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Development of Temperature Control Technology of Root Zone
using Multi-line Heating Methods in the Strawberry Hydroponics
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Abstract. A multiline electric tube consisted of XL pipes contained with 2~4 hot wires and water in it.
The specification of one meter length multi-line electric tube was investigated and the proper number in the
multi-line electric tube was determined. A multi_line electric tube with three hot wires were found to be the
most efficient for the media heating control system. Temperature rise of medium in the rice hulls media was
faster than that in the perlite media, showed better insulation effect of rice hulls media. Temperature rise of
medium with mulching on the top of the bed was faster than without mulching, resulted in the beneficial
effect of temperature rise with mulching. The regression model for the rice hulls media with mulching air
temperature of 5°C were a=-0.1458 and b=-0.1088. Using the model, the temperature rise of medium
during low temperature season can be predicted for the various media according to the different depths.
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Fig. 1. Structures of the experimental bed and locations of
temperature sensors.
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Fig. 2. PE tubes for heating contained multi-line electric
wire.
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Fig. 3. A flow diagram of temperature control used a media
heating device with multi-line electric tubes.
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Fig. 4. Characteristics of temperature control by multi-line
electric heating methods.
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Fig. 5. Changes of temperature at the sensor locations in
case with non-mulched plant bed at air temperature of
5°C.
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Fig. 6. Comparison of temperature distributions for rice and pearlite media at the stable condition without mulching air tem-

perature of 5°C.
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Fig. 7. Changes of temperature at the sensor locations for
rice hulls media in the plant bed (air temperature of
10°C).
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Fig. 9. Comparison of temperature distributions for rice
hulls media without mulching.
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Fig. 8. Comparison of temperature distributions for rice hulls media according to with and without mulching,
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Fig. 10. Newton equation constants by media type and
depth in the plant (Rice hulls-without mulching-air tem-
perature of 15°C).
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Fig. 11. Comparison actual model to predict model (Rice
hulls-without mulching-air temperature of 15°C-middle).

EAL AshH, 7120] 2EFE AP} AA Ye
ot

Fig. 102 %A A9 ¥
15°C & wjo] Y 25AE e AewA, 11

Table 1. Newton equation constants of media type according to the depth in the plant at air temperature 5, 10, 15°C.

Classification Top Middle Bottom

Air Temp. Mulching Media a b a b a b
Rice hulls -0.2582 0.0311  -0.1152 0.0003  —0.0370 0.0201
Without  Pearlite -0.1181 0.0127  —0.0756 0.0187 —0.0171 0.0186
mulching Rice hulls + Peatmoss  —0.1184  —-0.0338  -0.0853 -0.0868 —-0.0160  —0.0293
sc Pearlite + Peatmoss -0.1802 0.0236  —0.0639 0.0289  -0.0099 0.0143
Rice hulls -0.1458  -0.1088 —-0.1057 -0.0151  -0.0403 0.0189
With Pearlite —0.1548 0.0052  -0.0762 0.0136 -0.0198 0.0177
mulching  Rice hulls + Peatmoss  —0.1086  —0.0313  -0.1047 —0.0473  -0.0311 0.0233
Pearlite + Peatmoss -0.1653 0.0733  —0.0641 0.0390 -0.0150 0.0165
Rice hulls —0.4794 0.1334 -0.1393  -0.0008 —-0.0304 -0.0111
Without  Pearlite -0.4124 02144  -0.1266 0.0200  -0.0228 0.0188
mulching  Rice hulls + Peatmoss  —0.2820 0.1370 -0.1532  -0.0100  -0.0330 0.0350
10°C Pearlite + Peatmoss -0.2630 0.0694  —-0.0739 0.0181  —-0.0098 0.0179
Rice hulls -0.0860 -0.1337 -0.0724 -0.0140 -0.0357 0.0089
With Pearlite -0.2167 0.0798  -0.1103 0.0321 -0.0343 0.0192
mulching  Rice hulls + Peatmoss ~ —0.3340 0.1990  -0.3404 0.1808  -0.1033 0.0706
Pearlite + Peatmoss -0.2789 0.1330  —0.0879 0.0289  -0.0306 0.0116
Rice hulls -0.9839 0.1466  —0.3732 0.0671  —0.0604 0.0529
Without  Pearlite —-0.5006 0.2151  -0.2332 0.0927 -0.0419 0.0023
mulching  Rice hulls + Peatmoss ~ ~0.6818 0.1906  —0.5877 0.1806  —0.0897 0.1159
(sC Pearlite + Peatmoss -0.6181 0.1215  -0.3215 03160  —0.0450 0.0758
Rice huils -0.7316 0.3499  -0.3977 0.2389  —0.0805 0.0531
With Pearlite -0.3887 0.1968  —0.2378 0.1691  —0.0478 0.0735
mulching  Rice hulls + Peatmoss  —0.6729 02581  —0.6452 02641  —0.0833 0.0182
Pearlite + Peatmoss -0.6930 0.1726  -0.2479 02376  —0.0615 0.0581
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