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Abstract: The effects of LED supplementary lighting at different growth stages on growth, yield and fruit
quality of sweet pepper (Capsium annuum) were conducted to select the optimal light quality with cultivar
‘Aodaili’ as experimental material. Plants were treated under 3 kinds of light quality with red (R): blue (B)
ratio at 2:1 (2R1B); 4:1 (4R1B) and 8:1 (8R1B) at seedling, flowering and fruiting stage respectively, with no
supplemental light as control (CK). Results showed that the stem diameter, leaf area, sugar-acid ratio, Vita-
min C content and soluble sugar content of 4R1B treatment increased significantly compared with CK at
the seedling stage. However, the shoot biomass was the highest, but the nitrate content was the lowest
under 8R1B treatment. Additionally, the fruit number, single fruit weight and yield were significantly higher
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under 4R1B and 8R1B treatments than those under 2R1B treatment. At the flowering stage, the nitrate con-
tent significantly decreased, while the sugar-acid ratio and soluble sugar content significantly increased
under three light treatments, but there was no significant difference in single fruit weight and yield among
different treatments. Moreover, the leaf area, fresh weight, shoot dry weight, Vitamin C content, sugar-acid
ratio and soluble sugar content were the highest under 2R1B treatment. In contrast with CK, the soluble
sugar content was significantly increased under three light treatments at the fruiting stage. Furthermore,
the shoot fresh weight, shoot dry weight, Vitamin C content and soluble sugar content were the highest,
but the nitrate content was the lowest under 8R1B treatment. In addition, the fruit number, single fruit
weight, yield and sugar-acid ratio were significantly higher under 4R1B and 8R1B treatments than that of
CK. We used all indexes of yield and fruit quality to analyze the effect of light quality on plant growth at dif-
ferent development stages based on the fuzzy membership function. The comprehensive scores were in
the order of 4R1B>8R1B>2R1B>CK, 2R1B>8R1B>4R1B>CK and 8R1B>4R1B>2R1B>CK in seedling stage,
flowering stage and fruiting stage, respectively. These results showed that the influences of LED light qual-
ity on sweet pepper cultivation vary owing to different growth periods. In conclusion, the optimal supple-
mental lighting recipe for the cultivation of greenhouse sweet pepper is 4R1B at the seedling stage, 2R1B
at the flowering stage and 8R1B at the fruiting stage.

Key words: sweet pepper (Capsium annuum); supplemental illumination; light quality; yield; fruit quality;
comprehensive evaluation
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Fig. 1 Changes of daily average light intensity and air
temperature in solar greenhouse
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Fig. 2 Spectral distribution of different light qualities
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Fig. 3 The phenotype of sweet pepper after supplemental LED light at different growth stages
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Fig. 6 Effects of supplemental LED light at different growth stages on leaf area of sweet pepper
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Fig. 7 Effects of supplemental LED light at different growth stages on SPAD of sweet pepper
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Fig. 8 Effects of supplemental LED light at different growth stages on biomass of sweet pepper
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Table 1 Effects of supplemental LED light at different growth stages on yield of sweet pepper

£ b bR RS L /g B kgm
i CK 5.81+0.12° 169.80+6.78" 3.79+0.08"
2R1B 5.28+0.16° 151.38+3.24° 3.08+0.05°

4R1B 5.83+0.26" 179.31+4.48" 4.02+0.10%
SR1B 5.95+0.13" 179.65+6.67" 4.11+0.14°
1E 1] CK 5.98+0.03" 176.69+5.82° 4.07£0.15°
2R1B 6.13+0.13® 174.92+11.89" 4.1240.21°
4R1B 6.31£0.09° 179.17+4.47 4.35+0.17°

SR1B 6.15+0.13% 181.72+8.57" 4.30+0.23"

P CK 6.27+0.06° 171.56+5.01° 4.13+0.10°
2R1B 5.99+0.05¢ 174.20+0.53" 4.0140.02°

4R1B 7.11£0.07° 188.79+4.13° 5.17+0.16"

