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-~ RE&EEHE
(=) s

AR EA R L AU TE CTES Rl ZRo R+
6% FIC CFECETAE CFF CCECEF AR CNE 6T A
LA AP

(=) voE L

B BN E kY Rie Bl PR AN RBZF R 25em3 i F T w AW
FARIF2B RS ENEIRTEATAFBNER o FRPRRAAL 0 P P HAR
NERIE B IBRAIA ) F AP BB RETRGTTY c T n PR EA P
#1000 % Peters ;% 48 1 5 %7} (N:P:K=20:20:20 ; Melchemie Holland) > ** 45tk %) & 5
FER TR E I TRIRAE - Renfitho s F A - o wa}ﬁ 3
FoBER LS cm e RASHE F oo R BEjitk R AT E KT R KPR
i o BIEERL Jll#—i\i—péé.%a’%ﬁ °

(2) k#x#

AR LRS- J\# oo TS S 0~10 % 12 42x32x11 cm 2 Fd ¥ sg;g &
oA 2RREL10 22 o 5 10~20 = W H 3 AP > 12E £ 16 cm > § 20 cm 2
HEefifif S HAREL3INL P R¥YFFIHB PR EI I F > 2R R
gl F o33 295 52~58ppm ©
(z) &iRpe

AR5k 1135 % oK (Reverse osmosis water, § #£ RO k)& kimpe @l &% » e 128
(full strength) <57 Hoagland 2 Aron = fic & (1950)#ii2 i+ > pc® ~ % $% 4 R fe & 3 * Johnson

A pRZE1957) /," 4¢ Fe -EDTA (Ethylenediaminetetracetic acid) i 5 4 ~ % ek Jkh -
%/}#W IR R B ‘“ fefl o FHimfe > 4otk 1 o
o BE&R 2
(- ) ok

hESS BAFFES R RE TN L LBPEF 5 2008 % 100 16 p Az 11

TSP e ZAER R 0 XAz MGLPERSRE RGP F 2 200k FHRE 10 2 KR o

FTHES 10X {FH - TR TR RE2IHEELRT  FH 1 FE3IIDLXR o

RN G & i 15%)*}_15‘;%‘*/&— FoRHI EHEIE20 % o FR LN

12N NaOH # 6N H,SO, /A % #-pH ER 4 58 H W PR 2 & F A8 - FHREEEH=
> % £ % 2+ (Randomized Complete Block Design ; RCBD)™ 7 5] » & g2 4 €45 -
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Appendix 1. Nutrient solution

(Hx & ~Hpe

(1) Macronutrient solution (Hoagland Solution)
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Specific salts used

Conc. of individual elements in final

solution
ml molar stock soln. in (LM)
Compounds . Element i
1-liter soln. ug atoms per liter

KNO; 5.0 N 15000 210
Ca(NO3), - 4H0 5.0 K 6000 234
MgSO, - 7TH,O 2.0 Ca 5000 200
KH,PO, 1.0 P 1000 31
Mg 2000 48
S 2000 64

(Hoagland and Arnon, 1950)

Qg ~F pe

(2)Micronutrient Solution (modified by Johnson)

Specific salts used

Conc. of individual elements in final

solution

Compounds mg per 1-liter stock Element (M) ) pm
soln. ug atoms per liter
KCl 3728 Cl 50 1.77
HBO; 1546 B 25 0.27
MnSO, - H,O 845 Mn 5 0.27
ZnS0, - TH,O 575 7n 2 0.13
CuSO, - SH,O 125 Cu 0.5 0.03
(NH4)sMo07024 - 4H,0 18.4 Mo 0.1 0.01
EDTA-Fe 7340

(Johnson, 1957)
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(F) BBRAP EAFT 2

