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Studies on the Accumulation of Nitrate in Horticultural Products.

Part [X. Effects of phosphate, potassium, calcium and magnesium fertilizers

on the accumulation of nitrate in tomato fruit (1)

Masanort Mivazakr Suinzo Kunisato anp Serncn Miva,

In order to find the factors concerning the accumulation of nitrate in tomato fruit, the
influences of phasphate. potassium, calcium and magnesium fertilizers were investigated.  Low
levels of these fertilizers and three levels of phosphate and potassium in factorial combination
were applied to Fire Ball variety in sand culture.

When tomato plants were grown in culture solution with the low level of potassium, the
nitrate content in the fruit was very low, and potassium contents in the fruit and leaves were
of low levels.

The influence of phosphate on the nitrate content is not clear. By lowering of each of
calcium and magnesium levels. no significant influence was observed on the nitrate accumulation
in tomato fruit.

Nitrate content in tomato fruit changed during the ripening. and according to various
fertilizer tests four types of change were observed from the breaker through the red ripe stages
: remarkable decrease, slight decrease. no change. and slight increase.

*

ot

bv b RED NO-N ZRICHS T 30T & LTHIR' ™ 2 TNEMOESCOLTRIAL,
40 NO,-N sk L BERICT VB2 L&EM L. L LD NO,-N BIED A HIE
—DEREIRVIABOEALRYDSNALDT, SoREMBERZSDFLETHNT, P, K, Ca
Mg BHOBS 25 L. choOBESKET S EHEEROABENARNT 3 L0bh, HR
BRICHTBED S EAHS DD NO-N RIUCEE LT NRBZIFLhTn3Y, FHEsY I
N, P, KOEE B LTWEIBRSFOMIKENILLBVA L.

— 208 —



X B 7 &

1. P, K, Ca, MgOEECHIHFR

b?bﬁﬁ“774?£—»”%wmﬁaﬂsa%@b,4Emaﬁax§mﬁyr@ﬁﬁyc

EHEL, L. MERIIERED NO;-N 210ppm (BTN 1 &37) H$LU52ppm & 840
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Fig. 2. Effects of decreasing level of each of phosphate,
potassium, calcium and magnesium fertilizers,
% Cultivated on the normal level, which was
decresed to 14 times after the 1st fruit of
the 1 st cluster was to mature green.

3, B K.Ca, Mg OFRKEBEREZEEK LBEFBETH-. 2BEETRERMBICAER

BEHohilh- i,

HEED NO;-N EELZE(LSE, FEALRL S ELBEEGOERERARTRY. 1BRRET

2

REAMERETOERIEDOAT,

BrLERCIBEFRL

ERFTIIP - K -Ca- Mg LR A0V EEZR L
PUMEERBToORREEYDoIIIb - 0.
o HBSEHREOMBYEAETRY. PEEEXOREDOPRIFRITEK

TR, KIEREROKEE, CaKilER® Ca ##Ed RWEEMED N, LipLME



1st Cluster 2nd Cluster BBEXOREOME BEITERK:

——— N4 (Standard) ERRLhot. KEBRERORED
—— N+, P & .

_____ NEes K - Feltfg B30 E AR ZRL, K.Ca
T N, Ga FEBEIX TIINEE MEL . —Bic
——————— NE=4, Mgt

———em N4224, PoK-CarMgd NO-NBEOSNEHETIIN & Fel2
EAPeEm R ARnED SN,
Mn, Cu, Zn, B, Mo i3 £ X
TERIADONLE -1,

B2 RIORBREOHRELRT. ¥

NO,-N in fruit (ppm)

Matere Brester Red  Red  Red  Miture Bresder Red  Red  Red

o e u s :::,M 1 13‘* Ny (3a8F:, SEBRBELWEL, 4 7L

B Bd W i G 2l Wi 2d 2 6

froit  freit  foit it Beeis fewit froit freit Treit feait — 4 _-Eﬁ,é *} X4 g_gt 6 @ ( 1 H‘:IS
A0, » X

