
PHYSIOLOGICAL RESPONSES OF TOMATO CULTIVARS
SUBJECTED TO SALINITY (GERMINATION, RESPIRATION)

Item Type text; Thesis-Reproduction (electronic)

Authors Al-Bahrany, Abdulaziz Maatook, 1960-

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 26/05/2023 10:08:57

Link to Item http://hdl.handle.net/10150/276460

http://hdl.handle.net/10150/276460


INFORMATION TO USERS 

This reproduction was made from a copy of a manuscript sent to us for publication 
and microfilming. While the most advanced technology has been used to pho
tograph and reproduce this manuscript, the quality of the reproduction is heavily 
dependent upon the quality of the material submitted. Pages in any manuscript 
may have indistinct print. In all cases the best available copy has been filmed. 

The following explanation of techniques is provided to help clarify notations which 
may appear on this reproduction. 

1. Manuscripts may not always be complete. When it is not possible to obtain 
missing pages, a note appears to indicate this. 

2. When copyrighted materials are removed from the manuscript, a note ap
pears to indicate this. 

3. Oversize materials (maps, drawings, and charts) are photographed by sec
tioning the original, beginning at the upper left hand corner and continu
ing from left to right in equal sections with small overlaps. Each oversize 
page is also filmed as one exposure and is available, for an additional 
charge, as a standard 35mm slide or in black and white paper format. * 

4. Most photographs reproduce acceptably on positive microfilm or micro
fiche but lack clarity on xerographic copies made from the microfilm. For 
an additional charge, all photographs are available in black and white 
standard 35mm slide format.* 

•For more information about black and white slides or enlarged paper reproductions, 
please contact the Dissertations Customer Services Department. 

T TA/f.T Dissertation 
VJ IVH Information Service 
University Microfilms International 
A Bell & Howell Information Company 
300 N. Zeeb Road, Ann Arbor, Michigan 48106 





1328601 

ANBahrany, Abdulaziz Maatook 

PHYSIOLOGICAL RESPONSES OF TOMATO CULTIVARS SUBJECTED TO 
SALINITY 

The University of Arizona M.S. 1986 

University 
Microfilms 

International 300 N. Zeeb Road, Ann Arbor, Ml 48106 





PHYSIOLOGICAL RESPONSES OF TOMATO CULTIVARS 

SUBJECTED TO SALINITY 

by 

Abdulaziz Maatook Al-Bahrany 

A Thesis Submitted to the Faculty of the 

DEPARTMENT OF PLANT SCIENCES 

In Partial Fulfillment of the Requirements 
For the Degree of 

MASTER OF SCIENCE 
WITH A MAJOR IN HORTICULTURE 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

1 9  8  6  



STATEMENT BY AUTHOR 

This thesis has been submitted in partial 
fulfillment of requirements for an advanced degree at The 
University of Arizona and is deposited in the University 
Library to be made available to borrowers under rules of the 
Library. 

Brief quotations from this thesis are allowable 
without special permission, provided that accurate acknowl
edgment of source is made. Requests for permission for 
extended quotation from or reproduction of this manuscript 
in whole or in part may be granted by the head of the major 
department or the Dean of the Graduate College when in his 
or her judgment the proposed use of the material is in the 
interests of scholarship. In all other instances, however, 
permission must be obtained from the author. 

SIGNED: 

APPROVAL BY THESIS DIRECTOR 

This thesis has been approved on the date shown below: 

N. F. OEBKER 
Professor of Horticulture 



ACKNOWLEDGMENTS 

Special thanks and deepest appreciation to Dr. 

Norman F. Oebker, director of my thesis, for his assistance 

and guidance throughout the study. 

Sincere appreciation is extended to Dr. Janice M. 

Kobriger, Dr. Robert E. Briggs and Dr. Paul Bessey, 

committee members, for their advice and suggestions. 

Appreciation is extended to Dr. Albert K. Dobrenz 

for providing technical assistance and laboratory equipment 

for the seed respiration experiment. 

I owe special thanks to my mother, father, brothers, 

sisters, and my wife for their moral support and their 

encouragement. 

To all who helped me in any way, I owe special 

thanks. 

iii 



TABLE OF CONTENTS 

Page 

LIST OF ILLUSTRATIONS v 

LIST OF TABLES vi 

ABSTRACT vii 

CHAPTER 

1. INTRODUCTION 1 

2. LITERATURE REVIEW 3 

Salinity Effects on Seed Germination 4 
Salinity Effects on Respiration 6 
Salinity Effects on Plant Growth and 
Development 8 

Salinity Effects on Leaf Anatomy 12 
Sodium and Calcium Interaction 14 

3. MATERIALS AND METHODS 16 

Germination Tests 16 
Seed Respiration Studies 17 
Greenhouse Studies of Plant Growth 
Response to Salinity.' 18 

4. RESULTS 20 

Seed Gemination as Affected by Salinity... 20 
Respiration Rates 24 
Plant Growth as Affected by Salinity 29 

5. DISCUSSION AND CONCLUSIONS 43 

6. SUMMARY 49 

APPENDIX A: ANALYSIS OF VARIANCE 51 

APPENDIX B: CULTIVAR GERMINATION DATA 58 

LITERATURE CITED 62 

iv 



LIST OF ILLUSTRATIONS 

Figure Page 

1. Percent germination of the three tomato 
cultivars after 3, 6, 9, 12, and 15 days of 
germination at different osmotic potentials.... 22 

2. Percent germination of Peto 3 43 tomato 
cultivar after 3, 6, 9, 12, and 15 days of 
germination at different osmotic potentials.... 24 

3. Percent germination of Peto 95 tomato 
cultivar after 3, 6, 9, 12, and 15 days of 
germination at different osmotic potentials.... 25 

4. Percent germination of UC-82-L tomato 
cultivar after 3, 6, 9, 12, and 15 days of 
germination at different osmotic potentials.... 26 

5. Dark respiration of three tomato cultivars 
after 5 days of germination in 5 osmotic 
concentrations 30 

6. Dark respiration of three tomato cultivars 
after 9 days of germination in 5 osmotic 
concentrations 31 

7. Tomato shoot fresh weight at different 
osmotic potentials 37 

8. Tomato shoot dry weight at different osmotic 
potentials 38 

9. Tomato root fresh weight at different osmotic 
potentials 39 

10. Tomato root dry weight at different osmotic 
potentials 41 

11. Tomato root length after 10 weeks at different 
osmotic potentials 42 

v 



LIST OF TABLES 

Table Page 

1. Germination (%) of three tomato cultivars 
with five concentrations of NaCl:CaCl2 (1:1), 
at intervals of 3, 6, 9, 12, and 15 days 21 

2. Mean separations of the cultivars, osmotic 
potentials, and intervals for germination 
results of UC-82-L, Peto 95, and Peto 343 27 

3. Dark respiration of three tomato cultivars 
after 5 and 9 days in 5 osmotic concentra
tions of NaCl:CaCl2 (1:1) 28 

4. Plant growth characteristics of UC-82-L, 
Peto 95, and Peto 343 seedlings after 10 weeks 
in solutions at different osmotic potential.... 32 

