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Studies on the Water Consumptibn and Growth of Vegetables
Cultivated by Hydroponics in the Green House
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Summary

In the vinyl house cultivation, the water consumption, evapotranspiration ratio, growth condition by the growing
stages and yields of tomato and cucumber were investigated when they cultivated by nutriculture; rice hull
charcoal culture and NFT culture.

The results obtained are summarized as follows:

1. The mean air temperature in the vinyl house during the experimental peric. was 1.9C higher than the
outdoor air temperature, the maximum and minimum air temperature in the vinyl house was 4.6C and
1.7C higher than the outdoor temperature, respectively, and the mean daily evaporation in the vinyl house
during the experimental period was 4.3mm that is 0.2mm more than the outdoor evaporation.

2. In the tomato cultivation, the growth of rice hull charcoal culture was the best among the three methods,
and the growth of NFT culture and nutriculture were worse than the soil cultivation which is standard,
and among the nutriculture, the growth of EC 1.3m.mho plot was the best.

3. In the cucumber cultivation, the growth of rice hull charcoal culture was the best, and while the growth
condition of NFT culture was worse than the standard soil cultivation, the growth of nutriculture was
better than the standard soil cultivation, and the growth of EC 13m.mho plot was the best among the
different treatments in the nutriculture.

4. In the tomato cultivation, the total water consumption of rice hull charcoal culture plot was 1107.5mm
which is the highest amount among the three methods, and in the nutriculture, the total water consumption
of EC L3mmho plot was 2214mm which is the highest among the three different treatments.

5. In the cucumber cultivation, the total water consumption of rice hull charcoal culture was 1176.2mm which
is the highest, and the total water consumption of EC 1.3m.mho plot was 284.9mm which is more than
the 2789mm of EC 1.5m.mho plot and 2629mm of EC 1.7mmho plot.

6. The crop coefficient(Kc) of tomato was 0.82 in NFT culture, 4.67 in rice hull charcoar culture and 0.86~091
in nutriculture.

7. The crop coefficient(Kc) of cucumber was higher than tomato as 113 in NFT culture, 520 in rice hull
charcoal culture and 1.08~1.19 in nutriculture.

8. The evapotranspiration ratio in the mid and late season were higher than the beginning and elongation
stage, and the average evaportranspiration ratio of tomato and cucumber was 3.81 and 4.24, respectively,
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in the rice hull charcoal culture plot.

9. In the tomato cultivation, the total yield per plant of rice hull charcoal culture was 1443.0g which is the
highest, and in the nutriculture, their yields were worse because of the damage of downy nildew di-

sease.

10 In the cucumber cultivation, the total yield per plant of rice hull charcoal culture was 1965.7 g which
is the highest, and while the yield of NFT culture was about 25% lower than the stadard soil
cultivation, the yield of nutriculture was higher than the standard soil cultivation, and among the
treatments in the nutriculture, the yield of EC 1.3m.mho plot was the highest.
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Table-1. Meteorological data of the experimental farm measured during the growing period of 1988,

Air Temp.(C) Dew RHumidity Wind Vel.
period pressure point (%) (m/’sec)| Rainfall | PanEvapo sunshine | Radiation
(mbar) [N Min [Mean Temp Min MeaniMax|Min|  (mm) (mm.day)| Hours MJ/M*/day
() (hrs/day) | (hrs/day)
June | L |2] 10070 ]299(205(24.7|163]|42 |61 |42 |19 - 5.9 84 2023
F |1l 10077 |282)213|245|196)54 |75 4918 122 32 40 13.17
2| 10053 [27.1(222|243 {20970 | 84 |56 | 24 278 18 16 8.72
July {M 1] 10055 |274(229|250|227|76 |89 |5122 ZL 14 19 9.84
2i 10063 (2752291249 (178 |74 | 84 |59 |20 19.7 19 11 7.52
L 1] 10096 |27.0(20.7|234 187,64 |76 |62 |37 89 28 2.7 1301
2| 10087 E 2011240(168 |50 | 64 |60 |31 — 4.8 8.2 21.25
F 1] 10094 [332]229275(176(51 |70 |6.1 |28 - 62 85 22.09
2| 10095 |34.71252[298|189 |47 | 67 |43 |18 — 6.0 6.9 19.82
Aug |M (1] 10089 [34.0(24.7/29.1183|45|60 39|17 — 6.8 6.1 17.70
2| 10067 1312(239(26.1|212|59 | 77138 |16 13.7 42 41 1324
L (1] 10065 ]285]21.3)246 164 | 54 % 71129 72 F 39 49 1592
2| 10094 [258|196(224 158 |64 | 80 |66 {29 70 31 34 10.94
sept | F {1} 10098 |280]19.7,2321161 |53 | 70 | 4.0 | 20 1.7 47 43 1357
Total 41.730793545 803 (1033 56.7 2070
Average 294(220| 253 57 | 74 41 14.8
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Table- 2. Meteorological data in the vinyl house measured during the growing period of 1988.

