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SUMMARY

Conventionally, water dropwort has been cultivated in paddy fields
after rice harvest. Thus, conventional method which was labor-intensive
and usually conducted by old people in cold winter needs to be
improved. Hydroponic culture with seed propagation is labor-saving
compared to conventional method and can be conducted regardless of
time and location which enables year-round production. Besides,
hydroponic culture is safe from contamination by possible toxic
elements like pesticides and heavy metals which can matter in the
conventional method.

This research was conducted to investigate the optimum condition
for seed propagation of water dropwort and to establish an efficient
hydroponic system. The results were as follows.

1. Diverse variations were found among 119 lines from U.S.A., Japan
and Korea, and their growth, flowering, seed harvesting and
disease-tolerance were compared. Among 13 lines from Boseong
local cultivar which produced more seeds than those from the other
regions, 9 lines were selected for their high fertility and good seed
harvesting characteristics. Paclobutrazol was effective in reducing
lodging and stolon development, but delayed the flowering time and
reduced the yield of seed harvesting.

2. pH in leachate from peat-moss, Baroker, and vermiculite bed soils
were acidic, weak acidic, and alkaline, respectively. The germination
percentage was highest in vermiculite or its mixture with the other
bed soils. Growth of water dropwort seedlings were favorable with
Baroker bed soil or its mixture with vermiculite but unsatisfactory with
perlite or peat-moss.

3. The seed priming of water dropwort was effective in the rate of
germination but the effect in PEG solution was not significantly higher
than that in each salt solution. The seed priming in salt solutions was
more effective in germination time and uniformity than that in PEG
solution. The seed priming in 6% Ca(NO32 solution for 3 days at 1
5 was the most effective in improving germination rate. The largest
reduction in germination time by priming treatment occurred in 4%



KH2PO4 solution for 3 days at 15 . While non-primed seeds did not
emerge at all, primed seed in 4% KHZ2PO4 solution for 3 days at 1
5 protruded the radicle in 3 days after sowing. The emergence
time and emergence uniformity was not affected by priming. The
emergence time was significantly reduced by priming in 4% KH2PO4
and 4% KNO3 solution for 3 days at 15 . The fresh weight of
seedling increased by priming in 4% KNO3 and 6% Ca(NO32 solution
for 3 days at 15

. The effect of supplemental lighting on the growth of hydroponically
grown water dropwort at the early or middle growth stage was not
significantly different. Shading more than 50% excessively retarded
growth, but control(0%) and 20% shading were effective. Fluorescent,
incandescent and mercury lamp promoted the growth of water
dropwort in the light quality experiment. Fog treatment was not
effective in the growth of water dropwort grown hydroponically.

. The CO2 saturation concentration of O. stolonifera DC. seedling at
25 was proved to be 1500u L/L. As COZ2 concentration increased
up to 2200p L/L, photosynthetic rate increased but stomatal
conductance and transpiration rates decreased. The photosynthetic
rate was significantly increased by CO2 application under high light
intensity of 320u Em-Zec-L The effect of CO2 concentration on
photosynthetic rate and transpiration rate was much higher in
seedlings. As high concentration of CO2 between 1500 and 2200u L/L
was applied, photosynthetic rate of water dropwort decreased in 100
g Em-Xec-l, while dark respiration increased. Under 2200up L/L CO2
application, plant height was longest through the whole phases of
growth; T/R ratio, leaf area and specific leaf weight in CO2
application were significantly higher than control during the late phase
of growth.

The growth of hydroponically grown water dropwort was most
favorable in An's solution but nitrate content was very high, which
was 3,371 and 3,410mg/kgeFW in winter and summer, respectively.
When cultured in conditioning solution, the nitrate content reduced to
840(24.9%) and 640mg/kgeFW(19.8%) in winter and summer,
respectively. In tap water, severe nutrient deficiency appeared and
foliar application of urea solution was not effective. In 6me/L chloride



and 3me/L ammonium substituted solution, growth was similar to
control, but nitrate content was still 60% of control, while root was
decayed because of sudden pH decline. Daylength extension during
conditioning period was more effective on shoot growth than on root
growth, while chlorophyll and nitrate content was not significantly
changed. When chloride was added with ammonium during
conditioning period, the higher was ammonium concentration in
solution, the poorer the root growth. Nitrate content was not reduced
significantly but chlorophyll content and visual quality were improved
with 0.5me/L ammonium supply. Nitrate and chloride content in water
dropwort showed significantly negative correlation and so did between
nitrate content and fresh or dry weight.

. With the decrease in planting distance, plant height increased and
the number of stolons decreased. But adequate increase in planting
distance helped photosynthesis due to enlarged canopy. Specifically,
15x 5cm with 4 plants per hole in the spring and 10x 10cm with 4
plants per hole in the autumn produced the highest vyield in
hydroponically grwon water dropwort. Therefore, increase in planting
distance within the range of optimum photosynthesis would be
favorable for increasing the yield.

EC change was small for all systems except for deep
aeroponics(80cm) while pH was more variable with hydroponics rather
than with aeroponics. Aeroponics was more effective in growth and
development of water dropwort than NFT and DFT. The growth of
water dropwort was significantly higher in shallow bed(40cm) than
deep bed in aeroponics. Growth and development of shoots were
favorable in shallow bed but root growth was unsatisfactory in DFT.
Chlorophyll content showed no differences among systems. Measured
under natural condition, photosynthesis efficiency in NFT and deep
aeroponics was highest at 10th day after planting, but measured
under artificial light, it showed no difference between systems at 25th
day after planting.
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Fig. 1. The culturing landscape of comparison among clones selected

'BoSung’ local variety.
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. Paclobutrazol

Fig. 2. The landscape of water dropwort treated by paclobutrazol.
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Table 1. Comparison of main characteristics among collected water

dropwort local variety.

Characteristic

Local varietyz

upright type

Kwangyang

Vigor Z type

Sunchun

long(= 130cm)

Kongju, Bosung, Seungju

Stolon length short(< 30cm)

Samchuck, Yungwoll, Okku

Superiority of resistance to

virus and rust

Kimpo, Namyangju, Suwon, Yungdong,

Yungchun, Woolsan, Pyung chang,

Yungwol,

Kunsan, Namyangju, Myungju, Bongwha, Pusan, Buyu,

Time to early flowering gy o Yungdong, Changsu, Chunju

blooming :
late frowering |Bongwha

Kwangyang, Dangjin, Sunchang2 Ibaraki, Jaechun,

large Chungju

No. of flower — .

cluster Kunsan, Kimjae, Namyangju, Muan, Boeun, Buyu,
small Yungdong, Yungam, Yungwol2 Eumsung, Chunju, Cheju,

JinyangZ, Jinyang2 Changnyung, Chunan, Hwasung?2

No. of floret/ large(z 39)

Bosung, Sunchang? Ibaraki, Hwasungl

flower cluster small(< 15)

Koje, Namyangju, Woolleung, Jinan, Changnyung

Clust e rbig(=9m)

Konju, Bosung, Seungju, Chilkok

diameter small(< 3.5cm)

Samchuck, Yungwol, Okku

Earliness of seed harvesting
(= 170 days)

Kongju, Bonghwa, Yungyang, Ckhulwon, Chungwon

high(= 50%)

Seed fertility

Kunsan, Kimpo, Kimhael Kimhae2
Changsu

Pusan, Buyu2

rate low (< 50%)

Bonghwa, Suwon, Okku,
Tongyung2 Pyungchang

Changnyung, Tongyungl

Low seed drop

Namyangju, Muan, Yungdong, Okku, Eusung, Cheju,
Jinchun, Chungyang, Tongyungl

Superiority of seed maturation

Kunsan, Bonghwa, Okku, Woolleung, Woolsan, Eusung,
Chungyang, Tongyung, Hadong

z Superscript number indicate selecting rank of local variety

- 18 -



Table 2. The comparison of growth and seed- harvesting characteristics

among water dropwort.