5. Mean separations of cultivars and osmotic 
potential of the salt solutions for shoot 
weights of UC-82-L, Peto 95, and Peto 343 at 
different levels of osmotic potential 34 

6. Mean separations of cultivars and osmotic 
potential of the salt solutions for root 
weights of UC-82-L, Peto 95, and Peto 343 at 
different levels of osmotic potential 35 

7. Mean separation of cultivars and osmotic 
potential of the salt solutions for root 
lengths of UC-82-L, Peto 95, and Peto 343 
after 10 weeks at different levels of 
osmotic potential 36 

vi 



ABSTRACT 

Germination percentage, seed respiration, and plant 

growth of UC-82-L, Peto 95, and Peto 343 tomato cultivars 

(Lycopersicon esculentum Mill.) were evaluated at different 

salt concentrations of NaCl and CaC^ ranging from 0 to -15 

bars. Percent germination was inversely related to salt 

concentration. Peto 95 followed by Peto 343 had the higher 

germination percentage averaged over the five osmotic concen

trations. Dark respiration of germinating seeds decreased 

as salinity increased. Highest rates were obtained from 

Peto 95, which seemed to have the most tolerant to salinity. 

Seedlings were grown in Hoagland's solution at five 

salinity levels and were evaluated after 10 weeks for shoot 

and root weights, root length, and leaf area. The three 

cultivars showed lower values for each characteristic at 

increasing salinity levels. Propagation of tomato by 

transplants rather than direct seeding seemed more efficient 

in reducing the impact of salinity on tomato plants. 

vii 



CHAPTER 1 

INTRODUCTION 

Salinity of soil and water is caused by soluble 

salts originating from deteriorating and dissolving rock and 

is concentrated by evaporation. Saline soils cover a 

substantial portion of our earth's surface. Estimates vary 

from 400 to 950 million ha (Massoud, 1974). 

Utilization of the large areas of saline soils and 

the abundant saline water sources of the world is a 

long-standing problem. Agricultural scientists must find 

ways to achieve high yields on productive lands as well as 

develop ways to recover acreage lost to salt accumulation in 

order to meet the increasing demand for agricultural prod

ucts. An approach toward a solution may be the improvement 

of salt-tolerant cultivars. In certain species this may be 

achieved by exploiting their intraspecific variability 

(Dewey, 1962; Greenway, 1962). New salt-tolerant crops or 

varieties of existing crops that are more tolerant of salts 

must be found and utilized to help fill the gap between 

supply and demand of agricultural goods. To be successful 

in selecting and developing salt-tolerant crops, scientists 

must have an understanding of the specific effects of soil 

salinity on plant metabolism. 
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Salinity affects plants at all stages of develop

ment, but sensitivity sometimes varies from one growth stage 

to the next. A comparison of salt tolerance during germina

tion and emergence with later growth stages is difficult 

because sensitivity may vary, and different criteria must be 

used to evaluate plant response. For instance, tolerance at 

emergence is based on survival whereas tolerance after 

emergence is based on decrease in growth or yield. 

The objectives of this study on salt tolerance in 

tomato seedlings were: (1) to determine differences in salt 

tolerance in tomato cultivars, (2) to compare salt tolerance 

at germination vs. early vegetative stages, and (3) to 

better understand how respiration relates to salt tolerance. 



CHAPTER 2 

LITERATURE REVIEW 

One problem for crop production in arid regions is 

the accumulation of salts in the soil. Large areas of land 

over all the world have been rendered unproductive by the 

accumulation of salt, either deposited from irrigation water 

or from natural sources. A reduction in seed germination 

percentage, plant growth and plant development seems to be a 

universal response of crop plants to soil salinity. This 

reduction has been observed from many species, many salinity 

levels, and many types of salt (Kramer, 1983). 

Tomatoes are warm-season perennials grown as annuals. 

Many commercial plantings are directly seeded, but some are 

also transplanted. However, tomato (Lycopersicon esculentum 

Mill.) is one of the most salt-sensitive crops. Their 

production in many semi-arid regions is often limited by high 

salinity. Trials for the development of vegetable crops such 

as tomato should be accompanied by a program of quality 

control, particularly if saline water is used for irrigation 

(Staples et al., 1981). 

3 
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Salinity Effects on Seed Germination 

Seed germination of different species respond differ

ently to saline environments. In fact, a definition of the 

term germination depends on an individual's perspective. A 

seed analyst may accept a morphological change, such as 

protrusion of the radical, but to a grower, germination 

means seedling emergence. Technically, germination is the 

resumption of active growth that results in rupture of seed 

coat and emergence of the seedlings (Amen, 1963). 

The ability of seeds to germinate and establish a 

seedling is frequently the limiting factor in vegetable crop 

production. Often salt stress delays initial emergence and 

decreases final germination of seeds (Francois and Bern

stein, 1964). Many researchers have studied seed germina

tion characteristics under salt environments and found that 

one of the critical stages for selecting salt-tolerant 

plants is germination (Abel and MacKenzie, 1964; Ayers, 

1952). Furthermore, farmers of arid lands know all too well 

the effects of salt in the seedbed. Germination may be 

drastically reduced by the toxic and/or osmotic effect of 

the ions. Even if viable seeds are able to germinate, 

emergence might be hindered. 

In order to determine the ionic or osmotic effects 

of salts on seed germination, many experiments have been 

conducted under laboratory and field conditions. Uhvits 
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(1946) studied the effects of NaCl and mannitol on the 

germination of alfalfa seeds to determine whether toxic or 

osmitic effects of salinity are the cause for reduction of 

germination. Uhvits observed that germination in alfalfa 

seeds decreased when osmotic potential of NaCl and mannitol 

decreased. But, inhibition of germination was greater in 

NaCl than in mannitol. Mayer and Poljakoff (1982) found 

that decreases in osmotic potential of the soil solution as 

a result of high salt concentrations, increased the amount 

of energy which the seed must expend in order to absorb 

water from the soil. With increasing concentrations of salt 

in the germination media, decreases in the germination 

percentages of many seeds was observed. Similarly, a 

reduction was noticed in germination of alfalfa seed grown 

under various osmotic pressures (Dotzenko and Dean, 1959). 

Wiggons and Gardner (1959) conducted an experiment to 

explain the effect of different levels of NaCl solutions on 

the germination and seedling growth of radish (Raphanus 

sativas L.), and sorghum (Sorghum vulgare pers.). They 

observed an inhibition of germination and radicle growth of 

both radish and sorghum at a concentration of 5 atm. of 

NaCl. 

In general, during germination processes water 

potential decreases due to solubilization of reserves in the 

seed which may decrease osmotic potential and redistribution 
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of water within the seed to sites of greater matric 

capacity. Germination may be inhibited at any stage of the 

germination process if water potential of the seed is higher 

than that of the germination media (McDonough, 1975). 

Doneen and MacGillivary (1943) stated that soil 

salinity affects seed germination. Since water content in 

the media of germination is one of the most important 

factors which affects germination processes. The reduction 

in water content as a result of salt will change the absorp

tion of water by seeds and inhibit germination. However, 

they suggested that germination may also be affected by 

toxic ions which are present in the germination media, or by 

a combination of both osmotic and toxic effects. 

