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Effect of Root Zone Restriction on the Growth Response and Phytonutrients
Contents of Leafy Vegetables Grown in a DFT System
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Abstract. Two leaf lettuces, chicory, endive, edible chrysanthemum, and pak-choi were hydroponically cultured
under root restricted conditions in a deep flow technique system and their growth and nutritional values were
investigated. Cylindrical plastic tubes with 100 mm height and diameters of 20, 25 or 30 mm were used
for root restriction. Growth of all species was retarded by 25-95% as the roots zone was restricted. Pak-choi
and edible chrysanthemum showed greater reduction in growth as compared with chicory and endive. Percent
dry matter, C/N ratio, and contents of total ascorbic acid and total anthocyanin increased in the root restricted
treatments. Contents of P and K decreased in the root restricted treatments, while contents of Mg, Fe, Mn,
and Zn were not consistent among the tested species. Optimized root volumes to improve the nutritional values
and to reduce the growth retardation varied depending on species of leafy vegetables. Tubes of ®25 mmx100
mm and ®30 mmx100 mm were suitable for chicory, endive and lettuce, and edible chrysanthemum and
pak-choi, respectively. Results indicate that nutritional values of hydroponically-cultured leafy vegetables can
be improved by root restriction.
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Fig. 1. Simple diagram of a deep flow technique (DFT) system
equipped using cylindrical tubes for root restriction. 1, cylindrical
plastic tube for root restriction; 2, plant; 3, planting bed made
of styrofoam; 4, DFT bench.
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Table 1. Mineral contents of shoot tissues of 6 leafy vegetables grown for 20 days after transplanting in DFT systems as affected

by root restriction using cylindrical tube.

Crop Tube size P K Ca Mg Fe Mn Zn Cu
(dia. xht.) (%, dry wt) (mg-kg" dry wt)
Red leaf ®20%100 0.44 & 2.84 d 0.71 a 0.28 a 153 b 43 ¢ 48 a 14 b
lettuce ®25%100 0.66 b 6.04 b 0.90 a 0.32 a 262 a 51 a 56 a 15 b
®30%100 0.54 ¢ 439 ¢ 0.83 a 0.35 a 257 a 47 b 41 a 16 b
Control 0.88 a 8.28 a 0.89 a 0.30 a 263 a 46 b 59 a 24 a
Green leaf ®20%100 0.39 d 232 b 0.67 b 0.23 ¢ 143 b 46 a 56 b 18 a
lettuce ©25x100 042c¢c 274b 078 ab 026D 199 a 43 b 49 ¢ 20 a
®30%100 049 b 3.38 b 1.02 a 0.31 a 206 a 42 b 48 ¢ 23 a
Control 0.77 a 8.03 a 0.98 a 0.31 a 204 a 44 b 69 a 20 a
Chicory ®20%100 0.45 b 145 b 245 ¢ 0.61 a 155 b 71 a 153 a 20 a
®25%100 0.44 b 1.68 b 272 bc 059 a 260 a 61 b 94 b 19 a
®30%100 0.44 b 1.66 b 278 b 0.59 a 259 a 55 ¢ 76 c 20 a
Control 0.69 a 5.85 a 3.29 a 053 b 270 a 54 ¢ 81 c 16 a
Endive $20%100 0.32 ¢ 2.04 d 1.02 b 047 b 157 b 87 a 98 a 20 a
25%100 045 b 3.78 ¢ 1.20 a 0.49 a 167 b 63 c 88 b 20 a
®30%100 0.46 b 417 b 1.25 a 042 ¢ 165 b 69 b 75 b 19 a
Control 0.69 a 7.23 a 0.89 ¢ 0.38 d 196 a 59 d 90 ¢ 23 a
Edible ®20%100 0.55 b 481 b 117 a 041 a 380 a 69 a 106 a 23 a
chrysanthe- ®25%100 053 bc 435D 114 a 0.39 a 304 b 68 a 90 b 22 a
mum ®30%100 0.51 ¢ 440 b 094 b 0.31b 328 b 49 ¢ 71 ¢ 21 a
Control 0.61 a 6.34 a 095 b 0.27 ¢ 304 b 52 b 84 b 24 a
Pak-choi $20%100 0.45 d 348 ¢ 097 b 042 a 290 a 75 a 90 a 19 a
®25%100 0.58 b 4.52 bc 1.20 a 0.33 b 265 b 65 b 69 b 19 a
®30%100 0.54 ¢ 467 b 1.36 a 0.38 a 291 a 62 c 69 b 19 a
Control 0.76 a 7.52 a 1.23 a 0.24 ¢ 188 ¢ 65 b 69 b 19 a
*Mean separation within columns for each crop by Duncan’s multiple range test, P<0.05
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Table 2. Fresh weight, % dry weight, and C/N ratio of shoot tissues as affected by root restriction using cylindrical tubes 20 days

after transplanting.

