at 
the six harvest times. 

Salt Treatment Dry Weight* 
(Osmotic pressure) Harvest time (days) 

5 10 15 20 25 30 
Bars -----------------g pot-l--------------------

Control (0.3) 1.68a 2.62a 4.26a 7.13a 10.45a 11. 74a 

4.3 1.63a 2.46a 3.38b 3.82b 4.73b 7.59b 

8.3 1.63a 2.43a 2.92b 3.51b 3.60b 4.18c 

LSD (0.05)** 0.83 1.11 0.71 0.79 1.54 1.96 

*Average of 2 replications of pots with 1 plant each. 

**LSD (0.05)= Least significant difference between the treatment 
means at the 0.05 probability level. 
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concentration in Hoagland solution 
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dry matter yield reduction due to salinity also resulted from Cl- toxicity 

than in the controls and as the duration of treatments increased the level 

of Cl- also increased (Table 19). For example, the Cl- level of leaves of 

medium and high saline treatments on day 5 was about 3 and 4 times higher, 

respectively than those of control plants. By day 30, the level of Cl

increased to 8 and over 9 times that of controls for the medium and high 

saline treatments, respectively. These results agree with those of 

Pessarakli and Tucker (1988) who also found that dry matter production of 

shoots of tomato plants significantly decreased by increasing NaCl 

salinity. Sodium accumulation in leaves was less than chloride 

accumulation (Table 19). This may be due to Na+ being restrained from 

entering the leaves by selection in favor of K+ in the root (Wignarajah et 

al. 1975). Wignarajah et al. (1975), who worked with beans, gave a 

possible explanation that Na+ was restrained from entering the leaves by 

its retention in the stem. However, this has not been found in this study 

with tomatoes. As a matter of fact the leaves contained more Na than the 

stems particularly after day 10 of saline treatments and the gap between 

the two increased as the duration of saline treatments lengthened. 

Although Na+ content in the leaves was less than that of Cl-, its increased 

level with NaCl additions in irrigation water with time resulted in 

decreased K+ level in the leaves. Since K is one of the major elements 

required by plants, increased Na level may have had an adverse effect on 

dry weight of leaves. 
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Average Dry Weights of Stems 

As indicated in Table 3, the difference between L treatment means 

and both the medium and high saline treatment means was significant only 

on days 25 and 30 while M and H treatment means were not significantly 

different from each other throughout the study period (Figure 9). 

Since differences in dry weights between the control and the 

sa li ne treatments became apparent 10 days 1 ater than was the case for 

leaves, stem response in dry weight is less sensitive than leaf response 

in saline conditions. Also the stem seems to be able to withstand wider 

salinity range than leaves since there was no significant difference 

between high and medium saline treatment means of dry weights, even on 

day 30. In addition to osmotic effects, chloride toxicity may also have 

had an influence in reducing the dry matter yield of stems in saline 

treatments. For example, on day 5 the leaves of plants of medium and 

high saline treatments had about 2 and 4 times, respectively, that of the 

controls; and by day 30 leaves from both saline treatments had a Cl- level 

5 times higher than in the controls (Table 20). This level is much lower 

than is the case for leaves which implies that the difference in 

sensitivity to salinity between the two tissues could be attribured to 

the difference in the level of Cl- accumulation in these tissues. Apart 

from Cl-, Na+ also showed specific ion effect by adversely affecting K+ 

level in the stem which, in turn, also contributed to dry weight reduction 

of stem. 
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Table 3. Dry weights of tomato stems for the three NaCl reatments at 
the six harvest times. 

Salt Treatment Dry Weight* 
(Osmotic pressure) Harvest time (days) 

5 10 15 20 25 30 
Bars --------------------g pot-1

---------------

Control (0.3) O.71a 1.04a 1.4Ba 2.35a 3.49a 3.30a 

4.3 0.67a 1.03a 1.41a 1.76a 2.56b 2.14b 

B.3 0.61a 0.97a 1.33a 1.65a 2.01b l.B4b 

LSD (0.05)** 0.30 0.44 0.15 0.66 0.74 0.97 

*Average of 2 replications of pots with 1 plant each. 

**LSD (0.05)= Least significant difference between the treatment 
means at the 0.05 probability level. 
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Average Dry Weights of Roots 

On the first harvest (day 5) the saline treatment means (medium 

and high) had significantly lower values than the control, but the 

difference did not persist in the'days 10 and 15 harvests (Table 4). The 

significant difference on day 5 may have been due to the effect of 

original plant weight which may have been already higher for the control 

at the start of sal i ne treatments. From day 20 to 30 there was a 

significant difference between the control mean and the medium and high 

saline treatment means. Meanwhile the medium and high saline treatment 

means were not significantly different until on the last harvest, day 30. 

Figure 10 shows the trends of the three treatments. 

The degree of sensitivity of roots to salinity lies between that of 

leaves and of the stem but closer to that of leaves. On day 20 there was 

a 46% reduction in leaf dry weight and a 36% reduction in root dry weight 

due to salinity while there was no significant reduction in stem dry 

weight. On day 25 there was a 55% dry weight reduction of leaves, a 27% 

dry weight reduction of stem and a 46% dry weight reduction of roots. On 

the last harvest the high salinity level resulted ,in a 64% reduction in 

dry weight of leaves and a 61% reduction in root dry \'/eight. The Cl levels 

of roots of medium and high saline treated plants on day 5 were 3 and 4 

times higher, respectively, than that of the control while for day 30 they 

were 6 and 8 times higher in the medium and saline treatments, 

respectively, as compared to the 30 day control. As for the leaves and 

stems, the differences in degree of sensitivity to salinity was also 

attributed to the level of accumulation of Cl- in the roots of saline 
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Table 4. Dry weights of tomato roots for the three NaCl treatments at 
the six harvest times. 

Salt Treatment Dry Weight* 
(Osmotic pressure) Harvest time (days) 

5 10 15 20 25 30 
Bars --------------------9 pot-1

---------------

Control (0.3) 1.21a 1.41a 1. 74a 2.75a 4.19a 4.50a 

4.3 0.72b 0.92a 1.27a 1.75b 2.27b 2.30b 

8.3 0.67b 0.91a 1.25a 1.66b l.71b 1.74c 

LSD (0.05)** 0.29 0.51 0.51 0.80 1.66 0.40 

*Average of 2 replications of pots with 1 plant each. 

**LSD (0.05)= Least significant difference between the treatment 
means at the 0.05 probability level. 
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treated plants compared to those of the controls (Table 21). Root K+ level 

does not seem to be affected by high Na+ levels in the saline treatments. 

Pessarakli and Tucker (1988) also found that dry matter yield of roots was 

reduced as NaCl salinity was increased. 

Average Dry Weights of Whole Plants 

Significant differences between the control and the two sal ine 

treatment means started to appear on day 15 harvest and persisted to the 

last harvest while the saline treatments were not significantly different 

from each other until on the last harvest when the medium saline treatment 

mean was significantly higher than the H treatment mean (Table 5). The 

trend of mean separation among the three treatments of the dry weights of 

the whole plants in Table 5 was essentially identical to that of the dry 

weights of leaves in Table 2. This results from the fact that the plant 

leaves mostly had a greater proportion of dry weight than both stems and 

roots combined, and so the responses of leaf dry weight to the treatments 

had a great impact on the whole plant dry weight responses. Figure 11 

ill ustrates the trends of responses between the three treatments, and 

indeed the trends are almost a reflection of the leaf responses. 

Whatever has affected leaves, stem and roots of the plant would 

definitely integrate into the whole plant. Therefore cr toxicity and 

antagonistic effect of Na+ on K+ (for leaves and stems) in the saline 

treatments are other suspected culprits responsible for reduction of dry 

matter yield of the whole plant. Kafkafi et al. (1982) working with 

tomatoes also found a decline in dry matter yield with increasing Cl-
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Table S. Dry weights of whole plants for the three NaCl treatments at 
the six harvest times. 