An excess of ions will influence the absorption of 

other' ions, and may increase uptake of Na, leading to Na 

toxicity. And this toxicity tends to increase during 

germination due to the accumulation of salts in the upper 

layer of germination media (Arnon, 1972). Osterhout (1912) 

found that germination of wheat (Triticum vulgare Vill.), 

and cotton (Gossypium hirsutum L.) was affected by adding 

another salt to the solution containing the toxic salt, and 

he attributed this to the antagonism of ions in the plants. 

Salinity Effects on Respiration 

Many researchers have reported that respiration is 

influenced by salinity. However, no one has been able to 
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determine whether ionic or osmotic effects of salt are the 

main reason for the change in metabolic processes. Possibly 

both affect plant metabolism. Respiration rate has been 

reported both to increase and decrease in response to 

salinity (Allen, 1984). In saline environments, the cost of 

cellular maintenance in terms of energy utilization is 

higher to the plant than it is in non-saline environments. 

Respiration and protein synthesis rates do not decrease 

under salt stress, and the former sometimes increases 

(Nieman and Poulsen, 1967). 

Livne and Levin (1967) grew peas and found that when 

NaCl was the salt in the growth medium, respiration of 

leaves increased by 30% while respiration of the stem and 

root increased by only 10%. The increase in leaf respira

tion in the salt treated plant may be a result of an 

increase in energy requirement for cellular maintenance and 

active movement of ions against a concentration gradient. 

And according to Neiman (1962) and Handley and Overstreet 

(1955), cell enlargement and respiration may be stimulated 

by salinity, particularly for Na and K ions. Such increases 

in respiration may be only temporary followed by a decrease 

in millet (Maksimova and Matukhin, 1965). However, 

decreased respiration rates could occur due to the reduction 

of leaf expansion as a result of salinity. This would 

result in lower photosynthate utilization and lower 
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respiration rates. Many researchers found that Na salts 

decrease the respiration rate of many crop plants, such as 

wheat and grain (Sarin and Rao, 1958; and Bharwaj and Rao, 

1960); and cotton (Boyer, 1965). Allen and Dobrenz (1984) 

concluded that seed respiration of alfalfa AZ ST 1982 and 

Mesa-Sirsa decreased in response to increasing NaCl 

concentrations in germination media. Similarly, George and 

Williams (1964) studied the respiration rates during seed 

germination of barley (Hordeum vulgare L.), strawberry 

clover (Trifolium fragiferum L.), and Landino clover 

(Trifolium repens L.) under three different salt solutions 

(Na2Cl, CaQl^t and NaSO^) with osmotic pressures of 1, 2, 3, 

4, 6, 8, 12, and 16 atm. They found that as salinity level 

increased, respiration of barley seeds decreased, although a 

slight increase was obtained in strawberry clover and 

Landino clover seeds. From these results, it seems that the 

higher tolerance of barley to salinity during germination is 

associated with lower respiration rates. 

Salinity Effects on Plant Growth 
and Development 

Salinity of soils and water can affect plant growth 

in three main ways. First, plants must maintain favorable 

water relations. The presence of ions in the soil solution 

decreases the soil water potential. In order to obtain 

moisture from the soil, a plant's internal solute potential 
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must be more negative than that of the soil water potential. 

Bernstein (1961) pointed out that as salinity increased, 

soil water potential decreased. Therefore, the plant water 

potential must decrease to maintain a negative water 

potential between the plant and the environment. This can 

be done either by reducing the pressure potential, which 

will affect plant growth, or by reducing the plant osmotic 

potential, which is called osmotic adjustment. O'Leary 

(1969) suggested that the increase in resistance in the 

water flow pathway from external solution to leaves can 

result in reduction in relative water content of the leaves 

experiencing physiological drought, even if osmotic adjust

ment occurs. Therefore, net photosynthetic rates decreased, 

which results in less root growth and less water absorption 

by root. 

Secondly, plants must be capable of dealing with an 

excess of potentially toxic ions. Sodium and chloride are 

two examples of ions found in salt-affected soils. These 

ions have been demonstrated to have deleterious effects on 

plant metabolism. Levitt (1972) reported that ions which 

are not toxic at low concentrations may become toxic to 

plants at high concentrations. 

Lastly, the predominance of salt ions in the soil 

solution potentially decreases the concentration of nutrient 

-  +  2 -
ions (NC>3, K , PO 4) . Therefore, plants surviving in a 
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saline environment must be capable of obtaining nutrient 

ions despite an excess of other ions (Stavarek and Rains, 

1983). 

In general, salinity affects plant growth of differ

ent species in different ways. Rosen and Tal (1981) found 

that the wild species of tomato (Lycopersicon peruvianum 

(L.) Mill.) were more salt-tolerant than the cultivated 

tomato (Lycopersicon esculentum Mill.). The wild plants 

~ + + 

accumulated more CI and Na and fewer K ions although 

their relative water content and total dry weight decreased 

less as compared with the cultivated tomato subjected to 

salinity. It was suggested that a better osmotic adjustment 

was responsible for the superior performance of the wild 

species under saline conditions (Tal, 1971; Tal and Gavish, 

1973). Also, a decrease in plant growth of two species of 

tomato (Lycopersicon esculentum Mill. and Lycopersicon 

cheesmanii Riley) was observed as a result of salinity (Rush 

and Epstein, 1976). Tal (1971) found that total plant dry 

weight decreased by 50% in young L. peruvianum (L.) Mill. 

-3 plants growing in a solution containing 196 mol m NaCl. 

Rush and Epstein (1976) found that although obvious 

differences were present in the appearance of plants of the 

wild species, L. cheesmanii, and the cultivated tomato, both 

species exhibited reduced growth rates even under mild salt 

conditions. Similarly West, Merrigan, Taylor and Collins 
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(1979) reported that the weight of both roots and plant tops 

of tomato plants decreased with increasing salt. 

As osmotic pressure of the root environment 

increased, plant growth was reduced (Wadleigh and Ayer, 

1945; Richards and Wadleigh, 1952). Brown and Hayward 

(1956) reported that there were differences in plant 

tolerance among six alfalfa (Medicago sativa L.) cutivars at 

low salt concentrations, but no differences were found at 

higher concentrations when the six alfalfa cultivars were 

grown in plots and irrigated with salinized water containing 

0, 3000, 6000, and 9000 ppm of 1:1 mixture of NaCl and CaCl 

salts. 

As stated earlier, the effects of high salt 

concentrations on plant growth centered on the influence of 

various ions and proportions of ions in terms of such 

indefinite conditions as antagonism, toxicity, physiological 

balance, and cell permeability. During the late 1930s and 

1940s, workers at the United States Department of 

Agriculture Salinity Laboratory in Riverside, California 

shifted their attention to the total osmotic effects of all 

the ions and away from specific effects of a particular ion. 

