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Effects of Adding Seawater on Growth, Yield and Fruit
Quality of Hydroponically Grown Tomato
(Lycopersicon esculentum Mill.)

Kim, Yong-Duk
(Graduate School, Cheju National University)

Summary

This study aimed at improving tomato fruit quality with minimizing yield
reduction. In the experiment 1, Three tomato varieties 'Momotaro’,
"Alboran’ and 'Mississippi’ were grown in the basic nutrient solution of
15 dS'm ! which was supplemented with two levels of seawater, KCl and

higher level of fertilizer.



In the experiment 2, the variety of 'Momotaro’ was grown in the basic
nutrient solution of 1.6 dS'm ' which was supplemented with three levels
of seawater with EC 1.0, 2.0 and 3.0 dS'm'. In order to compare the
growth characteristics depending on the growing temperature, tomato plants
were cultivated, both in cool and warm seasons. Then, plant growth
characteristics were compared between treatments and, fruit was classified
to analyse fruit quality characteristics according to ripening stages: MG,

Br, Br+3, Br+b, Br+7 and Br+10.

1. Adding 1.0 dS'm ! of KCl and seawater did not affect the shoot growth
and yield of cvs. 'Momotaro’, 'Alboran’ and 'Mississippi’ except mean
fruit weight in Momotaro. However there was a trend that fruit quality
was improved in all tomato cultivars by increasing TSS and acidity and

decreasing pH.

2. Adding seawater generally did not affect the shoot growth parameters
such as plant height, leaf length, leaf width, internode length and
chlorophyll content both in cool and warm season cultivations, with

exception of decreasing the leaf length and plant height in warm season.

3. Sodium and chlorine concentrations in both cultivation seasons showed
higher in root, petiol, stem, leaf and fruit by adding seawater than in those
of the control plants, upto several fold, in that order. However, Cl content

was not much different in warm season grown plants.



4. Adding seawater affected yield parameters such as height and weight of
fruit, marketable weight per plant and marketable yield for fruit in cool
season, and height, width, yield in warm season, which resulted in the
decreasing marketable vyield. Therefore, the more yield reduction was

obtained with the increasing the level of seawater treatment.

5. Fruit quality was improved by seawater treatment : While TSS, sugars,
titratable acidity, pH and EC for fruit were increased, pH was decreased
by the seawater treatment. The degree of the effect for, Bx degree and
sugars showed highest at the EC 2.0~3.0 dS'm ! of seawater levels, and
at the Br+5~Br+7 of ripening stages in both cool and warm season

cultures.

6. The relative abundance of tomato flavor volatie components were not
generally affected by the seawater treatments with an exception of
6—methyl-5-hepten—2-one. The relative abundance of most volatile components was
increased with ripening progress. The increment began at Br stage and showed
highest increment at the Br+5~Br+7 stages in both seasons. Comparing to
relative abundance of flavor volatile components, the fruit grown at cool

season showed more abundant than the fruit grown at warm season one.

The results from these experiments suggest that seawater treatment of EC
36 dS'm’ for hydroponis i1s good for improving tomato quality. Fruit
quality 1s the best at the Br+b~Br+7 ripening stages. It is considered that
these results might apply for use in hydroponic culture to improve fruit

quality with minimum yield reduction.
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=
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Pawliszyn, 1996)aL 3} th.
EvtE s Fo 3 AR piteld AH, mh 5 244 Sdse 3
Ao A A FH Buttery, 1993). ojuj & oF W YHFaclo] #Aojst= A
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o) ik b7 Al AE W ol¢k AEE FHAY

bR EAAAe] 7 WERA A o] whg] AwEma 4ol
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stAET o eklh & Ao A7 B4 ARl ofn gl JEE ko=
¢} Hyxol= S (Buttery, 1993)%1dl, A4l linoleic acid®} linolenic acid
AFE ARS8 fatty acid hydroperoxide lyaseol] ¢l8f &= 12 thA] ADHel| ¢
3 hexanal, hexenol, cis-3-hexenal, trans-2-hexenal, 1-penten-3-one¥}
2-iso-butlyltiazole 522 W 3}¥ th(Hatanaka %5, 1986)3L 3}Ath
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6-methyl-5-hepten-2-ane, neral® geranial S°] UAtH(Baldwin 5, 2000;
Buttery ‘&, 1971).

iR T3k 3 AEe TRk TV Qloj(Baldwin &, 1991), 7=
Ellrol= Aigo]l e e 6-methyl-5-hepten-2-one &igo] wow gl=
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A, fEEdE EvtE Fod S vH N3 K| @ Al¥le S0HE, A
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o ZAANATHDalal 5, 19677 B S, R wols s W o=
AR Sl #A3 Are a8 BA Zv(Baldwin 5, 2000).
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2 (Maul &, 1998)
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Table 1. Mineral concentration of macro elements in the standard nutrient

solution used in the experiment 1.

5{Ca(NOs),-H.0O}
Component KNOs KH>PO4 MgSO, KoSO4
NHsNO3

g/ton 918 444 170 493 70

Table 2. Mineral concentration of micro elements in the standard nutrient

solution used in the experiment 1.

MnSO;, 7ZnS0Oy CuS0Os NasMoO,

Component Fe-EDTA HsBOs
-H20 -5H20 -5H20 -2H20

g/ton 24 3 2 0.5 0.05 0.02

_13_



ot KCl A= # 33 o] i, Aguss 712 EC 15
dS'm ol wistEI TP ANAHL de FALFEKCDE Hrtstgoen,
Me717F 304 o] Ak #A B 7] (69 12¢) o AAlstAth a2 v %
Wsts mr] fete] 3Y Ao w 33 AAH MM A Fel o= &

o, pHe Hiee 2dsA = Fdrh

Table 3. Description of treatments used in the experiment 1.

Treatment Description

Control N.Sz (EC 15 dS'm™D)

HNS NS (EC 15dS'm") + N.S 1.0 dS‘m’

KCl NS (EC 15dS-m") + KCl 1.0 dS-m’

LSW NS (EC 15dS'm") + seawater 1.0 dS-m-1
HSW N.S (EC 15dS'm') + seawater 1.5 dS-m-1

“Nutrient solution. Basic solution is PBG solution for tomato with

EC 15 dS'm™.

Table 4. Mineral concentration in seawater used in the experiment.

