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The potassium concentration decreasing in vegetable planted

in hydroponic system
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Abstract

The objective of this experiment was
to establish a suitable method for reducing
potassium content in 6 kinds of vegetable
containing K lower than 200 mg 100 g' FW
which is suitable for chronic kidney disease
patients. This experiment was done under

the hydroponic system, using 6 varieties
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of leafy vegetables, including chinese
cabbage, bok choy, green mustard, indian
mustard, lettuce and kale. The experiment
design was of completely randomized
design with 6 treatments of differenced
potassium nitrate levels (K3, K1/2, K1/4,
KO, 1WKO and 2WKO0) the decrease of
potassium in the nutrient solution. On
the other hand, fresh weight, height
and the

of vegetables, amount  of

chlorophyll were not different from
the control (3 mM KNOB). Although the
necrosis symptoms were found in the
KO treatment, and the

decreased of fresh weight in the 2WKO

significantly

treatment. However, the result indicating
that a suitable method to producing
low potassium content vegetable for
chronic kidney disease patients could
be achieved. However, more advanced

research is needed.
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1o (kidney) 1JueSensiiviudiily
mamawauﬁaammm’wmm’mﬁgmi'm@
Tnunaes (K) mnlevihanudulnfiavaiunsa
Fulnunageueenlagatisiosas 90 AaTures
Usunafisnsmedudily (Kes, 2001) udlu
Qjﬂaﬂiiﬂlmﬁya%ﬂ (chronic kidney disease;
CKD) lnaglaanunsatulnuvadeuoaniila
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Tnuageuibiianiglnunadenlubonas
denasionisvinauvesidlanaziiuanunnis
AeFuvuideunduiiesnniladuman
(Putcha and Allon, 2007) lagUnfisyueLs
mislasulnunadunainnisuslanemnsiuas
Uszanad 2,000-3,000 mg K day " wad1miu
fhelsnlnEotaresil 3-4 msldsuliiAu
2,000 mg K day” ehuﬁﬂ’miiﬂlmga%’ﬁwz
71 5 laimsiAu 1,500 me K day”’ (Pollock et
al, 2005) ensl@sulavunnsimangay
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Suar 200-240 ¥y wdadu 2 foq av 100-
120 n3u TnerinivslanmsiisssuTnunaden
a0t 200 mg 100 ¢ FW (138, 2561)
Tnunaen (0 Juussmiidudu
dwsunyed Tundudusu 3 Tusnie seq
MnuaaLdeuLazweanada vimifiaiuay
mwhnuvesnduie Flauagsruusyam
PrasnurszivaunadianivsladuazAiiey
(pH) Ve3sTUVVBAMEILUIT NG ATUANNIT
nuveeulwduaznsiraisuvesvaaman
davtindisnuaunaiiuazindeus Faman
Sramefiszaulnunai@ouiunniiuly  vie
teiuluanaludunseddin Ineunfudy
wywdmsilsgaulnunadesluionagsening
3.5-5.0 mEq L' anludendsedulnuvaidoy
ganddndidvun azdenasionisinauves
WlaiaunA Hne1nsten unaRuazdedin
114‘17@@ (Talukder et al, 2016) WenNL
Tnunadendadusigermsndndudmiviiy
anene  laeivazaaldlnunaidesluuSuin
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Faan1sinunademiieldlunisasaivle
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agyimthiaugunsdanazUavestinly
muamamaﬁﬂumaé AUALNSUANIUALY
wIsIm ST euengad wazlulsad vo sy
swuludsnszvaunisdaasiginasluivuag
feldrudrdydmSuanninnandanianig
NEAT WU 38U ANUNTEU SATIR NAU YU
wazszezIa1lunIsNUinY (B9gms, 2552)
INIBUVDIWER  (2561) UTual
Tnuwnadeulufnasutsesn 3 szdu dell 1)
fnidlnunadougs (nquindida) Tusuw
Twuvaidon 200-400 mg 100 ¢' FW Fuly
wu il lutwdn Sy finnes wvus
ngvdn innaneds Milne dnd dunseiiton
Ureids vSenlad wazeztn 2) Aniidl
Tnuva@enuiunans 100-200 mg 100 ¢ FW
WU LIAWNSn WENU NesEiY wzlleen
uzdawa f9en wavdiduen waz 3) Andil
TnunaiBeud (nguinddn) desllnumaiou
T3iAY 100 me 100 ¢! FW i viuwmdes
famy wewilng  Annev1n  neva1ud
WIAYVYIY wA9na1 wasiinden uazannnis
drsainiismieluenswnedies Sawmia
vouwdu wuin Anduluiildlunisnaaesd
USunalnuwnadeuaglusyiugs (200-400 mg
100 ¢* FW) Fuld Ae fnnanads 227.5-237.5
mg 100 g* FW, ANNN90agaae 226.7-267.1
mg 100 ¢' FW, Hnna@enyUd 280.0 mg
100 ¢' FW, Bnnaligatloy 220.0 mg 100
¢! FW uazdnAzi 210.0-212.1 mg 100 ¢*
FW gntdunnnianeu 140.5-166.0 mg 100 ¢

