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Effect of Nitrate Concentration in Culture Solution on the Growth
and the Uptake of Inorganic Elements of Tomato
Plants(Lycopersicum esculentum Mill)

Kwang-Seek Lee®, Jing-Quan Yu™* and Yoshihisa Matsui**

ABSTRACT

This experiment was carried out to investigate the effects of nitrate concentration in culture solution on the
growth and the uptake of inorganic elements in Tomato plant in the greenhouse. Tomato plants(cv. TVR-2) were
grown with nitrate concentrations 8, 16, 24, 32emol/ !, based on Japan ENSI standard solution. Dry weights of
lamina and petiole increased with the nitrate concentration. However, the dry weight of fruit was the highest in the
treatment of nitrate concentration of 16emol/ ! . The proportion of dry weights of vegitative organ to reproductive
organ was the lowest in the treatments of nitrate concentrations of 16cmol/! and it increased with the nitrate
concentration. The fruit yield was the highest at the treatment of nitrate concentration of 16cmol/ (. With the
increase of nitrate level the concentrations of N, NO:-N, Ca and Na increased in lamina and petioles. The
concentrations of K., P, S and Cl tended to decline in the nitrate concentration of 16 and 32cmol/ [ . These results
indicate that optimum nitrate concentrations in a tomato grown by hydroponics change with growth stage, and the
optimum concentrations for vegitative and reproductive stage were 8 and 16cmol/ !, respectively. It also was
proved that the nitrate concentrations in the culture solution affected antagonistically the uptake of inorganic anion
in tomato : In low nitrate level Cl” uptake was affected much. while SO+* and H2PO« uptake were affected in high
nitrate level,

Key words : Tomato, Hydroponics. Nitrate concentrations, Inorganic elements.
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o] &84 sith NO:-NE 4 &4 F= o520 o
E [gol2e] HE By Aoz gAH U
(Cram,1973: ¥% 5,1989: Weigel 5.1973: &H
%5.1969: Epstein,1953).
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Fig 1. Schematic of hydroponic system. B:bed, H:heater,
I:inlet of a nutrient solution, O:outlet of a
nutrient solution, Pipump, S:nutrient solition
T:tank

Table 1. Amounts of macro-element in the culture
solution used

Nitrate levels(cmol/ { )

Kinds of element P 6 o 2
_________ g/tnn o i
Ca(NOs)z, 4H20 Q4 944 944 944
KN - 809 B9 809
MgSCu. TH:O 493 4493 493 493
NHHzPO4 153 153 153 153
KC1 596 - - -
NalNOs = - 680 1360

I et 2 19 2ok w2 FAF 33
dEFEFKEZAZAH NO-NE=E 8, 16, 24 2
32cmol/ ! M2 E FoUth YEEHKETAY i
Z/& N 16, P 4, K 8, Ca 8, Mg 4cmol/ ! & 5o}
sk, £ Alge] AL B 1o Jepdzia 2ol
NOs-N 8cmol/ ! 2l 7& KNOs th4le] KCI1E,
NOs>-N 24 % 32cmol/ | M2]7& NaNO:& H7}et
o ztzte] 2 sttt Foo| Hele viddE
F18] R0 - et 1 Ale] et v RPEE BE
sto2A a4 YA nREEr) HER sgon, ¥
okllo] pHE H2804 EE NaOHE AHE3le 6.0~
7.00] HEE 233,

2. M EA2 I W LY
HEAE AuFad TH921¢6l RS A&
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Table 2. Effect of nitrate levels in culture solution on the dry weight in each organ of tomato plants

Nitrate levels{cmol/ 1 )

S i 8 16 2 3
_________________________ T e U
Lamina 103.1+13.48 92.9+6.03 113441016 133.6+11.20
Petiole 43.7+3.69 426+165 435+1.29 4534546
Stem 61.2:6.80 516383 60.0+6.21 65.7+4.13
Fruit Petiole 15,6180 12.3£172 14.9+067 14.9+2.64
Fruit 23.4+6.53 260.4£9.16 229.4+0.22 218.5+1831
Shoat, 447.0+21.38 450.8+14.46 4612+18.11 478,0+16.80
Vi 100 017 101 119