Fig. 3, Effects of varied level of nitrogen and low level . N i
of each of phosphate, potassium. calcium and @) ORFEHFEEIRII ELLE

magnesium fertilizers. e (e 9 EL @I T
% Cultivated on 3} times and 4 times standard ARE (RT3 BRTO) BLU4
NO;-N level took turns every a week BREOFERDI D, RERBIIZKX
12 % 1 T/NTY 5
1st Cluster 2nd Cluster o 1THZTNT Y 2 HH o0
; N+l Pl -4 oo HELINSONT Y SRR

————— N4 KL -4 ] s s N
5 e Nt Calot DEFROMWGEN S U7 LIRMET &
= NAT, Mgl e, RERRORT LKA

—— N4, P-K-Ca-Mgl—~+

Sz niins, N4 ERTRESM
D ode, —RICHERRO NO,-NZE
{EEDOREMDPE - 7o BREERT
DEED BRI NAERTP PES
A, 1D RKiZiz AL REM LG,

NOs-N in fruit (ppm)
=

W

Matzre Brruh: Iied

PN RERO NO;-N BEOEOKEREKR
B 2d 2
Imit fmmit fesit roit Mt freit.  feeit Jroit Ireit freic @X’*}?Eﬁf)i%lcﬁé z &‘ifiﬁ‘ﬁf\:.
Fig. 4. Effects of varied level of nitrogen and decreasing e
level of each of phosphate, potassium, calcium 2. PEKOREBICHMIIER

and magnesium fertilizers.
% Cultivated on ¥ times and 4times standard

SRR D NO,-N BB XTI

NO,-N level took turns every a week. BUEOP EKBEDEBOERAS 3
%% Cultivated on the standard level, which was o -

decreased to 14 times after the 1st fruit of FRITTT, —#2iIC 1 BEFO £E£0

the 1st cluster was to mature green stage. NO,-N jffidE <, 2, 3BRRET

RETTERNED o,

xR NO,-N @8 210ppm (N 1K) 084, 1EBREFTKEREQCEHSICP REMSOIE
ERED NO,-N BEREV, KEEDIVWEIHEEOBSICRIPRECEZEIZVL AL,
. —FRKREOEBICHNLTHR, WFhOPEEOBAGKS, KEBEMKTTIKONTRAED
NO,-N BEMETIT 5T &, 1, 2 BRET—BCEDON, B PHEHRECHAIOHIMAIR

— 301 —



Table 1, Effects of low levels of P, K, Ca and Mg on the nutrients content in tomato fruit. (ppm)