Salt Treatment Dry Weight* 
(Osmotic pressure) Harvest time (days) 

S 10 IS 20 2S 30 
Bars --------------------g pot-1

-----------------

Control (0.3) 3.S0a 4.69a 7.48a 12.24a 17.93a 18.94a 

4.3 3.0Sa 4.41a S.97b 7.33b 9.13b 12.4Sb 

8.3 2.9Sa 4.37a S.S8b 6.6Sb 7.0Sb 7.78c 

LSD (O.OS)** 1.36 1.69 0.98 2.12 4.0S 3.16 

*Average of 2 replications of pots with 1 plant each. 

**LSD (O.OS)= Least significant difference between the treatment means 
at the O.OS probability level. 
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concentration in solution at all N03- and H2 P04-levels. Al-Rawahy (1986), 

using NaCl, Na2S04 and CaC1 2 in irrigation water found that increasing 

salinity decreased dry matter yield, and NaCl had the most severe effect. 

Relative Growth Rates of Tomato Plants 

Table 6 shows the mean values of relative growth rates (RGR) of 

tomato plants. The control mean was significantly higher than the 

saline treatments on days 15, 20 and 25. Figure 12 shows these trends; 

the control curve resembles that of a typical growth curve. The sigmoid 

portion of the growth curve for the medium saline treatment was delayed 

about 15 days due to salinity. 

These results indicate that the sal ine treatments retard the 

growth of the plant and, as given in the preceding discussion, the 

reduced rate of growth could also be attributed to cr toxicity and 

antagonistic effect of Na+ on K+. 

Average Nitrogen Content of Leaves 
... 

High saline treatment mean for N content of leaves had a 

significantly lower value than the medium saline and the control means 

on the very first harvest- a very fast response (See Table 7). On days 

10 and 20 harvests all three means were significantly different from each 

other with control and the high saline treatment means having the highest 

and lowest values, respectively. On days 15 and 25 harvests the control 

mean was significantly higher than both the medium saline and the high 

sa 1 i ne treatment means. It is interesting to note that on the 1 ast 

harvest there was no significant difference between the means of the three 
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Tabl e 6. Rel at ive gro~'lth rates# of tomato pl ants for the three NaCl 
treatments at the six harvest times. 

Salt Treatment Relative Growth Rates* 
(Osmotic pressure) Harvest time (days) 

5 10 15 20 25 30 

Bars --------------------g/day---------------------

Control (0.3) 0.33a 0.30a 0.56a 0.94a 1.14a 0.31ab 

4.3 0.24a 0.25a 0.32b 0.27b 0.36ab 0.67b 

8.3 0.24a 0.22a 0.23b 0.21b 0.07b 0.13a 

LSD (0.05)** 0.26 0.17 0.20 0.42 0.80 0.38 

#RGR= Increase in dry weight between harvests/ 5 days (g/day). 

*Average of 2 replications of pots with 1 plant each. 

**LSD (0.05)= Least significant difference between the treatment means 
at the 0.05 probability level. 
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Table 7. Leaf N content of tomato plants for the three NaCl treatments 
at the six harvest times. 

Salt Treatment N content* 
(Osmotic pressure) Harvest time (days) 

5 10 15 20 25 30 
Bars ----------------per cent------------------

Control (0.3) 4.29a 4.31a 4.03a 3.77a 4.01a 3.63a 

4.3 3.98a 3.61b 3.29b 3.27b 3.28b 3.24a 

8.3 2.41b 3.11c 3.12b 2.11c 3.20b 2.66a 

LSD (0.05)** 0.41 0.30 0.45 0.35 0.27 1.16 

*Average of 2 replications of pots with 1 plant each. 

**LSD (0.05)= Least significant difference between the treatment 
means at the 0.05 probability level. 
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treatments. This may have been due to the saline treatments having 

adjusted osmotically well enough not to have been affected in their N 

content. 

The results indicate that N content of leaves is very sensitive to 

salinity. The fact that the N content shows more decrease with time in 

the control than in the saline treatments indicates that there is a 

dilution effect resulting from a greater increase in dry matter in the 

control than in the saline treatments. The medium saline treatment N 

content means were much more stable with time and showed a general slight 

decrease while those of high saline treatment fluctuated more and showed 

a general increase with time. In spite of a general decrease of N content 

of control plants because of the dilution effect of increased dry matter 

yield, the N content of saline treated plants was still lower. This may 

have resulted from induced deficiency of nitrate by the increased external 

Cl- concentration which, in turn, caused a high accumulation in the leaves 

(Table 19) thereby affecting nitrate metabolism. 

Average N Content of Stems 

A Significant difference in N content of stems between the control 

and the two sal ine treatments means appeared only on d=:y 20 with the 

control having a higher value, while on day 30 it was the high saline 

treatment mean that was signi fi cantly different from the other two 

treaments by having a lower value (Table 8). 

Appearence of differences between the control and the sal i ne 

treatments (medium and high) means later in the study period as compared 
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Table 8. Stem N content of tomato plants for the three NaCl treatments 
at the six harvest times. 

Salt Treatment N content* 
(Osmotic pressure) Harvest time (days) 

5 10 15 20 25 30 
Bars ----------------per cent--------------------

Control (0.3) 2.31a 2.41a 2.02a 2.14a 2.09a 2.37a 

4.3 2.15a 2.18a 1.72a 1.72b 1. 71ab 2.18a 

8.3 2.02a 1.56a 1.69a 1.71b 1.47b 1.64b 

LSD (0.05)** 0.34 1.05 0.48 0.03 0.56 0.49 

*Average of 2 replications of pots with 1 plant each. 

**LSD (0.05)= Least significant difference between the treatment 
means at the 0.05 probability level. 
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to leaves indicates that stem N content response to salinity was less 

sensitive than leaf response. This could be attributed to less 

Cl- toxicity in the stem since the stems have accumulated less Cl- than 

the leaves. 

Average N Content of Roots 

It is interesting to note that there was no difference between the 

control and the M treatment means in root N throughout the study period 

(Table 9). This implies that root N content response was not affected 

by the medium (M) sal ine treatment. Only the H treatment mean was 

significantly lower than both the control and the M treatment means and 

that happened on days 5, 20 and 25 harvests. 

The root N content had a fast response to salinity as was the case 

for leaves. Then there were no differences between treatment means on 

days 10 and 15 harvests because the roots may have adjusted osmotically 

to high salinity. But by day 20 the level of Cl- in the root was about 13 

times greater in the high saline treatment than the control, and on day 

25 the level was about 15 times greater than in the control. On day 30 

where there were no significant differences among the treatment means, 

the level of Cl- in roots of plants of the high saline treatment as 

compared to the control of the same harvest date was much reduced in 

comparison to the two previous harvests; it was about eight times greater 

than in the control. 
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Table 9. Root N content of tomato plants for the three NaCl treatments 
at the six harvest times. 

Salt Treatment N content* 
(Osmotic pressure) Harvest time (days) 

5 10 15 20 25 30 
Bars ----------------per cent-----------------

Control (0.3) 2.4Sa 3.16a 2.73a 2.75a 2.79a 2.73a 

4.3 2.42a 2.73a 2.57a 2.64a 2.6Sa 2.46a 

S.3 2.14b 2.5Sa 2.04a 1.95b 2.01b I.SSa 

LSD (0.05)** 0.23 LOS 0.54 0.19 0.55 0.70 

*Average of 2 replications of pots with 1 plant each. 

**LSD (0.05)= Least significant difference between the treatment 
means at the 0.05 probability level. 
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Average N Content of the Whole Plant 

Table 10 shows that the high saline treatment mean for N content 

of the whole plant was significantly lower than the other two treatments 

on days 5 and 20. On day 10 harvest all the treatment means were 

significantly different from each other with the control and the high 

saline treatment means having the highest and lowest values, respectively. 

On days 15 and 25 the control was significantly higher than the saline 

treatments and on day 30 the medium saline treatment mean was commonly not 

significantly different from the other two treatment means but the control 

mean had a significantly higher value than the high saline treatment mean. 

The results indicate that plant N content, which is an integrated 

N content of leaves, stems and roots, was affected by salinity earlier 

during the saline treatment period than plant dry weight; and the high 

salinity had a greater impact in reducing the plant N content than the 

medium saline treatment. Chloride toxicity in addition to osmotic effects 

would appear to be responsible for the decrease. Abdul-Kadir and Paulsen 

(1982) reported that salinity stress retarded growth of wheat and 

decreased N content of whole plants. They attributed these decreases to 

osmotic effects and nitrogen starvation from antagonism of nitrate by 

chloride. 

