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Growth and Nitrate Assimilation Characteristics of Tomato
Cultivars Grown under Varying Nitrogen Levels

Sunao Kikuchi, Tsuguo Hoshina, Takeshi Kimura, Naomichi Miyaji,
Hiromichi Yamazaki, Yoshiaki Umemiya and Nobuyuki Kijima
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b MIEEARARETH DD, BATIEIN T AR
B =y R E R LT sk 3 i & Ao TR,
VEAHHAE C55.8%, IWHERTT1.5%% GHT\5 (BF3E-
FRERBRGM, 2000). 72, b~ MEgEEHIcBWT
X, BRGNS Loo5b 5 L0, skt mik
D 5 HOBILL RIRKIA & LTS Th B (AR E
AEPERIRZERR, 20056). ik A4 - BREREE TIE, B
NI SAVTNTTE - 724853\ L D EEERE S A & e o
THEY FES, 1990), HALBZREZIZLVBRIET S L,
FrZs S AT HEA T KO I~ L, (5% DR &
RHZEPERMEN TS, FRCERT, 7 BOX
YR IR BT A EE Rt R TH Y, KR
EANERS-2 Tog VA S IR0y (TR w/RS I A tebad) R M AR
b, T=F U ThAHMEMEREERIT, THHICEAE Ihicl
W ORI Lo < BEE~OAMARE N &, Rl
B D RO AR IR T X B AEEHIRS o 5 L,
JEAE 2 A N OHNRAS KR Z L E D, {EH O
JREFZRAEOR EIC X AEREOHENSLETH L.
Ferrref otz X v & FhiH &% T 238 3% <

T Tnadbon (HikS, 1992 ; 4blg, 1991 ; #f
B, 1992 ; &S, 1995), BREIZIST D ShAEEEC,
B coMRIICB VT, EEMARICET S
SRR IOV TIE, TRETIFEAEEEShTIA
mofe. Fiz, TFEOMEEREEE SRR K OMRHHERE 2
RIS 5 2 &%, BRAMAEROM LS, AhuiEhE o
L7 OB - FRICEE TH L0, #RICH N T,
TEEAREZE R DOWLIN « FALIZF 1T B A BRASVE OO Sh TR 2512
ARy IR [ 2 A A

AHFFETIE, AR EAN OBRR~OFIH &, &
REEHF I L 72 A OBRIR - FARICE T 5728, iRz
FITHT D b~ N OAEFRMELR D ONCEEM AR O M
FEfAER L ZOAMEEZ O NS 52 L2 HNE L
7.
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1 ABHIUERRINOSAELE GEER1)
FEARZERITRIT D N EAe D LHEE SN D 9 S fE
(‘June Pink', 'Rianto', 'Early Cascade', 'San Remo/,

'New Yorker', 'Bigset', 'Pioner', &', 'B& v ")
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FHEAL, EFB X OERWIN OGRS Rk 5
SOSZ A Uz, BEIFLBE U7 b~ MR 2 kR B 255
T (7 b)) ITEERL, %200 BICERY LA
HLZT700mLAER Y Ry MBI L. BA7 i
1,500mg-P,0:/L, 450mg-K.O/L& 722 X512y ik
AR KO U O D ERA U, SR Tl
L, 50, 100, 150 (1EATH) mg-N/LOWLIX A F%IT,
B E G 3REL Lz, BEAEAKLRNS, TN
TAENTHRE L, BH%3H BICHEDEEZRLED
THI U7z, BREU 72308, )R\ Ciets,
WE - EERGEAINE L.

2 ZEZRRIN-FEo&FELRE GRER2)

AR 1 OFERITE ST, MEAEE RT3 2 UG 5
ZeoTWe b= M4 &fE (‘BE9 2", 'June Pink', R
ianto’, 'San Remo') # AL, ZEHRWIL - Rk &%)
T A HEAE A IR OB OV TR 2 T o 72, L
TeffaN—IF2T A b - =T 4 MNEARHIZHE
L, 200 IEW Liztk, "N—IF%=2T74 haaB LR
1/10,000a7R » MMIBHL L7z, MifEILER 1 & kO
EL L, FRUEXE L 3KEL Lz, BHI#EKLRNL
AT AENTHIEL, B%30H BITMKE R e
HTERELL, FEEs JOYRERIZER (RHEERE, FIVATE,
RYERE) FRAHE L.

