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Summary

In a pot experiment the influence of irrigation with artificial seawater and of
soil salinity on tomato plants and fruit quality was investigated. The surn of the
salt concentrations in irrigation water was 0, 30, 60 and 100 mM (seawater
salinity: NaCl: MgCl2 : MgS04=20 : 1 : 1; soil salinity: Na2S04 : MgC12=4: 1 on
molar basis).

Dry matter production of tomato plants was significantly increased by soil
salinity but not by seawater salinity. Tomato fruit production was adversely
affected only by high salt concentrations. Salt stress increased the uptake of
Na, Mg and chloride ions in tomato plants. Sodium reduced the uptake of
potassium due to ion antagonism. Sulphate uptake in tomato plants was
increased by salt application only under soil salinity Phosphate ion uptake was
significantly reduced by salt stress. Chloride ions did not antagonize the uptake
of nitrate in tomato plants. Absorption of calcium remained unaffected by salt
stress. Iron uptake decreased significantly only under seawater salinity.

Glucose, fructose, ascorbic acid and citric acid contents were signifieantly
enhanced in tomato fruits by salinity; synthesis of sucrose and malie acid
remained unaffected.

The increases in the concentrations of sodium, chloride and monosaecharides
might have contributed to osmotic adjustment in tomato plants. Salinity
inereased the eontents of sugars and acids (ascorbic and citric acid) of the to­
mato fruits and thus improved the fruit quality.

Key-words: tomato, fruit quality, osmotic adjustment, ion balance, salinity.

Einfluß von Seewasser und Bodenversalzung auf Ionenaufnahme, Ertrag und
Qualität von Tomatenfrüchten

Zusammenfassung

In einem Gefäßversuch wurde der Einfluß der Bewässerung mit Salzlösungen
auf Tomatenpflanzen und deren Fruchtqualität untersucht. Die Summe der
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Salzkonzentrationen im Gießwasser betrug 0,30,60 und 100 mM ("Seewasser­
versalzung": NaCl: MgC12: MgS04=20 : 1 : 1; "Bodenversalzung": Na2S 0 4 :
MgC12=4: 1 auf molarer Basis).

Die Troekensubstanzproduktion der Tomatenpfianzen stieg signifikant in den
Varianten "Bodenversalzung", aber nicht bei "Seewasserversalzung". Ein ne­
gativer Einfluß auf die Fruchtproduktion wurde nur bei sehr hohen Salzkon­
zentrationen beobachtet. Salzstreß erhöhte die Na-, Mg- und Cl-Ionenauf­
nahme der Tomatenpfianzen, wobei der Anstieg der Na-Gehalte aufgrund von
Ionenkonkurrenz mit einer Abnahme der Kaliumgehalte verbunden war. Die
Sulfataufnahme erhöhte sich nur bei Bodenversalzung, die Phosphatgehalte
wurden durch Salzstreß in jedem Fall signifikant vermindert. Ionenkonkurrenz
zwischen Cl- und N03- wurde nicht beobachtet, ebenso blieb die Calciumauf­
nahme von den Salzbehandlungen unbeeinflußt. Die Eisenaufnahme ging bei
den Seewasservarianten signifikant zurück.

Die Glukose-, Fruktose-, Ascorbin- und Zitronensäuregehalte wurden durch
die Salzapplikationen erhöht, die Synthese von Disacchariden und Äpfelsäure
"blieb unbeeinfiußt.

Der Anstieg der Konzentrationen von Natrium, Chlorid und den Monosac­
chariden gaben den Tomatenpfianzen die Möglichkeit zur osmotischen Anpas­
sung. Die Erhöhung der Zucker-, Ascorbinsäure- und Zitronensäuregehalte der
Tomaten durch Salzstreß führte zu einer verbesserten Fruchtqualität.

Schlüsselworte: Fruchtqualität, Ionenbilanz, osmotische Anpassung, Toma­
ten, Versalzung.