Nitrogen Uptake of Tomato Leaves 

Difference between treatment means in N uptake started showing on 

day 5 where the high saline treatment had a significantly lower value 

than the control (Table 11). This trend continued to the next harvest. 
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Table 10. Tomato plant N content for the three NaCl treatments at the six 
harvest times. 

Salt Treatment N content* 
(Osmotic pressure) Harvest time (days) 

5 10 15 20 25 30 
Bars ----------------per cent--------------------

Control (0.3) 3.18a 3.85a 3.29a 4.04a 3.19a 3.33a 

4.3 3.14a 3.04b 2.81b 3.85a 2.76b 2.88ab 

8.3 2.40b 2.67c 2.52b 3.25b 2.70b 2.67b 

LSD (0.05)** 0.17 0.27 0.34 ·0.40 0.30 0.76 

*Average of 2 replications of pots with 1 plant each. 

**LSD (0.05)= Least significant difference between the treatment 
means at the 0.05 probability level. 
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Table 11. Nitrogen uptake of tomato leaves for the three· saline 
treatments at the six harvest times. 

Salt Treatment N uptake* 
Osmotic pressure) Harvest time (days) 

5 10 15 20 25 30 

Bars ----------------mg pot-1
---------------------

Control (0.3) 70a 113a 172a 269a 419a 471a 

4.3 66ab 87ab ll1b 125b 155b 246b 

8.3 40b 60b 91b 72c USb ll1c 

LSD (0.05)** 26 40 31 27 78 74 

*Average of 2 replications of pots with 1 plant each. 

**LSD (0.05)= Least significant difference between the treatment 
means at the 0.05 probability level. 
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But on days 15 and 25 the control had significantly higher values than 

both the saline treatment means. On days 20 and 25 each treatment mean 

was significantly different from each other with the control having the 

highest value and the high saline treatment having the lowest one. 

Since N uptake is a product of dry weight and N content, the 

factors that have affected the latter two would be the same as those 

affecting N uptake, and the response trends affecting them would be a 

result of their combination affecs on N uptake response trend as given 

above. 

Nitrogen Uptake of Tomato Stems 

Table 12 shows that the treatment means of N uptake of stems were 

not different from each other until day 20 when the control had a signi

ficantly higher value than the saline treatments, which continued through 

day 25. On day 30 all the means were significantly different from each 

other with the control having the highest mean and the high sal ine 

treatment the lowest. As has been the case for stem dry weight and its 

N content, stem N uptake is less sensitive to salinity than leaf N uptake. 

The difference in sensitivities may be attributed to differences in Cl

accumulation, since, from day 15 harvest when leaf and stem Cl- levels 

were nearly equal in the saline treatments, the leaf Cl- level increased 

sharply from day 20 and was close to twice the level in the stem on day 

30. The difference in sensitivity to salinity between the stem and the 

leaves could also be attributed to Na+ being accumulated in the stem in 

less amount than in leaves (Tables 19 and 20). 
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Table 12. Nitrogen uptake of tomato stems for the three NaCl treatments 
at the six harvest times. 

Salt Treatment N uptake* 
(Osmotic pressure) Harvest time (days) 

5 10 15 20 25 30 
Bars ---------------------mg pot-1

-----------------

Control (0.3) 14a 23a 29a 50a 70a 89a 

4.3 14a 22a 24a 30b 32b 56b 

8.3 14a 16a 22a 28b 31b 31c 

LSD (0.05)** 8 7 8 13 34 17 

*Average of 2 replications of pots with 1 plant each. 

**LSD (0.05)= Least significant difference between the treatment 
means at the 0.05 probability level. 
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Nitrogen Uptake of Tomato Roots 

On day 5 harvest the medium and high saline treatment means of N 

uptake of roots had a significantly lower value than the control (Table 

13); and on days 10, 15 and 25 the high sal ine treatment means had 

significantly lower val ues than the control, with medium sal ine treatment 

means showing no significant difference to the control and the high saline 

treatment means (Table 13). Unlike root dry weight, root N uptake is more 

affected by the high saline treatment than low saline treatment. Chloride 

toxicity may be responsible for the difference since from day 10 the Cl

level in high saline treatment was more than twice that of the medium 

saline treatment, and from there on the gap between the two was reduced 

but the levels increased and on days 25 and 30 the gap started to widen 

again. 

Total Nitrogen Uptake of the Whole Plant 

On day 5 harvest there was no significant difference between the 

treatment means in total N uptake of the plants (Table 14). On day 10 

the control had a higher mean value than the high saline treatment. For 

the following four harvests the medium and high saline means were 

consistently not different from each other but were statistically lower 

than the control. 

On the whole plant basis, N uptake was affected mostly by the 

medium saline treatment with the high saline treatment not causing more 

depression in the plant N uptake. Interactions exist between the leaves, 

stems and roots and their products of dry weights and N content all of 

which combine to integrate into N uptake of the whole plant. 
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Table 13. Nitrogen uptake of tomato roots for the three NaCl treatments 
at the six harvest times. 

Salt Treatment N uptake* 
(Osmotic pressure) Harvest time (days) 

5 10 15 20 25 30 
Bars -------------------mg pot-1

-------------------

Control (O.3) 26a 45a 45a 84a 84a 135a 

4.3 18b 26ab 35ab SOb 60ab 57b 

8.3 16b 23 b 26 b 43b 45 b 33c 

LSD (0.05)** 7 20 15 23 34 10 

*Average of 2 replications of pots with 1 plant each. 

**LSD (0.05)= Least significant difference between the treatment 
means at the 0.05 probability level. 
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Table 14. Total N uptake of whole plant for the three NaCl treatments at 
the six harvest times. 

Salt Treatment N uptake* 
(Osmotic pressure) Harvest time (days) 

5 10 15 20 25 30 
Bars ------------------mg pot-1

-------------------

Control (0.3) 110a 180a 246a 494a 573a 634a 

4.3 97a 133ab 168b 282b 246b 358b 

8.3 71a 118b 141b 216b 194b 176b 

LSD (0.05)** 40 52 45 78 136 239 

*Average of 2 replications of pots with 1 plant each. 

**LSD (0.05)= Least significant difference between the treatment 
means at the 0.05 probability level. 
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Nitrogen-15 Uptake by Tomato Leaves 

The high saline treatment mean was significantly lower than the 

control mean in 15N uptake by 1 eaves on days 5 and 10 harvests' (Tabl e 

15). On day 15 both the medium and high sal ine treatment means were 

lower than the control and on days 20 and 30 all the treatment means were 

different from each other with the control and the high saline treatment 

means having the highest and the lowest values, respectively. Figure 13 

illustrates these differences. 

The differences in treatment means here follO\'1 the same trend as 

for leaf N uptake (Table 11). The differences are attributed to osmotic 

effects and cr toxicity as expl ained by dry weight and N content of 

leaves; and Na+ antagonistic effect on K+ as explained by dry weight of 

leaves. 

Nitrogen-15 Uptake by Tomato Stems 

There were no significant differences among treatment means during 

the first three harvests but during the last three harvests, the control 

had a' significantly higher value than both the medium and high saline 

treatment means which were not different from each other (Table 16 and 

Figure 14). 

The trends in mean differences are simil ar to those of stem N 

uptake (Table 12) but there was a difference on day 30 harvest when 15N 

uptake saline treatments showed no significant difference between their 

means while the difference exists in the case of stem N uptake. Because 

of more accuracy of results using 15N, stem 15N uptake would be relied on 

for comparing the trends in treatment means. 
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Table 15. Uptake of 15N by tomato leaves for the three NaCl treatments 
at the six harvest times. 

Salt Treatment 15N uptake* 
(Osmotic pressure) Harvest time (days) 

5 10 15 20 25 30 
Bars -------------------mg pot-1-------------------

Control (0.3) 1.08a l.gOa 3.75a 5.g7a 11. 02a 11.12a 

4.3 0.86ab 1.41ab 2.10b 2.29b 3.49b 5.59b 

8.3 0.56b 0.83b 1.51b 1.04c 2.41b 2.25c 

LSD (0.05)** 0.51 0.68 0.72 0.74 1.80 2.89 

*Average of 2 replications of pots with 1 plant each. 

