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Abstract

This experiment was conducted to find out the compositions of nutrient solu-
tion for closed system in substrate culture of cucumber. Cucumber(Cucumis
sativus L. cv. Eunsung baekdadagi) plants were grown in the substrates sup-
plied with the nutrient solutions whose strengths were 1/2, 1, and 3/2 of the
original concentration developed by National Horticultural Research Station in
Japan. By increasing the nutrient concentrations, plant height decreased but leaf
length, leaf width, and leaf number showed little differences. A number of mar-
ketable fruit and marketable yield were the highest in the concentration of 1
strength. The nutrient compositions of solution developed for closed system in
cucumber substrate culture were N 11.4, P 3.3, K 6.0, Ca 4.5, and Mg 3.5 me
« ¢~ during the vegetative growth period and N 10.4, P 3.3, K 5.0, Ca 4.5,
and Mg 3.5 me- £7' during the reproductive growth period. To examine the
suitability of nutrient solution developed in the above experiment, cucumber
plants were grown in the substrates supplied with different solutions and con-
centrations — Yamasaki's nutrient solution(Yamasaki) of 1 S, nutrient solution
of Research Station for Greenhouse Vegetable and Floriculture on the Nether-
lands(PTG) of 1 S, nutrient solution developed in the above experiment(SCU)
of 1/2, 1, and 3/2 S. EC and pH in root zone changed little in the all treat-
ments during growing period. As cucumber plants grew, the concentrations of
N, P, and K in root zone decreased but Ca concentration increased. Net CO, as-
similation rate of cucumber leaves was high in SCU of 1 and 3/2 S, and
Yamasaki of 1 S. Growth of cucumber plants was the lowest in SCU of 1/2 S.
There were little differences among SCU of 1 and 3/2 S, Yamasaki of 1 S, and
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PTG of 1 S. Suitable N, P, K, and Mg contents were shown in cucumber
leaves in SCU, Yamasaki, and PTG of 1 S. Ca content was low in PTG of 1
S. Total yield was the highest in SCU of 1 S followed by Yamasaki of 1 S.
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Table 1. Calculated n/w values of cucumber plants based on the Yamasaki's formula in sub-

strate culture.

Growth Nutrient Items Water Items PO,—~P K Ca Mg
stage conc. measured (4) measured (me+ 7"

a 20.0 y 1.81 3.61 2.39 1.94

1/2 S w 24.95 v 1.02 2.60 2.32 3.94

a/w 0.802 n/w! 1.65 3.41 2.38 2.34

. a 20.0 y 3.40 6.34 443 3.64

Vegetative 1S w 20.35 yi 250 591 540 421

stage a/w 0.983 n/w 338 633 444 365

. a 20.0 y 5.48 12.4 6.60 6.14

3/2S w 26.85 yi 4.30 5.22 8.02 8.20

a/w 0.745 n/w 5.18 10.6 6.96 6.66

a 20.2 y 1.81 3.61 2.39 1.94

1/2'S w 38.1 N 1.18 0.78 2.46 1.58

a/w 0.524 n/w 1.51 1.49 2.42 1.77

Reproductive a 20.0 y 3.40 6.34 4.43 3.64

stage 1S w 29.4 Yi 3.59 2.30 5.27 3.64

a/w 0.680 n/w 3.46 5.05 4.70 3.64

a 20.0 y 5.48 12.4 6.60 6.14

3/2S w 19.6 N 6.67 6.95 9.79 12.0

a/w 1.020 n/w 5.46 12.5 6.53 6.02

< Strength of nutrient solution.

* The formula devised by Yamasaki to determine the amount of macronutrients and water up-

take at regular intervals.

y>y, n/w =
y<y, n/w =

n; nutrient absorption.