Eaton (1942) found no evidence of a critical concentration 

for a particular ion, but above an initial low 

concentration, each increase in salt concentration caused by 

addition of any ion produced a decrease in growth. 
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Similarly, a reduction of vegetative growth of guayule 

(Parthenium argentatum) occurs when guayule plants are 

subjected to stress by drying the soil, by adding salt or 

nutrient solution to the soil, or a combination of the two 

treatments (Wadleigh et al., 1946). 

Nukaya, Masui and Ishida (1979) found a decline in 

fresh weight of leaves and fruits of tomato as sea water 

concentrations increased. Seed germination percentage, dry 

matter, and number of leaves per plant are highly affected 

by salts (Harris, 1915). Also, Moskaleva and Sinel'nikova 

(1976) reported that salinity reduced seed vigor, germina

tion percentage, and seedling growth of tomato when tomato 

seedlings were raised in sand culture with NaCl added to the 

nutrient solution. However, another experiment was con-

2+ + 
ducted by Guerrier (1983) to measure Ca and Na contents 

in three species: tomato (Lycopersicon esculentum Mill.) 

(sensitive to salinity), red cabbage (Brassica oleracea) 

(tolerant to salinity) and radish (Raphanus sativa L.) 

(intermediate). He found that NaCl stimulated hydration of 

young plants more than did CaC^f and concluded that high 

external CaC^ concentrations decreased seed vigor of tomato 

and its development. 

Salinity Effects on Leaf Anatomy 

Leaf anatomy and morphology are typically affected 

by saline culture. Generally, salinity slows growth, 
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increases leaf succulence, reduced leaf expansion, reduces 

quantities of specific enzymes, total protein .and nucleic 

acids, while the specific activities and concentrations 

remain constant in accordance with the slower growth rate 

(Shannon, 1984) . 

Reductions in the relative leaf size is a frequently 

reported response to salt-treated plants. Reductions in 

leaf size due to osmotic effects of salts have been reported 

for cotton (Gossypium hirsutum L.) (Lauchli et al., 1982). 

Similarly, Nieman (1965) reported that the affected leaves 

were smaller in area because of fewer cells. Salinity 

limited their growth potential by reducing the rate without 

increasing the duration of cell division. In contrast, 

Brouwer (1963) concluded that salinity had no influence on 

cell division and that reduced leaf area was due to a 

reduction in cell enlargement. 

Meiri and Poljakoff (1967) studied the effect of 

chlorine salinity on growth of bean leaves (Phaseolus 

vulgaris) in thickness and in area. They reported that NaCl 

salinity in the growth medium induces retardation of leaf 

growth in bean plants. They also found that leaves of salt 

affected plants are thicker than the leaves of the 

non-saline control plants. Similar results were obtained 

from studying the effect of NaCl on bean leaves (Wignarajah 

et al., 1975) . 
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Sodium and Calcium Interaction 

Many researchers indicated that one of the possible 

effects of salination is a nutrient deficiency; and the 

nutrient status of the soil was shown to affect the growth 

of salinized plants. Similarly, the presence of other ions 

may be expected to affect the absorption of Na salts and 

therefore the injury produced by them. For instance, the 

ratio of K+:Na+ affects the growth of a halophytic alga (Van 

Auken and McNulty, 1973), but the most important ion is 

2+ 2+ 
Ca . It has long been known that Ca antagonizes the 

injurious effects of Na+, and this effect is largely due to 

2+ the decrease in cell membrane permeability produced by Ca , 

the increase produced by Na+. This important relationship 

has been reinvestigated in connection with salt injury. 

Guerrier (1983) planted seeds of many vegetable crops and 

oilseed crops in a solution containing 0-500 mM NaCl. He 

found that the most saline-sensitive species (including 

tomato) had very low Ca and/or K seed reserves, whereas the 

most tolerant species (germinating in 500 mM) had higher 

reserves of Ca and/or K. 

Plant growth and yield may be affected by the Na+ 

status of soil as well as by other ions. The effect of Na+ 

can be direct or indirect. Direct effects are due to the 

accumulation of toxic levels of Na+ in plant tissues. 

Indirect effects include both nutritional imbalance and 
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impairment of soil physical conditions. The nutritional 

effects of Na+ are not simply related to the exchangeable 

Na+ percentage in soil, but depend upon the concentration of 

Na and Ca in the soil solution. Since Na uptake by 

2+ plants is strongly regulated by Ca in the soil solution, 

2+ 
the presence of sufficient Ca is essential to prevent the 

accumulation of toxic levels of Na+ (Maas, 1986). Strogonov 

(1964) suggested that one must take into consideration the 

antagonism of ions in order to understand better the mode of 

action of salt on plants. 



CHAPTER 3 

MATERIALS AND METHODS 

The plants used in the present research were culti

vated tomato (Lycopersicon esculentum Mill.) cv. UC-82-L, 

Peto 95, and Peto 343. Germination and respiration 

experiments were conducted under laboratory conditions at 

the Department of Plant Sciences, University of Arizona. 

Plant growth experiments were conducted at the University of 

Arizona in a greenhouse during 1985-1986. 

Germination Tests 

The three tomato cultivars were germinated under 

different osmotic potentials 0, -3, -7, -11, and -15 bars of 

1:1 ratio of NaCl and CaC^. Osmotic potential of 

NaCl:CaCl2 solutions were verified with a Wescor Model 1500 

C Vapor Pressure Osmometer. The seeds were treated with 5% 

Chlorox solution for 2 minutes to prevent fungal and 

bacterial contamination. 

Germination tests were conducted in 100 x 15 mm 

plastic petri dishes with cover lids. Two filter papers 

(Whatman No. 2) were placed on the bottom of each dish and 

one on top of the seeds. Six ml of distilled water or test 

16 
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solution were added to each dish. Twenty uniform seeds were 

placed in each dish, and each dish was surrounded by a 

plastic bag to avoid evaporation of the test solution. Each 

treatment was replicated 2 times in a completely randomized 

experimental design. 

Germination took place in a darkened growth chamber 

at 2 6°C + 1°C. Seeds were considered germinated when the 

radicle was 3 mm long. The first germination counts were 

taken after 3 days. Counts were then made within an 

interval of 3 days for 15 days. . Germination results in the 

NaCl:CaCl2 solutions are reported on a percent of germina

tion in the control solution. An analysis of variance 

(ANOVA) was used to analyze the results of the germination 

test. 

Seed Respiration Studies 

Respiration rates were measured when the young 

tomato seedlings were 5 and 9 days old. The same petri 

dishes, filter papers, salt concentrations, and environmen

tal conditions were utilized as reported in seed germination 

except that each petri dish contained 100 seeds. Seed 

respiration was measured with a Beckman Model 865 infrared 

gas analyzer (IRGA). The top of each petri dish was removed 

and the petri dish was placed in a glass chamber which was 

connected to the IRGA in an airtight system. The IRGA 

measured the increase in CO2 concentration in the system as 
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the respiring seed released CC>2. Results are reported as 

change in ppm CC^ min */100 seeds. 