Amount 1000
of seed seed
harvest weight

Local Plant Stem Degree Degree Degree
height length of over of of seed
cultivar  (cm) (mm) growingx lodgingy dropz

(ml/m2  (9)
A7 107.3 136 2 3 3 107.3 1.42
A9 1247 146 4 4 3 150.1 1.65
C3 1153 141 3 2 1 110.2 1.46
E6 1140 138 5 5 4 120.1 1.53
F1 160.0 147 3 2 3 140.6 1.50
S1 733 141 1 1 3 86.5 1.19
X1 88.3 143 2 2 2 135.5 1.63
7 1140 138 3 3 3 145.4 1.50
USA.
] 70.7 7.0 1 1 - - -
derived

X Y, z 1: not severe 3: average 5. severe

F1 A9 , S1

S1
S1

- 19 -
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Table 3. The effect of spray time and concentration of paclobutrazol on

growth of water dropwort.

Dr
Paclobutrazol  Plant Stem Stem Stolon . y
. . . No. of No. of weight of
concentration height lengthx diametery .
internode stolons stolon
( ppm ) (cm) (cm) (mm) (cm)
(9)
10 June
0 1312 az 378 a 146 a 171 a 42 a 1441 ab 1321 a
10 986c 263b 149 a 151 b 42 a 13000b 90.2 b
25 863d 154c 123 b 149 b 40a 1252 b 60.1 bc
50 846d 129 cd 133 b 143 b 40a 1149 bc 534 c
100 746 d 106d 129 bc 142 b 40 a 96.7 c 499 c
6 July
10 110.1 bc 381 a 140 ab 165ab 43 a 1517 a 120.7 ab
25 1120 b 373 a 140ab 1550b 42 a 1515 a 1183 ab
50 1038 bc 283 b 137 b 156 b 42 a 1421 ab 952 b

x The length from first to 7th internode
y Second internode
z Duncan's multiple range test, p=0.05
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Table 4. The effect of Paclobutrazol treated at 10 June on fruit setting

characteristics.

Paclobutrazol

concentration

No. of Fruit 1000

No. of fruits/flower cluster seed

cluster amount

1u 2w 3x 4y weight
( ppm ) /plant (ml/m32 (9)
0 832.1az 542.9a 3630a 3339a 11.7a 1134a 151la
10 635.9b 449.3ab 349.4a 2839ab 10.5a 96.4b 1.50a
25 531.3bc 380.3b 357.9a 324.2a 780  93.1b 1.49a
50 4974c 273.2c 297.8b 251.2ab 5.7bc 85.1bc 1.5la
100 4659c 336.8nc 262.9b 227.2b 46c  778c 152a

u First cluster
w Second cluster
x Third cluster

y Fourth cluster

z Duncan's multiple range test, p=0.05

10

- 25 .

paclobutrazol
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Table 1. Germination status of water-dropwort seed in various media.

Treatmentz Standing rate(%) No. of seedlings/hole

PS 54.3 0.83

us 75.3 1.93
PS:US=1:1 66.7 1.56

LM 81.6 2.53

S 81.3 247
LM :S=1:1 78.3 2.38

P 96.8 3.93

\% 100 3.98
P:VvV=1:1 100 3.96

z PS; Paddy soil, US; Upland soil, LM; Leaf mould, S; Sand, P; Perlite, V; Vermiculite,

50% 1
75%
2
82% , 2.6 81%
29
vermiculite perlite 100%
vermiculite

perlite

- 28 -
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Table 1. Effects of

substrates on germination

rate and true leaf

development of Oenanthe stolonifera DC.

Germination rate (%)

Development of

Substratez 3/98 44 true leaf (4/11)
(%)
PM :V 18.1 61.4 42.3
PM : P 8.6 45.6 11.0
PM : S 26.9 70.6 34.8
B 31.2 71.0 65.7
B:P 24.9 67.8 46.3
B:V 29.8 70.9 69.6
\% 29.3 72.7 35.1
P:V 31.6 72.9 32.4
z PM ; peatmoss, V ; vermiculite, B ; Baroker, P ; perlite, S; sand
2.
Tisdale (1975) pH
peat pH 5
( 3.
pH 6 7
pH
pH
Table 3. pH of each substrate
Leaching PM:Vz PM:P PM:S B B:P B:V \% P:v
Distilled 464 427 437 55 58 640 851 804
water : : : : : : : :
T a p
water 4,84 4.65 474 5.85 6.68 6.70 7.43 7.39

z PM ; peatmoss, V ; vermiculite, B

- 30 -
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¢ 4.

Table 4. Effects of substrates on growth of O. stolonifera DC.

seedlings.
Plant Root ) .
) Fresh weight (q) Dry weight (g)
height  length
Substratez L eaf Root L eaf Root
(cm) (cm)
Pm : V 15.4by 10.5a 0.558b 0.324c 0.041a 0.015bc

Pm : P 10.3d 9.2a 0.386cde  0.243d 0.030a 0.015bc
Pm : S 13.2c 8.7a 0.461bc 0.305c 0.036a 0.019b
B 18.4a  9.9a 0.715a 0.402b 0.054a 0.013c
B:P 13.7bc 10.3a 0.439cd 0.303c 0.036a 0.017bc
B:V 176a 9.7a 0.671a 0.477a 0.055a 0.027a
V 9.2d 9.2a 0.316e 0.259d 0.024a 0.013c

P:V 122c 10.5a 0.399cde  0.246d 0.031a 0.013c

z PM ; peatmoss, V ; vermiculite, B ; Baroker, P ; perlite, S; sand
y Mean separation within columns at p = 0.05 by Duncan's multiple range test.
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Table 1. Growth of water dropwort under various fertilizer level after 1,

2 and 3 months.

Plant height (cm) No. of branches

Treatment

1 2 3(month) 1 2 3(month)

Standard (control) 26.5 65.3 102.3 2.8 41 9.2
NPK double 316 70.2 109.7 33 5.1 10.2
N double 30.8 713 108.6 3.2 4.8 9.9
P double 34.2 75.4 110.2 45 6.1 10.6
K double 36.3 81.2 1124 4.2 5.2 10.3
NP  double 325 70.4 107.3 41 54 10.5
NK  double 25.8 66.2 103.6 45 6.2 10.2
PK  double 30.3 68.7 104.4 40 5.6 10.3
K P
N K P
8 9
L 2
L K
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T able 2. Effect of various level of fertilizer on flowering and fruiting of

water dropwort.

Flow _ _ 1000- grain
No. of fruits Yield .
Treatment clousters weight
Iplant (ml/m2
/plant (9)
Standard (control) 10.3 3,276 1147 1.50

NPK double 11.2 3,475 1217 151
N double 10.8 3,324 116.4 148
P double 10.9 3,316 116.1 152
K double 11.2 3,516 1232 151
NP  double 10.5 3,469 1215 1.49
NK  double 10.2 3,397 119.0 150
PK  double 10.6 3,417 119.7 150

3

Table 3. Effects of irrigation type on the growth of water dropwort.

Plant height(cm)

No. of branches

Treatment 1 3 1 3
(month) (month)
Furrow
L 22.3 58.4 98.3 24 32 8.9
irrigation
Mini
) 26.7 65.5 106.7 25 41 9.7
sprinkler
Belowz 272 70.6 1104 2.6 45 10.5
Abovey 25.3 64.2 101.6 24 39 9.8

‘z Irrigation below the mulching film by watering hose

y Irrigation above the mulching film by watering hose

- 35 -



Table 4. Effects of irrigation type on the flowering and fruiting of

water dropwort.