FW dUsunalnunadeusgluszduliunais
(100-200 mg 100 g¢' FW) FIHuwUsau
WAAINAR ANTINENUITNAUIEITIUlAI Ty
d‘d 1 a = U v 1
PinasaUsunalnwnadenludn Town a@nw
WIndeu wvdsivan wila wardnsinislade
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= [ Va v a 6
nsugnisuuulalldfuimesyuulelaswetind
(hydroponic) snlglunsfineasad 1Wesain
a1unsaAuANUSIIusInemstuaIsazane
Ag v oA Py a o PP
alrwnialadne aursandsinuwaznaland
USunalnunadeuazandi iaduniaien
TunsuslaadnuazualddmsugUqelsale
g o Py & A aa )
5059 laeddnguszasALiian1isn1sdnnig
s msiimuzaud miunisugninid
USunadlwuval@eusinia 200 meg 100 ¢ FW
dmsugUaelsalagess
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laud #Ann1ana1e6e (Chinese cabbage;

Brassica chinensis Jusl var. parachinensis),
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WNN1999geal  (Bok choy; Brassica
chinensis var. chinensis), BAN1ALTI8IUR
(Green mustard; Brassica juncea L.,
czernjaew), NNNALTELeY (Indian mustard:
Brassica juncea L. cruciferae), NnN1A%D
(Lettuce; Lactuca sativa L.) wagAnazin

(Kale; Brassica albroglabra)

ﬁ’]iﬂx’d’]ﬂﬁ’]@gﬁ]’l%ﬁﬁ‘d

41588A185190 M NYENS  Enshi
solution Usnausiie 3.00x10” M KNO , 2.00
x10” M Ca(NO,) .4H O, 1.00x10” M MgSO,.
7H.0,0.50x10° MNH,H PO,, 2.31x10° MH BO,,
2.69x10° M C _H _FeN NaO_3H O, 4.55x10° M
MNnCL .4H O, 3.80x107 M ZnSO_7H O, 1.60
x10" M CuSO_.5H O uaz 1.50 x10° M (NH,)
Mo O .4H O (Ogawa et al., 2007)
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25N15NNADY

TR UNITNARDIU VUG NN YT
CRD)
Va6 FISUNIINIAREY SIUIU 3 97 F3U

(completely randomized design:

nMsvaaesil 1 fiumuaudnldfu 3 mM
KNO, (K3), f¥umsneaesd 2 fnlesu 1/2
Y83 3 mM KNO, (K1/2), f¥umsnnaesdi 3
AnlAsu 174 w93 3 mM KNO, (K1/4), s3u
msvmaasd 4 Anlillésu 3 mm KNO, (K0),
fsunisneansdl 5 fnldsu 3 mM KNO,
AADANIINAABIIUDILATU 38 U Nty
Lilsi¥u 3 mM KNO, wilsdUansineufiuien
(1WKO0) uazsnsunisnaaesii 6 fe fnlesy
3 mM KNO, naannsvaaesauenyasy 31 u
il 3 mm KNO, @esduanviniou
AUAED (QWKO) auddu (Table 1) wle
fundlaenisiaziuaadnluiifaduian
4 S andudresundramiesiimnengalu
asazatesIgeIINUTINATnuaden 3
mM KNO, dlesundnfleny 14 Yu dhesundn
aslua 388185199 IMIAINAIFUNITNAR DS
Fnandnedu  Wasuasazates eI T
W 2 dUaW $nwnsEU pH 71 6.5 fe 0.5 M
HCl w30 0.1 M NaOH wag EC 71 1.8 mS cm’!
e 2 M NaCl masan1svaaeaudaiuien
NAKER (45 T1)

Table 1 Treatment for cultivations with low potassium concentration of vegetables.

