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ABSTRACT 

Tomato (Lycopersicon esculentum) Mill.) plants were 

grown in a nutrient solution and in a nutrient solution plus 

NaCl and CaC^ salt at five different concentrations. These 

are 0 (control), -3, -7, -11, and -15 bars. In the highest 

concentrations (-11, -15 bars) all the plants died after a 

short period of using the salinity treatment. Seedlings 

were grown in the salinized treatment for four weeks, and 

during that time plant height was measured every week. At 

the end of the experiment, root length, shoot (fresh and 

dry) weights, root (fresh and dry) weights, and leaf area 

were evaluated. A reduction in each variable measured was 

found as salinity increased. Abrupt exposure to salinity 

seemed to be the major cause of plant death in the highest 

concentrations (-11 and -15 bars). 

ix 



CHAPTER 1 

INTRODUCTION 

Salinity Problem 

It is well recognized that soil and/or water 

salinity have tremendously reduced agriculture production in 

many countries (Strogonov, 1964; Black, 1968). This effect 

is most noticeable in arid and semiarid regions throughout 

the world in which low rainfall and high temperature prevent 

adequate leaching of soluble salts. 

The trend in irrigation agriculture is to use all 

available water, including drainage water and return flow 

from older irrigated lands, especially in places where water 

is hardly available for agricultural use. When this method 

is practiced, the salt problem increases. Also, poor 

irrigation systems with poor drainage systems are factors 

which help increase the salt problem. 

It is apparent that the source of salinity may be 

either from (1) the quality of water used for irrigation, or 

(2) the amount of soluble salts in the soil. The first 

source is far more important than the last (Richard and 

Gary, 1984). 

1 
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Hydroponic Technique 

Hydroponics can be defined as the science of growing 

plants without the use of soil, but through use of an inert 

medium, such as gravel, sand, peat, vermiculite, pumice, or 

sawdust to which is added a nutrient solution containing all 

the essential elements needed by the plant for its normal 

growth and development (hydroponic terminology would be true 

if water culture is used alone). 

In arid regions of the world, where the supply of 

fresh water is limited, hydroponic complexes are being 

developed near the desalinization units which use sea water 

as a source of fresh water. But due to the cost of 

desalinization unit establishment, it is hard for the small 

commercial scale business to build up the greenhouse using 

this culture. So many scientists have conducted experiments 

using saline water mixed together with fresh water to lower 

the salinity concentration and to develop highly tolerant 

vegetables (Resh, 1984). 

This culture of growing plants has advantages and 

disadvantages. The advantages are: low fertilizer consump

tion (that means no need to build up the fertility of the 

soil), no need for cultural control (cultivation, crop 

rotation, and tillage) to suppress the pest problems, no 

weed control if pure seeds are used; uniform productivity 
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cleanliness; larger yields; and ease of starting off new 

plants. 

The disadvantages are: high initial establishment 

cost on a large commercial scale, and a basic knowledge of 

agricultural physiology and chemistry in which the control 

of pH is necessary for the availability of nutrients 

(Harris, 1974). 

Objectives of the Present Study 

From the discussion above, it is apparent that the 

salinity problem can be controlled by using both good 

quality water, good irrigation, and drainage systems. 

In Al-Hassa, Saudi Arabia, the water available for 

irrigation purposes originates from an underground source 

through a number of artesian springs. It is limited in quan

tity and saline in nature. To maximize the use of available 

water sources, a technique is described to mix irrigation 

water with drainage water, taking into consideration the 

salt balance effect in the soil under the Al-Hassa 

condition. Table 1 presents the analysis of the irrigation 

water used in the Al-Hassa oasis (Hussain, 1981). 

Salinity status and degree of salinization in 

Al-Hassa, Saudi Arabia are influenced by one or more of the 

following factors: the use of saline water as the main 

available source for irrigation, poor drainage systems, poor 



Table 1. Analysis of the various qualities of water which may be considered 
suitable for irrigation under the Al-Hassa conditions. 

