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2013) » BBEAEDLEHE R AT CRMTE
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B A 56 cm (L) x 36 cm (W) x 20 cm (H) F
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e BRI EERZEAER - A FHEN
BEREE S E A SRR 4247 3-5 &5 -
Bt FH#FE 1,500 2 2.15% KU T 2L (ema-
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VR TR o A AR R A
RPN TRrE 7 0 - R R T4 -

PRUBTREN EHBD IR R IR
AT T R e W2 0 Al
FIERREH LR RUR  REE A LIk
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# 1. AEIEREEHE ZEEARERSE -
Table 1. Codes and various nitrogen contents in fertilizer in different fertilization treatments.

Ordinary No. 1
Treatment Organic Urea superphosphate ~ Potassium composite Total
code Treatment description fertilizer ~ [CO(NH,),]  [CaH,(PO,),] chloride (KCl) fertilizer” nitrogen

kg ha

Fl1 1x top-dressing - 10 150 30
F2 1x basal + 1x top-dressing 3,750 50 25 60 150 203
F3 2x basal 7,500 100 50 100 346
F4 2x basal + 1x top-dressing 7,500 100 50 110 150 376

“No. 1 composite fertilizer includes N, P,O; and K,O in ratio of 20 : 5 : 10, respectively, made by Taiwan Fertilizer Company (TFC),

Taiwan.
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110V~ IR 10 W TR aEHiT
1) A4 A (BEE 110-120 V ~ 7R 23 W »
EBMABETAE - ABEIH) -
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lamp; CFL) - A TR ENEE S EREE ETT
0.85 m - FEMH MRS & B DA R E BERE - 5
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£ K98 1.64 pmol m™ 5™ » f1)H 6500K »
Philips Helix EY¢68) > DIARIEE R EIE4H (no
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EfEM EE - DU AE RS I LS & & - HU 300
g BT EE S > DISSEH (Model 275, Norwalk
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osmosis) 277K o FHHIEE 1 mLJEGAR
PLEEETF/K (deionized water) EEZE 20 mL1%
B R 100C/K A HE N AIEL 30 min - 72 411%
HMAJE4K (Whatman, No. 5) 378 HEER B
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78 (daily mean air temperature, C) ~ H & =
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Design; CRD) » R RE B2t #E il - 4 1 >
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Table 2.

sativa var. ‘Ming Feng No. 3”) cultivated under protected structure from May to October in 2012.
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1EfS S tipchs > BB R WHE 3 5%, (Lactuca sativa var. ‘Ming Feng No. 3°) 22012 £ 5 H&E 10 H

The accumulated and mean values of climatic variables during different growing periods of lettuce (Lactuca

Temperature Irradiance Sunshine hours Relative humidity
(T) (MJ m?) (h) (%)

Growing period Duration (d) Sum Ave. Sum Ave. Sum Ave. Range Ave.
1 05/21-06/24 (35) 950.7 272 561.9 16.1 167.8 4.8 73.1-94.5 84.4
2 05/28-06/27 (31) 8525 275 472.5 15.2 1334 43 73.1-94.5 85.0
3 06/04-07/04 (31) 8664 279 473.5 153 132.9 43 73.1-94.5 83.7
4 07/06-08/05 (31) 886.4  28.6 505.4 16.3 170.7 5.5 70.0-96.3 81.2
5 07/13-08/13 (32) 905.7 283 487.0 15.2 152.8 4.8 71.1-96.3 81.9
6 07/20-08/20 (32) 894.8 28.0 4525 14.1 136.1 43 76.2-96.3 84.1
7 07/27-08/27 (32) 896.5 28.0 458.6 14.3 145.9 4.6 76.2-96.3 83.5
8 09/10-10/10 (31) 808.0  26.1 550.1 17.7 263.8 8.5 69.0-83.7 76.5
Mean 32) 882.6 277 495.2 15.5 162.9 5.1 72.7-94.1 82.5
g B E E R H A B S A T 2 6000

RERCT - B 2ARCE I | B e E _ e
I BE T R S B AR K > 849 1,200 mg ka™' > Dusoof 203kgN - ha'
PAHAMNBR IR R i i L INE K - B RAE £ -
I PR RGN B DUBE FERA R AE R FTR (Hsiao 5 000 346 kg N - ha'
et al. 2013) - 2 fZFLHE (346 kg N - ha™) & S
PO SR 1 AT + 1 f5EHE (203 kg N - ha™) £ 1500l ® an -
Him o AEEZ HHREEEAIZ41,200 mgkg” z

