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Effect of Nutrient Solution on Growth and Quality of Lettuce (Lactuca sativar L.) cv. Green Oak

in Hydroponics System
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Abstract

Lettuce (Lactuca sativar L.) has nutritive value and has become a popular vegetable. However, consumers
have become concerned about the amount of nitrate accumulated within hydroponically grown lettuce.
This experiment aims to study the effects of the nutrient solutions Alan, Enshi, NSRU 1, NSRU 2, and NSRU 3 on
the growth of lettuce (Lactuca sativa L.) cv. Green oak quality and on nitrate accumulation when used in the NFT
hydroponic system. The experiment was conducted under Completely Randomized Design (CRD) with 6
replications (4 plants/replicate). The results showed that the Green oak lettuce cultivated in NSRU 2 nutrient solution
showed the highest leaf width, canopy width, shoot height, and shoot dry weight, all of which were not significantly
greater than those results for lettuce in NSRU 1 nutrient solution. Moreover, NSRU 1 nutrient solution provided
the highest growth in terms of leaf number and shoot fresh weight. The analysis of the quality of Green oak leaves
indicated that Green oak lettuce cultivated in all nutrient solutions gave similar figures for moisture (95.13-96.16%),
fat (3.33-5.07%), ash (17.9-20.4%), dietary fiber (11.26-17.30%), and calcium (0.08-0.14%). From the analysis of
nitrate accumulation in Green oak leaves, it could be seen that Green oak lettuce cultivated in the Enshi, NSRU 1,
NSRU 3, Alan and NSRU 2 nutrient solutions had nitrate contents of 332.97, 524.09, 701.05, 937.59 and 1,019.87
mg/kg FW, respectively, which were not over the limit established by the European Commission Legislation,
which was 3,000 mg/kg FW.
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snpensTinefesnsldetnamsnzan @an nesesi, 2550) amidaanunsnantlaymisauazusasiitnazasluiu
uenannifszuunsUgniilidAuanansnauau Binnuazanneesitsdn ldesaldsz@ninm  uazansnsnnan
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Aunsageydnin Annn uaslEnadlumsnaesinadnlusruudgnivalng Wilaisazaneanensiuadiusadgn
WULA AN ) {F2n91 Nutrient Film Technique (NFT)

q8nsAnE

n1sANIUNISIAE

naufFeUTiILAN9aANLSARIMNIGATANN ] AN1339UNUNNINARBLLL Completely Randomized Design
AU 5 Amnags 6 1 “ Fu) wnzwiadnadaaneiugiiulinludiadauansen wa. 2561 asuussiunani
mmmmmwmm 1 x 1 i1 uazlanzasnastaurashdwiulduin m%lmuﬂmml,mmm‘lmm mqvlf?lumu
ileeny 3 fundamnz wdnazusenliheaninaeiuaaunnsils uazinmszduiviumanarainesavilnemeni
Setnadeengary 7 fundamznda defundadizewine Tefezaslgn 5 wufimes lussunlaleatniing
WL Nutrient Film Technique (NFT) uazinlsfansazanssinaivsiiumnsingii a1uau 5 gas ldur geses Alan
(Cooper, 1976), M7 Enshi (Shinohara and Suzuki, 1988), §n7 NSRU 1, gn3 NSRU 2 Lazgms NSRU 3 IQEQM? NSRU
74 3 anndlugmeasazarefiflannausnsres Sl (Table 1) Anadudusesaisazanasnenmnsiliiide
AnaanReny 7 9w waz 14 du dAan1sin Il (EC) Wiy 0.4 uaz 0.6 HadTNudbormufunAg (mS/cm) MNAIAL UaY
Lﬁ@ﬁﬂ@ﬁmﬁmﬂ 21 FUNAUNIZINGR %fi’ﬂﬂm‘fﬁxﬂqﬂﬁﬁmiwmaLLm 50 wlafiusl szaznaiiiglduuaslszanos
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aufafufefiany 42 Fu drwsuauidunse-wa (pH) flAszudng 5.56.5

Table 1 Concentration of different nutrient solution.