period Air Temperature (C) R Humidity(%) Radiation Evaporation
Max Min Mean Min Mean | (MJ/M?/day) {mm)

June {L |2 34.7 214 258 47 68 15.78 6.5
F|1 324 226 256 61 80 9.87 36
2 328 239 26.1 61 80 6.64 20

Juy |[M|[1 320 249 276 79 92 7.08 17 o
2 325 248 26.2 78 88 5.79 20
L|1 29.7 22.3 250 69 82 10.15 38
2 359 220 254 55 68 16.58 55
F|1 379 24.7 29.3 57 76 15.62 6.9
2 39.8 271 318 54 72 14.85 59
Aug [ M| 1 38.3 26.6 313 49 65 13.98 7.1
2 346 258 292 66 82 1043 43
L1 382 232 266 58 81 10.03 4.1
2 29.5 213 249 69 87 752 30
sept |F|1 33.7 214 25.7 58 74 964 38
Total 476.0 3320 380.6 374 1104 1539 60.2
Average 340 237 272 62 79 110 43

Table-3. Growth conditions of tomato during the experimental period by the plots.

Nutricuiture Rice hull NFT Standard plot
charcoal culture culture
period EC13 EC15 EC17 EC15 EC15
H N | H N H N H N H N H N
June | L |2
F |1
2| 298 | 104 31.0 108 299 110 35.3 103 283 82 29.7 98
July |[M|[1]| 408 | 126 435 124 364 115 482 123 360 | 100 39.3 104
2| 540 | 148 55.1 14.0 430 12.1 65.5 145 515 | 126 55.1 126
L |1] 645 | 163 | 63.1 148 | 470 129 848 173 | 640 | 139 682 146
2| 747 | 171 | 675 150 | 487 133 100.0 180 | 77.7 | 160 79.0 164
F (1] 767 | 174 | 701 153 | 56.7 14.8 113.3 203 | 906 | 175 95.2 182
2] 756 | 163 711 146 684 169 118.0 21.3 1046 | 182 1015 184
Aug |[M|1] 765 | 160 | 729 145 | 794 188 1232 205 | 1068 | 185 | 1017 184
2| 771 | 159 733 14.8 90.6 206 1233 200 1079 | 183 1024 18.6
L (1] 775 | 158 739 148 1133 | 223 1190 190 1104 | 181 103.9 18.7
2] 785 | 226 724 20.0 1096 | 210 | 1190 180 1106 | 179 104.2 18.8
Sep | F |1} 789 119 726 108 109.7 175 1190 170 1107 | 175 104.4 18.8

*H  plant height
N I No. of leaves
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Table-4. Growth conditions of cucumber during the experimental period by the plots.