1. Introduction

Salt stress reduces the free energy of water in soils available to plants
(FLOWERS and YEO 1986, Laos and WIDMOSER 1986) and results in negative water
potential in soils (WOOD and GAFF 1989, ULLAH et al. 1989, 1993). This drop in
water potential is accompanied by specific ion toxicities, deficiencies, retarda­
tion of water uptake and nutritional imbalances in plants (GREENWAY and
MUNNS 1980, BERNSTEIN 1963, CUSIDO et al. 1987, PLAUT and GRIEVE 1988, PESSA­
RAKLI et al. 1989, MATSUMOTO and CHUNG 1990, HE and CRAMER 1992, ULLAH et al.
1993, MCCUE and HANSON 1992), which affect enzymatic and physiological
functions reducing growth and yield of crops (ABDUL-KADIR and PAULSEN 1982,
HOLDER and CHRISTENSEN 1988, ADAMS 1988, PESSARAKLI et al. 1989, AL-RAWAHY
et al. 1990, ULLAH et al. 1989, 1993). Therefore the water potential of the sym­
plast must be adjusted, if the plant is not to be desiccated (FLowERs and YEO
1986). In halophytes such adjustment usually occurs by absorbing inorganic
ions (HsIAO et al. 1976, FLOWERS et al. 1977, MCCREE 1986) from the salts as
osmotica, while in glycophytes the exclusion or export of salts to the exterior
and the generation of sufficient organic molecules as osmotica help maintaining
the turgor (MCCUE and HANSON 1992). The mechanism of salt tolerance in halo­
phytes is related to the control of the internal osmotic potential by raising the
levels of Na- and Cl- concentrations, while protecting the cells against their
toxie effects (GARCIA-REINA et al. 1988).

Tomato is a moderately salt tolerant crop and is being widely cultivated even
in areas with salt influenced soils or irrigation water. Ion imbalances, shift in
enzymatic reactions and biological processes caused by salinity may also affect
the quality and fiavour of the tomato fruits.
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It was the objective of this investigation to determine the e:Efect of salt stress
on yield of tomato fruits, dry matter production, ion uptake, osmotic adjust­
ment and quality of fruits. In this experiment, plants were stressed by the addi­
tion of salts corresponding to simulated seawater and soil salinity (coastal
saline soil). The combination of different salts was preferred to the addition of
single salts because this can be considered to be more representative for a gen­
eralized plant response to salinity

2. Materials and Methods

Plastic pots were filled with 8 kg air-dried soil of Großenzersdorf, Austria,
which was screened through a 2 mm sieve and had the following character­
istics: sand 34.8 %, silt 46.6 % and clay 18.6 DA>, pR 7.53, organic matter 2.00 %,
CaC03 23 %, water-holding capacity 45 0/0, CEC 18.5 meq/lOO g soil, N 0.122 %,
P 0.049 %, Ca 9.18 0/0, Mg 2.43 %, Fe 1.93 %, K 0.19 % and Na 8.5 mg/100 g soil.
Water soluble anions and cations were measured in the saturation water
extract: 488 mg RC03-/I, 31 mg N03-/I, 390 mg Clvl, 0.63 mg P043-/ l, 315 mg
Ca2+/I, 23.3 mg Mg2+/I, 22.6 mg Kt/I, 22.5 mg Na-/l, 7.2 mg NH4+/1. Two tomate
plants, two weeks old and of uniform size, were transplanted to each pot. The
number of plants was thinned to one after one week of transplantation. The
pots were arranged in a completely randomized design in the open field with six
replications for each treatment.