%(y—y1)+y.

a
NGy

a; Initial volume of culture solution in each container ( ¢).

w; The amount of water absorbed by plants ( ¢).

y; The initial concentration of macronutrients in culture solution (me+ £ ~').

yi; The final concentration of macronutrients in culture solution (me+ £7'").
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Table 2. Effects of different nutrient concentrations on the growth and the early vield of cu-
cumber plants using the nutrient solution of National Horticultural Research Station in

Japan.
. Plant Stem Leaf Leaf No. of  Marketable
Nutrient . . . No. of .
height diameter length width 1 marketable yleld
cone. eaves
(cm) (mm) (cm) (cm) fruits (g - plant™')
1/2 S 334 a* 10.2 a 23.9 339 b 36.5 10 b 1807 b
1S 322 b 10.2 a 25.2 359 a 36.0 13 a 1911 a
3/2° S 310 ¢ 91b 24.6 340 b 36.0 10 b 1360 ¢

* The values followed by the same letter are

Duncan’s multiple range test (P < 0.05).
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Fig. 1. Changes of EC and pH in root zone
based on the different nutrient con-
centrations [EC; 1/2 S (A), 1 S
(M), 3/25 (@), pH; 1/2S (A}, 1
S ([3), 8/2 8 (0)]
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Table 3. Nutrient contents of leaves and fruits of cucumber grown under different nutrient

concentrations.
Nutrient Nutrient content (g/100g dry matter)
concentration N P K Ca Mg
—Leaf—
1/2' S 2.035 ¢* 0.426 ¢ 4382 a 3.138 a 0.929 a
18 3.364 a 0.633 b 4.631 a 2.946 a 0.737 b
3/2 S 2.805 b 0.759 a 3345 b 2501 b 0.598 ¢
—Fruit—
1/2 S 1.181 ¢ 0.668 b 3.706 b 0.323 a 0.402 a
1S 2.826 a 1.052 a 5.318 a 0.215 b 0412 a
3/2 S 1.399 b 0.966 a 5.037 a 0.332 a 0.322 b

* The values followed by the same letter are not significantly different according to the

Duncan’s multiple range test (P < 0.05).

A K &% 377 FYAo2 Holx|gt
olAL A&How dFdor ¥ HAAEtT A
Z}+ o},

ol g TN ngE W, FEY d4 5
Aol A wigd Holzls A2 AW
717 Foll Wi FA ol A Fxo W3t

AL ZE g Byt otz uFA]
A5 Wol dowAdx uvlEe Juy A
ARzl Higol EolAE EAHS A
& o] oG, 1986). 2 A= o
2 opdl AEA 1 wido A wiFAe LECs}
pHe W3lrl A3 Qg3 3¢z Yo =,
olAE 20l9 dF B =g wigHolg
a3 4 sk wEA, s A FeR
F4-8d g8 Mdd 2o 34 nFu A
Aul-g wiFHe]l =YL JUd AAY]) Ftel
= N 114, K 6.0, P 33, Ca 45 9 Mg 35
me - £7'0]qla, AA A7 FAdNE N 10.
P 33, K 50, Ca 45 2 Mg 35 me« ¢!
g Ao E el o] P& 0] ¢F

D el x] Auf-§ SCU vk o 2 )¢ )

>1_&‘:o£:L

A

2. W wHH S HBrY ZA

2 AYddA 20 &3 TR A
HEgoz Jid SCU wjdde] HPYS
AR 87 Aske] (Mki(1984)7F Mg Qo]

&5 2ANNE S84 WA 3 24
A FEPTC)AA ALY 2o e
& #84 Wgdse nm AYe WA
o gl AR Al AA el w14
2 24 B 48t 2

ik wjokel, PTG w9 A= sfug
SCU whakl & Ag3te) 2012 Awye o
2@y ECsh pH Wste zAbg As(2Y
2), Al AR E5e W TE 4§77 F
o} ECx: ¢tgdolgdom pHE ECSt whaist
A2 $A% AsE Bgoh ik W ode
PTG wj¥aolu} SCU wjorale] wshe] 27
W EC7} oFzb %A vehded, olAe ik
W Fol 27} o]0 ohE ¥ wdnc
=% WFeo w7 ot

I (1984) wicokeiel 1 wlel, PTG(1992)
woele] 1 wied, SCU wjekeie] 1/2 Wi, 1
Wl 9 3/2 WAe AT 3 YA
Nadez 9018 AuMsaA A
A Aelol A wokl e A2 shel oy
g ggdz FEE sl 3~
7). AR A AT WAy N, P 9
K g 480 2830 get gass 3
$& wled, 53 Pt K @3k 2sirel
A 109 239 ol £ Rasti 7ol
Eagch N, P 9 Kshe 2e oy



ool -o]uf: g0 BHRA EBLMBA HED HHW BB

Table 4. Concentrations of macronutrients in the nutrient solutions used in closed culture

system of cucumber plants.

