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ABSTRACT

Young Welsh onion (Alium fistulosum L.) is the one of major spicy and leafy
vegetables which is produced and consumed vyear-round in Korea and has
advantages of growing such as short growing period and high adaptability of
temperature. Young Welsh onion could be grown hydrophonically with advantages of
cleanness of processing and freshness of supplement.

These experiments were carried out to select suitable Welsh onion varieties for
seasonal cultivation and suitable nutrient solution and concentration, and then make
the optimal composition of new nutrient solution for water culture of young Welsh
onion.

Ten varieties were tested which were five Korean varieties and five introduced from
Japan for the selection of suitable varieties in seasonal cultivation of water culture,
which of them were selected cv. Geumjanguedae (Geumjang), Tokyokuro, and Gujo
as the most suitable Welsh onion varieties for the season cultivation in recirculating
hydroponic system.

Using two selected varieties of Geumjang and Tokyokuro, four different nutrient
solutions were tested for the selection of proper nutrient solution and the investigation
of optimal ionic concentration of nutrient solution. Considering fresh weight and dry
weight increment and all other results, Yamazaki's solution for Welsh onion seedling
(YS) was selected as best nutrient solution in our environment and system. And then
different nutrient concentrations of selected YS were treated as 0.6, 1.2, 1.8, and
2.4dS'm™" of electric conductivity (EC). The optimal EC levels according to
regression coefficient of fresh weight per block of cv. Geumjang and Tokyokuro were
1.68 and 1.57dS'm™', respectively.

Thereafter Welsh onion cv. Geumjang was grown in the 1/3, 2/3, 1 strengh(S) of



YS to calculate the rate of nutrient absorption and water uptake (n/w). As the
results, we proposed new composition of nutrient solution (NS ; NOs=N 10, NHs—=N 4,
POs~P 3, K 6, Ca 2, Mg 2, SO4,—S 4me-L™") for water culture of young Welsh onion.

To compare NS with YS, Welsh onion cv. Geumjang was grown in two solutions of
deep flow system and container system, respectively. As the results, fresh weight
per block of Welsh onion in NS was 157 20 percent higher than in YS, and quality of
Welsh onion between NS and YS was no difference.
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Table 2. Summary of germination characteristics of Welsh onion varieties used for

test.

Cerminatien  Cernelye  Gemmieln g e

Korea Geumjang 98.7 a" 97.3 a 41.28 a 1.94 ef
Guzo 99.3 a 99.3 a 41.89 a 1.99 f
Saesaeksi 97.3 ab 96.7 a 30.13 ¢ 1.86 ¢
Seoulbaek 96.0 ab 92.7 a 33.67 b 1.86 g
Sukchang 78.0 ¢ 70.7 ¢ 23.13 d 2.02 e
Average 93.9 91.3 34.02 1.93

Japan Aqua Green 92.0 b 82.7 b 25.89 d 2.24 ¢
Fuyune 97.3 ab 97.3 a 40.83 a 2.00 ef
Midorikawa 96.7 ab 96.0 a 32.95 bc 2.35 Db
Starziam 83.3 c 71.3 ¢C 20.22 e 2.10 d
Tokyokuro 100.0 a 99.3 a 34.49 b 2.43 a
Average 93.9 89.3 30.88 2.22

? Germination percent : at 12days after sowing at 20+1°C, 24h dark.

¥ Germinative energy : at 6days after sowing at 20+£1°C, 24h dark.

* Germination speed : =(ni/t), ni : investigation days after
treatment , ti © number of germinated seeds at investigation day

" Means separation within columns by DMRT, ~=0.01.

2 X3o| AlZH U Vitamin C2 &S OLRO0F 1210l 52.0mg-100g FW.'2 JI&E =
AD 0SR20t NSYIE0IA2H SKUIJF 35.7mg-100g F.W.”'2 JI&E Zon

A B0l 2UMEC O =2 ZE0I/[UCHTable 4). Nitrate S22 AMAMAIA T}
3,366mg-kg FW'2 JI& =D AT =UOH ZEAUIMIL 2267mg-kg FW'2
IR MACH M EZ nitrate BRS 2267 ~3,366mg-kg FW 2l B2, 0l RS9
A MH L nitrate 82 3IIIEQ 3,500 4,500mg-kg FW 'ECHs 2 &2H0IAC
(van der Boon &, 1990). A2 W pyruvic acid &2 AT S&EAUID
Y =U0 MMAIAIR OFR0t O8l0l & HQUCH Ite= alline ZHUENA i SE

U



A0 allicint 2&22 pyruvic acid %2 ammoniaE MA&Edt=0l, Freemanit
Mossadeghi (1970; 1971)= pyruvic acid &b allicin®l &&2tiles =2 A2 H I QU
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Table 3. The growth of hydroponically grown Welsh onion cultivars in spring season.