The tomato plants (cv. Lukullus) were allowed to grow in the pots for two weeks
without salt treatments. During this period, pots were irrigated with deionized
water. Then they were exposed to constant levels of salt stress equivalent to
seawater and soil salinity stress levels. This was accomplished by irrigation with
salt solutions (treatments: 0,30,60 and 100 mM salt concentration; total amount
of salts applied per pot: 0,0.6, 1.2 and 2.0 M at constant rate in the period June­
August). Artificial seawater and soil salinities were simulated with a combi­
nation of salts (seawater salinity: NaCl: MgC12: MgS04=20: 1 : 1; soil salinity:
Na2S04 : MgC12=4 : 1). After harvest of the ripe tomatoes, fresh weight was rec­
orded and visual quality and physical damage of tomatoes were determined
according to the rating scale of GRIERSON and KADER (1986). Three tomatoes from
each pot were cut into pieces for application of the rating scale for internaI tissue
damage due to bruising, the rest of the fruits was frozen for other investigations.

The total fresh weight of the tomatoes was calculated by summing up the
fresh weight of all the harvests.

Three frozen tomatoes from each pot were minced separately by an electric
mixer and extracted with water (60 Oe). In the extract (with carrez solutions),
the contents of glucose, fructose, sucrose, citric acid and L-malic acid were
analyzed by enzymatic methods (BOEI-IRINGER-MANNHEIM 1989). For the assay of
ascorbic acid, fruit sarnples were weIl minced with an electric mixer and ho­
mogenized in meta phosphoric acid (15 % w/v). The pH of the mixture was
adjusted to 3.7 with KOH and ascorbic acid was determined by enzymatic
methods 1989).

After the last fruit harvest, tomato plants were completely harvested, dried at
70 "C for four days, weighed and finely ground. The powdered samples were
used for various analyses. Chloride, nitrate, sulphate and phosphate were
determined in the tomato plants by ion chromatography (Dionex Mode12010i)
after extraction of the powdered samples with deionized distilled water in a
shaking hot water-bath (80 Oe) for 10 min. The extraction procedure was
repeated twice and the decanted supernatants were bulked and filtered (WOOD
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and GAFF 1989). Frozen tomato fruits were freeze-dried, again dried in an oven
at 60°C and powdered.

Sodium, potassium, calcium, magnesium, phosphorus and iron were deter­
mined by plasma emission spectrometry (Perkin EImer Plasma 11) after wet
digestion of both fruit and shoot sampies in a HN03 : HCI04 (5 : 1) mixture. Fi­
nally the results were statistically analysed with the Waller-Duncan K-ratio
t-test (8AS-software). Mean values in columns followed by the same letter are
not significantly different.

3.. Results and Discussion

The types of salts influenced the growth of tomato plants. Soil salinity had a
more positive impact on dry matter production than seawater salinity (fig. 1).
The highest dry matter production was observed at a salt concentration of
100 mM soil salinity (13.5 g DM/plant, 125 % of the control). This higher pro­
duction of dry matter was probably due to the uptake of sulphate, which was
nearly doubled at 60 mM and 100 mM soil salinity, while sulphate ions taken up
by the control plants might be involved in balancing Ca in the vacuoles.

ADAMS (1988) also reported that growth of tomato plants was stimulated by
increasing salinity to 4 to 5 mS/cm due to application of sodium chloride. How­
ever, many investigators (ATTENBURROW and WALLER 1980, KAFKAFI et al. 1982,
PESSARAKLI and TUCKER 1988, AL-RAWAHY et al. 1990) observed a significant
decline in dry matter yield of tomato plants by increasing salinity. Variations in
dry matter production were also dependent on salt types (RYAN et al. 1975) and
among the soluble salts. NaCl is the most detrimental to plant growth and
nutrient uptake (AL-RAWAHY et al. 1990). In their experiments, seawater con­
taining high amounts of NaCl produced a reduced amount of dry matter com­
pared with soil salinity.

Low levels of salinity hardly affected tomato fruit yield (fig. 2). No decline in
yield compared with the control treatment was observed at 30 mM salts. How­
ever, fruit yield was significantly affected by 100 mM salt stress, where a yield
reduction of 21 % and 270/0 of the control treatment was recorded under sea­
water salinity (SWS) and soil salinity (S8), respectively. Such reduction in
yields might have been caused by physiological disorders, impaired biochem-
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Fig. 2: Influence of salt stress
on fresh matter production of
tomato fruits (SS == soil salini­
ty; SWS =seawater salinity)
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ical, physiological and enzymatic processes associated with salt stress (BERN­
srrEIN 1963, ULLAH et al. 1989, 1993, MCCUE and HANSON 1992). Reduction in
tomato yields with increasing salt concentrations was also reported by KAFKAFI
et al. (1982) and STROGONOV (1964).