No. of No. of Vield 1000- grain
[
T reatment closters fruits weight
(ml/m2
/plant /plant (9)
Furrow
Lo 9.2 3,087 108.1 151
irrigation
Mini
_ 9.9 3,294 1154 1.49
sprinkuler
Below z 10.2 3,387 117.9 152
Abovey 9.7 3,254 114.0 151

z Irrigation below the mulching film by watering hose

y Irrigation above the mulching film by watering hose
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Osmotic priming
' ' priming

(Brocklehurst, 1983; Pill, 1986; Szafirowska , 1981).

priming
priming ,
2.
1993 9
5:5
2 4
. Priming
Ca(NO32 NaHZ04 NaNO3 KHZP04 KNO3 mannitol
PEG(polyethylene glycol) 6000 Ca(NO32 NaNO3
KHZ204 KNO3 2, 4 6% NaHZ204 3, 5 7%
mannitol 5, 10 15% , PEG 6000 20, 30 40%
Priming 400mg 50m|
20m|
24
. Priming 15, 20 25 3,7 10
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2 3
25 , 421
petri- dish (Whatman No.2) 1 , 50
5 5ml 25+1 |, 24
. Petri-dish 2 '
Imm
12
» GR(germination rate) = ( N / S )x 100
* MGT (mean germination time) = > ( tini ) / N
» GU(germination uniformity) = > (MGT-ti)zhi / N-1
N : , S
ti : ,  ni:
9 13 10 17
10/33 ( /
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* ER(emergence rate) = ( N / S )x 100

* MET (mean emergence time) = > ( tini ) / N

» EU(emergence uniformity) = > (MET-ti)2hi / N-1
N : , S

ti: ,  ni:

15 ) ( , 1991) ,
NO3 N 13, NH4N 3, P 3, K 6, Ca 2, Mg 1me/l
Fe 3ppm, B 05 Mn 05 Zn 005 Cu 0.02 Mo
0.01ppm , Ca(NO34- 4HD, NaNO3 KNO3
NHHPO4 MgSO4 7HD, EDTA- Na- Fe- 3HD, HBO3 MnSO4

4HZ, ZnSO4 7THZO, CuSO4 5HZO NaaM o004 2HZO

35 , , ,
Priming , 1,2
3 (SEM:scanning electron
microscope)
(5% paraformaldehyde + 5% glutaraldehyde) 4 12
, buffer 3 ethanol series
, COo2 coating

150
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. Priming

15 7 priming
1 . KNO3 6% PEG 20%
58% NO3
Haigh (1987) NO3
, priming NO3
KHZ2P04 priming 42 A7
PEG , priming
(Akers , 1987)
(Mexal ,
1975) priming
priming PEG
, priming
NO3 Ca(NO32 NaNO3
KHZ204
, priming
priming ( 2
3, 4).
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Table 1. Effect of osmotica treatment on the germination

rate(GR),

mean germination time(MGT) and germination uniformity(GU)

of O. stolonifera DC. seeds.

Seed treatmentw

GR(% MGT (days GU
Osmoatica Conc.(%) (%) (days)
2 65.5 bcdefz 5.8 bcd 337 a
Ca(NO32 4 775 abc 5.9 bed 389 a
6 75.8 abcd 5.5 bcde 239 a
3 64.0 def 6.9 a 272 a
NaHZ2 04 5 78.2 ab 5.4 bcde 165 a
7 65.5 bcdef 5.4 bcde 180 a
2 71.7 abcde 5.3 cdef 150 a
NaNO3 4 73.1 abcde 5.8 bcd 363 a
6 61.1 ef 6.1 abc 290 a
2 63.5 def 44 fg 152 a
KHZP04 4 66.0 abcdef 4.7 egf 256 a
6 72.0 abcde 42 g 152 a
2 60.1 ef 5.4 bcde 443 a
KNO3 4 64.4 cdef 5.6 bcd 517 a
6 574 f 6.2 ab 331 a
5 73.2 abcde 5.6 bcde 3.06 a
Mannitol 10 65.4 bcdef 5.3 bcde 222 a
15 64.1 def 6.1 bc 388 a
20 576 f 5.1 def 321 a
PEGx 30 78.7 a 5.1 def 225 a
40 76.4 abcd 5.4 bcde 2.88 a
Controly 58.0 f 5.0 def 197 a

w Seeds were primed for 7 days at 15

x PEG is polyethylene glycol 6000.

y Seeds were stratified with sand in the outdoors.

in a growth chamber with light.

Z Mean separation within columns by Duncan's multiple range test at 5% level

2 15
priming

Ca(NO32 NaNO3

KNQO3

- 42 -
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, KHZP0O4

, priming
Ca(NO32 6%, NaNO3 4%,
KHZ2P04 6%, KNO3 4%
3 ,
priming
3 20 , priming
priming
KHZ04
3 , 3
3 priming ,
Ca(NO32 6%, NaNO3 2%, KHZP04 6%,
KNO3 4%
4 25 , priming
KNO3 |
2% , 3
. 25
KHZ04 KNO3 7
58% , 10 priming
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Table 2. Effect of the duration and concentration of osmotica treatment
on the germination rate(GR) of O. stolonifera DC. seeds

primed at 15 in a lighted growth chamber.

Seed treatment Duration of treatment(days)
Osmotica Conc.(%) 3 7 10
Germination rate(%)

2 76.0 65.2 65.6

Ca(N032 4 77.5 77.5 68.1
6 811 76.5 80.8
2 78.8 71.7 72.9

NaNO3 4 79.2 733 65.6
6 75.2 61.1 515
2 74.4 63.2 65.3

KHZP0O4 4 73.2 66.0 65.1
6 76.3 72.0 72.0
2 76.1 60.1 56.2

KNO3 4 79.6 64.4 63.8
6 79.2 574 B5.2

Controlz 58.0

Contrastsy

Salt(A) *kk

Concentration(B) NS

Duration(C) >k

A X B * k%

Ax C *x

Bx C NS

Ax Bx C NS

y Contrasts were calculated by partitioning the treatment effects using SAS general linear
models procedure. NS, *, ** *** mean non-significant and significant at P < 0.01,
0.05, 0.001 respectively.

z Seeds were stratified with sand in the outdoors.



Table 3. Effect of the duration and concentration of osmotica treatment
on the germination rate(GR) of O. stolonifera DC. seeds
primed at 20 in a lighted growth chamber.

Seed treatment Duration of treatment(days)
Osmoatica Conc.(%) 3 7 10
Germination rate(%)

2 72.0 62.8 49.2

Ca(N0O32 4 66.5 735 68.8
6 75.2 67.2 71.7
2 81.3 77.2 55.2

NaNO3 4 73.5 74.2 57.1
6 74.2 62.7 36.6
2 7.7 70.6 59.9

KHZ2P04 4 74.5 68.0 66.8
6 78.0 714 57.6
2 77.2 66.3 535

KNO3 4 70.5 72.8 55.2
6 77.2 61.2 44.8

Controlz 58.0

Contrastsy

Salt(A) ns

Concentration(B) ns

Duration(C) >k

Ax B * k%

Ax C * k%

Bx C * %

Ax Bx C ns

y Contrasts were calculated by partitioning the treatment effects using SAS general linear

models procedure. NS, *, **,
0.01, 0.001, respectively.

z Seeds were stratified with sand in the outdoors.
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Table 4. Effect of the duration and concentration of osmotica treatment
on the germination rate(GR) of O. stolonifera DC. seeds

primed at 25 in a lighted growth chamber.

Seed treatment Duration of treatment(days)
Osmotica Conc.(%) 3 7 10
Germination rate(%)

2 62.4 60.1 425

Ca(N032 4 71.3 67.6 50.8
6 4.7 67.2 60.0
2 63.0 70.0 52.2

NaNO3 4 74.1 65.5 51.2
6 57.6 47.4 27.6
2 64.6 47.0 44.8

KHZPO4 4 59.8 331 317
6 59.8 35.8 221
2 76.8 59.0 59.9

KNQO3 4 73.6 60.6 52.2
6 78.3 52.8 46.0

Controlz 58.0

Contrastsy

Salt(A) *Ax

Concentration(B) *kx

Duration(C) *kx

Ax B * %%

Ax C * %%

Bx C *

Ax Bx C *

y Contrasts were calculated by partitioning the treatment effects using SAS general linear
models procedure. NS, *, ** *** mean non-significant and significant at P < 0.01,
0.05, 0.001, respectively.

z Seeds were stratified with sand in the outdoors.
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Table 5. Effect of the duration and concentration of osmotica treatment
on the mean germination time(MGT) of O. stolonifera DC.

seeds primed at 15 in a lighted growth chamber.

