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Studies on the Accumulation of Nitrate in

Horticultural Products - IV

1 Effects of the Level of Nitrogen Fertilizer and of the
Additional Fertilizaton of Nitrogen on the Accumulation
of Nitrate in Tomato Fruit

Masanor:r Mivak:, Szinzo Kunisato, Sence Miva, SHIN IsHIKAWA,
Yosartomo Iwamoto, Takeo Kipa, Kazuo Yasuucui, Masaru WAKAsA,
HacHiro Sucinara, and IsTuro Mauzuwui,

In order to find the factors influencing nitrate accumulation in tomato fruit, the
level of nitrogen fertilizer and the additional fertilization of nitrogen were investigated.

The results obtained are:

1) NO’3-N more than 5ppm was detected in red ripe fruit grown on high level of
nitrate in winter, but not necessarily in summer. (Table 1, 2)

2) Nirate absorption by tomato planis was significant when those were grown on
high level of nirate, and nitrate content was found to be appreciable in green muture
fruit and petiocls but not necessarily in the red ripe fruit. (Table 3,4)

3) Appreciable amount of nitrate was detected in the red ripe fruit grown with
additional fertilization of nitrogen on the field. Remarkable accumulation of nitrate
was also caused on sand culture with modified additional fertilization that level of nitrate
was raised with intervals. (Table 4, 6)
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NO’s-N OBB AR AR O RSN ERE L.
—HBHEEHERPONECOEBER AR VR -LRIBERTC B8 ES NS, BEAED
ILEXREHOEEICHELTHEE, BEROVTOZL OHES.18).0) hekyp, BHOKESR
DT EEFED NO's-N BT 2L 0bh T3, ULHALRED NO's-N &L 8
BELEO. TLEFELOHEY D CRELMIEEEEED NO's-N ZH1E & OBERREO K
MEM o7, ABRER P FRED NO's-N FHBL12T SE£HFEE S SLBFEOEBITON
TIBTENSOIFIL LT TRHEL-EDTH 3.

? XBRFE

2-1 X8, AS5RERy FERIE (1961FE%3FE)

TRAUNEEEL, 8A23AFEML:. 3BIEHLE L.
PERE R B AR AR

N210, P31, K234, Ca200, Mg48, Fe1.8, B0.5, Mn 0.5 Mo 0.05, Zn 0.05, Cu 0.02
ppm (Ni23<T NO'3-N ¢hHz 1)
R B R

NO's-N EIEBED BE8EA D1 DKRD NO's-N BEK% %7, 70ppm, 140 ppm, 210
ppm. 280 ppm, 210-—70ppm (% 1 BIEEF | FEMIER 70 ppm €7 5), 210—~T70ppm (¥
SBILES | BIEBATEHR 70ppm K3 3), 2102420 ppm (BHEEO | FEMLT Ak L BEO
% 420ppm T 5. EBREOEEES 5720).

2-2 X8, A5RERy FHHEHIE (1900FEFF)

3ASHEMEL, 4BMAEMLL.
EHERRER

rRERL
X2 R K

NO’s-N HifBBE L NO'-NBROEEES 50O 3 KE#FiF /2. NO;s-N 210 ppm, 840
ppm, 105=210=840 ppm ( | FIEDBATEE T | BREHEIC 105ppm & 210ppm THEL, B
£ 1 BRj4EiIC 840 ppm & 210 ppm THESB)

2-3 HI1310, #5XERy FOEE (1968FEEF, £3F)

HF22A27T8BE L4 ALIBERLU. A28 A100BEL, 9B 4 HFERL.

N 140, P21, K157, Ca134, Mg32, Fel.8, B0.5, Mn 0.5 Mo 0.05 Zn0.05 Cu0.02
ppm (N {313~ T NO’s-N THZ 1)

NO's-NRBEDESE LA 51 HDRKO NO'-N #EF XK A#G /2. 70 ppm, 140 ppm, 280 ppm.
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2-4 KB, Tem-Con AR v MEPHEIE (1969FEZH)

3BsBEIKEEL, 4A4RICE#EL .
EREEIE R H AR

N 210, P31, K234, Ca200, Mg48, Fel.8, B0.5, Mn0.5 Mo0.05 Zn?0.05 Cu0.02
ppm. (N4 ~<T NO's-N THZ %)
A B K

NO's-N iEiERE, NO's-NBREOEEA 4 57 DK NO'3-N #FEREZH 7. 1835 NO'5-N
BERIZ PK, Ca, Mg 0F#0 4 FX, 1/46&X, 4EHS [/AECEZLARESMAL.