Cations were determined both in tomato plants (shoots) and fruits. Anions
were estimated only in tomato plants. Salt stress had a significant impact on
Na-uptake by tomato plants as weIl as its transportation to fruits (table 1).
Sodium concentration increased significantly with the increase in salt concen­
trations both in fruits and tomato plants (table 1). The highest amount of
sodium was found at 100 mM salts (1.43 % at 8WS and 1.62 % at 58 in tomato
plants; 0.17 % Na at SWS and 0.19 % Na at S8 in fruits). Compared with the
control treatment, a more than 14 and 16 fold increase in Na content was
observed in tomato plants (shoots) at 100 mM salts of seawater and soil salinity,
respectively; while it was about 6 times higher in fruits compared with the con­
trol plants both in case of SWS and S8 at 100 mM salt stress. Tomato fruits had
much lower contents of Na than stem and leaf material (table 1).

Table 1

Effect of seaioater salinity (SWS) and soil salinity (SS) on Na, K, Ca and Mg concentra-
tions (~») in tomato shoots and fruits

treatment mM salts 0,la Na %K 0/0 Ca %M~
shoot fruit shoot fruit shoot fruit shoot ruit

control 0 O.lOe 0.03d 1.86a 4.44a 5.27 ab 0.23a 0.90b 0.16a
SWS 30 O.57d O.OBc 1.41 b 4.27 ab 5.84a 0.19ab 0.97 ab 0.16a
SWS 60 O.92c 0.13b 1.12e 4.27 ab 6.02a 0.23a 1.04a 0.17 a
SWS 100 1.43b 0.17a 0.92c 3.85 be 5.13ab 0.22 ab 0.97 ab O.15a
S8 30 O.82c o.ose 1.10e 4.06abc 5.36 ab 0.19 ab 0.89b 0.16a
S8 60 1.44b 0.14b o.ase 4.20 ab 5.28ab 0.18b 0.96 ab 0.16a
S8 100 1.62a 0.19a O.88e 3.64e 4.70b 0.20 ab 0.91 b 0.16a

Salinity had an adverse impact on K-uptake by tomato plants. Its concentra­
tion declined significantly compared with the control treatment with increasing
salt stress, the lowest amounts (0.92 % K at SWS and 0.88 % K at S8) being
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measured at 100 mM salt stress. However, tomato fruits accumulated more K
(up to four times) than tomato plants (table 1). There was no difference in po­
tassium contents of fruits between the control and salt treatments except at
100 mM salts under both seawater and soil salinity (table 1). Potassium concen­
trations were reduced by 50 and 63 % in tomate plants compared with the con­
trol treatment at 100 mM seawater and soil salinity, respectively, while in the
fruits, the reductions were only 13 and 18 % under the same seawater and soil
salinity. K/Na ratio was also diminished with increasing salt concentrations
(table 2). This ratio was much higher in tomato fruits than in tomato plants. A
minimum of 0.65 under seawater salinity and 0.54 under soil salinity was ob­
served in tomato plants, while the corresponding values in tomato fruits were
22.7 and 19.2 (table 2).

