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fELfE A R R AL & Rl U OGRS L7, BPEHIE & LTl M~b (Lycopersicon esculentum Mill.) i [/ ~T7 ZHEKHLR |
Z A NFT KB AT 2% Iz 4 Betlids A 35 270 o7, IUHEE CHARRE IR (FBEAUREE 1.0 dSm™) O FETHEE T
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TIE, 7 N ER USRS ECHEEHIC, BB OIK T HREIINDN, B IR LA ZALBRIZ -T2
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WD, 2 Th FEREZEY TR R~ M
SN, IR (FHRH#L) Ot b~ h=em & (A AR
H) OFER I~ I F 4 THD, SHIT, BHEFEEIZHB W T
&L BRI ICHAL T R LRI CERSAREE (EC)
ZEDDHIEITE S T AMRSRITH AN A% AT 54 D570
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Ehret and Ho, 1986) , ZIHD#EE CAEES N~ ME
FNI T EEEE R~ b SRR, BRI/ N EIZ2DIT
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FONT, M CO R E SR Lo T ARDWIK I
S, HEIR DI K 3 R ZATHEY  IRIBEAR A3 FHFES
D, IHIT, EHERESRM T Tl KOG RZIAA A
R (F R LA RO BAT L OIRE) HINHY | %
DI R IHI S, @RI L DA R DL
OERRLE) H 4205 (Long et al., 1994; Melis, 1999) , fi#i%
HARRIC VIR TR 2R AESE DI, N O RE
FEREL, HARRDOEEICL > TEFRERTELR
SFIE T NEVER S (R— R —F X L R TIALR0MHR

bkFE) B AELRL T BIEANL AR FERIND
(Cakmak and Marshner, 1992; Wise and Naylor, 1987) ,
BT D AR AZRNZ Ko THEMIRICE R SN DIRBIEA
FREFRIE AR ZITIGE LT IR TIEENE LR
B LR EI AR IR LA RE DS B BL T D, ZIUHD AR A
IS X, ANV AL T F IV DZ R AREB L OEUCEE
SRR FORBUL S THTEHS I, V7TV BiEY
BELTHEINDT 7 VUV (ABA) AN O 3k
(723 I NAREEEARD IV DA L 70 8 IS EEE 7248
EELTND, ZNHDOV T T MREYEIZ L > CHES
NDOBIFIBUL ST, KT B T/, IO
M52 B DIERGIE S S E (T R, NV AR —
Z—, RT) IR EHEEREIC T HE A E (s
FOWEOFHBIR, Tal, TV _2A %) DA
F . TEPERESETE BRI DR 5 D AR e
VORTERE RS U (Hasegawa et al., 2000; =& [H 5,
2003) . ZORER IWHERT S (B2, b~ RRZE) I
HRWE bk, GREE, 78, il bW ES) D ER
JEVEERE T D2 e IR S D,

Environmental Stresses to Roots

= sy

Absorption Depression
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Photosynthetic Depression
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= on Stress
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Water Deficit

Photoinhibition

@notic Stress

Ocxidative Stress
('0,, 0,7, H,0,, -OH)

A

| Plant Adaptive Functions |

| Osmotic Adjustment | ‘Antioxidation

4

Low Accumulation of
Harmful Substances

NO3_
Oxalic Acid

Value Added Vegetables

Sugars, Antioxidants, Minerals
Functional Amino Acids, efc.

High Accumulation of
Healthful Substances

Fig. 1. Application of high salinity stress to roots in the soil-less culture for production of value-added vegetables
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FEIARIZ 31T 21 % E SR EiRE 1T IRIRSR I T T
WUREEDEE, WK HIRR T COMIRG DB B 1L &R N
DIZFEMERF . SR E AT T TOMBEN~DHF DR A
BIIEDTZDIZFE BT 5708 (G2 D, 2003) | i 2R
(Z R DMK R T IZF8 T, BB N O E IR % & T
AlE PN DI it 2 AR (AT aE 2 MERR) 5 272D I0h 56 8L
FTHIEN, P MRFEA~DARE G THERS LTS (b
5, 2005; Kitano et al., 2008; Fll/55, 2006b) . FE#{AIC

