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Effect of Cooling the Root Zone with a Duct of Microporous Film on the Cultivation of Spinach

Ken-ichiro Yasuba*, Mikio Yashiro and Kentaro Matsuo

National Agricultural Research Center for Tohoku Region, Morioka 020-0123, Japan

To investigate the growth of spinach by root-zone cooling, we made a cooling tube consisting of a duct of
microporous film and a polyethylene tube. Gas is able to permeate the microporous film, but the film is
impervious to water. A duct made from a nylon mesh tube (3 cm diam.) that was covered with a cylindrical
microporous film was passed through a polyethylene tube 18 cm in circumference. The cooling tube was 5 m
long and bent up 50 cm from both ends; the space between the duct and the polyethylene tube was filled with
6 L of water. The relationship between the cooling tube temperature and air flow rate through the duct above
the foam polystyrene boards was investigated. Air flows of 1, 4 and 8 m's™" decreased the cooling tube tem-
perature at 1 m from the air intake, whereas treatments above 4 m's™' decreased the temperatures at 2.5 and
4m from the air intake. The cooling tube, which was placed in the center of the row, decreased the soil
temperature just under it. The shoot fresh weights of spinach growing near the cooling tube were higher than
those grown in the absence of the tube from August 20 to October 5, 2004. These results indicate that the use
of the cooling tube with a duct of microporus film improved spinach growth compared with those exposed
to a higher root-zone temperature.
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Fig. 1. Cooling tube with a duct of microporous film for root-zone
cooling. A, Cooling tube; B, Cross section through the cooling
tube.

Blower

Fig. 2. Device for root-zone cooling with a duct of microporous film.
Plants, a silicone tube and water tank were not used in Experi-
ment 1 and 2. The device was placed above foam polystyrene
boards instead of above the row in Experiment 1. See cooling
tube (Fig. 1).
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Table 1. Effect of air flow through the duct of microporous film on the

temperature of the cooling tube.

Mean temperature (°C)

Wind velocity on each length from air intake
(ms™)
Im 25m 4m
Replication 1 (21.2°C 58%)
0 20.4¥ 20.4 20.5
1 19.0 19.7 20.2
4 18.0 18.3 18.3
8 18.6 17.6 17.4
Replication 2 (23.7°C 46%)
0 229 23.6 23.7
1 20.6 22.0 23.0
4 19.4 19.9 20.5
8 19.7 19.3 19.4

“ Mean air temperature and mean relative humidity in greenhouse.
¥ Mean values of two cooling tube temperature for 24 h from noon at
November 18 (Replication 1) and November 22 (Replication 2).
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Fig. 3. Effect of air flow treatment in the duct of microporous film on
root-zone temperature in Experiment 2. Bold lines indicate root-
zone temperatures. Narrow lines indicate air temperature (solid
line) and relative humidity (RH, dotted line).
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Table 2. Effect of the cooling tube on root-zone temperature in cultivation of spinach.

Distance from Temperature (°C) on each period Mean
Treatment o
row center 8/27~9/3 9/3~9/10 9/10~9/17 9/17~9/24 9/24~10/1  temperature (°C)
No device Ocm 23.2% 23.9 20.7 21.4 18.8 21.0
1Scm 233 242 213 219 19.5 21.5
Cooling tube (air flow) Ocm 21.2 21.6 18.5 19.5 17.5 19.2
15cm 233 23.7 20.4 21.0 18.6 20.8
“ Mean temperature from noon in former date to noon in later date.
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Fig. 4. Changes in root-zone temperature due to air flow treatment in the duct made of microporous film from September 1 to 4 in Experiment 3.
The temperatures at the center of the row (solid line) and 15 cm from the center (dotted line) are indicated in Graph A (Cooling tube (air

flow)) and Graph B (No device). Graph C shows the air temperature.
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Table 3. Effect of the cooling tube on shoot fresh weight of spinach cultvars.

Shoot fresh weight (g) on each cultivar

Treatment Position in row
‘Nobel’  ‘Bantyu Paruku’ ‘Active’ ‘King of Denmark’ ‘Hoyo’ ‘Jiromaru’
No device Inside 123+2.1 16.4+1.8 16.8+1.5 10.1+0.4 145+2.8 15.1+4.0
Outside 14.9+4.1 17.6+3.5 19.3+£3.7 92+04 14.0+3.8 14.5+5.7
Cooling tube (air flow) Inside 17.4+4.1 18.1+£3.8 19.8+£2.4 14.1+£1.0 17.2+2.8 19.8+£2.6
Outside 149+3.6 17.0+4.0 18.9+4.8 142+34 16.0+£4.0

14.0£2.5

Data indicate mean values of each treatment at each position in row + SE (n = 4) of the mean.

Table 4. Analysis of variance for the effects of the cooling tube on

plant fresh weight of spinach cultivars.

Factor df Mean Square F value
Cooling tube 1 148.5 6.67*
Error 1 6 223
Cultivar 5 40.8 12.21**
Interaction 5 33 0.98NS
Error 2 30 4.3

*, ** and NS indicate significant at P < 0.05, P <0.01 and non-signifi-
cant, respectively.
* Degree of freedom.
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