Nutriculture Rice hull NFT standard
charcoal culture culture plot
Period EC13 EC17 EC15 EC15 EC15
H|N|L| H/N|JL|H|N|JL|H|N|L|H|N|LJH|N]|L
June | L |2
F 1
201271 54 |131]127] 53 |131]|91 | 48 | 65 |134]| 50 | 133 [106]| 47 [120 |93 | 42 [112
July | M [1]312| 94 |160 (312} 93 [159]20.1| 7.1 {132 |239] 6.8 | 14.1 |224| 69 |139|183| 62 | 136
2165.8(194 | 182 {64.2]195 | 186 |48.0| 140 ] 169 |561| 14.0 | 17.5 |50.1| 109 | 154 [52.5]| 11.0 | 165
L [1]101.0/ 258 | 204 |99.0| 254 | 206 |784| 225|195 (97.11 225|202 |794|17.1 | 169 |89.1] 192 | 195
2[139.7 296 | 222 132.0) 315 | 22.2 [108.2] 236 | 20.7 1462 30.0 ['22.7 [116.6 206 | 192 [13.14] 260 | 20.3
F |1[181.8 344 | 225 171.8 35.1 | 21.9 138.7] 27.9 | 20.7 [184.7] 38.0 | 22.8 [1562.2| 23.9 | 186 [171.0; 344 | 20.8
212198/ 314 | 22.7 P254{ 31.6 | 222 [1861] 36.5 | 20.8 P294{ 40.5 | 22.6 2002 252 | 188 R16.3 406
Aug | M |1P54.1] 313|226 PA7.8 28.3 | 21.8 215.3 369 | 20.8 P69.8 40.0 | 22.7 157 235 | 18.7 P33.3] 364 | 21.0
2795 328|225 P74.2) 225|223 375 306 | 21.0 P91.3 258 | 22.5 2294] 20.3 | 184 p47.3] 248 | 21.1
L 113087 394 | 22.1 P96.8 25.3 | 22.0 P65.6| 34.6 | 20.6 324.8 308 | 225 P46.2 23.1 | 182 P67.2 284 | 211
28253 41.7 | 22.1 B09.2 33.7 | 21.5 P85.8 284 | 20.8 345.7 29.0 | 22.6 2652 24.1 | 18.7 P79.0) 256 | 21.5

* H : plant height NI No. of leaves

L - length of leaf
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Table-5 Water consumption of tomato during the experimental period by the plots.

~ Rice hull 1
Period Nutriculture eharcoal CT]EL St?lgird
EC13 EC15 ECL7 culture
June L ]2 0.04 0.03 0.04 0.35 0.05 0.24
F |1 0.04 004 0.06 041 0.04 0.26
2 0.16 0.17 0.11 0.79 0.14 0.29
July M |1 0.19 021 | 0.15 0.81 0.17 0.35
2 0.23 0.22 0.16 0.87 0.17 0.35
L |1 0.79 0.57 032 1.29 0.69 098
2 1.02 101 054 147 0.96 115
F |1 127 121 079 | 221 129 159
2 1.46 142 099 3.07 1.96 224
Aug M |1 182 1.76 1.98 3.07 1.96 224
2 164 1.57 201 2.87 1.72 197
L |1 1.77 1.66 193 299 1.88 201
2 149 1.38 164 245 152 1.86
sep F (1 1.03 | 0.97 131 201 1.17 146
Table -6 Water consumption of cucumber during the experimental period by the plots.
. Rice hull
Period Nutriculture charcoal NFT Standard
EC13 EC15 EC17 culture culture plot
June L |2 0.04 0.04 0.04 0.36 0.08 0.28
F |1 0.05 0.05 0.04 044 0.09 0.30
2 0.19 0.18 0.18 0.81 023 0.34
July M il © 021 0.20 0.19 0.86 0.28 0.39
2 0.26 0.28 0.25 0.98 0.35 0.50
L |1 1.10 1.07 1.00 142 125 114
2 1.55 149 141 1.83 171 131
F |1 183 1.82 173 2.60 192 2.38
2 247 244 232 3.07 253 2.74
Aug M (1 272 2.66 2.50 3.64 2.85 317
2 218 2.14 2.03 3.29 223 2.59
L1 235 231 2.16 346 240 2.65
2 172 263 159 272 1 181 2.29
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Table-7. Crop Coefficient(Kc) of tomato during the growing period estimated by the modified Penman

formula.