Greenhouse Studies of Plant Growth 
Response to Salinity 

Plants were grown from mid-November to the end of 

January in a greenhouse with an average temperature of 20 to 

30°C. Seeds were sown in vermiculite, and 14-day-old 

seedlings were transferred to aerated Hoagland solution in a 

modified hydroponic system in the greenhouse with 5 

seedlings per container of 8 liters. Fifteen containers 

were arranged on a long bench, one species per container. 

Plants of the control group continued growing in the 

original solution. 

Sodium chloride and calcium chloride at 1:1 ratio by 

weight was added gradually to the containers which had 

plants of the treated groups and were maintained as follows: 

3 containers with an osmotic pressure of -3 bars, 

3 containers with an osmotic pressure of -7 bars, 

3 containers with an osmotic pressure of -11 bars, and 

3 containers with an osmotic pressure of -15 bars. 

A constant volume of solution was maintained by 

adding distilled water to compensate for transpiration 

losses. All solutions were renewed every 10 days. Each 

treatment was replicated three times in a completely 

randomized experimental design. 
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Leaf area, shoot (fresh and dry) weights, root 

(fresh and dry) weights, and root length of the primary root 

for each plant in each cultivar were measured to determine 

the effect of salt solutions in the plant growth compared to 

the control treatment. 

A ruler was used to measure the length of plant 

roots (cm). The leaf area was measured for plants when the 

leaves were still fresh by using a LI-3100 area meter. The 

shoot (fresh and dry) weights and root (dry and fresh) 

weights were taken by using a lab balance of the Ohaus type. 

Each plant was put in a marked can in an oven at 65°C for 24 

hours to dry both the plant shoot and plant root to 

determine the dry weight for each. An analysis of variance 

(ANOVA) was used to analyze the data of the plant growth 

tests. 



CHAPTER 4 

RESULTS 

Seed Germination as Affected by Salinity 

Germination percentage for UC-82-L, Peto 95, and 

Peto 343 evaluated at 3, 6, 9, 12, and 15-day intervals in 

five NaCl:CaCl2 (1:1 ratio) concentrations differed signi

ficantly. Germination of the three tomato cultivars tested 

was influenced by increasing the salt concentrations of the 

solution. Percent germination of the three tomato cultivars 

was reduced with increasing salt concentrations (Table 1, 

Fig. 1). 

Peto 95 and Peto 343 displayed a higher germination 

percentage than UC-82-L when germination was averaged over 

the five osmotic concentrations and the 3, 6, 9, 12, and 

15-day observation intervals (Table 1). UC-82-L, however, 

had the lowest germination percentage when subjected to 

saline conditions. 

The rates of germination of tomato seed were higher 

by the end of the 6th and 9th day, than on day 3 (Figures 

B.l, B.2, and B.3 in Appendix B). Seeds of Peto 343 exhib

ited a higher germination percent in the control and -3 bars 

as an average of 3, 6, 9, 12, and 15 days than either Peto 

20 
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Table 1. Germination (%) of three tomato cultivars with 
five concentrations of NaCl:CaCl2 (1:1), at 
intervals of 3, 6, 9, 12, and 15 days. . 

Concentration (bars) 
Duration 
and Control -3 -7 -11 -15 Cultivar 

Cultivar Mean 

Germination (%) 
Day 3 

UC-82-L 
Peto 95 
Peto 343 
Cone. Mean 

75.89 
8 0 . 0 0  
87.50 
81.13 

42.50 
67.50 
70.00 
6 0 . 0 0  

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

23.68 
29.50 
31.50 

Day 6 

UC-82-L 
Peto 95 
Peto 343 
Cone. Mean 

1 0 0 . 0 0  
90.00 

1 0 0 . 0 0  
96.66 

92.50 
72.50 
92. 50 
85.83 

22.50 
62.50 
52.50 
45.83 

2.50 
7.50 

1 0 . 0 0  
6.67 

0 
0 
0 
0 

43.50 
46.50 
51.00 

Day 9 

UC-82-L 
Peto 95 
Peto 343 
Cone. Mean 

1 0 0 . 0 0  
95.00 

1 0 0 . 0 0  
98.33 

1 0 0 . 0 0  
95.00 

1 0 0 . 0 0  
98.33 

75.00 
87.50 
77.50 
8 0 . 0 0  

5.00 
22.50 
1 0 . 0 0  
12.50 

0 
0 
0 
0 

56.00 
6 0 . 0 0  
57.50 

Day 12 

UC-82-L 
Peto 95 
Peto 343 
Cone. Mean 

1 0 0 . 0 0  
98.75 

1 0 0 . 0 0  
99.58 

1 0 0 . 0 0  
96.25 

1 0 0 . 0 0  
98.75 

1 0 0 . 0 0  
95.00 

1 0 0 . 0 0  
98.33 

15.00 
45.00 
25.00 
28.33 

0 
0 
0 
0 

63.00 
67.00 
65.00 

Day 15 

UC-82-L 
Peto 95 
Peto 343 
Cone. Mean 

100.00 100.00 100.00 20.00 0 64.00 
100.00 97.25 95.00 72.50 7.50 74.45 
100.00 100.00 100.00 47.50 0 69.50 
100.00 99.08 98.33 46.67 2.50 
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95 or UC-82-L. However, at higher salt concentrations (-7, 

-11, and -15 bars), Peto 95 showed higher germination (Table 

1, Figures 2, 3, 4) over both Peto 343 and UC-82-L. At -15 

bars, the only cultivar which germinated was Peto 95, which 

had a germination percentage of 7.5% after 15 days. Germina

tion percentages were much lower at high salt concentrations 

compared to low salt concentrations when averaged over all 

cultivars. Mean separations were performed using the least 

significant difference and student —Newman-KeuIs method 

(Table 2) . The mean percent germination of sill cultivars, 

averaged over all media types and osmotic levels, were 

significantly different. For analysis of variance regarding 

this experiment, see Table A.l in Appendix A. 

Respiration Rates 

Dark respiration rates of UC-82-L, Peto 95, and Peto 

343 germinated in five osmotic concentrations, and evaluated 

at 5 and 9 day intervals were higher in the control 

(distilled water) and -3 bars than in -7, -11, and -15 bars 

of NaCl and CaC^ (1:1) (Table 3). Peto 95 showed higher 

respiration rates averaged over all osmotic potentials than 

Peto 343 and UC-82-L, when all three cultivars received the 

same treatments. On day 5, Peto 95 had the following 

respiration rates: control 54.0; -3 bars, 32.4; -7 bars, 

21.6; -11 bars, 3.0; and -15 bars, 17.4 ppm C02 min 1/100 

seeds, whereas on the same day Peto 34 3 had: 57.6 for the 
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Table 2. Mean separations of the cultivars, osmotic poten
tials, and intervals for germination results of 
UC-82-L, Peto 95, and Peto 343. 

Mean of Germination % 

Cultivars 

UC-82-L 50.0 aZ 

Peto 95 54.9 b 

Peto 343 55.5 b 

Osmotic Potential (bars) 

0 95.1 a 

-3 88.4 b 

-7 64.5 c 

-11 18.8 d 

-15 0.5 e 

Day Intervals 

3 28.2 a 

6 47.0 b 

9 57.8 c 

12 65.0 d 

15 69.3 e 

z Means within a column followed by a different letter are 
significantly different at the 0.05 level by Least 
Significant Difference (LSD) and Student-Newman-Keuls. 
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.Table 3. Dark respiration2 of three tomato cultivars after 
5 and 9 days in 5 osmotic concentrations of 
NaCl:CaCl2 (1:1). 