**LSD (0.05)= Least significant difference between the treatment 
means at the 0.05 probability level. 
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Table 16. Uptake of 15N by tomato stems for the three NaCl treatments at 
the six harvest times. 

Salt Treatment 15N uptake* 
(Osmotic pressure) Harvest time (days) 

5 10 15 20 25 30 
Bars -------------------mg pot-1-------------------

Control (0.3) 0.2Sa 0.42a O.69a 1.13a 1.84a 2.19a 

4.3 0.21a 0.38a 0.46a 0.56b 0.67b 0.88b 

8.3 O.20a 0.24a 0.40a 0.42b 0.62b 0.61b 

LSD (0.05)** 0.15 0.21 0.25 0.37 0.83 0.77 

*Average of 2 replications of pots with 1 plant each. 

**LSD (0.05)= Least significant difference between the treatment 
means at the 0.05 probability level. 
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Nitrogen-15 Uptake by Tomato Roots 

During days 5, 20 and 25 harvests the control mean was 

significantly higher than both the medium and high saline treatment means 

and on days 15 and 30 all treatment means were different from each other 

with the control and the high saline treatment having the highest and the 

lowest values, respectively (Table 17 and Figure 15). 

Because there was a difference in trend of treatment means on days 

10 and 15 between root i5N uptake (Table 17) and root N uptake (Table 13), 

root i5N uptake will be relied on for comparing trends in treatment means 

because of greater accuracy in using i5N. 

Total i5N Uptake of the Whole Plant 

On day 10, response to sal inity started showing with the high 

saline treatment having a lower mean than the control and on the next two 

harvests each treatment mean was di fferent from each other wi th the 

control having the highest and the high treatment having the lowest 

values (Table 18 and Figure 16). On day 25 the control had the only 

different mean that was higher than the other two treatments; and on the 

last harvest each mean was different from each other with the control and 

the H treatment having the highest and the lowest means, respectively. 

These results are in agreement with studies conducted by 

Pessarakli and Tucker (1988) with tomatoes and by Frota and Tucker (1978) 

with red kidney beans, both of which reported a reduction in 15N uptake 

as a result of subjecting the plants to salt stress. 
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Table 17. Uptake of 15N by tomato roots for the three NaCl treatments at 
the six harvest times. 

Salt Treatment 15N uptake* 
(Osmotic pressure) Harvest time (days) 

5 10 15 20 25 30 
Bars --------------------mg pot-1------------------

Control (0.3) 0.47a 0.75a 0.97a 1.76a 2.11a 3.02a 

4.3 0.26b 0.40a 0.72b 0.92b 1.33b 1.27b 

8.3 0.24b 0.39a 0.50c 0.65b 0.92b 0.62c 

LSD (0.05)** 0.16 0.38 0.11 0.48 0.73 0.50 

*Average of 2 replications of pots with 1 plant each. 

**LSD (0.05)= Least significant difference between the treatment 
means at the 0.05 probability level. 
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Table IS. Total 15N uptake of tomato plants for the three NaCl treatments 
at the six harvest times. 

Salt Treatment 15N uptake* 
(Osmotic pressure) Harvest time (days) 

5 10 15 20 25 30 
Bars ---------------------mg pot-1-----------------

Control (0.3) 1.S0a 3.07a 5.41a S.S5a 14.96a 16.32a 

4.3 1.30a 2.1Sab 3.27b 3.77b 5.49b 7.73b 

S.3 1.03a 1.45b 2.4~c 2.10c 3.94b 3.48c 

LSD (0.05)** 0.77 1.19 0.S3 1.46 3.19 3.81 

*Average of 2 replications of pots with 1 plant each. 

**LSD (0.05)= Least significant difference between the treatment 
means at the 0.05 probability level. 
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Fig. 16. Tomato plant N-15 with time as affected by NaCl concentration 
in Hoagland solution. 
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Recovery of 15N 

Recovery of 15N increased with time because (i) plants were getting 

1 arger and therefore demanded more Nand (i i) app 1 i cat ions of 15N was 

divided into three doses given at different times. The amount of 15N 

applied to each plant was 10 mg during a 10-day period. Table 18 shows 

that only 18% was recovered in the plant in a 5-day period for the control 

plants while for the saline treatments it was about 13%. But on day 10, 

the recovery almost doubled. Later during the day, the second dose of 

15N was applied and 5 days later recovery was about 27%. for the control 

and recovery of the medium and high saline treatments were 16 and 12%, 

respectively. On day 20 just before the last 15N application, the control 

had about 44% recovery while the saline tr~atment had about 19% recovery. 

By day 30 the recovery of 15N for the control further increased to 54% of 

the total 30 mg applied to the plants while the medium saline treatment 

had about 26% recovery and the high sal ine treatment had about 12% 

recovery of 15N. So we find that N uptake for the control was about twice 

that of medium saline treatment and about four times that of high saline 

treatment. 

Dry matter yield shows that there is a time lag before significant 

differences among treatments appear in dry weight after exposing the 

plants to salt stress. Within the same species and same variety, the 

difference in this time lag may be largely due to the stage of plant 

growth. In this study significant difference in dry matter yield between 

the control and the two saline treatments was first noted on day 15. The 

treatments were started on 80-day-old pl ants. Pessarakl i and Tucker 
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(1988) found that with tomatoes of the same variety, the treatment means 

showed a significant difference in dry matter yield within 7 days of 

starting the saline treatments. The older plants used in this study were 

larger in size, better established and therefore more tolerant to 

salinity. For older plants, it probably takes a longer time for stress 

to show adverse effects on some of the processes within the system than 

it takes in younger plants. This is in agreement with Maas et al. (1986) 

findings that the vegetative stage is the most sensitive growth stage of 

plants to salinity and the maturation stage is the least sensitive. 

Levels of Na+, Cl- and K+ 
in Leaves, Stems and Roots 

Tables 19, 20 and 21 show the levels of Na+, Cl- and K+ in leaves, 

stems and roots for the different treatments. While day 5 control showed 

the same level of stem Cl- as day 30 control, both the leaf and the root 

Cl- level increased about one and a half times at day 30 harvest. The 

Na+, on the other hand, showed a decrease from day 5 to day 30 harvest in 

all the three tissues with the stems and the roots decreasing more than 

the leaves. Since the controls were not subjected to saline treatments, 

the source of Cl- may have mostly been from FeC1 2 .4H20 which was used as 

a micronutrient in the Hoagland solution, and Na+ may have originated from 

seed; this could probably be so since the concentration decreased with 

time as the plants got bigger, thereby diluting Na+ concentration of the 

tissues. The Hoagland solution had 6.7 mmoles of Cl- that was contributed 

by FeC1 2 .4H20. In the medium saline treatments the amount of Na+ and Cl

added was 96 mmoles each, while for the high saline treatment the amount 
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Table 19. Sodium, chloride and potassium contents of leaves for the three 
NaCl treatments at the six harvest times. 

Salt Treatment Harvest time (days) 
(Osmotic pressure) 5 10 15 20 25 30 

Bars --------------.------%----------------------

Sodium 

Control (O.3) 0.52 0.45 0.36 0.42 0.42 0.44 

4.3 0.73 0.97 1.29 1. 76 2.20 3.04 

8.3 1.07 1. 55 1. 73 1.88 3.62 3.97 

Chloride 

Control (0.3) 0.59 0.50 0.40 0.50 0.55 0.90 

4.3 1.53 2.38 3.66 4.77 5.13 7.31 

8.3 2.39 3.85 4.17 4.66 8.18 8.59 

Potassium 

Control (O.3) 4.88 5.40 5.82 7.02 8.90 7.66 

4.3 4.66 5.39 5.46 5.10 5.84 6.85 

8.3 4.50 4.91 4.37 4.38 5.24 6.33 
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Table 20. Sodium, chloride and potassium contents of stems for the three 
NaCl treatments at the six harvest times. 