Treatment INO,-N| N P I K , Ca { Mg | Fe | Mn | Cu Zn B Mo
N: P:K:Ca;Mg
i 1 1 1 1*{18.8/(1,480 323|2.40| 75| 108 7.5| 1.5| 2.5| 1.4| 0.8 0.10
4 1 1 1 1 |14,61,480 237 |2,4700 ¢0| 108| 9.4 1.5| 1.3{ 0.9 2.0
1 % 1 1 1 |17.811,430, 206 2.250l 120 | 108 | 9.4 1.3 1.1 1.1} 0.05
1 1 % 1 1 5.2 1,330 250 | 1,200 5.4 0.9] 1.0{ 1.0| 0.10
1 1 1 % 1 |[14.3]1,330] 284 1,980l 60| 113| 9.0 1.0] 0.9 1.4| 0.06
1 1 1 1 14 ]|15.8)|1,580 310 2,130 100| 108} 88| 1.0| 1.1| 0.9| 1.6 0.19
1 1 0% Y% Y | 11.6|1.450; 161(1,15¢ 70| 90|11.6| 1.0| 0.9 0.8| 1.1| 0.16
¥4 101 11 8.0 1370, 271 {2,406, 80| 115| 6.8 1.5| 0.8} 1.1
“ua24 ¥ 1 11 {15.0(1.730] 237 (2,680 90| 125| 8.0 1.5| 1.8| 1.4 1.4
B4 1 o1 1 7.8(1,300| 250 (1.6 110| 9| 3.5| 1.2| 0.9] 1.0 1.1
“4 101 Y1 9.0 1,290 271 |2,340, 65| 100| 5.8 1.2| 1.0| 0.9| 1.1
¥4 11 1 Y% | 10.311,3%0 237 |2.2600 100 | 103| 4.6 | 1.7| 1.1 | 0.8] 1.3
Y4 YooY Y4 1% | 12,7 (1,500 173 | 1.6400 70| 100| 6.8 1.5 1.0]| 1.0| 1.8
* Standard
Table 2. Yield and growth
Fruit Plant andSI?;sves
Treatment , Frutt ight | Fresh
Number Weight weight height weight
N P K Ca Mg Numb?;lant g/plant g cm| g/plant
1 1 1 1 1% 14.3 2.173 152 56 470
4 1 1 1 1 12.3 968 78 52 203
1 kA 1 1 1 14.0 1,690 121 58 397
1 1 1% 1 1 14.0 1,361 97 51 333
1 1 1 % 1 16.8 2,000 120 59 450
1 1 1 1 % 15.0 1,772 118 58 513
1 % k8 % ¥ 12.3 1,598 130 55 333
1 1% 1 1 14.6 2,083 142 57 333
1 1 1-% 1 1 13.6 1,768 129 55 387
1 1 1 1-% 1 13.3 1,965 145 54 445
1 1 1 1 1-44 13.3 1.708 128 55 395
1 =% 1-Y% 1Y% 1-% 13.3 1,580 119 52 358
fvd | 1 1 1 1 14.0 1,487 106 52 342
nd | A 1 1 1 14.3 1,513 106 55 410
Y4 1 % 1 1 13.3 1,413 106 52 328
£ nd 1 1 A 1 13.6 1,548 113 55 333
KB4 1 1 1 Y 13.3 1,546 116 54 397
124 % Y % kA 14.0 1,507 108 53 350
U4 1-4% 1 1 1 13.3 1,553 117 52 397
% 1 =% 1 1 13.0 1,458 112 58 313
1“4 1 1 1-14 1 13.0 1,426 110 59 312
7 ond | 1 1 1 1-% 12.6 1,373 108 59 317
B4 1-Y 1Y 1Y% 1Y 13.3 1,428 107 59 367
* Standard
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Table 3, Effects of P and K levels on the accumulation of nitrate
in tomato fruit and calyx. (NOs-N ppm)

Fruit Calyx
Treatment 1st Cluster | 2nd Cluster | 3rd Cluster | 1st Cluster | 2nd Cluster | 3rd Cluster
1st, 3rd, | 1st, | 3rd, | ist, | 3rd,| 1st, | 3rd, { 1st, 3rd, | Ist, | 3rd,
2nd [ 4th | 2nd | 4th | 2nd | 4th | 2nd | 4th | 2nd | 4th | 20d | 4th
fruit | fruit | fruit | fruit | fruit | fruief fruic | fruit | fruit | froit | fruit | fruic
N :P:K
1 % 34| 10.0 9.7 3.1 3.5 3.4] 3.4 690 820 730 460 470 | 530
1 ¥l 81| 9.6 39| 57| 3.2 430 | 80| 390 | 460| 390
1 o2 13.3 | 11.8 6.3 7.9 4.4 2.3 640 870 460 720 420 | 260
1 1 % 9.9| 10.4 8.6 7.4 6.2 6.2 220 750 610 670 610 | 610
1 1 1% 12.0| 11.5 7.3 3.9 5.6 3.3 480 510 500 470 430 | 510
1 1 2 17.1 9.6 9.1 6.2 11.3 600 510 440 540 830
1 2 Y 7.1 4.5 3.0 3.4 3.4 480 360 310 290 470
1 2 1 10.8 12.4 8.7 10.2 3.5 700 900 380 430 350
1 2 2 15.7 | 11.3 9.6 4.2 3.2 5.4 570 700 710 460 460 | 750
Brd Y Y| 91| 97| 7.3| 85| 6.5 620 700 80| 90| 950
W4 Y%o1 6.8 6.6 4.1 4.9 4.1 400 740 530 740 490
w24 Y 2 10.3 7.1 3.6 4.8 3.5 650 500 500 560 430
4 1 % | 9.1 86| 89| 7.9] 3.4 600 | 650 570 380
-4 1 1 10.0 9.8 6.1 1.9 3.1 470 510 380 310
%24 1 2 10.1 | 11.9 7.1 8.3 5.7 4.7 510 680 480 490 580 | 540
%24 2 % | 11.8 6.0 5.0 6.0 4.1 580 680 540 550 710
%24 2 1 14,1 12.8 9.5 6.5 5.5| 6.8 810 830 500 690 630 | 790
%24 20 2 13.2 | 15.7 3.6 2.8 2.4 3.2 520 740 320 300 530 | 390