Seed treatment Duration of treatment(days)

Osmotica Conc.(%) 3 7 10

Mean germination time (days after sowing)

2 4.8 5.8 5.4

Ca(NO32 4 4.8 5.9 5.2
6 49 55 54
2 4.4 52 4.8

NaNO3 4 4.4 5.8 5.4
6 5.2 6.1 6.2
2 4.2 4.5 4.5

KHZP04 4 4.0 47 46
6 4.4 4.2 4.7
2 4.7 5.4 5.3

KNO3 4 49 5.6 46
6 5.1 6.2 4.8

Controlz 5.0

Contrastsy

Salt(A) *okk

Concentration(B) *x

Duration(C) * % %

Ax B * %k %

Ax C * %k %

Bx C ns

Ax Bx C * %

y Contrasts were calculated by partitioning the treatment effects using SAS general linear
models procedure. NS, *, ** *** mean non-significant and significant at P < 0.01,
0.05, 0.001, respectively.

z Seeds were stratified with sand in the outdoors.



Table 6. Effect of the duration and concentration of osmotica treatment

on the mean germination time(MGT) of O. stolonifera DC.

seeds primed at 20 in a lighted growth chamber.

Seed treatment

Duration of treatment(days)

Osmotica Conc.(%) 3 7 10
Mean germination time(days after sowing)

2 4.8 52 49

Ca(N032 4 49 4.8 4.2
6 51 4.8 4.5
2 49 4.5 4.1

NaNO3 4 5.0 51 49
6 5.6 6.1 6.5
2 4.5 49 49

KHZ2P04 4 4.5 4.1 4.0
6 4.5 4.3 4.3
2 4.7 5.0 4.5

KNO3 4 4.6 4.8 4.0
6 5.2 5.0 5.0

Controlz 5.0

Contrastsy
Salt(A) *okk

Concentration(B)
Duration(C)

Ax B

Ax C

Bx C

Ax Bx C

* k%

* %%

* %%

* %%

* %%

* %%

y Contrasts were calculated by partitioning the treatment effects using SAS general linear

models procedure. NS, *, ** *** mean non-significant and significant at P <

0.05, 0.001, respectively.

z Seeds were stratified with sand in the outdoors.

0.01,



Table 7. Effect of the duration and concentration of osmotica treatment

on the mean germination time(MGT) of O. stolonifera DC.

seeds primed at 25 in a lighted growth chamber.

Seed treatment

Duration of treatment(days)

Osmotica Conc.(%) 3

7

10

M ean germination time(days after sowing)

2 5.6
Ca(N032 4 55
6 5.6
2 5.8
NaNO3 4 6.0
6 6.1
2 5.2
KHZ20O4 4 6.0
6 5.0
2 51
KNO3 4 5.0
6 5.8
Controlz 5.0
Contrastsy
Salt(A)

Concentration(B)
Duration(C)

Ax B

Ax C

Bx C

Ax Bx C

6.6
6.8
7.3

5.6
6.1
5.7

47
51
5.0

6.0
6.6
6.6

6.9
6.2
7.1

6.7
6.3
7.0

4.9
5.6
6.1

54
5.9
6.7

y Contrasts were calculated by partitioning the treatment effects using SAS general linear

models procedure. NS, *, ** *** mean non-significant and significant at P

0.05, 0.001, respectively.

z Seeds were stratified with sand in the outdoors.

<

0.01,
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, Ca(NO32 NaNO3 2% , KHZP04 KNO3 6%

Table 8. Effect of the duration and concentration of osmotica treatment
on the germination uniformity(GU) of O. stolonifera DC. seeds

primed at 15 in a lighted growth chamber.

Seed treatment Duration of treatment(days)

Osmotica Conc.(%) 3 7 10

Germination uniformityz

2 1.93 3.38 3.30

Ca(N0O32 4 175 3.89 3.92
6 244 3.08 3.48
2 2.55 1.50 212

NaNO3 4 1.48 3.70 3.29
6 2.36 2.90 291
2 2.06 1.68 2.08

KHZ04 4 1.19 2.56 3.20
6 1.62 152 2.29
2 1.92 443 3.75

KNO3 4 2.33 5.17 2.78
6 2.46 331 251

Controlx 197

Contrastsy

Salt(A) *xx

Concentration(B) ns

Duration(C) e

A X B * k%

A X C * %

Bx C *

Ax Bx C ns

X Seeds were stratified with sand in the outdoors.

y Contrasts were calculated by partitioning the treatment effects using SAS general linear
models procedure. NS, *, ** *** mean non-significant and significant at P < 0.01,
0.05, 0.001 respectively.

z Germination uniformity = > (MGT-ti)2hi / N-1
MGT :mean germination time, tidays after sowing, ni:No. of germinate seeds on day ti,

N:total no. of germinate seeds



Table 9. Effect of the duration and concentration of osmotica treatment
on the germination uniformity(GU) of O. stolonifera DC. seeds

primed at 20 in a lighted growth chamber.

Seed treatment Duration of treatment (days)
Osmotica Conc.(%) 3 7 10
Germination unimityZ

2 158 4.34 3.32

Ca(N0O32 4 2.33 3.53 2,77
6 1.78 291 3.67
2 2.04 2.43 2.53

NaNO3 4 1.76 4,02 4.32
6 2.16 4,08 351
2 1.20 4.15 3.35

KHZ2P0O4 4 1.26 1.10 2.08
6 1.00 0.75 1.77
2 1.22 311 2.58

KNO3 4 1.33 3.23 2.48
6 191 2.60 3.76

ControlX 197

ContrastsY

Salt(A) *xk

Concentration(B) ns

Duration(C) >k

Ax B * %

Ax C ns

Bx C ns

Ax Bx C *

X Seeds were stratified with sand in the outdoors.

y Contrasts were calculated by partitioning the treatment effects using SAS general linear

models procedure. NS, *, ** *** mean non-significant and significant at P <

0.05, 0.001, respectively.

Z Germination uniformity = 3 (MGT-ti)2hi / N-1

0.01,

MGT :mean germination time, tidays after sowing, ni:No. of germinate seeds on day ti,

N:total no. of germinate seeds.



Table 10. Effect of

the duration

and concentration of

osmotica

treatment on the germination uniformity(GU) of O. stolonifera

DC. seeds primed at 25

in a lighted growth chamber.

Seed treatment

Duration of treatment (days)

Osmotica Conc.(%) 3 7 10
Germination uniformityz

2 3.80 6.85 3.67

Ca(NO32 4 4.39 5.75 473
6 3.09 547 411
2 5.83 231 472

NaNO3 4 434 3.30 491
6 5.68 231 5.22
2 3.12 3.65 2.22

KHZPO4 4 4.82 3.34 3.37
6 3.16 3.82 4.29
2 3.77 6.48 3.06

KNO3 4 2.79 6.14 4.97
6 2.82 5.57 5.63

Controlx 1.97

Contrastsy

Salt(A) *x

Concentration(B)
Duration(C)

Ax B

Ax C

Bx C

Ax Bx C

ns
*kk

ns
*k K
ns
ns

X Seeds were stratified with sand in the outdoors.

y Contrasts were calculated by partitioning the treatment effects using SAS general linear

models procedure. NS, *, **,
0.05, 0.001, respectively.7

Z Germination uniformity = 3

(MGT - ti)2ni

*** mean non-significant and significant at P <

/ N-1

0.01,

MGT :mean germination time, tidays after sowing, ni:No. of germinate seeds on day ti,

N:total no. of germinate seeds
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fig 4.

