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Fig. 1 Schematic diagram of time course of the short-term salt stress treatment (DSW-S) and the long-term salt stress treatment (DSW-L)
with the concentrated deep seawater. The gray zone indicates the period of the salt stress treatment.

Table 1 Electric conductivity (EC), osmotic potential (¥r) and ion concentration of the nutrient solutions under the different salt stress
treatments: Control, the non-salt stress; DSW-S, the short-term salt stress with the concentrated deep seawater; DSW-L, the long-term salt

stress with the concentrated deep seawater.

EC Y. [NO;] [POS]  [K] [Mg"] [Ca”] [Na]
Treatment  (dSm™) (MPa) (mgL"') (mgL") (mgL"') (mgL') (mgL"') (mgL™)
Control 1.0 -0.26 397 62 129 14 63 10
DSW-S 15.0 -0.88 284 44 262 554 217 4550
DSW-L 9.0 -0.61 324 50 214 361 162 2929
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Fig. 2 Time courses of water potential, osmotic potential and
turgor pressure of leaflets under the non-salt stress treatment
(Control) and the short-term salt stress treatment (DSW-S). The
gray zone indicates the period of the salt stress treatment. Means
of eight leaflets are shown with the standard deviations.
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Fig. 3 Time courses of activity of superoxide dismutase (SOD)
in fruits and leaflets under the non-salt stress treatment (Control)
and the short-term salt stress treatment (DSW-S). The gray zone
indicates the period of the salt stress treatment. Means of four
fruits and eight leaflets are shown with the standard deviations.
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Fig. 4 Time course of sugar content (Brix) of fruits on the first
truss under the non-salt stress treatment (Control) and the
short-term salt stress treatment (DSW-S). The gray zone indicates
the period of the salt stress treatment. Means of four fruits are
shown with the standard deviations.
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Fig. 5 Fresh weight, dry weight and dry matter ratio of the
harvested tomatoes on the 1% to the 4™ truss under the different salt
stress treatments: Control, DSW-S and DSW-L are explained in
Table 1. Means of five fruits are shown with the standard
deviations. Among the three treatments, means with the same
letter are not significantly different by the LSD at P =0.05.
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Fig. 6 Sugar content (Brix) and acidity of the harvested tomatoes
on the 1% to the 4" truss under the different salt stress treatments:
Control, DSW-S and DSW-L are explained in Table 1. Means of
five fruits are shown with the standard deviations. Among the
three treatments, means with the same letter are not significantly
different by the LSD at P =0.05.
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Fig. 7 Concentrations of K", Na*, Mg?*, Ca®" of the harvested tomatoes on the 1% to the 4™ truss under the different salt stress treatments:
Control, DSW-S and DSW-L are explained in Table 1. Means of five fruits are shown with the standard deviations. Among the three
treatments, means with the same letter are not significantly different by the LSD at P =0.05.

Table 2 Incidence of blossom-end rot (BER) on the 1* to 4™ truss under the different salt stress treatments: Control, the non-salt stress;
DSW-S, the short-term salt stress with the concentrated deep seawater; DSW-L, the long-term salt stress with the concentrated deep

seawater.
Incidence of blossom-end rot (%)
Ist truss 2nd truss 3rd truss 4th truss
Control 0 0.9 1.4 2.2
DSW-S 0 2.0 1.6 0
DSW-L 0 3.0 4.4 8.4
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Fig. 8 Activities of superoxide dismutase (SOD) of the harvested
tomatoes on the 1% to the 4™ truss under the different salt stress
treatments: Control, DSW-S and DSW-L are explained in Table 1.
Means of five fruits are shown with the standard deviations.
Among the three treatments, means with the same letter are not
significantly different by the LSD at P =0.05.
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Fig. 9 Concentrations of y-aminobutyric acid (GABA) and
proline of the harvested tomatoes on the 1% to the 4™ truss under
the different salt stress treatments: Control, DSW-S and DSW-L
are explained in Table 1. Means of five fruits are shown with the
standard deviations. Among the three treatments, means with the
same letter are not significantly different by the LSD at P =0.05.
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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 of salt stress 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 with
the intermittent short-term salt stress treatment and the continuous long-term salt stress treatment, where the
concentrated deep seawater was applied to the standard nutrient solution. Growth, sugar content, acidity, activity
of superoxide dismutase and accumulations of minerals, antioxidants and functional amino acids of fruits were
measured, and furthermore the sensory test was conducted by tasting.

The application of the concentrated deep seawater significantly affected osmotic adjustment, antioxidant
system and amino acid metabolism in tomato plants and brought the value-added high quality tomatoes with
higher concentrations of sugar, minerals and functional amino acids and good taste. The continuous long-term
salt stress treatment, however, caused the extreme depression of fruit growth and the higher incidence of
blossom-end rot in the higher fruit trusses, which were improved by the intermittent short-term salt stress treatment.
The intermittent short-term salt stress treatment also induced the osmotic adjustment and the antioxidant system in
the stressed plants and produced the value-added high quality tomatoes on the trusses which were treated with one
week salt stress intermittently three times. This indicates possibility of the hydroponic production of the

value-added high quality tomatoes by the intermittent short-term application of the concentrated deep seawater.
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