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Effects of Light Intensity, Nutrient Solution Compositions before Harvest and

the Time of Nutrient Solution Removal on Nitrate Contents

in Hydroponically-Grown Leaf Lettuces in Closed Plant Production System

Kyung-Hwan Yeo*, Gyeong-Lee Choi, Jung-Sup Lee, Jae-Han Lee, Kyoung-Sub Park, and Jin-Hyun Kim

Protected Horticulture Research Institute, National Institute of Horticultural and Herbal Sciences, RDA, Haman 52054, Korea

Abstract. The nitrate (NO3") accumulation of hydroponically grown leafy vegetables may increase in the condition
of a closed-type plant production system with low light intensity due to low activity of enzymes involved in nitrogen
assimilation and the use of NO3-N as major nitrogen source. The objective of this study is to investigate the effects of
light intensities, nutrient solution compositions and the time of nutrient solution removal before harvest on nitrate
contents of hydroponically-grown lettuces in a closed plant production system. The reduction of nitrate contents in
leafy lettuces ‘Cheongchima’ was higher in the treatments of “TW’ (nutrient solution removal) and ‘(NH4),CO5’ (use
of ammonium carbonate as nitrogen source) than those in other treatments, which significantly lowered fresh weight
and leaf area of the plants. In the light intensity of 100 pmol-m™s™, the nitrate content was effectively reduced with-
out causing any growth retardation, by substitution of the nutrient solution composition that NO;-N was removed
(‘NOs-N removal’ treatment) or the half strength of standard nutrient solution was applied (‘1/2 S’ treatment), for
7days before harvest. The effects of light intensity and the time of nutrient solution removal before harvest on growth
and nitrate contents in leafy lettuces were investigated. The nitrate contents in leaves under the light condition of
300 umol'm™s” before nutrient solution removal were lower than those of 100 or 200 umol'm™:s”'. The removal of
nutrient solution for 7 days before harvest quickly reduced the amount of nitrates in leaves in all the light intensities
with a greater degree under the 300 pmol'm™s™ of light condition, while the 7 days-removal with both 200 and
300 pumol'm™-s of light conditions caused decrease in 16~31% of leaf area and 20~35% of fresh weight, compared
to the 3 days-removal treatment. The nitrate contents were greatly reduced from 3,018 to 1,035 in 200 umol'-m?-s™,
and 2,021 to 480 ppm in the light condition of 300 pmol'm™s™!, with the nutrient solution removal for 3 days before
harvest, without causing any deterioration in growth and product quality. The vitamin C contents in leaves were
higher in the treatment of nutrient solution removal for both 3 and 5 days before harvest with the light condition of
300 pumol'm™-s! than those in the light condition of 100 or 200 pmol-m™s™.
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(MAFRA, 2016a), AJAH0L 12479 (MAFRA, 2016b)0Z
A2 TN 40%0VdS AT AeE FgE
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FHAFEUY o] o AFRE AHAE Tt 47
gk Zikdo] QAo falgh Aoz B 1997 157)
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(Barbara, 1987; Lee &, 2005), 2|4 8 @A 38 7]
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© FAARA AW Ak 7S g dAEE] vl
gk AFE FHSIAL((Benoit?} Ceustermans, 1995;
Oertili 5, 1987), YEANME= Arge] A8 W A
U 22k 3h(Ikeda®} Osawa, 1980), vlFie] pHoll
w2 Pof2hEe] HelF] HAFS 54 79 (lkeda}
Osawa, 1981y5°] HIHULE 5+ d=EaH dh
(NH,-N)E $AF 02 43 2HE2 4 (Ikeda®} Osawa,
1981), Ikeda®} Osawa(1980y= A5, Al&X] SollA o
A NO;-N F7ke} A =i e vlgEsehH,
NH,-N ©8A] A g A9 omgL'dll 77Xtk
3 Sk EUSelME 19903t RE AjaFel 2k
A g F87IF] g =97} Eas] WaEo] o
], ] AR A ) ARAH 5o AR
AtHChung 5, 1999; Lee 5, 2005). FE=3+ A5, v}
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29 FF(Lee 5, 1998a), NOs-No| % TE= NOs-N :
NH,-N H&(Kang?} Kim, 2007; Lee 5 1998b; Oertili
5, 1987; Park 5, 1994; Son, 2000), 5~ 2 ujjoFeiy
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B AFe FARER HXvPASF(Lactuca sativa L.
‘Cheongchima’, Asia Seed Inc., Korea)s AF8-3l3oH,
SHLAEZASH Ao AT A W &8 HAE A
LA 2H] (69%70x 185¢m, LxWxH)YHGE-02TC, ParaENT
Inc., Korea)d|ol|A] SHRE~EX]] TAE 5k & <
2097 SHEIAAL, £Fo] 3~4m) AAEUS o, 2T
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1. M oMl 8 M Uolixy dy 37H

