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Development of Stable Production Technique of Summer Spinach
(Spinacia oleracea L.) in Soilless Culture in the Highlands
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Abstract. Differences among cultivars, conditions of nutrient solution, nursing materials, and soilless cul-
ture systems were investigated to select suitable cultivar and cultivation methods for stable production of
summer spinach in the highlands. The ‘Quinto” spinach showed the earliest growth and highest yield. For
yield increase of summer spinach, optimal solution pH was 6.0, EC was 2.0 dS - m™', and NH,-N ratio of
nutrient solution was 30 percent. Stand rate of spinach in nursing seedlings, at 200-cell-tray filled with
mixed nursing soil (peat : perlite =7 : 3), was higher than those grown in urethane sponge and rock-wool
plug. Yield was also 18 to 24 percent higher than those in rock-wool plug and urethane sponge. Plant length
and yield of spinach in mixed substrate (peat : perlite = 7 : 3) filled nutrient film technique (MSNFT) sys-
tem were longer of 18 percent, and higher of 9 percent than those in deep flow technique (DFT) system,
respectively. However, changes of root zone temperature, pH and EC showed similar pattern with DFT.
Therefore, growing ‘Quinto’ cultivar at 6.0 of pH, 2.0 dS - m™' of EC, 30 percent of NH,-N ratio, at 200-
cell-tray filled with mixed nursing soil, and MSNFT cultivation system, was the best for production of sum-
mer spinach in the highlands.
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Fig. 1. A schematic diagram of mixed substrate filled nutri-
ent film technique (MSNFT).
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Table 1. Growth, yield and bolting rate according to spin-
ach cultivars in soilless culture.

Table 3. Effect of nutrient solution EC on growth of spin-
ach.

Plant Fresh . Bolting Solution Plant Fresh .
Cultivars  length  weight (kY_“::,.) rate’ EC  length Ezvgsf weight (kY,‘e}igﬁl)

(cm) (gplant) & (%) @-m"  (m) (gplant) ™%
Almira 260b> 1770 18,470 b LLlc 1.0 20.7 17.2 12.8 ¢* 14,080 ¢
Titanic 216d 13.1d  14410d 230 1.5 20.2 18.4 13.7b 15,070 b
Blackpower 21.3d 98¢ 10,780 ¢ 24b 2.0 21.1 19.3 15.1a 16,610 a
Quinto 286a 233a  19630a 24b Z : o ; ;
Titan 235¢  157c¢ 17270 ¢ 324 Mean separation within columns by Duncan’s multiple

*Mean separation within columns by Duncan’s multiple
range test at 5% level.

YBolting rate when reached to 1,000°C of accumulated tem-
perature, and length of flower stalk was over 1 cm.

Spinach seedlings were transplanted and harvested on July
11 and Aug. 5, 2003.

Table 2. Growth of spinach as affected by pH of nutrient
solution.

Solution Plant No. of Fr?Sh Yield
H length leav weight ke - ha!
P (cm) ® (gplany *EH)
6.0 21.8 13.6 13.8a 15,180 a*
6.5 21.1 13.6 11.3b 12,430 b
7.0 20.3 12.6 109b 11,990 b

*Mean separation within columns by Duncan’s multiple
range test at 5% level.

Spinach seedlings were transplanted and harvested on Aug.
11 and Sep. 5, 2003.

AIFAY] RS akalle] pHYL 6.0Y W) E} Halo)
HI3te] F2- 302 VERITH Table 2). 233 A5
FB2] pH 7l &7t gilont AL pH 6.00
A 13.8g22 11.3g% 10.9¢2 YR pH 6.59) 7.0
of Histd 24zt 18% ol FAYCH, %= pH
6.0014 15,180kg - ha'& 12,430kg - ha'9} 11,990kg -
ha & JeRA pH 6.59 7.09] &l 18% ol B
At FHe] Ecol wE AJFX)2] AYS(Table 3)S
B 235 e Aol fila, AAES FEke
EC 2.0dS-m™llA 15.1g7} 16,610kg-ha &4 13.7g
3} 15,070kg - ha'& YEPd EC 1.5dS - m oM BT}
2zt 9% EAAY €9k, EC 1.5dS - m'Boke
15% ol F718taeh. s Fe] NH-N B1&o)
30%Y W ABAFS 15.1g22 143g% 14.6g& UE}
A 10%9} 20%0 BlE}d 5%7) FAY e, ok gt
15,090kg - ha '= E} A{2jol] ¥Id}d BRTH Table 4).
AlFA] SRl A3 uixE Adsl] sl d=

range test at 5% level.
Spinach seedlings were transplanted and harvested on Aug.
11 and Sep. 5, 2003.