State  Variety Leaf No. of Leaf Top Top dry Top dry Relative Dryness
length  leaves sheath fresh wt wit matter Chl of leaf
(cm) \(/vidtr; (gbockf (g/block) ratio(%) content’  tip®
mm
Korea Geumjang 482 0" 39ab 42ab 471 ab 3.03ab 663 bc 485ab 1.1 a
Guzo 476b 43a 3.8b 39.7cd 284 b 7.16a 486ab 1.0a

Saesaeksi 479b 38ab 41ab 386cde264bc 6.82b 507a 1.0a
Seoulbaek 438 c 38ab 360b 325ef 231c 712a 469b 1.1a
Sukchang 436c 38ab 360b 309f 223c¢c 723a bHlb6ab 1.1a
Average  46.2 3.9 3.9 37.8 2.61 6.99 49.3 1.1
Japan Aqua Green 450bc 40ab 375D 349 cf 236 c 678b 492ab 1.0a
Fuyune 475b 370D 400Db 41.7bc 268bc 6.4 c 481ab 1.0a
Midorikawa 46.5 bc 3.6 b 390Db 389 cde 260 bc 669 bc 53.0a 1.2a
Starziam 451 bc 370 38Db 329 def 224 ¢c 681 b 493ab 1.1a
Tokyokuro 5836a 40a 45a 518a 343 a 662bc 51.8ab 1.0a
Average 47.5 3.8 4.1 40.0 2.66 6.67 50.3 1.1

213715 plants per each block, 4reps

Relative Chlorophyll contents were measured by SPAD 502 (Minolta Co.)
Degree of leaf tip dryness (0 : none ~ 5 : very severe)

Means separation within columns by DMRT, ~=0.05

x <

Table 4. Vitamin C, nitrate, and pyruvic acid contents of hydroponically grown Welsh
onion cultivars in spring season.

o) (e (e
Korea Geumjang 39.8 &7 2267 C 925.9 a
Guzo 448 ¢ 2490 bc 805.8 ab
Saesaeksi 38.1 e 3366 a 603.8 ¢
Seoulbaek 48.3 b 2685 b 805.9 ab
Sukchang 426 d 2593 bc 9471 a
Average 42.7 2,680 817.7
Japan Agqua Green 52.0 a 2637 bc 659.4 bc
Fuyune 35.7 f 2390 ¢ 681.2 bc
Midorikawa 485 b 2619 bc 702.9 bc
Starziam 46.0 ¢ 3237 a 747.5 bc
Tokyokuro 42.0 d 2474 bc 695.4 bc
Average 448 2,671 697.3

z

Means separation within columns by DMRT, A=0.05



S xso| ExY MSS PH, XX2 2XMI 63.4cm= JHE AL 0FF0F J20]
HE AU G 2RI 42002 JHE EUCH Sx=RE S X01JF QiU K&
O RE MYyZSY A=2E2 2EAUION, PO, EIFZ, MMAIALDNDL 456810 H=E2E
2 PXOPDL Y =} el AZB0IES(ELEWH)S 2EAUIL G Aol =
oOld2 GIRUCH Olao s ZNE = M, A=W, EDFZ, MMAALD, SE2ACHIO
tE 23S 5tRUCHtable 5)

Table 5. The growth of hydroponically grown Welsh onion cultivars in summer season.

Leaf Top dry
Top No. of  sheath Top wi Top dry Dryness

State  Cultivar length fresh wt matter  of leaf

(cm)  leaves \(anqdrm (a/block) (g/b)lock ratio (%)  tip?