Treatment Transplant Harvest
0 7 14 21 28 31 38 45 days

Treatment 1 = K3 3 mM KNO3
Treatment 2 = K1/2 1/2 (3 mM KNO))
Treatment 3 = K1/4 1/4 (3 mM KNOB)
Treatment 4 = KO - KNO3
Treatment 5 = 1WKO 3 mM KNO3 - KNO3
Treatment 6 = 2WKO 3mM KNO3 - KNO3
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Soongasu 45 u Snsinanaelsilad
FBLA383 SPAD-502 989 Minolta TaAEs
v03fu wazifunanandaiivings a1ntu
dinludsianuazondastilssun was

(% '
o [ (3

dndu sudeu Fushegradutudng uws
dneenun 10 n3u ldgedvden dhluwtuds
diodnsimuinasinormisludmdnan
soly

A153As1ERUS U lnuna@sunazlgifey
Tudwidnan

Fahwindnan 10 n3u uafegeiae
Tnsaunenlfavidonauldfograindnanis
(cell sap and xylem sap) W1H1IAUSHA
Tnuvafsuvaslafenlufnandemios K
and Na* ion meter ¥®4 Horiba §1 LAQUA
twin (Chandrappa et al., 2016)

N3AATIvdayaneEana
thdoyafildanmmeassniinsz
nsenamelusunsy SPSS  uawiIeuliieu
Aadeusazi3unsnAaeaels Duncan’s
new multiple range test (DMRT) finu

\FosTu 95%
NANISNAADY

Han1sanUsinalnunadauluinse
(KNO)  luansazarssigemisdeuuim
Inunadesludn wanslily Fisure 1 9103Y
aildind Ko (WlFsuTnunadeuiousi
Ugn) nynedaiudinalnunaidoudiing
200 mg 100 ¢' FW Tunagiidhfunismaaes
K3 Enildsulnunadon 3 mm KNO, naen
sreelIaIn1sUan)  AnduTunadnumadey
oglutas 570-760 mg 100 g' FW Fegaiiu

800 4 4 d d
S 700 4 cd
L
7, 600 ; d d oc
§ 500 41 |, cd b
— = b
E 400 - b oo
g 300 - be 0
i) I a
S 200
© a
X100 A a
0 T T T
Chinese cabbage Bok choy Green mustard Indian mustard Lettuce Kale
ks [Okiz x4 EHko Miwko [l 2wko
Figure 1 Potassium content in fresh weight of vegetables at the harvest as affected

by potassium restricted treatment. The different letters indicated significantly
different according to Duncan’s new multiple range test at p <0.05 (n=3). The
black line is an expected value which is 200 mg K 100 ¢* FW for CKD patients

that can be consumed.
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Figure 2 Sodium content in fresh weight of vegetables at the harvest as affected by

potassium restricted treatment. The different letters indicated significantly

different according to Duncan’s new multiple range test at p <0.05 (n=3). The

black line is an expected value which is 50 mg Na 100 ¢ FW for CKD patients

that can be consumed.

nsgdudinalnunadesluinifuaelsa
Indesazannsavilaalaae Taidu 200 me
100 ¢* FW datu ilesnngielsalaEoss
s¥8% 3-5 MISAsUUSIalnuayutpenIn
2,000 1adnsy  warmIsUSLAARNeY19teY
100-120 n¥usietu deduinilmanzd sy
fuaelsaladofimsivinalnunadouios
171 200 mg 100 ¢ FW TngUSunailnumaido
anasegsldsdfgynisadaniuliuiaues
lnuwnadeuluinsaluaisazalesneinis
Feanasludrsunisneaasfianlnunaidey
a9 1/2 way 1/4 993 3 mM KNO, muansiu
WULARINUAISUNITNABDY TWKO uag 2KWO
USunaulnuvadeuanasog1ilted1Agnig
adf eisufusfunisneaes K3 auiiu
IeilunnenSunisneasdensiuinsun1snnass
Alalasulnunadey 3 mMm KNO, (K0)
AnYn¥ladiuTinalnunagdeugndt 200 mg
100 ¢ FW

