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Effects of LED Supplemental Light on the Growth and Development of
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Abstract: The two-year-old southern highbush blueberry cultivar ‘Emerald’ were used to study the
effect of LED supplemental light in greenhouse. Selecting the natural light as the control, we evaluated the
plant growth situation, photosynthesis, carbon and nitrogen metabolism, the expression of flowering
control genes, flowering rate and fruit quality under LED supplemental light of the red/blue light (3 : 1 and
6: 1), ultraviolet ACUVA). The results showed the red/blue light treatment was beneficial for the vigorous
vegetative growth of ‘Emerald’, which could increase the plant height, the length and diameter of annual
branches. Meanwhile, the leaf chlorophyll relative content, specific leaf weight and net photosynthetic rate
were significantly improved by red/blue (6 : 1) treatment. In addition, the expression of flowering gene FT

and flowering rate were remarkably higher than those of the control, indicating the red/blue light induced
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flowering earlier. The nitrogen contents of leaves, the flowering rate and the expression of F7 gene under
UVA light were higher than those of the control. Moreover, the red/blue (3: 1) treatment raised the fruit
quality of ‘Emerald’, characterized by a heavier fruit weight, the increase in the transverse and
longitudinal diameter, the content of soluble solids, soluble sugar, anthocyanin and the sugar acid ratio. In
summary, the application of different LED supplemental light can promote the growth and development of
the blueberry ‘Emerald’ , because the red/blue(6 : 1)treatment works better on the vegetative growth while
the red/blue (3:1) treatment improves because the fruit quality. Although the UVA treatment can change
plant morphology and accelerate flowering, its effect on fruit quality was slightly weaker than that of the
red/blue light treatment.
Keywords: Vaccinium corymbosum; LED complementary light combination; growth potential;

photosynthesis; flowering rate; fruit quality

ANFEEHE A KR B A R IE/EH (Hernandez & Kubota, 2015). ZLYGARHEN
FABE K . FE RIS S AR KA S P FL B (Kasperbauer et al., 2010); 5 Y6023k F A e A i 72 ik
IR (Lin, 20055 &G 58, 2008). RAMGIESFAEY GRS, AR =K 422N
(Hofmann et al., 2000 i 2 4 & #h FRLLWE G5 220 B3 8 0, b 78 05 48 A1o' J i AR 4 25 sk /)
(fLz= 55, 20060, {EZFMLREWAEKKEMEZENE, HRAMREASEES SRR RAERE
B (R 5, 2017). R EZRIEEEWAE WA Bk LTk, 5 RIER
BEORHE (H s R, 2008). HRSTLLIEIRGOGREA AL RINAEIA, Hnfezr g, g
S e iE N 2SS e N (Heo et al., 2003). fEZF AW AIFERHS T 52 2 2L R4, Hid
FT (Flowering locus T) {ERACIEETRELEAEH, FT R YIHM iz 2290 HR, 2
BEAEF TR, MTIHE A6 (Srikanth & Schmid, 2011).

F = BT (Vaccinium corymbosum) & E 6, 1&E B ARAELERIYCFE /2« T B 8 55 1 Hh 7
(B, 2012). FEmE ARG ‘Emerald” HEAZETHM, fEFE2, R, RLmby, F4
HK, PURTEREM R MR (Lyrene, 2008), {HTEBLE N YEL §5 1S 2 S50 N & FEHERAE K
AREKRETH (RE, 2011; EwE 2%, 2016). KRG (Light-emitting diod, LED) {E
A FEE SR, BERE RIS eI R A (Xu et al., 2017), T 701 & T & A5 #h % (Trouwborst
et al., 2010). BAH B HERRET DA O E 2, LED GRSt EkAE i B EA 7T, Alis
HHIE T ST LED #MEXT ‘Emerald” BARRIK S A AR BRARAUREE R AR I 2 R0 SR S 5 ) 52 ),
DA 9 A e A 77 180 FH v S8R s 1 A L

O L SRS DARES

1.1 A # RALIE

RIS T 2018 4E 5 H 22 2019 4F 7 FHAEWTTLAE S 46 T 2R3 X WL i K 2 B KM N 2k AT o« KA
IR 2 T R S 1 R Rk (280 ~ 400 nm; B 1, AD. 2018 4 9 H IR KM H 658N
220 pmol - m” - s, FEFWIE RMWISMEE, KWIHHILIE C 2 N 83%.

