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Studies on the Accumulation of Nitrate in Horticultural Products—X
Effects of the Minor Elements on the Accumulation of

Nitrate in Tomato Fruit,

Masanori Miyazaki, Shinzo Kunisato, and Seiichi Miya

The study was carried out to investigate the influences of the minor elements on the
accumulation of nitrate in tomato fruit, using Fireball variety in sand culture.

Nitrate content in tomato fruit grown in excess (10 times of normal) of each of iron
and copper in the culture solution increased during the ripening from the breaker stage to
the red ripe, and became to remarkably high level at the red ripe stage.

Remarkable amount of nitrate was detected in the fruit grown on molybdenum omitted
and molybdenum was not detected in the fruit.

Nitrate content in the fruit grown in excess of zinc decreased after breaker stage becoming
to a low level at the red ripe stage.

Nitrate content in tomato fruit was not significantly affected by manganese and boron.
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BEEEZTEIBYEREICT S0, BROWBEBEOERRTE TLH. EABFRELKLT
BEAEDR. 2L MoldSAudot. 4A13RICE, Ton), BTHRERTIKELLD
ZANTRY b (Yeoooa) WWEHEL., #7 AEATYSHEEE L., EH1IBEEISAEEZRT
Wi, MEBKIIERED Fe, Mn, Cu, Zn, B, Mo Z&2BML WK, FRTEHEMLED
K, £4%2108C L KB XU TNTEIOEC LcKERT o, SEEREEREZ N (NO,—N)
210 ppm, P 3ippm, K 234ppm, Ca200ppm, Mg 48ppm, Fe (7 = vE%:& LUT) 8ppm, Cu
0.02ppm, Mn 0.5ppm, Zn 0.05ppm, B 0.5ppm, Mo 0.05ppm & L, JEEKTIEEL U7c. #iE
EWIITOMN ICHELL,

REED 1, 2EFOKAN, B, SBRHABXT 3, 4, 5, 6 BEROEHRHY O NO,—N
BEEXRELL. IBREE]l, 2BROSRABL OV TREEDELATE L. BGOSR
BOEFHBICHDICEET S NO,—N 82 FEL, F= MRS hic NO,—N#HEHEH UL,

SRFERES? BIUE IRV ITH UL,

NETFHERIZI6ME S AISAICIEE L, ARRIERRD NO—N #E% 210ppm (i) &
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Table 1 Effect of the minor elements on the nitrate contents in tomato fruit (NOs-N ppm)

Ist Cluster 2nd Cluster 3rd Cluster
Treatment Ist and 2nd fruit f3r:gt Ist and 2nd fruit ?:lili[ Ist and 2nd fruit|3rd fruit
mature break-| red | red | mature break-} red | red ] . R
green er | ripe | ripe | green | er ripe | ripe breaker jred ripered ripe
N.1 Standard 6.6 6.6 9.4110.8 2.0 7.5 5.7 3.2 8.0 5.1 3.2
Acid (pH 4.5) 16.3 | 13.3 | 14.7 4.0 86| 10.4 | 2.0 8.9 7.9 2.

No addition of
all mior elements

Exces of all

minor elements

8.6 9.7 (22.2 2.7 2.0 7.5 7.0]16.3 8.9 7.5 3.3

14.0 | 12.2]14.8 | 25.7 4.0 [13.3]12,2 ) 7.3 4.4 3.3 3.3

N. 4 Standard 10.6 |19.3| 7.7| 6.2 2.4 99} 7.7 3.3| 5.6 5.6 1.3
Acid (pH 4.5) 16.9 | 14,7 | 14.1 | 12.9 5.8 94| 7.7 4.7 8.8 9.9

No addition of

all minor elements | 186 6.8(12.3(19.4 3.1 [ 18,9 9.0 1.1 3.8 3.3

Excesses of all

minor elements 12,5 1127 | 17.0 | 11.8 4.0 |17.1( 14.8( 14,7 9.4 9.4 2.7
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Table 2 Effesis of the minor elements on nitrate contents in tomato fruit (NO;-N ppm)