NOs SOs K Ca Mg B 7Zn Mo C(l Na
.............................. mg L 1 (%) (%)

Component

Conc. 540 2600 400 400 1404 22 02 02 187 112

- 14 -
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Fig. 1. Changes in pH and EC of the seawater

used in the experiment with the dilutions.

A= AFo] 50emdl A5§ FEA
2 30cm¢] A7HAI A Al 25 o] -85k
5%(v/ WA= &3 MiAE A AAsed, A4Ag= 150 x 25cm®E &
Aok AET WA= HEE E 39 #Zo] stal AU EEER, dRTy
MAIA T #5E 5 3FES AT BTN 4R o= sglon yhET 5
EIas

BEEAME 9% 9B FHA AdGe Lol gL Hgsgor,
=}

TAE 1 A9RY 5 A7AE SAHSAT. =52 dx7]d 110TA 4
AlZbESE Ael §, 60TelA Axste] FA19 W7t gle W dxE FAE
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S W3 2443 WA S TL, SRl A A4S hhsE A, A Ad 49
F oA FAMHO)E FFYE BE Grhste] Ams} SeA B WA
[ex]

e FAENE ez a9 tHAn, 2000).

Cl, POy, NOs, SOy 5 £0]&& AZAR 5g& 50mL £&Wo] Wi, =57
FE 50mL7t HEE AEF 3087 AWrE A", FEsd 44

ICP(JY-70C, Jobin Yvon, France)®} IC(ED40-1, Dionex, USA)Z =43}

O FEFXRARE 10~20% HAIE VFo R XA oW, FEEe d3 T

F3 9 50g olatHE ALF HAE A

TAPRAM, Ges gsd dH S VR 8 F SA ¥4 GEAR
F3(700)0 AT

Aol zASAT EE AR BAS HFekel, AR 10mLol A4 ok

o
i)

= A7) A EEACM-24, TOA Electronics, Japan)® ¥ pH:= pH WERI(M-7,
Horiba, Japan) = 7d&F3ith

3. 2. AKREREZL 55 BHE EvtE 4AF, KE 2 RE WA= 28
AufA 71l whE EvkE KPR sl H7F e AN A=E A
EFz RREE 55 sAlst] AAXZ A ATl qnE R IET

o el sk
A7] Al 20006 109 9 #Fekar, 10 30 P E] o4 &
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Table 5. Concentration of macro elements in the standard nutrient solution

used in the experiment 2.

Component” Ca(NO3): KNO3 NHH-PO, MgSOy

g/ton 354 404 170 493

“Basic solution is Yamazaki's one with EC 1.6 dS-m ..

A7l A 129 245 wistes Agsiled, 71Edd EC 16

dS-m ' ol wlES Hrlele] F 63 o] A sk

Table 6. Treatment used in the experiment 2.

Treatment Description
SWO0 Yamazaki’ s solution EC1.6 dS-m (Control)
Yamazaki’ s solution EC1.6 dS-m*
SWl ,1
+ Seawater EC dS'm
Yamazaki’ s solution EC1.6 dS-m™’
SW2 4
+ Seawater EC2.0 dS'm
Yamazaki’ s solution EC1.6 dS/m
SW3

+ Seawater EC3.0 dS'm*

- 17 -



om 169 Ao o wAsAT. A= 63te 2 WAl 7F=100cm, A=
16m¢l Aul=E o]-&sto] hwAuistd. AA A= 150 x 25cm®E 3F31 L
W, AlGTu A= kAo A Y 3ukR o2 st 27| Al A7) Al
Hj o} e EES AF&Ee] e Aol 2001d 29 19Y AME 49 109
EehHo| A4 gtdom, HA5Ee 69 28U 33U FAoE A 33}
Kot dF A g7F mape 74 24
sz b A1E 13 2ol 8aL, Ao A54 TE SRR Y otgw v
AdA AN E AdE S 5454 7](SPADS01, Minolta, Japan) &
SAstl o, FEFEAE 10~20% A HRE 7IEow ARSI oW, AE
2 stk B4 A57]1E Mature green(MG) © &8 Jo=z =z
Aol ¥ x] ekskont WRHO T Aol A AE = Al7]), breaker(Br @ 2ol
Al ZE g5 10~30% A% #A), breaker$ 39 (Br+3 : 30~60% 4Xx 2,
breaker$ 5% (Br+5 : 60~100% A X &) breaker$ 74 (Br+7 : A&,
breaker¥ 109 (Br+10 : #<) &5 6@AZ vtk FgA 7] we FAWs
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>
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&
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)
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>
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gom, FHABY 1790 i 29 GARE JEe
Fahgie
=782 FoE 348 70T 242 Yol AT AWk, vE
F 2~3/Me HAE HATR g o F BAELS 68gS AAAER F
Aatel 10mLWel wol nFwi/lz gt
WA A FEE uFAHTHLE 2).
Al WEae] Agstahrt Sk vl veAE F

& %% § o] 3382, BxYE, A% 9EH, pHe BC 5 shistar
=

AdFuF seal® Fwbsl b

dlo
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fL
Job g
)
rlo
N

AdE RS VIEeR, Bx B 2HTEAR AL, A

4 AV IhA pHSH 34 ECE A@ 13 2 wEoE Mg, #9
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Z2 HPLC(DX-500, Dionex, USA)Z Z7A3dch a3 B4 93
column< carbopacTM PA1& AF&3E513L, o] 5742 100mM NaOH, Detector=
INT Amperometrys AF&st3ith Al&= 05uLs 9, ©9 06mL F==
s27 9o, o] ¥ column >%=E 28CT=Z At FdF S 98]

¥+ 02 fructose, glucose®}t sucrose(Sigma Chemical Co., GR)E AF-&3}
For, FAAEE 3000rpmoz PAEE Al AAAS 0.45m micro

membrane filter2 JHEAI AL, A3E HS 600012 AAIZI & FA AT
Ztzte] Eew fod AE9Y retention timee glucose 6.15%, fructose 6.7
28] 3L sucrosex 10.90%-°] 13l sucroset U] #Ewho] H=F At}

A GC-MS(G1800A, Hwelett Packard, USA)E °l-&, 718§ & ©]

o4 2n ARHoE ARS BAT 5 i AL AnE A P

Fig. 2. Sample vials and tools(SPME holder) used for the analysing

tomato volatiles.

