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Studies on the Accumulation of Nitrate in Horticultural Products—XIl
Effects of Nitrate, Potassium, Calcium, Magnesium and
Phosphate Fertilizers on the Accumulation of Nitrate

in Tomato Fruit.

Masanori Miyazaki, Shinzo Kunisato, Seiichi Miya,

Hachiro Sugihara and Kazuo yabuuchi.

In the previous paper, it was reported that nitrate content in tomato fruit was
influenced by each of nitrate and potassium levels in the culture solution. The present
study was carried out to investigate the mutural influence of nitrate and potassium levels
and effects of each of calcium, magnesium and phosphate levels combined with several
combinations of nitrate and potassium levels in the culture solution on the accumulation of
nitrate in tomato fruit, using Fireball variety in sand culture.

Remarkable accumulation of nitrate was found in tomato fruits grown on high level of
each of nitrate and potassium. However, it was found that the influence of high level of
nitrate on the accumulation of nitrate in the fruit had been controlled by potassium level,
because the content in the fruit grown on higher level of nitrate combined with lower
level of potassium had been very low. The application of low level of nitrate combined
with any level of potassium decreased remarkably nitrate content in the fruit,

The application of high level of calcium decreased considerably nitrate content in the
fruit and when it was combined with low level of nitrate or potassium decreased remarkably
nitrate content in the fruit.

The influences of each of magnesium and phoshate levels on the accumulation of

nitrate in the fruit were not clear.
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Fig 1. Effects of nitrate and potassium levels in culture solution

on the nitrate content in tomato fruit
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Table 1. Effects of nitrate and potassium levels in culture solution on the nitrate content
in the petiol, growth and yield of tomato plant.
NO;—N in Petiol Yield Weight of
Treatment Frait Total fruit | Fruit leaf and
Ist cluster | 3rd cluster number | weight weight stem
pPPmM ppm numb;:)xi‘{m tl 2/plant g/fruit g/plant
N34+ K14 246 13 9.3 1060 113 198
N-¥+K-1% 318 30 13.0 1150 89 241
N-#4+K-1 197 5 15.6 1417 90 353
N-%4+K-3 266 14 13.0 1147 88 276
N-%+K-1% 950 112 14.0 1330 95 282
. o14
N T ray of Ke| 1013 183 9.7 1172 122 218
N-15+K-14 1177 80 12,3 1521 123 352
. 1/
N K ey of K¥| 863 127 10.7 1286 121 282
N-12+K-1 802 190 11,7 1282 109 269
N-1.+K:- 3 795 41 15.0 1558 104 436
N-1+K-i4 1364 237 10,7 1258 117 304
. +14
N-1 "'ffli;’f*s'lmy of K* 1340 230 11.0 1107 101 219
N-1+K-% 1724 240 12.0 1417 118 273
. o1/
N ey of K¥| 1910 279 13.3 1541 116 309
N-1+K-1 2022 340 16.3 3361 108 421
N:1+K-3 1300 210 14.7 1708 116 414
N.2+K 1 2160 258 12,3 1325 108 273
N:2+K-1 1600 271 15,0 1341 90 326
N+2+K-1 2250 375 15.7 1900 121 425
N:2+K-3 2300 100 13.0 1431 110 380

* Leaves were sprayed with 0.4% KCl every a week
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EREL 3 >NT K- 308ED NO,—N#ER K LITH~TEL LA EEICH 50, 0T
NHEREO NO,—N BEECEEILICIRL, KBESKBEWEA, EHEo NO,—N BERIE
{, ULdhbiEREO NO,—N BECEEBINIKuIEMZERLL., BEKTOKEREKHMKD
RED NO,—N BEREOY, EKREEATHTHCHEMT IS BHONI,

F1IRICHERD NO,2—N HEIRERE, XEFELRLEL. TR0 NO,—N BERERED
NO,—N ##EOBmMI - ML, 1REEETOERRIBRREFETOER L THELA,
EHO NO,—N BERSIZITKEEOEBIHLMTEd 12,

BEBLUEETRZE NO,—N K, BKETPPLE2EMEZ RIS, RECELTRHASHT
st o,

BRI BRBIUIRAFREORE, pH, HBELZRY, 1B, 3BRERRLOTRER
ERBEDO NO,—N BERFIZLALEBINLVLSY, EKETRWS MCET L, KIEE RS
ROBEREKRICHE~TRPEMT 2EANZD S, —H pHICRIBEALERME DR
ot BEREKRTPREWERNLER LE.

3:2 HEHD Ca BEOEE

Table 2. Effects of nitrate and potassium levels in calture solution on acidity, pH
and refractive index tomato fruit.