AR RE DL PN 2 s B A R = B 0
%%Z# ° ﬂ:tﬁ[\ ’ Hﬂﬁ@%ﬁﬁﬁ@ﬁ%ﬁ?@*ﬁ 1X top-dressing 1X basal 2X basal 2X basal
AIEMEG ANE T - & E 3 U SoK 73 ke 1X top-dressing 1X top-dressing
Z0E5E > HASIEN A S % E T8 O PR Nitrogen fertilization treament
(Fan et al. 2014) > NILSEAEHERDENR B 1. (£ 55005 2 BB %39,

BB TES 2 2 W o Al T T A Y e Y
B EREEE 2 BEE + 1 81 (376
kg N - ha') BHIT - gERMERRAE SRR S
HIERAFr B S E > HINEHE 2SR 4,500
mg kg ZRSEEE SR o HILEFCAE BT 0 1
AR + 1 f238H0 (203 kg N - ha™) HiAE 574
BT DAfE B A A B D B R R B
R (EERESEEERE) - B SHEEE
WP 77 5 R A e B B TR o B S
4 B A (R AR MR 2 SR 22 I B Y T B 1
SHEEHE -
TEHE B R e
%7 ([ 2) > B

I

& B BUE R A REIRE Z B
LR MCR S - HHARAE

(Lactuca sativa var. ‘Ming Feng No. 3°) j* 2012 ££ 5
A 10 Al - AR E SRR & 2 AR
WIS R - AESIEE 2 AR B B E T
W] (FERETR 15-17 d) DAESAE RGBT - BAE 1
ABHE 1 EARRE + 1 fEEAE - 2 R R 2 fEARAE +
| fHEAEE 4 4G - S () a'sEoinE
530 ~ 203 ~ 346 f7 376 kg N - ha' o

Fig. 1. Effects of different amounts of nitrogen fertil-
izer applications on nitrate content of lettuce (Lactuca
sativa var. ‘Ming Feng No. 3”) grown under protected
structure from May to October in 2012. Basal fertilizer
and top-dressing were applied before seed sowing and
at two weeks after seed sowing, respectively. Total ni-
trogen was calculated as 30 kg N - ha™' for 1x top-dress-
ing, 203 kg N - ha™' for 1x basal + 1x top-dressing,
346 kg N - ha™' for 2x basal, and 376 kg N - ha™ for 2x
basal + 1x top-dressing, respectively.
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(Lactuca sativa var. ‘Ming Feng No. 3°) DUR[E E AL
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Fig. 2. Changes in plant height, aboveground fresh
weight and leaf number in plants of lettuce (Lactuca
sativa var. ‘Ming Feng No. 3’) grown under protected
structure with nitrate contents of plants that treated with
varied amounts of nitrogen fertilizer.

0% FHa4M

HE Z B fRoR BT DU AT R i A
MRS AL R S (R (R - FL2 > B FH M IR
BEAE RIS - B RE S = B R
BIEM s BmaER - Wit > Asllams S
HERHEFRKERRE  AICEHE TS
& (4,500 mg kg') 2 MEASHIEAEE - —ALMERS A
ZHH B B AR R BN 0 A1 2 DAL A A - 2T
Lt (RSN T~ SAEEYIMERS) R
REfCE > HEERB S NS B8 - BE
EYHREREFEAREE  B8%2EFEY
(AOEESEIE) B B9 R AR AT AT TR WSO F v 7
REEE - NI > 0RE & ELBIUE A 0F IR RE R i
BRREEIE - R o] B R 43 TR P 2 Y I B R e
BAEY) (K% - Fhi K EORE) T
A~ AR R (Li et al. 2013) © HEREES
EFAREISEEE o R T R R -

FENREHINOIRERECERESE
ERERRESENTE
ERFREWHRER (&) BTN
B RERDRI UL ~ ML ~ R RAERE REEZ
ERE s B TR ZS0 BB
IR - RIS SO BN BN RS B
b (Wang et al. 1998) - AN 52 ELEL 4 FE EHE
TE 6 A TOEFERE P AV R & 8 - T4
REHAFEL L AR AR 2 FEF
M EER - HEA RO Z AL
BER > R A FEEREA R AR
EENRESEAMIE (R3) HELEEE
BEeBENATCREILSIEHE -
ERSTEE S ERUATERSNMG T 6 h AT

3. VUREEE R 6 Feoit e jr FEH 66 B 2 o 1 1 I B
1 %4 Vb

Table 3. Analysis of variance (ANOVA) for of 6
lighting treatments under four nitrogen application rates

on nitrate content of lettuce (Lactuca sativa cv. ‘Ming
Feng No. 3°).