Concentration (mg/l)

Element

Alan Enshi NSRU 1 NSRU 2 NSRU 3
N (NO,) 200 192.71 203.15 175.5 131.77
P 60 60 60 60 60
K 300.72 313.04 293.09 183.5 156.98
Ca 170 170 170 170 170
Mg 50 50 50 50 50
S 68.46 64.38 59.84 51.92 38.94
Fe 20.54 6.136 19.85 6.136 4.94
Mn 3.782 1.308 0.837 1.308 0.992
Cu 0.195 0.04 0.712 0.04 0.04
Zn 0.193 0.048 0.561 0.048 0.048
B 0.537 0.972 0.433 0.972 0.972

Mo 0.399 0.019 0.0059 0.019 0.019
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fraasniinlannfige deduinfilgnluansazarasigensgas NSRU 1 Sl LL@zﬁwﬁﬂmﬁumnﬁqm
Winfi 16.90 U WAz 78.00 N3 muﬁﬁﬁﬁﬂﬂLLmﬂmqﬁuﬁuQm NSRU 2 #ifisruanilu uaztwinaasi winiu 16.21 1
uaz 7054 niN AWAL uazduinadniidgnlugnsazatssmaegms NSRU 2 Sarundily waztiminusis
mm’?‘imm WINAL 14.14 LIURANAT waz 3.00 NN ANAIAL %avl,mmnﬁmﬁuﬁmm NSRU 1 7iflpansindnslu uaztiwiinudy
WAL 14.09 IURIAT WAL 2.98 NFN ANAIFL daupanundramsauinadaugiulEATgn luasazatsRe e
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Table 2 Leaf width, canopy width, leaf number, shoot height, shoot fresh weight, and shoot dry weight of green oak

lettuce after growing in different nutrient solution for six weeks.

Shoot fresh Shoot dry

Nutrient Leaf width” Canopy width" Leaf Shoot height" . ]
weight” weight"
formula (cm) (cm) number” (cm) p p
(g plant’) (g plant’)
Alan 12.74b 24.91bc 13.59b 13.96ab 49.96b 2.42b
Enshi 12.62b 24.23¢c 12.53b 13.10ab 40.72c 1.59¢c
NSRU 1 14.09a 25.34b 16.90a 14.42a 78.00a 2.98a
NSRU 2 14.14a 27.33a 16.21a 14.51a 70.54a 3.00a
NSRU 3 12.42b 24.98bc 12.46b 12.73b 47.56bc 1.97bc
F_test * % * % *% *% *% *%
CV (%) 7.16 3.99 7.75 7.54 9.37 12.78

Means in the same vertical column followed by the same letter are not significantly different at 5% level by DMRT.
** = Significantly different at P<0.01.

ﬁnmﬁmﬁﬂ@.ﬂhmmxmﬂmrﬁ;mmmm NSRU 1 uaz NSRU 2 dinawaseyiiulannnndnges Enshi way NSRU 3
esandiunadlumemuinndn (Table 3) et ld5u lumsmazgniaeuidululased Ineewlml nitrate reductase
anntufrasdeululnsdiduentuds uwazwdsuliiiunsaeyilu Lﬁ@ﬁﬂﬂﬁzﬁﬁﬁumm’%mLﬁuim (Taiz and
Zeiger, 2006) danpdasiunanmeaadlunguuandliiiudn Shnssenaanetedlufiaaasiiesnaneluaes
LL@vmimmmiuwm@u 7 anuaneaiaf s luinueapeaii 94mmmfmwLuuuwmmmiumam‘l,umamumwLﬂu
Y0 INTNPILALTILIB AT UAZN19TRIUIN9T897 (Dechorgnat et al., 2010) wisaiuluianadayaynos Teiunuan
yilfAamalanuulamsatarludsing q gy naiauwnsn el nainfseunda uazniseannen
(Medici and Krouk, 2014) mumrmmaumummmmammiﬂmmnmimLm%w,l,miﬂl,ﬂﬂmﬂmmu,ﬂq uaznIzauly
dpmziueulnlaeniudan (Femke et al., 2014; Ruffel et al., 2014) uananniianadiniusresdndausnaimsiil
ﬂ?mmmmwﬁzﬁg@umm:mmiﬂmm?ﬁyLﬁu‘immﬁﬂmﬁmﬁuﬁﬁmmz&’ﬁﬁm AN NAIBTIN (2550) FENIUAAGIU
mﬁ;'mmﬂuﬁqﬁmmwmmﬁwi”umm?mLﬁuimmﬁﬂmwm e NO, : H,PO, : SO,” L‘Vl’m‘LI 60-80 : 5-15: 10-30
uaz K Ca’ 1 Mg® winriu 22-66 : 22-66 : 6-18 T9ANTAZANHINARIMNITBNUNARBIHNNGATTANALENAR NS
Uszquanuaziszqauerlutaauvunzanil (Table 3) WAZENANINZANTAZANESNAEWMIEAT NSRU 1 WAy NSRU 2
fidndaunes NO, wnndigaed 7 UszmalneRuasuandavinldfmanunsovi lumsellAuwidunsaesfilusg
Taunn MIiesRuinlan (Fuandine BUAN. 2557) @qgenndediUNIIMAfedtas 39LANR WIHBUTU (2546)
PENNUINANTAZAEEINBIUNIGAT Resh Tropical Dry Summer ﬂ?:ﬂﬂ‘urﬁ?fmzﬁvmzﬁ'qummﬁmmmiﬁﬁﬂ?zqau T
(NO,) : lalalasiaunaams (H,PO,) : dawn (SO,”) winil 67.4 : 12.3 : 20.4 uavtlszquonTnunadaleasu (K
upadanlaany (Ca™) - uuntidaulanau (Mg™) Winil 41.2 1 51.4 : 7.4 munzansanisaasyifuinuesdinnianney way
fdndaurassmansTninadanuazuaaidonlndifesiu Wudeniuasazaneanennsgns NSRU 1 filsnmamns
Tnunadenuazunaidanludndon 47.48 : 46.26 L‘wm:Lﬁfmmnﬁﬂ@mmm:mamqumiﬁﬁiwme%mummﬁuiﬂ
foaziudlnunaden s lonbin i aunadon suiudenslimgennslusandiugnieanzaitelety
NTUNABIRBINNT (ALTN NBIBTIN, 2554) WANAINAL 1IN ?ﬁ*uﬁmﬁq@ LAZTAN WAy (2552) 91841191 BNNIAREN
v‘v”uﬁwm‘té”ﬂﬁﬂ@mﬂiumammﬂmﬁlmmizﬂm Resh Tropical Dry Summer waz Enshi finiswaseyiiiulafiandd
tTnmmmuﬁuq’wm‘lﬁﬁmﬁﬂ@uﬂ‘lummmwmam‘mizgm Lettuce wax DTWCT
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Table 3 Nutrient concentration and proportion of macronutrients in different nutrient formula.