Quality PH EC TDS m-equiv /I 

of Water (mmhos/ 
cm) 

(mg/1) 
Ca Mg Na K so4 HCO3 CI 

A 7.7 2.3 1510 9.3 5.4 11.0 0.5 6.8 3.8 13.4 

B 7.9 3.2 2099 14.0 4.2 19.1 0.6 10.9 3.0 19.1 

C 7.6 4.1 2669 20.0 5.1 25.2 0.8 15.6 3.7 23.0 

D 7.2 5.8 3744 31.5 6.5 33.9 1.2 12. 4 4.1 31.0 

A, 100% irrigation water; B, 50% irrigation water + 50% drainage water; C, 25% 
irrigation water + 75% drainage water; D, 100% drainage water. 

TDS, Total dissolved salts. 



irrigation systems, high surface evaporation, and low 

rainfall. 

The objective of this investigation is to study the 

effect of salinity on the growth of tomato plants grown in 

nutrient solutions with different salt concentrations by 

studying the major part of plant growth including top 

growth, root length and leaf area. 



CHAPTER 2 

LITERATURE REVIEW 

Salinity Effect 

Ion Uptake 

Past studies showed two aspects of plant response to 

salinity. One is the reduction in growth commonly found at 

higher salt concentrations, and the other is the increase or 

decrease in ion uptake, which is associated with plant 

damage (Salim and Pitman, 1983). Caution, however, should 

be taken to avoid confusion between the effects and symptoms 

at low fertility levels and those caused by excessive 

salinity. According to Russell (1952), the general symptoms 

of salinity on plants sensitive to saline environments are 

dwarfism, tissue thickness and dull foliage, often waxy and 

bluish in tinge. 

In their studies on tomato, Papadopoulos and Rendig 

(1983) observed that the effect of salinity on leaf N and 

total N uptake was mainly through the suppressing effect of 

salinity on root growth and water uptake. 

Gauch and Wadleigh (1942) found in beans that N 

absorption was depressed by high concentration of NaCl or 

CaC^ in water cultures. 

6 
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Papadopoulos and Rending (1983) also noticed that 

increasing concentrations of leaf CI was found to be 

associated with decreasing leaf P, possibly because of 

uptake competition between CI and P. Another study 

(Papadopoulos et al., 1985) reported that the higher Ca 

concentrations might cause P precipitation in the growing 

medium and consequently reduced P availability to plants. 

Likewise, Bernstein et al. (197 4) reported that the high Ca 

concentrations in the saline solutions would probably cause 

P precipitation and reduction of P uptake by plants. Also, 

it has been suggested that the restriction in root growth by 

salinity may decrease the recovery of P by the roots (Khali 1 

et al., 1967). 

In studying the salt tolerance of five varieties of 

carrots, Bernstein and Ayers (1953) noticed relatively poor 

yields at given salinity levels for those varieties which 

tended to accumulate more Ca and less K. Salinity, achieved 

by addition of CaC^ and NaCl to the irrigation water, 

increased the absorption of Ca and depressed the absorption 

of K. 

Mg concentration was lower in the leaves of plants 

treated with high saline nutrient solution (Papadopoulos 

et al., 1985). This low concentration of Mg in the leaves 

was associated with the high Ca levels and Ca/Mg ratio. The 

same results were obtained by Bernstein (1964) and Heikal 
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(1977), who reported that the higher levels of Ca contrib

uted to lower Mg uptake. 

In investigation into the effect of salinity on the 

growth, mineral nutrition, and quality of tomato, Nanawati 

and Maliwal (1973) found that the uptake of N, P, K, Ca and 

Mg decreased with an increase in the salt concentrations. 

The same results were obtained by Maliwal and Paliwal (1972) 

for other field and vegetable crops. 

Plant Metabolism 

In addition to the effects described above, salinity 

may affect plant metabolism. It has been suggested 

(Bernstein, 1961, 1963) that growth inhibition could be due 

to the effect of osmotic concentration on several enzyme 

systems. This very likely occurs because of the effect of 

the ion on the character of the hydration surrounding 

protein molecules (Slatyer, 1967), and specific effects on 

enzyme activity that may be caused by this (Laties, 1954; 

Hackett, 1961; Kessler et al., 1964). 