HHAE A=A 2R ApiEES &% 22.0+2°C,
AHEE 60+10%S] 202 23t om, Aujr)2H)
o] <lF BAL 40x575mm  L|FH=B T (EEFL,
external electrode fluorescent lamp, ParaENT Inc.,
Korea)S AMg31$13, 257 EEFL @2} v pCo
Z 7 59%53x3.5em(LxWxH) Z7]9] 39S 2o
2 AX38ITE. EEFLEYL Apin= nieio 2 5E
30cme] =o|E AXEAA, == 110£10pmolm>s,
FZHORE] Aole 15h/ohE A7gsoith. FU o EHE
30cm HollA E3-3=A|(Li-1800, Li-cor Inc., USA)ZE
=43 Bt BEE= Fig 13 2o} Aol AME-3 ul
A FHAAERHE A BEGH(N-P-K-Ca-
Mg=9.2-3.6-5-3-1.5 me'L)S 7|8 FAxAgo = A8}
Aot HiFAe AHFTA(ebb & flow)e] =2 74
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Fig. 1. Spectral distribution measured on 30cm from the EEFL
(external electrode fluorescent lamp, ParaENT Inc., Korea) light
sources in the closed-type plant production system.
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Oh(H71”R¥71)e] 21X 35Ee] BE=E A st A=
S Auisiict. 39S EEFLS Aol A3, &
AAePdFES 100£10, 200+£10, 300+10pmolm>s7'e] Z71
AN YF7IE ASAIZ v g 3, 5, B 7Y A G
BEFe Tkl UFE FFste] FHEA H2E o)
Aok AS7IREEE AS, A ZA, B ¢ 3
59 ¥3E 2ARINOH. YETE 100pumol-m>s'e]
oA FHzde] wsiglo] FEYI7HA Al A
FFGAES AL FES] ApfEth widdS pH
5.5~6.5, EC 1.5%0.05dS'm"'Z2 AHF2l(ebb & flow)
o] =8 FAANY A oR AedhE o] FHEA
AEAY ANy T A4S S8 AdgE 3~41
AS AFE] A Alza F EFRE & ) ol %
sl Ul PR TR FHS 5000rpmOE 10%3E
QARSI A5de ImL FHslal 9] S-S
7kt 3148k ths, 3]4HE& IC(lon Chromatography)
(ICS-5000, Dionex, USA)Z #2314t} HIEM C =

Table 1. Nutrient solution formulations applied to the green leaf lettuce ‘Cheongchima’ for 7 days before harvest in the closed-type plant

production system with the recirculating ebb and flow hydroponics.

Macro element (me-L™)

Treatment
NO;5-N NH,;-N P K Ca Mg SO,4-S
Control 8.0 12 3.6 5.0 3.0 1.5 1.5
™ 0.17 - - 0.12 1.32 0.34 0.80
172 S 4.0 0.6 1.8 2.5 1.5 0.75 0.75
NO;-N removal - 1.2 3.6 5.0 3.0 1.5 6.5
(NH,4),CO4 - 6.5 3.6 5.0 3.0 1.5 6.5
AIMRO-AESE, M267 M4S 20174 395
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Fig. 2. Changes of leaf area, fresh weight, and nitrate (NO3") con-
tents in the green leaf lettuce ‘Cheongchima’ hydroponically

grown with different nutrient solution treatments applied for 7
days before harvest.
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9 C ol 7Y =a, AW 3 A 7R A
Hhd, TW X272 21.7mg/100g14] 10.1mg/100g0-=
28 ol 7RSI oA AellA FAlFY AW A
A HIER ¢ FERe 99 AAEIATE Qlo, tiAlE
A Fid o] E2 Aol HlER C ol
vtk By E Qe (Kang?}d Kim, 2007; Shou &,
2007; Toor & 2006), & AFolM= 48 A A=z
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Fig. 3. The vitamin C contents in the green leaf lettuce ‘Cheongc-
hima’ under the closed hydroponic system with different nutri-
ent solution treatments applied for 7 days before harvest.
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Fig. 4. Changes of nitrate contents in hydroponically-grown green
leaf lettuces ‘Cheongchima’ as affected by different light
intensities (100, 200, and 300 umol'm™>s"') and the time of
nutrient solution removal before harvest (7d , 7 days before
harvest; 5d, 5 days before harvest; 3d, 3 days before harvest).
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Table 2. Growth characteristics of the green leaf lettuce ‘Cheongchima’ hydroponically grown at the different nutrient composition for 7
days before harvest

