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Use of deep-sea water to agriculture application to rice

Naoko Ito, Takako Yamazaki, Hajime Iwamori, Yasuo Hotta, Atsuko Murayama

Deep-sea water pumped up from 350 meters deep off of Sado island has been utilized for
drinking, preparation of food and therapeutic spas for years but other applications can now be
expected. One of them is use in agriculture. In this paper, we would like to suggest the use of
deep-sea water for growing rice and using zinc solution to fortify rice grains to create higher
nutritional value. In use of mineral rich deep-sea water, the absence of cadmium accumulation
in both soil and plants should be proven. Our study indicated the absence of cadmium
accumulation but a stimulation of growth and stiffness of plants are evident. A stimulating
effects and in increase of zinc content from deep-sea water have been observed in several
investigations supporting this effect on rice. The taste of rice grown with deep-sea water and
zinc solution is as good as ordinal commercially available rice for both young and old.

Zinc content in our soil is rather low and fortification with zinc in food materials is
recommended for health, especially for some patients with anemia. Zinc chloride for Sado
deep-sea water to rice plants via irrigation may contribute to regional nutrition and health
promotion. Also, this deep-sea water can be used to nurture rice paddies, when small
animals proliferate and these can be insure to feed Toki birds (Nipponia nipon) in the wild. In
laboratory experiments, we have demonstrated that the use of both diluted deep-sea water in
place of desalinated water and zinc solution for irrigation of rice paddies increase the harvest
of rice and fortify rice grain fwith zinc without alterating of the taste. We will briefly discuss
the function of zinc in foods.
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DA SR A/NITE DEOK L, KHEZ#HZ L. TH
SRR -EEKO L D, ToKEFEININCHEIE S, £
RN, B LA (4 A), MAFR (6 A). BERI (12
B) @ 3E, EFKORUKD, FEC, HowEs 2 #HT,
FHOEERT & WERE (REKEA 2T h % BEEKHE) B
RO, FEkO, RREIOE IEATL Y. # 20kg = 30 x
30 x 30cm ZERELL . BB 7 F I A2 NI ERA
F UM EAT o720

T8 (ke L DA T UHNEAE) O pH ik pH A —
y— (B 2MHALTUEL..

AR U7 OWERB KT, BUKAF—Ya v (ki
TEH) L hERHL. HEARNC3B0Y v bV /107 —
VEFA L. 6 AL THOMAETHIC 60 AR L7
B RI250Y) v VR BEEC 2 B L7z IR I,
BEREF K2 8 L7z HEOLEA F ¥ 542 ICP 3k
SATETER L7z GRRBSE BRI 7R o

EBRERBROLE. WA LaEoaven) (hig
FHIHEME) 2MHEL.50x20%x 30 (cm) OFF V& —
W2y KHOTERFHZ L. 6T OBML-H%E A7z,
KL EEERRBEKOERZ 1720 CHR L2 0,
1mM ZnCl OREKRFGR) . KEXKZEH. 375> 5 —
Z 170 —7L LCIIBFACE L WIRLCAET 3872,
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HE) TEKE LT, HSROEESN % ICP FXGHT /
BEFEEEETITV, R ERIIRE MBI CHllE L
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WK (B AR ZBICE LD, B
RS 2 USRI AR, EECI VD 2
T %o Fio. BURRBAKEZMERTS L. MOLEFIX
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ToAER. 1720 mRASERM S L COIEEL E0En
TERWEREZRL. VIOHRTIE, oEEREZH
ZBEORBERR LNz, B, EBRIBICITbNI
DT, 1/20 FROBETDH . BFIC X A (2005
FEOFRT ORI TFELEA) 2 ERERILE S RV,
BMICXA2HBEEE 2 2L, 110 HFULDH
1/20 FMTH. WEOHRBICIERLET 5. FFliT.
B &C, FKEHATA2HE1E. BREEZZERIC
At AT FRRBICIERT A LEXEDH 5,

ERERBAROEMBE L. F - KE2EL T,
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BEBEYETLHBDT, BHFEREKEHA L
720 B ST L EOH F Iy 2 0KEHE,
DWW TR R~ DOER I E W FITFEH X via
B 5% (A U#EKTHERBAKDFEIL, #ik
Wk E bW L R A & L OFLDH N 1ES
DTHEBEPLETH L), KRBT, A FIY
LADHFENEEOFETIIFEERB S Tnizn
ERBKIEA SN AFE~DH FI v A
DEREZBE L7z,
REBOKHORUKO, HkO% &t 3®pTL Y L
A 3| (HREZA A BE, R LE) R
BT o7ze PRIIBEE L/KE T, BEEBAD
AT & AT o 72K OBUK & hgeiR X ) R
WL 7=t % iz, MR ABREOIEICD,
ETERIBR % Wl L7258 Th. HEICAHFIvA
PEERECHEST TR RIERT A&

®1. ARATROER 4 SBOEL

Lrolc. BA, BARIMEXS, 4 A0oR
E2BIEIMFT, BEROH FI 72 0BER
HLTWS (E1),

F72, COKHATEESNLRIZHS FI YA
DERORONE Do/ (FE2)o ZDRMONH
AT D DOEEZRZT 12720128 F 3 7 2 DA
HBZ 72D TRV L1, B BT L1
LCwizndh, BAHEMLTWIE,SEHTE
b (F£2)o EAWHFEBKIIZS FITADPH
HEREL T IC LA R CuAnEE L 5RE
THA)o Tl BREABAICE > THEFOA
FIvA2DEBIZETTS (FK2) Fho. KH
NOEHDOH FITLAEENWZ LI EEHNE
BWEEZ D, BIb, WEKEZREA S AR>S
BhaRiE, el ldh FITLaHEREZTC
BT, ARLLTHEETHY, FEIT, ZOKH
RICERT A PFOEE R A/ D A NI
LAIHEELZWETFRETE S,