L@ Fmged D ks PR T w Ao pREE - ERRD 25(ge

2.0 B B ERGEE LM P INBEREERNSS 0 o Y 0 B30 70 TS T2 ) BEEICH
HER - HxZ 25(g)e

. EMAEBY R~ Z I E A4

Y2 §¢ % it i (dry ashing)ie 7 4 54 % =~ 7% FRA O BREEUEHIACT D p S W
AT ek FIRo U kR f qt*“ b2 Bt B g B 1% HCL i )ik o
MIRTREE D ROREBEREZLFS L RS2 Ts}ﬁ—? -k (deionized water, D. 1. water)i* % 3
eI “’T‘ 1%HCl 2.2 F » e B REFE R R Rigie Hr MEP o B & 3N b ale
fg&(forced-draft oven)p > £ 12 100C# 1] f~El$4$i—;i Wik 4 v iER > L RERD T 70 CH
FT2LPE LR R LA fRITY B DRGSR DICE S 0 o R 8 (willy mill)#-R X T
2R &R R 0 5 20~40 mesh & i 2 15 > K0 mERARY > T LR RE o B
5 ﬁwﬂv‘»* WY Ry oA L M B 70 C Y s 12 P 0 B
WRCE AT FA P05 g &R R BT Y 0 2 A i Yp(muffle furnace)p i 7
A fe o k12 200 Che g 2 B 0 R A 400°C4Vf§f@ 1] P Bots il 550 CAedt 2 o] pF o
BHR AN o FHEFAED vy Bdl s 4o~ 5ml 2N HCI (Merck company ) -4
F A R DARE S LA R &(WhatrnanNO 42)i iy 0 W PFIL 2 BT R R R T
SRR R DET R TET 25ml o R A S E PRI T L Fodr
oA R e
(1) #XK)2 #£Mg)z £ 2RI :

PO0lmlik & iviE 4 r 299ml 4 35 J\ﬁﬁ%’}? 300 % > =TI MRFRL

% #¥ % (Z-2000 Series Atomic Absorption Spectrophotometer)if] 2 2. » Bl T kR H = 5
(ppm) > F # ¥ *F A F o Wi Ex25(4 ik TR #c ml)x300(F1E & #)x10Y0.5( 4 £
g Hix %
(2) £5(Ca) g B2 %

01l m#ESEA R 489 ml 23+ -K%2 1 ml 5 %% i+ 4#(La203, Lanthanum
oxide) » + f# 100 & > JRF353 18 > LR F S AcRFRPIRL > BT AN H
% e
(3) Mc® %% : 4#(Fe) ~ 4(Mn) ~ £:(Zn) ~ 4F(Cu) 5 £ 2 | 2

BRSO FEE R Rk RPI L2 - B = D ppm e
(4) ¥ (N)z & 2.l =—Micro-Kjeldahl j* :

HE R ACR AR B Y 70 CUig 12 1 PRS- 44202 g 1 & % ik A (Toyo NO.1I) ¢ B
A fEE P oo 4 x| g igit &l (Selenium Se Mixture)(K2SO4 : CuSO4 : Se=100:10:1 >
w/v, Merck 8030) ; £ 4r » 4.5 ml JEFrfs » 23X & 3% ¢ 12 410 Che#i s f2 1.5~2 | pF >
¥ A\ﬁ*? 4 ;,in?g;r_lﬁ../p_’/ﬁ RS (s MRS EE TR Y R Mo ET A fER D R
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AfEREEBAER AR o der 15 ml FAGOK 0 R T E o 4k 58]~ Micro-Kjeldahl % %
gL 0 4er 20ml 2 12NNaOH L & F @ B4 > %2 %% 20ml 4777 #1(19 pm
Bromocrsol green % 25 um Methyl red)2. 2 %#2f4 (Boric acid)iz % cn# B 41 kB jc 745 0 &
g ko RApm AN § REI 0 B I N B IRAHAEE SOml 5 0k 0 12 1/14 N H,SO,4
HRRF T RARAES Fhied cHSOsip T i@ * £ 5 288> U3 E § ahf A~
W E o N(%)=1/14NH,SO4jf T &8 xF & /2 Ppcdpn AR LY ¢ B 20 ml 4y
7+ A /% (0.33 g Bromocresol green ¥ 0.165 g Methyl red %3t 500 ml ¢ fig @ )3 f#3% 1 =
A7 2% R > hpHEH I S TR AmRY -
(5) Fk(P)z £ 2Pl —4p % % ¢