Treatments No. of leaves Leaf width Leaflength  Chlorophyll content Leazlf area Fresh weight

(cm) (cm) (SPAD) (cm?/plant) (2)

Control 20.5 ab’ 11.0a 205a 228a 920 ab 329a

™ 20.0b 10.7 a 20.1 a 209 a 922 ab 328a

1728 21.0 ab 103 a 206 a 228a 1044 a 36.0a

NOs-N removal 21.8a 11.1a 204 a 21.0a 1079 a 358a

(NH4),COs 21.8a 112a 216a 224 a 873 b 26.1b
Significance” * NS NS NS * ok

“Probability of significant F values: NS, *, ** *** : non-significant or significant at p<0.05, 0.01, or 0.001, respectively
YMean separation within columns by Duncan’s multiple range test at P = 0.05

Table 3. Growth characteristics of hydroponically-grown green leaf lettuces ‘Cheongchima’ as affected by different light intensities and
nutrient solution removal for 7, 5, and 3 days before harvest.

Treatments Fresh weight (g) .
— — No. of Leaf width Leaf length Chlorophyll content Leaf area
Light 1nte_12151_tly DBH Root Leaf leaves (cm) (cm) (SPAD) (cm*/plant)
(umol'm™-s™)
0 (Control) 1.25 13.8 16.5 7.25 18.2 26.3 474.5
100 7 1.25 13.5 17.0 7.50 18.0 25.0 458.1
5 1.80 13.8 15.0 7.25 17.2 242 446.5
3 1.50 14.7 18.3 6.60 17.4 25.6 470.0
7 3.77 22.8 20.7 7.50 16.9 27.0 547.6
200 5 3.08 22.0 19.7 7.80 17.9 273 515.1
3 3.63 35.1 21.0 9.10 19.1 27.8 796.4
7 3.00 26.9 223 9.67 17.8 333 598.2
300 5 4.13 27.8 22.0 9.70 16.5 322 621.5
3 4.73 33.8 223 9.90 18.2 373 711.9
Significance”
DBH * kK ok ok NS ok *okok
LIxDBH NS NS NS * NS NS *
“Probability of significant F values: NS, *, **_ *** : non-significant or significant at p<0.05, 0.01, or 0.001,
respectively

*The time before harvest; 7d (7 days before harvest), 5d (5 days before harvest), and 3d (3 days before harvest)
X100 (100 pmol-m™-s), 200 (200 pmol'm>-s), and 300 (300 pmol-m?2-s’!)

Aot 3 e gaol BYS IYRIZIAEE 29k 3t 1 B St wel AAEsH g4 E F
A A s AT, B 250, 125 2 TRt FE EAEE AESH NOR SrA A
62.5umolm?s'2 -] AFE FAA) & Fukuda  AE3lo o] 83sy] wWliEl oz o] Hrh(Lee T,
5(1993)] Ao E Aakede] Fake 250umolm™s!  1998¢). E A 100, 200 2 300umol'm>s'e] F
o] oA 7FF Eokthar RSt Aol wEt A 2ol 8 7, 5 2 3d A EA ARE o F

T zpole ot duF o AUyt uPE Fystel] AW BAHE S AR A 3] B2 BT
A AaEs B o] a1, A FA ke FE 7Y A GHEAR O A Fikdo] 7 YAl U
e Foz Hawo] Qlth(Larouche &, 1989). =2  EfSTH(Fig. 4). 53] 300umol-m™>s'e] F=o} 48 7Y
BezolA g 2] A Fwo] e Be A AR Y] AEA @A) mE Aavs
Ho} 2goe Bt A dalkde) ko] He o B & e, A i A 2 ke 58
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Fig. 5. The vitamin C contents in the green leaf lettuces as
affected by the nutrient solution removal for 3, 5, and 7 days
before harvest and different light intensities. [DBH (days before
harvest) ; 3 DBH (3 days before harvest), 5 DBH (5 days before
harvest), and 7 DBH (7 days before harvest)].
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