Salt concentration around the root medium has been 

noticed to change the carbohydrate metabolism (Porath and 

Poljakoff-Mayber, 1964, 1968; Hason-Porath and Poljakoff-

Mayber, 1969, 1970, 1971; Weimberg, 1970), amino acids, 

protein metabolism (ElShourbagy, 1964; Kahane and Poljakoff-

Mayber, 1968a, 1968b; Prisco and O'Leary, 1970, 1971), and 
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nucleic acid metabolism (Kessler et al., 1964; Rauser and 

Hanson, 1966). 

These changes in metabolism were reported to be due 

to an increase or decrease in special enzyme activity 

(Kessler et al., 1964; Porath and Poljakoff-Mayber, 1964; 

Slatyer, 1967), and to formation of new enzymes (Hason-

Porath and Poljakoff-Mayber, 1969; Weimberg, 1970). So, 

there is no doubt . that salinity affects plant metabolism; 

what is not obvious is how salinity affects it. 

Some researchers (Kahane and Poljakoff-Mayber, 

1968a, 1968b; Rauser and Hanson, 1966; Prisco and O'Leary, 

1971) reported that salinity affects cell metabolism by its 

effect on protein and nucleic acid metabolism. Also, 

Greenway and Leahy (1970) and Flowers and Hanson (1969) 

believed that the degree of cytoplasmic hydration was the 

primary cause of the effects of salinity on metabolism. 

In their study on tomato, Nanawati and Maliwal 

(1973) found that the different fractions of protein (total 

and water soluble) and carbohydrate (water soluble, reducing 

and non-reducing sugars) declined with high salt concentra

tions. Also a decline in protein and carbohydrate with an 

increase in salinity was obtained by Siegel and Bjarsch 

(1962) and Stroganov et al. (1970). 

In pea, root protein synthesis was inhibited by low 

concentration at Na+ salts (Kahane and Poljakoff-Mayber, 
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1968a); also NaCl and mannitol treatment of intact tomato 

plants has been found to induce similar inhibition of 

protein synthesis (Ben-Zioni et al., 1967). 

In another study with pea root tips, Porath and 

Poljakoff-Mayber (1968) found that the presence of salinity 

in the growth medium affected the respiratory mechanism of 

the plant root and most of the enzymes studied were either 

depressed or increased hy increasing the levels of salinity. 

Plant Growth 

There are many conflicting reports concerning the 

effect of salinity on the various stages of plant growth 

(Dumbroff and Cooper, 1974). Pearson and Bernstein (1959) 

indicated that salt tolerance of plants tended to increase 

with age, but Greenway (1965) reported that there was no 

evidence for an increase in salt tolerance during 

development of barley. More evidence was provided by 

Strognov (1964) and Iwaki (1956) that alfalfa, tomato and 

rice were more sensitive to salt stress during the flower

ing stage than at the early vegetative stage. Dumbroff and 

Cooper (1974) reported opposite results with tomato in which 

they found salinity most injurious to plants when applied 

during early growth, especially during the seedling stage. 

Lunin et al. (1963) believed that the actual 

tolerance of any crop to salinity changed according to the 

growth stage at which salinization was started and the final 
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level of salinity reached. However, it is not certain 

whether this was due to salt sensitivity at a given growth 

stage, or to the greater period of time to which the plant 

was exposed to the saline condition or to a combination of 

these factors. Moreover, salt tolerance evaluation should 

take into account the part of the plant to be marketed. 

Ayers et al. (1952) observed that yields of barley 

straw decreased with increasing salinity, but little effect 

was found on grain yield. Also, Kapp (1947) found that at 

high salinity levels, the yield of rice straw was slightly 

affected but grain yield was greatly reduced. This relation

ship surely varies from plant to plant. 

In tomato, Hayward and Long (1943) found the higher 

the concentration of salt, the greater was the reduction in 

the height of stem and fresh and dry weight of vines. The 

smaller stems of vines grown at the high concentrations were 

the results of decrease in cambial activity. In another 

study of tomato, Nanawati and Maliwal (1973) observed a 

reduction in the dry matter and root yield with an increase 

in the salt concentration at the medium. 