8R1B 6.47+0.03" 192.83+3.34° 4.80+0.10°

R KRR B FE AR R — 4 T WRFER R AEP<0.05KF L £FR%E, TR,
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R2 AEE FHLEDHM XS EHHIR SEan BT AR
Table 2 Effects of supplemental LED light at different growth stages on fruit quality of sweet pepper
EEM FOEALEE R S E/mg kg VCERY/mgg ' AVAVERES E/%  AER/% FEEREL
[EE CK 117.37+4.95 1.18+0.09° 1.8120.13" 0.34+0.017* 5.36:0.11°
2RIB 114.08+3.54' 1.72+0.14° 2.36+0.20" 0.18+0.005™ 13.18+0.72°
4R1B 110.61:£4.42" 1.77+0.12° 2.61+0.14° 0.15+0.010° 17.8240.24°
8R1B 93.06+5.06" 1.36+0.10" 2.010.16" 0.20+0.009" 10.35+1.27°
e 3] CK 136.46+3.82° 1.06+0.11° 1.44+0.11° 0.200.009° 7.25+0.23¢
2RI1B 48.98+3.80" 1.4540.11° 2.77+0.11° 0.17+0.008" 16.48+1.47*
4R1B 70.35+3.94¢ 1.17+0.14" 2.10+0.14° 0.18+0.008" 11.63+1.25°
8R1B 99.81+3.89" 1.26+0.18" 2.14+0.18° 0.15+0.007° 14.25+0.50"
R CK 84.54+4.60° 1.66+0.13" 1.910.13" 0.17+0.007" 11.24+0.32°
2RIB 75.47+4.07" 1.95+0.17° 2.79+0.17* 0.24+0.008" 11.45+0.33"
4R1B 78.65+3.54° 1.830.18" 2.63+0.18" 0.15+0.005¢ 17.140.66°
8R1B 61.77+3.54" 2.57+0.21° 3.15+0.21° 0.18+0.006" 17.53+0.56"
R3 AR BHILEDAN ST B~ & mm SRR MR SR & 1 E
Table 3 Comprehensive evaluation of supplemental LED light at different growth stages
on yield and quality of sweet pepper

EEY ADGAREE RHCRSCE MURE B HIREE VO ANATERE TR OBRE ZGAavrinE HA

mH o CcK 0.79 065 069 0 0 0 0 0 0.12 4

2RIB 0 0 0 0.14 092  0.68 0.83 0.63 0.59 3

4R1B 0.83 099 091 028  1.00  1.00 1.00 1.00 0.94 1

8RIB 1.00 100 1.00 100 031 025 0.75 0.40 0.60 2

e CcK 0 026 0 0 0 0 0 0 0 4

2RIB 0.46 0 020 100 100  1.00 0.63 1.00 0.93 1

4R1B 1.00 062 100 076 028  0.50 036 0.47 0.56 3

8R1B 0.51 100 082 042 052 053 1.00 0.76 0.60 2

R CK 0.25 0 010 0 0 0 0.82 0 0.17 4

2RIB 0 012 0 040 032 071 0.00 0.03 022 3

4R1B 1.00 081 100 026 018 059 1.00 0.94 0.70 2

8R1B 0.42 100 068 1.00  1.00  1.00 0.71 1.00 0.88 I

CK. W PERE & B AR L &2 25 v T CK, YW aH
WAEIA RN Xt 7 B AN K, BT s 1R SE
)t 5T, 355 I N AE bl ORI ST 45 SRAR UL (PR
S52014). X EAE AN BOR AT SR & PR, 45
155 HE 5 Nt i 2R 1B>8R1B>4R1B>CK, it 1]
A A RHARG™ B bt R A AN G e JFUN2R 1B,
R, A5 3RO BB bR
[ A% AN SPAD i ¥ X 2% &+ CK, {Ht i 4R1B A1l
SRIB AL FE (1 7E A7) & & 25 v T 2RIBAICK, 2R
AN G e EE T SR E TR A, (H e E D X

PR RAF . X ST E R A ,
AL RESE BRI RE A A A B B R 2 57,
ISR WA TR AL 3 G T B B & . VO
AL R (PH 225 252016); 1 Rk e 4T
W49 1R R E A E RS e T A
W31 (BREF1F2018). WFFLRM, L000HR] T ma]
VEPERE G &, BRIRIRR RS &, ORI N vT i E IR
TR (F P E2015), 0 IE B L0 L A
VCEE(PHE2ES2016), AT KRB, 3Fh% 5 Ak
BRI RE & B3 2 2 T CK; SRIBALHE 1Y
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FERC, VC& & s 2RIBALFE 1) 7] i &
i 2 B de s AR B AL 3Ly B Ak SR S0 B = I 2
T HAR A AICK., X 551 A MR IE A (R R
R 452014), RIS HAAMGE 12 s 20k b 5 25 0
TR &5 SR AR P B, B v R S n] VI R R
VCE&E. SRR AN C RO AT 22 60740, 27
51545 HE M6 Jii SR1B>4R1B>2R 1B>CK, i} ]
A R TR B o PR SR AR 5 8RB
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