Table 4. Growth and yield of spinach according to NH4-N
ratio of nutrient solution.

NH,-N Plant Fresh .
ratio length g:;,gsf weight (k Yllil:,l)
%)  (cm) (g/plant) €
10 252 14.3 143 b* 14,430b
20 26.6 15.1 146 b 14,760 b
30 26.1 153 15.1a 15,090 a

*Mean separation within columns by Duncan’s multiple
range test at 5% level.

Spinach seedlings were transplanted and harvested on Aug.
11 and Sep. 5, 2003.

Table 5. Stand rate of seedlings, growth and yield of spin-
ach as affected by nursing materials.

Standrate Plant  Fresh

Yield

Nursing material ~ of seedlings length weight (kg - ha™)
%) (em) (gplany
Urethane sponge 63  213b 164b 18,040b
Rock-wool plug 68b 226b 17.6b 19360b
Mixed nursing soil” 86a 26.6a 21.5a 23,650a

*Peat : vermiculite : perlite=3:1: 1.

*Mean separation within columns by Duncan’s multiple
range test at 5% level.

Nursed seedlings were transplanted and harvested on Sep.
30 and Nov. 10, 2003.
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Table 6. Comparison of root zone temperature (°C) between
DFT and MSNFT.

5 - B9

e

Table 9. Growth and yield of spinach as affected by culture
system.

Culture Days after transplanting

system 0 5 10 15 20 25

DFT 175 179 191 201 236 246
MSNFT? 175 178 188 208 232 253

"Mixed substrate (peat : perlite =7 : 3) filled nutrient film
technique.

None significant by Duncan’s multiple range test at 5%
level.

Observed date : every 5 day from July 20 to Aug. 14, 2004,

Table 7. Change of solution pH according to time course.

Culture Days after pH adjustment

system 0 1 23 4 5
DFT 60 62 62 63 6.5 6.6
MSNFT* 60 61 62 63 64 65

"Mixed substrate (peat : perlite =7 : 3) filled nutrient film
technique.

None significant by Duncan’s multiple range test at 5%
level.

Observed date: everyday from July 20 to July 25, 2004,

Table 8. Change of solution EC (dS-m™) according to
time passing.

Culture Days after transplanting

system 0 5 10 15 20 25
DFT 20 223 222 221 222 223
MSNFT* 20 220 218 212 202 202

"Mixed substrate (peat : perlite = 7 : 3) filled nutrient film
technique.

None significant by Duncan’s multiple range test at 5%
level.

Observed date: every 5 day from July 20 to Aug. 14, 2004.

2 18% ol FAAY Bokd EJHECAM SH3E

HE o83l F£AANM] & A THE Bolthe
A& & & ok

TR AlFR] AgAel] HES SR AL
(MSNFT: mixed substrate filled nutrient film technique)
< AZBl) 7189 DFT W3} Z9LE, g9
pH 2 ECY| H3lE AR 27 F 4] ol A
o7} g Ao 1JrEBra%\:‘r(Table 6, 7, 8).

T AR ABS-2 MSNFTOIA o] Eolx 9%
I e 263cmt 172902 223eme} 142908 VIE}

Jl DETO) BIsked 15%S}F 1794 2zt 2 Bgich

Cuture R o of  FTEB vl
system length leaves weight (kg-ha™)
Y (cm) (g/plant)

DFT 2230  142b 249b 24,980 b
MSNFT* 263a 17.2a 272a 27,260 a
*Mixed substrate (peat : perlite =7 : 3) filled nufrient film

technique.

YMean separation within columns by Duncan’s multiple
range test at 5% level.
Nursed seedlings were transplanted and harvested on July
20 and Aug. 14, 2004,
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