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Reduction of Phosphorus and Potassium Accumulations in Lettuce Grown in a Hydroponic System
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Abstract

This research aimed to evaluate the phosphorus (P) and potassium (K) accumulations, and
the effects on growth and yield of lettuce grown in reduced phosphorus and potassium concentrations
nutrient solution. Green oak and red oak plant were grown in a hydroponic system with four treatments
of varying concentrations of KH,PO, and KCl including 1) 0.1 mM KH,PO, + 0.5 mM KCI (P, K, ) 2) 0.1
mM KH,PO, + 1.0 mM KCI (P, ,K, ;) 3) 0.3 mM KH,PO, + 0.5 mM KCI (P, K, .) and 4) 0.3 mM KH,PO, +
1.0 mM KCI (P, ,K, ;). The results showed that the reduction of P and K affected different growth
parameters although only the yield of red oak was decreased. Phosphorus accumulation of green oak
in P,,K,sand P, K, ,was reduced from 5.31 mg/g in P ,K, ;to 2.68 and 1.89 mg/g. It was also found
that K was dropped from 63.14 mg/g in P, .K, ; to 37.82 and 46.96 mg/g in treatments that reduced P
or K or both P and K in the nutrient solution. In the same way, red oak had lower P concentration in
P,.K,sand P, K,  which were 3.65 and 2.96 mg/g. There were 69.73, 69.47, and 50.41 mg/g for
potassium accumulation, in P K, ., P,.K, ,and P K, ., respectively. However, the higher sodium
accumulation in red oak supplied with P K, . was noted while not affecting green oak. The results from

this study could be used for vegetable production with low P and K.
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(P, K, ) 3) 0.3 mM KH,PO,+ 0.5 mM KCI (P, ,K, ) 4a¥ 4) 0.3 mM KH,PO, + 1.0 mM KCI (P, K, ,)
HANNIANEIWLAN NsanANdnduIaIsInamNsdINasanIsas YR LIaIeINAA ATIIAR T AANG 1Y
Tnalaniznananaadisnlan uanainiinnsavanaanasalunsuldaanasann 5.31 mg/g T P, K, ,
lu 2.58 way 1.89 mg/g 1w P, K, . uaz P, K, , nsazaninunafisuanadain 63.14 mg/g W P, K,
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azanTwunadanlu P K, ., P, K, , waz P, K, , 69.73, 69.47 uay 50.41 mg/g Aua1s ag1slafiniu
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CKD) Hilsz@nsnmanas asluiaunsnduussns
aanunlsune denaliifinnisazanaaaussnglu
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Twunadanyindy 3.5-5.5 FaRaAI91Lause
ans (Talukder et al., 2016) Fatiu ALAYTIATL
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Hansfuayyadasy 11U IA1due IA1HUT
LATUIIFUAILTHA LU WARITEN LUAN LAY
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2017) &nAuly (Manantapong et al., 2019)
Hnaam (Xu et al., 2021) 42&115a wazanlay
(D’'Imperio et al., 2019) NIURWNA (Manantapong
etal., 2022; Diem and Godnold, 1993; Tsukagoshi
et al., 2021) WANIIUARNTAANITALANLTNID
Waanasadelaglon uazdalinunisdnuanig
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1 T BB UINIINNFUAANT TN LN A LT N WAy
Waanesasdmiudialonlnizasls

ansaluazisns
TINHHBNITNAADIULUGNANY TS
(Completely Randomized Design; CRD) anuqu
4 n331ABRNIMAADS (Table 1) 4 41 Tuusazdn
Usznauadnddan 6 Fi An1IN1UUANTINAD
mswmmmﬂmwmmﬁmﬁummm:sﬁﬁﬂ
finudn n91&5u KH,PO, 0.3 fadtuans uaz
KCl 1.0 Aaaluans iuseduiiiiaanase

nssaAuTnresinadn (fayalaliiniaue)
ANLEUNIINARBITTUININABUTUIEU D
AmnAn w.A. 2565 tatnzinandnaaansulan
uazisnlfa asuuuiunesififad5aauia
2 54x2.54 lURIAT 1A1ATINANRLHE TN
drsulduda dmleainldonananadin mﬁﬂﬁﬂju
wazanelFlufisn udamnzidn 3 51 ey
panueRuaAnls uainmnsrauiluna
Toigatlszannd 1.5 iuRmAg fasunanany 7 Ju
A lUANIATAEIE1ARINNTANNTY 1/2 inaeg
4msnA (Siringam, 2014)