3 THBETEREME(NRA) ORIELEKGIERI)

A1, 2 THWoRTED S b, JEEERITKHT DK
IR, BREMEENRKRES R o TWe 2 ffE (BE
v Z', 'June Pink') MW\ T, fHEEEEREFIIZKD
HHETh DR TRE ) & i U7, f#2F L7z fl 43—
IFX2TA b RN=T A MEGEMICEREL, 20AH
R L=, KEEEAY (30cm X 30cm X 15cm, 7K

F—1  KBHEHLRL
%) RE

NaH,PO,-2H,0 ImM
MgSO,*7H,0 ImM
CaCl,*2H,0 2mM
Fe-EDTA 50uM
H;BO, 49uM
MnSO,-5H,0 SuM
ZnS0O,7H,0 0.77uM
CuSO,*5H,0 0.2uM

(NHy)6Mo;0,4°-H,O

BRIEEDFRITIZKNO,ENaNOZ LY,
N7 LlEAmMELED & SITKCITHRZEL 1=

pHIZ6.51Z5H%

0.016uM

BHE S L, 9fRK ) ~BRE L7z, BB (K
WHFCITV, =7 AR 7T A b — & ORI
K[EATo 2. AHRRIFERL G 2 2B IR L (-
1). 20H M TlHfks: Lo, 4amMOHBEEREZ &
TeEHlc A L (FR—2), 24RHEICHEMIA A 3 (8K
FTORM UL, BB LSO LB O —,
NRAM@EIZHE L, 0 IXEEFE R EMmEEREE
OREICHN . BRI 7 AENT, AHHIA TXS
E (HRI128H, SOR : BI#25°C - IFH120°C, DuimEs
00 u mol-m*-s") TIr-o7=.

4 THERREERWINICEH T S4AESFMOLER G

E4)

= h2ffE (‘B8E0 2, 'June Pink') #/3—3 %=
FTA b N—T 4 MEAEHICHEEL, V7 RAENT
20 HFAEE R, ARBREOS RS~ L, B3 & Rk
DI ETKIRIEZAT - 72, KHERIEIIA LGB EANT
1TV, 14 H BT lR sk Licte, MEEFKBHER T2 A
FeBE L7z (R—2). MEREERWIUEMEOFER LU
THIRREZE RN - i~ OB 2 AT D72, fHRRE
ZEFRIRE N L 70 B K HHIE T4 R ATALEL 21T > 7214,
HE HKBHEIZRE L, R RIN (net uptake,
influx) MRS KO (efflux) W2 HIE L.

*knet uptake=influx-efflux

a influx® &R E REOEEHT
T IATE 28 24 2 0. 1mM D K HHIE THIALEE 21T\,

F— 2 KPHEASHRA Y 2 —L
HER3
KB RRICHEHE
F23:4V/8 AERE
1/2REK# R (EER) 28/

4R (2AZEITRKIR)
8HM(2A T &ITXKHR)

ZAE K HHR (0.1mM NO; )
ZAEKHHR (1ImM NO3 )

|EFRKHR KJ=]i]

IR ER K A 25 | CFEHE

ER4

KR RRICHEAE
1/2REKBR(BEER) 28/
Z#E KR (0.1mM NO, ) 108 (2B &I H#r)
WmEFRKHR 28
AL IR FOK %R 18/

a:0.1mM NO;

b:0, 0.1, 1, 4 mM NO;~

c:0, 4, 10, 20 mM NO~

d:0, 1, 4, 10 mM NO;
R ARG BR PR JK 7S 2R (SR 4B
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MEMEZE RN 2 5K L 7=k, "N TR Loideies 5
(99.2atom%) TO0.01~10mM T Ji# £ % 3% L 7= KBk
B L7 (200mLE =47 7 A=, KBHE200mL, 1
a5 ds, AL 3 KE, BLTb, ¢, dbRE). &
HBA A6 % 3 IFMHI H ok o HE SRR E L2 [E L,
influxHEZFH L7z, 1 mMAMOKmE & VmaxfE
IZLineweaver-Burkik|Z & » THHE L 7=,

b net uptakelZRIZTHBEEREEOEZE

THIARE % IR L 0 72 7K BkHK (0, 0.1, 1, 4mM)
THIAE L, 1mM & 4mMOFEIEIERE % % & Lo /K FHEIC
B U7, PR %4 B £ T30 2 LIkl % 2
mL3S8[L, 14> rue~br77 (RY—, IC-
8020) THHMREERIRE AL WE L, MHEEMEER DM
) Bnet uptaked i E 2R H L=,

c influXICRIFTKMBHBREZREEOLE

TISBATEZE RILIE0, 4, 10, 20mMDKBHE CRILERZTT -
7otk CNEERRAERRE AR TR L2 AKBEHR (4nM) (2B
R U 7=, JUBRBHAARL 3R] B O R 1A 0> %8 SR 2
EL, influxdEZRH LK.

d effluXICRIZTKBBREREZREEDEE

EEEREZE A0, 1, 4, 10mMOD/KBHE TR AT -
7et%, effluxifllE KRR Lz, ef fluxdPE,
Aslam® (1994) D FiEEZBITITV, ef fluxillE K
HRRICIE, ARBRRIC R S 7= iR AR 22 35 O RN 2 [
Cz®, 1mMOARHBREBERZ N 7. LB ARHH
F T30 T L CKBREE 2nl T ORL, A4 e
N7 T 7 CARBHROMEERE S RIRE 2 JE L, mlERes
FDef fluxilifE 2 HH L7,