Concentrations (bars) 

Cultivar 
0 -3 -7 -11 -15 Cultivar 

Mean 

Day 5 

UC-82-L 12.0 27.6 14.2 11.6 10.1 15.1 

Peto 95 54.0 32.4 21.6 3.0 17.4 25.7 

Peto 343 57.6 27.6 13.2 2.2 10.8 22.3 

Cone. Mean 41.2 29.2 16.3 5.6 12.8 

Day 9 

UC-82-L 41.3 45.8 33.0 9.4 11.2 28.2 

Peto 95 50.7 49.6 51.9 9.1 8.9 34.0 

Peto 343 54.2 48.4 43.7 3.0 9.3 31.7 

Cone. Mean 48.7 47.9 42.9 7.2 9.8 

Z •• 1 
ppm C02 min /100 seeds. 
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control; -3 bars, 27.6; -7 bars, 13.2; -11 bars, 2.2; and 

-15 bars, 10.8 ppm C02 min_1/100 seeds. On the other hand, 

UC-82-L had lower respiration rates than Peto 95 and Peto 

343 (Table 3). 

On days 5 and 9, as salt concentration increased, 

respiration rates of all three cultivars declined sharply 

(Figures 5 and 6). However, on day 5, Peto 95 had 

respiration rates of 54.0 for the control, and then a sharp 

decrease to 3.0 occurred as salt concentrations increased to 

11 bars followed by an increase to 17.4 ppm CO2 min ^/lOO 

seeds at -15 bars. Also, Peto 343 shows a sharp decline in 

respiration rates between 0 and -11 bars, followed by an 

increase when treated with -15 bars of salt solution. 

Dark respiration of UC-82-L, Peto 95, and Peto 343 

averaged over all five salt concentrations is summarized in 

Table 3. The highest respiration rates were obtained for 

Peto 95. The respiration rates for Peto 95 were 25.7 and 

34.0 ppm CO2 min 1/100 seeds for observations on days 5 and 

9, respectively. 

Plant Growth as Affected by Salinity 

UC-82-L, Peto 95, and Peto 343 seedlings were 

evaluated after 10 weeks for several plant growth 

characteristics (Table 4). The three tomato cultivar plants 

were grown in a greenhouse in Hoagland's solution at 0, -3, 

-7, -11, and -15 bars. All plants grown at -15 bars died. 
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Table 4. Plant growth characteristics of UC-82-L, Peto 95, 
and Peto 343 seedlings after 10zweeks in solutions 
at different osmotic potential. 

Concentration (bars) 
Growth 

Characteristic 0 -3 -7 -11 Cultivar 
and Cultivar Mean 

Shoot Fresh Weight (gm) 
UC-82-L 62.53 53.42 0. 96 0. 83 29. 43 
Peto 95 65.44 61.06 26. 33 0. 93 38. 44 
Peto 343 64.28 45.20 8. 33 0. 95 29. 69 
Cone. Mean 64.08 53.23 11. 87 0. 90 

Shoot Dry Weight (gm) 
UC-82-L 6.45 4.83 0. 52 0. 53 3. 09 
Peto 95 7.43 6.11 2. 16 0. 52 4. 06 
Peto 343 7.52 3.42 1. 04 0. 46 3. 11 
Cone. Mean 7.14 4.79 1. 24 0. 51 

Root Fresh Weight (gm) 
UC-82-L 11.08 19.55 0. 12 0. 11 7. 71 
Peto 95 17.30 19.45 9. 48 0. 12 11. 59 
Peto 343 19.47 8.52 5. 20 0. 24 8. 36 
Cone. Mean 15.95 15.84 4. 93 0. 16 

Root Dry Weight (gm) 
UC-82-L 0.94 1.32 0. 03 0. 02 0. 58 
Peto 95 1.46 1.40 0. 54 0. 04 0. 86 
Peto 343 1.63 0.56 0. 35 0. 06 0. 65 
Cone. Mean 1.34 1.09 0. 31 0. 04 

Root Length (cm) 
UC-82-L 33.13 50.45 16. 29 14. 68 28. 64 
Peto 95 35.58 55.40 28. 29 22. 42 35. 42 
Peto 343 37.36 42.81 25. 26 18. 05 30. 87 
Cone. Mean 35.36 49.55 23. 28 18. 38 

Leaf Area (cm )y 

UC-82-L 29.06 30.44 - 19. 83 
Peto 95 35.02 24.36 18. 81 - 26. 06 
Peto 343 29.48 22.98 9. 28 - 20. 58 
Cone. Mean 31.19 25.93 9. 36 

^ All plants grown at -15 i bars died. 
^ All plant leaves grown at -11 bars were dry. 
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Germination percentage, seed respiration, and plant 

growth of UC-82-L, Peto 95, and Peto 3 43 tomato cultivars 

(Lycopersicon esculentum Mill.) were evaluated at different 

salt concentrations of NaCl and CaC^ ranging from 0 to -15 

bars. Percent germination was inversely related to salt 

concentration. Peto 95 followed by Peto 343 had the higher 

germination percentage averaged over the five osmotic concen

trations. Dark respiration of germinating seeds decreased 

as salinity increased. Highest rates were obtained from 

Peto 95, which seemed to have the most tolerant to salinity. 

Seedlings were grown in Hoagland's solution at five 

salinity levels and were evaluated after 10 weeks for shoot 

and root weights, root length, and leaf area. The three 

cultivars showed lower values for each characteristic at 

increasing salinity levels. Propagation of tomato by 

transplants rather than direct seeding seemed more efficient 

in reducing the impact of salinity on tomato plants. 



33 

The different treatments of the osmotic potential of salt 

solutions had a tremendous effect on tomato plant growth. 

In general, shoot (fresh and dry) weight, root (fresh and 

dry) weight, root length, and leaf area show a statistical 

difference with salt treatments (see Tables 5, 6, and 7). 

For analysis of variance regarding this experiment, see 

Tables A.2 through A.6 in Appendix A. 

The shoot (fresh and dry) weight was not signifi

cantly different for Peto 343 and UC-82-L, whereas it was 

significantly higher for Peto 95 (Table 5) . Shoot (fresh 

and dry) weight decreased as salt concentrations increased. 

Fresh weight of shoots decreased 16.9%, 81.0%, and 98.6% at 

-3, -7, and -11 bars, respectively, compared to the control 

(Figure 7). Shoot dry weight decreased 32.9%, 82.6%, and 

92.9% at -3, -7, and -11 bars, respectively, compared to the 

control (Figure 8). Moreover, a reduction in leaf area was 

observed as a result of increasing salt concentrations, 

leaf area was reduced 16.9% and 70.0% at -3 and -7 bars, 

respectively, compared to the control (Table 4). 

