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ABSTRACT This study was carried out to investigate the effects of changes of
ionic strength according to growth stage on growth and flowering of
Dendranthema grandiflorum (Ramat.) Kitamura ‘Seiun’ grown hydroponically in
perlite. The stage 1, II, and IIT covered early vegetative growth (27-40 days after
planting), latter vegetative growth (41-54 days), and reproductive growth (55-80
days), respectively. The 2 strength (1S and 2S) of nutrient solution were treated in
stage I, whereas 3 strengths (1S, 1-2S, and 2S) were treated in stage II. Then,
total 9 treatments in stage III were designated by 3 treatments (tap water, 1S, and
2S) for each 3 strengths in stage II. Each nutrient solution was applied 8 times
per day. At vegetative growth stage (54 days after planting), stem length was
highest when irrigated 8 times a day with 1S nutrient solution. Both
photosynthesis and transpiration rate were higher in 1S than those in other
treatments (1-2S, 2S), whereas leaf chlorophyll content was highest in 2S
treatment. Ton content of plant treated with 2S was higher than other treatments.
Growth (plant height, leaf area, stem length), fresh weight, and dry weight of each
plant organ after flower bud formation were better in tap water treatment (1-1-0)
than other 1S treatments (1-1-1, 1-1-2). Regarding the number of days to
flowering, tap water treatment was the most effective. Thus, after flower bud
formation supplying tap water or lower concentration of nutrient solution than
those used during the vegetative growth stage was economical in saving chemical
fertilizers, shortening the number of days to flowering, reducing salt accumulation
in media, saving efforts of leaching, and reducing ground water contamination.

Additional key words: Dendranthema grandiflorum, nutrient uptake, photosynthesis,
salt stress, transpirationsalt accumulation, vegetative growth
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Table 1. Composition of nutrient solution (PTG solution for chrysanthemum,
The Netherlands) used in this experiment.

Macroelement (me/L) Microelement (me/L)
NO; NHs; HPO, K Ca Mg SO Fe Mn B Zn Cu Mo
1275 125 30 7.5 50 20 20 336 1.0 022 0.2 0.03 0.05 1.8 6.0

“mS/cm.

EC* pH
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Table 2. Nutrient solution concentrations used at different growth stages.

Nutrient solution

Growth stage

concentration
Treatment L z 1 I
(27-40) (41-54) (55-80)
1-1-0 1S 1S tap water
1-1-1 IS 18 1S
1-1-2 1S 1S 2S
1-2-0 1S 28 tap water
1-2-1 1S 28 1S
1-2-2 1S 28 28
2-2-0 28 28 tap water
2-2-1 28 28 1S
2-2-2 2S 28 28

*Days after planting.
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Table 3. pH, EC, and ion concentration of the tap water used in the experiment

for hydroponic culture.
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Macroelement (ppm) Microelement (ppm) EC pH
NO;-N NH4-N P K Ca Mg S Fe Mn B Zn Cu Mo (mS/cm)
Measured 41 3 1 11 7 5 11 28 5 21 39 5 3 0.3 6.8
Range 60 - 30 80 80 40 - 10 - - - - - <0.3 5.0-7.0

Table 4. Effects of changes in nutrient solution concentration by growth stage on growth of 'Seiun' chrysanthemum
grown hydroponically in perlite at 80 days after planting.

Nutrient solution Stem No. of Stem Leaf Root
. No. of . . Days to
concentration length leaves yellowing diameter area length flowering
Stage ¥ 1I m (cm) leaves (mm) (cm”) (cm)
1 1 0 82.1 & 29.5 abc 1.3 ab 79 a 1762.0 ab 19.9 ab 740 b
1 1 1 82.6 a 29.5 abc 0.9 ab 7.8 ab 1548.9 abc 20.5 ab 78.0 a
1 1 2 81.8 ab 29.3 abc 1.4 ab 7.3 be 1940.5 a 20.5 ab 79.0 a
1 2 0 80.4 ab 304 ab 1.0 ab 72 ¢ 1426.8 be 170 b 750 b
1 2 1 79.6 abc 279 be 0.9 ab 6.9 cd 1307.9 be 20.3 ab 77.0 a
1 2 2 78.2 bed 26.1 ¢ 215b 6.5 d 1173.9 ¢ 19.5 ab 80.0 a
2 2 0 76.2 cd 28.3 be 05 a 7.0 cd 1486.0 abc 21.7 a 75.0 b
2 2 1 76.4 cd 30.6 ab 1.1 ab 6.9 cd 14279 be 19.9 ab 80.0 a
2 2 2 758 d 323 a 1.1 ab 6.9 cd 1394.8 be 22.1 a 79.0 a