Jim BA99R)0] o] &7 WS A WPl WAl ArhFoI} FEHAA
a8 el NRE 2AG] B,

=
2o d A%IME it HAe Lo AARA FES 70T YE



Agete] FATTE AT EvtES A2 H A Fof whEgd 2~3704
A 7|2 ol 10mL Wel 68ge A § aFvi= i, 4Fv)H seal=
4 "gste] Yeael A & 7AW FAs e, #42A2 ved
2. AN RS YeaolA A 40T 2714 303t e §, 22

5o A thA] 3083+ SPME fiber(65um PDMS/DVB ; polydimethylsiloxane
/divinylbenzene, Supelco, USA)d &2 Al 21 & GC injection portel A]
063 &3 5 A4t

SPME fiber= 250C syringe cleanerol]l 4] 1A]7F& 9t conditioningdr $ A&
sttt Capillary column(50m x 02mm id. x 040pm film thickness; HP-
INNOWAX)& AH&stlor, 24212 % 73 2okt

Table 7. GC-MS operating conditions for analysing flavor volatiles of

tomato fruit.

Items Description
Injection temp.(C) 210C
Initial time(min.) 1.0
Initial temp.(C) 40°C
Flow rate(mL) 0.5
Mode Splitless
Gas He
Detector temp.(C) 280

SE TR vggd Aot 27)2Es 40TE S9e

o
A 80C7HA &9 6T=E A F 0283 W=A stk 28A4= 80T

E

ol A 120C7HA] B9 8T & A5AlZl & 0
120Coll Al 240C7HA 9 12CTE AsAZ

Retention time(3% 8)3} Alg e 449 Ay=



Table 8. Retention time and components corresponding to GC-MS for

analysing flavor volatiles of tomato fruit.

Retention Retention

Component” time Component” time

(min.) (min.)
3-penten—1-one 11.25 2-pentenal E 13.49
hexanal 12.43 furan-2-pentyl 15.01
3-hexanol 14.31 1-pentanol 15.26
trans—2-hexenal 15.12 1-nitro-3-methyl-butane E 16.96
6-methyl-5-hepten—2-one 16.87 nonanal 17.66
cis—3~hexenol 17.39 2-octenal 18.28
2-isobutyl-thiazole 18.00 furfural 18.78
z—citral 21.27 benzaldehyde 19.73
geranial 21.76 2,4-decadienal 22.07
nerol 22.20 methyl salicylate 22.55
geraniol 22.61 geranil acetone 22.82

“Ravor volatile components corresponding to standards and retention time of GC-MVS.

YFlavor volatile components corresponding to retention times of GC-MS.

|
i .' i .- D LMU L

o Yl d W, _ _
0.00 20.00 25.0

Fig. 3. Gas chromatogram of flavor volatile components of tomato fruit.
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V. ER R BE

Iz

4.1. KCl % #®KEH7 EvtE Wi 45, k& 2 mE A= #

411, AH R

71 EkAel FAPBG(LS dS'm Dol FAHEY FEE ¥ F(25 dS'm’
HNS), KClZ 2559 si+S Hmme oA Evte AHS vas 24,
AAHoz2 Ao wE JFS v, 444 g% ERERE FF9
HNSFoll A FoskA S7tE o, KCl A Foll = vAIAg] FFA
Fdol AA Aol mE FEIF WhEo] tEA vEwew, ¢ HIE A
A Gl #olx= Aot Wfillel = EEEIRE FFo] (iR T

=

dF FFel ATHE 9)

Table 9. Effects of the increased EC level of nutrient solution on the
vegetative growth in three varieties of tomato.

(cm)

; Momotaro Alboran Mississippi
Treat

Leaf Leaf Internode” Leaf Leaf Internode Leaf Leaf Internode
length width length length width length length width length

ment

Cont.  446b" 42.1b  134.6a 42.0a 379a 141.5a  419ab 423a 127.6a

HNS 54.0a 566a  133.6a 42.6a 436a 1414a  39.6ab 40.6a 127.6a

KCl 450b 39.3b  135.0a 39.0a 386a 1290a 434a 395a 1384a

LSW 425b 383b  127.4a 406a 376a 130.8a  380b 364a 132.3a

HSW 371b 415b  127.4a 421a 39.1a 132.8a  41.6ab 42.0a 130.6a

“See Table 3 for the description of treatments.
YMeasured upto 5th nodes.
*Mean seperation within column by DMRT at 5% levels.
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Munoz, 1999), ¢]Z12& EvtE 9 AG&S A7 QdolHH, I} o
Y42 oJgko] ATHEIY Ahmed, 1975). BIE 2 #F3rloles 17 o Enf
ER AFS A JAT 4 A+ NaCl s=dA4= A9 5 d=d, o]&sh
ALY Are 490 293 @4 2AdE°] o drH(Shannondt

Grieve, 1999). @3}

Fdol H7FE W 24, A4, 47 994 5 27 AFo] ERTET A
atele AEdS oo don EC 60 dS'm ' oA Astadtta
gtk v F7]elE EC 203 4.0 dS'm 'FolA tERTRT AHol EAY
Hl 23k A4S yebitta gt Botrini 5(2000) %= 2¢ 3%3 EvlE F
Fol NaC(EC 114 dS'm )< H7M8S wl i Biel o Fie] AAF 2
EFo] 79 F9Al glATL stk AT FAs=I L
dS'm'e] Z]E ke HtES 103 15 dS'm 'S FUHEte] F AAER
7} 259 30 dS'm ‘o9&, EC7 =4 @¢k7] wjEe] A{AEIE YA &
ottt AzbErh Kim¥# Kim(1984)& EntE FAAMA K2 498 F7}A]
ole] A&EFo] F7tatdtbar dlal, Scholberg®t Locascio(1999)& EREES #
gl 2o A FaE A FA 20 dS'm A E7)¢F gFo] b FH o
AR 2ol wzatta P, BAPNNE HNSS KCl Helel o& 7t
7 mretzel mANT FFAA gl Freed £ AnE Aoy
A gl wmgon, FFo wal @skth Foolad(1996)= WdA EvtE
FE254S 998 vuAFA ECE 059 20 dS'm'E Ag 39S W A4
Aol FFo| wiEl 56.1~32.3% AR YEwthal dho] A F A 34 o)

o

)

a1

o

_23_



Aol A Nadt@F2 alsaielol s A3 Eobi=

%7 o] @it}

g,
Al 2ol Al leld = 4~5u, Aol A= 3

Table 10. Effect of the increased EC level of nutrient on the mineral concentration

in tomato leaf in three varieties of tomato.

