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Table 1. Methods of treatment used in this study.
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Symbols Treatments

NA N-Free medium.

NB Continuous grown in 1.5 mM NH4NO3,

NC Continuous grown in 1.5 mM NH4NO3 and transferring to N-Free medium on 7 days
before harvest,

ND Continuous grown in 15 mM NH4NO3,

NE Continuous grown i 15 mM NH4NO3 and transferring to N-Free medium on 7 days
before harvest,

HA Continuous grown in 1 time Hoagland s nutrient solution,

HB Continuous grown in 1 time Hoagland s nufrient solution and transferring to N-Free
medium on 7 days before harvest,

HC Continuous grown in 5 or 10 times Hoagland' s nutrient solution.

HD Continuous grown in 5 or 10 times Hoagland s nutrient solution and transferring to N-Free

medium on 7 days before harvest,
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Table 2. The seedling growth characteristics in chinese mustard(Brassica juncea L.},
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Fig. 1. Contents of nitrate and ascorbic acid in
seedling of chinese mustard(Brassica
juncea L.), pak-choi{Brassica campestris
var. chinensis), and malabar spinach
(Basella rubra L.) at transplanting.

pak-choi

(Brassica campestris var. chinensis), and malabar spinach(Basella rubra L.} at transplanting.

Shoot height Leaf length Leaf width No. of leaves
Crops
(em) {em) (No./plant)
Chinese mustard 116 35 49
Pak-choi 8.0 24 6.9
Malabar spinach 106 3.3 48

Table 3. Fresh or dry weight of shoot and root and chiorophyll contents in seedling of chinese

mustard(Brassica juncea L.},
spinach{Basella rubra L.) at fransplanting.

pak-choi(Brassica campestris var. chinensis},

and malabar

Fresh weight (g/plant)

Dry weight (g/plant) Chlorophyll content

Crops

Shoot Root Shoot Root (g + mg-1FW)
Chinese mustard 1.9 - 0.13 - 131
Pak-chol 2.6 04 032 0.08 0.86
Malabar spinach 59 05 1.60 016 057
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Table 4. Growth characteristics at 7 days after transplanting in chinese mustard{Brassica juncea L.), pak-
choi(Brassica campesiris var. chinensis), and malabar spinach(Basella rubra L.).

Crops Treatments? Shoot height Leaf length Leaf width No. of leaves
(em) {cm) (cm) (No. / plant)
N-Free medium
Chinese mustard NA 14.4cy? 13.2b 45b 6.0a
NB 17.3abc 15.2ab 589ab 6.7a
NC 16.6bc 139b 55ab 7.0a
ND 18.7ab 17.3ab 6.8a 7.0a
NE 19.0ab 17 4ab 59ab 6.7a
Hoagland’ s nutrient solution
HA 19.1ab 17 4ab 6.2ab 7.0a
HB 17 Oabe 15.9ab 6.0ab 6.3a
HC 20.9a 189a 6.2ab 7.0a
HD 16.8abc 16.1ab 56ab 6.7a
N-Free medium
Pak-chol NA 11.9ab 9.5ab 43ab 124a
NB 11.5ab 9.6ab 42ab 12.0a
NC 11.4ab 9.lab 4.2ab 11.6a
ND 124a 9% 46a 11.6a
NE 11.8ab 9.8a 44a 12.2a
Hoagland' s nutrient solution
HA 11.1b 89b 39b 11.2a
HB 11.8ab 98a 42ab 122a
HC 11.0b 9.3ab 4.2ab 11.8a
HD 124a 938a 44a 11.8a
N-Free medium
Malabar spinach NA 11.2¢ 4 8de 32d 6.0abc
NB 11.7bc 5.6b 38bc 5.5bc
NC 12.0bc 5.5b 40b 7.0a
ND 132a 54bc 3.8bc 6.5ab
NE 11.2¢ 49de 3.6bed 6.0abc
Hoagland' s nutrient solution
HA 12.1bc 54bc 3.6bcd 70a
HB 12 6ab 6.3a 46a 55bc
HC 9.7d 4.5 32d 5.0¢
HD 11.8bc 5.0cd 3.3cd 5.5be

z) NA, NB, NC, ND, NE, HA, HB, HC, HD : See the Table 1.
y) Mean separation within columns by DMRT at 5% level.
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Table 5. Growth characteristics at 14 days after transplanting in chinese mustard(Brassica juncea L.},
pak-choi(Brassica campestris var. chinensis), and malabar spinach(Basella rubra L.)