wonnileadnsoundelantinug
¥ elsalmFeamslésulnfon (Na)
T 5% veslSunalufeudildainemis
TuwsagTunsetosnin 50 mg 100 ¢' FW
(WHO, 2012) 210 Figure 1 wui1 nvnaila
ﬁﬂ@ﬂiumsazmaﬁmmms K3, K1/2, K1/4,
IWKO way 2WKO fusinalafeusinii 50
mg 100 ¢ FW ni3u Annanessdadd fnnm
Jenties wazdinavih Afusunalefongenia
50 mg 100 ¢* FW Tughsunisnaaes K1/4
TuvnigAidnniannedeiiifliosinfunimeass
K3 waz 1WKO Wiy fiduSunadeien
#8871 50 mg 100 ¢' FW 310 Figure 2
widnlud1Sun1Ineaes Ko dnynutinazi
Usunadlwunadeusind 200 me 100 ¢ FW
Anu uiillefansanainuiunaledeunuin
1USUua9n31 50 mg 100 ¢ FW (Figure 2)

Table 2 uanstwiinan AU WAy
YSunamaelsiladvesdinluynssunisneaes
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dlofeuiumyunismeass K3 wan1snaass
W‘Ui’]rffmqﬂﬁnﬁmﬁﬁmﬁﬂa@bjmeshqﬁ’uiunﬂ
FISUNTNAABY BNLIUAISUNITNAGRY 2WKO
ANNIANINES (59.0 N3, Annanessgaad

Wentey (31.3 N5W), BNNaviaw (8.3 NSY) Lay
fneeth (5.7 n3u) eudidu dnddimiinan
anasegnafitfodfymisada Tuvasiiannug
wazUTurumaslsilaadanlndiAeaiulunn

o

(14.0 nSY), BNAMIEIUE (16.3 ASY), HNNTA ANSUAISNAABY

Table 2 Changes in fresh weight, height and SPAD of vegetables (chinese cabbage, bok
choy, green mustard, indian mustard, lettuce and kale) at the harvest as af-

fected by potassium restricted treatments

Treatment
Type of vegetable K3 K1/2 Kl/4 KO 1WKO 2WKO
Fresh weight (g)
Chinese cabbage 95.6+34.1”  74.7+55% 723457 83.3+6.5°  743+56"  59.0+245°
Bok choy 24.0+7.6™ 27.3+8.1% 22.7+4.6™ 21.3+14.6°  33.7+56°  14.0+3.0°
Green mustard 3374211 457+12.4° 38.7+£10.1° 32.0£6.3" 41.7+4.9° 16.3+4.9°
Indian mustard 63.3+17.8" 48.3+225"  423+16.6"  33.0+2.0° 34.7£16.3" 31.3+8.5°
Lettuce 25.3+12.2° 25.0+2.7° 18.7£3.2% 18.0£3.6®  20.7+6.5° 8.3+3.2°
Kale 11.0+4.0 13.0+5.3 7.7£15 14.3+8.4 7.7+0.6 5.7+0.6
Height (cm)
Chinese cabbage 41.8+20.4 46.6+3.34 44.7+2.2 43.3+7.3 46.8+2.6 30.1+17.4
Bok choy 28.9+3.7° 28.4+2.9° 28.4+2.6° 32.1+3.3° 29.0£0.4°  20.0+6.5°
Green mustard 28.2+2.7%" 29.7+1.7* 29.5+2.5 26.2+2.0" 31.4+0.9° 24.1+2.7°
Indian mustard 28.4+16.6™  42.6+51% 45.9+2.9° 38.3+3.2% 39.7+4.8"  375+85%
Lettuce 41.5+7.47 47.3+3.8° 44.2+1.3™  456+4.3" 35.5+4.3*  335+10.3°
Kale 28.9+5.2" 34.7+7.58° 29.2+2.8" 33.0£4.8° 22.1£55®  19.7+15°
SPAD (%)
Chinese cabbage 33.1+6.0 39.7+2.1 37.4+3.7 37.5+2.4 36.1+3.3 35.0+1.9
Bok choy 28.9+4.1% 34.8+4.2° 26.4+2.6° 31.9+2.0°  29.3+45°  29.6+5.7%
Green mustard 26.5+2.0" 28.6+2.3° 26.3+0.7 25.5+1.0° 26.0+1.7"  26.7+0.3*
Indian mustard 25.3+3.3 25.9+0.6 28.3+4.8 27.142.3 24.6+1.1 20.3+2.5
Lettuce 13.3+4.3 12.9+3.8 11.9+1.7 12.4+1.7 14.0+0.7 10.8+2.0
Kale 39.7+4.8%" 44.1+2.6b 36.5+2.3° 4q.7+1.5° 40.4+3.6®  41.8+1.6°