(%4 dw)

Trt. Var. Na K P Mg Ca Cl NOs SOy
Momotaro 016 653 078 083 528 0.72 327 3.83

Cont.” Alboran 015 373 084 104 658 062 219 482
’ Mississippi 021 387 068 097 6776 054 244 434
Average 017 471 077 094 621 063 263 433

Momotaro 009 438 08 064 365 053 374 281

HNS Alboran 012 281 054 061 451 044 230 3.80
Mississippl 013 237 052 053 577 051 269 367

Average 011 319 064 059 464 049 291 343

Momotaro 042 614 048 064 280 394 151 271

KCl Alboran 027 395 034 055 265 329 091 277
Mississippl 023 381 047 051 392 297 181 379

Average 031 463 043 057 312 340 141 3.09

Momotaro 127 236 064 094 410 370 198 3.77

LSW Alboran 064 147 061 107 413 304 164 274
Mississippi 090 209 051 104 48 320 153 3.40

Average 094 197 059 102 436 333 172 3.30

Momotaro 1.14 363 058 080 446 301 262 293

HSW Alboran 092 169 062 099 347 303 103 260
Mississippl 131 191 073 092 504 351 208 346

Average 1.12 241 064 090 432 318 191 299

LSD(0.05) between Trt. 037 215 ns ns ns 145 ns ns
LSD(0.05) between Var. ns ns ns ns ns ns ns ns
LSD(0.05) between Trt.xVar. ns ns ns ns ns ns ns ns

“See Table 3 for the description of treatments.
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oA el K& KCI3 thz=7-3tell= Agfa-¢F 2bol7h glolen, s A
2ol A frelsh Al wokth Aol M= BE Aol dlEgr R stol
718 SAHEE ol Eston, ffilies REEE FFo oA Esikth
= B ZFol7h gl e, ddelA PeF Mge
KCIH el A w2 eI, Ca= oA Ael7b gidlon, dollM= &
< AT xRy EE A4S Bt NOs &2 A KClA g 2
g Aol e A= FFoldon Aol = HNSolAMRE #9kar,
SOs &HZ el = KCIA g9 sl AgelA stokov, Ao = Aol7}

—r

i
(2
=2
X
)
=
[tje]

K
@
QO

1%
ol

=

KCl, s 3 &4l seAee 43 R FrlE kel fFS v =T
Hill %5 (1998)% taro(Colocasia antiguorun)S 573 A1vjA] NaClE sxE = A
JAE @ Gl e FAvEE EC 49 dS'm 'dEd, Nag#e
el A mokow, ClEdde B A EA F9odA Eolded 1 %9
Woll A 7Y =okal AEls et 2555 Nagt Clg@o] =olxth ¥, Ca
¢ Mg¥de AstHd oy, Kdels 93 glla, KN H&& =7t
ZoldFE doAE mobAa, H Y #HEldAE Holdta 3 ZAAe o
A= FrAEsEA

Botrini 5(2000)¢] F7AAME F EvtEZFF] o 7}A K, Na ¥ Ca
=S AdAs o A gelA e, 99, o 2 A BEE F9olA Na
o} K &&Fo] Z7tglom, Cadtge 088 7Hastes d4S Byrta

EvtEE dxo] AdY £ & ERBMARAEEE 4~6 dSm'2 & A
A=, drstelA ZHEA Bele A ) 2 ARl doA ®srE o
ojupm, oA o i3 it % WsE tH(Cuartero® Munoz, 1999).
Na®} Clo] w2 Zzstol|Al ztegk A EA HEldA] Nagt Clo] &, 45 +=
O $48%=s 44 Qo] aw, o3 &7]d = e AASAd. 4

N

=

——ﬁ_

P
Eu_]ﬁlo 5
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—EOEF”
[

ag e HA

hind

_lZi

o=
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Table 11. Effect of the increased EC level of nutrient on the mineral concentration

in tomato fruit in three varieties of tomato.

(%4 dw)

Trt.” Var. Na K P Mg Ca Cl NOs; SO4
Momotaro 006 512 050 017 015 029 001 068
Alboran 006 481 046 016 017 028 004 079

Cont  \fississippi 007 678 068 021 028 027 010 097
Average 006 557 055 018 020 028 005 081
Momotaro 006 357 059 018 016 034 015 085
Alboran 006 304 050 016 022 031 014 093

HNS  \ississippi 007 281 046 017 036 024 007 076
Average 006 314 052 017 025 030 012 085
Momotaro 009 345 042 017 015 074 005 086
Alboran 010 386 044 018 026 064 002 006

KC Mississippi 008 408 049 016 015 077 004 071
Average 009 380 045 017 019 072 004 054
Mormotaro 015 355 052 018 015 069 003 076
Alboran 017 310 048 016 020 059 007 077

LSW' Mississippi 016 331 042 014 021 064 003 076
Average 016 332 047 016 019 064 004 076
Momotaro 016 373 052 017 014 090 009 079
Alboran 016 310 041 016 025 068 002 078

HSW' Mississippi 020 385 058 017 021 071 002 083
Average 017 356 050 017 020 076 005 080
LSD(0.05) between Trt. 007 ns ns ns ns 032 004 ns
LSD(0.05) between Var. ns ns ns ns ns ns ns ns

LSD(0.05) between Trt.xVar. ns ns ns ns

ns

ns

ns

ns

“See Table 3 for the description of treatments.
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Clol 5 Hahahil WalAAe 2ehort Kol&sl wilis g o Fu,
AL Fakshs] gstel SEH FLagolt Clo| we zaselA &

= 3 71(Cram, 1973) W&ol AFAel= A& 2t 7]l Na

o Clo] =obxivta Azttt EvtE HHdA =2 ZFE Sl o]ssid,
Cax= 24 AMFE SalAw olFsty] Wil X7 oA =dH(Ho%t
Adams, 1995), K= 5535 FalA o]&at7] witd =2 o] wolxit

27t 9l EvtEe] HA K/Na Hl&2 20|9, K& #%E 124 3a 4tE
£ ¥o EvtE #4245 =oled Zastt ojul NaCls KNOsE F 4o =
WA = ded, Aol NaCl 5=5 =o|H Na "o KET-E A
(Adams®t Ho, 1989). =2 ECelA F7Fd KH| 59 Keol&& N¥#} Ca &
FE A, +F9 ¥ EC T3 EviE HA=R FHE A=
(Adams®t Ho, 1989), &5 Aol Ke=7F @2 22 Nadl F543] d
wolgl AR, Ca, NOs# SOs%= whx7ol H3] srolxl=dl, Nagt Kol
o] A3gzg wjZole} BzhE

