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Plant Nutrient Composition and Concentration for Chinese Kale
(Brassica alboglabra) and Coriander (Coriandrum sativum) Production
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(Brassica alboglabra) and Coriander (Coriandrum sativum) Production in
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Abstract

Different plant species require different nutrients in terms of composition and concentration.
Under soilless growing conditions, each plant species would need specific nutrient formula for
optimum growth and yield. Growing Chinese kale and coriander under soilless production are
becoming popular because both vegetables have high market demand and have several problems
growing under field conditions. However, there is no specific nutrient formula for both vegetables.
The objective of this study is to find the nutrient formulas and concentrations for Chinese kale and
coriander production under closed system soilless condition. There was a series of 3 experiments for
each vegetable. The first experiment was conducted under substrate system in order to find the
suitable nutrient composition and concentration in the plant tissue. Both vegetables were grown under
different nutrient levels with general nutrient formula for soilless vegetable production. Plant growth,
yield and nutrient concentration in plant tissue were determined. The result showed that nutrient
composition in plant with the maximum growth and yield was not related to the nutrient composition
in the applied nutrient solution. Applied nutrient solution had higher concentration of K than N but N
was higher than K in the plant tissue of both vegetables. In the second experiment, suitable Fe
concentrations in nutrient solution were evaluated. Three concentration of Fe (5.6, 7.6 and 9.6 ppm)
were applied for both vegetable in the nutrient solution under NFT system. It was fond that Chinese
kale required high concentration of Fe (9.6 ppm). Low concentration of Fe (5.6 ppm) caused leaf
chlorosis but did not affect Chinese kale yield, while coriander did not respond to different
concentration of Fe. In the third experiment, two nutrient formulas, 3 concentrations (EC = 1.5, 2.0
and 2.5 mS/cm) and two nutrient recycling system (full recycling and partly recycling) were tested for
both vegetables. The results showed that, in general, partly nutrient recycling system (nutrient was
empty every weeks) gave higher yield than the fully recycling system for both vegetables. Nutrient
formula 2 which had been adjusted according to the plant nutrient uptake produced higher yields than
nutrient formulal (not adjusted) only under fully nutrient recycling system. Chinese kale prefered high

nutrient concentration (2.0 and 2.5 mS/cm) while coriander did not respond to nutrient concentration.
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N 2.5-4.5 % 4.5-4.8 %

P 0.3-0.5% 0.8-0.9 %
K 1.5-3.5% 3.5-42 %
Ca 0.3-2.5 % 2.9-3.1%
Mg 0.2-0.6 % 0.4-0.5%

S 0.2-0.3 % -

Fe 50-250 mg kg -
Mn 25-150 mg kg’ 25-150 mg kg’
Cu 5-20 mg kg’ 1-5 mg kg
Zn 20-50 mg kg 45-95 mg kg’

20-200 mg kg’ 30-200 mg kg '

Mo 0.5 mg kg -
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N P K Ca Mg
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Wy lng 210 80 275 180 67
HNNIANDN 200 50 300 200 65
win'lne 175 39 235 150 28
uIINeA 200 50 360 185 45
ﬁm : Jones (1997)
AT 4 gATaNTaZaYs IR0 INTA M UNZIVOINALAZNNN AT OY

uidfe USuat (ppm)
UM HNN AT
519 1MITHAD
uaaisen luasa (15.5-0-0) 680 407
nuntdeuaama 250 185
Tnunenden luasa (13-0-44) 350 404
Tnunaideunae 5@ (0-0-60) 170 -
TuTuTnunaseunoada (0-53-34) 200 136
ueuTadHen lumsa (33.5-0-0) - 60
519191113309

ianaan (10% Fe) 15.0 19.6
nusmildgaa (28% Mn) 1.78 0.96
Tus0U (20.5% B) 2.43 0.97
FaRdamla (36% Zn) 0.28 0.55
aeulesdamla (25% Cu) 0.12 0.12
TaaenTuaan (39% Mo) 0.12 0.12