RIS R R m NG ‘Emerald” . G — DB IG I, EHEASRAES S, KR
K, AR &, A 4 AN eE: 2 MORFERCELIAL (R) 3 (B) J6l (3:1 /1 6: 1),
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Fig.1 Illumination environment and LED source

a: Spectrum inside and outside the greenhouse film: b: Spectrum of different supplemental light. R: Red light; B: Blue light;: UVA: Ultraviolet A.
1.2 EigEkER FEEXERNE

2018 4F 6 AW bRIE 5 M AB S ARIE KB (1 FERZD, B H & 5070 BR A
PR RO BB K B NS SR, 8 RO S R R BA 1Ak = e BT RS A BRI IR K . 76 20138
7 AR BIRS, A L1-6800 (LI-COR Inc.USA) fF % 30 & A0 i 5 AbHR I B (175 6 Bl R (Py)
ARIEHER (T, RILFE (G- A COWKIE (C), Bk 8 ¥k, HHRELME 5 K. £
2018 4F 7 H REAEERMGEM ., HURBHRN B TEE 4 Fohaent, SERUBONKE A 50 % . R
CI-203 BOEH AL E (X (CID Inc.USA) MEM A G, TN 85 CHUFEM T, HHETHE, it
L E RN BB AL B O R, R — R R L (BREAR %, 2017) M Hr
LA TERERE R SR, TRk (ZERATE 25, 2014) MM AR RS E. AR N
MRS SRS E S EAE L 9 A, | SPAD-502Plus BY -2 224X %E SPAD 1H.,
R ER 3 MR S, G PIE.

1.3 WREFHRERERFTIADF

7E 2018 4F 10 H RESMIEIE 2, SRR EL 12 B KR BA ALY, KRR, 24T
it 5 MESE, SERIFHREEE, FEEN - 80 CUKFEHRAE. Hl CTAB - KAc 142H RNA, LS
cDNA 1T qPCR. fE NCBI H4K2 FT FEKTH, 1EHAGIER FEH Blast HARCLE B s (K741
KA Primer 5.0 & it mMESIMF A (JF35: CUFR18244.1; EUF 51 ¥ 7 %): GGACCTT
CTACACTCTGGTTATG; RiF5|#F%: TCCTGTGGTTGCTGGAATATC), i FiFERIAEYIRIH AR
AT, UL GAPDH NNZHER . FFH 22T (Livak & Schmittgen, 2001) #EATHE AT & B4 -
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2019 4E 3 H, ERANCHEAE 36 NMFIERZbRL, WHFREER TSI TERAIT Ak
NAETFIL, FFAER (%) = FFAEEUR/AE BB X 100,

2019 4E 6 H R A AG R sz, FEANACFREL 20 MRSz, HH PRI E R RFRE, Hlks
R e RS AR, HTFREROK SR BT e SRS A, FH BT DL SO e A R ) & &
F NaOH i€ (FRBFIE &%, 2013) e c e &, HEI—mERLEE (RER 5, 2017) Wl
ESBES R, B pHAEE (R r &, 2016) MEAFTREE.
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Fig.2 Morphological indexes of the blueberry ‘Emerald’ under different supplemental light

a, b, cindicate significant difference under 0.05 level, The same below.
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Fig. 3 Specific leaf weight and chlorophyll relative content of leaves of the blueberry ‘Emerald’
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Fig. 6 Relative expression of flowering gene and flowering rate of the blueberry ‘Emerald’ under different supplemental light