Crops Treatments?) Shoot height Leaf length Leaf width No. of leaves
{em) (cm) (cm) (No. / plant)
N-Free medium
Chinese mustard NA 13.3ev) 12.1f 45¢c 5.3d
NB 18.9d 15.0ef 7.0bc 8.0bc
NC 199d 18.2de 7.1bc 7.3c
ND 26.3b 25.6ab 8.7ab 9.0abc
NE 26.8b 232bc 88ab . 9.3ab
Hoagland' s nutrient solution
HA 31.9a 29.9a 11.8a 10.7a
HB 281b 26.5ab 6.9bc 8.0bc
HC 25.6bc 26.5ab 8.5ab 9.0abc
HD 219cd 20.7cd 8.0bc 9.3ab
N-Free medium
Pak~choi NA 14.6a 11.3b 5.3b 132a
NB 14.92 11.8ab S4ab 13.6a
NC 147a 115ab 5.5ab 132a
ND 152a 12.2ab 6.1ab 136a
NE 1554 ) 126a 6.2a 14.2a
Hoagland' s nutrient solution
HA 16.0a 114ab 55ab 14.6a
HB 158a 12 4ab 58ab 14.6a
HC 149a 12.2ab 6.0ab 148a
HD 152a 12.4ab 6.0ab 14.6a
N-Free medium
Malabar spinach NA 135¢ 6.7f 6.0d 6.5¢
NB 14.7bc 74e 58d 9.5ab
NC 16.7b 80d 7.2bcd 8.5abe
ND 19.6a 9.9b 8.6ab 105bc
NE 16.4b 82¢ 7 8abc 9.5ab
Hoagland' s nutrient solution
HA 19.1a 106a 92a 9.5ab
HB 1696 9.6bc 8.5ab 9.5ab
HC 137¢ 7.6de 6.4cd 75bc
HD 129¢ 7.8de 7.3bcd 7.0bc

z) NA, NB, NC, ND, NE, HA, HB, HC, HD : See the Table 1.
y) Mean separation within columns by DMRT at 5% level,
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Table 6. Growth characteristics at 21 days after transplanting in chinese mustard(Brassica juncea L.},
pak-choi(Brassica campestris var. chinensis), and malabar spinach(Basella rubra L.)

Crops Treatments? Shoot height Leaf length Leaf width No. of leaves
(cm) (em) (cm) (No. / plant)
N-Free medium
Chinese mustard NA 12.2e¥) 11.4f 4le 47e
NB 21.9d 197 74d 7.7d
NC 25.0cd 234d 8.4cd 8.0d
ND 38.1a 35.2b 142a 11.3abc
NE 404a 36.8ab 136a 10.7abed
Hoagland' s nutrient solution
HA 429a 395a 13.6a 13.0a
HB 407a 38.3ab 149a 12.0ab
HC 30.0b 278c 10.6b 8.3cd
HD 280bc 247cd 9.0c 9.7bcd
N-Free medium
Pak-choi NA 152¢ 12.3¢ 6.0c 154a
NB 19.2ab 16.2a 8.2ab 164a
NC 18.2b 15.3ab 7.3b 16.2a
ND 19.3ab 16.0a 8.5a 16.8a
NE 19.1ab 15.82a 84a 15.6a
Hoagland' s nutrient solution
HA 19.1ab 14.9ab 78ab 16.0a
HB 20.5a 165a 8.0ab 17.0a
HC 1770 15.0ab 74b 172a
HD 16.0c 141b 79ab 17.0a
N-Free medium
Malabar spinach NA 14.8¢ 8.1d 7 4e 8.0bc
NB 214be 10.6bc 9.6cd 9.0abe
NC 235a 118a 10.5abc 9.5ab
ND 22.6ab 114ab 10.0bc 10.0a
NE 19.3d 9.9¢ 8.8d 8.0bc
Hoagland' s nutrient solution
HA 185cd 114ab 11.0ab 10.0a
HB 23.3a 118a 11.2a 10.0a
HC 12.1f 6.0f 45g 8 babe
HD 13.0f 72 6.1f 75¢c

z) NA, NB, NC, ND, NE, HA, HB, HC, HD : See the Table 1.

v) Mean separation within columns by DMRT at 5% level
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Table-7. Effect of nutrient solution substitution for 7 days before harvest on the growth
characteristics in chinese mustard(Brassica juncea L.), pak-choi(Brassica campestrisvar.
chinensis), and malabar spinach{Basella rubra L.)