The root (fresh and dry) weight of UC-82-L, Peto 95, 

and Peto 343 were significantly different (Table 6). Root 

fresh weight had no significant difference from control (0 

bars) and -3 bars. However, root fresh weight was reduced 

0.7% at -3 bars, 69.1% at -7 bars, and 99.0% at -11 bars, 

compared to the control (Figure 9). The root dry weight was 
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Table 5. Mean separations of cultivars and osmotic 
potential of the salt solutions for shoot weights 
of UC-82-L, Peto 95, and Peto 343 at different 
levels of osmotic potential. 

Mean of Shoot Mean of Shoot 
Fresh Weight Dry Weight 

(gm) (gm) 

Cultivar 

UC-82-L 29.44 z a 3.09 a 

Peto 343 29.69 a 3.11 a 

Peto 95 38.44 b 4.06 b 

.motic Potential (bars) 

0 64.09 a 7.14 a 

-3 53.23 b 4.79 b 

-7 11. 87 c 1.24 c 

-11 0.90 d 0. 51 d 

z Mean within a column followed by a different letter are 
significantly different at the 0.05 level by Least 
Significant Difference (LSD) and Student-Newman-Keuls. 
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Mean separations of cultivars and osmotic 
potential of the salt solutions for root weights 
of UC-82-L, Peto 95, and Peto 343 at different 
levels of osmotic potential. 

Mean of Root Mean of Root 
Fresh Weight Dry Weight 

(gm) (gm) 

Cultivar 

UC-82-L 7.71 
z 
a 0.58 a 

Peto 34 3 8.36 b 0.65 b 

Peto 95 11.59 c 0.86 c 

>motic Potential (bars) 

0 15.95 a 1.34 a 

-3 15.84 a 1.09 b 

-7 4.93 b 0.31 c 

-11 0.16 c 0.04 d 

2 Mean within a column followed by a different letter are 
significantly different at the 0.05 level by Least 
Significant Difference (LSD) and Student-Newman-Keuls. 

.Table 6. 

9 
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\ 

Table 7. Mean separation of cultivars and osmotic potential 
of the salt solutions for root lengths (cm) of 
UC-82-L, Peto 95, and Peto 343 after 10 weeks at 
different levels of osmotic potential. 

Mean of Root Length (cm) 

Cultivar 

UC-82-L 28.64 aZ 

Peto 343 30.87 b 

Peto 95 35.42 c 

Osmotic Potential (bars) 

-3 49.55 b 

0 35.36 a 

-7 23.28 c 

-11 18.38 d 

2 Mean within a column followed by a different letter are 
significantly different at the 0.05 level by Least Signifi
cant Difference (LSD) and Student-Newman-Keuls. 
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significantly different at 0, -3, -7, and -11 bars. A reduc

tion in root weight occurred as salinity increased. Root 

dry weight was reduced 18.8% at -3 bars, 77.1% at -7 bars, 

and 97.0% at -11 bars, compared to the control (Figure 10). 

The root length of the three tomato cultivars was 

significantly different (Table 7). Root length increased 

40.1% at -3 bars, compared to the control. However, there 

was a decrease in root length of 34.2% and 48.0% at -7 and 

-11 bars, respectively, compared to the control (Figure 11). 
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CHAPTER 5 

DISCUSSION AND CONCLUSIONS 

Salinity and its potential impact on plant 

productivity can be managed by physically manipulating the 

environment on which the plant grows or by biologically 

manipulating the plant to reduce the harmful effects of 

excessive salt on plant productivity (Epstein, 1980; Rains, 

1979) . Biological manipulation of plants provides a means 

to reduce the detrimental effects of salinity on 

productivity. This manipulation can be enhanced by using 

genetic variability which exists in all biological systems. 

Plants commonly vary in sensitivity to the presence of 

potentially damaging levels of salt in their environment 

(Epstein, 1980). 

Our results show that the magnitude of effect of 

salinity on seed germination varied among tomato cultivars 

and differed with salinity levels (Table 1). Peto 95 and 

Peto 343 germinated better than UC-82-L when all three 

cultivars were averaged over the five osmotic concentrations 

at 3, 6, 9, 12, and 15-day intervals. 

Possibly the effect of salinity and seed germination 

is due to osmotically controlled water uptake (Cooper and 
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Dumbroff, 1973) . The water tension and the rate of water 

uptake are important during the period between swelling and 

initiation of physiological activity in the germinating 

seeds. In short, salinity causes some physiological and 

biochemical disturbances in germinating seeds and results in 

reduced growth. 

Seed respiration of UC-82-L, Peto 95, and Peto 343 

decreased with increasing salt concentrations in germination 

media (Table 3). However, seed respiration increased 

slightly at -15 bars over -11 bars and that might be due to 

some gene which took control of seed respiration at certain 

high levels of salinity. On the fifth day, seed respiration 

of UC-82-L was 12.0 ppm CO^ min 1 /100 seeds in the control. 

This was very low compared with Peto 95 and Peto 343, which 

had 54.0 and 57.0 ppm CC>2 min 1/100 seeds, respectively, at 

the same treatment level. Because of the low respiration 

rate of UC-82-L in the control, this measurement may need to 

be repeated at different day intervals. 

Reduction in seed respiration of the three cultivars 

may be a result of the toxic effects that were exerted on 

the seedlings, which resulted in embryo poisoning. 

Generally, seeds that maintain higher respiration rates can 

tolerate higher levels of salinity. Nieman and Maas (1978) 

suggested that the supply of metabolic energy may be the 

basic limitation to plant growth under saline stress. 
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Plants use a certain proportion of their energy supply for 

cellular maintenance. The remainder is available for normal 

growth processes. Salinity increases the amount of osmotic 

and ionic work necessary for normal cellular maintenance. 

As a consequence, less energy is available for growth. 

The response of plants to high salinity depends on 

plant species, growth stage, ion composition of the root 

media, and their external conditions (Tal, 1971). Hayward 

and Wadleigh (1949) state that salinity tolerance depends 

upon the ability of the plant to: (1) compensate for the 

increase of the osmotic pressure in the root media by 

increasing internal pressure; (2) avoiding excessive 

accumulation of ions achieved by regulating uptake and 

distribution; and (3) preventing deleterious effects of 

accumulated ions in the protoplasm. 

Testing the effect of the different levels of salt 

concentrations on plant growth of the three tomato cultivars 

showed a significant difference in most of the measurements. 

Tomato plants of all three cultivars were affected by salt 

solutions when they were treated with different concentra

tions. Shoot weight, root weight, root length, and leaf 

area were significantly different from control. 

The application of five different salt concentra

tions showed significant differences between levels. Shoot 

and root weights, and leaf area for cultivars were decreased 
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by increasing the salt concentrations. Root length of the 

three tomato cultivars, however, increased 40.1% at -3 bars, 

compared to the control followed by drops of 34.2% and 48.0% 

at -7 and -11 bars, respectively. However, measurement of 

root area is important because it might help us to better 

understand the effect of salinity in the root growth, since 

measuring root length alone is not enough to understand the 

impact of high salt concentrations in plant roots. Root 

growth consequently is not a reliable indicator to salt 

tolerance because in some species, according to Nieman and 

Shannon (1976) , there is a stimulation of growth. Usually, 

relative root growth at low salinities is far less sensitive 

to salinity than top growth. 