Sladundnany 21 Fu fredundrasiy
fNANARNART TUNA 31x46.5x18 LIURLNAT
flussaansazanenineans 10 ans leflszzlgn
5x5 wugweas luscuulalasiniing wuy DFT
(deep flow technique) LL@:G‘Iulﬁmmxmﬂ
ﬁﬁﬁ;mmiﬁﬁmmmqm 4M7 Enshi solution
(Ogawa et al., 2007) Usznavuniag 4 aaluans
Ca(NO,),.4H,0, 1 #aaluand MgsSo,, 0.025
H,BO,, 0.004 §adlnans MnSO,.5H,0, 0.0004
#adluand znsSO,, 7H,0, 0.0001 Hadluang
CuS0,.5H,0, 0.00002 (NH,),Mo,0,,.4H,0
A5 KH,PO, uaz KCI WANANSfuANHNTTsag
nsmaaesiitiuun Lﬂﬁlﬂummxmﬂnﬂﬁﬂmﬁ
wazilfu pH lugnsazaranimawnslieyfiszsy
6.2 - 6.5 IABANIINAADY

Table 1 Concentrations of KH,PO, and KCl in nutrient solution

Treatments KH,PO, in nutrient solution (mM) KCI in nutrient solution (mM)
Py Ko 0.1 05
PyK s 0.1 1.0
PysKos 0.3 0.5
PyK, 0.3 1.0

1) MaLasLAUTALAZHANAS
Lﬁ@ﬁuﬁﬂmﬁ’mmq 42 TUNAUNIZLNARA

YINNSLIUAN ANEIFAE A2INEN23IN ARINNGNY

NNy duauwanly wazdnAn SPAD uuly

Taeildipiaq chlorophyll meter (SPAD-502Plus,
ﬂa‘zmﬁn’jﬁu) ﬁu‘ﬁﬂﬁmﬁﬂmﬁu mnﬁuﬁwﬁﬂ
T ainAanugzatagaetinlsziln uastinnau
s usneehafluaung 2-3 iuAAT AL
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Uminufendnaalnunuaaziaen (Manantapong
et al., 2019) mﬂﬁuﬁﬂﬂiLm’]m’ﬂ?‘mmmﬁ;
Weaanasa Inunaden wazlnpay
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ThLmen
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LlAAA19484 10 Win Aag 0.5 Twand HCIl uazdn
Funalnnen Inennldansazanafednaas
RU9AY 80 1IN A28l 0.5 TANF HCI aNUAA9E

LATEN atomic absorption spectrophotometer
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luasazanssnemnsfi nszsunaduduses
KCl uay KH,PO, lTuansazanasinaiu 4 nssads
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KCl 1’71'@mmz@'\m@m:wuﬁi@mf;m@mmmmm
nuesadAniulEn nesianaaesiildil P, K, ,
K

1Ko NATHANY 12.46 [HURLNAT T9NINNIN

was P
a 1 A o 0 o aa
PoaKip (10.87 LTUALNAT) DEINNULANATYNNADA

(CECIL1011, UszinAdanys) uazdndiun
Weanefantanisvinlizanduansazans
aulatuaue e daAntTganauLas Tt
audninsininiines (SavantaAAZ, dsvina
'ﬂﬂmmﬁﬂ) ﬁﬁwﬂau 430 W INAT (Puranapong
et al., 2005)
N53AsISUTaYS
ihdeyaiildainnimaaesunfinsed
ANNLLTU99U (analysis of variance, ANOVA)
faaliaunsa SX for windows WliauifieAade
Tneld Least Significant Difference (LSD) ]

AN 95%

a

N

491AINNENI9INTBINITHAT N INAAT IATL
KH,PO, 0.1 faaluans e 2 N9ssAENNIMAALS
(P, Ky, W8T Py K, ) §AI1E1999NHINNTN
nITsAENIMAReTaY (13.72 uas 14.63 URIMAS
ANENAL) TurTisiuANiddues KH,PO,
uaz KCI laifinasiannundnansany (21.81-23.39
LuRNAT) 911Ul (11.15-11.89 Tu) A1 SPAD
(24.97-26.28 wilat) waziiminand (36.83-
43.97 n§4) (Table 2)