5 SAE
a REXRETE

1
#%, 0.5g% % U FMEBE—mIRAKRELE (T=v 7%k
) Ik o TIRASMEL, 50mLIZER LT-. DR D%
GEREINE—VEREIC LS THEL, fEmikdo
ERGREREH L.

b WMEIZEREE

PRE L7 skt (k) #JLEeRTHEEML, 99.5%
T & ) —n50mLEMZ, R A ELE K Lz, 70
COBWH T30 WAEL, 10,000GT105 iz L5 Bk

Licth, kRiEEEIR L. LEE =%/ —110mLTH
WL, HEELOBER, RikEEIR L. REEabt
TRr—% J—TNR b— 4 —CIJE L E L=k, MK
THIREM L, 26mLIZER L7-. RGO BE e = 5
AKX a~ N7 THET D EEbIZ, JHREE T
SV TBBCR VN, TAE VR TERE &
ZRE Uiz, ZOENHHIRIEE RS fx 72 LW icfE
EAERERR G R L L, MhbsaE b Ak 7k T

R
AL TEHRGRZNEL, NABERGRLLL.

c NRA
TR A E U 7 R RO I S bl H IR TR (5

mM EDTA, 1mM A7 A, 1% A E=1EH
URYy, 2% H¥A2 [ 26mM VU gAY w7 AFETE

W pH7.7) %N TIEATEM L7z, WK% 10,000
GT155Mim LB L, EiEEMBRIRE Lz, i
TEIXIKIR =N (4°C) TfT-o72. HIBEEHK0.2mL, 20mM
il U 7 40.2mL, 2mM NADH 0.5mL, 100mM
U g Uy MEfENR (pH7.5) 0.5mL, 0.1mM FAD
0.2mL, Bi¥E/K0.4mLEIEA L, 30°CICHRE LY +—
A — /N AN TI5y MEE %, ARk U7 iy e 2 KR
JEaANT 7 =T IR a-FT7FNAT I UETHRE
Fg®L, NRAZRH L=,

d EERM

T PR} 2 300 SR L B TRt L, o L 72 %%,
ANCA-MS (Europa Scientific Co.) # W CHE%EH
REBLORERREZNEL, Zi5 O HEEE
S RPINHE %R 7.

m #% B

1 ABFHIUERRINOSAELE GER1)

b~ M OEYEIITAFERESRD S, &b
sl & g ARV RO M O ZEIT1.6~ 25 &£ 7o
7= (=1 A). 150mg/LIXTi¥, 'San Remo', Pioner',
'BLEY TAEBFMNEL T, 'June Pink'& Rianto' I
oo S fE & R TH - T2, 50mg/LIX T, 'BED
W BEFNEL, 'June Pink' DM ik bAEB N 72,
ERTEICBWTY, WWEITEZTHE Tl ol
HOD, KAKLMEDENRRD BT (M—1B).

FEAEDMBIZINT, ERMARIIE U TEHRE
ENEINL7-02% L, 'Early Cascade', 'San Remo',
'Bigset', 'Pioner', & TL, ZEHiHREOBIMES
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THEFENEM L2, 'New Yorker'&'H &0 27,
100mg/LIX T % 150mg/LIX L 1ZIZREDOEE LR L,
‘June Pink'& 'Rianto'ld, 100mg/LX Thet BT/ AEE
BRI E, BREBELIIRRLIUSEFRTZENRAS
MmE7polz.

WMEEERG R TRLT, ERWILERHIZ Oy
R E LTHEHLZE Z A, 'June Pink'#BR %,
EFRMAENLNE ETWAERENFRITRL ool (K-
1 C). 'San Remo'&L'i5E 0 2%, EOMBEKIZEN
T, fsndfd & A TREWAEFEN =D 5 < 72 DA 2 7~
L7z,

PUEOFRERLIY, EOBRXIZIN T b iz E R H
NEL, AELRFZ2MHEL L TBEY 2%, wWE

FEZIRITm VA, AFICBWTHIEEREEIC L3 E%
ZAFRLTVERFE & L C'San Remo'%, FoW)AEFESNR &
ABENERIIRWEN 2R TR E LT, 'June Pink'
L 'Rianto'Z i8R L, RER2IZHF L7z,

2 ZEZRWI-RHiEDmELE GRE&2)

"B ED 2L 'San Remo' 1 fit AR & O HE I £~ THrfie
FHHAN L7223, 'June Pink'® Rianto' Tl3100mg/LIX.
N b <, 150mg/LIX TiZ100mg/LIX L0 H{EF L
72 (M—2). 28HAFEE, SEEOZETNS»oT
2, BEY MO RFEL YD LA EWVEE R L
2. ¥, ETCOMETHEEZRZEOHINCEST, &
EREGEITHINL, MEEEESRbRBEROBENZ R L.