Ist Cluster 2nd Cluster

treatment Ist and 2nd fruit (3rd fruitlith fruit| Ist and 2nd fruit 13rd fruitjth fruit

mature break-| red mature [break-| red

red ripeired ripe red ripeired ripe

green er | ripe green er | ripe
Standard 10.0 17.8 | 20.0 17.5 13.3 6.9 2.5 2.2 1.6 2.4
Fe 10 times 14,4 | 40.0 | 36.1 33.1 32.7 12.0 24,6 | 12.6 7.0 7.0

No addition | 17.8 | 17.9 | 22.0 | 11.4 13.2 6.9 2.9 6.1 8.5 7.2

Mn 10 times 9.1 |25.2|25.4| 23.5 17.9 5.2 7.2| 5.6 3.6 2.6
No addition | 15.2 | 26.0|20.1| 19.2 13.3 7.6 4.1 4.0 4.0
Cu 10 times | 15.2 | 22.9|30.9 | 33.6 26,0 13.2 | 19.819.4| 13.8 14,7
No addition 9.7 | 24.8|20.4] 23.7 19.3 9.3 | 3.4| 2.8| 4.4 2.7
Zn 10 times 7.2 | 26.0 { 10.0 8.0 9.1 5.2 3.3| 2.0 2.0
No addition | 11.4 | 22.6 | 18.6 | 20.7 17.3 10.6 3.4| 5.3 3.7 2.0
B 10 times 6.9 |31.0|16.6| 20.4 13.9 2.4 6.9 12.0 10.7
No addition 9.2 |23,2|11.4| 15.6 9.6 }13.6| 5.1 4.4 2.8

Mo No addition | 13.1 |[26.4]25.7| 25.2 30.0 16,9 | 17.6 | 19.3 | 13.6 10.1

Fe, Mn, Cu, Zn, B
10 cimes 11.0 | 31,7 |25.2 | 25.0 24.4 17.6 21.6 8.0 11.2 11.2

No addition 4,0 10,6 | 10.2 9.4 1 7.0 4.8

Table 3 Effects of the minor elements on the nutrient contents in tomato fruit (ppm/fresh)

Treatment NO;—N| N P K Ca | Mg Fe | Mn Cu In B Mo

0.9 09| 0.8(0.10

;]

Standard 18.8 | 1480 | 323 | 2040 751{ 108 ]| 7.3 1.

09| 0.7 1.4]0.08
0.8 1.3 1.4}0.07

Fe 10 times | 34.7 | 1500 | 298 | 2090 | 130 ( 115 10.6 | 1.
No addition | 16.7 | 1320 | 298 | 2210 80| 108 | 6.0 | 1.

[(= I ]

0.8] 0.8 1.7 0.06
1,1) 1.0] 1.8}10.,12

Mn 10 times | 24,5 | 1530 | 298 | 2590 70| 103 6.8 3
No addition 19.6 | 1690 | 323 | 2940 60 148} 7.6 1.

o ®

Cu 10 times | 32.2 | 1530( 3012330 | 100| 120| 4.4 1.5| 1.4 1.0| 1.5)0.04
No addition [ 22,0 | 1400 | 263 | 1990 90| 105 | 13.5 2| 1.0 1.0 1.8]0.09
Zn 10 times 9.0 | 1500 | 345 | 2280 90| 125| 5.6 1.9| 0.9 14| 1,8|0.06
No addition 19.6 | 1530 [ 310 | 2300 65| 138 7.4 1.6| 1.1 1.0| 1,7(0.10
B 10 times | 18.5 | 1370 | 263 | 2210 | 100 | 108 1.5 1.7 1.2| 2.7

No addition 13.5 | 1500 | 363 | 2740 90| 145| 7.4| 1.7| 1.0 49| 1.4

Mo No addition | 25.5 | 1290 | 263 | 1640 90 88| 24| 1.0| 09| 0.9 2.2 0.0

Fe, Mn, Cu, Zn, =
B, 10 times | 29-1 | 1430 310 (1130 115| 118 7.4| 3.5| 1.6| 1.3 2.20.06

No addition | 10.4 | 1130 | 284 | 2140 95| 123|10.4) O 0.6} 1.1 1.8]0.14
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Table 4 Effects of the minor clements on the amount of

water and nitrate absorbed by tomato plant.