Table 2 Average of height, canopy width, leaf number, root length, SPAD value and shoot fresh weight of

green oak lettuce in a hydroponic system at harvest (42 days after sowing)

Plant Canopy No. of Root SPAD value Shoot fresh
Treatments Height width Leaf/Plant length weight
(cm) (cm) (number) (cm) (unit) (g/plant)
P, Kos 11.78ab 22.37 11.54 13.72a 25.94 43.97
P..Ki o 12.46a 22.40 11.89 14.63a 24.97 39.83
PoaKos 12.46a 23.39 11.83 11.13b 25.58 46.00
P..K. g 10.87b 21.81 11.15 11.34b 26.28 36.83
F-test * ns ns > ns ns
LSD ;s 1.17 2.75 0.76 1.50 2.75 9.46

Remarks: Different lowercase letters designate a significant difference concentration in nutrient solution with LSD at p < 0.05

ns means non-significant difference, * and ** mean significant at p < 0.05 and 0.01, respectively

nnasayiLInaesasnisalaniuanslu
(Table 3) WLI91 ANEY ANNENITIN UAZA1 SPAD

TdfiaanuuanseiueteldadiAnynieaia
TnaaanisnlBaANINgs 12.32 - 12.83 lURNAT
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ANNNEINTIN 23.25 - 26.12 [URALNAT A1 SPAD
37.98 - 40.17uudne %@ﬁwudﬂmwﬂf’iﬁqmwju
Sl UATNTINEARUE ANHLANAN NN
ADATENINUARZNTINIBNNINARDY ANNNTI
nsauvesadasnlBaiildsu P, K, . fdain
fign (21.58 \wuRums) dau P, K, . d9uauly
NNNI P, K, . aeinsliegAtyneania uenaniy
Fanudn N9sUAENNINAREIRENNsaNT AL AN
windu KH,PO, 158 KC sinldiuinanduanas
25.9 - 32.8 Lo fidus
ma‘ﬁ'ﬂ'm@?agLﬁuimmﬁﬂaé’miﬁﬁ*ﬂ
HansznuaInnIsanssaunNadnasauay
Inunaidanluarsazatasigaimis ilesann
sngnagedusinsnduduiuie nnslésu
Weanasafidaaududusiivliazdinasie
shmsruganaalesalyldemiasniia saaviaia
azfinnsUfusiieannisldveanauas
ineamnidngaauaziinausnld v viald
ART14IUNTATEYLALTATANAI UL BAAAA
(Neocleous and Savvas, 2019; Peret et al.,
2011; Silber, 2008; Zhu et al., 2020) @91
Tnunadaniianasinlinisdanseiuauas
§ANNIAETNAnA TaanisnszAunisalanly
(Marek et al., 2019) denaserimingn ANTNEGY
wazdsuntunaalsiaa (Prajapati and Modi,
2012; Wakeel et al., 2011) HANITLAFULAL IR A

Enaan 1191133 lASUMANIENUFAINAN9 1w Y
TagLan1zat 198U NI Nan189aanLIALaA
lungsuasnimeaaasn lasuianeanasanay
Twunadanluszaunn (P, K, ) wsalasy
Negnefantalnunga dauseaumniadeln
aeianils (P, K, , ey P K, ) Humiinaasu
v 1 aal dl Yo o
Paandingsnasnimaassnlasunasneasaway
Tnuna@suiesne (P, K, ) (Table 3) visll
NANTENULUNATHAALTUMANIANN AN L 3D
1panaanefanasinunddionlugansazany
s MTNanaset]lussAundenansznusenig
watylAuInasielnames Wian1sanastiuinld
AN liaNA 8183817811981 (Osotsapar,
1 o % o A
2015) 14U n1ga1aNeaNasadan ldnNga A
WU AT WAATEN WAL LNAT@aN (Chimma
et al. 2019; Adams, 2002; Onthong and Osaki,
2006) Nn9a1a Inunadeuin linagge 1461119
a v dgj £ 1 [ =
gfialanntu oun Weaness waziAaLde s
= a A