210 ppm, 840 ppm, 105 — 840 ppm (5 1 BtRE 1 FR OB EAWIEHIIC 840 ppm ICLSERB X
THid %), 105=210 = 840 ppm (1 HFIEOWIEE T 1 WEHC 105ppm & 210 ppm THEL
BAlE 1841 840 ppm & 210 ppm THEIET3)

105 =210 = 840 ppm. (4 P, K, Ca, Mg) (P, K, Ca, MgZE#0 4 f5&IC L NO'3-N BELZE
{tX43), 105=210 = 840 ppm. (1/4 P, K, Ca, Mg) (P, K, Ca, Mg %2#2#p 1/4 Eic L, NO's-
N#EsE{s€3) 105=210 = 840 ppm. 4P, K, Ca, Mg — 1/4) (P,K,Ca, Mg #{Z#D 4
BERIZUTEEL, 1 BREE | FESRANICI 28 1/4 BT, NO's-N BEEZIL3E5)
[E &M

Tem-Con (KERGETEHENSH) BRAIRKESHYD, EF, BE, HEZAONKa b
—WERLIBREETHS. KELTL 75 v ERIKEITOANLEER N, HE, &8, X3
BEEE, TORHR v F EHMOEFROREEHICH DI, BRIMMZ 6, S 8 (4,5
A 20°C, 6 ¥ 22°C, 6 A#k¥ 23°C, 7 AHGE 24°C, 7 A#2k 23°C), 8#» o 108F (23°C,
24°C, 25°C, 27°C, 26°C), 10W5h 5158 (26°C, 27°C, 28°C, 30°C, 30°C), 1584170 (23°C,
24°C, 25°C, 27°C, 26°C), 17Mh:5 1985305 (20°C, 22°C, 23°C, 24°C, 23°C) 0 5 Bef$T
HEITI9KE302 5 B 6 I (17°C, 20-C, 21°C, 20°C) & L7, () RiCEEIEORE%:
Bl Ry —XvA2BLTEMMEM6MS 8IF0HETTIHry 7%, 8H30HG, Y L0H;
ETS ANy 7R, 100G ISHEETT ANy 7 X, 156D GITHE TS Ay 7 A, 1THR 19
303X T3 ANy 7 AE L. BEBHREES Y EXERAEHOELD 2°CEIEELL.

2-5 KB, H1310 BEGHIZ (01ERS)

2228 1ZBREL, SA 1 BE/L..
=k gy

ABII N:P:K=35:32:36kg/10a ©, H1370 ¥ N:P:K=10:15:10kg/10a THHs
L.

X B K

EXREE EEREROEEBESL B, HEEOREEK, MK, 5HKEHRT, EEXE
SERIKIFENEN 0 TREK S HEHED 0%, 0% BIREAZ G2, BICII6 8 6 A,
6 4200, TR TH®DIEICHHEL ..
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2-6 H1370, Chico, mZ %, EIFHIE (19684F)
3HSBIEEL, 4A25RICEHRL ..
BEEREE
N:P:K=20:30:30 kg/10a &L 7.
A B K
EHEBROEEBLL D7 DR IR AEHET 1.
BHERK (EMEX040%4ETMIC, 60%%iEMlT3) TR (LBEZBICT3), BEK (&8

BIRd5)
BHKEHREOX 0% T oML BEELTEZ 2. BRI 6B15AE 78 18D 2EIZSH
L.

2-17 NO';-N &k

Bray REOZHE Z#ERL-.

2-8 HEAREHELUVER

Table MDRED NO's-N BREJMNCERLEBWAFD, FTARED NO's-N BTH 3. #R
FREIERBEETOERTH 5.