+ Ratio of vegetative organ to fruit in dry weight

e g Y20 BEFIZ M2 O 52242 3
I Sle BB (FE F,1991b) B} B &3 HoE 95l
AT A BE TEEFI(GERLD) - FEFN (IS, R, &,
B 2RI 2 bz Felsla, ol A& 80TellA] 2~3
d AXAIA AEFE AT F Birste] EhoTEe]
EA4o AMg-stch

£ AlgeME N(NOs-N), P, K, 8, Ca, Mg, Cl &
e 489 WHRS Nag cisl] 8%e] 948
A8

N& 4834 MKAEE 183l N - CRI L
(Sumi Graph-80)2 &4t NOs-N< CI" ¥
Nat2 ZE@AMmEnES, 718 94 BRans A
S3lo] FFPom(FE 5,1991b), AEAA R EiE
K Yehe B8 EthRE A2lste il
t}. Cl'e 2] QAIRMEASEEC R, NO-NE SErhang
FAEE (R 5.1980) 22 42t A} 1w 9
A& ICPEDb ST ( S ICPS-2000)2.8 &
Aataen, ICPd o3 A& AEMIETERA Li
I Yb © CoZ 7z Smg/ ! Arleke] i (%
5.1991a) 22 23§}

Zn o 0E

1. M Ex|e| LS50} el

EntEAu]FE7]e] SEANGHES E 24 e
o}, #ESe] PEFE NOs-N 16cmol/ | A TF Rt
33 NOs-NA 2ol o) S7tslen, 3R, & 9 Rif
o] AEFE 8cmol/ ! A TE A AT F7}

-Si.

sttt NOs-N 8cmol/ [ 2] o] SdgiEiiEoe]
NOs-N 16cmol/ { A 2] el H]a] HojA]a] ghe AL
2AEFEMME 24 844 438 =& FAHA7] o
Folr, 0|z £HERS A NO-Ns=7}+
8cmol/ ! 2= 7FeTHE ovigch. ¢ AR WEF
2 NO+-N 16cmol/ | A2 F7} 71 w3ich.
A2FE7 AUAA oW 4849 BEEEAM
FEA R} Bol @sEsA = 1 EuEe] o] A
slelo] eafo] AT BETEER] BoWAM FEo]
Hoi7tele dasEc Aul2tee] dErEm LS 9
ol $ Faste], dvtdo s HaFe £AAME
16cmol/ | & A8} SUTH(LEAR, 1986), 2af 7wl
ol A AEMENERES Hrlehe ¢ Yo R dmsEdl)
& RnEe] wELE A4T 5 02w, of HjEe]
ST MEEEGE] oa @5 £ A1dd
A e g EREe] whEkse NOs-N
16cmol/ t & F7F 0.77T2 71 2% NOs-NE:E
7v F7HEFE ol o2& nEEe] NO:-N7}
25T 44E 24897 fEolH, old Wl
o] AEHQ oM e NOs-N 16cmol/ | A&l +

Table 3. Effect of nitrate levels in nutrient solution on
the fruit number, the mean weights of a fruit
and the fruit yield

Nitrate ; Mean weights Fruit
Ml TR ettty ¢ yiddt)
8 24.3+4.23 163.7+16.54 3984610
16 28.7£6.95 151.9+10.55 4356945
24 28.5£4.55 146.3£10.49 4169+423
32 25.0+6.31 135.0+£20.66 33744695




J. KOREAN SOC. 8OIL SCI. FERT. 1396. Vol. 30. No. 1

7k 71 T3 o2 et

H# 3& NO:-No| A=t EvtEe] 2 TR
E 9 3 nAe 9% Jepd 2ol Riet &
&2 NO3s-N 16cmol/ ! A2 F7} 71 ®okes, Fi
RS NO-NEERE7 #nd 558 mlshe 3%
olct. Ffe] BEMS AMeld FERHoRREH A
AtebA NOs-N# 2%%= 8cmol/ ! #7} -37.94kpa,
16cmol/ I F7} -37.96kpa, 24cmol/ ! 77} -
57.7Tkpa, 32cmol/ ! 77} -77.58kpa®| €tk °]<k
o] NOs-No| #Helsxrt S7Hgol whel 2pd$ao|
A 2 goo giEMo] Frlsle] o] A7)t
Ztolzl A 2ol N o] Folsle] M e 4ol
B okt e oA Fi7] Wi Al
& 2). o|Z& Fo] {HEMo] Folxd e
HER e Rel $71ete F2o] $E e v 2l
717} e ko] g, AeE Ao 4L
w2 ¢%erhs Ehret(1986), Mizrahi (1982,
1988)8] His} 2 A8k glct, o] & A= En}
Eol FAA e glolM, FHERMNE NO-NEE
7} 8ecmol/ | 24 FF3A] gout, &R E
16cmol/ ! o] A&tk 2& AAlsta o),