Fig 4. Scanning electron microscope(SEM) micrograph(x 150) of a
longitudinal section along the flat of Oenanthe stolonifera DC.
seeds. A-C; non-primed seeds. D-F; seeds were primed with
4% KHZPO4 in the light at 15 for 3 days. R; radicle, E;
endosperm and S; seed coat (A, D; 1 day B, E; 2 days-C,
F; 3 days after imbibition)
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Table 11. Effect of priming on the emergence rate(ER), mean
emergence time(MET) and emergence uniformity(EU) of O.
stolonifera DC. seedlings in a greenhouse

Seed treatmentz

: ER(%) MET (days) EU
Osmotica  Conc.(%)
Ca(NO32 6 77.6 ax 111 a 201 a
NaNO3 4 80.0 a 11.0 ab 2.06 a
KHZP0O4 4 796 a 10.6 bc 210 a
KNO3 4 76.0 a 103 ¢ 159 a
Controly 736 a 112 a 220 a

X Mean separation within a column by Duncan's multiple range test at 5% level.
y Seeds were stratified with sand in the outdoors.
z Seeds were primed for 3 days at 15 in a growth chamber with light. Seeds were

sowed in urethan sponge.

Table 12. Effect of priming on the seedling growth of O. stolonifera
DC. in 35 days after sowing.

Seed treatmentz Plant No. of Fresh
Osmotica Conc.(%) height(cm) leaves weight(g)
Ca(NO32 6 8.7 ax 29 a 148 ab
NaNO3

89 a 32 a 141 b

KHZP0O4 4 8.7 a 27 a 126 c
KNO3 4 88 a 30 a 150 a
Controly 86 a 3la 1.30 bc

X Mean separation within a column by Duncan's multiple range test at 5% level.
y Seeds were stratified with sand in the outdoors.
z Seeds were primed for 3 days at 15 in a growth chamber with light. Seeds were

sowed in urethan sponge. Seedlings were grown with An's solution in a greenhouse.
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Fig 3. The growth response of water dropwort treated with

different supplemental lighting period
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Table 1. The effect of shading on growth of hydroponicaly grown

water dropwort.

Rate of ) Plant ) Stem
) Sampling ) Leaf width ) No. of
shading height diameter
day (mm) stems
(%) (cm) (mm)
5 October 11.4 8.9 2.0 4.0
0 15 October 22.3 10.9 4.0 40
20 October 37.2 20.0 45 5.0
5 October 10.1 8.7 2.1 41
20 15 October 18.4 11.9 3.2 41
20 October 38.2 23.1 35 45
5 October 13.0 10.8 2.1 41
50 15 October 20.9 12.4 3.2 45
20 October 29.3 185 4.0 5.6
5 October 14.6 11.7 2.0 3.7
80 15 October 24.7 12.6 24 40
20 October 28.2 14.2 2.6 5.0

Fig 4. The growth response of water dropwort treated with different

shading rate.
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Fig. 1. The CO2 saturation curve of O. stolonifera DC at , 2000pmole

photon/m2 s

.1 1000ppm co2
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CO2

2)

1800 2000rmolephoton/mX
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()

2200ppm
1500ppm 750ppm
, 750ppm
co2
CcOo2

2200ppm

Table 1. The effects of CO2 application on photosynthesis of O.
stolonifera DC..
Plant - Patiol o of o, of  No. of Fresh Dry weight(g)
Date  Treatment height  length | 'f run.ner inte.rnod weight(g)
(cm) (cm) ea leaf root leaf root
2200ppm  27.1az 11l a 46 24 139 551 0.89 0.33
1500ppm  230b 86 b 49 2.7 139 6.33 0.93 0.35
4/29 750ppm  199c¢ 84 b 38 26 120 555 0.89 0.35
Control  229b 79 b 41 30 14.8 653 1.03 0.38
F 17.96*  659* 1598  1.05rs 0.94rs  1.53r8 0.68rs 1.70rs
2200ppm 398a 209a 7.0 19 20 a 329 8.10 2.10 0.42
1500ppm  365b 191 a 70 15 13ab 281 6.73 1.89 0.38
5/6 750ppm 333 ¢ 160b 70 15 09b 25.1 6.85 1.80 0.39
Control 381 ab 186 a 53 24 20 a 281 6.53 1.84 0.42
F 6.80% 531 233 118w  461* 098 1ldrs 036 0.17rs
2200ppm  6475a 415a 917 075D 40 784 9.13 523 a 0.51
1500ppm 6158 a 380a 958 067b 41 7.2 944 522 a 0.53
518 750ppm 550 b 324b 950 108 b 36 575 103 383 b 0.52
Control 6242a 376a 850 208a 37 68.9 9.7 453 ab 0.54
F 9.02+ 6.67* 087 6.43™ 25418 2.49rs 0.37rs 2.95* 0.12rs

z Mean seperation within a column by duncan's multiple range at 5% level

* ** s Significant at P< 0.05, 0.01 and nonsignifigant respectively
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nitrosamine (gastric
cancer) (Forman , 1985; , 1992).
nitrite hemoglobin
methemoglobin , 8 10%
( ; methemoglobinemia, blue baby syndrome)
(Wright Davison, 1964; Maynard , 1976; Sohn Oh,
1993).
(xylem)
(Blom- Zandstra, 1989).
1 143mg

83.9%  120mg
(World Health Organization)

3.75mg/ kg( )s 0.13mg/kg
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endive
4,500mg/kg 3,500mg/kg , 3,500mg/kg
2,500mg/kg , 3,000mg/kg ,
(Reinink Groenwold, 1987; Benoit Wiebe,

1992; Richardson Hardgrave, 1992; Reinink , 1994).

(solution conditioning)

2.
12 10 9 11
polyethylene(PE) film
25 ,
25%
3
Conditioning
( , 1991) ,

NO3 N 11, NH4N 3, P 3, K 4, Ca 2, Mg 1me/L Fe 3ppm,
B 05, Mn 0.5, Zn 0.05, Cu 0.02 Mo 0.01ppm ,
NO3 N 13, K éme/L
NaNO3 KNO3 Ca(NO32 NHHZPO4 MgSO47HZO,
EDTA«NasFe3H2O, HBO3 MnSO4 4HZ2D, ZnSO47HZ, CuSO45H20
Na2v 0042H 20

pH EC 62 136
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, pH meter (HI18424,

Hanna instru- ments) conductivity meter (HI8733, )
120 dry oven 1
65 3 ,
40mm

HCIO4H2504H20=90:5:55

indophenol- blue  (

, 1990) , NO3 N 100mg 45 1
Cataldo (Cataldo , 1975) , PO4 P
vanadate ( , 1988)

Shimadzu UV-2201 UV-VIS spectrophotometer

665, 410 470nm . K, Ca
Mg automic  absorption
spectrophotometer(Perkin Elmer Model 303) (
, 1990) . Cl lg 1/4
CaOo 500 (M30A-2C, Blue M lab)
pH 6 7
5% potassium chromate 5 0.05N- AgNO3
( , 1981).
Cl(mg/gDW) = 1.77 x AgNO3 (ml)
2 29
100% ethanol 24 5 649 665nm
, ( , 1981).
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13.7A65b - 5.76A 60

chlorophyll a (mg/l)
25.8A60 - 7.6A6H

chlorophyll b (mg/l)
6.1A65 + 20.04A 60

total chlorophyll (mg/l)

, 3 , SAS

1. Conditioning NO3

12 10 2 17
polyurethane sponge
, 4 5 ( 10 )
cell 2 styrofoam(90x 60x 3cm, Wx Lx D) 4 1
, bed  styrofoam

450L 3cm

2 300L
60W 2 17:00 24:00nr, 08:00 09:00Hr

16 . 30

conditioning , KCI 4,

CaCl2 2, MgSO4 1 KHZ204 3 me/L NO3 N

Cl-(6me/L) [ Cl ] , KCI

4, CaCl2 2, MgS04 1, NHHZPO04 3 (NH42CO 1 me/L

NO3N NH4 : Cl- = 3 : 6(me/L)
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3 4 1,000ppm