The physiological basis for the mechanism of salt 

tolerance is still questionable. One mechanism of salt 

tolerance in plants is that plants use organic solutes and 

inorganic solutes as compatible osmotica. The accumulation 

of compatible solutes provides the means for maintaining 

favorable water balance and all turgor during stress. The 

capability of the cell to regulate its intracellular 

environments is an example of a salinity tolerant mechanism. 

According to Bernstein (1961), when plants are subjected to 

an increase in salinity levels, osmotic adjustment occurs, 

which means that as osmotic pressure of the solution in the 

root environment increases, the osmotic pressure of the root 
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cells increases proportionally. However, many researchers 

(Stewart and Lee, 1974; Treichel, 1975) have suggested that 

stress induced production of proline, which may cause 

adjustment. Generally, Rains (1981) has reported that 

membrane phenomena providing osmoregulation appear to be 

significant contributors to salt tolerance in plants. It 

appears to be essential to evaluate transport mechanisms in 

plants carefully, and to determine if these mechanisms are 

under genetic control, and if they can be manipulated 

genetically to improve plant performance in saline 

environments. However, salinity problems can also be 

overcome by proper selection of tolerant cultivars and good 

salinity management. 

In conclusion, results suggest that there are some 

differences in salt tolerance in the three tomato cultivars. 

Peto 95 followed by Peto 343 appear to be more tolerant to 

salt during germination and plant growth. In addition, 

results show that only slight differences in the two growing 

techniques—seed vs. transplants—that have been used in 

response to salinity. Still, I feel that the transplant 

growing technique "with hardening" should be used to reduce 

the effect of salinity on tomato plants because delaying of 

the time of germination and crop development will occur, 

causing marketing difficulties to farmers later on. More 
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work is recommended to test salinity effects on the yield to 

see if there is any effect on quality and quantity of crop. 



CHAPTER 6 

SUMMARY 

The effect of NaCl and CaCl^ salts with cations at a 

1:1 ratio on seed germination, respiration, and plant growth 

of UC-82-L, Peto 95, and Peto, 343 tomato cultivars was 

studied. Osmotic potentials ranged from 0 to -15 bars. 

Seed germination and respiration were tested under 

controlled laboratory conditions. Germination percentage 

was evaluated at 3, 6, 9, 12, and 15 day intervals. Seed 

respiration was evaluated at 5 and 9 day intervals. 

The three tomato cultivars responded negatively to 

increasing salt concentrations. In general, percent 

germination was reduced with increasing salt concentrations. 

Peto 95 and Peto 343 had a higher germination percent than 

UC-82-L at high salinity. 

Dark respiration rates of the three cultivars were 

measured. Peto 95 maintained a higher respiration rate than 

Peto 343 and UC-82-L when all three cultivars were subjected 

to saline treatments. Peto 95 and Peto 343 showed sharp 

declines in respiration rates between 0 and -11 bars, 

followed by an increase when treated at -15 bars. 
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Plant growth response to salinity of UC-82-L, Peto 

95, and Peto 343 tomato cultivars was also studied under 

greenhouse conditions. Seedlings were grown in aerated 

Hoagland's solution at 0, -3, -7, -11, and -15 bars in a 

modified hydroponic system. After 10 weeks, seedlings of 

the three cultivars were evaluated for shoot and root 

growth, including fresh and dry weights, root length, and 

leaf area. 

Most of the plant growth characteristics measured 

were highly affected by changes in the levels of salt 

concentrations of the growth media. As salt concentrations 

increased, a reduction in plant growth of all three 

cultivars was observed. However, the root length of the 

three cultivars increased 40.1% at -3 bars, compared to the 

control followed by a decrease of 34.2% and 48.0% at -7 and 

-11 bars, respectively. All plants grown at -15 bars died. 

In conclusion, this study demonstrates that some 

genetic variability exists between the three tomato 

cultivars in response to salinity, and proves . also that 

slight differences occur in the two growing techniques. 

However, transplant growing technique is recommended. 
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Table A.l. Analysis of variance for the three tomato 
cultivars germination percentages grown under 
different levels of osmotic potential. 

Source DF S.S. M.S. F-Value 

Blocks 1 •7110E -1 . . 7110E -1 

Cultivars 2 896.1 448.0 33. 99 

Salt levels 4 .2125E 6 . 5312E 5 4031. 

Cultivars x salt levels ; 8 2094. 261.8 19.86 

Time 4 . 3246E 5 8117. 615.9 

Cultivars x time 8 427.5 53.43 4.054 

Salt levels x time 16 . 2655E 5 1659. 125.9 

Cultivars x salt 
levels x time 

32 4535. 141.7 10.75 

Residual 74 975.3 13. 18 
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Table A.2. Analysis of variance for the three tomato culti-
vars shoot fresh weights grown under different 
levels of osmotic potential. 

Source DF S.S • M.S. F-Value 

Blocks 2 to
 

• 43 12.22 

Cultivars 2 630 . 9 315.5 183.6 

Salt levels 3 . 2566E 5 8553. 4978. 

Cultivars x salt level 6 781 .8 130.3 75.83 

Residual 22 37. 80 1.718 
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Table A.3. Analysis of variance for the three tomato 
cultivars shoot dry weights grown under 
different levels of osmotic potential. 

Source DF S.S. M.S. F-Value 

Blocks - 2 •7339E -1 .3 67 0E -1 

Cultivars 2 7.357 3.679 1031 

Salt levels 3 260.3 86.77 . 2432E 

Cultivars x salt levels 6 9.863 1.644 460. 

Residual 22 •7846E -1 . 3566E -2 
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Table A.4. Analysis of variance for the three tomato culti-
vars root fresh weights grown under different 
levels of osmotic potential. 

Source DF 

Blocks 2 

Cultivars 2 

Salt levels 3 

Cultivars x salt levels 6 

Residual 22 

S.S. M.S. F-Value 

1.103' .5513 

103.3 51.66 154.8 

1707. 568.9 1704. 

383.0 63.83 191.2 

7.343 .3338 
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Table A.5. Analysis of variance for the three tomato 
cultivars dry root weights grown under different 
levels of osmotic potential. 

Source DF S.S, M.S. F-Value 

Blocks 

Cultivars 

Salt levels 

2 

2 

3 

Cultivars x salt levels 6 

Residual 22 

.17 55E -2 .877 6E -3 

.5176 .2588 488.2 

10.41 3.469 6543. 

1.949 .3249 612.8 

.1166E -1 .5301E -3 
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Table A.6. Analysis of variance for the three tomato 
cultivars root lengths grown under different 
levels of osmotic potential. 

Source DF S.S, M.S. F-Value 

Blocks 

Cultivars 

Salt levels 

2 

2 

3 

Cultivars x salt levels 6 

Residual 22 

3.259 

287.1 

5223. 

305.4 

20.34 

1.629 

143.6 155.3 

1741. 1883. 

50.90 55.05 

.9247 
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