BT DIRCHRRE L, TEVERE R ATH £ T D7 (TR
FRFEIH 5 R) ITRAFL TND, TEPERR R TH 255013, 1

7=V (HIRE, BERRAR, b RUT 7o E) ITE(EL . H%%
FROMACIR T E OB E TIE IR F A BRI
ZHFThD, T uﬁ@ﬂfﬂﬁ%%’?@ééf%xww
FXURT =4 (O, A== X R T 4 ALK —
£ (SOD; Super oxide dismutase) (2T, FE5E L2 L
KFE (H,00) (23RS D, SHIT, R k|
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NVAF 2 —8 (APX; Ascorbate peroxidase) (24~ CiE
TLENTKIT2 D, ZDWE, ASA [TFALSAVTEAEALT 2
LB i% (DHA; Dehydro ascorbic acid) (ZZ{b3 573,
TeRr7 Az e gL ¥ 7% — € (DHAR; Dehydro
ascorbate reductase) 72 E 128> CETTSNE AT % (Asada,
1999; Bowler et al., 1992; Foyer et al., 1994; Shalata and
Tal, 1998), 2D L5707 AR EHERECHURR LA RED it
FECHEASNOA MWEO IR ERRIC I8 DS
DB OIEDNT | ARERICA E 2 (REIRC 27 1)
DARIUZ LD i T e & 2 515 (Fig. 1),

ZOXHNT, T DIEAR RIS o TR
*’x&éﬁb%ﬁﬁﬁ{ﬁf%ﬁb%%ﬁéﬁé_k ZEoT, bvhREZE
DO EAIMIE LA S 7o T 2 ERF S D03, BRI O
HEAR LB (1) FFEOMHR /N EAL, (2) FFE~
? Ca DERARIZEIDABIDLFE, (3) RO,
(4) BB DK T2l 25 | FE 2T 2 LA E: LoRMEIC /e
27TV V% (Ho, 1996; Cuartero and Fernandez-Munoz, 1999;
Dorais et al., 2001), =2 T, ZNHOFE: EORESD
PRV R F6 L ONRMEIRFRE K O FAHESL T, b~
FEDNE KI5 R O I 720 B 2 R IR e T TR
Rz % s E b~ FARBERIS AR ETL T0D (B
b, 2005; JLEFS, 2006; ALEFS, 2007; Kitano et al., 2008;
F&5, 2006ab) . Z DM CTABFIEIZ, IAMEEELERE K

ESNBL vt
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ZHBEL TV,

PHEED 2005 FEIZIBTCIE, MO RTGE A A3
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PET R L) OERER LORRO & BAVFHIEE EA
L. EEK N~ b @A IIELIZ DU TRIi Tz, 2006 4
FEIZRWW T, HEAR 2D S R ALEL ) 0 3K L ] fEZR
KBRS AT 2% = 4 Bef B2 CL AL IR
D H 7 BT AR K U AR R ALPE R H o
AN ZAERAE AL | REA R 1ZEEJHHIREE, fuig
{bBERE. RE~OHHWE (B, I3V, HiR{LWE,
BEREME T X /W72 L) OEERE, BB IO DOIIER
ENTHRTT DN R LR LT, S AR IE D 2007 -1
BT, 4 B O K BEO R AT 3 Bl IR AN
ARVER A NG DAk A A RFEO B fE LI
KFT 220 A R IR E e A N L A LR & el | C FEEEL |
JEFEARERHEE L TIRE LT,
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2.1 BEOSFINMEEILDETFE
2.1.1 MHEBIUHIEAE

MBI L CIE, b=k (Lycopersicon esculentum Mill.)
SRR T ZBRORERR ) 22 O HERAR > S (10 L) 12 & 27K 8k
et a i Tie otz B 1 RBEO LA 2 HiTROL, 5 1R
BORFA 4 EICHIBL, BEBIREL TT, KEANT A
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7o JABRX LU TIE 3 FED F/p DA AALBRX LHTE AR
L AL A U7 X (Control [X) 2521777, FALERX 3%
IEI 4 IR (4 Ry &L, G 16 Bk (16 AR k) 24k
BrL7-, 3 FBOBARN AX L TIE, TRE KX (DSW
[X) ., FEAKX (SSW X) BLOEHEX (NaCl [X) 5% 177,
HEARL 2% )3T 720y Control (X Cld, INHERFET EC 1.0
dS m! OFFETHIEL-, BHEAR AKX TIL, Ca RIEIC