BrZ_p| ®4F * 4p % /2 (Vanadate-Molybdate Yellow Method) (Chapman and Pray, 1961) °
elml A itmite » 3mld 8-k JRTIHF S4c » Imlpg 3FH 0 RTH3FR
10~30 & 4 fs » 14 4 %k B 3+ (Spectrophotometer, UV-1201, SHIMADZU):#| & 470 nm & &
TRk o ¥ U7 kAR Z KH2PO4 B iF4 8w 40 o 49§ @B 2 el 1 4 8B~ 225 ¢
(NH4)6Mo07024 - 4H20 ;% 3" 400 ml & 33 -k # % 1.25 g NH4VO3(Ammonuium vanadate,
Fedepk)in > 300 ml g k¢ o RS i F ¢ o 4o~ 250 mi kA& (Merck company)
Bism 3 g3 kg3 1000ml et o
4 AR ~FrEA

% R L E A g A (Whatman NO. l)ﬁ,}aw s AR A TR 0 B AN R o
BEP~Ca~K-Mg-Fe-Mn~Zn~Cu z & - BE > Fifp >4 327 K2 Mg
~F 2R TR EFR G ES 100 B 0 Ca = F PRI RS G HFESOR - B A F A
RRRITR AT

=~ ﬁfbg‘[‘ Au\ .%fr

B AT B SAS E 2 1 (SAS Institute, Cary. NC) ANOVA (analysis of variance)
AR AT H P51 B B F £ B P15 (Least Significant Difference Test ; LSD)i&
7ERRFE R -

s
*ﬂ

- RkPEFHEE INEMEACFEAR

BRIy 4L 2 kR AMIcd 10 B9 FIER TG 404 34~4.0% -
m%&u§§#?§%%@ﬂw¥ﬁé*,ngomaogwhfwm#ﬂ t 0.4~0.65
%2 B o4 F 3 2 EBRBOI%) REERZ > ZEVRMTFF LK 5 RE
3T E HFERR A 52~66%2L W 4 kR 0 FHEFFHEB TS 73
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S8 % FIG F o FEE w2 A5 474543 % §EL F AR R R
4% 2.5%;51%;;;{51 LY SRR (15%) S T E 5
2 REERRE 06~O7%\F§,mr‘§g‘p¢ E?.ﬂei%)&)i@]it Tﬁ—l"ﬁ&l/Z"

B P 20X PFLERAERNS 40~90ppm s H Pt f e 2 "EERNF
B (46 2 42 ppm) s R B FAR S EHFHLE c A LETHFRY G vk 53

(198ppm); E=X S F 3 2 A E-HERA B 5 129 2 88 ppm; H # iF5H B X & 50~70 ppm
B REARERS(54ppm) - L F kR & ML(G8ppm) # & T4 4 # & 50~70 ppm
LR EREF RS Oppm) A K FE FEL R HRE GG E -

010 R F 20 A KPR EFHBE P FEAE LR

Table 1. The shoot nutrient element contents in hydroponic leafy vegetables for 20 days after

planting.
Macroelement contents (%)
Crops N P K Ca Mg
nE 4.03 0.47 5.99 4.54 0.65
w 3.66 0.55 6.62 5.81 0.58
FHEE 3.74 0.47 5.57 4.66 0.60
B E 3.75 0.79 8.22 2.54 0.31
e 3.85 0.87 9.91 2.53 0.39
EF 3.98 0.65 7.02 1.47 0.33
k3 3.43 0.38 5.24 4.26 0.67
LSDg s 0.32 0.13 1.19 0.98 0.14
Microelement contents (ppm)

Crops Fe Mn Zn Cu
NE 41.50 88.00 53.67 1.50
e E 58.17 53.83 88.00 2.83
FHYFE 46.17 52.33 69.33 3.33
FE 82.33 72.50 68.00 6.83
o 83.83 129.33 153.67 8.76
EF 64.50 198.17 66.83 9.00
3 87.17 47.33 37.83 5.33
LSDy.05 30.08 46.24 41.33 2.40