Salt Treatment ~arvest time (days) 
(Osmotic pressure) 5 10 15 20 25 30 

Bars --------------------%-----------------------

Sodium 

Control (0.3) 0.78 0.60 0.48 0.43 0.33 0.29 

4.3 0.87 0.98 0.96 0.92 0.97 0.84 

8.3 1.32 1.19 1.44 1.07 1.28 1.01 

Chloride 

Control (0.3) 0.88 0.57 0.57 0.59 0.60 0.88 

4.3 1.96 3.15 3.77 3.41 3.84 4.27 

8.3 3.86 3.84 4.03 4.18 4.52 4.34 

Potassium 

Control (0.3) 6.14 6.42 6.66 6.93 7.33 6.40 

4.3 5.46 6.64 6.21 5.69 5.58 5.74 

.8.3 5.96 5.58 5.03 4.40 5.35 5.20 
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Table 21. Sodium, chloride and potassium contents of roots for the three 
NaCl treatments at the six harvest times. 

Salt Treatment Harvest time (days) 
(Osmotic pressure) 5 10 15 20 25 30 

Bars ---------------------%----------------------

Sodium 

Control (0.3) 0.76 0.50 0.28 0.26 0.25 0.36 

4.3 1.25 1.68 1.33 1.48 1.40 1.34 

8.3 1.59 2.41 1.62 2.02 2.17 1.96 

Chloride 

Control (0.3) 0.42 0.40 0.32 0.31 0.33 0.60 

4.3 1.17 1.76 3.27 3.41 4.02 3.98 

8.3 1.93 3.74 3.37 3.93 4.76 4.78 

Potassium 

Control (0.03) 3.38 4.29 5.35 5.85 6.43 5.13 

4.3 4.18 5.65 5.84 5.64 6.02 6.41 

8.3 2.94 5.06 5.25 5.45 6.65 5.56 
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added was 192 mmoles for each. The Cl- level of the tissues in the saline 

treatments increased drastically with time and higher salt concentration 

of the solution resulted in higher level of Cl- in the leaves, the stems 

and the root tissues with the leaves having a much higher level than both 

the stem and the roots. The Na+ concentration of the stems and the roots 

showed only slight fluctuations with time but the leaves had a drastic 

increase with time and by day 30 harvest the concentrations were about 

four times those of day 5 harvest. The high saline treatments resulted 

in higher Na+ concentration than the medium saline treatments in all the 

tissues. 

We can conclude that, in the saline treatments, the Cl-/Na+ ratio 

differs widely between different tissues and between different durations 

of NaCl stress as follows: 

For the leaves, Cl-/Na+ ratio was about 2 on day 5 increasing 
to about 2.5 on days 20 to 30. 

The ratio for the stems was over 2 on day 5, and by day 20 it 
was about 4 and on day 30 it was over 4. 

The root Cl-/Na+ ratio was about 1 on day 5, 2 on day 20, 3 and 
2.5 on day 30 with medium saline and high saline treatments 
respectively. 

Since both Na+ and Cl- were applied equally as NaCl salt in the saline 

treatments, there must have been more restriction to the accumulation of 

the Na+ than the Cl- in the tissues. The restriction in Na+ accumulation 

may have resulted from interference by K+ since we see in Tables 19, 20 

and 21 that K+ level increases sharply as Na+ level in the controls 

decreases. In the leaves, K+ level for the control was nine times the 
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level of Na+ on day 5 (Table 19). By day 30, the K+ level was 17 times 

greater than that of Na+. In saline treatments, Na+ level increased with 

the duration of the treatments and this resulted in lesser proportion of 

K+ level in leaves as compared to its levels in the controls. Similar 

trends of competetion between K+ and Na+ can be seen in Table 20 for stems. 

In roots, however, K+ level does not seem to have been affected by Na+ 

1 eve 1 increase. Greenway and Munns (1980) have suggested that in both 

roots and shoots there may be regulation of the sum of (Na+ + K+) rather 

than of K+ and Na+ separately. Whatever the case, this study shows that 

high Na+ level in the tissue resulting from high Na+ in soil solution would 

result in reduction of K+ level in the shoot. Since K is one of the major 

elements required in plant growth, its reduction would definitely 

contribute to reduction in growth. 

The differences in the levels of Na+ and Cl- in the tissues have 

also been attributed to structural composition of the tissues which 

affect their accumulation (Staehelin, 1976; Kuiper, 1968). 

Study B: Effect of Sal inity on N03- Uptake and Yield of Two 

Cultivars of Tomatoes 

Soil Salinity and N03 -N Content 

Four soil samples were taken from different locations of the field 

prior to transplanting of tomatoes. The samples were analysed for their 

pH, electrical conductivity (ECe ) and N03 -N content. The results are given 

in Table 22. The EC values were converted from values actually obtained 

from 1:1 soil/water ratio using a correlation developed by Alawi (1977) 

for the soil of the farm. The regression equation obtained was x = (y -
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Table 22. The pH, EC* and N03 -N content of soils taken from the field 
before the start of the study. 

Sample # pH ECe* N03-N Fertilizer N Equivalent 

dS/m ppm kg/ha 

1 8.1 2.6 11.2 25 

2 8.2 2.0 22.4 50 

3 8.2 1.6 18.2 41 

4 8.2 1.9 15.4 35 

ECe* calculated from 1:1 extracts. 
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0.08166}/0.54902 where y is the EC of 1:1 soil-water ratio and x is the 

EC of the saturation extract. The 1:1 soil-water ratio was used in order 

to get enough extract for analysis since the soil from the farm is known 

to be of a high sodium content (Alawi, 1977) which would ma.ke the 

extraction of soil solution from saturated paste difficult. 

The above soil analyses indicate that the EC varied from one area 

of the field to another. The N03 -N content also varied widely. This was 

residual N remaining after removal of a cotton crop that was grown 

previously on the same field. These fertility levels may pose problems 

when evaluating yield levels for the three fertilizer treatments used in 

this study. Since there was no other area available, the field was used 

for the experiment. 

Figure 17 shows the electrical conductivities (EC) of saturation 

extract of soils collected from each subplot of the tomato field. Soil 

samples were collected in the mid-season of the tomato crop so as to 

obtain the effect of the two water sources on soil salinity to that time. 

There was some variation in salinity levels between one subplot and 

another but this variation was not very wide and salinity level itself 

was not high for most subplots. In general, the well water irrigated 

subplots had a slightly higher EC than the river water irrigated subplots. 

But still, none of these salinity levels have exceeded the level of 2.5 

dS/m above which tomatoes yield potential would be less than 100% (Ayers 

and Westcot, 1985). However, the well water's salinity level was above 

the level of 1.7 dS/m water salinity for 100% yield potential of tomatoes; 



VI 

V2 

VI 

VI 

Well water River water 

row 1 row 2 row 1 row 2 
1.3 1.5 1.1 1.7 
1.1 1.7 V2 BI V2 1.1 0.8 
1.3 0.9 0.9 0.6 
0.8 1.7 1.1 1.3 
1.3 2.8 VI B2 V2 1.3 1.1 
1.5 2.0 0.7 1.3 
1.5 0.9 1.3 1.1 
1.3 1.5 V2 B3 VI 1.9 1.3 
1.1 1.3 1.1 0.8 
1.7 1.5 1.3 1.1 
1.3 1.3 V2 B4 VI 1.1 1.3 
2.0 1.3 1.7 1.1 

B1' B2 , B3 and B4 are blocks 1, 2, 3 and 4. VI - Columbia 

variety and V2 - Pearson variety. 
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Fig. 17. Electrical conductivities(dS/m) of soils sampled from the 
different subplots of the tomato field in midseason. 
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its 1 eve 1 corresponded to 90% yi e 1 d potential for tomatoes (Ayers and 

Westcot, 1985). 

Quality of River and Well Waters 

From Table 1 we find that both the waters are saline but the well 

water has about twice the level of salinity of the river water. 

According to Ayers and Westcot (1985), the degree of restriction on use 

of these waters lies between slight to moderate in terms of affecting crop 

water availability. The river water would lie closer to the former while 

the well water would lie closer to the latter. The SAR of the river water 

may cause a s 1 i ght degree of restri ct i on on water use in terms of 

affecting infiltration rate of water into the soil, while the SAR of the 

well water may cause a moderate degree of restriction. The Na and Cl 

specific ion toxicities may pose slight and moderate problems for the 

river and well waters, respectively. The N03 -N (converted from N03 in 

Table 1) of the river and well waters are 0.5 and 1.5 ppm, respectively. 