LD RGNS R ENE CRIE T DR FEER W DAL

L ASLERARET | BIAET 3 31 B D 2 O R IR K i
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Kitano et al., 2008; F1l555, 2006ab) . 72t DSW X
CIXIRMEEEGE R K (B R =P TR ) %, SSW X T
EREMEK (B A R TFRE MR A, F72 NaCl X Tl
B (NaCl) &, IR O 2 BT RFERIC
ML BEIR DIRBRT v L BEED H D KRT
UV ERIRRETA2 DI, ECE 15dSmT £TED,
2 M O AR 24 1T Control K& [FIUEEEHRIZ R
L7z, Table 1 |2, IRHMEHRFEIRIE K, KK IS O
DOFX DR D EC. K", Na', Mg*'| Ca*" 277,
RAEETERIE A IR BRI A4 RN 1.5 (552
FE@h T2, DSW X TiE, NaCl [XEht K, Mg*', Ca**
BEDEL, FRC=H RSO Mg™ ORRE ER0BEET
HoTo, Fl-, DSW XE SSW X EFHE 2 EITRRD b
7phote, 22T, K IR DR % i RE I B 5
LM iZ=HUDERS T, K" EEBICRED FIRIC
BI5-LTnD eVt Tng (5)11,2002) , F72, Na' (3
KDOERKSTHY, Ca¥ ITHREEIMEDT-DIC R FE~DE
FERRIZE S TRIBIBFIAE T DAL TUW D (Saure,
2001),
2. 1. 2 BEKEOTEERFH

U2 DA X D52 DO T4 8 53 ERHL
SAEZSHTEE, B2 E ., BERE BREE | I T VIREE, Pk
BERE, 7BRIREE OREAMIC, 3 B2 ARICL DB iERER
WHEL, BFE 8 LU Xk Eo 2 Y& 1
FHEL ToHOMralBr e L7z, BEEE (Brix) 38 K OREE DOHIE D
T2 I Y — TR —IZ R D FTRE A DY B
FERGIRBERE 3 (PAL-1, ATAGO) BLOWREA 7 L—Y
FAH—(SFT-1, S upE) CRIEL-,

RFEND K, Na', Mg™", Ca®" IBEDHRIEDT-DIZ,
HEIEEEH A I — T L 724, 0.5 g Z AU (600°C)
T 12 WRRIBEAIU TR 2 AR S (Ml il - Ak =3:1:1)
RO, SR ZENNZ T 100 mL FRICL Todmatkle L
Too S HTICIE, T - fEMIRIR & 3 e (SPCA-6210, /55
ARLUERT) 2 v, Mg?t & Ca¥ ITRFIOEEE T K &
Na' [ZZETRIE LT,

AN 2R > THEMIRIZH T bEanH e B 2 b
DIG MR 2 bAkaE (Fig. 2) IZBAD2EHED
GRS SENOEIN I/ E= AN - Y522 Ve £ SEAtab SPANE T
L7z £T IEMERBEO R CHROLZFEAET LD T
WADA—N—FF R T =42 (0y) s 5E Limia K HE
(Hy00) IZEZ CARIEAL T DA —/R—FF T R T =4 R
TE{bB% 3 (SOD) DOIEMEZ FHM L 72, FFEAHIZ1X. SOD
Assay Kit-WST ([F] AMbE2E0FFERT) &7 L — R — 4 —
(NJ-2300, T X T A B —Fa) ) R0, K

ﬁ ASA
P =~

Fig. 2. Reactive oxygen species and antioxidants in plants. O,",

superoxide anion; SOD, superoxide dismutase; H,0O,, hydrogen
peroxide; APX, ascorbate peroxidase; ASA, ascorbate; DHA,
dehydroascorbate; DHAR, dehydroascorbate reductase.

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")

dce(:;c::x;fi 705 63x10°  12x10°  1.7x10°  7.6x10°
Surface seawater 47.5 50x10°  0.8x10*  1.1x10°  5.3x10°
Control 1 10 14 63
DSW 15 262 2370 329 173
SSW 15 252 2350 275 170
NaCl 15 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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DFEEENNG SOD VEMEA RT3 2 BT A L7 GHMIE)
SHIZ, Fig. 1 IR R90C, i bk FE DO RNEkIZRE G-
T HIETLIT AL U (ASA) LRRERLT 2L /ﬁﬁ
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FEX 15 &0 RN ANLEFHIL 725513 60 £725,
RET—DRREZHETE T HT-DIT, HREFER O R R
AR OFE R LHEEE (Brix) L2 EE ORI EHE D BIFRE T~
720 SHIZ, BWRICEAT 2 RKRBROFERE BRI 53
LT (T IVEI R, TARTX U R) OIEFE L OB
LTz,