Treatment Wate absorbed |NO;—N absorbed
1/plant mg/plant
Standard 389 849
Fe 10 times 36.5 4685
No addition 38.4 5561
Mn 10 times 33.1 4539
No addition 25.7 3772
Cu 10 times 35,2 4908
No addition 37.2 5226
Zn 10 times 27.2 4000
No addition 37.5 5556
B 10 times 39.7 5093
No addition 32,1 4725
Mo No addition 41,1 6809
Fe, Mn, Cu, Zu, B,
10 times 32.5 4223
No addition 19.3 2778

RiZZhoOEEMRICH_EERBAFRZEVD, BRNRTEMLHOEENREHS R, L
L Mo @RIMOFEICII Mo IS hiid o, Cu MBEIR G Cu & Fe LOBHEMNEDD

Table 5 Effects of the minor elements on the growth and yield of tomato plant.

Yield . Weight of
Treatment Number of | Total fruit Fruit Height leaf and st
fruit weight weight eat and stem
lant] fEruit cm /plant
Number/plant g/p g £
Standard 14.3 2175 125 56 470
Fe 10 times' 12.0 1795 162 58 442
No addition 16.0 1812 113 55 400
Mn 10 times 15.0 1790 119 61 417
No addition 13.0 1292 99 54 233
Cu 10 times 15.7 1941 124 64 292
No addition 15.0 1794 120 53 417
Zn 10 times 12.7 1279 101 52 330
No addition 14.0 1950 139 57 400
B 10 times 11.3 1569 109 64 383
No addition 14.3 1249 87 56 383
Mo No addition 17.7 2248 127 64 500
Fe, Mn, Cu, Zn, B, -
10 times 15.3 1721 112 72 333
No addition 8.0 735 92 59 137
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L. —H In PWEXTR ZIn L PLOERBEREDS NIEh- 1,

P FERICE S NO,—N ORIERS 4 RICRT & SIC, &UFERMBEMERTELIDLL,
Zn 10fERH P05 » 72,

EOSRICPE, £FEZRT. #ERICELACERRZIVER TERICRLOK S UHA LS LUK
BRHOMZE, Co IERTED/ oo — Y2 BICRBPHEISDFELORKEE, Zn 10ER T
BhRL o OREOFRSED LN, AMEERIVERIIBIMER EFE UERNL DB B DbIE.
Fe MK TH#ED/7 o — 2R, Mn ERNKEBESTICHAONSOESAS XCRBEFPP S
DELVEESEDON, RBEANMEKZREACSEZAPEDON KRELO KEBEETH- 1.
ARBEEBMAMK LT, REESE LIS -7, Mo BRMOBRIFEMN Y TRICE & LS
EVhNEd, HBELL “7rATHE-A" OERT S LABEEE OO TAREETII Mo EiRN
OEREFBIN T E L - 12,