Hayward and Long (1941) stated that high salt concen

tration in culture solution had an important influence on 

the growth of tomato plants. In all series, the growth of 

the plants as tested by height, diameter of stem, and dry 

weight was less at the high concentrations than with the 
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control. They also reported that flower bud formation was 

reduced and anthesis was delayed on plants grown in high 

salt concentrations. 

By using potassium nitrate as a salinity source, 

Scanlon and Morgon (1982) found that it had a profound 

effect on both vegetative and reproductive growth of tomato 

plants. The higher concentrations of this salt caused 

severe reduction in fruit set, fruit size and yield. 

Working with tomato, Tal (1971) noticed that 

shoot/root dry weight ratio decreased in both young and 

mature salt-treated plants. The decrease of the shoot/root 

ratio due to salinity indicated that root growth is less 

inhibited by salinity than shoot growth. 

In lettuce and tomato, a difference in sensitivity 

to salinity was observed by Acosta-Nunez and Ashton (1981). 

In tomato, the root length, shoot length and fresh weight 

showed a reduction in growth as the concentration of salt 

increased. In lettuce, root length had similar results to 

that in tomato, but shoot length and fresh weight were stimu

lated at low concentrations. Shoot length was diminished as 

the concentration of salts was increased. The reduction in 

growth could be caused by both osmotic inhibition of water 

absorption and by a direct toxicity of specific ion(s). 

Nutritional imbalance could be another significant factor. 
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Studying the effect of salinity in tomato and 

rocket, Salama et al. (1981) reported that shoot growth of 

the two plants tested showed a significant reduction in 

fresh weight when salinity increased. The dry weight 

represented an irregular trend. The general reduction in 

fresh and dry weights of the two plants might be partly due 

to the osmotic effect. 

In corn and tomato, Patel and Wallace (1976) 

observed that yields decreased as salinity increased, and 

they suggested that the salt level effect on yield may be 

the result of low osmotic potential and excess of salt, 

which might affect every aspects of cell metabolism. In 

addition, Ca-Na-Cl salinity could produce nutritional 

imbalance that depressed plant growth. 

In a circulating system, Attenburrow and Waller 

(1980) found that as the sodium chloride concentration 

increased, the yield of tomatoes significantly declined 

compared with a sodium chloride-free water. In addition, 

they noticed that fruit quality improved and fruit size was 

reduced as the sodium chloride concentration of the 

circulated solutions increased. They suggested that yield 

reduction and improvement in fruit quality may have been 

caused directly by the increase in sodium chloride or by the 

rise in solution conductivity. 
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Bernstein and Hayward (1958) concluded that because 

salinity retarded vegetative growth, it may be anticipated 

to delay flowering. This will decrease fruit number and 

size, and tended to reduce yield of the plants as a whole. 

This effect of salinity on plant development and yields will 

depend on many factors, such as the nature of the crop 

(vegetative or fruit and seed), determinancy of growth, 

different tolerance to salinity at several stages of develop

ment, and other related or interacting factors. 



CHAPTER 3 

MATERIALS AND METHODS 

The plant used in this study was tomato 

(Lycopersicon esculentum Mill.) cv. 'Jack Pot'. This 

cultivar is characterized by its earliness, high yield abil

ity, uniform ripening and disease tolerance. Germination 

was undertaken in the campus greenhouse at the University of 

Arizona, Tucson. Plant growth experiments were carried out 

at the Campbell Agricultural Center greenhouse during 

November and December 1985. 

Seed Germination 

A clean polystyrene tray was selected for seed 

germination (Figure 1) . After it was washed with a 10% 

Clorox solution to prevent fungal and bacterial contamina

tion, tomato seeds were sown in a medium containing coarse 

vermiculite. Adequate moisture was applied to the tray for 

germination. Seedlings were fertilized frequently with 

20:20:20 Peter's fertilizer for four weeks. 

Seedling Transplant 

Four-week-old seedlings (3 to 4" tall) were trans

planted into plastic tubs wrapped with aluminum foil (Figure 

2) to reduce the exposure of roots to light and to reduce 

15 



16 

Figure 1. Tomato seedlings before transplanting. 



17 

Figure 2. Tomato seedlings after transplanting. 
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algae growth. Seedlings were supported above the nutrient 

solution by a polystyrene sheet covered with aluminum foil. 