2. LD} RS SEBSTERE 0lAls NO-NETY ¥E
EvtEe] HEH3 NS RIUE Sol st SRl
Bz de olfHu jloy, #iEmse TEEEs}
ol§ G2E2(F §,1991b) FYNDA HRH5 T

Table 4. Effect of nitrate levels in culture solution on
the concentration of inorganic elements in
tomato lamina

FmsEe| A4 Fo2 agch

¥ 45 4952 NO-NB=7} EHhe] F7)d4%
Eof ulXe d%E vebd Blolch o] o]y
& NOs-NA g F&ontet NOs-Net P 2 S¥E7+
Z7Ftsl v, & NOs+-N%E2 32cmol/ [ M 2]l A
t 237 #Asyon pe} SojA & A A He}
A1, CI¥EE NO-NAZFEr} 271848 Holn
o} o]A & o] 24 ¥ FlA NO-Ne=7t #8d&
P9} S9| F471 iiEH 2 Cle NOs-NH 5% &
Aglel F471 Mslgchke 21 & 9ul gt

FH EHpo ol 2 EF NaFEs NO:-NAF
T2} #E€5E 71892, K, Ca, MgHEE NOs-N
AelsErt $2ue gt F716t9 o NOs-NA 25
=7} 24cmol/ { o] B HE& Fole A E P
o, %7} AstE e FEE K) Ca) Mge] €22 3
ot AFEe NOs-N& Bol e &F5+8 F7H71A ¢
(jE 5,1982), NOs-NEE7t A U4 v o
3] =R H7ME Nazte] MRgdERfER & 2
F71 AgEct NasEe 371 NOs-NA2 s=8
ZAsl7] Yste] H71% NaNOs o&e]n}, NO:-NA
2l5=7 21 K, Ca, MgeE7l 32 22 Naite]
TEHUERC) 23 olg fie F57F A=A
olt}, olzlg Aile HFE | 8§ Silberbush &
(1988)2] AFZAzts} 2 Yx5kz Ut

FERRe Fr1daExel] v NO-NA2Exe
4g& E 5o Jetdch #EMFY BolerEE

Table 5. Effect of nitrate levels in culture solution on
the concentration of inorganic elements in
tomato petiole

X Nitrate levels(cmol/ [ ) : Nitrate levels(cmol/ ¢ )
Kinds of element. 8 6 o 2 Kinds of element 8 6 7 2

_________ g/kg e i ik e o g/'kg o o i
N 3.15 3.67 3.50 327 N 219 2.72 2.88 273
NO=N 0.14 0.22 0.32 0.23 NO-N 0.63 1.07 1.26 1.08
K 381 3.88 298 262 K .11 6.35 5.99 483
Ca 487 5.35 5.32 4.27 Ca 2.80 3.05 3.09 264
Mg 0.62 0.64 0.61 0.59 Mg 1.18 1.14 1.14 1.27
Na 0.83 0.88 091 1.26 Na 0.83 1.05 1.12 1.40
7 0.63 0.62 0.75 0.53 P 0.83 0.75 116 1.01
8 1.88 1.9 2.06 1.56 3 0,52 0.56 0.59 0.57
cl 218 1.23 1.04 0.7 C1 47 290 257 1.95
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NO3-N# 2l x=7} F7Hgelnet NOs-N7F Z718ka,
Cle] Zashe ¥idel, Pt Se 9%S HA I
g [Bol L EHAM ) nATA R 1FEY
NO3-N#A g Fel4 NasE7t F7F8tn Kot CasErt
Badtgleny, Mge oA 93 U] sk Hel
29| F54 2lolX Naol K B Cadl F48 #ih
o2 iFEgche A& v Ea(MH §.1963:
#,1987) =lof it

3. ER0[22| 2 A0l olxle NO-NZSE2| g%

ofoll o] EA)8ke AEE9] Clo]l NOs9) F#+8 i
F3lm BRBEANM EHEBRELRY K o5& £
Ashe vhEFE §,1992), Kol Ee Tt £
o] A& NOs-N9| 932 HE3ct 18 28 NOs-N
A2 sErt #E T RS EiEe] & FFl vlAlE
P& ebd Zo|oh, s} RS o] 2FTHS
NO:-NA2 =7 258 NOs2 F7H8tn Cle
Zasigen, S0 NO:-NA2 57t 32cmol/
2 egue F5%c] Rasdn, HPOre 4t 2
23l ZAFge|At. 53 EiRME NOs= CIef &
F2o] NOs-NA 2 5= d8& Bo] wWkedl, oA
< NOs#} Clo] F2 #iffcl] B2 o] EAsh] d&
o Mzbech(ZE F,1991a).