3 # S

3-1 K8, #H5XEAy bREE (1061F£4F)

Table 1 Effect of the fertilization of nitrate on the accumulation of nitrate in
tomato fruit grown on sand culture.

NO’3-N content
NO’s-N* Fruit on the Fruit on the Fruit on the Petiol
1 st cluster 2 nd cluster 3 rd cluster
ppm ppm ppm ppm ppm
70 1.8 288
140 3.4 1. 1.2 458
210 (Standard) 9.3 2.1 4.3 1065
280 10.0 2.2 3.5 1150
210 — 70** 4.2 + 1.8 258
210 — 70*** 3.7 0.9 1.6 925
210 3T 420%¥** 6.2 2.8 3.2 1003

var. Taiho, Winter. 1967.
* NO’3-N level in cultural solution.
** Cultivaied on 210ppm NO‘3-N, which was lowerd to 70 ppm after the 1st flower of the
Ist cluster opened.
#+% Cultivated on 210 ppm NO’s-N, which was lowerd to 70 ppm after the Ist flower of the
3rd cluster opened.
**x% Cultivated on 210 ppm NO’3-N, which was raised to 420 ppm from the 7 the to the 14 th
day after the first flower of each cluster opened.
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Table | 1ZRT &S ICSERRD NO's-N BIZIEEEO NOs-NBESEHORES P 72, EA
fd NO's-N &4 & < A BEmRL . 210—70 ppm* X, 210—70 ppm** Ki3 & bicdis <,
210 =420 ppm KiZEH#ED 210 ppm KL D dAidh o1,

3-2 KB, #5XTRy FHEHE (1I8EEE)

Table 2 TR 27T, 840 ppm Ki3 210 ppm KicH~, NO’s-N OBRREIEI SV, TR
BEo NO'3-N 813 UALISOEATS »7:. 105 =210 = 840 ppm KIZTREL 840 ppm X
Iz ¢, BHHEEIR 210ppm REALEBETH 7.

Table 2 Eiflect of the fertilization of nitrate on the accumulation of nitrate
in tomato fruit grown on sand culture.

NO’3-N content NO"5-N
NO/3-N* Mature Red ri Red ripe Red ripe
Petiol green fruit | fruit of 1st | fruit of 2nd| fruit of 3rd] absorbed
of 1st Cluster Cluster Clusier Cluster
ppm ppm pp) ppm ppm| ppin mg/plant
210 1110 5.1 3.8 1.4 + 10, 020
840 790 4.6 1.0 + + 20, 150
105 = 210 = 840** 1877 5.2 2.2 3.8 + 17, 900

var. Taiho. Summer. 1969
* NO’3-N level in cultural solution

=% Cyltivated on 105 and 210 ppm NO’3-N took turns every a week before flowering and
then on 210 ppm and 840 ppm NO‘3-N after flowering.

3-3 H1310, Ai5XBRY MEHEE (108EEE, £F)

Table 3 iR, EFOHRHBRLuL, £FS 40ppm KLSHE Table 1| OKBICH
NRTHIEI o7, HRBEO NO-N EBELREED NO';-N FRBOMCH 3BOBESEDON
Wip ot XRERETIE b= FHHEZEERO NO's-N BEICHHILTNOs-N ZBRL. 2O
NO's-N IR O E (L% Fig. 1 {FRY. 70 ppm K TR BRI E 4600 mg TL0A25BLEICH

Table 3 Effecl of the fertilization of nitrate on the accumulaiion of nitrate in
tomato fruil grown on sand culture.