Five holes were made in each sheet. 

Seedling roots were cleaned well in tap water to 

remove the vermiculite then placed in the polystyrene sheet 

by using sponge rubber pieces to support the plant in the 

hole. An air pump was used with an air stone to provide 

oxygen and to stir the solution by bubbling. 

A completely randomized experimental design was used 

in this research with three replicates and 5 salinity 

treatments. They were 0 bars (control), -3 bars, -7 bars, 

-11 bars, and -15 bars. 

Plants were grown for 1 week in the nutrient 

solution (see Appendix A) to stabilize the plants to their 

new environment before using the salt solutions. 

Studies of Plant Growth 

Plants were grown from late November to the end of 

December for five weeks in the greenhouse, with an average 

temperature of 20 to 30°C. Five seedlings were used per tub 

of 8 liters. Fifteen tubs were placed on a bench. Plants 

with the control group continued growing in the original 

solution. 

Sodium chloride and calcium chloride at a 1:1 ratio 

by weight was used with distilled water to make up the 
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solution. This was added to the tubs that had plants of the 

treated groups and were maintained as follows: 

1. Three tubs with a concentration of 0 bars. 

2. Three tubs with a concentration of -3 bars. 

3. Three tubs with a concentration of -7 bars. 

4. Three tubs with a concentration of -11 bars. 

5. Three tubs with a concentration of -15 bars. 

The constant amount of the solution (8 liters) was 

retained by the addition of distilled water to substitute 

for transpiration losses. All solutions were replaced every 

week. 

Plant height, shoot (fresh and dry) weights, root 

length, root (fresh and dry) weights, and leaf area were 

measured to determine the effect of salt solutions in the 

plant growth compared to the control treatment. 

Each variable was measured at the end of the experi

ment except the plant height, which was measured each week. 

A ruler was used to measure the plant height and 

root length (cm). Leaf area was measured for the plant when 

the leaves were still fresh and by using a LI-3100 area 

2 
meter (cm ). The shoot (fresh and dry) and root (fresh and 

dry) weights were measured by using a lab balance. 

Each plant was placed in a marked paper bag in an 

oven at 65°C for 48 hours to dry both the shoots and the 

roots to determine the dry weight for each. Analysis of 



variance (ANOVA) was applied to test any statistical differ 

ences between treatments in the plant growth variables used 



CHAPTER 4 

RESULTS AND DISCUSSION 

Tomato growth was drastically affected when plants 

were grown in nutrient solution plus -3, -7, -11, -15 bars 

of added NaCl and CaC^ 1:1 ratio by weight. The effect was 

expressed into two phases, temporal and permanent. 

Temporal effect was expressed by wilting of all 

plants treated. Slatyer (1961) and Dumbroff and Brewer 

(1977) observed the same result and referred it as an 

initial loss of water content and a loss of ions from the 

plants to the substrate along a reversed concentration 

gradient. 

Recovery took place gradually after 24 hours, except 

for the -11 and -15 concentrations in which all the plants 

died. According to Slatyer (1961), recovery was associated 

with the chloride uptake, solute absorption, consequent 

increase in internal osmotic potential, and hence in volume 

and turgor pressure. ' 

Permanent effect was expressed by growth reduction 

measured as plant height, shoot (fresh and dry) weights, 

root (fresh and dry) weights, and leaf area. 

21 



22 

Plant Height 

Plant height was measured every week. For the first 

week no differences were observed because the plants were 

grown in nutrient solution to be stabilized to the new 

environment (Table 2, Figure 3). 

In the second week, plant height was not signifi

cantly different between the control and -3 bars (Table 3), 

whereas it was decreased by 12.5% and 30% in -3 and -7, 

respectively, compared to control (Figure 4). In the third 

week the significant difference increases between the 

control, -3 and -7 bars and the reduction was 25.7% and 49% 

in -3 and -7, respectively, compared to control (Table 4, 

Figure 5) . In the fourth week the difference was 

significantly higher and the reduction increased to 3 4.8% 

and 65.7%, respectively, for -3 and -7 bars compared to the 

control (Table 5, Figure 6). 