NOs= 70mM AE9 A &% NaClolA &
o] mEEoAME diEg Bl 1/3%Fo] F 43l thal(Pessarakli®t Tucker,
1983)g o™, Mgel #o] HF=E olsst= dihe NaCl 9aFs w4 =t
JtHHo9t Adams, 1995), ol A= 13t Hs2dk AFo= KCI3t s A2
of 93] Na¢} Clo] F¥=7F =2 vt Kyks 9okt Kol dixx
e A2 Nast Clake] ZaaA st dwstel A aAgh el vedA 2w
AEAHRY 58 @ S8t (Pessarakliet Tucker, 1938)d. =2 EC
Hzoll el F7F AQA7] wZelet oA

A3 A9 Na, Cl 2 Ko AdiA< Fv&s BH(2d 4), sl A
of 3] delA Na FFHl&o] Minsta, Cl F+ KCIF g A2 77F H
sPom, KCI# s A= Ko Al S5 &o] wobxint. ol A ¢

-
&
2
o
o

2] A e, 200mM
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FRuEE dolAsh AR APl K/Na i K/CIEF v&ol 9ol
a obA, Kol AoAe Fovl&ol @A o A e FFuES B
AT Lee(2000)= KCIA oA Kol gHaFo] =%al, NaClA 2ol A Nadh
of wgkth Adsl ggred, U 54 ole¥Ee Frhs 1 SHoled
FANE §57F FAAY O Folee] §55 AAA AAH Fol el

o= Wslto] ¢l ol FiPifFM (cation antagonism)¥} Cl&-o]2°] @
of tpFog FEAste] Clol F57F 577 wiol Cl Nave 8l
Toll A, Kol&2 KCIA gl &7F =%or, sl AHeFdA Ko §5&

o] wolzl A& Nask Kol® §42 o477 Wieletn oA =@

2y
O

ole ZAte] mpAEr AARA Nagt Cle Qo 22 Hu} HAo| A= ol
A3k mlel o] K o]FAo] Ay, HH 4o FolF 80%7F KEA,
ERE 23 AR o]Fo] ¥y wFEolg FEH

12 8
EK BECI ONa BK ECI ONa
10 1

Content(%)
(o2}

8 3.
0 (134 3¢ I I 2 I << 2+

Mo.Al. Mi.Mo.Al. Mi.Mo. Al.Mi.Mo.Al. Mi.Mo.Al. Mi. Mo.Al. Mi.Mo.Al. Mi.Mo.Al. Mi.Mo.Al. Mi.Mo.Al. Mi.

A e ————0————0—
Cont. HNS KCI LSW  HSW Cont. HNS KCI LSW HSW
Treatrents Treatments

Fig. 4. Comparison of Na, Cl and K absorption ratio in tomato leaf(Left)
and fruit(right) among the different varieties as affected by treatments”

“See Table 3 for the description of treatments.
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4.1.2. Wk

FYEHS AR Ax Fg AENEE RREE EF A KC H7FT
A Egkot bt AR TFEAE RREE Z
o)

_zr
Fol A Tk HNS A FofshAl 714 A @37t AATGE 12).

Table 12. Effects of the KCI and seawater levels of nutrient solution on
the tomato yield components in three varieties of tomato.

No. of Marketable Wt. of Marketable Mean fruit

Trt.” Var. _ _ ‘
fruit/plant fruit/plant(g) weight(g)

Momotaro 25.9 2884 1109
Cont Alboran 24.0 2444 101.1
Of% Mississippi 196 2649 1356
Average 23.2 2659 115.8
Momotaro 20.1 2157 107.4
16.1 2407 149.1

fNs  Aboran )
Mississippi 14.9 2133 145.6
Average 17.0 2233 134.0
Momotaro 19.7 2277 1179
KCl Alboran 15.2 2176 142.1
Mississippi 115 1922 168.0
Average 155 2125 142.7
Momotaro 20.7 2515 127.3
Alboran 179 2539 142.3
LSW Mississippi 11.3 1515 1345
Average 16.6 2190 134.7
Momotaro 16.4 2286 138.9
Alboran 11.2 1704 1524
H5W Mississippi 10.8 1517 138.1
Average 12.8 1836 143.1
LSD(0.05) between Trt. ns ns ns
LSD(0.05) between Var. 2.2 336.0 8.74
LSD(0.05) between Trt.xVar. ns ns ns

“See Table 3 for the description of treatments.
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4.1.3. hhERRE
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o} g AP e vttt £33 YRe REEEVE 7P #3a(5.4~6.1),
16 WA (5.1),
AR (B3, REEE(65) To® E=gon, BE AgolA dxo F7ke o
o] A Folyti(d 5). LYy, R4 A E Yetll= pHe o] ¢ wh
= KCIAH g ru vt g ol A pHFA 7 YolAl = 43S BATH2H 6).
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2 Ghffe] wel Zpol vt AR WeEuEe] Yol AL "W AEFS S
7N PO Mizrahi 5 (1988)% FE]>=AW W oA vlgtE 324 4 (3.0~
60 dS'm") & TFTFoEM FED, LWEKHEEIEYE R, T, A8 So] o

Sepdvhar e, AEE L HaH) Felde ey, A= ols Hiket
A= ¥ Ah o Was AdmolA M WMAE a7, WE
fESs HWeR £33 Aojlug 259 30 dS'm' FEZ FHIA 4

OF7F A ZIHA AT YiEe] A E AUd A 2ol Maas(1986)= Ev}
B dAFAE A% 25 dS'm’, Cuartero® Munoz(1999)= 25 dS-m’!
T 30 dS'm ' o)dolgt g o AddA FEE o Wl EoUde
v, Ao e A acle]l #&(Shannon T, 1994)b™, fbfdie] whE

A4 EHNE ZEstE 2 (Wayne, 1994) @il ol @5k A& o] F

agle] Bgqow (TR o A,
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Momotaro
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Alboran
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Cont. HNS KCI LSW HSW
Mississippi
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7
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cont e TreaKt(r:nlent = e
Fig. 5. Comparison of total soluble solids, titratable acidity and ratio of
TSS to TA in 'Momotaro’, "Alboran’ and "Mississippi’ tomato
as affected by KCI and seawater levels”
TSS : Total Soluble Solid, TA : Titratable Acidity

“See Table 3 for the description of treatments.
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Fig. 6. Comparison of fruit pH in 'Momotaro’, ‘Alboran’ and
"Mississippi’ tomato as affected by KCI and seawater
levels”

“See Table 3 for the description of treatments.
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4.2, WK BRPREEZE Rebs By EvbE R, dMos 2 OAE vAs

4.2.1. AR
AZ71eF 7] BEvtE FEAWMAL deS R 5, MR RRERS
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Table 13. Effect of the adding seawater to nutrient solution on shoot

growth of Momotaro tomato in cool and warm seasons.

