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Table 1 Electric conductivity (EC) and concentrations of ions

in the concentrated deep seawater, the surface seawater and the
nutrient solutions under the different salt stress treatments.

EC [K'] [Na'] [Mg"] [Ca]

(dsm™) (mgL') (mgL') (mgL') (mgL")

i‘;‘;’::;ij;f:r 705 63x10°  12x10°  1.7x10°  7.6x10°
Surface seawater ~ 47.5 50x10°  0.8x10*  1.1x10°  5.3x10°
Control 1 129 10 14 63
DSW 15 262 2370 329 173
SSW 15 252 2350 275 170
NaCl 15 129 2690 14 63

Control, the non-salt stress treatment; DSW, the salt stress treatment with the
concentrated deep seawater; SSW, the salt stress treatment with the surface seawater;
NaCl, the salt stress treatment with pure NaCl.
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Fig. 1 Reactive oxygen species and antioxidants in plants.

:>

O,", superoxide anion; SOD, superoxide dismutase; H,O,,
hydrogen peroxide; APX, ascorbate peroxidase; ASA,
ascorbate; DHA, dehydroascorbate; DHAR, dehydroascorbate
reductase.
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Fig. 2 Fresh weight, dry weight, dry matter ratio, Brix, acidity and ratio of Brix to acidity of harvested tomatoes.

Means of five fruits are shown with the standard deviations. Among the four treatments, means with same letter are not significantly
different by the least significant difference (LSD) at P = 0.05. Control, the non-salt stress treatment; DSW, the salt stress treatment
with the concentrated deep seawater; SSW, the salt stress treatment with the surface seawater; NaCl, the salt stress treatment with

pure NaCl.
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Fig.3 Concentrations of K*, Na*, Mg®" and Ca”" in harvested tomatoes.

Means of five fruits are shown with the standard deviations. Among the four treatments, means with same letter are not significantly
different by the LSD at P = 0.05. Control, the non-salt stress treatment; DSW, the salt stress treatment with the concentrated deep
seawater; SSW, the salt stress treatment with the surface seawater; NaCl, the salt stress treatment with pure NaCl.
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Fig. 4 Activities of superoxide dismutase (SOD) of harvested
tomatoes.

Means of five fruits are shown with the standard deviations.
Among the four treatments, means with same letter are not
significantly different by the LSD at P = 0.05. Control, the
non-salt stress treatment; DSW, the salt stress treatment with the
concentrated deep seawater; SSW, the salt stress treatment with
the surface seawater; NaCl, the salt stress treatment with pure
NacCl.
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Fig. 5 Concentrations of ascorbate (ASA) and

dehydroascorbate (DHA) of harvested tomatoes.

Means of five fruits are shown with the standard deviations.
Among the four treatments, means with same letter are not
significantly different by the LSD at P = 0.05. Control, the
non-salt stress treatment; DSW, the salt stress treatment with the
concentrated deep seawater; SSW, the salt stress treatment with
the surface seawater; NaCl, the salt stress treatment with pure
NaCl.
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Fig. 6 Concentrations of glutamic acid, asparatic acid,
y-aminobutyric acid (GABA) and proline in harvested tomatoes.
Means of five fruits are shown with the standard deviations.
Among the four treatments, means with same letter are not
significantly different by the LSD at P = 0.05. Control, the
non-salt stress treatment; DSW, the salt stress treatment with the
concentrated deep seawater; SSW, the salt stress treatment with
the surface seawater; NaCl, the salt stress treatment with pure

NaCl.

Fig. 7 Sensory evaluations of harvested tomatoes by tasting.
Means of five fruits are shown with the standard deviations.
Among the four treatments, means with same letter are not
significantly different by the LSD at P = 0.05. Control, the
non-salt stress treatment; DSW, the salt stress treatment with the
concentrated deep seawater; SSW, the salt stress treatment with
the surface seawater; NaCl, the salt stress treatment with pure
NaCl.
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Fig. 8 Relationship of sensory ranking in flavor and ratio of
glutamic acid to asparatic acid of harvested tomatoes.

Means of five fruits are shown with the standard deviations.
Among the four treatments, means with same letter are not
significantly different in the flavor ranking and in the ratio of
glutamic acid to asparatic acid by the LSD at P = 0.05. Control,
the non-salt stress treatment; DSW, the salt stress treatment with
the concentrated deep seawater; SSW, the salt stress treatment
with the surface seawater; NaCl, the salt stress treatment with
pure NaCl.
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Summary

The concentrated deep seawater has been discharged abundantly in the processes manufacturing
many kinds of goods from the deep seawater. In this study, a suitable application of the concentrated
deep seawater for the high quality tomato production was examined by analyzing effects on plant
physiological functions and fruit quality with special reference to osmotic adjustment, antioxidant
system, amino acid metabolism and sensory properties of fruits. Tomato plants (Lycopersicon esculentum
Mill.) were grown in the NFT system or the hydroponic pots with three different salt stress treatments. In
each of the salt stress treatments, the concentrated deep seawater or the surface seawater or pure NaCl
was applied for the short-term salt stress treatment for only two weeks at the stage of rapid fruit growth.
Fresh and dry weights, dry matter ratio, sugar content, acidity, activity of superoxide dismutase and
accumulations of minerals, antioxidants and amino acids of the harvested fruits were measured, and
furthermore the sensory test was conducted by tasting.

The short term application of the concentrated deep seawater significantly affected osmotic
adjustment, antioxidant system and amino acid metabolism in tomato plants and brought high quality
tomatoes with higher concentrations of sugar, minerals and functional amino acids and with good flavor.
This indicates possibility of the hydroponic production of value-added high quality tomatoes by the short
term application of the concentrated deep seawater. The significant differences in fruit quality were not
necessarily found among the different three salt stress treatments with the deep seawater, the surface
seawater and pure NaCl, but it was suggested that the application of the deep seawater can relieve the

oxidation stress induced in the plant under the salt stress treatment.
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