Amounts of N Added to the Soil by Irrigat'ion 

The total amount of irrigation water from each water source for the 

study period was 1.3 meters. Therefore the amount added in one hectare 

would be 13x103 m3. From the N03-N value and the quantity of water 

applied, amount of N/ha could be calculated. Therefore the amount of 

N03 -N applied by river water was 6.5 kg/ha and that applied by well water 

was 19.5 kg/ha. 

So we find that there was a contribution of N03-N from both the 

irrigation water and the residual amount remaining in the soil f,'om the 
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previous cotton crop. The latter amount was very variable from one area 

of the field to another. 

Nitrate Content. of Petioles 

Table 23 shows the N03 -N content of leaf petioles of tomato plants 

with non-saline and saline irrigation at five sampling times that were 2 

weeks apart. These samplings were started 5 weeks after transplanting in 

the field. It is interesting to note that in both cases Columbia had a 

significantly higher petiole N03-N content than Pearson on sampl ing II 

which was taken 2 weeks after appl ication of the second dosage of 

fertilizer and just a week before the first crop harvest. 

Columbia started to fruit earlier, the plants had a great demand on 

N because of the heavy sinks (fruits) that were forming on the plant at 

the time, and because N fertilizer was applied 2 weeks prior to petiole 

sampling, there was more accumulation of N03 -N in the petioles of Columbia 

than Pearson at that time probably due to the residual N being utilized 

by the sinks. 

Tomato Adjusted Yield Under River Water Irrigation 

Table 24 shows tomato yields of Columbia and Pearson varieties 

adjusted to per plant basis under three N treatments and irrigated with 

less saline river water. Statistical analysis (Table 25) shows that there 

was no significant difference in yield between the N treatments within 

each variety at 0.05 probability level. The reason may be due to the fact 

that the field had already adequate N since the previous crop that was 

grown in the field was cotton which received N in an amount that was more 
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Table 23. Petiole N03 -N content of five samplings of tomato leaves for 
the two varieties irrigated with river and well waters. 

Variety I II 
N03 -N content 

III IV V 

---------------------%-------------------------

River Water 

Columbia 0.32 a 0.31 a 0.23 a 0.23 a 0.36 a 

Pearson 0.25 a 0.19 b 0.12 a 0.22 a 0.25 a 

LSD(0.05)* 0.18 0.11 0.16 0.13 0.16 

Well Water 

Columbia 0.41 a 0.34 a 0.23 a 0.24 a 0.39 a 

Pearson 0.35 a 0.15 b 0.17 a 0.23 a 0.34 a 

LSD(0.05)* 0.25 0.14 0.20 0.15 0.26 

*LSD(0.05)= Least significant difference between the varietal means at 
the 0.05 probability level. 
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Table 24. Tomato adjusted yields of Columbia and Pearson varieties for 
the three nitrogen treatments irrigated with river water and 
well water. 

Tomato Yield* 
Variety 

Columbia Pearson 

Nitrogen Treatment 
Nl N2 N3 Nl N2 N3 

------------------kgjplant------------------

Block River Water 

Bl 4.33 3.77 4.94 3.95 3.20 3.75 

B2 3.63 3.78 3.22 3.03 3.51 2.90 

B3 3.49 3.42 3.70 3.14 4.50 2.92 

B4 3.32 5.64 4.39 2.54 3.70 4.27 

Well Water 

Bl 3.85 3.44 5.20 3.80 3.12 2.94 

B2 3.53 3.52 3.76 3.79 3.20 4.38 

B3 3.03 3.04 4.17 1.65 1.83 2.17 

B4 3.47 3.72 3.63 1.79. 3.03 1.37 

*Average yield of a subplot 
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Table 25. Analysis of variance for varietal yields under river water 
irrigation. 

Source S S d f M S F P 

Main plots 
Blocks 9.14 3 3.05 
Nitrogen 5.23 2 2.62 0.80 0.49 
Main plot error 19.51 6 3.25 

Var 7.77 1 7.77 5.32 0.47* 

Var X N 0.16 2 0.08 0.05 0.95 

Subplot error 13.16 9 1.46 

Total 54.97 23 

Varietal Mean Separation 

Columbia 8.73 a 

Pearson 7.59 b 

LSD (0.05)* 1.12 

*LSD(0.05)= Least significant difference between the varietal means at 
the 0.05 probability level. 
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than adequate (personal comm. with L.J. Clark, farm manager). There was 

a significance between varieties. Columbia had a significantly higher 

yield than Pearson. 

Tomato Adjusted Yield Under Well Water Irrigation 

The yields of the two Varieties adjusted to per plant basis under 

three N treatments and irrigated with saline well water are given in Table 

24. Statistical anlysis (Table 26) again shows that there was no 

significant difference in yield between the three N treatments (the same 

reason mentioned above applies here) but there was a varietal difference 

in yield with Columbia having a significantly higher value than Pearson. 

Table 27 summarizes the yield means in different combinations. These 

were the adjusted yields per plant averaged from the different treatments 

of each subplot. The higher saline well water generally produced lower 

yields than did the river water. Columbia produced more than Pearson, 

but this could have been due to a greater fruit loss by Pearson later 

during the rainy season resulting from rot; Columbia is also considered 

more tolerant to curly top virus than Pearson. Overall yields for the 

lower salt water averaged about 0.52 kg more fruit per plant than the 

higher salt water-treated plants did. 

Commercially acceptable fresh market yields.were approached with 

both varieties and waters. Overall Columbia produced about 80 Mg per 

hectare and Pearson produced about 60 Mg. 



98 

Table 26. Analysis of variance for varietal yields under well water 
irrigation. 

Source S S d f M S F P 

Main plots 
Blocks 27.52 3 9.17 
Nitrogen 2.93 2 1.47 0.81 0.49 
Main plot error 10.92 6 1.82 

Var 26.00 1 26.00 10.43 0.10* 

Var X N 4.13 2 2.07 0.83 0.47 

Subplot error 22.44 9 2.49 

Total 93.95 23 

Varietal Mean Separation 

Columbia 8.14 a 

Pearson 6.06 b 

LSD(O.OS)* 1.46 

*LSD(O.OS)= Least significant difference between the varietal means at 
the 0.05 probability level. 
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Table 27. Means of Columbia and Pearson tomato adjusted yields and number 
of plants per subplot which survived until the rainy season, 
under the two irrigation water sources and the three N rates. 

Variety 

Columbia 

Columbia 

Columbia 

Pearson 

Pearson 

Pearson 

Overall Means 

N Rate 

kg/ha 

0 

84 

168 

o 
84 

168 

Columbia with River Water 

Pearson with River Water 

River Water 

Columbia with Well Water 

Pearson with Well Water 

Well Water 

River Water 

Yield 

kg/plant 

3.69 

4.15 

4.06 

3.17 

3.73 

3.46 

Yield 

3.97 

3.45 

3.71 

3.70 

2.75 

3.22 

No. Plants 

9.75 

9.50 

9.25 

9.00 

8.25 

9.00 

No. Plants 

9.50 

8.75 

9.13 

9.41 

8.00 

8.71 

Well Water 

Yield 

kg/plant 

3.48 

3.43 

4.19 

2.76 

2.79 

2.71 

No. Plants 

9.25 

9.50 

9.50 

7.25 

8.50 

8.25 
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CHAPTER 5 

CONCLUSION 

The results of a greenhouse study indicate that the detrimental 

effect of NaCl stress on growth of tomato plants is reflected in lower dry 

weights and decreased nitrogen (total and 15N) uptake. The reduction of 

these parameters due to increased salinity may be a result of a 

combination of osmotic and specific ion effects of Cl- and Na+. As for 

specific ion effects, it may involve direct toxicity of Cl- and 

antagonistic effects of Cl- on N03 - metabolism and of Na+ on K+ uptake. 

The leaf, stem and root responses to salinity in their dry weights, 

nitrogen (total and 15N) content and uptaKe, Cl-, Na+ and K+ accumulation 

depend on salinity level and duration of saline treatments. Each tissue 

re~ponded differently with the leaves showing highest degree of 

sensitivity, followed by the roots and stem showed the least sensitivity. 