From the results discussed, we noticed the higher 

the salinity concentration, the greater the reduction in 

plant height. Also, the duration of exposure to the saline 

solution produced a great effect on plant height. The data 

obtained present a small difference in plant height in the 

first and second weeks, and the difference increased in the 

third and fourth weeks between -3 and -7 bars compared to 

the control. Hayward and Long (1941) correlated the small 

stems of vines at the high salt concentration compared to 



23 

Table 2. Means of plant height for plants grown in the 
nutrient solution in the first week. 

Treatments 

Replicate 0 -3 -7 -11 -15 

Plant height 1 
(cm) 

2 

8.8 

11.0 

9.3 

10.2 

8.7 

9.12 

8.0 

10 .7 

8.9 

9 .1 

3 8.8 10.8 9.1 9.0 9.8 

Treatment mean 9.5 az 10.1 a 8.9 a 9.3 a 9.3 a 

LSD = 1.68 

z Means followed by the same letter are not significantly 
different at the 0.05 level tested by LSD. 



-3 -7 -11 

CONCENTRATION ( bars ) 

Figure 3. Plant height after one week 
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Table 3. Means of plant height at different salt concentra
tions for the second week. 

y 
Salt Concentration (bars) 

Replicate 0 -3 -7 -11 -15 

Plant height 1 15.6 12.6 9.8 0 0 
(cm) 

2 17.4 13.7 11.0 0 0 

3 12.8 13.8 11.3 0 0 

Treatment mean 15.3 cz 13.4 be 10.7 b 0a 0a 

LSD = 2.07 

z Means followed by the same letter are not significantly 
different at the 0.05 level tested by LSD. 

y NaCl:CaCl2 (1:1 w/w) 
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CD 

LU 

"3 -7 

CONCENTRATION ( bars ) 

Figure 4. Plant height after two weeks. 
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Table 4. Means of plant height at different salt concentra
tions for the third week. 

Salt Concentration (bars) 

Replicate 0 -3 -7 -11 -15 

Plant height 1 24.7 18.1 10.3 0 0 
(cm) 

2 25.5 17.1 12.0 0 0 

3 19.3 16.8 13.0 0 0 

Treatment mean 23.2 dz 17.3 c 11.8 b 0 a 0 a 

LSD = 3.01 

z Means followed by the same letter are not significantly 
different at the 0.05 level tested by LSD. 



0 -3 -7 

CONCENTRATION ( bars ) 

Figure 5. Plant height after three weeks 
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Table 5. Means of plant height at different salt concentra
tions for the fourth week. 

Salt Concentration (bars) 

Replicate 0 -3 -7 -11 -15 

Plant height 1 37.3 26.2 10.4 0 0 
(cm) 

2 37 .6 21.9 13 .2 0 0 

3 32.7 22.2 15.2 0 0 

Treatment mean 35.9 dz 23.4 c 12.9 b 0 a 0 a 

LSD = 3.55 

z Means followed by the same letter are not significantly 
different at the 0.05 level tested by LSD. 



o -3 -7 

CONCENTRATION ( bars ) 

Figure 6. Plant height after four weeks. 
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the control to the decreased cambial activity, and conse

quent reduction in the amount of secondary vascular tissue 

differentiated, and smaller size of the mature cell. 

Root Length 

Root length showed different trends between the 

control and -3 bars in which the -3 bars increased in root 

length by 8.9% compared to the control (Figure 7). 

According to Nieman and Shannon (1976), root growth is not a 

reliable indicator of salt tolerance, because, in some 

species there is a stimulation of growth. Usually relative 

root growth at low salinities is far less sensitive to 

salinity than top growth. However, a severe reduction at 

-7 bars by 52.7% compared to control was observed (Table 6, 

Figure 8) . 

Shoot (Fresh and Dry) Weight 

The shoot (fresh and dry) weights were significantly 

different between the control, -3, and -7 bars (Table 7). 

Shoot (fresh and dry) weights decreased as concentration 

increased. Fresh weight of shoots decreased 57% and 90% at 

-3 and -7 bars, respectively, compared to the control 

(Figure 9). Shoot dry weight was not significantly 

different between the control and -3 bars (Table 8). 