Parameter df F

N application rates (N) 3 6.06"
Lighting condition (L) 5 650.11"
NxL 14 10317
Error 71

"denote significance at 1% level.
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SR RS R - MRS 2
JE (2 4) - slE&E RBURER T F2 HURIEE AL -
HoAtr 5 78N THERE A E SRS B
WikEeER A N EEE ZHEER - fiks
HERLEY F4 BB op > BEA B EERY A4 &R (E
2) AERBEATRABE T 2HEBRE S E
A S E 4,652 mg kg o DU/ INEEE MR 2 SN B
(least significant difference; LSD) 4558 »
W UM IR A SR R B 2 & o LR
FALCRRESEEGEHEESE P
&2 B LEDy )4 LEDp.1r ﬁ%%”@iﬁﬁ@gag
K ZE 4,003 mg kg K 3,586 mg kg B4y
FEAl 14% % 23% ZEE > M2 K~ ELB B
ANEOELLEE - TR T 15% - %8 (Mat-
sumoto et al. 2010; Samuoliené et al. 2011) $5
tH A [ e S RS2 O B T i 6 1 B
GEZFMEFAEEE > DURERELG 2 BE4L
JEAIE ‘Greenwave’ & Al HHEE S &
B 453,000 mg kg DU AL E Multired
4 Bl EEEE ‘Multigreen 37 [ infd LAALE
SR AT (AT B Y B & B = 2 56% 0 MR
SHEEEE ‘Multiblond 2 £CHBAT LIRS (& A1

ks 6 BB EEE - AWFEAERNZ B
B39 BEESECFHECN R A RETH
BB & B 2 IR IE - BDUIN EADEIR - T
BTG 2 A B R RERAATS TR I LAER T -

AN L Z O IRIBE T » RULATLR 6
hFTREEEN 0.3 E®E [(10Wx6h x5
bulbs m™)/1,000 ELHF (kW h)] - B (A ER U
BRET - RIS — B RASIH - Raf b
TRV IR IR P /2 73 A W5 28 (R B9 i B 2 U
J5LL LEDy k2 ELB 73 eI 4 h K2 6 h > fg
B S B 2 (B ER NSRS R
RS5) o EEBCA RO Z B > 4 h f 6 h Z5¢
B PR P e A P (AR B B 2 & - DL LEDg [
5o #EZR 6 h ERBURISERY 4 hoLIRFR
AT EMERAT 4 h Z A HE D -
ELB 7 2 fé ' IR [ 35 5 671 09 Bk B UR R A
BERR > BURNERDCIRISEZE 4 h (] Z ]
P AR B & EAUR - SritEUBRGE R - (EENRE
FEME - 4 hOBIRERE R HERAS S (H
EEO02EE) HEHEEMFIRHRESE
ZIEHREFAE () -

il

S

4. (ERARMRSE ZEEHE TR 398, (Lactuca sativa var. ‘Ming Feng No. 3°) £ i % & EHAH A 1E
FEDEHREERE [&%5¢ " fMle (LED) RABEEE N TOUR] THERMRES 2% - LREE AR

W H 2 R8T 6 h B

Table 4. Effects of lighting treatments by light-emitting diodes (LEDs) and energy-saving light bulb (ELB) on ni-
trate content of lettuce (Lactuca sativa cv. ‘Ming Feng No. 3”) applied with different amounts of nitrogen fertilizer
cultivated under protected structure. The lighting treatments started at 6 h after dawn before harvest.

F1” F3 F4
Treatment Nitrate content (mg kg™
No-light control 1,227 a* 3,966 a 2,771 ab 4,652 a
LEDg" 56d 3935a 2,557 be 4,003 b
LEDg 836 b 3,896 a 2,994 a 3,756 b
LEDy. 624 be 3,869 a 2,559 ¢ 3,586 b
LEDsy. 5 818 b 2,471 be 4,615a
ELB 534c¢ 4,090 a 2,391 ¢ 3,935b
LSD, s 230 250 471

“F1, applied 1x top dressing at two weeks after seed sowing (a total of 30 kg N - ha™); F2, applied 1x basal fertilizer at seed sowing
and 1x top-dressing at two weeks after sowing, respectively (a total of 203 kg N - ha™); F3, applied 2x basal fertilizer at seed sow-
ing (a total of 346 kg N - ha™); F4, applied 2x basal fertilizer at seed sowing and 1x top-dressing at two weeks after sowing (a total

of 376 kg N - ha™), respectively.

* Within a column means followed by the same letter are not significantly different at the 0.05 level of probability by the Fisher’s

least significant difference (LSD) procedure.