Table 2

Effect of seawater salinity (SWS) and soil salinity (SS) on P and Fe concentrations and on
K/Na, Na/Ca and Ca/Mg ratios in tomato shoots andfruits

treatment mM 0/0 P Fe (ppm) K/Na Na/Ca Ca/Mg
salts shoot fruit shoot fruit shoot fruit shoot fruit shoot fruit

control 0 0.35a 0.44a 957a 49a 18.60 148.00 0.02 0.13 5.86 1.35

SWS 30 0.34a 0.38bc 739ab 42bc 2.47 53.38 0.10 0.42 6.02 1.19
SWS 60 0.32 ab 0.38 bc 672b 43b 1.22 32.85 0.15 0.57 5.79 1.35
SWS 100 0.26c 0.36bcd 648b 44ab 0.64 22.65 0.28 0.77 5.29 1.47

SS 30 0.27bc 0.40ab 766ab 45ab 1.34 45.11 0.15 0.47 6.02 1.19
SS 60 0.26c 0.35cd 785ab37c 0.62 30.00 0.27 0.78 5.50 1.13
S8 100 0.25c 0.33d 881ab 29d 0.54 19.16 0.34 0.95 5.16 1.25

Magnesium concentrations either remained constant or were enhanced by
salt applications compared with the control treatment (table 1). The higher con­
centrations of Mg in some of the salt treated plants were due to its presence in
the simulated salt solutions, In tomato fruits, no difference in Mg content be­
tween the control and salt treated plants was observed (table 1). Tomato shoots
had much higher contents of magnesium (about 6.5 fold) than fruits (table 1). It
varied from 0.89 % to 1.04 % in tomato plants, while in tomato fruits, it ranged
from 0.15 % to 0.17 %.

Calcium uptake by tomato plants was not adversely affected by salt stress ex­
cept under 100 mM soil salinity (table 1). Like magnesium, calcium contents
were also much higher in tomate plants (shoots) than in fruits (up to 31 folds).
Ca/Mg ratio did not change with salt concentrations. The highest ratio was ob­
served in tomato shoots (table 2). Maintenance of Ca contents in the salt treated
plants at the same level as the control treatment helped in regulating ion trans­
port and membrane permeability and hence normal growth of tomato plants.
However, Na/Ca ratio increased with salinity both in tomato plants and fruits
(table 2). This ratio was higher under soil salinity than seawater salinity: The
highest value of Na/Ca ratio was observed in tomato fruits (0.95; about 3 times
higher than in plants).

Iran concentration in tomato plants was significantly reduced by seawater
salinity at 60 and 100 mM salts, while soil salinity had no adverse effect on iron
uptake by tomato plants compared with the control treatment (table 2). Salinity
reduced the accumulation of iron in tomato fruits. Tomato plants had higher
contents of iron (up to 30 folds) than tomato fruits (table 2). Soil salinity ex­
erted pronounced adverse impact on phosphorus absorption by tomato plants
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compared with the control treatments; on the other hand, SWS did not have any
effect on phosphorus uptake by tomato plants except at 100 mM salt. The mini­
mum phosphorus content (0.25 %) was measured at 100 mM soil salinity. To­
mato fruits accumulated more P than the vegetative plant parts. Phosphorus
concentration decreased due to salt treatments (table 2).

Salinity effects on ion uptake and accumulation are reported not only from
tomato plants and fruits, but also from a number of other species, such as sugar
beet, beans, wheat, barley, cotton, rice, grass and Brassica sp. (PALFI 1963,
AYOUB 1974, FROTA and TUCKER 1978, TORRES and BINGHAM 1973, RATHERT 1983,
FLOWERS and YEO 1986, FRANCOIS et aL 1988, CRAMER et al. 1991, HE and CRAMER
1992). Salinity increased the concentrations of Na in tomato plants as well as in
fruits. High uptake of Na in tomato plants occurred in response to the estab­
lishment of the equilibrium with the potential of the soil solutions necessary for
normal metabolie processes without inducing toxic effects to the cell.