However, there was a reduction by 55.7% and 90.6% at -3 and 

-7 bars, respectively, compared to the control (Figure 10). 
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Figure 7. Root length of the control (Tc) and -3 bars (T1 ). 
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Table 6. Means of root length at different salt concentra
tions for the three replicates. 

Salt Concentration (bars) 

Replicate 0 -3 -7 

Root length 1 36.6 45.2 13.1 
(cm) 

2 42.4 41.2 18.8 

3 41.2 44.6 25.0 

Treatment mean 40.06 bz 43.66 b 18.96 a 

LSD = 8.11 

z Means followed by the same letter are not significantly 
different at the 0.05 level tested by LSD. 
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CONCENTRATION ( bars ) 

Figure 8. Root length of the control, -3 and -7 bar treat 
ments. 
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Table 7. Means of shoot fresh weight at different salt 
concentrations for the three replicates. 

Salt Concentration (bars) 

Replicate 0 -3 -7 

Shoot fresh 1 83.9 38.9 1.8 
weight (g) 

2 61.4 20.8 6.7 

3 49.8 23.6 9.8 

Treatment mean 65.03 bz 27.76 a 6.1 a 

LSD = 23.40 

z Means followed by the same letter are not significantly 
different at the 0.05 level tested by LSD. 
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90 

CONCENTRATION ( bars ) 

Figure 9. Shoot fresh weight at the control, -3 and -7 bar 
treatments. 
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Table 8. Means of shoot dry weight at different salt concen
trations for the three replicates. 

Salt Concentration (bars) 

Replicate 0 -3 -7 

Shoot dry 1 7.2 3.5 0.4 
weight (g) 

2 5.3 1.5 0.5 

3 3.5 2.1 0.6 

Treatment mean 5.33 bz 2.36b 0.56a 

LS D  = 2 . 4 4  

z Means followed by the same letter are not significantly 
different at the 0.05 level tested by LSD. 
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CO 0.3-

I 
-3 -7 

CONCENTRATION ( bars ) 

Figure 10. Shoot dry weight of the control, -3 and -7 bar 
treatments. 
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Depression in the shoot and root (fresh and dry) 

weights due to salinity has been reported. Acosta-Nunes 

et al. (1981) noticed in tomato and lettuce at higher salin

ity levels that shoot and root elongation were essentially 

blocked and thus fresh and dry weights were reduced. 

Hayward and Long (1943) suggested that the toxic effect of 

the CI ion might have caused the shoot and root (fresh and 

dry) weight reduction. 

Root (Fresh and Dry) Weight 

Root (fresh and dry) weights were significantly 

different between the control, -3 and -7 bars (Tables 9 

and 10) . Root (fresh and dry) weights decreased as the 

concentration increased. Root fresh weight was reduced by 

21.7% and 83% at -3 and -7 bars, respectively, compared to 

the control (Figure 11), whereas root dry weight was reduced 

by 45% and 86.7% at -3 and -7, respectively, compared to the 

control (Figure 12). 

Leaf Area 

A reduction in leaf area was observed as a result of 

increasing salt concentrations (Table 11), and it was 

reduced by 60% and 81% at -3 and -7 bars, respectively, 

compared to the control (Figures 13 and 14). 

Reduction in leaf area with increasing salinity, 

which caused a depression in evapotranspiration loss, 
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Table 9. Means of root fresh weight at different salt 
concentrations for the three replicates. 

Salt Concentration (bars) 

Replicate 0 -3 -7 

Root fresh 1 13.6 11.6 1.8 
weight (g) 

2 13.6 9.1 1.6 

3 12.8 10.6 3.3 

Treatment mean 13.33 cz 10.43 b 2.23 a 

LSD = 1.88 

z Means followed by the same letter are not significantly 
different at the 0.05 level tested by LSD. 
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Table 10. Means of root dry weight at different salt 
trations for the three replicates. 

concen-

Salt Concentration (bars) 

Replicate 0 -3 -7 

Root dry 
weight (g) 

1 

2 

1.5 1.1 

0.8 0.7 

0.04 

0.12 

3 1.1 0.7 0.30 

Treatment mean 1.13 bz 0.62 ab 0.15 a 

LSD = 0.73 

z Means followed by the( same letter are not significantly 
different at the 0.05 ievel tested by LSD. 
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CONCENTRATION ( bars ) 

Figure 11. Root fresh weight of the control, -3 and -7 bar 
treatments. 
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2 t.ft-

-3 -7 

CONCENTRATION ( bars J 

Figure 12. Root dry weight of the control, -3 and -7 bar 
treatment. 
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Table 11. Means of leaf area at different salt concentra
tions for the three replicates. 