AR E B:{EMAEREE
57 100
%47 g 80
o 2
3 = 60
et ]
| 4
2] # 40|
il
1 20-]
0 o
1t 2 3 4 5 6 1 8 9 12 3 4 5 6 7 8 9
RiE i
“Toamzans
CRMEEAT ERWEE (/) R
Eﬂ 807 1.June Pink
Eﬂ D 50 2:Rianto
o 60 3.Early Cascade
ﬁ 4.San Remo
k 5.New Yorker
%: 40 D 100 6.Bigset
] 7.Pioner
£ 50| 8342
- 150 92.B5EYC
0 T=sE
t 2 3 4 5 6 1 8 9
RiE
—1 b~ MHOEE, EFRBIN, EFRBINES -V ORI EEFIZBT 2 W FEHR 228
80 —20 . BB
[] =
~ 60 —15
ki I ~ A
— — N
£ = [ 2
mlml 40— =10 ||m|.|
4 7
o R e gmE
B
20 -5
1=SE
0 T T T T T T T T I I . 0
50 100 150 50 100 150 50 100 150 50 100 150
BEYZ June Pink Rianto San Remo
M—2 b~ MaOEFSLOIEREREE RO GFER =R
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25 80
o 2R
20 f(x) = 0.180x + 6.86 ~ 60
ift\ R?=0.777 3§
>° e RLEHR \%,D
Bl % hEE 1 40
# fx) = 0.294x + 3.32 =
R? = 0.894 h
10 {nﬂzo,
5 T T T T T T o T T T T
10 20 30 40 50 60 70 80 0 20 40 60 80 100
ZREENme ) 2R 1% B5RE (hr)
e s . o sis o i 2E% R{EE :
—eo— June Pink —o— June Pink
FIATEE AT 'L, MOTBEOER & A THd TR X—4 #%EF% - FLERSEOHINEOHER
= Se N N ko ] éy‘» [ % :3 -~ H E
<, HEIEZEFHROBNNC & 0 oS B BaRH B hE b HIBIRIERS I T £ LT
OO, WOPEITHLT N ThoTz., RNEREEZRITBLEY
Z', 'San Remo' TS EDHAN L - THIIN L 7223, 4). £, AfEFEEL'BEY 2 0oFR

‘June Pink'& 'Rianto' TiE100mg/LIX & 150mg/LX & D

EITBOONeh otz REFATELFEESREGE (W]
WHEZE R L AN IBER OR) LT & OB &~ T
L5, FMbERLOMENRE, ERRNE (REHR
GHE) L0 LRIL SN ERBOT BEFT~OHERK
TWHIREME S R S (M —3).

3 MWHEETERIMORELER GIE&S3)
4 mMOTisEHe2E 2 Gt /KBHE TRUE L7 b~ b
LEEEET, 'BEY I OFRERICIEHERL,

'June Pink'J: Y iHEEREEZOWIMENR Lo (X —

‘June Pink' & HARTESHER LI Z LD, WIRLTE
HIBREEROBITE DLWV LRI, HICBIT S
NRAIE, WifhfEe & EH L7, '"BE Y 'O HANRA
O LFEENE <, 24FH B L&Y June Pink' kY
NRAFHIZEm HERB L7z (M—5). IRONRAIF24HF
E1H TIX, 'June Pink'® 73 m W EMEZ R L7-723, 48
IREH H LA XA fe 7 S 221G 0 b e hr o 7e.

4 THERREZEZRWMINICEAT 2EEESFMOLE REk4)
a influx® RIGEE SR
'BEY 2B L June Pink'l2H1F50.01mM» 5 1

NRA(nitrite n mol / g FW. /min)

07 T T T T
0 24 48 72 96 0 24 48 72 96
ALER % BFRE (hr)
—& HEYZ —e— June Pink I1=SE

X—5

~ = b B OE L RITIS T D MEHRIE TSR TEME O ik



114 PSRRI e 8
mM F TO#HiPH O HEERE 2 Finflux!X, Michaelis-Ment b net uptakelZRIFT K REBREEZREEDEE
enUZH TITE D Z &R N (M—6 A). 1 mM OB HE2E 3% Dnet uptakeld, WSLFE L & Al

fE1Z'June Pink'® 723K <, BB

Vmaxfii$'is &0 2 OF01339% w0 2

E

Fefie s FRinflux b,
&

D, HEHRENZD

LMo 7273,
LR ENTE.
1 mMEL EoREH (LATSHEIR) (Z351) 51
BEY I OFRERIZEVVE E e
EaREhic (BM—6B).

LB EEE O mM & X T, 0.1mM® 523 &
(BM—7A, B).

uptakelI{E T L7z,
FEAEENRDS TN,
D Z'®J hnet uptakelXFmo o 7.