Crops Treatments? Shoot height Leaf length Leaf width No. of leaves
(em) (em) (em) (No. / plant)
N-Free medium
Chinese mustard NA 14 6ev) 13.1d 5.3d 57e
NB 34 4cd 30.3¢ 10.5¢ 11.3bc
NC 31.3d 28.2c 10.2¢ 9.0d
ND 40.0bc 29.0b 170b 13.0ab
NE 484a 455a 20.0a 15.0a
Hoagland' s nutrient solution
HA 473a 459a 218a 14.7a
HB 451ab 4452 19.1ab 15.0a
HC 325d 294c 11.0¢ 10.3cd
HD 30.1d 265¢ 107¢ 9.3cd
N-Free medium
Pak-choi NA 14.6f 11.0g 6.0f 14.0e
NB 19.2cd 16.0de 8.8cd 194abc
NC 175 139f 75e 17.2d
ND 21.3a 184a 10.7a 19.8ab
NE 20.9ab 17.3bc 10.2a 17.4cd
Hoagland' s nufrient solution
HA 214a 175ab 9.5b 18.0bed
HB 19.9abc 17.3bc 9.4b 202a
HC 181de 15.3e 8.4d 18 4abed
HD 19.7bc 16.4cd 9.1bc 18 2abed
N-Free medium
Malabar spinach NA 205e 8.5d 6.4c 10.0cd
NB 25.3d 11.8¢ 10.3b 10.5bed
NC 335a 11.9¢ 9.0b 125a
ND 29.8c 153ab 137a 1252
NE 30.8bc 1470 141a 120ab
Hoagland' s nutrient solution
HA 33.1ab 16.0a 14.7a 125a
HB 324ab 14.8b 132a 12.0ab
HC 15.7f 58f 38d 11.0abc
HD 14.0f 7.3e 6.2¢c 9.0d

z) NA, NB, NC, ND, NE, HA, HB, HC, HD : See the Table 1.
NC, NE, HB and HD : Substitution of Cl- for nitrogen.

v} Mean separation within columns by DMRT at 5% level,
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Table 8. Growth characteristics and chlorophyll contents at 7 days after transplanting in chinese
mustard(Brassica juncea L.), pak-choi(Brassica campestris var. chinensis), and malabar spinach
(Basella rubra L.}

Fresh welghtDry(g/plant) Dry weight(g/plant} Chlorophyli content
Crops Treatments?
Shoot Root Shoot Root (v - mg”' FW)
N-Free medium
Chinese mustard NA 3209 -x) 0.22d - 087¢
NB 6.1lab - 045bed - 0.70i
NC 59ab - 043cd - 087g
ND 8.7a - 0.70abc - 1.07a
NE 83a - 0.73ab - 1.83h
Hoagland’ s nutrient solution
HA 88a - 0.73ab - 0.93d
HB 7.3ab - 057bc - 1.01b
HC 9.8a - 0.90a - 1.01c
HD 7.2ab - 0.60bc - 0.90e
N-Free medium
Pak-choi NA 119a 21b 0.68a 0.15b 0.82a
NB 12.6a 3.3ab 0.72a 0.23ab 0.7%
NC 115a 2.1b 0.68a 0.21ab 097a
ND 121a 32ab 0.69a 0.24ab 0.93a
NE 135a 3.0ab 0.75a 0.24ab 08la
Hoagland’ s nutrient solution
HA 10.1a 39a 0.55a 0.22ab 0.71a
HB 135a 2.8ab 0.76a 027a 08la
HC 112a 2.5b 0.65a 0.22ab 0.86a
HD 129a 3.lab 0.71a 0.18b 0.86a
N-Free medium
Malabar spinach NA 6.8ef 0.59¢d 2.1cd 0.17cd 0.38ab
NB 88cd 0.70ab 2.2bed 0.18cd 0.36ab
NS 99bc 0.76a 2.7ab 0.23ab 0.36ab
ND 10.5ab 0.75a 2.8a 0.27a 0.36ab
NE 8.7cd 0.66abc 2.2bcd 0.20bc 0.36ab
Hoagland' s nutrient solution
HA 104ab 0.62bcd 2.3bcd 0.19¢c 0.33ab
HB 114a 0.75a 25abc 0.24ab 0.29b
HC 6.0f 0.52d 1.6e 0.14d 0.32b
HD 7.7de 0.59%d 19de 0.18cd 049a

