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Design of Measuring Trays in the Imigation System Using Drainage Electrodes
for Tomato Pedite Bed Culture
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Abstract. Measuring tray as a component in irrigation control system using drainage electrodes was designed
and applied for tomato perlite bed culture, and the effectiveness of the irrigation control system was investigated
in terms of cultural development and cultivation costs. Five different types of measuring trays equipped with
drainage electrodes were tested and the traditional tray was used as the control equipped with time clock.
After the first experiment, “Tube-2” was removed because of instability of water content in the substrate.
After second experiment, “Tube-1” was removed because of instability of water content in the substrate and
low plant yields. In third experiment, “Up-Board” exhibited the best stability in water contents and yields
as well as efficiencies in water and fertilizer utilization. The “Up-Board” was the most economical and the
easiest system among the tested trays. Therefore, the “Up-Board” system was concluded as the excellent design
to apply for the control method using drainage electrodes for tomato perlite bed culture.
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Fig. 1. The schematic design of the measuring trays. A, Tube-1, place the half-round tube on the hydrophilic mat, B, Tube-2,
place two half-round tubes on the hydrophilic mat, C, Up-Tube-2, place two half-round tubes beneath the hydrophilic mat, D,
Up-Board, place perforated plastic board lay on the hydrophilic mat, E, Touch, only the hydrophilic mat under the net, F, Timer,

same as Touch but controlled by a timer.
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Fig. 2. Perlite bed weight in various treatments (1st experiment).
Tube-1: place the half-round tube on the hydrophilic mat,
Tube-2: place two half-round tubes on the hydrophilic mat,
Up-Tube-2: place two half-round tubes beneath the hydrophilic
mat, Up-Board: place perforated plastic board lay on the
hydrophilic mat, Touch: only the hydrophilic mat under the
net, Timer: same as Touch but controlled by a timer.
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Fig. 3. Drainage weight in various treatments (1st experiment).
Tube-1: place the half-round tube on the hydrophilic mat,
Tube-2: place two half-round tubes on the hydrophilic mat,
Up-Tube-2: place two half-round tubes beneath the hydrophilic
mat, Up-Board: place perforated plastic board lay on the
hydrophilic mat, Touch: only the hydrophilic mat under the
net, Timer: same as Touch but controlled by a timer.
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Fig. 4. Drainage ratio (%) in various irrigation treatments (1st
experiment). Tube-1: place the half-round tube on the
hydrophilic mat, Tube-2: place two half-round tubes on the
hydrophilic mat, Up-Tube-2: place two half-round tubes
beneath the hydrophilic mat, Up-Board: place perforated
plastic board lay on the hydrophilic mat, Touch: only the
hydrophilic mat under the net, Timer: same as Touch but
controlled by a timer.
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Fig. 5. Drainage ratio (%) in various irrigation treatments (2nd
experiment). Tube-1: place the half-round tube on the
hydrophilic mat, Touch: only the hydrophilic mat under the
net, Up-Board: place perforated plastic board lay on the
hydrophilic mat, Up-Tube-2: place two half-round tubes
beneath the hydrophilic mat.
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Table 1. Growth characteristics of tomato cultivated in perlite bed culture with various treatments (2nd experiment, June 15, 2010).

z Plant height Leaf length Leaf width Stem diameter Fresh weight
Treatment Number of node
(cm) (cm) (cm) (mm) (g/plant)
Tube-1 202 ¢’ 52.0 a 59.0 a 13.5 a 27.1 ab 1,327 a
Touch 207 ab 509 a 59.1 a 13.0 a 274 a 1,209 a
Up-Board 204 bc 53.8 a 58.1 a 14.7 a 26.3 bc 1,325 a
Up-Tube-2 211 a 524 a 594 a 13.7 a 259 c 1,263 a

“Tube-1: place the half-round tube on the hydrophilic mat, Touch: only the hydrophilic mat under the net, Up-Board: place perforated
plastic board lay on the hydrophilic mat, Up-Tube-2: place two half-round tubes beneath the hydrophilic mat.
YMean separation within columns by Duncan’s multiple range test at P = 0.05.