* Standard

HFETH -7, A~ 72D NO-N BEEZHEL: (B3XK). BEDO NO,-N BEOHEICE
WP 25 - KWERDA7D NO-N BERIBLWC ENBDONILM, ({HORTRREED NO,-N
BELOHBERIASHITE, -7,

HEEREO NO-N BEAE(LXE1LES 1BEFEHSWME1, 2BERET, KE#IXZERE
DEBARPRENELLBICSNTRED NO-N BERENT 3EANED >N, —F P Bl
I REBBREOEAIE, KBEMETTRICONTREED NO,-N A IZIE 5 A EANED
phiehs, TOKOBMAIZERIKD NOg-N 210ppm DB ST ABE Tih 72, ~fcdD NO,-N
BRI 350ppm /o 950ppm ETHEB SN M, BED NO-N BELOBBHRHOI TR -
7.
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Table 4, Effects of P and K levels on the nutrients content in tomato fruit and stems and leaves, (ppm)
X NO-N| N p K Ca | Mg | Fe | Cu | zn | Mo
N : P : K
Fruit
1 % Y% 10.0 132 | 1.731 83 85 5.4 1.2 1.8 | 0.12
1 % 1| 81| 1,655 173 | 2.764 64 12 | 11.2 2.5 1.8 | 0.15
1 %% 2| 13.3 169 | 2.815 66 120 9.6 1.5 1.6 | 0.12
1 1 Wl 9.9 | 1,817 210 | 1,908 94 99 5.4 0.8 1.8 | 0.1
11 1% 12.0 | 1.347] 210 | 2,450 76 134 8.1 2.1 1.8 | o.11
1 1 2| 17.0 | 1,536 | 231 | 3,230 64 100 7.9 1:2 1.6 | 0.14
1 2 %! 7.1 | 1140 206 | 1,763 58 112 4.2 2.2 15 | 011
1 2 1 10.8 | 1.516 223 | 2,683 61 112 3.2 0.7 1.8 | o.m1
1 2 21 157 | 1,119 205 | 2,267 54 111 4.9 2.5 1.6 | 0.13
Stems and leaves
1 % % | 650 | 2.487| 182 | 3,389| 2,130 542 9.4 4.3 6.0 | 0.31
1 Y% 1| ec0 | 2,328 165 | 5.695| 1,780 | 411 | 14.9 2.5 6.0 | 0.53
1 1% 2| 80 | 2.248| 116 | 6.042| 1.870| 434 | 10.3 4.7 6.0 | 0.22
1 1 %| 720 | 2,551 | 58 | 3.060] 1,930 441 | 10.0 4.9 6.0 | 0.78
1 1 14 730 | 2.187| 627 | 5.338| 1,700 | 487 8.0 3.4 8.1 | 0.63
1 1 2| 690 | 2.168| 437 | 6,387 1.940| 552 8.5 3.1 9.0 | 0.43
1 2 | 55 | 2,876 759 | 3.186| 2,070| 641 8.7 3.6 5.6 | 0.70
12 1| 740 | 2.264| 701 | 5,243 1,950| 615 7.0 3.7 6.0 | 1.16
1 2 2| 600 | 2,013 68 | 5,200| 1,790 | 500 7.7 4.1 6.2 | 0.43
-
Standard Table 5, Yield
BRImo7o2, BE ONOF-N BEOENP Creatment Fruit fhoms 2
21, KWUHRTREED NO-NRESET NumberWeight | Frult 1Fresh
fo. REBLUERO Mg, Cu Zn, Mojn 17 FIK Ry jefvlent g afelen
1 4 4
s s < 13.4 | 1.440{ 106 480
DEMOP, KEBEIEEBINITLRAED /
A I = LA 1 40| 1,70 124 | 422
SN h -7z, L% 2| 173 | 1622 o4 | 42
. — . 1 1 %
HORINERATOKRELRT. KEBET L1 ’]* 13.3 | 1,238 93 336
- R e . A ' 12.3 | 1,564 127 265
g RESES SALFEY oo, BEo 1 i lz/ 18.0 | 1.745 p 208
NO-N BECHFICECP 24 K WERe | 183 | Lels| 12| 8
13.7 | 1.4% | 109 310
£ 75 .
REILEBC Lidi o 12 21 47| 15050 109 | 403
14 Y 14| 13.7 | 1.483) 108 440
= 2  rud N 12.7 1,204 1 102 400
B4 % 2 13.7 1,384 | 101 473
%d 1 Y% | 14.3 | 1,487 | 104 320
P FRFEOD NO-N BELBXIZITP, K 324 1 1 | 13.0 | 1,432 110 | 370
Ca, Mg BHOZELHRITL, PEKBEMY %4 1 2| 163 ) 1,601 106 | 340
g 1 s , i ¥4 2 Y| 140 | 1,286 91 | 320
%9 6CCf)§h‘@$ 'an ﬁﬁp &h@%g%@ L4 2 1 15.3 1,722 113 400
HLUAER EEHOKERETREEZONO,-N 24 2 2 | 13.3 | 1,408 105 250
BEMMEZAEABED SN, P, Ca * Syandard