Nutrient concentration (me+ £ ')

Nutrient
solution Growth stage N P K Ca Mg
Yamasaki 13.0 3.0 6.0 7.0 4.0
PTG® 13.0 3.0 6.5 5.5 2.0
scur Vegetative stage 114 3.3 6.0 4.5 3.5
Reproductive stage 10.4 3.3 5.0 4.5 3.5

¢ Nutrient solution of Yamasaki(Yamasaki, 1984).

* Nutrient solution of Proefstation voor tuinbouw onder glas te Naaldwijk(PTG) (Sonneveld

and Straver, 1992).

* Nutrient solution of Seoul City University(SCU) for cucumber substrate culture in closed cul-

ture system.
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Fig. 2. Changes of EC and pH in root zone
based on the different nutrient solu-
tions [EC; Yamasaki 1 S (A), PTG

1S (W), SCU 1 S (e), pH;
Yamasaki 1 S (A), PTG 1 S ({O),
SCU 15 (0)]
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Fig. 3. Changes of N concentration in root
zone based on different nutrient so-
lutions and nutrient concentrations
[Yamasaki 1S (A), PTG 1S (H),
SCU 1/2 S (Vv),SCU 1S (@), and
SCU 3/2 S (0)].
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Fig. 4. Changes of P concentration in root
zone based on different nutrient so-
jutions and nutrient concentrations
[Yamasaki 1 S (A), PTG 1 S (H),
SCU 1/2 S (v),SCU 1S (@), and
SCU 3/2 S (0)].

i 1 Wdo) X Eekom SCU 1/2 wiels)
PTG 1 wiejel 4 wkskeh 53 SCU 1/2 Wy
AN FYIEE FUAD ol WP o)
o e FAYE S22 A5t 2o]st B
ol B2Y T/ JEES F¥8 4R

400
350}
300}
250
200
150

100+ V//E\Q“\v

50

K concentration (ppm)

16 37 46 53 60
Days after sowing

Fig. 5. Changes of K concentration in root
zone based on different nutrient so-
lutions and nutrient concentrations
[Yamasaki 1S (A), PTG 1S (H),
SCU 1/2 S (v),SCU 1S (@), and
SCU 3/2 S (0)].
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Fig. 6. Changes of Ca concentration in root
zone based on different nutrient so-
lutions and nutrient concentrations
[Yamasaki 1 S (A), PTG 1S (R),
SCU 1/2 S (Vv), SCU 1 S(e), and
SCU 3/2 S (0)].
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Table 5. Effects of different nutrient solutions and nutrient concentrations on net CO, assimi-
lation rate, stomatal resistance, and transpiration rate of cucumber leaves 50 days

after sowing.

. . Net CO, assimilation Stomatal Transpiration
Nutrient Nutrient .
. . rate resistance rate
solution concentration . _ I
(tmol » m™?+s7") (s~ cm™) (g +cm™*+s7")
Yamasaki 1S 20.63 ab* 0.321 a 23.85 a
PTG 18 18.83 b 0.324 a 20.63 b
SCU 1/2 S 14.68 ¢ 0.273 ¢ 2042 b
1S 21.60 a 0.297 b 22.75 a
3/2 S 22.07 a 0.315 a 22.87 a

Measuring condition: light intensity; 610~670umol » m~*+s~!, CO, concentration; 610~670
ppm, leaf temperature; 27~29C, RH; 50~60%.
* The values followed by the same letter are not significantly different according to the

Duncan’s multiple range test (P < 0.05).
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Fig. 7. Changes of Mg concentration in root
zone based on different nutrient solu-
tions and nutrient concentrations
[Yamasaki 1S (A), PTG 1S (W),
SCU 1/2 S (v), SCU 1 S (e), and
SCU 3/2 S (0)]
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Table 6. Effects of different nutrient solutions and nutrient concentrations on the growth of

cucumber plants 40 days after transplanting.