Crops Tu_be size Fresh weight % _dry c N C/N
(dia. xht.) (g/plant) weight (%, dry wt) ratio
Red leaf ®20x100 20.9 c¢* 100 a 434 a 264 d 16.4 a
lettuce 25x100 489 b 6.1b 411 b 4.86 b 85 ¢
$30x100 48.8 b 6.4 b 434 a 4.03 c 108 b
Control 814 a 4.7 c 376 c 6.09 a 6.2 d
Green leaf $20%100 16.0 c 121 a 432 b 235 d 18.4 a
lettuce $25%x100 29.2 be 95 b 435 ab 2.86 ¢ 152 b
®30x100 346 b 8.6 c 44.0 a 335b 131 ¢
Control 63.9 a 57d 39.2 ¢ 5.31 a 74 d
Chicory 20100 129 b 95 a 427 a 3.29 ¢ 13.0 a
®25x100 221 a 81b 414 b 414 b 100 b
$30x100 21.7 a 83 b 416 b 420 b 99 b
Control 29.6 a 78 b 391 ¢ 476 a 78 ¢
Endive $20x100 139 c 8.9 a 40.8 a 444 b 92 b
$25%x100 176 c 8.4 a 41.1 a 415 ¢ 99 a
$30x100 286 b 8.3 a 411 a 412 ¢ 10.0 a
Control 491 a 6.8 b 391 b 476 a 82c
Edible ®20%100 47 ¢ 146 a 419 a 1.75 d 239 a
chrysanthe- 25x100 12.3 be 10.9 b 412 b 291 ¢ 14.1 b
mum ©30%100 159 b 93 ¢ 413 b 3.59 b 115 ¢
Control 36.1 a 6.6 d 391 ¢ 476 a 7.4 d
Pak-choi ©20%100 74 c 11.1 a 415 a 221 ¢ 18.8 a
»25x100 16.0 b 104 b 41.6 a 2.71 bc 154 b
$30x100 175 b 9.2 c 41.5 a 254 b 164 b
Control 103.2 a 44 d 379 b 513 a 54 c
*Mean separation within columns for each crop by Duncan’s multiple range test, P<0.05
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Fig. 2. Ascorbic acid content of shoot tissues as affected by
root restriction using cylindrical tubes 20 days after trans-
planting. Vertical error bars mean standard errors, n=3.
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Table 3. Mineral contents of shoot tissues of 6 leafy vegetables grown for 30 days after transplanting in DFT systems as affected
by root restriction using cylindrical tubes.

Tube size P K Ca Mg Fe Mn Zn Cu
Crop dia. xht E
(dia. xht.) (%, dry wt) (mg-kg™ dry wt)
Red leaf ®25x100 0.74 b* 8.15 b 0.49 a 0.35 a 115 a 48 a 45 b 14 b
lettuce Control 0.97 a 101 a 0.42 a 0.33 a 137 a 49 a 64 a 20 a
Green leaf ®25%100 0.69 a 7.49 a 049 b 0.36 a 118 a 31 a 53 a 14 a
lettuce Control 0.85 a 7.87 a 204 a 0.43 a 114 a 29 a 106 a 9 b
Chicory $25x100 0.77 a 8.08 a 0.78 a 0.40 a 140 a 152 a 153 a 22 a
Control 0.94 a 8.55 a 0.80 a 0.36 a 142 a 110 b 94 b 19 a
Endive ®25x100 0.58 a 7.96 a 0.59 a 0.28 a 107 a 110 a 94 a 22 a
Control 0.61 a 8.77 a 0.77 a 0.29 a 142 a 142 a 108 a 24 a
Edible ®25x100 0.48 a 6.19 b 1.80 a 0.41 a 127 a 30 a 50 a 21 a
chrysanthemum  cqntrol 0.66 a 102 a 0.86 b 0.33 b 87 a 39 a 70 a 19 a
Pak-choi $25x100 0.61 b 6.94 a 211 b 0.69 a 126 a 36 a 48 b 20 a
Control 0.83 a 8.50 a 2.56 a 0.65 a 102 a 34 a 81 a 16 a

*Mean separation within columns for each crop by t-test, P<0.05.

Table 4. Fresh weight, % dry weight and C/N ratio of shoot tissues of 6 leafy vegetables grown for 30 days after transplanting
in DFT systems as affected by root restriction using cylindrical tubes.

Tube size Fresh weight % dry c N .
Crops (dia. xht) (g/plant) weight (%, dry wh) CIN ratio
Red leaf $25x100 88.0 b 57 a 38.7 a 494 b 79 a
lettuce Control 165.8 a 40 b 359 b 6.03 a 6.0 b
Green leaf $25%100 759 b 56 a 39.3 a 496 b 8.0 a
lettuce Control 128.8 a 5.0 a 331 b 6.02 a 55b
Chicory $25%100 84.2 a 71 a 39.1 a 447 a 8.8 a
Control 84.5 a 6.6 a 376 a 467 a 8.1 a
Endive ®25%100 79.0 a 7.0 a 376 a 410 b 9.4 a
Control 94.3 a 6.7 a 38.2 a 4.24 a 90 b
Edible ®25x100 354 b 9.8 b 40.7 a 422 b 101 a
chrysanthemum Control 1314 a 6.2 a 351 b 537 a 6.5 b
Pak-choi $25%100 56.2 b 72 a 412 a 464 b 8.4 a
control 2275 a 34 b 332 b 6.10 a 54 b

“Mean separation within columns for each crop by t-test, P<0.05.
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Fig. 3. Total ascorbic acid content of shoot tissues of 6 leafy
vegetables grown for 30 days after transplanting in DFT
systems as affected by root restriction using cylindrical tubes.
Vertical error bars mean standard error, n=3.
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