Mg OEBRYFSHTHEL, HIKPR—EQHABSZDONLM -7, Ca RK EOHIHERED
Sz, BED NO-N BE~DOEERES M TR -1,

HOMNFEE LT NO-N 2RI 5 EBA 4 Y ORRHAE . NO,-N 2k N TEIE S5k
WOEMER SN, ARBNEML, COBRBEINTALS5CBA 4 v HE &Y, r= O
BAAYRKBABAIELED TS, KERESZWRERRZ KA, FREY, s v
C9 ORD, KEHEAEN ORI 12 £ ILEBENCIE NO,-N £ 5 & 54 N5 A
AFEBRTRKEBETRED NO-NBERETFTULL., ThRKEBREXKDLXALED NO,-N &8
MENC EhSEL TKISMARIC X 310D NO,-N BINEOETFICIRT 3 &I hr. L
Ligii NO,-N BEE (LK TR KIKEEOEES NS &, KECanititk, K& Fe &t
EMED SN ERENSHEBIC NO-N BREDETICL S & 20 ENELEZ0TRE
BHRPTHS.

P2 FOPARIIN. K, Caltlk~rTAHuL, NFE LTNO,-N Il a2 & PORREIL
PPEFTEY. LALEKAOPRY VIEE, BOY YEBI 27 Kk BEALLEOMENTS
0O, BASHOBTNRYMEMET 2 EE2 00, PRE CREBETHREEMET L. NO,N
MEETECED, PRETNERE NO;-N €9 5 L{tONBICIAEFTHE B T &8 15 55
>hTV5, —HFPRETNO,-N OBREMEL T3 b vbhz, REERTEPIEEECERN
THEAL, KNEEREL FTRAZ > TPHEEMP KR LD NO-NOLKEMSSEANS
59, POEEBR—EOHAMERIUM-7z. CORRBHSMATE,

BEHFO NO-N BEEH 1 MBLIUTFHER CGREE) H o3 3 LMEMN SERMichT T
FURD, PPmd, Vi, BmoRMBEDOLN, FLABA TR NANICEREFELT
BB TIEREICAY (BGRLEVE), OPELT3RERONICESBEET B4R
"RTEWL (F1EOCa EilBFK, Mg EBEXREE), HANICERE TSR TER LML
{ (RIEEK), THEHAVINMMBRIZARCRERTZ EHU TP LIROPELFK, Eik
K) E£Z5N%. BLED T~ FRED NO-N BERSMCGET ICO>NTIETT 3 L84
L7ehs, RERO ™ BOMEDE Nk DBERF © NO-N BIFICIR K2EnEs o0
12, PIFE ORKERATRMEN, STRAYOREILI NO-N ZZEAEBR LB EMSER
% ERMBOGEEREMARLNE LNOKERE, PIESEORED NO,-N #E3 C OREN,
LHPFENED.

COWEICHEL, ERERNELERECAEERSHEFRBRELEMLIER, AREEIERE
B, #HERTROMAERRERE, THATREMCBRARLET, 2B AROGLEELR
TEFASRER, BEABK ®N—H#K ZEBK AIMRCEHRLET.
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