z) NA, NB, NC, ND, NE, HA, HB, HC, HD @ See the Table 1,
y) Mean separation within columns by DMRT at 5% level.

x) Non measured
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chiorophyll contents at 14 days after transplanting in chinese
pak-choi{Brassica campestris var. chinensis), and malabar spinach

Fresh weightDry(g/plant)

Dry weight(g/plant)

Chlorophyll content

Crops Treatments?
Shoot Root Shoot Root (ug - mg™? FW)
N-Free medium
Chinese mustard NA 33ev) ~x) 0.31d - 0.58b
NB 10.8d - 123¢ - 0.58b
NC 9.9de - 131c - 0.60b
ND 159¢d - 1.94be - 1.25
NE 22.Tbc - 2.16b - 124a
Hoagland' s nutrient solution
HA 37.2a - 3.28a - 0.58b
HB 23.4hc - 1.54be - 0.63b
HC 195bc - 1.59b¢ - 0.60b
HD 24.4b - 1.90bc - 045b
N-Free medium
Pak-choi NA 19.8a 43a 1.05a 0.2%bc 0.96a
NB 21.1a 1122 1.08a 0.25abc 1.07a
NC 20.5a 32a 1.07a 0.21c 094a
ND 235a 3la 1.19% 0.23bc 1.09a
NE 25.6a 3.6a 13la 0.26abc 1.10a
Hoagland' s nutrient solution
HA 243a 46a 1.16a 0.34ab 0.92a
HB 26.7a 422 1.26a 0.36a 1.00a
HC 25a 33a 1.30a 0.28abc 1.03a
HD 26.3a 40a 127a 0.23bc 0.99a
N-Free medium
Malabar spinach NA 14.7d 1.03a 6.2¢c 0.53b 0.28a
NB 22.7¢ 121c 8.6b 0.55b 04la
NS 21.9¢ 1.25¢ 9.2b 0.60b 0.25a
ND 3L7b 1.58b 72¢ 0.54b 0.49a
NE 33.5ab 1.62ab 11.2a 1.10a 0.36a
Hoagland’ s nutrient solution
HA 35.6a 1.78a 6.7¢ 0.55b 0.54a
HB 36.4a 1.76a 8.6b 0.56b 04la
HC 12.0d 087a 2.7d 0.26¢ 0472
HD 131d 0.98a 2.7d 0.26¢c 0.33a

z) NA, NB, NC. ND, NE, HA, HB, HC, HD : See the Table 1.

y) Mean separation within columns by DMRT at 5% level,

x) Non measured
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Table 10. Growth characteristics and chiorophyll contents at 21 days affer transplanting in chinese
mustard(Brassica juncea L., pak-choi(Brassica campestris var. chinensis), and malabar spinach
(Basella rubra L.)