Salt Concentration (bars) 

Replicate 0 -3 -7 

Lea| area 1 85.2 40.4 19.7 
(cm ) 

2 106.8 37.2 11.4 

3 101.2 39.3 24.6 

Treatment mean 97.73 cZ 38.96 b 18.56 a 

LSD = 15.16 

z Means followed by the same letter are not significantly 
different at the 0.05 level tested by LSD. 
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110 

-3 -7 

CONCENTRATION ( bars ) 

Figure 13. Leaf area of the control, -3 and -7 bar treat
ments . 
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Figure 14. Relative size of leaves of the control (Tc)' -3 
(T1 ) and -7 (T2 ) treatments. 
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respiration, and photosynthesis processes has been reported 

by Lunin et al. (1963). Also, Nieman (1962) concluded that 

salt tolerance is associated with a high rate of photosynthe

sis and a low rate of respiration, and the activity per unit 

of chlorophyll tended to be less in the less tolerant 

species. 



CHAPTER 5 

CONCLUSION AND SUGGESTIONS 

Tomatoes were grown in a greenhouse in a hydroponic 

system using a nutrient solution with NaCl and CaCl2 as 

added salts. Three replicates were set up with five treat

ments each: 0 (control), -3, -7, -11, and -15 bars. In the 

highest treatments (-11, -15) all plants died a short time 

after applying the salinity treatments in the remaining 

treatments, a general stunting of growth of the plants 

occurred as salt concentration increased due to osmotic 

effect. Root growth in the -3 bar treatment, which was the 

lowest concentration used, showed an increase in length 

compared to the control. However, a decrease in length was 

observed in the -7 bar treatment. The other characteristics 

measured including plant height, shoot and root (dry and 

fresh) weights, and leaf area were affected by changes in 

the levels of salt concentration of the growth media. With 

less serious affect in the -3 bar treatment, this indicated 

that by providing nutrients in a controlled system with good 

management, tomato plants could be grown under much higher 

salt concentrations. 
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Since the drainage water in Saudi Arabia has low 

salinity concentration, it is possible that improved manage

ment can aid efforts to increase production. High-frequency 

irrigation, good drainage systems, and recycling of agricul

ture drainage water combined could improve the production of 

tomatoes in large field acreage, as well as in the 

greenhouse industry. 

In conclusion, a gradual exposure to salinity rather 

than abrupt exposure seemed to be more efficient in reduc

ing the effect of salinity on tomato plants. More work is 

recommended to evaluate the salinity effect on yield to 

observe if there is any effect on quality and quantity of 

the crop. Moreover, field studies should be carried out 

along these lines so that salinity effects on normal soil 

conditions may be determined. 



APPENDIX A 

PROCEDURES FOR NUTRIENT SOLUTION PREPARATION 

Nutrient solution for hydroponics is prepared in two 

flasks. The Ca(N03)2 must be separated from the ingredi

ents in Flask #2 because it will cause the nutrients to 

precipitate. 

Flask #1 qms 

a. Ca(N03)2 . 4H20 268.8 

b. Fe 330 sequestrene 11.3 

- In distilled water, add b to 800 ml. 

- Dissolve and then add the second nutrient, then 

- Dissolve both nutrients using a stir bar. 

- Bring the solution to a volume of 1 liter. 

Flask #2 qms 

a. KN03 90.1 

b. MgS04 112.4 

c. KH2P04.3H20 60.8 

d. H3BO3 0.64 

e. MnCl24H20 0.50 

f. CUC12H20 0.56 
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g. MOO3 O.OI 

h. ZnS04.7H20 0.27 

Dissolve the nutrients in 800 ml one at a time, then 

Bring the solution to a volume of 1 liter. 
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