4. & =

Fe, Mn, Cu, Zn, B, Mo |2, H#DEFCHEDOEHLTHY, BLIS I NO,—N RLICHH
5FE3EENTNEOT, ThoMBRZTHLE NO,—N OEHRBEDBLEEZLNS,
HOBHEBRNESEE2ERT 2 Fe, Mn, B2, £ho2RBMLERThERZEREIFE OIS
REDONO,—N BERHBRETREL, TLREPOFERSFULJEBRETEE M f. TR
BULPERLEWY Cu, Zn {3, ThOERBSETHRIEEREADLDNENL, BED NO,—N
BELHBETRLEL, REOERADE LS EBETRIUP o7z, DT LRFBBITH=
PSS ATRERO Fe, Mn, Cu, Zn, B WM L &%Ek L, FEDELABLAUERKT
BThIEBIVBBERSORZEDOERRET K- DOHLFED 2T 12T EICHET
BLEZLND. Lizh- THPERMRERT LS, B 1:BR%D S O SR EZ ek L—&
KHVCONARZEIIELNZCLEYWPET S, Mo BEWDOEREICEINES-72DT, Mo
WEMEXORED Mo BiRREDLHTANL, NO—NMELE LL{GBETH-7-. WNOEET
AFBREFUNHET Mo BiRMe MRS LHE, BEXOERD Mo #i3 0.30 ~1.06ppm,
RETI30.05~0.15ppmTH » 72O L, Mo SREMRX DX TIE 0.01~0.02ppm, EFET0.01
ppmL T TH Y, BEPIT Mo 2 Liiidhid Mo REZLHLUT IERRSABERITE?
DOTREVAEEZLGNT:. HE3RBEZNLETE, NO,—NERIIEBC hESLR, 2hck
DEEFHBFELMEIS AR, B2ROLBRBERBRMEO X MMM SO NO,—N
BIIIMR 54, NO—N EHBRIMZ - THUK LB EbD5. BlELE2HOLBRER
ERMROREONO,—N PERSFO FHRARF LM, HEHGoR», FHEPENE OB
DEEROBEEHXBEELERCE—&E L7 &0 E Y, AEBRBROKRDOBREERRZE
WEBEZE LD THAL H2EEZoNSB,

Fe 10{5X, Cu l0#ERORED NO,—N BERF L HBETH»7. Fe OBFIZ Mn RZ
ZHELY, Cu BRI Fe RZAFR? vrLaN, AZRTHREORBRSBE,LLT,
COBEEIZED O NI, ThBRED NO,—N BEAED-ERE QMEHRE L, Chlko
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WTIRIE, ETOERERNILENSBEBbND. FTEO ORMEDOERTIE Cu BRRARK
ORBETEEEELET ¢, In I0ERORED NO,—N #EEIZFH L  EVEIRZEZ R LIEH
O Zn BEMSLNACONTH EFONBERET T 22D, AERTIE InloERKO
NO,—N B EI220E >7:. —H Zn RZI Zn RHF 3 LItk NO,—N Hi%T 5
C&, BRESOEARGICLIOE, TR VEBBEINTT 2 C & REDPLHT, InZER
PICHNRBICEEs2E#20N05%, In LPOEFIEFAREDONE,H -7/, Mo &EMXD
B NO,—N BEREFLIEVEAERLEL., Mo RHBBETERRICBEESL, MofEimT
NO,—N OEEMBLONBT EREF(BEINTNS,

SEHED NO—N #EOFLLE Fe 10K, Cu 105X, Mo MR IZMELHD S EHR
Ph P TREEO NO;—N #ERETET, TARRO NO—N HEEDENZn10ERTREL
EFL-C L RAROERY, FRILULEE—Z L,

i B pEIC 7S B S TIWRSE Fe, Cu 2SML, BZE Mo RFIA S hECLB0T, ML
Tkt = PRED NO,—N BERE LI LHERSNI,

5. = #

51 M= FRED NO,—N FHic B XIZT Fe, Mn, Cu, Zn, B, Mo OE#T >\ TR
L7z,

5.2 XEiEo Fe BEXI0EICTSE, BEDO NO,—N BERFLIHELZIERERLE
CoEmiz Cu W0ERTHEL O

5:3 Zn 10 fERIZEED NO,—N BEZFLIETEEIEMERLL.

5.4 Mo EARMRDOEHED NO,—N BEREFLLES, —HEEOMo 2B RsHHTES
27z,

RO, ABIEAFGHE SIS, BUEL2VAZVLYHATREREATENER, SAEE
TEMER. YEPAZARREZE, TEFERBERCRMO LIS, T, @iihvicfini
LR, ASRER, EIUARE, BARER, ERBRICERAHOLLIT.
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