31 : Jones (1997)
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1) o500 msnan uazs1ge1m13sed 1R1A Potassium nitrate (KNO,), Potassium
sulphate (K,SO,), Ammonium nitrate (NH,NO,), Potassium phosphate (mono) (KH,PO,),
Calcium nitrate Ca(NO,),, Magnesium sulphate (MgSO,), Nitric acid (HNO,)

2) ﬂ&lﬁ 1ﬁ)ﬂ 519 1&un Tron chelate (FeEDTA), Boric acid (H;BO;), Manganese sulphate

(MnSO,), Zinc sulphate (ZnSO,), Sodium molydate (Na,MoO,), Copper sulphate (CuSO,)

M9l 5 gasaisazaesige1msd s ulgninnateiind185z DU 1LY (NFT) v09U5H9

Accent Hydroponic 00@1A5108 (AL5N 1099514, 2546)

50 IMs Y30 looou ANUTUTY (ppm)
N 208
P 62
K 332
Ca 68
Mg 49
S 65
Fe 5.6
Mn 2.2
Cu 0.06
Zn 0.06
B 0.30
Mo 0.07

a o 3 o { o
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P 62 48
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Ca 68 171
Mg 49 29

S 65 38

Fe 5.6 9.6
Mn 2.2 2.2
Cu 0.06 0.06
Zn 0.06 0.06
B 0.30 0.30
Mo 0.07 0.07

PRIV 792 793
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(A/An) @AY %) %) %) (%) (%) (%)

l1vd)e 540d  051d  1.92c 057a  0.53b 0.50c 0O.1lc 0.27c
Tiilo 1 a2 ddad  19.80c 1.8lc  220b 039 0.60b 1.16b 0.07c 0.75b

Tilo 1 a591 dda  47.00ab  3.98ab  2.88a 0502 2.08a 1.18b 029b 1.0la
Tl 2 a59/1 ddai  55.80a 418 288 05la 2052 1.63a 04la 1.04a

sailo 3 a3y 1 dland  41.60b 391b  293a 0.55a 2.10a 1.69a 0.36a 1.10a

| o o o Y o o A ' v A o A o aad o
@1mam“luﬂaanuw@1mmﬂmﬂﬂmmﬁﬂmﬂuﬂaanummﬂu UANUUANANNUNNADANTEAU 0.05
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AN (ppm) @A (%) ANUTTU (%) daaiu (%)

N 208 27 2.88 34

62 8 0.51 6
K 332 42 2.05 24
Ca 68 9 1.63 19
Mg 49 6 0.41 5
S 65 8 1.04 12

PIAPY) 784 100 8.50 100
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MINHANITNABEIZNUNNITIHE1Y Fe Nllanuiudunanaieny luilddndlinana
[ [ 4 o a 4 o 1 ] 1 [ 1
HANANY taziliomMsInTIEHsIgo I IuANS WuNs1g N, P uay K luuananenu ua

Psmms1q Fe Ianuuanananuegniiisdagnieada @51en 14) Taemslisg Fe Anaw

9 [

Yy 9 1A a ~ A ¥ A
MUY 9.6 ppm WUNTUTINWE19 Fe TuauRnIganga (203 ppm) 3030901A0NT 1516 Fe 0
Y 9 o v o W ' <] v XA Yo
ANVNUU 7.6 LAY 5.6 ppm AIUAIAU (190 LA 171 ppm ANAIAD) fJfJ']Qllﬁﬂﬁ"IiJWﬂ‘D'VIllﬂﬁ‘U‘ﬁWQ

Fe Tuszaudga (5.6 ppm) lailio1ms chlorosis Tulugeu MAAINMITVIAEIA Fe uaAINANTL

9
Y

Y Y ' Y K ' A ' = '
AITUADINTITIN Fe Gluﬂ?3J1muaﬂﬂmﬂzmm‘luwummﬂumamﬂluﬂlua’au muum”lm

v

Tuiludeaiiulina Fe lumnsazarosigeninsildlgning

v ~ p U oA A 1 o
M3197 14 WaMsAAT12H519071913 TuinTiile Idanududuvees1g Fe uanaiani