Table 2. Fruit yields and quality of tomato plants cultivated in perlite bed culture with various treatments (2nd experiment, June

15, 2010).
Treatment? Total yield Marketable yield  Average fruit weight Marketable yield ratio ~ Sugar cqntents
(g/plant) (g/plant) (g/plant) (%) (°Brix)
Tube-1 1,737 ¢’ 1,609 c 127.3 a 92.6 a 54 a
Touch 1,665 d 1,543 ¢ 1219 a 92.7 a 56 a
Up-Board 1,873 b 1,777 b 954 a 949 a 55 a
Up-Tube-2 2,080 a 2,009 a 70.1 a 96.6 a 57 a

“Tube-1: place the half-round tube on the hydrophilic mat, Touch: only the hydrophilic mat under the net, Up-Board: place perforated
plastic board lay on the hydrophilic mat, Up-Tube-2: place two half-round tubes beneath the hydrophilic mat.
YMean separation within columns by Duncan’s multiple range test at P =0.05.
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Fig. 6. Perlite bed weight in various treatments (3rd experiment).
Touch: only the hydrophilic mat under the net, Up-Tube-2:
place two half-round tubes beneath the hydrophilic mat,
Up-Board: place perforated plastic board lay on the hydrophilic
mat, Timer: same as Touch but controlled by a timer.
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Fig. 7. Drainage ratio (%) in various treatments (3rd experiment).
Touch: only the hydrophilic mat under the net, Up-Tube-2:
place two half-round tubes beneath the hydrophilic mat,
Up-Board: place perforated plastic board lay on the hydrophilic
mat, Timer: same as Touch but controlled by a timer.
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Table 3. Fruit yields and quality of tomato plants cultivated in perlite bed culture with various treatments (3rd experiment, January

15, 2011).
Treatment® T(c;;a;l;/riﬁ;d Ma;kieeltéia Ple fra\t/ev:/ae?geht Mal;g;g?:rc]jt)fruit I\y//liaerlzez?ilcf Suga(t;ﬁ:)tents
(g/plant) (g/plant) (%)
Touch 3,121 b 2,941 ¢ 128 d 53.2 a 94.2 a 55 a
Up-Board 3,249 ab 3,013 b 178 b 58.8 a 92.7 a 5.8 a
Up-Tube-2 3,297 a 3,091 a 151 ¢ 55.1 a 93.8 a 57 a
Timer 2,731 ¢ 2,436 d 228 a 67.3 a 89.2 a 57 a

*Touch: only the hydrophilic mat under the net, Up-Tube-2: place two half-round tubes beneath the hydrophilic mat, Up-Board:
place perforated plastic board lay on the hydrophilic mat, Timer: same as Touch but controlled by a timer.
YMean separation within columns by Duncan’s multiple range test at P = 0.05.

Table 4. Water use efficiency (WUE) and fertilizer use efficiency (FUE) of tomato in perlite bed culture in various treatments (3rd

experiment).

Treatment® Water Fertilizer Marketable yield WUE FUE

(L/plant) (g/plant) (kg/plant) (L/kg) (a/kg)
Touch 52.8 a 30.3 a 29 a 182 ¢ 104 c
Up-Board 422 a 242 a 3.0 a 141 d 8.1d
Up-Tube-2 67.5 a 38.7 a 3.1 a 218 b 125 b
Timer 93.9 a 53.9 a 24 a 39.1 @ 225 a

*Touch: only the hydrophilic mat under the net, Up-Tube-2: place two half-round tubes beneath the hydrophilic mat, Up-Board:
place perforated plastic board lay on the hydrophilic mat, Timer: same as Touch but controlled by a timer.
YMean separation within columns by Duncan’s multiple range test at P = 0.05.
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