X: AIEERD A PP S 2008/11/5 0 TR FEEH 20 % o
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I RkEEFgE A EEZE

i&—%: 20 PR E B E I f’ia"ﬁ,‘?ﬂﬁvﬁ\ A WP Eo W AR hE o]
1229557 o Fla e fihich ER A B A2 S RenAMBP g LR RINT LB o
[ koA A A R R L 0 T IT L LR T i e B LY KRRl R -

g )sTE' Jf%*kq/—\ ,J~ fi_:

11\1,

<

kAR R RS LRI HY R R FL A 5t o
B T SR REd  af fRTE AEG RS 257 2051
mgO_E:tP—}?‘ﬁ‘j %‘:K :g.E' J?-1676mg£ 1478mg J %’:_}'_'—y%;: + /\_g_\: 126.5

mgfrl2llmge F A2 F ERF ERLARIpN > RFRGZEF A
FETAR o REERREF ZRMEAL  TIHH KRG 24P i"‘*%“ %o & E e
BRRE® B PG EERE AT i}?—?rs’“ﬁw T4 » =
His it 2 &R 4pin > T355 & & 15mg~25mg = +

WAEEETRE AR liﬁ3242mg«:ﬂ:’(i"{’f’—‘1’i’£’§’ﬁ 3054 mg > % =
AFHEF L FEREF oFRLRALRRESY A RFR A TR EREE
T3m5 1656mge A EF M AERK ) TIHEFRL S2mge4f~d 2o 0 L F iz AT
T REFRE AN 5N E22 mg FH9 F 209.1 mg~ o]0 ¥ 2014 mgo FER
T35 1003 mge I3 HFE ~F vk’iﬁmﬂﬁ&ﬁ—‘fﬁ’“ﬁ s (T4 » T35h 42~45 mg
2B oA FEEHFTIAS0mg T 0 U FWE 0 BHRY329mge 79 FE )
B o TAu L 2684020 mge K ETHEF 122 mge A FEFFEAHUE 10
2 65mge 4k REERFNHLE  HRAETR RN TI2W5 4328 mg -

BREUHERE  TH6665mg BER Y 6 lr# o @ % ST E B F (0,563
mg) > B FHTEGL 25 mg~3TmgedgrE G 0 L IFS RN o BFELRE
S iti v R K 98578 mge 2 5 K EG. 869mg) £ % 5 % F(5.366 mg) - £ R
AEFRCFIEFE LY FoUFFich g R APRERA AR ITH Y R MK
FHZEWE0305mgeo&7F a0 FFHF FEZFALARTSHFTIHB50
~57mg 2 B o FEfREAYE 3272 mg 2 2893 mg > L F 7 £ A5 0.244 mg o 4F R
T ERFRA (55296 png)  H = 3 HF(389.61 pg) » = 5 (289.52 pg)~ FHLG F
(25271 pg) ~ -] ¥ F(183.10 pug) ~ % E(91.47 ug)® % %(34.43 pg) -

\_
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Fig.1. The macroelement cumulative content of hydroponic leafy vegetables on 20 days after
planting.
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Fig.2. The microelement cumulative content of hydroponic leafy vegetables on 20 days after
planting.
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K EAEFE L F > AULE 4342 429 mge EERGAEFHY F2 A BRI EE
53623492 285 mge HEHEMM L B M > £ REATF 140 mg i £ o L F
oo N EFERES AP AEET AR R HEES TEREFAFCSBme) s HE )
BEEFHY F A5 5 259mg-244mg 2 219mg; E AR EE Fa o HERTSE
W42 108mg 2 10l mgerdf~2 | B MiEE > TOEAFERJEENLI4 5 89 mg-
GAFf AR FRF R AR 280 mg s A FHY o F R A HEES
Bt o AW 52762 273 mge B (R ER G L 30~65 mg =+ 0 BB RL

e

AulE % 3132mg s & B 46.19 mg ~ *zéi%‘: 56.98mg - 2 % ¥ 67.32mg °
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Fig.3. The phosphorous, potassium, calcium, and magnesium consumption in nutrient solution
of hydroponic vegetables in different stage after planting.
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#