NO’3-N content in fruil on:
NO’5-N* Summer Winter
the 1 st the 2nd the 3 rd the 1 st the 2nd the 3 rd
cluster cluster cluster cluster cluster cluster
ppm Ppm ppm ppm ppm ppm ppm
70 2.2 0.6 2.2 1.5 1.6 1.8
140 2.0 0.5 0.9 3.2 2.1 5.2
280 0.8 1.2 0.9 1.9 2.4 2.0

var, H 1370. 1968
* NO’3-N level in cualtural solution
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Figure 1 Change in the amount of nitrate absorbed by tomato plant
grown on the cultural solution cntaining various level of
nitrate during growing period
RE—7585D, TOHERBUTHAD L. 140 ppm RiZLHINE 8000 mg THICERR E— 733
Hohd, IIAKOREHCA > THOREEIRETF LA >4, 280 ppm KiZA&KIKE 10000 mg

TR BB E— 7 50, TOHRBAL, 12AWHEICIE 140 ppm KX DETFL.
3-4 k& Tem-Con AR FHEHE (1963FESF)
Tem-Con #IBICHT BRED NOs-N &% Table 4 12,

F{t% Fig. 2 A B 12587, 840 ppm KiZ 210 ppm KiZ i~ NO'»-N B FIZZ 2, H <,

BAZR, ERPD NO's-N BEbEh b, FRED NO's-N &3 5% - T 210 ppm RDH 48

b= P EID NO's-N RIRED

gﬁ“of:.
NO'3-N BEAE{LEEKEMEERZ NO -N ol e — 7 28 X8 k5 & L7 105840 ppm
RizgaHoRED NO's-N #i3Eh -8, BARTRALULL 7. 10522210 = 840 ppm

XTRHaRo NO:-N EME L, THRED NO'+-N HIZEARED NO's-N X @ Lok

5ppm LIEFEFLA. B NOG-NEE 105=210 2840 ppm T P, K, Ca, Mg @ 4 51X,
1/4 fEXORETIZ 1062210 = 840 ppm T P, K, Ca, Mg EEXDBEICH~ NO'3-N &3

BpicSiidofc. UL P K, Ca, Mg 24855 1/4 HBICEL s #7I5AI1CIE 6ppm 2

ED NO's-N oFE#E#»D.
CORRRICET B = o NO's-N Bz s 5 &, 210 ppm KTHESETNHCHTH
KRR — 7 226 BED oM, 840ppm KEIFICEHOENEERLL, —F 105=210

840 ppm X & 105210 = 840 ppm (4P, K, Ca, Mg — 1/4) Xi2 5 8298, 6 A138, 6 827

B, TRAUBKGRRE— 7 BEDH ST/, 105=210 =840 ppm (P, K, Ca, Mg) K& 105 =

210 = 840 ppm (1/4P, K, Ca, Mg) Ki2 6 13 IRIER € — 7 3D S N1 » 7.
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Table 4 Effect of the fertilization of nitrate on the accumulation of nitrate in
tomato fruit grown in Tem-Con*

NO’3-N content NO’s-N
NO/s-N** ) Mature the 1 st cluster
Petiol | oreen fruit |the 1st fruit |the ond fruit| 2bsorbed
ppm ppm ppm ppm mg/plant
2i0 1590 5.6 5.1 4.9 9770
840 1610 8.0 3.4 1.0 30210
105 — 8401 1340 9.8 3.5 1.4 21950
1057210778402 1320 12.5 4.2 5.9 16770
1052221072840(4 P.K.Ca. Mg.®)) 680 4.5 2.4 0.7 12530
105°210840(1/4 P.K.Ca. Mg*®)) 1290 8.6 1.5 2.5 17530
5

10522102840(4P.K.Ca.Mg—>i- )) 1200 9.5 6.1 2.8 17640

* Tem-Con is a kind of temperature controlor.
*# NO’3-N level on cultural solution
1) Cultivated on 105 ppm NO’3-N, which was raised to 840 ppm just before the ist fruit

was to green mature stage.
2) Cultivated on 105 and 210 ppm NO’z-N took turns every a week before flowering and
then on 210 and 840 ppm NO’s-N affer flowering.
3) Cultivated on 4 times the standard levels of P. K. Ca, Mg in cultural solution.
4) Cultivated on 1/4 times the standard levels of P, K, Ca, Mg in cultural solution.
5) Cultivated on 4 times the standard level of P, K, Ca, Mg which was lowerd to 1/4 times
the standard level of P, K, Ca, Mg afrer the ist fruit of the 1st cluster was to mature
green stage.

var. Taiho. 1969.