*LEDg: 10 W blue light LED; LEDy: 10 W red light LED; LED,y,,: 10 W LED with combination of 3 blue light and 1 red light;
LED;. 50 10 W LED with combination of 3 red light and 1 blue light; ELB, 23 W energy-saving light bulb. LED: light-emitting

diode.
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-

Table 5. Nitrate contents in lettuce (Lactuca sativa
var. ‘Ming Feng No. 3°) applied with F4 nitrogen fertil-
ization” and different lighting treatments with blue light
LED (light-emitting diode) or ELB (energy-saving light
bulb) in 4 h or 6 h before harvest grown under protected
structure.

Treatment Nitrate content (mg kg™)
No light control 4,653 a’
LEDg-4 h 4,240 B
LED;-6 h 4,030 B

ELB-4 h 4,066 B

ELB-6 h 4,235 ab

LSDy s 494

“F4, applied 2x basal fertilizer at seed sowing and 1x
top-dressing at two weeks after seeding sowing, respectively,
with a total of 376 kg N - ha™.

¥ Within a column means followed by the same letter are not
significantly different at the 0.05 level of probability by the
Fisher’s least significant difference (LSD) procedure.
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Fig. 3. Relationship between nitrate content and CO,
flux (i.e., photosynthetic rate) in lettuce (Lactuca sativa

var. ‘Ming Feng No. 3”) grown under protected struc-
ture from May to October in 2012.
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Effects of Nitrogen Fertilizer Amounts and Lighting
Treatment before Harvest on Growth and Nitrate
Content of Lettuce (Lactuca sativa) under Protected
Structures

Chiao-Ling Hsiao', Chia-Hsun Ho’, and Chwen-Ming Yang™*’

Hsiao, C. L., C. H. Ho, and C. M. Yang. 2021. Effects of nitrogen fertilizer amounts and
lighting treatment before harvest on growth and nitrate content of lettuce (Lactuca sativa)
under protected structures. J. Taiwan Agric. Res. 70(4):299-309.

Abstract

Accumulation of nitrate content in leafy vegetables is affected by not only genetic factors but
also nitrogen (N) fertilization and lighting conditions during plant growth. Pot experiments were con-
ducted under a protected structure covered with plastics in an experimental farm located in the Taiwan
Agricultural Research Institute. Four amounts of N fertilizers were applied during growing period
of lettuce (Lactuca sativa cv. ‘Ming Feng No. 3°). Supplemental lighting was provided by different
artificial light sources at 4 or 6 h before harvest. A total of 6 supplemental lighting treatments using
light-emitting diode (LED) and energy-saving light bulb (ELB; a compact fluorescent lamp) were
used as light sources and plants treated with no light as a control. Results showed that plants treated
with N fertilizer at a rate of 30 and 203 kg N - ha" had comparatively lower nitrate contents than
those of higher N inputs. Increasing the amount of N fertilizer promoted plant growth. Plants after
being applied with higher N rates (346 and 376 kg N - ha™) showed better growth, in terms of traits
of plant height, aboveground fresh weight and leaf number, however, higher N generated a greater
nitrate accumulation. The contents of nitrate were compared in lettuce plants after being treated with
6 h of supplemental lighting of blue light LED (LEDy), red light LED (LEDy), 3 blue/1 red mix LED
(LEDsg.1g), 3 red/1 blue mix LED (LEDjy.;5), or ELB before harvest. The results indicated that a lower
nitrate content was found in plants treated with supplemental lighting prior to harvest in all 4 nitrogen
application rates, compared to that of plants without light treatment. At the highest nitrogen rate of
376 kg N -ha’, the nitrate content reduced by 14% and 23% with the treatments of LED, and LEDsy
respectively. No difference was found among plants treated with 4 h and 6 h of supplemental lighting
of either LED; or ELB in plants applied with 376 kg N - ha™'. The relationship between photosynthet-
ic rate (i.e., net CO, flux) and nitrate content was curvilinear, in which nitrate content was decreased
curvilinearly with the increasing of photosynthetic rates in leaves of lettuce. At photosynthetic rate
greater than 4.5 pmol CO, m™ s, nitrate content was maintained in less than 3,000 mg kg (3,000
ppm). Accordingly, this study demonstrated the effects of nitrogen fertilization on nitrate content and
growth performance in lettuce. To further reduce nitrate content at time of harvesting, a supplemental
lighting by artificial light sources for 4 h prior to harvest would be as effective as that of 6 h to save
energy cost.

Key words: Nitrate, Lettuce (Lactuca sativa), Light environment, Light-emitting diodes (LEDs), Ni-
trogen fertilization.
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