- AR EF A TR PEMY A A ER TR MR
AEEonRES L EFT L@ﬁ_c’ B i & oy £~ 2 (Kato, 1986) > F1§ ffidr it
B d £ P E R d (BEE 5 19815 47 0 2002) 0 Ff SRR HHESGF S A S
24 #ﬁ%%‘f“iﬁ“ BAEHRDAERAT L WAL F 5 A8 §F &% Kk Hoagland fe
TRERRORET L EHLEF 20 0 EERBFTEA Y L3~4%2 B o AiITH I
o ER L L REFRAPHTE O FELREFNE AT LA PR (F
ook - 1997) > HAEA TRA Y i o BFA TN R F SRl F R BELRY
A AR G RAR (T4 i £ (e 0 1989) 5 Bt o Fa A I pH B A T Renin
WEAFA R R ERE B b B W R H o o A LR T A
WL R RRM L7 a2 > - iR £ 2 r-r'% (A
R R TER 2 4 = (Mo 1988) ) it R EF S &=~ & JRF G

rTEFERIEY > P4 PR 0 ,E{g%g@tl“ £ 4o NADP -~ ATP % % @ vis & » 2k E &
EE AN hELT SN AL X F ek (> 2002) o Bk R Bl EHF A £ A S ¥
B i i w%ﬁ FRERESSEF LR %E 079 % B FEBERTT F F
AR TE o BEE AR L TRE o (2 +;’< PR S tkehr F 4 £ o

W EEp g Y RRRE Y % (Evans and Sorger, 1966) » * 47 =~

FPAER LR AT LA 4ﬁm% vhod L BL B E oAk Fhen g
2002) - B E FAHTH 5 - B oS i > BB EE P G L& G %fﬁl“ ghite
EraP kRS RABZLGY L 7P ity 5§ o hp%kBAY > L FAPAFF R LD
Al BAZR? R S b SR F BT ahk e i(Blevins, 1985) 0 ¥ 4w
~E AL LN ‘Efr‘%ﬁf T o if{l@gi\tﬁé%x@ﬁt‘ TFRER B R -
BEF N E B (T TR % 2 B F & Hoagland %% 24 £ & > #3049 Fnx g ﬁ

ERARAN A FARE R c AT A 0 L R E - FeEHRGL 1987) 0 AR
PI7 4Rl e 5§ AL F 4 chf —;5“ S B Ap et o hAER Y EREF P8 P B
oo LEMBERZEORT R - R HRBE G It E i 4 F AR
3 % 38 3 4748 41(Dibb and Thompson, 1985) > # ¢ & & ik 2 &
R i‘g 4R SIEARFEEER G A RNEAIR LiFh LD He A E L
g 2

oy

E‘

) T R e e ..E'_“

A kY o LRBTFEALBAORRERI L AP H o HBLTER
PR TRESMERATAFT AT AFORREPRE P E T AL LRSS
TSP AF R R L) BEPR - B BERERY 10 FHGE
- B AGERTE Y RRBE Y FIMT EP L8 FROTR AR RE B RS

3 P-Qﬂ.&ﬂ;n;‘#n(f »1989) - @ p; ¥ :;‘{‘*_; mP o %bksyrgfafngmﬁlﬁj, T A ATk o
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o A G ¢ dp o NOsF fIRE AR st A ARRY LRI FRY VR

’ﬁ%gm%mkiﬁztﬁipmﬂﬁ AR RREFRRE o LI RN EEH
TE BRGNS Hgdp o e AR R G L e OB TG > 1990) ’,}_d\;ﬁ%{;t‘ )
ﬁ¥3?$k§@m$E5W@’ﬂﬁw%# GAFmPERT RO G B2 E (Fh
ERBMAESHE LT FRApHE NI R c FHERRADOTE 9 FFH9 F2EE
ZERAEN o m BB kR BFNTH R TRFEEE A F G A BROF L W
WP N 2 EE -

AP BELY  BEBIRLIPEA~F 0 B XRR pH 3 KB FEGE 0 2002)