Plant Leaf Leaf Stem Internode
Season Treatment” height length width  diameter length
(cm) (cm) (cm) (mm) (cm )
SWO 166.8a" 45.5a 48.8a 10.7a 93.0a
Cool SW1 159.9a 44 4a 47 5a 10.2a 86.5a
SW2 159.9a 43.5a 48.5a 10.8a 84.2a
SW3 161.7a 43.7a 46.0a 10.2a 89.9a
SWO 127.0a 46.4a 57.5a 9.7a 79.1a
Warm SW1 118.6b 44 4a 59.8a 9.7a 76.1a
SW2 121.2ab 45.0a 57.5a 11.1a 72.5a
SW3 121.0ab 43.5a 56.9a 11.0a 71.9a

“See Table 6 for the description of treatments.

Mean separation within column by Duncan’s multiple range test at p=0.05.
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Table 14. Comparison of dry weight ratio on several organs among the

treatments at the warm season cultivation.

(%, dw)
Treatment” Stem Petiol Leaf Root
SWO 18.3a” 18.7a 21.7a 12.7b
SW1 17.7a 18.3a 23.7a 17.7a
SW2 16:3a 15.7a 20.0a 18.7a
SW3 187a 17.3a 20.7a 21.0a

“See Table 6 for the description of treatments.

YMean separation within column by Duncan’s multiple range test at p=0.05.
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o] BN THE 4542, RuBP casest 34 58 5 A4 &
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NaCl 2E#g2~e AEAd dqEidls YA, 548 F& FaA71H, A=
g &ol Astd 4 Ath(Chen &, 1999). T3, A EAY LF=2 Nast Cl
Z& RuBP case$} PEP carboxylase 334 &4 A4S Agted =% At}

(Sankhla®} Huber, 1974)32 <214 Atk Chen 5(1999)% pepinoAl oAl <

o
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Table 15. Mineral content in major tomato organs as affected by adding

the different seawater levels in warm season cultivation.
(%, dw)

Ogan 7% p Mg ca K Na  C NOs SO
ment

SWO 0.84a” 0.44a 0.77a 423a 073a 056b 226a  1.03a
SW1 088a 030a 09la 436a 0.13b 229a 227a 12la

Stem SW2  063a - 040a 07la  350a. 0.64ab. 2.38a 1452 0.82a
Sw3 073a  044a 066a 307a 051b  234a 1.17a  0.70a
SWO  075a 1.03a 154a 726b 021b 099b 6.89%  193a
Petiol SW1 0692 134a 168a 7.09b 144a 398ab 640a 15la
CUOL qwo  055a  147a 128a 477a 119ab 55la 5322  1.3%
SW3 072a 153a 122a 477a 1l13ab 58la 5152 l4la
SWO  078a 09la 47la 490a 0.18b 055b  2.44ab 4.4la
Leat SW1  09la 1.05a 402a 4.17a 057ab 18lab 3.18a  4.4%a
ca SW2  066a 12la 490a 306a 087a 308 190b 432
SWw3  080a 12la 44la 310a 072ab 278  170ab 4.14a
SWO 0552 050a 343a 429a 0.72b 056b 438  1.3la
Root SW1  04la 059a 20la 474a 408a 484a 432a 22la

SW2 0.46a 062a 3.64a 2.66a 2.70ab 2.57ab 2/79a  1.66a
SW3 0.5la 053a 1.23a 4.03a 4.13a 5Z2la 359a  2.22a

“See Table 6 for the description of treatments.
Mean separation within column and organs by Duncan’s multiple range test at p=0.06.
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Fig. 8. Effect of the adding seawater on Na, Cl and Ca concentration
in tomato fruit in cool season.

“See Table 6 for the description of treatments.
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Vertical bars are standard deviation
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Table 16. Effects of the adding seawater levels to the nutrient solution on the

mineral concentration in tomato fruit in the warm season.

Ripening Treat”

Mg Ca K Na Cl NOs; SOy
stage ment

SWO 042a" 0.18a 0.13a 357a 0.09b 040a 0.19a 0.79a
SW1 043a 017a 0.12a 4.03a 027ab 042a 0.16a 0.59a

MG
SW2 0.39a 0.16a 0.11a 3.75a 0.38a 0.45a 0.19a 0.59a
SW3 035a 0.15a 0.13a 3572 025ab 032a 0.15a 0.5la
SWO0 047a 0.19a 0.11a 505a 0.11b 0.21b 0.11a 0.44a
B SW1 0.44a 0.18a 0.11a 4.14a 0.27ab 0.23b 0.11a 0.46a
r
SW2 0.38a 0.18a 0.19a 4.19a 0.33a 0.85a 0.09a 0.53a
SW3 0.37a 0.16a 0.14a 3.34a 0.20ab 0.85a 0.13a 0.53a
SWO 048 020a 0.1la 436a 0.12a 067a 0.13a 0.50a
Br+3 SW1 04ba 0.18a 0.13a 3.64a 0.24a 0.64a 0.13a 0.44a
T
SW2 034a 0.16a 0.15a 289a 032a 069a 0.14a 0.4ba
SW3 0.39a 0.16a 0.12a 3.29a 0.27a 0.40a 0.13a  0.36a
SWO 0.49a 0.18a 0.14a 4.46a 0.10a 0.86a 0.15a  0.08b
Bris SW1 0.37a 0.15a 0.11la 3.16a 0.23a 0.89a 0.09a  0.36ab
r
SW2 0.33a 0.15a 0.15a 2.48a 0.25a 0.85a 0.12a 0.51a
SW3 032a 0.15a 0.15a 226a 02la 060a 0.15a 0.30ab
SW0 043a 0.16a 0.18a 3.37a  0.08b 058a 0.04b 0.26ab
Bri7 SW1 046a 0.16a 0.11a 377a 025ab 0.75a 0.03b 0.17b
r
SW2 04la 0.17a 0.09a 353a 0.36a 0.75a 0.04b 0.34ab
SW3 0.35a 0.16a 0.18a 28la 021ab 0.73a 0.14a 0.44a
SWO0 0.48a 0.18a 0.17a 3.28a 0.09a 049a 0.09ab 0.23a
SW1 0.40a 0.15a 0.16a 2.98a 0.16a 0.53a 0.15a 0.3ba
Br+10

SW2 040a 0.15a 0.16a 291a 0.16a 08la 0.1lab 0.3la
SW3 043a 0.17a 0.15a 280a 022a 096a 0.03b 0.36a

“See Table 6 for the description of treatments.