+ Each value shows the mean + standard deviation.
* Mean within the same row followed by different letter are significantly different according to Duncan’s multiple
range test at p <0.05 (n=3).
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nnsnaaeslgninluaisazany
s1mownsiRTivTalnunadenluinn
WANASAY WU AsanUSuialnunaldus
lumsnluasazalesigoInIsasaIns0an
Usunusalnwnadeyludnanlaluyneisu
nsnaaes laganigludsunisnaass Ko
fanunsoanUSunalnunaideuaslasing
200 mg 100 ¢' FW Tuvugiishfunisneaes
K1/2, K1 /4, 1WKO wag 2WKO walINUSHNa
Inunaldenazanadud fasganduTuu
fthelselaEosmranunsauilnaldluusiasfu
A 200 mg 100 ¢ FW (Pollock et al., 2005)
wregelsimy  winludisunisnaass KO
Fnfiusinalnunadeusingd 200 mg 100 g
FW uanaunuidnuansainisiulugdusioe
yauluwaziulunds Weosanvialnuvadey
yonani w3y Ko dndsiusinalaien
genin 50 mg 100 ¢* FW BaduuTuaiige
AundrfinguitaslsalaFodeanunsasuld
Tuusaziu (WHO, 2012) msiideduSuna
Tidsugeiuiesnivdesinenlufenly
FmfiveunulnunaBeniiansias wiels
ausamssdinegls (Wakeel et al,, 2011)
FedonndosiunanIsMnasswes Tomemori
et al, 2002 ﬁwudwcﬁ’nﬂamé’aﬁﬂqﬂiu
asazanesIe ST UnATeN1 azgald
Teidgugandnvaeidsila Fulnunaidosly
Usuauuna

Tuvauziisisunmsveass TWKO ua
2WKO wifinUSunalafienazsinid 50 mg
100 ¢' FW usinudnusunalnunaidending

gauNd1 200 mg 100 ¢ FW uiiinagiiuualily
anasfinuTaEneaInranIsaaewes Ogawa
et al., 2007 finuidlesmmstilnunaide
Aowfunandsn TUSinalnunadouansinid
50 mg 100 ¢' FW u@ﬂmﬂ‘ﬁmamiwmam
FINUIINSIA A INUN AT sUn o UAUNANER
2 #Un W GedaNafaRMN NNANER Aetimin
an Anveas wazdTinaeaelsiiad \lesnn
Tnunadouinanonisiasayiivlnvasinit
Tugunsduasizinasazgosluuisniu
(Marek
et al., 2019; Ogawa et al., 2012) @onAass
AUN1TAABIVDY Prajapati and Modi (2012)

Tun1sasivlavessiniazyen

el' ' A A = a o § v
N91891u71  Welvvialnivaduuiinaily
nsLsgiulavesiganas

G
dy Y @ 1

NKNANITNAADITILIAUINT  N1TY
YaninnduTunalnunageulviogluinueii
N1 200 mg 100 ¢ FW U a@mnsavinlag
afemannisUanivlussuulalasweting dae
msanUsunalnwnadeulumsaluansazane
5 IMITAL NANITNARBITLYLSUAUNUT
sanUSunalnunadeuluinasn K1/2 way
K1/4 a@nansoanUSunadlnwnadouadls anva
Usunalapenludnldiiu 50 mg 100 ¢* FW
lngriminan mnugs wazUununaslsilad
Taikpnsinaannisiasulnwnadey 3 mM KNO,
1 @ Yo a = o
2819157y wiAUSualnwnadeulun
ganad  uslilosanlnunadenludndsas
N1 200 mg 100 ¢! FW #etluni1snnassil

v v = ’y) I ~ . a
fagaatinsimunse lUiemUSun v ay
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A P Y a
a1sazatesImeInsitesiely  ieliusuna
Tnuna@eulaiiiy 200 mg 100 ¢! FW uag
fusuadlafenliiiy 50 mg 100 ¢! FW
TunausiAgafundinssnernuninvesdnly
L ULAL

LONE15D1999
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