20
A ImMRE
°
15 e
.
] A
10+ z a x

‘BEDT’ :Km = 0.158mM
I Vmax = 21.9 ¢ mol/g root FW./h
‘June Pink’ :Km = 0.119mM
Vmax = 15.7 £ mol/g root F.W./h

TEEERE = Finflux (U mol/g root FW/h)

B: ImMELE

‘BENT :(x) =0.5718x + 14.25
R?=07373

“June Pink’ :f(x) = 0.2002x + 14.04
R? = 0.3975

07 T T T T T T T T T T T T T T T T 1
0 01 02 03 04 05 06 07 08 090 1 2 3 4 5 6 7 8 9 10
KR PIHEEEREE(MM)
o ‘BEYZ’ a4 ‘June Pink’ 1=SE
X—6 = FoinfluxiZEB 25 MR 2= R
_. 60 60— ,
= A BEYZ B: ‘June Pink
B 50 RUREAEBR K BRI ERIRE 1mM ® s 50 IRURERERK BRI BR AR B R RS 1mM
2 & O 7
® 40 ® o 2 40
2 ® O e
£ o0 ] L]
£ 30 s 5 NEES s 2o
B a s £ ® 5
n [ ] |
3 o B CE ° _
7%
; 104 @ & £~ s *| S 104 e © : & z
< g %= * S ° L4 g & &
# o s &% = 2 om % &
w4 .‘};-'
£ 10 Z 10
2
-20 T T T T -20 T T T T
0 50 100 150 200 250 0 50 100 150 200 250
Time(min) Time(min)
_. 60 — 60
= C:‘BEYC D: ‘June Pink’
5 50 ARG BR K B R TH B B R RIRE 4mM s 50 ARG BR K SRR RIRE 4mM
o o }
= 40 ? % g 407 % i %
£ | o _
2 30 é E 30
0]
3 20 3 é = 20 % é )
> | = 'Y x |1 ©
5 10 o 8 2 F 3 g 10 % %
" | ]
‘éﬁq of g om
& £ x
210 Z-10 = kK & %
& + « *
-20 T T T T -20 T T T T
0 50 100 150 200 250 0 50 100 150 200 250
Time(min) Time(min)
R KRB EEREE (mM)
o 0 e 0.1 | A 4 I=SE
X—7 b~ N Onet uptakelZIS i) 5 RiLLERREELHE 42 BRI D2

<7go7=

BB E N X 5125 < 72 D & net
BTALPEIEE 4 mM i, WAL IE
F LSO REE T,

'BE
4 mMO i BRRE 22
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5 Onet uptakeld, RILFEEA O mM & 0.1mM T,
WD AT & A ERRBO LRI TS, AL
MRERERBENES 2D L, 'BED Z L AT June
Pink' (I K& <AEF L, FRICATALERE 4 mM T T2
HLhotz (—7C, D).
influxICRIFT KM RIEREZERREDEE

4 mMBEIZH T DinfluxiZxtd 5, ATLEEOHEERE

C

ERBEEOXEBERE LA, 'BED ', 'June
Pink' & & RTABIRE OREL, ZEAERDLAT

(M—8 A, B), ¥i2'June Pink'TIZ, HAiALERODAYNE

—ﬁ‘lﬁv’c‘ﬂ:ﬁ

REZE HIRE D FHIZ X Ainflux DK FIZERD b o
7.
d effluxICRIEFTKBIRHEBEZEREENDELE

effluxi¥, ATALERJREOMM Cix, WMdhfE L & LBERH
B1%30% H BARRIZIZ & A EEA —E T, mfEMOEDS
ROLNRMoT (=9 A, B). ZOMOFTLER
FETIE, 'June Pink'® FN' B E D 210 b AT HE N

Mz L, midhfE e b AR R Y & < 72 5 1% Leffl
uxlEFm < 2o 7273, 'June Pink'® 53N OEE A &
<, ERREL Ipotz. Eio, WHBRAAH120% B LUK
effluxiTiZ & A EHIM U e o 7278, i BRE £ 10mM
?'June Pink'® A, 12057 B LA & efflux 23 {09~ 5 ftH
%R L7z,

=

I\

TEM O ER BN 2 AF ML, MR L > TR
RHZEFELMOENT VDA, BRITE T 2 Mm%
DWW THEHNC R S N7 flid Zev. HAF S (1996)
L, Fv V10 FRIZ OV TR B A2 1TV, IR
FOERWINUZ BT DR EFR I TRT D50,  ShffE
WCEWRELL BB tEHLMNILTNS, 2, 2
7k 5 (2000) %, b~ hOF1&HR L OE E MR
FRIZOWT, IXERZE DO 2 i EEE 15t
THRONEFA L, IE - B - BRI MR E R
HHND T EEHLMTLTWD. AT 5 ks