YMean separation within column ripening stages by Duncan’s multiple range test at
p=0.05. Ripening stages are mature green, breaker, breaker+3, breaker+tb,
breaker+7 and breaker+10.
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Table 17. Effect of the adding seawater to the nutrient solution on tomato

yield components and fruit characteristics.

, Fruit
Season Treat Width Length Weight
ment ! eng e Number/5plant
(mm) (mm) (g)
SWO 57.0a" 56.6a 105.2a 67.7ab
Cool SW1 54.3a 54.0b 94.6ab 72.0a
00
SW2 53.6a 53.7b 89.3bc 50.3bc
SW3 53.4a 51.5¢ 78.0c 56.7c
SWO 53.5a 62.7a 123.0a 67.3a
SW1 53.0a 61.4b 117.7ab 68.0a
Warm
SW2 51.0b 59.6¢ 107.3¢ 64.0a
SW3 51.8ab 61.0b 112.1bc 63.0a

“See Table 6 for the description of treatments.
YMean separation within colunm by Duncan’s nmultiple range test at p=0.06.
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Fig. 10. Effect of the adding seawater on fruit yield and relation of

seawater levels and yield with the different cultivation seasons.
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Table 18. Effect of the adding seawater levels to the nutrient solution on

tomato fruit pH in the cool and warm season cultivations.

T zZ
Season reat MG Br Br+3  Br+5 Br+7 Br+10
ment
SWO 4.082" 4.11a 4.31a 438  4.36ab  4.46a
Cool SW1 4.00a 4.08a 419bc  427b  433b  445a
(0]0)
SW2 4.13a 4.05a 4.20b 430b  440a 439
SW3 4.19a 4.06a 4.15¢ 428b  433b 432
SWO 4.31a 4.21a 4.37a 438  45la 4.56a
SW1 4.30a 4.14a 4.15a 433a  44la  4.43a
Warm
SW2 4.22a 4.13a 4.16a 4352 444a  4.42a
SW3 4.33a 4.18a 4.26a 436a  443a  4.47a

“See Table 6 for the description of treatments.
Mean separation within column by Duncan’s multiple range test at p=0.06.
Ripening stages are mature green, breaker, breaker+3, breaker+5, breaker+7 and breaker+10.

Table 19. Effect of the adding seawater levels to the nutrient solution on

tomato fruit acidity as a citric acid in the cool and warm season

cultivations. (%)
Season Treat MG Br Br+3 Br+5 Br+7 Br+10
ment
SWO 0.63¢" 0.55b 0.54a 0.66a 0.49ab  0.38b
Cool SW1 0.78b 0.62b 0.61a 0.6la  055ab  0.39
SW2 0.78b 0.83a 0.69a 0.62a  0.42b 0.50a
SW3 0.89a 0.80a 0.79a 0652  0.62a 0.53a
SWO 0.67a 0.72a 0.37a 0.40a 0.75a 0.53a
Warm SW1 0.56a 0.69a 0.82a 0.72a  053a 0.55a
SW2 0.87a 1.17a 0.75a 0.76a 0.73a 0.67a
SW3 0.95a 0.83a 0.90a 0.74a  09la 0.64a

“See Table 6 for the description of treatments.

Mean separation within column by Duncan’s multiple range test at p=0.0b.
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Table 20. Effect of the adding seawater levels to the nutrient solution on

tomato total soluble solid in the cool and warm season

cultivations.
(%)
VA
Season  rreat MG Br Br+3  Br+5  Br+7  Br+l0
ment
SWO 603" 58%b  690b  777a  617c  6.03c
Cool SW1 6.00a 6.80a 8.05a 8.90a 860ab  6.95hc
SW2 5.70a 7.38a 8.25a 8.35a 7.18bc  8.05ab
SW3 6.47a 7.57a 8.87a 7.67a 9.01a 847a
SWO 5.30a 5.03a 4.93b 5.37b 5.30b 5.37a
W SW1 5.27a 5.47a 587ab  7.00ab  5.87b 6.95a
arm SW2 6.25a 62a  690a  760a  765a  7.0a
SW3 6.40a 6.10a 6.43ab  6.40ab  7.83a 6.63a

“See Table 6 for the description of treatments.
Mean separation within column by Duncan’s nmultiple range test at p=0.0b.
Ripening stages are mature green, breaker, breaker+3, breaker+b, breaker+7 and

breaker+10.
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Fig. 11. Effect of the adding seawater levels to the nutrient solution on
glucose and fructose contents in tomato fruit in the cool and
warm season cultivations.

(A) glucose of cool season, (B) glucose of warm season,
(C) fructose of cool season and (D) fructose of warm season
cultivation.”

“See Table 6 for the description of treatments.

Ripening stages are mature green, breaker, breaker+3, breaker+b,
breaker+7 and breaker+10.
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Table 21. Effect of the adding seawater levels to the nutrient solution on

fruit EC in the cool and warm season cultivations.

Season Treat MG Br Br+3 Br+b Br+7 Br+10

ment
SWO 5.32b 4.87c, . 554b 562a  447a 4.58¢
SW1 5.56b 549bc  567b 617a  564a 5.47h

Cool
SW2 7.10a 6.13ab  6.17ab 6.42a 5.18a 6.07a
SW3 7.713a 6.65a 6.98a 6.15a 5.46a 6.08a
SWO 6.73a 545a  4.66b 4470 512b 5.37a
SW1 547a 6.17a 5.54ab 6.34a 6.11ab 7.13a
Warm
SW2 6.54a 6.74a 6.04a 5.59a 7.08a 6.20a
SW3 6.74a 5.99a 6.46a 5.75a 7.15a 6.46a

“See Table 6 for the description of treatments. “Mean separation within column
by Duncan’s multiple range test at p=0.0b. Ripening stages are mature green,
breaker, breaker+3, breaker+b, breaker+7 and breaker+10.
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Table 22. Relative abundance(x10°) of tomato flavor volatiles components

corresponding to retention times of GC-MS. Grown at cool season.