Concentration (mmol/l)

Nutrient formula

NO, H,PO, SO,” K* Ca”' Mg**
Alan 3.22 0.61 0.71 3.19 3.03 0.41
Proportion (70.93) (13.44) (15.64) (48.11) (45.70) (6.18)
Enshi 3.1 0.61 0.67 3.32 3.03 0.41
Proportion (70.78) (13.93) (15.30) (49.11) (44.82) (6.07)
NSRU 1 3.27 0.61 0.62 3.1 3.03 0.41
Proportion (72.67) (13.56) (13.78) (47.48) (46.26) (6.26)
NSRU 2 2.83 0.61 0.54 1.94 3.03 0.41
Proportion (71.11) (15.33) (13.57) (36.06) (56.32) (7.62)
NSRU 3 2.12 0.61 0.4 1.66 3.03 0.41
Proportion (67.73) (19.49) (12.78) (32.55) (59.41) (8.04)

Note: Proportion of Cation-anion balance is calculated by percentage of summation the cations (K+ +Cca’ + Mg%) and anions
(NO, +H,PO, +S0,7).

mm’mLmﬁ”uﬂmmw‘lumummﬂ?”nfaum\aLrﬁmLLW‘]J?‘MMMLWM@@mﬂmmwuﬁmu‘ifaﬂwﬂ@ﬂi‘umm”@m
81621%139UIU 5 gM3 (Table 4) Wudn mﬂmmmﬂwuﬁmui@ﬂmﬂan‘lumm”mﬁmmm‘mi W4 5 qn3 flAnuan
95.13-96.16% NVL‘I.INLL Vel 3.33-5.07% Hiidn 17.9-20.4% LH@SLEI 11.26-17.30% wazLAALTEN 0.08-0.14% d8AARRSTIL
Kim et al. (2016) lda1eanudn dnnnavesfuinisiBinadlasium uaniluunasiaseadulaanms a19an Tiam
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Table 4 Moisture, fat, ash, dietary fiber, calcium, and nitrate content of green oak lettuce after growing in different
nutrient solution for six weeks.

Nutrient Moisture Fat Ash Dietary fiber Calcium Nitrate (NOS')ﬂ
Formula (%) (% by DW) (% by DW) (% by DW) (% by DW) (mg kg'FW)
Alan 95.13b 3.33 17.9 11.26b 0.10bc 937.59a
Enshi 96.09a 3.81 20.1 13.48bc 0.12ab 332.97c
NSRU 1 96.16a 5.07 20.4 15.61a 0.08c 524.09bc
NSRU 2 95.74ab 3.84 18.9 14.36ab 0.14a 1,019.87a
NSRU 3 95.81ab 3.87 18.9 17.30a 0.08c 701.05b
F-test > ns ns * * *

CV (%) 0.50 20.34 7.6 9.44 13.22 22.59

Means in the same vertical column followed by the same letter are not significantly different at 5% level by DMRT.
ns and ** = not significantly different and significantly different at P<0.01.
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