Plant

Stem

Leaf

Leaf

trient Nutrient R No. of

Nu n.e " b nen. height diameter length width o ©

solution concentration leaves
(cm) (mm) (cm) (cm)

Yamasaki 1S 142 d* 9.15 a 22.1 a 29.6 ab 21.8 a
PTG 1S 154 b 9.17 a 21.0 ab 31.0 ab 21.3 a
SCU 1/2 S 152 ¢ 8.75 b 195 b 285 b 22.0 a

1S 165 a 9.18 a 22.8 a 30.3 ab 225 a
3/2' S 155 b 9.23 a 23.0 a 316 a 21.8 a

* The values followed by the same letter are not significantly different according to the

Duncan’s multiple range test (P < 0.05).

Table 7. Effects of different nutrient solutions and nutrient concentrations on the growth of
cucumber plants 55 days after transplanting.

Nutrient Nutrient Pl.a nt St.e m Leaf L.e af No. of Weight (g - plant™)

solution cone. height dia. length width leaves
(cm) (mm) (cm) (cm) Fresh Dry

Yamasaki 1S 273 b* 9.67 21.5 315 a 28.3 a 5348 ¢ 51.05 b

PTG 18 276 b 9.95 21.5 29.5 ab 278 a 5528 ¢ 4521 ¢

SCU 1/2 S 249 ¢ 10.00 21.8 275 b 285 a 4166 d 5231 b

1S 302 a 9.95 21.5 28.4 ab 253 b 591.2 b 62.06 a

3/2° S 288 ab 9.48 21.9 29.8 ab 275 a 661.0 a 47.72 ¢

* The values followed by the same letter are not significantly different according to the

Duncan’s multiple range test (P < 0.05).
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Table 8. Nutrient contents of leaves and fruits of cucumber grown in different nutrient solu-
tions and nutrient concentrations.

Nutrient Nutrient Nutrient content (g/100g dry matter)
solution conc. N P K Ca Mg
— Leaf —

Yamasaki 18 2.606 d 0.273 b 2.143 d 2.536 b 0.677 b
PTG 1S 3.166 a 0.252 ¢ 3.343 b 1.579 d 0.555 cd
SCuU 1/2 S 1.164 e 0.149 d 1.817 e 1.490 d 0.541 d

1S 2.986 b 0.365 a 2.936 ¢ 2.001 ¢ 0.731 a
3/2 8 2.856 ¢ 0.283 b 3.779 a 2812 a 0.586 ¢
— Fruit -

Yamasaki 1S 0.838 e 0.364 d 2.525 d 0.152 ab 0.200 b
PTG 1S 1.874 a 0.568 b 4.190 a 0.137 b 0.273 a
SCu 1/2 S 1.321 d 0.414 ¢ 2.614 d 0.172 a 0.260 a

1S 1.491 ¢ 0.659 a 3.590 ¢ 0.139 b 0.263 a
3/2' S 1.732 b 0.354 d 3.746 b 0.161 ab 0.270 a

* The values followed by the same letter are not significantly different according to the
Duncan’s multiple range test (P < 0.05).

Table 9. Effects of different nutrient solutions and nutrient concentrations on early yield of cu-

cumbers.
- - "
Nutrient Nutrient Fruit 'FI‘UIt Average T? al
. . length diameter fruit weight yield
solution concentration -
(cm) (cm) (8) (g - plant™")
Yamasaki 18 21.2 3.0 126.6 1645 ab*
PTG 1S 21.0 2.9 116.9 1404 d
SCU 1/2' S 21.2 3.0 125.7 1508 cd
1S, 21.1 2.9 115.0 1724 a
3/2' S 20.8 2.9 113.2 1584 be

* The values followed by the same letter are not significantly different according to the
Duncan’s multiple range test (P < 0.05).
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