Korea Geumjang 62.3 ab” 4.1 bc 3.6 a 496 a 293 a 6.06 bc 26 a

Guzo 63.4a 4.2 a 3.7 a 481 a 3.03a 660a 18a

Saesaeksi 61.4 abc 3.6 cd 3.7 a 477 a 288 a 6.24bc 1.7 a
Average 63.4 4.0 3.7 48.5 2.95 6.30 2.0

Japan Aqua Green 57.9 ¢ 3.9 abc 3.7 a 43.7 ab 263 ab 6.30 b 1.8 a

Midorikawa 61.6 abc 3.3 d 3.7 a 442 ab 2.60 ab 6.21 bc 1.8 a

Starziam 59.3 bc 3.7 bcd 3.8 a 36.7b 207b 598c 14a

Tokyokuro 63.2 ab 3.8 a-d 3.7 a 48.0a 288 a 6.21 bc 1.8 a
Average 60.5 3.7 3.7 43.2 2.54 6.17 1.7

Z Degree of leaf tip dryness (0 : none ~ 5 : very severe)
¥ Means separation within columns by DMRT, A~=0.05

e MEo 538 M2 BH, =82 EZF2It 57.0cm=Z JHE 2UCH S+ g
SZ2 X010t AL, FE MAUS2 FXZOPIE 60.8g22 I 2AYH ERFZ, 2
HAUIH =0IUCH Y ASES2 X0 EZFZ, AS¥I =92 RPHICH HEES
2 FX0, ASUID, ERFE =% =/}, SHdN= SE2 X012+ AU CHtable 6)

Table 6. The growth of hydroponically grown Welsh onion cultivars in fall season.



Leaf sheath Top fresh Too Top ay

. Toplengh  No. of ; .

o vy T laa e W @ MER

Koea  Geumjang 5.3 & 35a 37a B3dc 313 58 a 20a
Qo 5%6.6 &b 37a 37a 60.8 a 403 6.66 a 15a
Saesaeksi B4 ab 42 a 38a 0.1 abc 310 6.26 a 18a
Seoulbaek 538 ab 42 a 37a 485dc 317 6.4 a 13a
Sukchang 519b 37a 37a 4.7 c 243 59 a 15a
Average .2 39 3.7 0.7 317 6.27 1.6

Jaen Aodua Geen 518b 37a 35a 28bc 263 614 d 23 a
Fuyure 5%6.2 &b 37a 38a 516ac 302 58 a 20a
Mdorikawa %.3 ab 35a 33a H63bc 28 6.10 a 20a
Starziam 5.2 ab 35a 31a 476dc 277 587 a 1.7a
Tokyokuro 570a 37a 37a B4 352 6.37 a 20a
Average 6.3 3.6 35 48.7 2.5 6.07 2.0

? Degree of leaf tip dryness (0 : none ~ 5 : very severe)
¥ Means separation within columns by DMRT, ~=0.05

HE HEo FZE dx= 2H, =2 02t 46.0cm=z JHE ALH &
2t XHOIJF SiATH. 7 MHMSY A=s2 012ttt E2R2
H 2=2&=2 X0IIF Sl Y2055 MMAIAL2E Ot0F &0l It

SR
y
o 0x 1

0
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Table 7. Growth of hydroponically grown Welsh onion cultivars in winter season.

Leaf
Top No. of sheath Top Top dry Top dry Dryness

State Variety length fresh wt wit wt ratio  of leaf

(cm) ~ e&ves WA (gjbiock) (a/block) (%)t

Korea Geumjang  42.7 abc’ 2.8 a 3.7 a 28.1 ab 1.99 abc 7.12a 0.8 bcd
Guzo 41.3 abc 2.8 a 3.3 a 22.3 bc 1.78 bc 7.97 a 1.2 b
Saesaeksi 36.3 d 2.7 a 3.4 a 20.0 ¢ 1.61 c 8.08 a 2.0 a
Seoulbaek  43.0 abc 3.3 a 3.3 a 27.4 abc 1.91 abc 7.09a 0.2d
Sukchang 39.9cd 3.2 a 3.5 a 25.5 abc 1.86 abc 7.69 a 0.3 cd

Average 40.6 3.0 3.4 24.7 1.83 7.59 0.9
Japan Agua Green 41.7 abc 3.2 a 3.7 a 28.3 ab 2.15 ap’ 7.61 a 1.3 ab
Fuyune 42.3 abc 2.7 a 3.3 a 29.2ab 209 ab 7.23 a 0.7 bcd