Table 5 Eftect of the ferlilization of nitrogen* on the accumulation of nitrate in
tomato fruit grown on the field

) Level of gr?iflization**** NO’3-N harvested on:
Variety | nitrogen ——TAd-
fertilization] Initial "yir:0 -0 6/26 | 6/28 | 7/4 | 7/6 | 7/10 | 7/13 | 7/17 | 7/26 | 8/2 | 8/7
ppm| ppm| ppm| ppm| ppm| ppm| ppm| ppm| ppm| ppm
None 0 0 1.1 3.2| 4.8 5.5 4.6 1.5
40 60 | 1.5 3.2| 6.4| 7.6| 6.5 1.7
iho | Standard**
Taiho | Standard** { 100 o | + 2.6| 35| 56| 55 1.6
- times 40 60 | 1.0 2.3| 2.8| 8.7| 5.9 +
° 100 o | 18 1.6 1.5| 1.2| 6.1 +
one 0 0 1.6 1.2 4.2 2.4 +
. 40 60 1.6 2.7 5.1 2.0 1.8
Heinz (Giandard+**
andard { 100 0 2.3 + 56| 1.6 2.1
1370 g 40 60 1.6 1.4 59| 2.6 1.6
5 times 100 0 1.9 4.7 6.0| 3.0 2.7

* (NH4)2S0:

** N:P:K=35:32:36(kg/10a)
#++% Porcentage of nitrogen fertilization against respective total nitrogen ferlilization

3-5 k2, H1370, BiffiE (161EES)
Table 5 KEEERT. AR TREMER L EEROTER, 5 &XOTEROMICIEERED
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NO'-N abuotliod {mg/plasst)
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1053 21052840 (- PX.Cag) ppm
5/8 5715 5J2 5/29 6]5 6713 €/20 &/21 1/3 /11 7/18 §/8 5715 5/22 5/23 6/5 6/13 6/20 6/21 /3 1711 7/18
Date of analysis Date of analysis

Figure 2 A. Change in the amount of nitrate  Figure 2 B Change in the amount of nitrate

absorbed by tomato plant grown absorbed by tomato plant grown
on the cultural solution containing on the cultural solution containing
various level of nitrate during various level of nitrate during
growing period. growing period

Table 6 Effect of the additional fertilization of nitrogen* on the accumulation
of nitrate in tomato fruit grown on the field.

NO’3-N harvested on :
Variety Ferilization
7/10 7/17 7/23 7/31 8/7 8/14
ppm ppm pPpm ppm ppm ppm

Standard fertilization** 2.8 2.1 3.2 2.2 3.1 2.1

Heinz 1370 Initial fertilization*** + 3.2 1.2 1.9 1.5 1.6
Additional fertilization**** 3.2 4.5 5.5 4.2 5.0 3.0

Standard fertilization 0.7 1.4 0.6 1.4 0.4 1.9

Nozomi Initial fertilization 2.5 1.4 1.1 1.2 0.4 1.9
Additional fertilization 3.4 3.8 1.1 1.6 0.6 2.3

Standard fertilization 4.3 4.0 4.7 2.3 5.6 1.4

Chibo Initial fertilization 2.3 4.5 3.8 1.6 0.7 1.2
Additional fertilization 3.6 7.0 | 3.7 2.3 0.7 2.1

* (NH4)2SO4 Summer.1968

** 409 of the total amount of nitrogen fertilizer was applied at the planting time and
60% of total tertilizer of nitrogen was applied after the planting.
** Total amount of nitrogen fertilizer was applied at the planting time.
*==k% Total amount of nitrogen fertilizer was applied afier the planting.
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SNEM o7, UL EEK, 5ERICEDT 5100 % elIXE 0%, 60%B8RKORM, XU
AR S EER S L5 EXD 40 ZLB, 60 LERXOMICEH Fo Es@Ewo s, H1370
TRELALEBED NP ST,

3-6 H 1370, Chico, ®OZ#, BEEE (1968FEF)