, 450L
Conditioning 2 14 17 8 EC
pH ’
2. Conditioning
1995 3 18 5 28
3 cell 2 styrofoam
’ 1 ’
36 conditioning
, 1 Cl
17:00 22:00nr , 08:00 09:00xR 200W
( 110p molsm-2s-1) 2 14
, 17:00 04:00HR  08:00 09:00HR
20 150W ( 320p
molem-2s-1) 20 ,
Conditioning 2

(total nitrogen), NO3 N, P, K, Ca, Mg Cl

3. Conditioning NH4+
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14

0.5, 1.0 2.0me/L

pH, EC
11

3.
1. Conditioning

EC
NH4CI

pH

1980; lkeda Osawa,

9 1 P.E. film plastic house
KNO3 2me/L
3 8 8 styrofoam
22 conditioning
1 Cl , 6
NHACI
Cl-
8 25 8 30
conditioning
chroma meter(CR- 200, Minolta)
NO3
conditioning EC pH
Cl
(Maynard , 1976; Ikeda
1981; , 1991)
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5 4.63

, CI+NH4
3.59
OH-
, CO2 HCO3 pH
H+ pH
(Kirkby  Mengel, 1967). NO3NH4
NH4 pH
(1991)
30 7
, Cl éme/L Cl éme/L +NH4 3me/L
conditioning 1
CI+NH4
(p=0.05).
Cl
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Fig. 1. The EC and pH changes of nutrient solution used for O.

stolonifera DC. culture during conditioning period.
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Table 1. The conditioning effects of nitrogen free nutrient solution
applied for 7 days before harvest on the growth of

hydroponically grown Oenanthe stolonifera DC.

Fresh

Plant  Internode Runner Root . Dry weight(g)
Conditioningz  height — — length weight(g) Ialnliqo
en en
(cm)  No. (cr?w) No. (cr?w) (M) jeaf oot leaf root
Control 59a 080 68a 53la 3988ab 4127a 255a 302a 0152 16.73a

59.6ay
Tap water 578a 49c 146a 58b 478a 4210a 2812b 267a  186b 0.12ab 1153b

cl 573a 5.1bc 122a 57b 491a 339%cd 3110a 253a 217h 0.14ab 12.06b

Cl + NH4 620a 56a 128a 59ab 475a 2863d 3020a 232a 199 01lab 1273a

Tap water +

Urea spray 578a 5.lbc 143a 63ab 467a 359hbc 28.12b 22la 208b 010b 12.80a

z Control=An's solution; Cl=substitution of CI(6me/L) for nitrogen; Cl+NH4substitution of Cl-(6me/L) and
NH4(3me/L) for nitrogen; tap water+urea spray=foliar spray of 1,000ppm urea soln.

y Duncan's multiple range test, p=0.05

, Cl NH4
NH4 3me/L
(Ruth
Kafkafi, 1980; Ruth  Kafkafi, 1983) , pH
(Bennett , 1964; Warncke  Barker,
1973).
, Cl CI+NH4



Cl
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Fig. 2. The conditioning effects of nutrient substitution for 7 days
before harvest on the growth changes of hydroponically grown

O. stolonifera DC. Vertical bars indicate SE.
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Fig. 3. Conditioning period when nutrient solution was substituted by
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stolonifera DC. Vertical bars indicate SE.
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Cl

1,597ppm . Cl
2 ’
3,371ppm Cl 840ppm
75.1%
1,539ppm 54.4% ,

Table 2. The effects of nutrient solution substitution for conditioning
solution for 7 days before harvest on nitrate and chloride
contents of hydroponically grown Oenanthe stolonifera DC.

. . Percentage over control
Nitrate content Chloride content

(mg/kg FW) (mg/kg FW)

Conditioningz

nitrate chloride
Control 3371.3ay 673.4d 100.0 % 1000 %
Tap water 1949.0b 833.2c 57.8 1237
Cl 839.9c 1596.9a 24.9 237.1
Cl + NH4 2023.2c 1133.9b 60.0 168.4
Tap water + 1538.9b 830.4c 456 1233

urea spray

ZLontrol=An's solution; Cl=nitrogen was substituted by Cl(éme/L) in
nutrient solution; CI+NH4= nitrogen was substituted by Cl(éme/L) and
NH43me/L); tap water+urea spray=foliar spray of 1,000ppm urea solution.
yDuncan's multiple range test, p=0.05

CI+NH4 42.2 40%
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Table 3. The effects of supplementary

lighting with substitution of

conditioning solution for nutrient solution for 5 days before

harvest on growth of hydroponically grown Oenanthe
stolonifera DC.
Internode Runner Fresh weight(g) Dry
Plant Root weight(g) TR
Photoperiodz height length ratio
(em) No. length No. length ~ (cm) leaf root leaf  root
(cm) (cm)
Control 70.7aby 5.2a b5.17a 70a 69.8a 41.13a 64.6lab 4.11b 457a 046a 17.34a
14h HPMV  67.8b 47b 5.03a 6.8a 62.7b 32.89b 58.93b 6.19a 449 0.38a 9.74c
20h HPMV  72.7a 54a 511a 64a 695a 3818a 7345a 6.16a 385a 040a 12.32b
20h HPSV 685ab 5.0a 5.02a 6.7a 695a 4284a 7097ab 4.22a 422a 0.39a 15.36a

z Control=natural daylength; HPMV=200W high pressure mercury vapor

lamp(110y mol/m2s);

HPSV=150W high pressure sodium vapor lamp(320u mol/m2s). nitrogen in all nutrient solution
was substituted by CI- 6me/L.

y Duncan's multiple range test, p=0.05

14

Nam Kung (1994)

95 -
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Table 4. The effects of supplementary lighting when nutrient solution

was substituted by conditioning solution for

harvest on nitrate and chloride contents of

grown Oenanthe stolonifera DC.

5 days before

hydroponically

Nitrate Chloride

Percentage over control

Photoperi
otoperiodz kg FW)  (mglkg FW)

nitrate chloride
Control 1903.7ay 1298.9a 100.0 % 100.0 %
14h HPMV 1776.0a 1281.9a 93.3 98.7
20h HPMV 1803.5a 1250.5a 94.7 96.3
20h HPSV 2097.2a 1338.5a 110.2 103.0

z Control=natural daylength; HPMV=200W high pressure mercury vapor
lamp(110p mol/m2s); HPSV=150W high pressure sodium vapor lamp(320
p mol/m2s). Chloride 6me/L in all nutrient solution was substituted for

nitrogen.
y Duncan's multiple range test, p=0.05

Gaudreau  (1995) 50 100u molsm-2s-1
6 50u molsm-2s-1

- 101 -
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K+ Mgz 14
Caz+

Table 5 The effects of supplementary lighting when conditioning
solution was substituted for nutrient solution for 5 days
before harvest on mineral content in hydroponically grown

Oenanthe stolonifera DC.

Mineral content(mg/g DW)

Photoperiodz

Total nitrogen K+ Caz Mg2+ PO4 P
Control 30.00ay 83.50b 8.748a 3.174b 6.773b
14h HPMV 28.66a 85.29b 8.950a 3.444ab 7.843a
20h HPMV 29.37a 95.79% 9.823a 3.573a 8.155a
20h HPSV 30.34a 97.83a 9.458a 3.413ab 8.047a

z Control=natural daylength; HPMV=200W high pressure mercury vapor
lamp(110p mol/m2s); HPSV=150W high pressure sodium vapor lamp(320
p mol/m2s). Chloride 6me/L in all nutrient solution was substituted for
nitrogen.

y Duncan's multiple range test, p=0.05

10
, K+ PO4P 20
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Table 6. The effects of substitution of chloride for nitrogen in nutrient

solution for 6 days and subsequent ammonium chloride supply

for 6 days before harvest on the growth of hydroponically

grown O. stolonifera DC.