FEEBRBEY hipIF RL AL RBABEE A F PP K S i i R
A2 5 Mo g pE R A KA B i ﬁ%lri”)-‘iz%;‘i R EP S B BT B fE R

?“g?ﬁ&m@@’ﬂ‘Vﬂﬁm&kﬂ%2%§ﬁ§ﬁ€$°E&@ﬁk“ﬂ§$%
FRBIER X 2 40~90 ppm F > ¥ bk’?"kp THAEABERFERG TEL B F
e ER G LR E LT By Bk oEd @ "’%\ iR F o
FIRGe o e F e DA EIrF] > FI - BEPEER DA F 0 L G LR TR AL o
2 VAT R R LY TR S5~10 XS HE S RBEFFF L7 L &

"
F R R E %ﬁ’%&ﬂﬁ&ﬁﬁ’i;gﬂ%ﬁpHmmké’@%ﬁﬂﬁiiﬁ
FooREnIE o ULt T R R AFE S T R R F (7 0 2002) ¢
ﬁﬁﬁ%“&*%’Wﬁim@%vawﬂ°?“20%ﬁﬁ%kw’p%ﬁ@kﬁﬁ
%?T% BMHEFEROF LT T 53 198ppm> ~ 306 F2 Fd FET 48 - &
BEBRRBERY CEERPRL L EETLLF TV RLEEARNES 6AE
‘ﬁﬁp@%mqfﬁ°% F ATt 10~20 * 2 eP EEHE 7 0 £- B
ERFaFE s FIPHEEY e FEFE T EE A BFEAZ BB RG> et I
BOERTFIMEF TR G o A i E A F P 0 W24 5 R B M eh 7 4 (Shimada,
1995) c Bhidse? >0 ¥ AFAF AL AF Y ) L RHRIFHFERE & b &M
F oo - AT TR EONMEE RET A F 0 S BE (R 2003) 0 e B E
AR FHd LS o |6 F2 FE LK BREGE? FekR Y280 1% 20 3 pF
MR R S BEER G TR RR S F F Rk E ARG v ) o ¥
”’%%W%ﬁ%%%ﬁﬁﬂ’7%¥ﬁﬂ§ﬁﬁ%4%&aﬁﬁaﬁo

F.

\ [ 5}4\{_ 5}4

CRHEEFH Y E A ESARA RS LR LM G
HBRH TP LB AR PLRMI T AL Ehe P MY LA F TR EER AR
HEAME G- R B AR EE ks S F L2 e Filla 2 £ A
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Studies on the Mineral Nutrient Uptake of Leafy Vegetables in
Hydroponic System

Jin-JiuYu"”  Wen-Shann Lee ?
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Summary

Experiments were conducted to study the nutrient uptake and consumption of main leafy
vegetables in Taiwan. Chinese kale, Pak-choi, chingensai, lettuce, garland chrysanthemum,
water convolvulus, and Chinese amaranth, were grown hydroponically in Hoagland solution and
harvested for tissue analysis. It was found that nitrogen concentrations of Chinese kale,
Pak—choi, lettuce, garland chrysanthemum, and water convolvulus had a downward trend with
the increase of the planting days. The leaf phosphorus contents of garland chrysanthemum and
lettuce did not change significantly through the cultural periods was observed at the ranges of
0.87 % and 0.79 % in the end of the experiment. Potassium was the most abundant mineral
element in all tested vegetables, and the highest concentration was found at 9.91% and 8.22% in
garland chrysanthemum and lettuce in the end of the experiment. Pak-choi had the highest
calcium concentration at 5.8 %. The magnesium concentrations of Chinese amaranth, Chinese
kale, chingensai and Pak-choi increased 0.58 %~0.67 % from the start of planting to the end of
the experiment. Accumulation of manganese in water convolvulus was significantly higher than
other vegetables all through the experimental period. The zinc concentration in garland
chrysanthemum was significantly higher than others. According to the data, different leafy
vegetables had different preference of taking up different mineral nutrients. The results can
therefore be a good reference to the fertilization and rotation management of the above leafy

vegetables.
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