Midorikawa 46.0 a 2.7 a 3.5 a 35.7 a 2.66 a 7.55 a 1.2 b
Starziam 40.8 bc 3.0 a 3.3 a 239 bc 1.75bc 7.37a 0.3cd
Tokyokuro  43.8 ab 3.0 a 3.7 a 35.2 a 2.63 a 7.55 a 1.3 ab
Average 42.9 2.9 3.5 30.5 2.26 7.46 1.0
* Degree of leaf tip dryness (0 : none ~ 5 : very severe)
¥ Means separation within columns by DMRT, ~=0.05

g dHsl HEF STHUHA HEER JIY 2dS/UEH FSS 2YH, 5 AWM= =
AU EFFZ, 0SS HEliAs =AU, FX0, MMAAL € EIFRZ, IS
AYAM=E SEAUD, 220 2 ERFZ, HE XM= SEAUO, 01&eldte, &
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Dry wt
ratio
(%)

5.69 a

5.81 a

5.45Db

545 b

5.61 a

5.89 a

5.68 a

5.59 a

Dryness
of leaf
tip’
2.7 a
2.3 a
2.3 a
2.1 a
2.3 a
2.2 a
2.2 a
2.2 a

Top

dry wt
9.7 a
79 b
9.3 a
8.6 a
85 a
7.8 Db
8.4 a

Top

fresh wt
(a/block) (g/block)

529 ab 88 ab

58.6 a
50.2 b
60.5 a
50.7 ab
53.4 a
473 b
56.3 a

Leaf
sheath
width
(mm)

360Db
3.7 ab
3.7 ab
3.8 a
3.3Db
38 a
3.7 a
3.8 a

No. of
leaves
40 a
42 a
40 a
42 a
3.7Db
4.2 a

Top
length

(cm)
62.9 ap*

65.8 a
63.1 ab 3.9 ab

628 a 370D

61.5b

65.2 a
60.2 b
65.8 a

S.
S.
S.
S.
S.
S.

M.
T. S

Nutrient
solution”
C.
M.
T. S.
Y.
C.
Y.
? See Table 1.

Table 8. The effects of nutrient solutions on the growth of Welsh onion.

Geumjang
Tokyokuro

Cultivar



¥ Degree of leaf tip dryness (0 : none ~ 5 : very severe)
* Means separation within columns of each cultivar by DMRT, A~=0.05.

A THEHESl 2H ZEFYE ECY pHO HSIE HHE®(Fig. 1), MAIMHAM ECOt

22dS'm” HE2 AN, LN HILUSS 1.6dSm' +FE02 AUECR HUCH
Xl = 102N Kes 2 LHSJUA ECIOt Sototd =, 0l HE22 Aliums &=
SX8 I 4501 Y 20N & FAEE0U 20 =0tA LIEtE Z202td 01A
X D(Indent Asahira, 1990), 2% 1Xt w& =0l Mel = 11LRH=E MANUS MU U
GAl BHERUAM= AAGI Z40ts ZEO0IUCH pHE BAH Batls 2 SF2 BN
pHIL =JI0l= 6.5 R20IU2H XMl = 102K 25 MMl Mot=AUCH  1XF A
wE 20 1MEMPEE MAHS H2et 30tA M0l 25 pHe AHEHEHQ MotE 2=
Ol, Oladgr 2&a=2 2 LW g S0 212MFH U= gL MANKS FLRE 1Xt
weh £ 374N K= Z2A5H0 O F Biicte &S BRU(lkeda S, 1985; Kafkafi,

1990; Lee%t Lee, 2002

~

'Geumjanguedae’ "Tokyokuro'
3.0 ——CS ——YS 3.0 ——CS ——YS
T ——TS —8-MS T os ——T1S —&-MS
2 20 B 2.0
Q1.5 [T e Sadly O 15 et Sbeye Bapgy
-1 0 L L L L L L L L L L L ] 10 L L L L L L
1 11 21 1 11 21
Days after treatment Days after treatment
'Geumjanguedae’ 'Tokyokuro'
8.0 —+—CS ——VYS 8.0 —+—CS ——VS
——TS —8-MS —4—TS —+&—MS
7.0 7.0
5 6.0 v M S 6.0 s M
5.0 5.0
4.0 L L L L 4.0 L L L L L L L L
1 5 9 11 15 19 21 25 29 1 5 9 11 15 19 21 25 29
Days after treatment Days after treatment

Fig. 1. The changes of EC and pH on the various nutrient solution during the
hydroponic culture of Welsh onion. CS, MS, TS, YS : see Table 1.