Cegpaaey = . .
14 A 'BEYZ 4 B: "June Pink
3 1.2 ©12]
e °1
R 1 R 1
= 08 08
S 06 206
S 0.4 S 0.4
= =
E 02 0.2
o o
0 0
ALK R EBREEREE (mM)
(o 4 410 W20 T-s
K—8 b~ hOinfluxiZI T 2 AT ALBERYELRE 22 R R FE DL 2L
3 - 3
ABEYZ B: ‘June Pink’ } }
g g % N
3 A * x & x z| 8 i’ Z L & &
2 « & = » =2 s 28 4, 5
N ® o e 3 & = @ .
o pAY . o
£ 'y | £ 5
2| @ s | =
5 3
51 51
3 3
o o O o g o o 0O N
z °l = o © % o g ° 45 o0
o® T T T T o® T T T T
0 50 100 150 200 250 0 50 100 150 200 250
Time(min) Time(min)
BILIEKHRIHBE RE R KB E (mM)
o0 e 1 A 4 A 10 1=SE
K—9 k= hOeffluxiZis i) 2 ATALELEIEHE 22 SRR E DR
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REBTH, Fv b 9OREOEOAE & ERWICRIC IS
7p SR ZENGR O AL, FERERIIKIT ARG B
ZEWRENE (KM—1). ZhbomfER 2=, %%
Wz 3510 A il 227200 T <, BIRLTEERHT2 Y
DR AEPENEN R TR D 2 L), EFRIGOZE
I L TWAZ LA RBEINT. ARBRTIIERE
Wiz THEF L7228, 7 v = 7 BEAE 35130 3 P C ol
RN END T, K5 D EEETE % 3R D JE TN
SN EHEIND. WIS IR EFRIL, Wik
HCE I, TRMNIRERER, T BT IRER AR
%, T BSOS 8y By ERIR ORI E A~ L TR
fbsh . FHEEREEE R O RbIT O — R A4 Rk RE 2 X
BT 5HERKERDO 1 > THDHET T, NEEME
ERETLIHERERRTTHD (FFH, 1996) Z &b,
eI DEFR G RAZHIE L, EREICEIT 5 MR
WCOWTHRAE L. ZOfER, ol asaEald
MAREDOZELIZH IS L T =DIIx L, RAREERG &
IEAFEIC LY RE SRR, B EOBEm & 1FIFHFLL
fpode (M—2). Fio, FffFEE, SRR (
Fowm) Lo bEbER (TEEBHAERE) &M
WP D (M—3), EFEWINESHT-Y O
WIREPERN R E AR OGICENE U B E LT, EHE%
INFETZT T <, ERFULRE) O TR 22K X < 2
LTWD e sy, HanEns2o00HHE, BE
D Z'&'June Pink'Z HWTC, A#EESRBRIC L V=R
WS« [RMEIZ 30T 2 AL PRV 2 BRI Ll L7z & 2
5, '"BEY ZNE, ‘June Pink'kX vt AEEEAEAE SR O ILIL
BREWET TR, BIRL-MEBEZROREEL &
WIZERH LN E ol (M—4). EEE ThEH
(NR) T & D& TTIL, HEREEFZORIICET
HEEBRETHY, HEBEEREIICBE TR b B,
SIS TH5 (), 1998). ZZ T, NRAIZDWTHd
FOEFRFLRE L OBEZFIN L 25, WREEFED
FEEA VI &0 2 OEICKIT HNRAE, b
K\WWJune Pink'L 0 @ <#EEL (M—5), NRAIZ
EREULICBW TR ZENAT 2 ERO—>2 L7805 T
W5 EHEE S LTz,

Ry MEREFRBROAKBERE BRI\ T, sl O
&'June Pink'OEHRGEICIIRERERH O, MfEsE
FIHT ARG Brp > Tz, BHWIEET, BA
OFRFEIZLAH LD &, AFNRERICELZbONEXD
, HHEDH (1996) 1%, FrXVICBTHERRLINO
ERFEEIZELS, HRROGREOEWAE L T\ D Atz
L TWD. A0, KEEBRIC X > TIROFEREL A