£ Ao e FAA AdtrE Algsiden
NOs-N¥=& 23] #8led NOs+-N F= 8cmol/
| Aol A KCIE Artstlenz ddFe] Crex
7} NOs-N# 25z ute} Y2 edstch. Cr e 4

250
. 200F
% 150f
g OH:POs
5100
5 Osos
g s
50 ¢ 4 HECI
8
ENOs

8- B 4 ¥ 8 16 24 32
Amount of added nitrate({cmol/ ! )
Fig 2. Effect of nitrate on the anion composition in
lamina(L) and petiole(P) of tomato plant

2P oIS IR

Cl Concentration (cmol/kg)

NOs/CI in nutrient solution

Fig 3. Effect of the ratio of nitrate to chloride culture
solution on the chloride ion in lamina(L) and
petiole(P) of tomato plant

Aol JEBENC 2 FE7] il HEAUS] F
Fe FAFe FE FFE ¥ Wol Tedh A
YoM g} o] ddFe) Clreert HRT A2dM
o] &zte| MGEHMIEE Kot A g3bA A Ed7] st
o <fAlFol NOs/CIel vl7h #5 3} ¥Rl Clel
Fo3 vlAE %S 29 30 Uehllo

REHT FERe e 939 NOs/Crirt
F7MES& gadgen], O L P2E EhoM B
o CI8] $=7t £ FifelA o ZA Uyt oA
& A EAS CIETFE FdFe Clex Bilopye
NOs w22 4% 7 tedte A& ov . g2}
A 2 A8 pER(E §.1992)8 A3E FHsE ¢
EEol leiM NOz s} CIre 3% e s 383
te A& geglen, o] Aike AEAuA YR
o F5%E zdsted ol &8s 3tk WU o8 F
ol &9 Foll {pgE ey BAIZE shevtel disiMe
% 2oh A AFHES B e

x| 3

B pie sAAErEe glolA, o]0 HER
#Rir 2 AgA o] TR vlAE 8L 7
stmal w7 e F8 AiYgoz AMgdRslE
NOs-N9| gkl sl AEsHT. EvtE(TVR-2)E
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3% 2490 H4sta FAF 126 Nl & T8
act. el e dEFARFY S EAMRL 2]
NO:-N%% 8, 16, 24, 32cmol/ | H2]T+E 4433,
A4 ¥ 330l FAHIEF 16501, WI==27] 90%90
x5cmell 838 A lsta] Aulsta, AuFarle A2
A& EFH - BEFIZ oEERTRE AEBFS D
¥ mgRE Y - JE sk

ey #iFe] HEFS NO-NF:E/l 58545 5
7} s5Hey, 2ol AEFE NO-N¥E 16cmol/ !
A2 77k 7H wsich AnEgEel oie BHES &
I RS NOs-N¥ = 16cmol/ | A& 77} 71 #3t
i, NOs-N#H 2527} F7hgelnte} golxlon, 32
22 NOs-N%¥E 16cmol/ ! A7} 7H3 @Skl
NOs-Nels=7t Z7bgolna}, g3} HEiRhe] A
ZAA4 NOs-N, Ca ¥ NasE7l $718t928, NOs-N
= 24 % 32cmol/ ! M2]FelM K, P, S % ClE®
7} Zdhe 7 e JeRch

ol 4] Az RE £AMu ErtES] 3UelA NOs-N
o] AF e Y47 ouie} T2y E3ERELlE
8cmol/ | 7}, &Rl = 16cmol/ ! 7} AT A
o2 et 48] fEMEc] 2Frdl vlXe ¥y
%] NOs-N¢| 982 1 Fs=oael thZm, NOs-N
=71 ¢guE F2 0% 222 NOs-Ne=s} &
21 S04 % H:POs 2 IRIEHBIGEZT USich
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