Fresh weightDry(g/plant) Dry weight(g/plant) Chlorophyll content
Crops Treatments?
Shoot Root Shoot Root (g - mg™? FW)
N-Free medium
Chinese mustard NA 3.3cv! - 0.62ex! - 0.10f
NB 150bc - 1.77d - 0.08g
NC 215bc - 1.94d - 018d
ND 69.3a - 5.02a - 013e
NE 827a - 577a - 043a
Hoagland’ s nutrient solution
HA 749a - 412b - 0.29¢c
HB 85.9a - 5.14a - 017d
HC 29.1b - 315¢c - 0.35b
HD 25.3b - 2.64cd - 0.29¢
N-Free medium
Pak-choi NA 27.6b 5.3a 1770 0.5% 0.77a
NB 525a 4 4ab 2.50a 0.43bed 1.20a
NC 454a 4 6ab 2.22ab 045bc 1.04a
ND 53.la 3lcd 2472 033de 0.99a
NE 462a 2.7d 2.23ab 0.25¢ 1.27a
Hoagland' s nutrient solution
HA 46.6a 33cd 2.15ab 0.36cde 1.02a
HB 56.7a 41bc 26la 0470 112a
HC 43 6a 2.6d 2.40ab 0.2% 0.90a
HD 436a 2.9d 2.20ab 0.29% 101a
N-Free medium
Malabar spinach NA 25.0f 2.08d 97c 0.72b 0.34a
NB 50.0d 3.20b 9.7c 0.71b 0.36a
NS 76.6b 3.64a 16.4a 1.14a 04la
ND 68.2c 307b 9.6¢c 0.79b 0.86a
NE 42 4e 2.60c 12.5b 091b 0.94a
Hoagland' s nutrient solution
HA 712bc 3.20b 11.8b 0.85b 0.83a
HB 854a 384a 12.4b 0.79b 0.74a
HC 13.0g 097e 3.0d 0.22c 0.36a
HD 151¢g 1.1le 38d 0.29¢ 0.26a

z) NA, NB, NC, ND, NE, HA, HB, HC, HD @ See the Table 1.
v} Mean separation within columns by DMRT at 5% level.

%) Non measured
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Table 11. Effect of nutrient solution substitution for 7 days before harvest on the growth
characteristics and chlorophyll contents in chinese mustard(Brassica juncea L.), pak-chol
(Brassica campestris var. chinensis), and malabar spinach(Basella rubra L.)

Fresh weightDry(g/plant) Dry weight{g/plant) Chlorophyli content
Crops Treatments?
Shoot Root Shoot Root (ug - mg™ FW)
N-Free medium
Chinese mustard NA 6.2ev) -x) 0.87d - 011d
NB 48.8d - 4.86¢c - 0.15b
NC 38.2d - 3.86c - 0.16a
ND 110.3¢ - 785b - 01le
NE 183.0a - 12.11a - 0.14c
Hoagland' s nutrient solution
HA 167 3ab - 10.87a - 0.09f
HB 140.3b - 12.08a - 0.14c
HC 41.6d - 4.49¢ - 0.15b
HD 359d - 442¢ - 0.15b
N-Free medium
Pak-choi NA 296d 126a 2.31d 0.94a 1.27a
NB 81.6a 13.3a 3.92ab 0.78a 1.20a
NC 50.5¢ 10.5b 2.75c¢d 0.72a 1.34a
ND 9392 5.8¢ 414a 0.39b 148a
NE 83.6a 6.8c 357ab 042b 146a
Hoagland' s nutrient solution
HA 78.2ab 7.3¢ 3.43abc 0.50b 1.21a
HB 89.1a 101b 4.02a 0.78a 1.04a
HC 96.8¢c 53¢ 3.16bc 0.49b 0.96a
HD 64.1bc 61c 3.57ab 0.45b 091a
N-Free medium
Malabar spinach NA 31.0d 260d 135a 0.96a 0.34a
NB 941c 426¢c 1292 1.02a 04la
NS 79.5¢ 5.86b 144a 1.03a 0.36a
ND 150.0b 6.93ab 10.9a 0.84ab 094a
NE 160.9ab 7.18a 9.8ab 0.70abc 093a
Hoagland' s nutrient solution
HA 1799a 787a 11.5a 0.96a 0.74a
HB 168.1ab 6.86ab 9.6ab 0.93a 0.83a
HC 145d 1.16e 34c 033c 0.26a
HD 21.4d 1.57de 5.2¢c 0.46bc 0.36a

z) NA, NB, NC, ND, NE, HA, HB, HC, HD : See the Table 1.
NC, NE, HB and HD : Substitution of Ci- for nitrogen,
v) Mean separation within columns by DMRT at 5% level

x} Non measured,
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