NHA!  Plant Internode Root Fresh weight(g) Dry weight(g) R
Conditioningz  conc.  height length . DWRy
length ratio
(me/lL) (cm)  po, (em)  |eaf root leaf  root
(cm)
Control 0 49.7ax 48a 37.1a 310b 14.87a  2.04bc 108ab 0.12b 74b 7.3c
Cl 0 51.6a 52a 412a 42la 1353ab 3.95a 113a 019a 36d 83ab
Cl 05 49.4a 52a 37.7a 329 12.77b 2270 106ab 0.13b 57c 83ab
cl 10 483a 4.8a 403a 338b 11.93bc 1.55cd 095bc 010b 7.8b 7.9b
Cl 20 509a 4.8a 359a 222c 1041c  1.05d 089c 009 10.0a 8.6a
z Control=An's solution; Cl=substitution of Cl- 8me/L for nitrogen.
y Ratio of fresh weight over dry weight.
x Duncan's multiple range test, p=0.05
Cl
' 2me/L
T/R ratio CI , NH4
NH4 1me/L
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Table 7. The effects of nutrient substitution of chloride and/or ammo-
nium ion for nitrogen applied for 12 days before harvest on
chlorophyll content, leaf color, nitrate and chloride contents of

hydroponically grown O. stolonifera DC.

Chlorophyll cont. Leaf colory
conditioninas NHn‘C' (mg/g FW) (value) Nitrate Chloride
onditioningz. cane. (mg/kg FW) (magl/kg FW)
(me/L)
b total L a b
Control 0 1.74ax 0.67a 24la 442b -19.8bc +24.3b 3401a 1027¢c
Cl 0 1.40b 056b 1.96b 486a -20.7d +29.2a 640d 2278a
Cl 0.5 1.76a 0.67a 243a 46.4b -19.2c +25.4b 922c 2022b
Cl 1.0 1.68a 0.67a 234a 449b -17.7ab +22.5b 1029¢ 2225a
Cl 2.0 1.70a 0.70a 2.40a 427c -16.6a +20.7c 1287b 2324a

z Control=An's solution; Cl=substitution of Cl- 8me/L for nitrogen.
y L, lightness; a, redness; b, yellowness.
x Duncan's multiple range test, p=0.05

) 0.5me/L
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Table 8. The conditioning effects of nutrient substitution for 12 days
before harvest on mineral content of hydroponically grown

Oenanthe stolonifera DC.

NHAI Mineral content (mg/g DW)
Conditioningz  conc.

(me/L) Total nitrogen K+ Ca2+ Mg2-  PO4P
Control 0 33.13ay 87.70a 6.886bc  3.895a 7.213a
Cl 0 19.84e 75.19b 8.455a 2.879c 6.267b
Cl 05 22.64d 74.08b 6.809c 2.756¢ 6.668b
Cl 1.0 28.51c 73.08b 7.385b 2.877c 6.635b
Cl 2.0 31.46b 71.42b 7.281bc  3.114b 6.397b

z Control=An's solution; Cl=substitution of CI- 8me/L for nitogen in nutrient
solution.
y Duncan's multiple range test, p=0.05
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Fig. 1. The landscape of water dropwort to clarify the effect of
optimum planting density and number of plants per hole.
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Table 1. The effect of planting density and number of plants per hole
on the growth characteristics of water sropwort(April July).

T reatment
. Plant Stolon Fresh Amount
Planting No. of . No. of No. of .
densit lant height | stolons length weight / Pyung
ensi an eaves
y.o.r (cm) (cm)  (g/5plant)  (kg)
1 38.0 4.7 35 28.8 49.3 51
2 40.5 45 27 24.1 41.7 8.6
7> 7cm 3 439 42 2.3 21.2 36.3 11.2
4 43.8 4.3 23 18.6 34.0 14.0
mean 41.55 4.43 2.70 23.18 40.33 9.73
1 33.7 4.3 4.3 29.6 56.7 4.2
2 36.8 4.4 3.6 26.1 42.3 6.2
10x 10cm 3 396 46 32 27.8 373 8.2
4 37.8 4.1 31 23.6 43.0 12.6
mean 37.0 4.4 3.6 26.8 44.8 7.8
1 37.2 4.7 4.1 284 54.0 4.8
2 37.3 45 3.7 26.8 43.7 7.7
15x5cm 3 39.8 41 32 276 41.0 109
4 38.1 4.6 35 26.4 48.0 16.9
mean 38.1 4.5 36 27.3 46.7 10.1
1 29.4 4.7 45 24.3 51.0 15
2 316 4.3 45 25.1 51.0 3.0
15x 15cm 3 34.9 4.9 43 285 68.3 6.0
4 325 4.8 51 26.7 68.3 74
mean 321 4.7 4.6 26.2 59.7 45
Planting density(A)z *Hk ns *x ns *x *Hk
No. of plants(B) *x ns *x ns ns *Hk
Ax B ns ns ns ns ns ns

z Mean seperation within a column by duncan's multiple range at 5% level

* ** s Significant at P< 0.05, 0.01 and nonsignifigant respectively

2 10 12
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Table 2. The effect of planting density and number of plants per hole

on the growth characteristics of water dropwort(Oct. Dec.).

Treatment Contents
i ) I Fresh Amount
Plant!ng No. of L eaf No NO. of Stolon rgs o adible T/R
density length of length weight .
plants stolons part ratio
(cm) (cm) leaves (cm)  (mg)  (kg/Pyung)
1 41.0 5.2 5.0 30.9 14.7 7.6 5.0
2 455 4.8 3.2 239 224 115 6.3
> 7
3 45.3 4.4 26 29.0 217 11.2 6.5
4 48.3 4.7 21 16.5 24.2 12.4 6.6
mean 45.0 4.8 3.2 25.1 20.8 10.7 6.1
41.2
1 47 6.0 327 19.8 7.3 5.2
43.9
2 4.6 3.8 251 211 7.8 6.3
10x 10 43.3
3 4.6 3.8 23.6 26.3 9.7 6.2
47.9
4 5.2 29 26.1 39.2 14.4 6.9
mean 4.1 4.8 41 26.9 26.6 9.8 6.2
38.1
1 5.2 5.2 28.8 14.6 6.4 49
2 4.4 3.2 19.7 15.5 6.8 45
15x 5 38.7
3 » 51 3.0 237 24.2 10.6 5.2
42.
4 4.8 26 24.4 28.6 12.6 6.3
455
mean 41.2 4.9 35 24.2 20.7 9.1 52
1 41.3 4.8 5.6 30.6 20.3 3.0 55
2 39.9 4.8 4.3 271 241 35 53
15x 15
3 40.3 4.4 4.0 24.6 25.2 3.7 5.7
4 42.6 5.0 3.0 194 46.8 6.9 5.9
mean 41.0 4.8 4.2 25.4 29.1 4.3 5.6
Planting density(A)z *kk ns ** ns *xk *x
NO. Of PIantS(B) * k% ns * %% * k% * k% * k%
Ax B ns ns ns ns ** ns

z **, *** js gignificant at p=0.01, 0.001 and ns is not significant.
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Table 1. Effect of pumping times on the growth of water dropwort.