Nutriculture’ Rice hull NFT Standard

Period charcoal culture plot

EC13 EC15 ECL7 culture

June | L |2 0.03 003 0.03 0.87 003 020
F |1 0.04 0.04 0.07 1.90 0.04 029

2 0.19 023 0.15 2.65 0.15 034

July M |1 024 028 020 2.85 020 040
2 032 028 0.20 3.10 029 040

L |1 0.99 0.72 042 437 0.76 1.10

2 111 107 0.59 427 091 111

F |1 0.86 0.81 0.53 399 0.75 0.96

2 101 1.00 0.70 4.67 0.95 116

Aug M |1 1.15 111 125 524 1.07 127
2 173 1.67 212 8.20 158 1,86

L r 1 2.02 192 223 927 188 2.09

2 184 169 2.03 8.20 1.65 207

sep F i1 1.20 113 152 6.33 120 152
Total 12.73 1198 12.04 65.31 1147 14.85
Average 091 0.86 0.86 4.67 082 1.06

Table -8, Crop coefficient (Kc¢) of cucumber during the growing period estimated by the modified Pen-

man formula.
Nutriculture Rice hull NFT Standard
Period charcoal culture plot
EC13 EC15 ECL7 culture
June L |2 0.03 0.03 003 0.90 0.06 023
F |1 007 007 004 141 0.11 032
2 023 023 023 2.73 027 0.38
July M |1 028 0.28 024 3.00 0.32 047
2 0.36 0.36 0.32 351 040 047
L |1 137 133 154 4.79 137 129
2 1.66 1.60 150 531 '1.60 127
F |1 122 122 1.16 4.70 112 1.55
2 171 169 1.16 5.77 154 1.73
Aug M |1 117 1.69 157 122 152 1.80
2 232 2.25 2.15 9.39 206 248
L |1 2.68 265 247 10.73 240 2.75
2 2.14 203 195 9.10 195 256
Total 14.07 1543 14.81 67.56 14.72 1743
Average 1.08 119 1.14 520 1.13 134
= s Emgkle A S A}-%
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Table -9. Evapotranspiration ratio of tomato during the growing period

Nutriculture Rice hull NFT Standard
Period charcoal culture plot
EC13 EC15 EC17 culture
June L |2 0.02 0.02 0.02 048 0.02 011
F |1 0.03 0.03 0.06 1.00 0.03 022
2 0.25 0.30 020 3.5 020 045
July M |1 0.35 041 029 4.24 0.29 0.59
2 04 0.35 0.25 3.85 0.35 06
L |1 068 05 029 3.03 0.53 0.76
2 062 0.60 033 2.38 0.51 0.62
F |1 061 0.58 0.38 284 0.54 0.68
2 0.81 0.80 0.56 3.75 0.76 0.93
Aug M i1 0.85 0.82 092 3.8 0.79 093
2 1.26 121 153 593 114 135
L |1 141 134 156 6.49 132 146
2 1.63 1.50 1.80 7.27 147 1.83
sep F |1 0.89 0.84 113 4.71 0.89 113
Total 9.81 9.30 9.32 53.32 8.34 11.66
Average 0.70 0.66 0.67 381 0.63 0.83
Table -10, Evapotranspiration ratio of cucumber during the growing period.
Nutriculture Rice hull r NFT Standard
Period charcoal plot
EC13 EC15 ECL7 culture culture
June L |2 0.02 0.02 0.02 049 0.03 0.12
F |1 0.06 0.06 0.03 1.08 0.08 0.25
2] 030 030 030 360 035 050
July M |1 041 041 0.35 447 047 0.71
2 045 045 040 4.35 0.50 ﬁ 0.75 ]
L |1 095 092 0.87 332 0.95 0.89
. 2 093 0.89 0.84 2.96 0.89 0.71
F |1 0.0.87 0.87 0.83 3.35 0.80 1.10
2 137 1.36 163 463 1.24 1.39
Aug M {1 1.25 124 115 4.56 111 132
2 167 1.63 1.56 6.79 149 1.79
L |1 1.88 1.85 173 751 097 111
2 190 1.80 173 8.07 173 227
Total 12,06 118 1144 55.18 1061 ) 10.56
Average 093 | 093 0.88 424 | o082 | o081
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Table-11. Yield of tomato by the plots during the growing period.

plot Big(ahove 200g)  |Medium(200~100g) | Small(beolw 100g) I Total
N W N W N W N w

