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Development of Optimal Nutrient Solution of Tomato
(Lycopercicon esculentum Mill.) in a Closed Soilless Culture System

Sung Oh Yu and Jong Hyang Bae*
Division of Plant and Resource Science, Wonkwang Univ, Iksan 570-749, Korea

Abstract. The experiment was conducted to investigate the nutrition absorption pattern in the growth
stages and develope the optimal nutrient solution hydroponically grown the tomato in closed substrate cul-
ture system with the nutrient solution of National Horticultural Research Station in Japan into 1/2'S, 1 S, and
2'S. When plant was grown in 1/2 S, the growth and yield were high and the pH and EC in the rooting zone
were stable. Suitable composition of nutrient solution for tomato was NOs-N 7.1, PO,—P 2.1, K 4.0, Ca 3.1,
Mg 1.2, and SO,—S 1.2 me-L"' in the early growth stage and NO;—N 6.5, PO,~P 2.3, K 3.4, Ca 3.1, Mg 1.1,
and SO4-S 1.1 me - L™ in the late growth stage by calculating a rate of nutrient and water uptake. To esti-
mate the suitability for the nutrient solution of tomato in a development of optimum nutrient solution of
tomato developed by Wonkwang university in korea (WU), plant was grown in perlite substrate supplied
with different solution and strengths(S) by research station for greenhouse vegetable and floricultuin in the
Netherlands (Proefstation voor tuinbouw onder glas te Naaldwijk; PTG) of 1/2'S, 1 S and 2 S, respectively,
The growth was good at the PTG and WU of 2 S in early growth stage, and at the WU 2S in late growth
stage. The highest yield of tomato obtained in the WU of 2 S, although blossom-end rot was appeared in all
treatments. pH and EC in root zone of WU of 2 S were stable during the early and late growth stage. There-
fore when plant was grown in WU of 2 S, N and P content in the nutrient solution need to low, according N
and P content of their leaves were high in WU of 2 S.
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Fig. 1. Changes of EC and pH in drained nutrient solution

hydroponically grown tomato in closed perlite culture sys-

tem as affected by different nutrient strength. A; Early

growth stage, B; Late growth stage.

Table 1. Effect of nutrient concentration on the growth hydroponically grown tomato in closed perlite culture system.

Nutrient P[ant No. of Stem Fre;sh D.ry No. offruit F{uit Solu})le
concentration” height node diamter weight weight (No/plant) welgl}t :oh.d
(cm) (ea) {em) (@ &) (g/ftuit) (°Brix)
Early growth stage
1728 188.5 a" 236D 10.9b 998.1 b 9l.ic - - -
1S 207.1a 25.1ab 11.2 ab 1181.4a 1252 a - - -
28 1984 a 26.4a 11.6a 8833 b 1145b - - -
Late growth stage
1728 3142a 412a 15.6a 9323b 244.1a 27.1a 133.7a 6.0c
1S 3053a 389a 156a 1802.8 a 2509a 28.6a 854b 70b
28 3178a 41.7a 149a 15003ab  231.2a 252a 50.6 ¢ 83a

“Strength of concentration in nutrient solution of National Horticultural Research Station in Japan.
YMean separation within columns by Duncan’s multiple range test , P = 0.05.
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Table 2. Calculated n/w value and absorbed water uptake hydroponically grown tomato based on the Yamasaki's formula in

closed system.

Nutrient Items Water Items PO,-P K Ca Mg
concentration” measured L) measured me-L! ‘
Early growth stage

1728 a 90.00 y 229 3.19 3.86 1.04
w 598.50 yi 2.12 4.08 2.97 1.27

a/w 0.15 n/w 2.15 3.94 3.11 1.24

1S a 90.00 y 4.30 6.28 6.59 2.08
w 557.20 Yi 2,71 5.58 5.53 2.48

a/w 0.16 n/w 2.96 5.69 5.70 2.41

28 a 90.00 y 8.15 12.51 12.51 4.26
w 501.00 yi 4.81 10.84 13.33 5.09

a/w 0.18 n/w 5.41 114 13.18 4.94

Late growth stage

1/2S a 80.00 y 229 3.19 3.86 1.04
w 428.70 yi 1.75 323 3.21 1.55

a/w 0.19 n/w 1.85 322 3.33 1.45

1S a 80.00 y 430 6.28 6.59 2.08
w 373.30 \4 243 5.81 7.05 2.89

a/w 0.21 n/w 2.83 5.59 6.95 2.72

2S a 80.00 y 8.15 12.51 12.51 4.26
w 244.40 Y1 9.84 17.72 22,97 9.15

a/w 0.33 n/'w 9.29 16.02 19.54 7.55

n/w : The formula devised by Yamasaki to determine the amount of macro nutrients and water uptake at regular intervals dur-

ing substrate culture.
Ify >y, niw=aw(y-y) +yl :y<y; =yl -a/w(y -y).