Therefore, depending on the tissue of the plant, there is inherent 

difference in sensitivity to salinity of the cells located in the tissue. 

The medium and high saline treatments did not show a significant 

difference in dry weights except on the last harvest. Perhaps the plants 

at the stage of growth (flower bud formation stage) at which this study 

was conducted w~re less sensitive to sodium chloride stress than at the 

earlier vegetative stage of growth (Pessarakli and Tucker, 1988). 

The field study indicates that Columbia and Pearson varieties are 

adaptable in the Safford area in spite of high temperatures, moderate 
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salinity and sodium in heavy soil conditions, in addition to the presence 

of certain diseases. Commercially acceptable fresh market yields were 

approached with both varieties and waters. While the quality was 

generally acceptable for fresh market production, there was a potential 

of improving it by prunning and staking. 

Salinity is one of the main problems facing agriculture on a 

worldwide scale. Therefore, more research is needed to confront it in a 

more integrated, multidisciplinary approach with soil scientists, plant 

physiologists, geneticists and breeders working together. 
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DRY WEIGHTS OF LEAVES, STEMS AND ROOTS OF TOMATO PLANTS IN STUDY A 

Harvest Saline Repl icate Dry lIeight (g) 
Time (Days) Treatment** Leaves Stems Roots 
Pretreatment1* 1 0.58 0.15 0.24 
Pretreatment2* 1 1.04 0.37 0.55 
Pretreatment1 2 0.60 0.19 0.28 
Pretreatment2 2 1.02 0.33 0.45 

5 1 1.61 0.65 1.27 
5 2 1.98 0.82 0.76 
5 3 1.73 0.60 0.73 

10 1 2.65 1.01 1.40 
10 2 2.08 0.87 0.89 
10 3 2.67 1.02 0.97 
15 1 4.18 1.44 1.92 
15 2 3.21 1.31 1.22 
15 3 2.72 1.37 1.19 
20 1 7.04 2.17 2.56 
20 2 4.11 1.88 1.94 
20 3 3.51 1.51 1.80 
25 1 10.91 3.54 4.44 
25 2 4.37 1.89 1.69 
25 3 3.72 1.98 1.78 

Harvest Saline Replicate Dry lIeight (g) 
Time (Days) Treatment** Leaves Stems Roots 

30 1 1 12.32 3.62 4.60 
30 2 1 7.13 2.80 2.24 
30 3 1 4.30 1.94 1.84 

5 1 2 1.64 0.68 1.15 
5 2 2 1.38 0.59 0.57 
5 3 2 1.52 0.61 0.71 

10 1 2 2.48 0.92 1.22 
10 2 2 2.77 1.20 0.93 
10 3 2 2.25 1.03 0.87 
15 1 2 4.34 1.52 1.56 
15 2 2 3.55 1.34 1.31 
15 3 2 3.12 1.44 1.31 
20 1 2 7.21 2.53 2.96 
20 2 2 3.53 1.64 1.56 
20 3 2 3.50 1.78 1.52 
25 1 2 9.99 3.05 3.93 
25 2 2 5.08 2.38 2.85 
25 3 2 3.47 1.70 1.64 
30 1 2 11.15 3.35 4.40 
30 2 2 8.05 2.32 2.36 
30 3 2 4.06 2.07 1.64 

*Pretreatmentsland2 : 10 and 5 days before the start of treatments. 
**Saline Treatments: 1- Cont.rol; 2- Medium Saline; and 3- Highly Saline 
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NITROGEN CONTENT OF LEAVES, STEMS AND ROOTS OF TOMATO PLANTS IN STUDY A 

Harvest Saline Replicate Nitrogen Content (X) 
Time (Days) Treatment* Leaves Stems Roots 
Pretreatment1** 1 3.79 1.87 1.65 
Pretreatment2** 1 3.49 2.160 1.50 
Pretreatment1 2 4.18 1.73 1.88 
Pretreatment2 2 3.58 2.15 1.52 

5 1 1 4.22 2.12 2.15 
5 2 1 3.84 2.14 2.40 
5 3 1 2.36 2.35 2.56 

10 1 1 4.26 2.55 3.16 
10 2 1 3.70 2.55 2.33 
10 3 1 3.06 1.47 3.06 
15 1 1 4.14 2.06 2.56 
15 2 1 3.15 1.74 2.53 
15 3 1 3.13 1.55 2.09 
20 1 1 3.77 2.14 3.05 
20 2 1 3.27 1.71 2.93 
20 3 1 2.24 1.71 2.10 
25 1 1 4.10 2.31 2.84 
25 2 1 3.30 1.71 1.60 
25 3 1 3.15 1.44 1.60 
30 1 1 3.67 2.41 2.92 
30 2 1 3.28 2.04 2.86 
30 3 1 2.43 1.49 2.60 

Harvest Sal ioe Repl icate Nitrogen Content (X) 
Time (Oays) Treatment* Leaves Stems Roots 

5 1 2 4.35 2.18 2.13 
5 2 2 4.11 1.90 2.43 
5 3 2 2.46 2.26 2.39 

10 1 2 4.35 2.27 3.16 
10 2 2 3.51 1.81 2.82 
10 3 2 3.16 1.65 2.59 
15 1 2 3.92 1.98 2.58 
15 2 2 3.42 1.63 2.93 
15 3 2 3.11 1.89 1.99 
20 1 2 3.76 2.15 3.06 
20 2 2 3.26 1.72 2.92 
20 3 2 1.97 1.72 1.80 
25 1 2 3.91 1.88 2.74 
25 2 2 3.25 1.71 2.47 
25 3 2 3.25 1.49 2.41 
30 1 2 3.59 2.45 2.53 
30 2 2 3.20 2.32 2.06 
30 3 2 2.89 1.29 2.91 

*Saline Treatments: 1- Control; 2- Medium Saline; and 3- Highly Saline 
**Pretreatments1and2 : 10 and 5 days before the start of treatments. 
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TOTAL NAND 15N UPTAKE OF LEAVES, STEMS 
AND ROOTS OF TOMATO PLANTS IN STUDY A 

Harvest Sal ine Repl icate N uptake (mg) 15N uptake (mg) 

Time (Days) Treatment* Leaves Stems Roots Leaves Stems Roots 
Pretreatment1** 1 2.2 0.3 0.4 
Pretreatment2** 1 3.6 0.8 0.8 
Pretreatment1 2 2.5 0.3 0.5 
Pretreatment2 2 3.7 0.7 0.7 
5 1 1 67.9 13.8 27.3 1.02 0.25 0.49 
5 2 1 76.0 17.5 18.2 1.04 0.26 0.29 
5 3 1 40.8 14.1 18.7 0.57 0.18 0.23 

10 1 1 117.2 25.8 50.6 2.13 0.49 0.89 
10 2 1 77.0 22.2 20.7 1.38 0.42 0.39 
10 3 1 49.3 15.0 29.7 0.70 0.22 0.42 
15 1 1 173.1 29.7 49.1 3.57 0.64 0.98 
15 2 1 101.1 22.8 30.9 1.98 0.50 0.69 
15 3 1 85.1 21.2 25.9 1.33 0.33 0.53 
20 1 1 265.4 46.4 78.1 5.91 1.00 1.64 
20 2 1 134.4 32.1 56.8 2.56 0.62 1.05 
20 3 1 74.1 26.0 46.8 1.10 0.39 0.70 

Harvest Saline Replicate N uptake (mg) 15N uptake (mg) 

Time (Days) Treatment* Leaves Stems Roots Leaves Stems Roots 
25 1 1 447.3 81.8 89.2 11.59 2.14 2.22 
25 2 1 144.2 27.2 48.8 3.39 0.62 1.15 
25 3 1 117.2 33.9 /+9.7 2.78 0.71 1.10 
30 1 1 494.0 92.7 138.0 12.13 2.34 3.18 
30 2 1 231.0 61.0 55.0 5.15 1.36 0.63 
30 3 1 104.5 28.9 34.6 2.10 0.54 0.65 
5 1 2 71.3 14.8 24.5 1.14 0.25 0.44 
5 2 2 56.7 11.2 13.9 0.67 0.15 0.19 
5 3 2 37.4 13.8 17.0 0.54 0.21 0.29 

