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Abstract

This study was conducted to investigate the cooling efficiency and growth of tomatoes by root zone
cooling device using a pad-box and cultivated system. The structure of the root zone cooling system
using a pad-box was four piece of pads bonded on the side and a fan set at the bottom. Cool wind was
generated by the outside air which was punched at intervals of 10 cm along three rows. Cold wind
flowed to the root zone in the culture medium. The root zone cooling efficiency of cold wind genera-
tion by using a pad-box flowing through a wet-pad was determined. Major characteristic of this cul-
tural system consist of bed filled with a perlite medium and a ventilation pipe using PVC. The cold
wind generation by a pad box (CWP) was compared to that of cold wind generation by a radiator
(CWR), cold water circulation using a XL-pipe (CWX) and the control (non-cooling). When the tem-
perature of water supplied was 16.2~18.4°C, temperatures in the medium were 20.5~23.2°C for CWP,
22.7~24.2°C for CWR, 22.8~24.2°C for CWX and 23.1~29.6°C for the control. The results show that
the cold wind temperature using the pad-box was lower by 1~2°C than that of cold water circulation
in the XL-pipe and lower by 5~6°C than that of the control. Growth such as leaf length, leaf width,
fresh weight and dry weight, was greater in three root zone cooling methods than in the control. Root
activity was higher in the root zone cooling methods than in the control. However, there was no signif-
icant difference among root zone cooling methods.
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Fig. 1. Comparison of root zone cooling methods in tomato.
“CWX: Cold water circulation using a XL-pipe, "CWR: Cold wind generation by a radiator, *CWP: Cold wind generation by
a pad box, and *Control: non-caoling ) ‘ L L
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Fig. 2. Diagram of pad-box cooling equipment (A) and culture system using cold-wind (B).
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Table 1. Difference in temperature and relative humidity investigated by different cooling methods of root zone on Auguest 2

10 3, 1999°.
Temp. of cooling methods RH of cooling methods Outdoor
Treatment - -
input®’ (°C) supply* (°C) supply® (%) Temp. (°C) RH (%)
CWX 17.8 17.8 -
CWR 17.8 222 84 28.0 65
Cwp 17.8 203 99

It was measured between 10:00 and 14:00.

“Input: Temperature of water circulation using a cooling methods.
*Supply: CWX (Temperature of water circulation using a XL-pipe), CWR (Temperature and RH of cold wind generation by a
radiator, CWP (Temperature and RH of the cold wind generation by a pad box).
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Table 2. Changes of temperature according to depth of medium by different cooling methods of root zone on August 24.

- Depth of Temperature (°C)
reatment .
meidum (cm) 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 18:00
4 243 26.0 26.7 279 27.9 272 274 2717 275
CWX 7 22.1 22.6 22.6 23.0 23.6 23.5 237 243 24.1
10 22.1 22.0 21.5 21.8 220 21.9 22.3 22.6 22.5
Mean 22.8 23.5 23.6 242 245 242 24.5 24.9 247
4 243 258 255 26.5 257 253 26.1 259 25.5
7 229 22.6 23.2 24.0 23.7 23.1 23.3 23.7 23.5
CWR 10 21.1 21.9 223 22.8 223 222 227 23.0 22.5
Mean 227 23.4 237 243 239 235 24.0 242 23.8
4 23.7 24.3 25.1 257 24.1 24.8 25.9 26.3 254
CWP 7 204 21.3 22.0 232 222 22.8 235 235 23.0
10 17.5 18.1 18.8 19.3 18.9 19.3 19.9 19.9 194
Mean 20.5 212 22,0 227 21.7 22.3 23.1 23.2 22.6
4 28.5 29.7 30.3 32.1 31.8 314 317 327 319
Control 7 26.2 27.3 28.7 30.0 29.3 28.7 29.1 29.6 28.6
10 23.1 24.1 25.2 26.4 27.1 27.6 28.0 28.3 28.3
Mean 259 27.0 28.1 29.5 29.4 29.2 29.6 30.2 29.6
ZTemp. of outside (°C) 26.8 30.1 263
YRadiation (W - m™) 609 988 140

Table 3. Changes of temperature and wind velocity investigated by different cooling methods of root zone on August 18.

Wind velocity (m - s7) Temp. (°C) Inside
Treatment - s 7 Z o - : 0
1 cm 30 cm 1cm 30 cm Temp. (°C)  Wind velocity (m - s7)
CwWX 0.01b* 0.01a 30.1a 30.4a
CWR 4 .02 29, 4
0.43a 0.02a 9.0b 30.4a 314 0.02
Ccwp 0.44a 0.02a 28.7b 30.5a
Control 0.01b 0.01a 30.3a 30.5a

1 cm, 30 cm: height just above medium surface.
YMean separation within columns by Duncan's multiple range test at 5% level.

Table 4. The mean of temperature at 7 cm and 10 cm in the medium by different cooling methods of root zone.

Temp. of medium (°C) Temp. of outside (°C)
Treatment Aug. Sep. Aug. Sep.
Early  Middle Late Mean Early  Middle Late Mean
CWX 253 25.0 239 24.7 234 22.6 21.8 226
CWR 255 254 24.1 25.0 243 24.6 229 23.2 29.3 272
Ccwp 25.1 23.8 234 24.1 229 22.3 20.2 21.8
Control 293 29.2 27.1 28.6 26.7 26.6 23.8 257

248 ZF HEHEE 0.01~0.02 msE -SR] 0.02 Table 4= 8%, 999 97|23} vi=l 7cem, 10
m/s9h Ml EOIRAL, 25E 24 MEEE 304°C om Hol9 HTLE Wk(11:00~12:005 FARE 2
~30.5°CE 2AF] 31.4°Cel HIg| tha Wgton)  Feoloh SN A 8¢9 HHEE CWXTt
]zl zlol7) gttt 2477°C, CWRT: 25.0°C, CWPT 24.1°CZ ControlT-
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Table 5. Effects of different cooling methods of root zone on the growth in tomato.

27 SEYEA o) o2 YurE el EvlE S

Leaf width  Leaf length FW (g/plant) DW (g/plant)
Treatment
(cm) (cm) Shoot root Shoot Root
CWX 36.92° 32.8a 201a 21.5a 23.7a 2.1a
CWR 35.2a 32.6a 226a 22.0a 23.8a 2.2a
CWP 36.3a 32.3a 231a 19.8a 24.6a 2.2a
Control 34.2b 28.0b 159b 15.0b 18.5b 1.7b

"Mean separation within columns by Duncan's multiple range test at 5% level.
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Fig. 3. Fruit set in tomato as affected by different cooling
methods of root zone.
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Fig. 5. Root activity in tomato as affected by different cool-
ing methods of root zone.
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Table 6. Number and weight of fruit as affected by different cooling methods of root zone.

Marketable fruit

Non-marketable fruit Ratio of marketable

Treatment Fruit no./plant  Fruit weight (g/plant) Fruit no/plant ~ Fruit weight (g/plant) fruit (%)
CWX 3.3a" 429a 2.1b 99% 81
CWR 3.1a 403a 2.3b 107b 79
CWP 3.3a 433a 2.5b 145a 75

Control 2.5b 308b 3.1a 154a 67

“Mean separation within columns by Duncan's multiple range test at 5% level.

#Hg ZZHL CWRT 58.5ug/gr-h, CWXT 61.9
ug/g+h, CWPT 628ug/g*h®E control7- 45.0 ug/
g hZ, controfoh= fe14g0] AR et WdAel7zt
o= ST}, Controbs WA e] 7ol vish P<ite]
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