Ist Cluter 3rd Cluster
Treatment
Acidity pH Brix Acidity pH Brix
citric acid% citric acid%|

N3 +K-15 0.33 4.1 3.5 0.27 4,2 3.7
N-34+K-4 0.41 4.1 3.5 0.34 4.3 4.0
N:34+K-1 0.44 4.2 3.5 0.41 4,2 4.1
N-34+K- 3 0.50 4.2 4.0 0.48 4.2 4.5
N-16+K-1% 0.28 4.3 3.8 0.25 4.2 3.5
N-14+ K-3%+foliar spray of K*|  0.31 4.2 4.0 0.29 4.3 3.9
N-1o+K-¥4 0.34 4.2 3.5 0.31 4.3 4.0
N-¥%+ K-y +foliar spray of K*|  0.42 4.2 3.9 0.35 4.3 4.0
N-1%6+K-1 0.55 4.2 3.5 0.38 4.3 4.4
N-%+K-:3 0.61 4.2 4.0 0.47 4.3 4.3
N«1+K-3% 0.29 4.2 3.6 0.26 4.3 4,1
N-1+K-Y+foliar spray of K¥ 0,39 4.2 3.4 0.38 4,2 45
N-1+K-14 0.44 1.2 3.7 0.38 4.2 4.3
N-1 +K-14t+floiar spray of K¥ 0.42 4.2 3.5 0.36 4.3 4.3
N-1+K-1 4.50 4.2 3.6 0.49 4.3 4.4
N*1+K-3 0.52 4.2 4.0 0.51 4.3 4.3
N-2+K-3% 0.34 4.2 4.0 0.30 “4.3 4.2
N2 +K-% 0.42 4.2 3.8 0.34 4.3 4.0
Ne2+K-1 0.50 4.3 4.0 0.49 4.3 4.4
N-2+K-3 0.59 4.2 4.3 0.53 4.3 5.0

* Leaves were sprayed with 0.4% KCI every a week
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Table 3. Effects of calcium level in culture solution on the growth and yield of tomato plant.

Yield Weight of
Treatment , Total fruit | leaf and st
Fruit number weight Fruit wegiht eat and stem
number/plant g/plant g/fruit] g/plant

N+ K14 +Ca-14 11.7 1410 121 317
N¥%+K-%4+Ca-1 12.3 1521 123 352
N-%+K-%+Ca- 3 13.7 1307 96 333
N-1%+K-1+Ca-3 13.0 1351 104 283
N-%+K-+1+Ca-1 11.7 1282 109 269
N-%+K-1+Ca-3 12,7 1286 102 393
N«1+K-14+Ca-1) 13.3 1441 108 333
N-.1+K:¥%+Ca-1 12.0 1417 118 273
N.1+K-34+Ca-3 14.3 1415 99 400
N-14+K-1+Ca- 15.0 1949 130 466
N-1+4+K-1+Ca-1 16.3 1361 108 421
N+1+K-1+Ca-3 13.3 1494 112 366

~— 198 —




FAHRR < PEFRO NO—N EBELSICRERBICEXIITPREOEEERLILLOT,
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Table 4. Effects of phosphate level in culure solution on the nitrate content, growth and
yield of tomato plant.

NOs—N in fruit (ppm)

Fruit yield

Weight of
Treatment Ist cluster 2ad cluster Fruit Total fruitf Fruit leaf and
Ist and [3rd and} Ist and Frd and . . stem
ond fruit|ith fruit2nd fruitiith fruif Pumper | weight | weight
Number/ g/plant g/fruit| g/plant
} plant]

N-W4+K- ¥4+ P-1 1.4 5.0 + + 13.0 1150 89 241
N +K3%+P-3 + + + + 14.0 1430 102 333
N-¥%+K-1+P-1 3.3 4.9 + + 15.0 1417 94 353
N-%+K-1+P-3 4.3 4.5 + + 13,0 1147 88 276
N6+ K%+ P34 2.8 5.6 + + 10.7 1570 147 333
N+ K-%+P-1 3.6 2.2 + + 12.3 1521 123 352
N¥%+K-33+P-3 5.0 7.6 + + 15.3 1615 105 433
NWB+K-1+P-Y 4.4 7.7 i.1 + 12.7 1248 106 333
N-%+K-1+P-1 3.3 8.6 1.9 1.0 11.7 1282 109 269
N-¥%+K1+P-3 6.9 12.0 1.2 .2 13.3 1667 125 366
N+ 1+K3+P-% 7.4 9.5 1.5 + 12.3 1394 113 340
N+1+K-34+P-1 3.7 3.6 + + 12.0 1417 118 273
N:'1+K-¥%+P-3 7.1 8.2 + + 13.3 1560 118 340
Nel1+K-1+P-1 13.6 12.6 4.8 3.9 13.7 1384 101 400
N-1+K-1+P-1 11.5 11.6 5.5 5.0 16.3 1361 108 421
N+T+K:1+P-3 16.1 17.4 7.6 5.2 14.7 1607 110 400
N-2+K-14+P-1 7.1 11.4 .5 2.4 15.0 1341 80 326
N:2+K-¥%4+P-3 3.4 7.6 1.3 1.6 14.3 1321 95 300
N:24+K-1+P-1 15.2 19.2 5.9 4.0 15.7 1900 121 425
N:24+K-1+P-3 13.7 16.0 4.8 4.1 15.3 1440 94 233