Fe vhinaa dinud N P K Fe  Chlorosis
(ppm) A/ /A (%) (%) (%) (ppm) (%)
5.6 56.4 4.26 2.99 0.56 2.96 171b' -
7.6 55.6 4.92 3.17 0.55 3.12 190ab -
9.6 59.6 5.03 3.34 0.52 3.10 203a -
F-test ns ns ns ns ns * -

aad ¥ @ o

ns, * = liuAnANAUN1EDA, uanANAUNEIanszAUTsd1Ra 0.05

1 o JA Yy v o A A @ v I (2 ' ' [ aad [
mmm“luﬂaauummmﬂmaﬂmmzwuauﬂuiuﬂaauummﬂu”lmmﬂmqﬂumaﬁaﬂmm‘u 0.05

2.3 manfSeumeugasuaznudnduueisgamslumsgning

A ' Yy 9 A 9 A a v A v A
INNINARDIN 2.2 WUNANWNTUNHNZAUAVNMIRTYAD TARNFAMI 11516 Fe N
Yy v v ¥ ~ ~ A o
ANUAVIY 5.6 ppm AU lumMsFeuMeuamsazarvgasi 1 (control) taz 2 NUMIUTUIY
Yy a 2 = o A ~ 9
913 IMNUSI N, Ca Az S g ualisg P, K tay Mg i (NonfFsumeunuaisazalegas
4 : o o 2 - 4
7 1) wunlumsignandlumsezategasi 2 v lilimsnlasumsazaeaneaszeznslgn
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1. Wet digestion 21315991 lanaeismsaail

/N1

1. Analytical balance

2. Digestion block

3. Hot plate

4. Digestion tube

5. Volumetric flask 50, 100, 1000, 2000 ml

6. Pipette 5, 10 ml

7. Filter paper No. 42

8. H,S0, 98%

9. Mixed acid: HNO, (conc.) + HCIO, (conc.) =5 : 3
10. Mixed catalyst

%1 Na,S0, 500 g + CuSO , 5 g. + Se 2.5 ¢ Ualiazdeaiduiiomerny

VUADUN TLDUA AN IDENINY

[

1. HI@I0819NY  0.2000 — 0.3000 g ldasluriaongosniodi

2.

3.

9 Y
e mixed catalyst 0.2-1 g HaMAN conc.H,SO, 5 ml aana IAmaaulu Digestion block
a) aa = 9 1 A a = =
Lﬂﬂ@mﬁgu’ﬂ 100 DALY ALFYE LLAINDY) quqmwgullﬂ%um 400 93yl e
A [ 9 9 a A ) 1 g}/ 2 Y <
Wedesaatenuaalne laasazarwdienla wivasadevaanvinmun aane audu
Aa Y ) 1 1 o I 3
wusinavalurasagesdg w1 wazilsuilSuesdlu 50 ml wwuasazare3luvoae

wanaan et lUnaulsnmsig N aell
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an A
9N 2

v o 1 A

1. FI920819NWY 0.2000-0.3000 g ld lunaoadosnios

a . . S yy A
2. 1A% mixed acid 5 ml aana l3A1eAu digestion block

a) ad’ = 9 1 A a = =
3. Wlagavigiin 100 eermvaFodudInose) inguvgl TUaude 200 osruaadod

4 [ o ] e <
4. iiledesameruaudlny lamsazaela thvasatosoanain digestion block #dl3vuby