10 1 2 107.9 20.9 38.6 1.67 0.35 0.60 
10 2 2 97.2 21.7 26.2 1.43 0.34 0.40 
10 3 2 71.1 17.0 22.5 0.95 0.25 0.36 
15 1 2 170.1 30.1 40.2 3.92 0.74 0.96 
15 2 2 121.4 21.8 38.4 2.21 0.41 0.74 
15 3 2 97.0 27.2 26.1 1.69 0.47 0.46 
20 1 2 271.8 54.1 90.3 6.02 1.25 1.88 
20 2 2 115.4 28.0 45.7 2.02 0.49 0.79 
20 3 2 69.0 30.8 39.5 0.97 0.44 0.60 
25 1 2 391.6 57.3 79.0 10.44 1.54 1.99 
25 2 2 165.1 35.5 70.4 3.58 0.72 1.51 
25 3 2 112.8 29.1 39.5 2.03 0.52 0.74 
30 1 2 447.1 85.8 132.0 10.11 2.03 2.85 

Harvest Saline Repl icate N uptake (mg) 15N uptake (mg) 
Time (Days) Treatment* Leaves Stems Roots Leaves Stems Roots 

30 2 2 260.8 50.6 58.1 6.03 1.12 1.17 
30 3 2 116.9 33.9 30.8 2.40 0.67 0.59 

*Saline Treatments: 1- Control; 2- Medium Saline; and 3- Highly Saline 
**Pretreatmentsland2 : 10 and 5 days before the start of treatments. 
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SODIUM, CHLORIDE AND POTASSIUM CONTENTS OF LEAVES, STEMS AND ROOTS 
FOR THE THREE NaCl TREATMErns AT THE SIX HARVEST TIMES. 

Harvest Saline Repl X Sodium X Chloride X Pota!'sium 
Time(Oays) Trtrmt* Leaf Stem Root Leaf Stem Root Leaf Stem Root 

5 1 0.52 0.78 0.76 0.59 0.88 0.42 4.88 6.14 3.38 
5 2 0.73 0.87 1.25 1.53 1.96 1.17 4.66 5.46 4.18 
5 3 1.071.32 1.59 2.39 3.86 1.93 4.50 5.96 2.94 

10 1 0.45 0.60 0.50 0.50 0.57 0.40 5.40 6.42 4.29 
10 2 0.97 0.98 1.68 2.383.15 1.76 5.39 6.64 5.65 
10 3 1.55 1.192.41 3.85 3.84 3.74 4.91 5.58 5.06 
15 1 0.36 0.48 0.28 0.40 0.57 0.32 5.82 6.66 5.35 
15 2 1.29 0.96 1.33 3.66 3.77 3.27 5.46 6.21 5.84 
15 3 1.73 1.44 1.62 4.17 4.03 3.37 4.37 5.03 5.25 
20 1 0.42 0.43 0.26 0.50 0.59 0.31 7.02 6.93 5.85 
20 2 1.760.92 1.48 4.77 3.41 3.41 5.105.695.64 
20 3 1.88 1.07 2.02 4.66 4.18 3.93 4.38 4.40 5.45 
25 1 0.42 0.33 0.25 0.55 0.60 0.33 8.90 7.33 6.43 
25 2 2.20 0.97 1.40 5.13 3.84 4.02 5.84 5.58 6.02 
25 3 3.62 1.282.17 8.18 4.52 4.76 5.24 5.35 6.65 
30 1 0.44 0.29 0.36 0.90 0.88 0.60 7.66 6.40 5.13 
30 2 3.04 0.84 1.34 7.31 4.27 3.98 6.85 5.74 6.41 
30 3 3.97 1.01 1.96 8.594.34 4.78 6.33 5.20 5.56 

Harvest Saline Repl X Sodium X Chloride X Potassium 
T ime(Oays) Trtmnt* Leaf Stem Root Leaf Stem Root Leaf Stem Root 

5 1 2 0.58 0.83 0.76 0.61 0.84 0.48 4.72 5.95 3.80 
5 2 2 0.95 0.95 1.56 1.472.22 1.01 1;.586.783.09 
5 3 2 1.72 1.72 2.12 3.09 3.51 2.14 4.60 5.56 3.63 

10 1 2 0.48 0.80 0.99 0.74 1.100.59 4.54 6.35 4.07 
10 2 2 1.63 1.45 1.98 2.95 3.03 2.37 4.04 5.36 4.41 
10 3 2 2.00 1.74 2.50 4.71 4.53 3.42 4.23 4.98 3.82 
15 1 2 0.41 0.760.87 0.57 1.04 0.76 6.11 5.74 5.35 
15 2 2 1.671.40 1.93 3.703.83 3.14 4.67 5.65 5.76 
15 3 2 2.16 1.59 2.23 4.75 4.26 2.86 4.65 5.32 4.34 
20 1 2 0.40 0.41 0.26 0.51 0.58 0.32 7.136.50 5.70 
20 2 2 1 .77 1.30 1.97 3.63 3.06 3.28 4.95 4.86 5.52 
20 3 2 2.55 1.54 2.52 6.03 3.20 4.95 3.934.17 5.64 
25 1 2 0.59 0.65 0.62 0.68 0.65 0.47 8.48 6.80 5.81 
25 2 2 2.121.121.63 5.39 3.15 3.79 6.404.766.58 
25 3 2 3.78 1.79 2.34 7.91 5.82 4.53 5.25 6.22 6.07 
30 1 2 0.39 0.63 0.61 0.77 0.77 0.61 7.64 5.87 5.52 
30 2 2 3.18 1.45 2.61 7.24 4.55 3.88 6.33 5.54 4.34 
30 3 2 3.35 1.35 2.74 8.57 3.85 4.40 5.66 4.31 5.69 

*Saline Trmnt: 1- Control; 2- Medium Saline; 3- Highly Saline. 
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TOMATO FRUIT YIELDS AND NUMBER OF 
PLANTS THAT SURVIVED IN EACH SUBPLOT IN STUDY B 

Variety* N Level·· \/ateriil Block Yield (kg) # of Plants 
1 1 1 1 43.31 10 
1 2 1 1 37.68 10 
1 3 1 1 44.44 9 
2 1 1 1 30.31 10 
2 2 1 1 31.64 9 
2 3 1 1 26.10 9 
1 1 2 1 34.64 9 
1 2 2 1 30.92 9 
1 3 2 1 46.85 9 
2 1 2 1 18.95 5 
2 2 2 1 31.95 10 
2 3 2 1 35.05 8 
1 1 1 2 33.21 10 
1 2 1 2 50.76 9 

Variety* N level·· \/ateriil Block Yield (kg) # of Plants 
1 3 1 2 39.54 9 
2 1 1 2 35.60 9 
2 2 1 2 25.62 8 
2 3 1 2 33.73 9 
1 1 2 2 29.06 10 
1 2 2 2 33.52 9 
1 3 2 2 36.31 10 
2 1 2 2 26.64 7 
2 2 2 2 28.08 9 
2 3 2 2 20.56 8 
1 1 1 3 32.66 9 
1 2 1 3 37.21 10 
1 3 1 3 28.98 9 
2 1 1 3 25.14 8 
2 2 1 3 31.52 7 
2 3 1 3 26.30 9 
1 1 2 3 31.78 9 
1 2 2 3 31.72 9 
1 3 2 3 37.62 10 
2 1 2 3 13.18 8 
2 2 2 3 14.60 8 
2 3 2 3 17.38 8 
1 1 1 4 34.88 10 

Variety* N level·· \/ateriil Block Yield (kg) # of Plants 
1 2 1 4 34.23 8 
1 3 1 4 37.02 10 
2 1 1 4 22.82 9 
2 2 1 4 33.25 9 
2 3 1 4 38.41 9 
1 1 2 4 27.70 9 
1 2 2 4 30.42 10 
1 3 2 4 41.67 10 
2 1 2 4 16.13 9 
2 2 2 4 21.19 7 
2 3 2 4 12.31 9 

*Variety: 1- Columbia 2- Pearson 
**N Level: 1- 0 kg N/ha 2- 84 kg N/ha 3- 168 kg N/ha 
@Water: 1- River \'/ater 2- Well water 
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