Plant ~ No. of Petiole Runner  Root i i
Pumping . Fresh weight(g) Dry weight(g)
method height leaves length Stolons length  length el t el t
eal roo| eal roo|
() (ea) () ()
Istx
Continuez 329 58 100 49 297 247 1583 4.05 0.90 0.33
Day onlyy 370 61 114 54 0 254 2074 501 1.26 0.39
F 2226"* 288 1501%* 634  1195% (033 1259 808%  13.94% 1209
LSDAG 1709 0312 0726  0.342 2482 2299 3302 0.666 0.190 0.033
Lsbaw 2263 0961 0452 3.286 4311 0.881 0.252 0.044
2ndw
Continuez 530 66 162 64 538 322 5142 6.63
Day onlyy 522 65 135 64 543 293 4474 5.60
F 0395 039 864* 000s 010 398 405 9.32#
LSDA® 2509 0477 1794 0371 3366 2857  6.607 0.675
Lsbaa 2380 0492 3789 8763 0.895

z Pumping continuously

y Pumping during day and no pumping during night

x 25days after planting
w 35days after planting

* xRk g Significant at p< 0.05, 0.01, 0.001 and nonsignificant, respectively
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Table 2. Effects of pumping periods on the growth of water dropwort

Pumping Plant  No. of Petiole Stolon  Root  Fyeqh weight() Dry weight(q)
method height leaves length stollons length  length
() (ea) () () () |eaf root leaf  root
Istw

Continue 348 58 10.7 51 316 234 1810 439 103 035
15/15Z 336 6.0 103 51 29.9 231 17.00 427 100 035
15/30Y 348 6.0 11.0 5.2 315 253 1910 445 103 036
15/60x 355 5.7 111 5.0 329 254 1950 454 118 036

F 046rs  0.80rs 145  0.24rs 059 2225 0325 008  046rs 0.07r8
LSDQ® 2950 0490 1190 0.730 5410 4590 7.260 1.440 - 0074

2ndv

Continue 530 6.5 158 6.3 53.7 289 4853 6.23
15/15z 512 6.7 143 6.1 544 208 4358 6.05
15/30Y 52.1 6.4 150 6.6 54.6 204 4728 5,84
15/60x 542 6.6 145 6.6 53.6 349 529 6.32

F 104rs 018 049 1.80rs 0085 3985 1325 03418
LSDO® 3530 0682 - 0.514 480 3902 9469 1.017
LSboa - - - - 5.180
Pumping during 15minuites and no pumping during 15minuites

Pumping during 15minuites and no pumping during 30minuites
Pumping during 15minuites and no pumping during 60minuites
w 25days after planting
v 35days after planting
* % ek g Significant at p< 0.05, 0.01, 0.001 and nonsignificant, respectively
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Table 3. Effect of intermittent pumping method and general pumping

method on the growth of water dropwort ( ).

Pumping  Plant Petiole Stoson  Root Fresh weight(g) Dry weight(g)

0. 0 0. 0
method  height length length  length
() eaves () olons () () e root leaf root

15/15z 35 56 93 47 282 226 1370 361 0.84 0.36
Inter.15 %7 64 102 5.7 336 3038 2160 515 121 040

F 15.03* 847* 22irs 556 6.56*  9.85%* 3558 3428 2.72r8 5.96*
LSDa® 2851 0578 1366  0.890 4430 5542 8810 1750 0470 0.079

LSDaw 3906 0791 - 1220 6069 7593 - - - 0.109

z Pumping during 15 minutes and no pumping during 15 minutes

y Intermittent system with drain completely during 15 minutes

* x ek g Significant at p< 0.05, 0.01, 0.001 and nonsignificant, respectively
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Table 4. Effects of intermittent pumping system and general pumping

method on the growth of water dropwort ( ).

Pumping  Plant Petiole No. of Stolon Root  Fyegh weight(g) Dry weight(g)

method  height 0. of length 0.0 length  length
9 leaves 9 stolons 9 9

() () () ()
15/30 26 61 98 50 00 84 1534 381 087

Inter.30 313 5.7 95 47 285 245 1303 391 0.78

leaf root leaf root

F 037s  4.80* 0.32rs 1.98r8 0.26rs 033 118 198 058
LSDO® 4406 0384 1122 2.100 6392 4179 4460 1.137 0.248
LSboa - 0.526 - 3897

z Pumping during 15minuites and no pumping during 30minuites

y Intermittent system that drained completely during 30minuites

* % ek g Significant at p< 0.05, 0.01, 0.001 and nonsignificant, respectively
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3, P 3 K 4 Ca 2 Mg 1 SO4S 1Img/L Fe 3ppm, B
0.5, Mn 05, Zn 0.5, Cu 0.02 Mo 0.01ppm
pH EC 65 1.60
) pH meter(H18284,

Hanna instruments)  conductivity meter(HI8733, )

CR10X data logger(Campbell Sci.)

30
18:00 23:30 60W
im 16
60x 50cm styrofoam 3
(Deep- flow) 3cm 7cm

, (Mist- spray)

10cm 40
80cm 3
06:00
11:00 30/15 ( / ) , 11:00 18:00 45/30 ( /
), 15145 (1)
15/15
5 , K, Mg Ca

automic absorption spectrophotometry(AA6401,

Shimadzu Corp.) . NH4 N
indophenol- blue ( , 1990) ,  NO3N
Cataldo (Cataldo , 1975) , PO4 P vanadate (

, 1988) Shimadzu UV-1601 UV-VIS
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spectrophotometer

6 , 16
7 9
PO4 P
: HXO =90 :5: 55
system(LI- COR)
( ) : (25 )
molem-2s-1
100% ethanol 24
665nm
3.
1
pH

EC

80cm mist- spray

EC

40cm mist- spray
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(Maynard , 1976; lkeda Osawa,

1980; Ikeda Osawa, 1981, , 1991).
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deep- flow
3 L

40cm mist- spray 3cm deep- flow

40cm mist- spray

, 7cm deep- flow 80cm

deep- flow

7cm deep- flow 80cm mist- spray

Table 1. The effects of different hydroponic systems on the growth of

Oenanthe stolonifera DC. at harvest.

Culture system Plant Length of

. No. of No. of . No. of Length of
height . main .
leaves internodes stolons  main stolon

Depth(cm) (cm) internode

Low(3) 2540 cz 744 a 722 ab 408 a 4.78 be 2484 b
Deep

flow  peepy  m:o2b 7568 7674 42a 567a  R5la
Mist Low(40) 3984 a 6.78 a 7.89a 458 a 5.56 ab 2540 b
P Deep(sy)  2440c  7la 6.89 b 371a 467c  3B0a

z Duncan's multiple range test, p=0.05

40cm mist- spray
7cm  deep-flow, 3cm deep- flow 80cm

mist- spray
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7cm  deep- flow 40cm

mist- spray

40cm mist- spray 3cm deep- flow

Table 2. The effects of different hydroponic systems on the fresh

weight, dry weight, chlorophyll contents and root growth,

respectively, in Oenanthe stolonifera DC.

Fresh

Culture system Dry Chlorophyll Root  Volume
weight(g) weight(g) content(mg/g- FW.)  length o root
depth(cm) Leaf Root  Leaf Root a b Total  (cm) (ml)
Deep Low(3) 1950cz 202c 355b 029c¢ 138a 054a 192a 2078b 522¢
flow
Deep(7) 2793b 333b 421b 041bc 148a 059a 207a 2609a 844D
Mist Low (40) 36.02a 670a 507a 064a 152a 062a 214a 301la 1422a
spray
Deep(80) 1865c 332h 383b 046b 148a 06la 209a 1808b 7.78b
z Duncan's multiple range test, p=0.05
3
80cm mist- spray
40cm
mist- spray  7cm deep- flow
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, 7cm deep- flow 80cm mist- spray

Table 3. The influence of different hydroponic systems on
photosynthesis rate and stomatal conductivity of Oenanthe

stolonifera DC. at 10 and 25 days after transplanting.

Culture system Photosynthesis rate Stomatal conductivity
(4 molCOzm-Zs-1) (molHZ0m-zs-)
Days after transplanting

depth(cm) 10 25 10 25
Deep Low(3) 19.63 bz 742 a 0.223 ab 0.077 a
flow Deep(7) 16.28 ¢ 632a 0.766 bc 0.092 a
Mist L ow(40) 16.63 ¢ 83la 0136 ¢ 0135 a
spray Deep(80) 2218 a 6.8l a 0243 a 0.092 a

z Duncan's multiple range test, p=0.05

K4, NO:N PO« P

, 80cm mist- spray

deep- flow
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