ool 2otz = M, =& FHOA SS}E OOHAIIH L MAY S0A 0l=22te &
80| 4dHECR MEGIH E+&80 =D S4UHECZ HHLNW L} 0I2sE) MsE01H



2) MF Mz Mot

ME2 B0(Table 9), Z&O AR & EZ 25 0.6dS'm' s& £ZF0 02 Hel2Hol
= QO/A0l YUASL LIHA 1.2dS'm™' 0l&2 Hel2tols SoA0l §AUACH. HEo &
S SEAUI'E 1.2dS/mUIN, ‘ERRZ'= 1.8 2.4dS'm '0IA IR 2S5IACH 2
MYZSD ASEE 1.2dSm' £2F0A JIE 2S5RD, 1.8, 2.4, 0.6dS'm™ =0[2ACH.
A280 AL MIUZEW H2ZE0| IHE HEGIYE 0.6dS'm' =M IHE =UACH
2.4, 1.2, 1.8dS'm™" =0IQACt. HIIUYPOZ =HF MHE F=A 20 AL Fs F
M2 BH DsT HePHAM =2 Zss B0 JaU YBOESS YUSTI =
O 42 ZDI5tE FS0IAD 0.6dS'm™ £=0M IHE HJSM, YZAS 0.6dS'm 2=
FOAME LAGHA 2LRUAD 1.272.4dS'm ' £F2H0l= XH0IDF AACH Z=2 0.6dSm
T2 MEHS US55 MS0| 2RGIYPD, BEoIH LYUSTI =0IXH MSEX 51
20 AEH0l NMotEeE &2 LIEHNQAUCH

Table 9. The effects of nutrient concentration on the growth of Welsh onion.

Cultivar Nutrient Top No. of  Leaf Top Top Top dry Relative Dyness  Ledf
cor1crj1z length leaves sheath fresh wt dry wt  matter  chr  of lesf  lodgng”
(@Sm'") (cm) \(Nidﬂ’)\ (g/block)  (g/block) réati()) content’ i
mm %,

Geumjang 06 4660 42a 49b 781b 534b 6842 425c 02c 00D
1.2 571a 43a 54a 120a 813a 630b 467b 07b 09a
18 565a 41a 52b 1214a 729a 6.00c 505a 08b 1.1a
24 5.4a 39a 51b 111.7a 711a 637b 497a 17a 12a
Tokyokuro 06 484b 40a 51b 8.7c 6.15c 685a 425c 02c 00b
12 584a 44a 55a 139.1a 897a 645b 501b 06b 12a
1.8 579a 41a b54a 1302a 8274 635b 523ab 09a 14a
24 5.3a 40a 53ab 1074Db 693bc 645b 539a 12a 14a

? Different nutrient concentration of the Yamazaki solution for treatment
¥ Chlorophyll contents were measured by chlorophyll meter (SPAD 502, Minolta Co.).
* Degree of leaf tip dryness (0 : none ~ 5 : very severe)

" Degree of leaf lodging (0 : none ~ 5 : very severe)
¥ Means separation within columns of each cultivar by DMRT, ~=0.05.

d=x S-2I|0 =0 == fet HE LdASsTE Fot)| ot XMl = 502 Mol +
2 MIY=SS 0186t 22Xt 3HBLHAS =58 Z(Fig. 2), SEAUIH'Y ERF=Z' 2
2t y= —42.091x*+171.79x+11.047  (R°=0.8946") 2t =-50.069x*+157.58x+15.414
(R?=0.9343™)0IA of 2A=dA0 WOE zU3t2 agome ot TEnSZT 22t

b
o ]

1.68dS-m 't 1.57 dS-m" AZ0|QACH D2z MSs
2 =

=
s YHS {.2dSm™ ==
NsZ2 SX6tn A & 302Zol A =

=J| 010 1.671.7dS'm™" 2= 1D



SXole 240l E2&0l2k HHXCHZinc, 1962). CH2H 0l2fst M Ad=sT =2
B HE2 Dotk 22 ez 2 AMES 32 S0 K2240M MEiotFBZ E
I HAS0 LWUsE =F2 ItZ0] 22 HOICH
'Geumjanguedae’ 'Tokyokuro'
150 150 .
8 100 é 100 |
2 )
E E
g 0 y=-Rmher il 1.0 £ 50 [ y=-50.06%+157.56¢ + 15.414
2 R2=0.8946, R = 0.9458 2 R2 =0.9343, R =0.9692""
0 0
0.0 1.0 2.0 3.0 0.0 1.0 20 3.0
EC(dS . m-1) EC(dS . m-1)

Fig. 2. Regression coefficient of the nutrient concentration for the maximal growth of
young Welsh onion.