3GEEHIT, BERETHEROMICREMNEDONIIL -7, BEROREED NO's-N &
REEX, TEXORED NO's-N 8L 0%Fh 7. (Table 6)

4 % &

PEF=FRED NO's-N FERICBIFITERBEE, ELBLOREBTOWTHRE LM,
Z=BRD NO's-N 8¢ NO/s-N iR Loz, HEESEEREDONIKh o/, H#F72AERy
PRECROTREDABRETRERO NOs-N BEIETIUTEIZD NO's-N 8585 -7
N, KEOXUFEHE, HI370 0EF, LAFERETRIOBERIONT, HA-THEERFKOD
BRECEMTAEAND -/, LF0OKE, BERREEV DI REBBETRER NO's-N DR
BbhhPd s, HEOWHE, $ABEETIRER NO'-N 0R8MLRNbcEMBEZI LN,
ORBCENT A EARMNOERBHE NOs-N R EITHEWEELZ DL L. XFETRCOH]
DOERBEETIH, HIE NO's-N ORBS® {5720 NO':-N OBILEOHRBELN LD
THAHH. BMBHREXBNTS BERKE BEES LU 5 EHBFK OMICESN BHoBh 7.
NOs-N HBER I VEEROREICEE T EMM 2.3 DO NH, Eitldo NO's-N E&fth
BRONF VR, TNOOEPEAT Y RITEH, NO':-N OB EAARBICEETIDTIREY
hEfEEEn G, ChODARSEFEES™ I N, P, K OL<wiEis 0l THEEL, 820
NO's-N BR NHEXRHOMITE T LA NEBERIEISEEREENSIEC, £2BEX (N,P,K
FA—SATHELAER) BULAETLALHE™ LT,

—%., NO's-N BEEXO < S0 NOs'-N & CBRRL, RAR, EHPD NO';s
-N Eb&F0. LELEARD NO3'-N E8FEILEZNEND T &i3Ey. BRRD NOy-N Bi2
Z DD NO'3-N BENF N &, RAR, ERBIC NO:-NESBBOCELERMPESTLS
FLRW. U TRBMDL SRR OREDETHTO RERNOAERMIEAMERTICE »TL
5. B 18D TREDORER RANTRAOEREERL, TO®RBRL T LBEL LD,
BOBBOLREAHERWIL TRELEBCROBMICRIS 2O BIERAMRELD, TOKREL
LT NO-N oRBLBBHONEDTHAS.

ERIZE DSEHARRIT NOG-N BEHBELf. 2O EREBIUL NO3-N BBl Ihi-c titd
39, B E—7 o, TOBREFHE, MRS EOBRE T v X, HERETELOERESEOR
EisHEFE AN S, Table 4 Fig. 2 oM, FHOLH -7 840 ppm RRAZAFTEVRRES
RTH, FEHEOEM -7 1052210 2840 ppm KT 4HEORM L — 2 HBHH, TOBOHNEL
ot BEERTERINEIEBE VDI, NO-N BEORICRBREHRIRAE L, DR
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TRANAINEBED DI TS, LA -T 1052210 2840 ppm RD L 51 NO's-N @
HROEESOESEREIES SR BEEL0EREOL LOBHOTHLASEBRETEREE
L, NO3-N BEELTLAD0TREVAEDEZION S, &5 IKBRERA NO's-N BBER X
9 NO'3-N EHEENS L DIE, NO3-N BRERSES M NBREERERL, £FRE S AL
LEEMNHEOTR RO EEZOND.

I %

1) P2z RED NO'5-N FHtlcs XiZ¥ NO's-N R &, B0 L B~/

2) £ZFHHETIE NO'3-N EREOEBIEDONAN, BEFRETREDSNE, /.

3) NOS-NBBEEERDO -3 NO'-NA2X 0L (BRL, KRR, #H0O NO-NE
bEhotc. LLSERETRCOBMESIEOTLLHICRZC LiZh o1k,

4) NO's-N BEERX (840 ppm) XD E#E NO;-N BEXOFICEOELEMTIHdH-
7-.

5) BIET3C &Ik HBRHEIC NO'3-N sSEBL 7.
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