Comp.” T;Zif Fur. 1pen. Non. 2-oct. Ben. 24de. Meth. Gera.
SWO 0.0a* 0.0a 0.0a 5.2a 0.0a 0.0a 209.8a  0.0a
SW1 09a 0.0a 5.0a 0.0a 0.0a 0.0a 203.8a  0.a
MG SW2 19a 3.2a 0.0a 18.3a 0.1a 0.0a 1353a  0.0a
SW3 0.0a 5.1a 4.5a 0.0a 1.93a 0.0a 76.3a 0.0a
SWO 067a 00a 172a 342ab 44.0a 282ab 56.4a 0.0a
SW1 b567a 3.07a 1l.la 70.la 0.0a  485a 106.6a  0.0a
br SW2 00a 40a 144a 312ab 00a 4.4b 77.6a 0.0a
SW3 0.0a 8.0a 5.9a 0.0b 0.0a 10.7b  655a 0.0a
SWO 0.0a 0.0a 0.0b 1055a 0.0a 1016a 386a 14.5a
SW1 0.0a 0.0a 277a  98.0a 0.0a 0.0a 0.0a 50.9a
BR+3 SW2  0.0a 0.0a 104ab 475a 0.0a 17.7a 0.0a 36.6a
SW3  0.0a 0.0a 0.0b 1134a 0.0a 86.3a 9.37a 59.0a
SWO0 156b 50a 197a 709b 60.1a 231b 96.la  79.7a
BR+5 SW1 576a 0.0a 57a  184.7a 30.1a 923ab  95b 50.2a
SW2 00b 4la 168a 1625a 00a 171.8a 5.7b 76.5a
SW3  0.0b 1.9a 0.0a = 132.0ab  0.0a - 1266ab 1.9b 57.3a
SWO 0.0a 34a 166a 127.0a 22a 80.8a 9.8a 67.0b
SW1 75ba 2.2a 0.0a 1180a 158a 106.0a 0.0a 133.8a
Bl SW2 00a 53a 0.0a 103.3a 08a  75.4a 0.0a  110.6ab
SW3  0.0a 38a 112a 929a 0.0a  91b5a 0.0a  103.8ab
SWO0O 00a 43a 5.9a 649b  24.0a 20.la 388a  33.4b
BR+10 SW1 00a 54a 0.0a 163.0a 34a  59.9a 0.0a  135.3a
SW2 0.0a 2.3a 5la 1169ab 64a 104.6a 0.0a  141.9a
SW3  0.0a 5.0a 9.0a 103.3ab 13.7a 59.0a 0.0a  140.5a

“Volatile compound; Fur.:furan, 2-pentyl, 1pen.:1-pentanol, Non.:nonanal, 2-oct.:
2-octenal, Ben.:benzaldehyde, 24de.:2,4-decadienal, Meth.:methyl salicylate,

Gera..geranyl acetone. R. T retension time, RS:ripening stage.

for the description of treatments.

Duncan’s multiple range test at p=0.06.
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Table 23. Relative abundance(x10”) tomato flavor volatiles components

corresponding to retention times of GC-MS. Grown at warm season.

Comp” Treat® Fur. 1lpen. Non. 2-oct. Ben. 24de. Meth. Gera.
ment

SW0 0.0a* 0.0a 0.0a 0.0a 1.4a 6.8a 1822b  0.0a
SW1 00a 1.9a 0.0a 0.0a 2.0a 0.0a 2678b 0.0a

MG SW2 4.7a 0.0a 0.0a 0.0a 2.4a 89a 389.0a  0.0a
SW3 3.1a 7.0a 0.0a 0.0a 6.6a 0.0a 416.1a 0.0a
SW0O 00a 132a 00b  792a 186a 56.3a 180.0a 0.0a
SW1 3.3a 00a 234a 80.0a 132a 219a 3145a 0.0a
Br SW2  0.0a 4.6a 00b  62ba 17.0a 364a 2754a 55a
SW3 0.0a 3.6a 6.8b  70.7a 42a 421a 3215a 0.0a
SW0O 17.2a 58a 48a 1576a 34a 1081a 872a  53.5a
SW1 00a 132a 5la 1457a 231a 1142a 845a  209a
BR+3 SW2 7ba 4.0a 83a 2349a 265a 1027a 110.1a 74.7a
SW3 0.0a 8.1a 26a 206.1a 179a 207.0a 63.1a 44.7a
SW0 00a 158a 0.0a 1799b 34.2a 18l.1a 10.55a 76.4a
SW1 00a 223a 89a 244.1ab 26.8a 2056a 35.0a 82.la
BR+5 SW2 196a 227a  0.0a 3222a 358a 2281a 292a 83.0a
SW3 183a | 231a  11.2a 2427ab 434a 1705a 459a 53.8a
SW0O 23a  226a 1233a 3150a 28.7a 128.3a 19.6ab 134.1a
SW1 347a 33.25a 158a 3699a 295a 282.8a 249a 171.7a
BR+7 SW2 209a 272a  00a 2727a 187a 1909a 0.0b  131.6a
SW3 00a 171a 10.7a 3184a 9.0a 3079a 174ab 111.3a
SWO 00a 253a 167a 3605a 209a 310.7a 11.7a 66.6a
SW1 545a 164a  0.0a 4946a 340a 2668a 0.0a 49.6a
BR+10

SW2  0.0a 49a 59a 321.0a 21.2a 2140a 96a 112.2a
SW3 195a 257a 00a 3373a 26.2a 240.8a 122a 98.6a

“Volatile compound; Fur.:furan,2-pentyl, 1pen.:1-pentanol, Non.:nonanal, 2-oct.:
2-octenal, Ben.:benzaldehyde, 24de.:24-decadienal, Meth.:methyl salicylate, Gera.:
geranyl acetone. R Tiretension time, RS:ripening stage. YSee Table 6 for the
description of treatments. “Mean separation within column and organs by Duncan’s
multiple range test at p=0.05.
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