Aa F o [ 1 @ I <}
5. @usnauasluvasadesdne wer nsed wazlSuLiuasdlu 50 ml umsazae1ilu

a 4 o a J
ranaraan ierh 1w izimSuusig K, Cataz S

msannzrfSinadulasouluny
d =
ginsamazasndl
1. Distillation apparatus
2. Magnetic stirror
3. Buret
A Y A o
4. 193aunae sty
Y v 9 v
5. 32% NaOH lagaza1s 320 g.NaOH luiinau 600 ml aanal31didu udrsulsnas
11 1000 ml
6. Boric acid indicator
6.1 azane 40 g H,BO, Tuiih¥eu 700 ml nal3 1
6.2 mixed indicator solution 8&a18 0.33 g bromocresol green L1ag 0.165 g methyl red
11 ethanol 500 ml 1181582018910 6.1 5IUAY 20 ml Vosansaza1eved 6.2 lu
volumetric flask Y1419 1000 ml N1 ethanol 8¢ 200 ml wanIdITIAY udIneeY AN
4 t o ¥ 4 a
0.05 N NaOH tije1hensazateil 1 ml wwaununi 1 ml ensazanenldsuaindauy
1 S A g’/ U %7/ Q'J
Yughadumdes nimiudalulsuasasazaedi 1000 ml Arevinan
Y v
7.0.1 N H,S0, Tagazaio standard H,S0, ANUANIY 0.1 N arevinau udlsuilSunas
) .
111 1000 m1 14 volumetric flask
ad
3BM3
M3nau (Distillation)
1. pipette a@13za18% lnanmsdesaateiitedns 20 ml laasldluraeanau (distillation tube)
Y v v
2. 1eu11nau 75 ml asluviaeanau (distillation tube)

a o & =< ] ~ 3
3. 1611 50 ml 40% NaOH vimsnau N &9eglugilues (NH,),S0, azgni)asuilu NH,
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< A4 d oy = ) . Sy e g .
4. 1Y NH, naula mﬂzaaﬂmlugﬂmm NH,OH #18 Boric acid indicator solution 20 ml Tu
Erlenmeyer flask Y119 250 ml nauaunszneldasazared3anas 150 ml
o 9 = = S A <= = A
5.4 1 lnmsaane 0.1 N 1,80, audvesansazanalasuann@@oniuduig uiintSunansan

1% Inmse uaani ldauavmlSua N Tuis

msinngrifsnanleareSaluiy
J =
Qﬂﬂim!!ﬁ$ﬁ15!ﬂ3~l
1. Spectrophotometer
2. Erlenmeyer flask
3. Volumetric flask
4. Pipette
A Y Ao d&
5. 99NN IANNG nontlu
3 A o ya a . A vy
6. 111N 141AAT ammonium vanadomolybdate ¥15® Barton’ reagent szneauaie
Y 4
6.1 1181 A 19380 INA1502a18 (NH,) Mo,0,,.4 H,0 (ammonium molybdate: 25 g Tuti
AAY 400 ml

Y
6.2 1191 B 1938010103 T 1214 1AN (ammonium meta vanadate-NH,VO,) 1.25

v
S 1

3 o 2 < a a
¢ Twihnaungulfou 300 ml Nalhgundyaunsa luasniduduasly 300 ml
o [ @ I a
6.3 11 A uaz B ywauiu ud5uiiasdlu 1 das
as
M3
1. MIATOU working standard (Wo standard curve T@ﬂ@,@msazmﬂmﬂmiazmﬂWam\Ia%’a

11a3514 50 ppm 114 volumetick flask Y119 50 ml tWOIATOY standard 0, 2, 4, 6, 8 ppm

anudutuvesnoaneSailu ppm 11491 ml 7 pipette 970 standard P 50 ppm
0 0
2 |
4 2
6 3
8 4

AUzl SUS1AT working standard 1A% blank V8AI0819NY (13 BUNTPUAUMTRETANEAD

1 =Y 50’ 1 - (%] o U
9819) a4 11 5 ml 1fiuien Barton 2911l 5 ml e ldddulSudSina st 25 ml sy flask
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U4 standard ‘ﬁndJu 0 13e standard P 50 ppm uald Blank 5 ml twilou flask %uq w%’auﬁ’qﬁwm
Barton aiia 13 1¥iRaa sz um 30 1