Ch. n/wg0l 28 AlgHxH
2429 el It set 2
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cle 2S/3 MelF=2 A, A
m 2t3 MotE O 60%2 ZAs

= dII2 2719 Bgt 2a0] HI=oIR2H d4UHE2Z XMelJ[2H0l BAE =]
Cta dotR=d, S/32 ¥2 sZ0lM= pHIt oH2otLD, & UHE

1SUlAd = pHIt Gt 5+ CHFig. 3
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Fig. 3. The changes of electric conductivity and pH on the ionic strength of nutrient
solution in welsh onion. S : Standard concentration of nutrient solution for Welsh
onion seedling by Yamazaki.
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Table 10. The effect of nutrient concentration on the growth of Welsh onion.

Leaf sheath To To Top dr
lonic strength® Topg%r;gth I\é%'vg width freshpwt dry th mattgr rgtio
(mm) (g/block)  (g/block) (%)
1S 56.2 a’ 4.7 a 6.0 a 104.9 a 5.38 a 513 ¢
2S/3 52.8 b 4.7 a 6.0 a 958 b 5.19 ab 542 b
S/3 49.3 ¢ 4.5 a 5.7 a 75.3 ¢ 4.66 b 6.19 a

? S : Standard concentration of nutrient solution for Welsh onion seedling by
Yamazaki.
¥ Means separation within columns by DMRT, ~=0.05.

Table 112 HAIE Yamazaki HZ2 0 P) =
o T 2420 Z2H™ AISEMOHSH Aol E48S HASE n/wnutrient uptake /
water absorption) 2 ZA, MHESCZ 2 [ ME AIJ|0 2t HEoIHOH UM s=

I ==+5 Stote FE0IULH

o 0
ol

Table 11. Calculated n/w values of Welsh onion at each concentration of Yamazaki's
solution and growth period.

lonic Growing n/w (meqg-L™")
strength” period  NOz-N NHs—N  PO,—P K Ca Mg S04-S
S 1st 12.66 6.80 4.52 6.88 2.12 1.79 2.23
2nd 15.54 6.06 4.69 7.52 2.31 1.90 2.42
25/3 1st 9.75 3.64 2.37 8.01 2.29 2.45 1.17
2nd 12.22 4.29 3.09 6.72 2.46 2.15 1.76
S/3 1st 5.68 2.21 2.32 5.05 1.70 1.78 1.53
2nd 7.15 1.88 2.30 4.28 1.36 1.29 1.89
Mean 1st 9.36 422 3.07 6.65 2.04 2.01 1.65
2nd 11.64 4.08 3.36 6.18 2.04 1.78 2.03
Total mean 10.50 4.15 3.21 6.41 2.04 1.89 1.84

S : see Fig. 1.

¥ The n/w on the concentration of each macronutrient calculated as followed.
if y>y1, n/w :’; (y_y1)+y1 s if y<yi, n/w =y1—*$, (yl_y)
a : the amount of total treatment of nutrient solution(L)
w : the amount of absorption of nutrient solution(L)

y and y; : the concentration at the time of initial and end of treatment (me/L)



*1st : from 23th April to 6th May, 2nd : from 5th May to 17th May

NOs-N2 ZR M= AD|IQ ST et LGN Halste IS 20 M8 ®IILS0
= B0 ERRO2 23%I)t =USH sEERE DsEQ 1S9 HL 12667
15.54me-L'2 S%D MsTQ S/30AE 5687 7.15me'L”'2 ZUCH  NH,i-N Z=
YM=CI =S4 n/w 20l SIHGIPOMH M2 ®MIIQ I|0 LWsCO mar CtA O
2 822 2ACk. 2S/30AEs ®II0 HIGH &J12 n/w 2t0] CtA ZIIEA2LE S/30MA
= MSEIIQ S0 22t 2.211F 1.88me-L'0I1% D 1SHIAE 6.802 6.06me L '0I2ALH.
POs~Po 22 HHECOR MK MI|P I 20es 2 X012 20/Xs LUD YW=
Ol 2 XOIS LIEHNQUCH. 2S/314 S/32 n/w 242 2.3273.09me-L”'2 2 X010t AU