Stress Stress Stress
<> <> <>

2. 2 EHIRREYIRLIER ML RALIBF HE %

MBHEE LTI, 2. 1TEFRBRIZI AT APERRR ) 2 VY,
B =LA ATV T NFT K AT 2% VT 4 Bk
e liroT, BrllTHEEEL 72 NFT <R (4t 1/70,
FX10m, 1§ 30 cm) D 3 FIDFENEIUT 40 [EIETSE
AL, %5 4 B0 EAL 2 HiCTHiLL T, BE S0 R 55K
% 4 EIZHIBRL 72, BEARSRIREL Tid, KEAT R A AL
T BRI E (EC) 1.0dS m™ (ZFHEE L TRV, 3 4]
@D NFT Xy RO—2>%%fHX (Control X) &L, ERED D
INHEE T EC 1.0 dS m™ OFEARREHRIKOFETHIE L,
FOD 2 Ny REHEAN BRI L, 2006 4FI238VV TR
IR K — B i 52812 k- T, —
T DY AN 2L PR % — A i R CIBTse AL 3 [E1#8RD
I3 R AR R U AR ZRLER X (DSW-S  [X) & iife
HIZ = 1 1 A 9~ 2 & 390 T e fgd B A b L X AL BRI
(DSW-L [X) Z#%177- (Fig. 3),

AN ZALPRIT, 56 1 B OB DO FIEZ BT 5
TeOIZE 1 REOX R 2 BH%HERMELTZ, DSW-S X
TlE, # 1 REOREFEERDTEI/2D528) 2 B#%)
S 1AM C, BRIEOKRT vV ISBED KR T
TV E[RIRRFE T2 D SO IR ME R I K & AR B R K LT
WAL, EC % 1.0 dS m™ 7°5 15 dS m™M 2@ 7= (L&D,
2006; ALEFS, 2007; FujED, 2006a) , 22 EBeAET T, 1 4E
R I B2 D38 E BRSO R BB RIRHCFET 2D T,
DSW-S X CI3& RFE T T AR ZAD R L[E1H0H3
He0 1 REEE 2 REIT 1 BEOEARN 2L

Stress

N IDSW=S

1st truss

Fruit growth

1st truss
4th truss

Weeks after pollination

1 | S | 1 1 Y IS I I
01234567 89101112 0123456 7289101112

Weeks after pollination

Fig. 3. 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: The

one-week salt stress treatment was applied three times with intervals of one week.
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Table 2. Electric conductivity (EC), osmotic potential (¥rr) 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 ¥, [NO;] [POS] [K] [Mg"] [Ca¥] [NaT
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

3\ 3 RFET 2 ELE 4 RET 1 EETRITT
DSW-L XTI, % | REOSH 2 %G E 4 REO
IHEE T, IR RE K FEARESIRIRICIRINL | 55481 O
EC% 1.0dSm™ 715 9 dSm™ (25, EC AR 2D
HIMEDFED DSW-S X ERIFREEICA2 D IO LT, A ALER
[X(Control [X, DSW-S [X, DSW-L [X) DH:2E1RIL, 1
FECHT LS DOIZHHTL 72, Table 2 (AR X OF5 3%
RDOREEA R T, IRMREERIE K OIRINC L > T, K588
ROBBRT VMBI T L, Na', Mg™, Ca™',
K" ORENFL LA L NOy & PO ORI, HffE
RIEKRDOBEINC L DA RN R L > TR LT,

BT, FALAFEEED 2007 FFEEIZIBV T, BRR IR
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Fig. 4. Schematic diagram of time course of the short-term salt

stress treatment (DSW-S) with the concentrated deep seawater.

The gray zone indicates the period of the salt stress treatment:

The one-week salt stress treatment was applied five times with

intervals of one week.
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3. 1 REOSEM@ELD ST
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BB 2272 () 1.4 1), Control XOMEREE LR ITF
NEIN 6 BI0.6% THT-03, MR KON HIZE
STHBITHEMLU T, DSW K TIEZhEh 9 BEID 1%
LA FIZEEL ., Control K& SSW X0 A EIZE LR o7,
FERE LI DWW TR LB X [ CH B ZEITRD bR
ST, A RO > MR 31T D IR MR E /K O it A
ZhiiE, ALEFS (2005) BLOFED (2006a) D NFT <~ R
HEEORERLIFT B8, W ERBOIEER R
NFT R R CHIE L MK E Th-72,