2. MIWIENETAZA18AI08N 16581 1ABRATITAZA18AI9E19 5 ml a4l Volumetric flask Y11A
25 ml @uthen Barton 5 ml e 1Eisai udh5u13uas18id 25 mi drohndunazasial3
TiRadauysailszina 30 1 Saanududuvesd@ionies UV Spectrophotometer

3, ﬁauﬂ1s’j"ﬂéi”mtindum§m UV Spectrophotometer 13152011 30 117t set ANmeveIFI9AAY
11’3}‘171 420 nm1agM1 standard curve 910 working standard 0, 2, 4, 6, 8 ﬁauué’ﬁq’j"ﬂﬁ’aafjmﬁa
wouifendiinanndiedreiimias standard F39zvenaNusudsIy ppm

o (Y 1 1 3
4. msmwrumdsuna P luaied (vusedu ppm)

msdnnzilimasafidlan:luiy
ginsaiazasndl
1. Atomic absorbtion spectrophotometer
2. Flame photometer
3. 919988 NINTI U
3.1 stock standard 1000 mg/L K, Ca, Mg, Fe, Mn, Zn, Cu
2810 KCl AR, grade fioulusa $10m 1,907 ¢ lwrhaduudsuiSines dlu 1 aas
Stock standard Ca, Mg, Fe, Mn, Zn, Cu 1% Standard 731!%%3 181510 Atomic absorbtion
spectrophotometer “lugﬂmmzmm%’mi’u 1000 ppm ﬁmmmm W30 ampule
3.2 intermediate standard 100 g/L
pipet stock standard solution 10 ml 111 volumetric flask Y119 100 ml YSud51105 22w
1%/1ﬂf§’u

=
N3

o))

ada d =
'Jﬁ'J!ﬂi]%ﬁ‘iJ%NﬁuTW!!ﬂﬁ!“ﬂﬂN
[ . . . 9y 9 Yy 9 I
1.M working standard set 910 intermediate standard ANMAVNIU 100 g/L.K Tria NIy
b4 i
5,10,15,20, g/L.K Juihnau
[ = =~ Y A o o . A o
2. Jatsuna Inunai®on Adense9 Flame photometer Taginsia working standard WO
Y o o ]
standard curve {Q3IAAIDYIY

3.af5sumeuane u 1avea@1981901 standard curve a1 T eduavindSuna K Tuiiy

ada J = N A
3ﬁ3!ﬂ§131’iﬂ%1ﬂﬂ!!!ﬂﬂ!°ﬂﬂu UNDUIBEN

[

Y
1. 11 Working standard solution 91 intermediate standard 1HNANNY T LA
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Ca 5,10, 15, 25,30 g/L
Mg  0.5,1.0,1.5,2.0,25 gL
2. ihmetasaza1si ldninnsdesaatslnedts Wet digestion AT INLAATE

uay uNnHIBeN @8RI9 Atomic Absorption Spectrophotometer 7 wave length, slit width

MWIZVOUAAL TG
Wavelength (nm) Slit width (mm)
Ca 422.7 0.7
Mg 285.2 0.7
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3. u1ﬂ1ﬂﬂ1u1ﬂ%1ﬂlﬂiﬂﬂ AAS NMIAHYT ey Lunge

ada d < = v =
IPAUANTHIIHAD HAINTUE a3INTa UASNDIUAY

[

1. Y1 Working standard solution 917 intermediate standard IHa NNy \‘1%
Fe  2,4,6,8,10¢g/L
Mn  2,4,6,8, 10 g/L
Zn 1,2,3,4,5¢/L
Cu 1,2,3,4,5¢/L
2. Whesazaeidesaa1vlasds Dry ashing W1IATIEHMISSInaunan usmile danzd uaz

NDILAY AIYATOI Atomic Absorption Spectrophotometerfl wave length, slit width IRWIZUDILA

azm@]ﬁaﬁ
Wavelength (nm) Slit width (mm)
Fe 372.0 0.2
Mn 279.8 0.2
Zn 213.9 0.7
Cu 324.7 0.7
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