=
=
=

L

B

Liz& A, '"8ED 2 June Pink'& TR E mFE
DREVEBARALNIZH OO0, JEEEM AR OIE T
PR RE L, MfEORMERREZWIN & OB X T
minots (F—20) . KRBEE: & EREEE TIE, RR
IAARCIRIEREDFFOBIRMNF 2 D L HEE S LD 3, Din
< & BB RBRICI T 58 £ 0 2 ORI EE
DS, ARECIRIZEBOENIL DO TR, 4
BN 72 RO FREMEN @ W EHEE S LD 720, EFRWIN
FRPEIC DWW TR 2RI O MG 24T o 7. AE IR
BBERZWIN (nflux) 35 & & b2, RS KT
(efflux) LTV, influx)»beffluxz 2 L5\ b D
DMK IAEN D IHIEREZE & (net uptake)
L. M D R 2 Rinflux ORI HHEE T,
HE421mMEL T TldMichaelis-Mentenz T & 41 5 Hh##
%~ HATS (High affinity transport system), %
AL L OWREECTIE, MHERREE R I Ip] L B A
K3 LATS (Low affinity transport system) (Z[X 5]
Snd CRE, 2003). HATSICE L CiX, A4 LFR
A FIZHB W TKmE TR &2 FREH A fl i 2203
BOLNDZ L (ERI, 1992 ; Hasegawa ©5,1994),
EFRIT DEFRISNRRD T Z D250 S FlREH T
Kmfl & VmaxfBIZ AR RDO L5 2 & (Aslam b,
1997) ARENTEY, MERREZE R WIERE OH ) O
EROMHDFEOMFMERZH L NTT L7201,
HATSHB L ULATSIZ oW T'B E D Z' L' June Pink'®
ez T -7, b= MZBW T H 2o DRI A FTE
THIERRESIN TS (Lauter s, 1996), A
ZRIZBWTY, 'B8EY 2 & June Pink' T1mMf)ir %
B, S DWINEIE DM EET D 2 LR S L (-
6). F7-, HATSIZ2\»TMichaelis-MentenziZ 1 ¥
it Li=& 25, 2200 MFEOKmfE & Vmax {2228 %
HZENREIN, KmEIX'BEY 2 0FNEL, EE
BFEIC R T 2RO DR o Tob DD, '8
ED I Vmaxflind @ <, FZLATSIZE W T W IE
ERFEL, HELRESWIENHBNERD, FBIC
EWERWIRFEN 2 R>Z Envmani (K—6).
HATSIZIZ G IO iR HE % 38 Cif s S L 5 B8 MEHA
TS & W RRAHATS S /FAE L, 5 EMEHATSIE, Hio
HEEREEERIC K> Cg &, MMIENDT I/ RIZ K>
THIHRIICHIE S D 2 ERMBNTEY, ZOHIEIIX
MIRE D A A4 > F + L (Nitrate transporter:NRT)
BIAFOBETEE L OEGEHO LV TERA LTS Z L
DY LML oTWD (R, 2003). LATSIZ DWW T
%, ERES 2 WIERMBOMBEEFRUMEIZL - T,
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Ml s (Siddigis, 1989 ; Kronzucker s, 1995 ;
Cerezon, 2000) & OEBRFERNG, WK EERE
EHRRENT Ko THRIANCHIE S 2 EHEE S LTV S,
F7, effluxiZBILTH, A LFEHWRRT, eff
luxDNFEETHD 2 L, RNAL X UV RT GE L
T 5T EMIREN, RN OHEERE S SRR L O RE T A8
Wb TWDH I ENRRBEINTVD (Aslam b,
1996). ATLELZ AV A5OSR RE S RIRE 24 %,
net uptake~ R HLH R HE 42 IR IE D RBE L TR
&2 A, AL 1 mMEL EIZ7: 5 EHATSE LY
LATSIZ$1F D net uptakelZ{X F L, $#i2'June Pink'
OLATSIZEBIF 2IETHREZFE L~ (K— 7). net upt
ake DL TIE, influx®DIRT, & U < idefflux AN X
HHOEHEEI NN, influxiZE W CIE,  RTALER R E
DEFICEDETARDENT (X —8), AR
O EFIZHE D efflux ENNE, 'June Pink'® J7 23 BE
ThoteZl Enb (K—9), Kt OMiEiEERRE 2
B < MERF S D RMETIE, "B LY 20 Y573 June Pink'
£ 0 HeffluxH K<, net uptaken’'June Pink'L YV %
E@< 7D LD, MEERRERWIGHRIZEN AU DRI
Lo TnD L. '"B&E Y Z'd'June Pink'&
BEASNRAD & <, HEEREEE R DR ITHE I T2 0,
RNOEIEREERIREN R EVIC L, HBEERRE
TR B 72 OeffluxHd'June Pink' L Y K<, FF
\ZHHEAREE RS B WG T, ZOENEE T o7z L
ES, ZRRERFMETTO, '"BLEY T ORERA
BILHG LTS Z EARE Sz,

AWFFETIE, NI DRt A ISR A 21T -
7ens, BIEICRBWTRBIMER L725ETh, 'BLY
Z'%, 'June Pink'&l @, AEFH, @ERWINE S Bk
B ZE L TE<HERT 270 8, SifilcisT 2 EE
AWM o CTHERF S D Z & D3 ST
BY (D, 1999), Hhi OERWINEE N L UER
F{LRE 1A, ERFIFDROE O BFEORIKIEIE & 725
ATREMEDS R STz, A1k, Mia L~V O rglE e R Eh R
X, MEEREE BWINCE LR ElTon T, BB L~V T
OHIEBENEEZEIT 5 Z Ll kv, ERFFABEOEN
BRFEDER - FRA~D G E N HIFTE 5.

V & =

b~ k9 FEZER HERIRE (50,100, 150mg-N/L)
THEF LTz 2 A, MOAE & EBWIGEIZEE /e fhfE
MZEDSED LI, MERERICKT ARG b 8252 &n

IRENTZ. D OMERIZEE, WINLZERHZY D
HEW R PERN RN SR TR0 D T &A%, AEE RIS D 7R
IR L TV D Z LRI STz, WEMEPEN R
LTS LHEE SN D ERFICOWTRAE Lz L 25,
I b & OB S <, EHROWIN =TT
TR, W L2 EHRORILEE N SR TRR Y, =
TN 7= 0 ORERERN R L ARG DL 72> T
WD EAURRE T, HIANRRD 20D MM, B
LY 2 June Pink'Z HWTHRFI L7 24, 'B
EY 2L, 'June Pink' KV & iHEAREEE 3 O W &) &)
<, BN L7-mdigie R oMb E L MW 2 LB B e
Zpoto. WEEETTHEIENE (NRA) 2DV Tl dafE o>
EHRFEMLRE) & DB ZFIRIZE 25, "BED Z'DHE
(2317 HNRAIZ, 'June Pink'k Y Hm<HEB L, NRA
DFENZE R FLRENC B W TR FEMZEN AT 5 ER O —
DERoTWD EHEES L.