Fig. 6 [ZA LB X OULHER FZN D K', Na™, Mg™" BX
O Ca*" BEZ R, REOBWRICBE G-I Db T
% K& Mg> ORGSR KO IZ LT
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R F. A TOEARN ZXIZIBUNT, Na© O LT VDT (Araki et al., 2004) | AR AT TR~
I —RRICE LML, Ca® OREEIXFELLBA L, D Ca¥" OEBMELIMHSNIZEEZ DD, LnL7z
Ca®" [THEMAN TIXEEBEINE CEICEBE ZIEREEE 255, ABFZE T, RIENSEENE TRIET DR ER
U CTRENAEEINDIDN, b MREOL A REA~B] KO (8% 2 ) OMEAN BB T 727212,
T AEE R REITM R R TE LD (Ho et WTNOHEAN ZHLX BT RSO IE TR
al., 1987) . LI bIEENORAUTIEAN 2D EEEZT ool

. 200 10
5150 L2 s 8} b ¢ pebe
g e b b S 6l 2
= 3 100] - b %
c & £ 4}
8 o 50| a 5
- 3
w 0 1 L L 0 L L '
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Fig. 5. 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. 6. 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. 7. 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 NaCl.
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Fig. 8. (ASA) and
dehydroascorbate (DHA) of harvested tomatoes. Means of five

Concentrations  of  ascorbate
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. 9. 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.
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Fig. 10. 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. 11. 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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Fig. 12. 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. 13. 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. 14. 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. 15. 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
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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. 16. 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. 17. 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 3. 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 (%)

1st truss 2nd truss 3rd truss 4th truss
Control 0 0.9 1.4 22
DSW-S 0 2.0 1.6 0
DSW-L 0 3.0 4.4 8.4
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Fig. 18. Activities of superoxide dismutase (SOD) of the
to the 4™ truss under the
DSW-S and

DSW-L are explained in Table 1. Means of five fruits are

harvested tomatoes on the 1%

different salt stress treatments: Control,

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. 19. 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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Fig. 20. Fresh weight, dry weight and dry matter ratio of
harvested tomatoes on the 1% to the 4™ truss under the different
salt stress treatments of the non-salt stress condition (Control),
the short-term application with the concentrated deep seawater
(DSW-S) and the long-term with the concentrated deep
seawater (DSW-L). Mean of four 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. 21. Brix and acidity of harvested tomatoes on the 1" to the
4™ truss under the different salt stress treatments of the non-salt
stress condition (Control), the short-term application with the
concentrated deep seawater (DSW-S) and the long-term with
the concentrated deep seawater (DSW-L). Mean of four 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. 22. Concentrations of K, Mg>", Na” and Ca>" in the harvested tomatoes on the 1% to the 4™ truss under the different salt
stress treatments of the non-salt stress condition (Control), the short-term application with the concentrated deep seawater
(DSW-S) and the long-term with the concentrated deep seawater (DSW-L). Mean of four 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. 23. Concentrations of superoxide dismutase (SOD) of
harvested tomatoes on the 1% to the 4™ truss under the different
salt stress treatments of the non-salt stress condition (Control),
the short-term application with the concentrated deep seawater
(DSW-S) and the long-term with the concentrated deep
seawater (DSW-L). Mean of four 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 the short-term salt stress treatment with the
concentrated deep seawater on plant physiological functions and fruit quality with special reference to osmotic
adjustment, antioxidation and sensory properties of fruits. Tomato plants (Lycopersicon esculentum Mill.) with
four fruit trusses were grown in the NFT system with the intermittent applications of the short-term salt stress and
the continuous application of the long-term salt stress, where the concentrated deep seawater was applied to the
standard nutrient solution. The short-term (one week) salt stress was applied three times to the respective fruit
trusses of 1% to 4™ at one-week intervals. This three times intermittent applications the short-term salt stress to
each fruit truss significantly affected osmotic adjustment and antioxidation in tomato plants and brought the
value-added high quality tomatoes enriched in sugar, minerals, antioxidants and flavor etc. Furthermore, the
intermittent applications of the short-term salt stress showed the possibility to improve the extreme depression of
fruit growth, the higher incidence of blossom-end rot and the depression in plant vigor which were caused by the
continuous long-term salt stress treatment. In this study, a new methodology to produce value-added vegetables

was demonstrated by applying the natural resource, the environmental stress and plant adaptive functions.
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