S: The nutrient solution of National Horticultural Research Station in Japan.

a: Initial volume of culture solution in each tray (liter).
w: The amount of water absorbed by plants (liter).

y: The initial concentration of macronutrients in culture solution (me *L™').
y1: The final concentration of macronutrients in culture solution (me - L™").
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Table 3. Effect of nutrient concentration on the growth hydroponically grown tomato in closed perlite culture system at the

36 days after transplanting.

Nutrient Solution  Plant height (cm) Stem diamter (mm) No. of node (ea) Fresh weight (g) Dry weight (g)
PTG 1/2S 153.7 ¢ 11.0 c¢d 23.2 ab 476.6 ¢ 67.0b
1S 176.7 a 12.2 ab 243 a 819.6 a 923a
28 169.5 a 11.5 be 24.0a 7053 b 90.0 a
wu 1728 156.7bc 10.1d 212¢ 398.7d 60.0b
IS 167.0ab 12.1 ab 22.2be 706.4 b 855a
28 173.7 a 12.9a 242 a 757.2 ab 88.9 a

“Mean separation within columns by Duncan's multiple range test, P = 0.05.
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Table 4. Effect of nutrient concentration on the growth hydroponically grown tomato in closed perlite culture system at the

72 days after transplanting.

Nutrient Plant height Stem diamter No. of Fresh weight Dry weight
Solution (cm) {mm) node (ea) €3] (&)
PTG 1728 311.3 ab* 152a 34.3 ab 1198.0 ¢ 165.8b
1S 283.5ab 143a 3150 1570.7 ab 2142a
28 2694 b 142 a 32.0b 1406.5 be 2083a
WU 1728 261.3b 149a 323b 770.9d 120.8 ¢
1S 309.3 ab 156a 388a 1434.0 be 2094 a
28 3314a 15.6a 40.2a 17333 a 220.7a

“Mean separation within columns by Duncan'’s multiple range test, P = 0.05.

Table 5. Effect of nutrient concentration on the yield and quality hydroponically grown tomato in closed perlite culture sys-

tem at the 72 days after transplanting.

Nutrient No. of fruit Total fruit weight Soluble solid Blossom end rot
Solution (No/plant) (g/plant) (°Brix) emergence (%)
PTG 1728 14.1 be? 19163 b 5.1b 10.6a
1S 149b 2288.6a 47c¢ 34b
28 15.1b 1446.4 ¢ 54a 11.6a
wu 1728 10.5d 1532.5¢ 42d 129a
1S 133¢ 2289.0a 48¢c 38b
28 16.6 a 2309.8 a 55a 9.5ab

“Mean separation within columns by Duncan's multiple range test, P = 0.05.
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Table 6. Effect of nutrient concentration on the mineral nutrient content hydroponically grown tomato in closed perlite cul-

ture system at the 72 days after transplanting.

Nutrient N P K Ca Mg
Solution (/100 g, DW)

PTG 1728 9.8 a 20b 25¢ 20a 09b

1S 112a l.lc 42b 1.5b 09a

28 146a 1.0¢ 52a 12¢ 07¢

wuU 1728 82a 05d 25¢ 13¢ 07¢

1S 115a 02d 35b 1.0d 09a

28 11.6a 36a 24c¢ 1.9a 09a

“Mean separation within columns by Duncan's multiple range test, 7= 0.05.
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Fig. 2. Changes of EC(A) and pH(B) in the drainage solu-
tion as affected by the different strength of PTG and WU
nutrient solution hydroponically grown tomato in closed
substrate culture system at the early growth stage.
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Fig. 3. Changes of EC(A) and pH(B) in the drainage solu-
tion affected by the different strength of PTG and WU nutri-
ent solution hydroponically grown tomato in closed
substrate culture system at the late growth stage.
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