“Stage I: 26~40 days ; Stage II: 41~54 days ; Stage III: 55~80 days after planting.
YMeans followed by different letters within columns are significantly different by DMRT, P=0.05.
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Table 5. Effects of changes in nutrient solution concentration by growth stage on fresh and dry weights of 'Seiun
chrysanthemum grown hydroponically in perlite at 80 days after planting.

Nutrient solution

concentration Fresh weight (g) Dry weight (g)

Stage 1* I 111 Leaf Stem Flower  Root Total Leaf Stem Flower  Root Total
1 1 0 78.1a" 34.7a 10.3ab  9.2ab  1323a 10.5a 10.3a 24ab 1.5ab 24.7a
1 1 1 67.2ab 33.8a 1232 11.9a 125.2a 8.5abcd 10.0ab 2.7a 1.7a 22.9a
1 1 2 66.4ab 31.7ab 9.0ab 9.8ab  116.9ab 8.9ab 9.4abc 2.3ab  1.4ab 22.0a
1 2 0 58.8bc 28.1bc 10.5ab  7.9b 105.3b 7.6bcd  8.4bcd 1.9b 1.6ab 19.5ab
1 2 1 56.1bc  28.2bc 11.8ab 9.0ab  105.1b 6.7d 7.9cd 1.9b 1.5ab 18.0b
1 2 2 49.6¢ 25.3¢ 9.0b 7.0b 90.9¢ 6.7cd 7.2d 1.7b 1.3ab 16.9b
2 2 0 62.3bc  28.0bc 11.9ab 9.1ab  111.3b 7.6bcd  8.4bcd 2.2ab  1.6ab 19.8ab
2 2 1 63.1bc  28.1bc 10.4ab  8.5b 110.1b 8.8abc  8.3bcd 1.9b 1.5ab 20.5ab
2 2 2 67.0ab  25.8c 9.5ab 9.2ab 111.5b 7.6bcd  7.4d 2.0b 1.3b 18.3b

“I: 26~40 days ; Stage II: 41~54 days ; Stage III: 55~80 days after planting.
Means followed by different letters within columns are significantly different by DMRT, P=0.05.

Table 6. Effects of changes in nutrient solution concentration by growth stage on mineral contents in leaves of 'Seiun'
chrysanthemum grown hydroponically in perlite at 80 days after planting.

Nutrient solution concentration Mineral content (%)
Stage I 11 111 Total-N p K Ca Mg

1 1 0 2.83 b 0.525 a 394 a 278 a 0.27 ab
1 1 1 330 a 0.473 abc 3.48 ab 2.79 A 0.26 b
1 1 2 3.24 ab 0.478 abc 3.57 ab 278 a 0.27 ab
1 2 0 335 @ 0.517 ab 3.58 ab 257 @ 0.28 ab
1 2 1 3.68 a 0.511 abc 343 ab 287 a 0.27 ab
1 2 2 343 a 0.426 ¢ 372 a 2.93 a 0.30 a
2 ) 0 332 a 0.432 be 313 b 257 a 0.27 ab
o 2 1 351 a 0.481 abc 379 a 288 a 0.27 ab
2 2 2 330 a 0.484 abc 3.58 ab 2.80 a 0.30 a

“Based on dry weight.
"Stage I: 26 ~40 days ; Stage II: 41~54 days ; Stage III: 55~80 days after planting.
*Means followed by different letters within columns are significantly different by DMRT, P=0.05.
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