(Osotsapar, 2015) WNINTUR LHNULELN LA
{u3au (Levine and Mattson, 2021) atinalsAmniu
nsRaLauaIANUNTIAT AL TRIavaR AYINaD
gipfesrAuNegnesanas v TaNianas
Tdlmduldlunantaidaaiulunnanwuy
AnanisAnenlesaindndausineuns
ANTABINIIN AN WANFANTU (Jirakiattikun and
Saelim, 2009)

Table 3 The average of height, canopy width, leaf number, root length, SPAD value and shoot fresh weight

of red oak lettuce in a hydroponic system at harvest (42 days after sowing)

Plant Canopy No. of Root SPAD Shoot fresh
Treatments Height width Leaf/Plant length value weight

(cm) (cm) (number) (cm) (unit) (g/plant)
P Kos 12.54 19.54b 10.91c 26.12 40.17 35.46b
[ 12.50 19.69b 11.00bc 24.54 38.69 35.96b
PoaKos 12.83 21.58a 11.61ab 23.25 37.98 39.09b
P..K,, 12.32 19.57b 11.66a 23.94 38.03 52.76a

F-test ns * * ns ns >
LSD g5 0.51 1.36 0.65 2.90 2.29 6.28

Remarks: Different lowercase letters designate a significant difference concentration in nutrient solution with LSD at P<0.05

ns means non-significant difference, * and ** mean significant at P < 0.05 and 0.01, respectively
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nsazansIanaanasa Inunaidan uas
TN

AN NTuTIRIneanesd waslnumades
Tugnsazanasnseseiuinliifiansazas

spveanada uasiwunadonluadanniulda

o o

TaonuumAnseiued wldadAynieai
n9lif P, K, . e P K, Annsazaunaalaia

UINNIINTINITNIINAARADY (5.39 4AT 5.31

aanfuAani) AuUNlAsU P, K, dn1savas

z2)

Wegnesfatiesian (1.89 Raaniusaniy) g115u

q

nsazaNINUNALEaN dAaANTUIBARINNTINTD

P,K, , insazaninunaifonninign 63.14

|
o 1 o =2

HaanFuAaniy T949N3INIINITNIINAADY

'
=K A '

NRDTINATZIN9 37.82 - 46.96 Raaniumaniy

uananiiaududuraaanads uasinunaden
Tugnsazaesnnensdilinasanisazan e
luadannsulea TnaiaAegludas 0.50 - 0.55

o ] o

NAANTNFABNTN (Table 4)

Table 4 Phosphorus (P) potassium (K) and sodium (Na) concentrations (mg/g) of green oak lettuce shoots

grown in a hydroponic system supplied with various concentrations of KH,PO, and KClI

Treatments P P K K difference Na
concentration difference concentration concentration
(mg/g) (%) (mg/g) (%) (mg/g)
PoKos 2.86b -52 37.82b -40 0.53
PoKio 1.89¢c -65 46.96b -26 0.51
PosKos 5.39a +1.5 46.62b -26 0.51
PyaKio 5.31a - 63.14a - 0.55
F-test ** * ns
LSD ;s 0.47 0.12 0.07

Remarks: Different lowercase letters designate a significant difference concentration in nutrient solution with LSD at p < 0.05 ns

means non-significant difference, * and ** mean significant at p < 0.05 and 0.01, respectively, the percentage of P and

K differences are the increasing (+) or decreasing (-) of P or K concentrations in green oak shoot in each treatment

compared with sufficient P and K treatment (P K, )
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D

Anslinaanasa wazlwunaidanluszaud

sinanudana insavansnweansda Tnunades
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wazlapey HANNLANANTUat 19Nl &1 Ay

n9adtm wudn naslineanesaluaisazans
o = =] =
TALINENND (P, K, wax P K, ) WIAgdn1e
azanNaanasagINiNIINIBNIMAABIDU (HA
6.85 LA 6.88 NAANTNAANTN ANNAIAL) NIT L