3-4 BEEO Mg BEOSE
FE5RWK P FREED NO,—N BEBSICRENRBILBXZT Mg BEOEE+RT. RED
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[AERES P
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3-5 HEHROKERECHITS Ca, Mg, Na OFMELTKERRHORE
WORICI2 FREED NO—N BESICEERBEEBIZTERROKEREOXEICET
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Table 5. Effects of magnesium level in culture solution on the nitrate content, growth and
yield of tomato plant.

NO;—N i i i
—N in fruit (ppm) Yield Weight
Tretment Ist cluster 2nd cluster Fruit Total fruit| Fruit of leaf
Ist and [3rd andi Ist and [ Ist and . . and stemt
2nd fruit|ith fruitlend fruiti2nd fruid M9mPer | weight | weight
numberl/ g/plant g/iruitt  g/plant
plant|
N-Yo+K-14+Mg ¥ 4.0 5.1 + + 11.7 1362 117 300
N-16+K-4+Mg- 1 3.6 2.2 + + 12.3 1521 123 352
N-¥%5+K-34+Mg-3 5.8 9.0 + + 12.0 1301 108 317
N-3%+K-1+Mg-¥ | 12,1 13.5 3.4 3.1 11.7 1586 136 366
N-}5+K-1+Mg-1 3.3 8.6 1.9 1.0 11,7 1282 109 269
K1+K-1+Mg:3 5.8 9.0 + + 14.7 1708 116 417
N-el1+K-%+Mg-Y% 6.0 6.0 1.2 1.2 13.3 1318 99 333
N-1+4+K-%+Mg-1 3.7 3.9 + + 12.0 1417 118 273
N-1+K-%+Mg-3 6.1 5.9 2.3 + 13.0 1558 120 283
N-1+K-1+Mg-% | 147 | 16.5 5.6 2.4 14.7 1648 112 366
N«1+K-1+Mg-1 11.5 11.6 5.0 + 16.3 1361 108 421
N-1+K-1+Mg'3 14.2 27.6 6.8 2.9 14.7 1548 105 383

Table 6. Effects of low level of potassium in culture solution on the nitrate content, growth
and yield of tomato plant.

NO;—N in the fruit (ppm) Yield Weight
Treatment Ist cluster 2nd cluster Fruit Total fruit| Fruit of leaf
Ist and 3rd and| Ist and |3rd and " . and stem
2nd fruitl4th fruit2nd fruitldth fruit number weight weight
K-1 11,2 18.4 9.8 6.0 14.3 1677 117 507
K% 4.0 1.7 1.3 1.3 12.7 1512 119 450
K-%+Ca-3 + + + + 12.3 1749 115 550
K-%+Mg-3 + + + + 13.3 1669 125 475
K Y4+ foliar . .
opray of K# |+ + : + 12.0 1078 90 300
K-+ foliar , ,
spray of K* 1.8 -+ + + 12,7 1304 103 383
K-¥4+Ca3 +foliar , , . )
spray of K* + + + + 13.0 1580 122 483
K14+ Na** 7.2 5.8 1.0 1.0 14.7 1826 125 533

* Leaves were sprayed with 0.4% KCI every a week

** Na level was 200 ppm
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Table 7. Effects of low level of potassium in culture solution on the acidity, pH and
refractive index intomato fruit

Ist cluster 3rd cluster
Treatment
Acidity pH Brix Acidity pH Brix
citric acid & citric acid % ]
K-1 0.61 4.2 4.6 0.51 4.3 4.2
K-% 0.35 4.3 4.2 0.36 4.2 4.3
K.Y +Na¥* 0.40 4.2 4.0 0.37 4,3 4.3

* Na level was 200 ppm
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