BROH NI ATREEET yll ZEA L7
A4 a4 XF X+ (Arabidopsis) 75 ZHEEOE
ERICTHE L 7 5 & FRHCIER A2 55 2308
FERTWAEY, YCFl Wil E o cak
(NaCl) 2% TAHZ2HEMSE¢2HIX
D MIBLE N O NaCl B2 T, R & L Otk
Wz Hiz2 5. ZOBIETE A RHMARALET,
R 37 A & RIS O — D OFE: %
BL. WERBKONBMEEZEOLED T
Hbo HFIvrFEREZELZITINI. 1 20M

SR 174E4 B R 1746 A R 18 4E 2 A
AFITL FTHRX 0267 mg / kg 0154 mg / kg 0090 mg / kg
EERX 0212 mg / kg 0118 mg / kg 0072 mg / kg
DI AT HFHRIX 2650 mg / kg 2673 mg / kg 2748 mg / kg
EEEX 1770 mg / kg 1758 mg / kg 1845 mg / kg
S8 WA SR X 5995 mg / kg 5830 mg / kg 4788 mg / /kg
ERRX 5283 mg / kg 5356 mg / kg 4674 mg / kg
RPN STHEX 3137 mg / kg 4336 mg / kg 5840 mg / kg
EERRX 4848 mg / kg 5018 mg / kg 6150 mg / kg
FrUTA SR 1347 mg / kg 951 mg / kg 1026 mg / kg
EEBRX 1545 mg / kg 1074 mg / kg 1425 mg / kg
R FIRX 763 mg / kg 603 mg / kg na
FERX 590 mg / kg 588 mg / kg na
b S pugiine 1lmg / kg 56 mg / kg 10 mg / kg
EERX 34 mg/ kg 49 mg / kg 17 mg / kg
p H SHRIX 59 56 57
FEERIX 60 57 58
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BAIZIZESS, <7230, INVI I ED
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IZHARTR 720, TR 244 4 > A%k
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W SYWESRMENHEL Ebh b, 2tk
pH DZEH 02 BET, B 5 HEH OB IILE
THHHDD, KATED pHIZIXITE A LE1L
Eh7eb3hnEiEHL

3. WRERIEAKNE OICHESR ORI A BE
MORETRE 2R LIEER, ML o TELLRE
NEETH D, INHDA P LVAIEN A5 2 5 85T
& ZDORIHBENSH S PR ) DDH 5B, HIED Wuhan
T Sun-Hee Hong & 3t [/ #F 58 3 © 3. NAM. ATAF,
CUC (NAC) 7% & OFRMERE R T35 5 E (R
FaMEL, ECEHEBEEZEVBLTWAHEL, [H
KEEN] (V¥ R=HK) ZMELLTHEIIL. 2hbD
ERERTF 2 EA LR A 2Tl BREREICL SR

PR, EERBRREOEREA LA, AAICHERRL
VMOERZHFET D, A VAL b OMWISHENIC
FigILy A7 A DSAR TN T WS, ZO—DHCSD1 &
CSD2 LFHENn 2 $H / MshKIE ARt khERE (Cw/
Zn superoxide dismutase) TH b, ZDEENFEHL N
Vi, mi308 & FEiE b /N RNA (microinterference
RNA) 2L CwC, FERIZ, CSD12 DEETHE
D H915%4% RNA (mRNA) %24 L C. BEOEELK
CROoTWD, BEA M LVADGRI 5 L, mido8 DN
PIHI SN, CSDI2 BSABICAE SN, A MLVATHER
BEEALDEBRET 5, BEX MLV RAITHEVEY T,
mi398 HEHiMED CSD2 % 22 L4253, mi38 DFlE%E
ZURVEIICTLET, BERLCEBRIREYERL
EHTES,

M, HEEE S OBHT, BEL LI L 5 —RIREKDS
H oI, BEOWREED H 5705 BIEWOA RS
BLAEMOREEERDLHBMON TS, FIzZIE Fx
Xy, bwbh MIETIVEBEIOHEHL RS, b
BIEOEIIZE T, BIRREKEBAMATAF T, LRTH
BB F v Ry SRR SRS T HEPHREOAREICD
TEEERDH D LATRERT VS, TV A ) ISR
BREKES AT (MR L) 350 v Vi
AL, 6 AFEIC1/60 HHEREKE 200V v MVERR
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— § . g m mg /100g
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Lne R, ROWEEEAEN S k2R L, A% &) 132
vy MAERA () 49 —57
%2, RBRETIES W ATKROH K3 Y 4 & EH ARERPRAT () 108
e T R AR K S L & B
- B8 (07T 42
ARIYA e
- 545 RA (F) 50
KA 0055 mg / kg 202 mg / kg
¥ RE (&) 47
SPEE (AR 0221 mg / kg 192 mg / kg
wyFHE (k) 27
®3. ERES S A4 -—TREIN-XKONE CEHRES Wi Z (DL 72E) 32
YK E: YAROHESEE FH3¥0 () 46
1/20 FHURE K 188 g 202 mg / kg ZAED (82) 41
1mM ZnChk 258 g 601 mg / kg 720§ (32) 32
KB 173 g 192 mg / kg &z (HEKE) 37
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