THBRHE 28 BRI (S DUV TR 22 2> DR 21T
V), 'High affinity transport system (HATS) (Z-2\»
TMichaelis-Menten=UZ L Vi@ L7z & 2 A, 220
mEOKmE & VmaxfBIZZENH 5 Z LRSSz, '8
LY 2 FVmaxfEn | <, F7/-Low affinity transport
system (LATS) (ZBWTHWIGERENE <, o
BEHLRENZ ENG, ABEPICEWERWINGE ) &+
S EMIRENTZ. net uptake, influx, effluxiZ*f4
DB P IR TE S SRR DR A TR T2 L T A, B
OB EBEREEN 1ImMEL Ei272 2% L HATSE L O
LATSIZ$1) A net uptakeME T L, #5lZ'June Pink'
BT DIERTRE L7, influxiZIBWTIE, AijLEE
WEO EFIC LA TAED LT, ATELRED E5F
WZPE D efflux D #EANIE, 'June Pink'® RN BHE TH -
7o TNDORERDD, BEHUR O REERE 03 5 < HERF S
N55ETIE, " BEY 'O F R June Pink' L0 b
efflux 723 <, net uptake?’'June Pink'L Y & =< 722
DI EN, HEREERWINENRIZENE T DHIN & 7o
TWD RSN,

'BED Z'F June Pink' & SNRADE <, HEERE
ERDOBEITREI D@2, (KN OREFARESE RIREE A &

DIZ< <, HfRREaE RIRE 2 TS 5 72 O Oefflux
‘June Pink' LY HRWEHEE ST, FRICHBEIE S R
IRENE W T, TOENEFIC T L HEES
, ZEEREZRFMATTOBEY 2 ORERERICH
HLTWAZ LRI
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Growth and Nitrate Assimilation Characteristics of Tomato
Cultivars Grown under Varying Nitrogen Levels

Sunao Kikuchi, Tsuguo Hoshina, Takeshi Kimura, Naomichi Miyaji,
Hiromichi Yamazaki, Yoshiaki Umemiya and Nobuyuki Kijima

Summary

Growth and nitrogen content were different among nine tomato cultivars grown under three
nitrogen levels (50,100,150 mg-N/L). Applied nitrogen efficiency to growth was highest in
'Odoriko’, and lowest in 'June Pink'. It was suggested that the difference in tomato growth was
influenced not only by the difference of nitrogen uptake but also the difference of nitrogen
efficiency ratio (dry weight per nitrogen content). A positive correlation between the tomato
growth and the content of assimilated nitrogen was observed. Therefore, it was suggested that
the ability of nitrogen assimilation was different among the cultivars, and that the difference in
ability of nitrogen assimilation influenced the difference in the nitrogen efficiency ratio and
growth.

We compared 'Odoriko’ and 'June Pink' for nitrate (NO; ) reduction, which is the most
important step in nitrogen assimilation. It was shown that there were differences of nitrate
reductase (NR) activity and rate of nitrate assimilation between the two cultivars.

We analyzed the kinetic properties of NO; influx on high/low-affinity transport systems
(HATS and LATS), and on the responses of net uptake, influx and efflux to external NO; of
pretreatments on LATS to clarify the NO:; uptake characteristics of the two cultivars. The
Vmax value on HATS and the slope of influx on LATS in 'Odoriko' were higher than in 'June
Pink'. These results suggested that 'Odoriko' had a greater ability of NO; influx.

The rates of decline on net uptake were different between the two cultivars in the
experiment for analysis of the effects of pretreatment to NO; net uptake on LATS. The rate of
net uptake declined remarkably on 'June Pink' more than on 'Odoriko', especially in the 4 mM
NO;  treatment. In order to clarify the mechanism for the deference in the effect on net uptake,
we analyzed the effects of pretreatment to influx and efflux. The decline of influx on LATS was
not shown in either cultivar. On the other hand, the efflux rates of 'June Pink' were higher than
of 'Odoriko' in each of the treatments, and the differences in the efflux rate were extended with
increased NO; concentration in the pretreatments. These results indicated that the higher
efficiency of NO; -N utilization on 'Odoriko’' was due to the lower efflux rate and the higher net
uptake with high external NO: levels. It was presumed that higher NR activity and ability of
nitrate reduction on 'Odoriko' caused the lower efflux on 'Odoriko' , and the extending of the

difference on efflux at higher external NO; levels.
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