|
Ol 1S9 n/w 22 Mg M-ZJ| 22t 4529 4.69me Ll 'R AECZ =ULH K9
n/w 262 1S9t 25/32t0l= XHOIJF SR D MsEQl S/30AM ChA AWM Ca** o n/w
AT K2 22 HEOIACH. MgS 2S/30A n/w 2601 JHE =gASLE EH HelR0A
1.2972.45me-L”'2 2 X0l SAD SO,~S° n/w S M= I HIGH ZII10t CiA
SUOM UM=STI =2 1SUHA 2.230 2.42me-L7'2 UHEZ LULH
2 ABUA MHECZ Hols UM STt MII|2 S0to n/w 2ol BZS NOs-N
10.50, NHs—N 4.15, PO4—P 3.21, K 6.41, Ca 2.04, Mg 1.89, SO4—S 1.84me-L"'0I L.
ol2ist 2= =2 AN OIREIUE NI M2 Yamazaki®ZChs NOz-NF NHi-NS
ime-L'gH2M O &1 PO,~P= 3me-l 82 %2 £ 0|°*u etA 2 AEel n/w 8t
JIZ22 NOs-N 10, NHs~N 4, PO,~P 3, K 6, Ca 2, Mg 2, SO,~S 4me-L”'2 XA
AR AMS ZAGHCHTable 12). 0l AHZOI zg@ AL Mg LMY IIE

2o HEYN s& & POs-P SsZOUA X0IE 20 F
cC

Table 12. The optimal concentration of macronutrients and composition of fertilizers in
nutrient solution for young Welsh onion by n/w value of Yamazaki.

Macronutrient Fertilizer
(me-L") (me-L™) (mg-L")

NO3z—-N 10 Ca(NOs)2-4H20 2 236.0
NH4—N 4 KNOs3 7 707.7
PO4—P 3 NH4H2PO4 3 115.0
K 7 MgSO4-7H20 2 246.5
Ca 2 NH4NO3 1 80.1
Mg 2 (NH4)2S04 2 132.1
SO4—S 4

ch. Axd 2N HW AE



1) HZSANAMS Hlw
MZ EHst ALl 82 AH(NS)Y HIIE 0L |H(YS)S BEEsSEE JIEe=2 ¢
cEtals 0|3st AUt LHIHEHAI ML ECRF pHE Ysl= Fig. 4% &Ch 2 Z
Al NSO ECE= YSOIl HIH 0.15dS'm 22 =U2H LS =& $=2 NEHCz 2
OIR2LE YSO 3% LW=EI U &Scte JE0IUL. pHE B2 Motke=s &
S0IU2M E0l NS pH= YSOIl Hioh M=E=J/2 Z+5 Mot It ottt
Mg BH(Table 13), =& 2 NS2 YSOHIM 22 54.8cm2t 53.4cmZ & LHEF2H|
FoAXE Sl¥L, S 22 4.0 3.80H2 R2AH0| AHIJULH, S=REE NS VS
A 228 4.2mmet 4.1mm=2 |2AXIE S§UAULCH XN&ARS 2E MAY=S=2 202 58.61
48.4g/block2 2 R2XIL JUU2H XN&R9 RY ASS L£6F 2r2F 3.871 2.92g/block
2 ROYHOl URULH X2 H=E2 22 6.52% 6.47%=2 RAA0l AJL. =
2 NS YSOIA 262F 23.11 19.1tonha'2 HM2l2t o401 URUCH Olal 22 2Dt
2 2 M, & dUSF NS YSOl Qg AUt N&Re M52 S Mils £ A=30
gdets 01 W22 UEHRC X&R2 MU=2 NSOHAM YSECLO 21%2t SItE Ol
et sgst =F22 20| SIHHULH, H=S0AH= U= SIHEO HM 32%It St
CIUCH ZEHECOZ ZYSt AN MMES ¥ A== SIHil et A=E0| 2aoh=
A0l LEHHEOILE 2 AME0AM= NSOHIA YSOl HioH XN&Re M= HA=2501 22 21%
ot 32%Jt St SUHE =26t HASE0| 220tk ZUS A2 NS 2M=SEI Cha
=0 t20letd 6 HAXCE.
22 ¢ :sg 7.0 :sg
=20 f 6.0
T [N Avene eetetes eettets 0ot Ty “:\\‘Nx\
%1 6 "*r'f. "‘.J‘ '“’J. il 4.0
' 3.0
1.4 1 78 1415 2122 28
1 7 8 1415 2122 28

Days after treatment Days after treatment

Fig. 4. The changes of electric conductivity(EC) and pH in nutrient solutions for water
culture of DFT system in young Welsh onion. NS : new nutrient solution for
water culture of young Welsh onion. YS : nutrient solution for water culture
of Welsh onion seedling by Yamazaki.