Concentration of K declined due to an antagonism with Na. This antagonism
could be the result ofdirect competition between K and Na at the site of ion up­
take at plasmalemma (EpSTEIN and RAINS, 1987, HE and CRAMER 1992). Sodium
could also enhance the efflux of K into the growth medium (CRAMER et al. 1985,
HAJJI and GRIGNON 1985), possibly due to membrane integrity (HE and CRAMER
1992). A positive relation existed between Mg and salt concentrations. The in­
crease in Mg concentrations in tomato plants was due to its presence in the ar­
tificial seawater and soil salinity. However, its presence in the salt solutions did
not influence its accumulation in the tomate fruits. Probably its transport in ex­
cess from the shoots to the fruit was restricted. Calcium concentrations in to­
mato plants were not affected by salt stress, although high concentration of Na
in the external medium has been reported to suppress its content in the plant
material due to its antagonism with sodium (GREENWAY and MUNNS 1980,
RATHERT 1983, HE and CRAMER 1992), sometimes to a degree that causes calcium
deficiencies (MAAs and GRIEVE 1987, HE and CRAMER 1992) and accelerates
passive accumulation of Na ions. Calcium concentrations in the tomato plants
as they have been observed in the control treatment are considered to be very
important in regulating ion transport and membrane permeability (GRATTAN
and MAAS 1988). The essentially missing antagonistic influence of Na on Ca
uptake in tomato plants showed a tolerance of these plants to salt stress.

Phosphate concentrations declined with increasing salt concentrations in
tomato plants. Probably both chloride and sulphate ions in the simulated salt
solutions depressed the uptake of PO~- by tomato plants and its accumulation
in fruits.

Salt stress influenced the anion concentrations in tomato plants.Like sodi­
um, chloride contents in tomato plants were significantly enhanced by salt
stress compared with the control treatment (table 3). Chloride concentrations
under seawater salinity were higher than under the corresponding soil salinity
levels because of higher concentrations in the Irrigation solution. Contents of
chloride increased in tomato plants in response to the maintenance of internal
osmotic potential and ion balance while protecting the cells from its toxic ef­
fects (GARCIA-REINA et al. 1988).

Sulphate concentration in tomato plants increased with increasing salt con­
centrations under soil salinity; but there was no difference in SO~- contents be­
tween the seawater salinity and control treatments (table 3). Soil salinity en­
hanced SO~- contents significantly especially at 60 and 100 mM salt compared
with control plants (table 3). Sulphate concentrations varied from 2.18 % under
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Ta ble 3

Effect oj seawater salinity (SWS) and soil salinity (88) on Clr, N03-, S042- and P043- ion
concentrations in tomato shoots

treatment mM salts % Cl- % N03- %

control 0 1.06d 0.22a 2.18b O.469a

SWS 30 2.47bc 0.21a 2.38b 0.390ab
SWS 60 2.81 bc 0.21a 2.32b 0.259c
SWS 100 4.38a 0.19a 2.48b 0.231 c

SS 30 2.31c 0.21a 2.72b 0.325 bc
SS 60 2.78bc 0.20a 4.34a 0.249 c
SS 100 2.98b 0.19a 4.05a 0.263 c

control conditions to 4.34 % under soil salinity. Sulphate uptake by tomato
plants in higher amounts under soil salinity compared with the seawater salin­
ity was due to the presence of this ion in the irrigation solution. Phosphate con­
centrations in plants declined significantly by salt treatments (table 3). Prob­
ably chloride and sulphate ions reduced the uptake of phosphate ions in tomato
plants. Nitrate uptake in tomato plants was not antagonized by chloride ions
(table 3). No difference in nitrate concentrations between the control and salt
treated plants was observed. LANGDALE and THoMAs (1971) also reported that
soil salinity did not inhibit the uptake of nitrogen by highly salt-tolerant ber­
mudagrass. HERNANDO et al. (1967) found that nitrogen absorption by modera­
tely salt-tolerant tomato plantswas not affected by salinity. However, many in­
vestigators (TORRES and BINGHAM 1973, LUQUE and BINGHAM 1981, PALFI 1963,
PESSARAKLI and TUCKER 1985, ULLAH et al. 1989, 1993) reported that nitrogen
uptake was reduced by the application of salts in a number of plant species. Ni­
trogen and phosphorus uptake by a moderately salt-tolerant wheat crop were
retarded under high NaCl and Na2S04 salinity in the root medium (MAHAJAN
and SONAR 1980).