Nutri- EC Aug M 0.1 471 02 204 1.1 712 14 | 1387
culture | 1.3 L 0.9 1672 0.8 109.6 19 69.0 36 | 3458
sept F 02 504 0.1 19.1 18 64.5 2.1 1340
Total 12 2647 11 149.1 48 202.7 6.1 616.5
EC Aug M 0.3 52.8 0.1 205 06 40.9 10 | 114.2
15 L 0.2 492 04 672 1.0 482 16 16.46
sept F 0.1 458 03 46.3 05 172 09 | 1093
Total 06 1478 08 134.0 21 106.3 35 388.1
EC Aug M 04 694 0.7 89.7 05 214 16 | 1805
17 L 0.3 592 09 1124 20 715 32 | 2431
sept F 0.1 47.1 03 452 0.7 32.7 1.1 125.0
Total 0.8 175.7 19 2473 3.2 1256 59 548.6
Rice hull Aug M 08 160.1 05 90.0 13 | 2501
charcoal L 2.3 2470 23 3482 4.0 595.2
culture sept F 0.5 1019 28 4224 13 74.3 46 598.6
Total 36 509.0 56 860.6 13 74.3 105 | 14439
NFT Aug M 02 212 0.1 89 0.3 30.1
alture L] o4 [ 1010 | 14 | 1924 | 05 421 | 23 [3355
sept F 0.2 49.3 14 2042 22 1750 38 4285
total 06 150.3 30 4178 28 2260 6.4 794.1

standard Aug M
plot L 12 276.9 22 3462 0.2 145 36 | 6376
sept F 02 495 12 209.2 18 103.1 32 | 3618
Total 14 3264 34 5554 20 1176 68 | 9994

* N . Number
W Weight(g)
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Table-12. Yield of cucumber by the plots during the growing period.

High Quality Medium Quality |  LowQualty |  Total

plot N w N W N W N [ w

Nutsi- Juy (L] 11 [ 1768 | 04 624 . . 15 | 2392
cutture | EC F| 50 [10029 | 21 | 431 | 05 694 | 76 |15104
13 Aug  [M[ 24 [ 4769 | 11 [ 2074 | 09 | 1015 | 44 | 7858

L] 10 [ 183 | 09 [ 133 | 10 | 1001 | 29 | 4177
Total 95 [ 18389 | 45 | 8432 | 24 | 2710 | 164 29531

Juy L[ 15 | 239 . . 0.1 48 | 16 | 2517
EC F| 38 | 7554 | 18 | 387 | 11 | 1495 | 67 112896

15 Aug  [M]| 28 [ 5013 | 11 436 08 438 | 26 | 3747

L] 14 [ 2873 | o4 436 08 38 | 26 | 3747
Total 95 | 18709 | 33 | 6460 | 31 [ 3009 [ 159 | 28178

uy (L] o1 215 0.1 182 . . 02 | 397

EC F| 26 [ 5517 | 18 | 3024 | 10 | 1143 | 54 | 9684

17 Aug  [M[ 34 | 4899 | 14 [ 1%0 | 13 | 1137 | 61 | 7976

' L| 14 [ 2136 | 14 | 1808 | 15 | 1351 | 43 | 5295
Total 75 | 12767 | 47 | 6954 | 38 | 3631 | 160 | 23352

Rice Wy L] . . . . 03 2903 | 03 | 203
hull F| 63 | 1427 | 10 | 5573 | 05 685 | 78 | 20155
charcoal Aug  |[M| 45 [ 987 | 03 | 357 03 48 | 51 [10292
culture L] 20 [368 | 15 | 2335 | 08 715 | 43 | 6718
Total 128 | 27512 | 28 | 85 | 19 | 2041 | 175 |37818

Juy [L[ o2 219 . . . . 02 | 219

NFT F| 34 | 61496 | 08 | 1248 06 603 | 58 | 8347
culture Ag (M| 12 [ 1673 | 04 450 11 949 | 27 [ 3072
L| 09 [ 1594 | o4 642 06 549 | 19 | 2785
total 57 | 9982 | 16 | 2340 | 23 | 2101 | 106 [14423

July L 04 56.4 . . . . 04 56.4

Standard F| 34 | 6913 | 04 762 14 [ 2172 | 52 | o847
plot Aug (M| 20 | 374 | 15 | 1659 | 12 | 1544 | 47 | 6777

L] o6 [ 1339 | 08 89.0 02 240 | 16 | 2469
total 64 | 12300 | 27 | 3311 | 28 | 396 | 119 |19657

* N : Number
W . Weight(g)
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