Waavlasaluansazaruseausi Walasu P, K,

waz P, K, , M linadnisazauvaaaiadana
TneiAn 3.65 NaansuAansy way 2.96 Jaansu
1 o b = =3 78
fanfu aunisazanInunadauaziiulaqn
nslafuneanesauazinundidanluseay
~ = = P
WeNna (P, K, ) Annsazaulnunamengangn
(78.10 AaanFuFaniN) 7048910 A 4amLIRTRA
Alasureanasaszaunnazinunaidaus sy
Weaana (P, K, ) wazldfuneanaiasysiu

ieanauazInunadianuseAuan (P, K, ) 398
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nsazanlnungaldian 64.47 uaz 69.73 Naan5u
Fansy Aua1sy suinisldfuneanasa
waztnunadesluszausm (P, K, .) dn1sazas
Inunadaudeniign (50.41 fadnfusaniu)
atnslafimu nslimaanesauas nuna @i
(P, K, o) MliinsinsazanlamnanluiFunn

o ' o '

mmﬁzﬁqm 1.03 Hadnfureniy uargand
)NN33N35 (Table 5) flaAdeRmeLdn nsan
Buulnunadenlua1saca1a5199111989
arunrnann1sazaninunadanls 25 wlafidus
lunz\@ewe (Tsukagoshi et al., 2021) WAy
43 afidus luadas15a (D'Imperio et al.,
2019) SnAseiianunsnaanisazainunaides
Tuasannruldauazisnlenls 26 — 40 uaz 11 - 35
wafidus panatay d1usunisannisazan
WeaWasaluia nnsAnmineuntinaesdide
wua1 nrantsununeanasaluansazaneann
0.6 HaAlNaNT KH,PO, 11 0.2 uaz 0.1 HaAINANT
KH,PO, vinlvinaanefaazanludousiuaesadn
nruldmanasann 4.58 Jaaniumensy i 3.59
WAy 1.66 NaAnfuFansu A uanAL (Tadi et al.,
2022)

TunnsAnEEnLdn nsazannaaneia
Tuadnnauldauazisnldpil Aagseudng 1.89 - 5.39

a a o '

LAY 2.96 - 6.88 HAANTUABNTN MINAFL 9Tl

'
=

asmiedessiaRldsureanasa 0.1 Aaaluans
KH,PO, usladuiwunaidan 0.5 Faaluans KCl
(P, K, o) Ansazaunaanaiaiigandnnislaiy
Waanasa 0.1 Fadluans KH,PO, we ATy
Twunaidan 1.0 HadTuas KCI (P, K, ) atinadl

@ o o

Wed1Atyn 9aia (Table 4 uaz Table 5) LHasann

nsldsutnunaidenluseiuansinldiatinng
@mWMW@%@%ﬁ”mn%u (Osotsapar, 2015) JN14
n&UAuNLIN adasnlEaRldsutnunadan 0.5
aaluans KOl ua lasuneaanasa 0.3 Nadluans
KH,PO, (P, K, ) An1sazaninunaidenls
WANANSALNTIATL 1.0 AaRluans KCI wa ey
0.1 {8aTuans KH,PO, (P, K, ) nannslasu
veaesafigeiuduasaliinmgalnunaiden
I¥anan (Onthong and Osaki, 2006) yaNANL
falirunmaFauiacgaldinfanldgend
anslasulnunaidesludduinlnf (Ogawa
et al., 2012; Pujos and Morard, 1997; Tomemori
et al., 2002) TunnsAnEEnunrazan LAy
TusalEafsauds 46 wlesidus weamBunn
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Table 5 Phosphorus (P) potassium (K) and sodium (Na) concentrations (mg/g) of red oak lettuce shoots

grown in a hydroponic system supplied with various concentrations of KH,PO, and KClI

P P K K Na Na
Treatments concentration difference concentration difference concentration  difference
(mg/g) (%) (mg/g) (%) (mg/g) (%)
Py Kos 3.65b -47 50.41c -35 1.03a +46
Py Koo 2.96c -57 67.47b -14 0.59b -13
PyaKos 6.85a -0.4 69.73b -11 0.56b -18
PyaKio 6.88a - 78.10a - 0.68b -
F-test wx . .
LSD 5 0.53 6.58 0.16

Remarks: Different lowercase letters designate a significant difference concentration in nutrient solution with LSD at p < 0.05
** means significant at p < 0.01, the percentage of P, K and Na differences are the increasing (+) or decreasing
(-) of P or K or Na concentrations in red oak shoot in each treatment compared with sufficient P and K treatment
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