Contents of glucose, fructose, ascorbic acid and citric acid were significantly
increased by the salt stress (table 4). This increase was considerably enhanced
at 100 mM salts compared with other treatments.

Ta ble 4

Effeet of seawater salinity (SWS) and soil salinity (S8) on glucose, fructose, sucrose, citric
acid, ascorbic acid and malie acid contents (%) in tomato fruits

% % % % 0/0 %
treatment mM salts glucose fructose sucrose citric ascorbic malic

acid acid acid

control 0 1.32c 1.95b 0.18a 0.41c 0.025 d 0.087 a
SWS 30 1.73bc 2.17b 0.09b 0.51ab 0.035 c 0.096 a
SWS 60 2.57 ab 3.07 ab 0.13 ab 0.51ab 0.040b 0.080a
SWS 100 3.16a 3.91a 0.14ab 0.56ab 0.050a 0.097 a
S8 30 1.76bc 2.20b 0.10b 0.48ab 0.032 c 0.094a
S8 60 2.18abc 2.56ab 0.10b 0.55ab 0.038b 0.104a
S8 100 2.56ab 2.95ab O.12ab 0.58a 0.048a 0.102a

Glucose concentrations were increased up to 139 % and fructose up to 101 %
above the control treatment. These organic molecules act as osmotica and play
an important role in osmotic adjustment in the plants (GREENWAY and MUNNS
1980, FLOWERS et al. 1977, MCCREE 1986). Many higher plant species synthesize
and store compatible osmolytes (proteins, amino acids, prolines, glycine, betain
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etc.) in salt stressed plants and contribute to osmotic adjustment (GREENWAY
and MUNNS 1980, WYN JONES and STOREY 1981 ROBINSON and JONES 1986 MATOH
et al. 1987, MCCUE and HANSON 1992, ULLAH ~t al. 1993). However, sucr~se con­
tents in tomate fruits-either remained constant or decreased due to salinity
compared with the control treatment (table 4).

Citric acid as well as ascorbic acid in tomatoes were significantly enhanced
in response to salt stress compared with the control conditions (table 4). The
highest concentration of citric acid was observed at 100 mM soil salinity,
while the highest amount of ascorbic acid (0.05 %) was measured at 100 mM
seawater salinity (table 4). ADAMS (1988) reported that increasing the levels of
NaCl always improved fruit quality; increased dry matter, sugar contents and
acidity of the fruit juices. According to CUSIDO et al. (1987), retardation of
potassium contents in plants due to salinity increased amino acids, specially
aspartic acid, glutamic acid and proline contents. Salinity did not exert any
significant influence on malic acid production and its accumulation in tomato
plants.

Ripeness classes of tomatoes were determined according to GRIERSON and
KADER (1986). The tomatoes were red over 90 % classified as red and scored 6 of
Grierson and Kader's table 6.5 in all treatments. No difference was found be­
tween the control and salt treatments.

With regard to internal tissue damage due to bruising, no degree of severity
and no visible internal tissue damage were observed. The tomatoes had score 1
of Grierson and Kader's table 6.6 in all treatments.

Overall visual quality of tomatoes under all treatments was also excellently
good, essentially no symptoms of deterioration were noticed. They had the score
9 of the table 6.7 (GRIERSON and KADER 1986).

Also no symptoms of physical damage in any of the treatments could be de­
tected. Fruits from treated plants had score 1 of fruit ripening and quality table
6.8 (GRIERSON and KADER 1986).

Ripening and fruit quality studies showed that none of the salt treated to­
matoes deteriorated their quality. On the other hand, salt stress enhanced the
sweetness of the tomatoes by increasing glucose and fructose contents and im­
proved the quality by increasing the concentrations of important acids such as
ascorbic acid, citric acid etc. Other authors also report that increasing salt
stress always improves fruit quality (ADAMS 1988, HOLDER and CHRISTENSEN
1988) and fiavour of tomatoes (HOLDER and CHRISTENSEN 1988).
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