Table 13. The effect of nutrient solution on the growth of young Welsh onion grown
hydroponically by DFT system.



Leaf Top Top Top Top dry Yield

. Top
Nutrient NO- OF  gneath fresh wt fresh wt dry wt  matter

length

solution” ") leaves \igin(m) (g/plant) (a/block) (a/block) ratio (%) (ton-ha™)
NS 54.8 4.0 4.2 3.8 58.6 3.87 6.52 23.1
YS 53.4 3.8 4.1 3.7 48.4 2.92 6.47 19.1
LSD o.05 ns 0.2 ns ns 6.6 0.83 ns 2.6

S gM=E= Helo 2 A MW vitkamin C2F nitrate &f2sS B (Table 14), vitamin
CO &2 NSE 41.2, YSE 46.4mg/100g Fresh wt2A £=XI&° X0l UAUSLE 094*“
(o]

ACH. B nitrate B2 HAl T LYUHZE2 Al 22+ 23771 2,204mg-kg” B S
H

Table 14. The vitamin C and nitrate contents according to nutrient solutions for young
Welsh onion grown hydroponically by DFT system.

Nutrient solution? (mg/1v0|toagm::nre(;h wi) (n':‘ét.rfé%)
NS 41.2 2,377
YS 46.4 2,204
LSD .05 ns ns

? See Fig. 1.
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g A2 HdUE22 NHsa-NE HIE20l =% ti=Z0lct2 HAHECH
1.7 1
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Fig. 5. The changes of EC and pH according to nutrient solution for water culture of

container in young Welsh onion. NS and YS : see Fig. 1. Initial EC of both

treatments were adjusted 1.6dS-m™".

gH=2tA 0 G =BT AIAEZES] NS2F YSOIAS d== dluol 2%, HHE2
Z NSOt YSOl dioH =0l 2SotACt. KN&Re 2 HHMSUHA F AL 25 Rod
A NSIH sotdD UHAI &s0M=s G X01JF JAU2L EHELZ = [ NSOt
YSOl HIgH £ ZA0IRULCE. Ol 22 F IHA LWEF NS YSOl [HE M= 8BS0l
MelotA e SHIE AIAESQl FM=gtallt FHRA DE0A FASH S0l LHEE 22

S0F &I M=2 ZEHNAM = M NSIH YSOl Bloh S==ctCtD O H&ICE.

Table 15. The effects of nutrient solution on the growth of young Welsh onion grown
hydroponically by container culture system.

Leaf Top dry Relative
Nutri’en'[Z IeTnOg[?[h No. of sheath Top fresh wi Top dry matter chlro
solion”  igm)  1eaves WAt (g/pjant) (a/block) (a/block) P GonteRs
NS 43.6 3.5 3.45 3.0 38.7 1.91 5.29 413
YS 44 3 3.7 3.27 2.7 33.5 1.84 5.71 3.88
LSD ¢.05 ns ns 0.17 0.2 3.4 ns 0.41 0.18

? See Fig. 1. Initial EC of both treatments were adjusted 1.6dS-m™".

Ol 22 3L A=A T MHHEAS 08 NS YS 2AESF2 HI W
B AIE0 AN A NS= YSOI Blol &=2 &4, S0l NHi-N2| S0t 4ot d=5 =
10l pHSl MotEEot Cia HHE JE0IAL dF2 SN0 =0 15720% 0la S
I UCH SE SHOAM X0IJF §HACH  [etsd Al 88222 Xdet M2 2401 A1t
°f s S40l Hgottl) MAXNL 2z MIsHAE AWM= BHet H X4do Bt
el HEZM TE ol=2 Jtz SOl Uigh = 2E2 SES dMZ = s X2
d 2 ASSLHN et ZES 260D AL
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