2.6 ANEIHMEEE T HAFRSINE SRR

R 1 aldn, SXPMEAEL, 2006 3:1 AEMELINE T ‘Emerald” B H R =B, 0
REZFEW, MW 6: 1 HEMFIVIREEE K, Rt M8, Mk, AFEE
J A A AN 2 BEMARAR SRS RNRITIR, ELTE Y 6:1 AR ‘Emerald” R SZHOIR T 4 1A]
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F£1 FEMNEASTEAE ‘Emerald’ RTHERFRHEN
Table 1 Effect of different supplemental light on fruit external quality of the blueberry ‘Emerald’

woedlE BRI R g Hif2/mm Y\ f2/mm EIZIE T#fE/ (N-em™)

Complementary light  Single fruit weight  Transverse diameter Longitudinal diameter Fruit shape index Fruit firmness

R:B=3:1 2.64+0.08 a 1749+ 0.38 a 13.33+0.20 a 0.76 + 0.02 ab 5.02+0.28a

R:B=6:1 2.28+0.07b 17.01 £0.09 a 12.04+0.30b 0.71+0.02 b 5.19+025a

UVA 2.64+0.05a 17.03+0.01 a 13.52+0.32a 0.79+0.02 a 478+040a

X Control 2.27+0.05b 15.39+0.39b 12.35+0.33 b 0.80+0.02 a 4.69+0.10 a
R:B=3:1 R:B=6:1 UVA %t & Control

BH7 FRERESTHE ‘Emerald’ MITEFMPRET
Fig. 7 Flowers and fruits of the blueberry ‘Emerald’ under different supplemental light
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2.7 AEIFMLEE I BAFR LA RSN

FIVATERE . TR ERR . 6T B OUE TG R SERY R CURATE FRAME, R 2 W, MR
‘Emerald” RSCHERRZLLAISE M A BEAEH], BEAh, 20806 3:1 AE AR T RAIETEE Y. W
VEFEAIET K& & S0 LB RN, T e IR & B LR RO T T IE R E Y & =
AHrdEs . L, 208506 3 1 4LE AR BN B R SE AR dh i A R K

%2 TRMNEESTEE ‘Emerald’ REAERFRREIT

Table 2 Effect of different supplemental light on fruit intrinsic quality of the blueberry ‘Emerald’

AR /%

A ; WHE (mg-g") AETERE (mg - gD T i 52 B/ %o PR L
. Soluble solids . . L . .
Complementary light content Anthocyanin Soluble sugar Titratable acidity Sugar acid ratio
R:B=3:1 10.57+0.27 a 0.60+0.04 a 78.62+0.31 a 0.67+0.02b 11.75+03Db
R:B=6:1 9.47 £0.20 be 0.38+0.01b 7243 +0.85b 0.53+0.01c¢ 13.66 +0.10 a
UVA 10.15£0.15 ab 0.46+£0.03b 70.48 £0.60 b 0.76 +0.03 a 9.51+£0.23 ¢
X} Control 8.87+0.03 ¢ 0.37+0.01 b 71.33+0.79b 0.82+0.02a 8.72+0.07d
» \/\
3 ik

AR AL RE S A R A TR S AR, ERAKEEWMEY AR (Choi et al.,
2009; YFR4 %5, 2015), EHAANDEHF R RIL, R EREAS . FFIEREME DU R 52 5 R
LA REFM (Cho et al.,, 2019). M{EHAH, W EFE S LED SRRt 1ot & fe
JIFEE TR, MALEME A LED Mg Re i KRS (Lietal., 2017). A#FFiH, 400
Jt (6:1) KFT ‘Emerald” AR 14K S AL 26 AR AT B R R, el M s AR NS, MR 2 E
SEPRASEK . BAMET ‘Emerald” BAGIIEIZE TIH Rs i 6 A2 K3 52 2030, RSB REME
HMIE IR &, £ RE kBB ER AR . 0% (3: 1) 43T ‘Emerald” #id
MRk R R, BgcHll, BB, HbkKARIT.

BoEM SR —FhH sy, E—ERE A EH BB S RASEMEm (EEH %5,
20160, LRI EXT R F 23R A i e AR REARE e T AR R R = A 4
KESM (Verdaguer et al., 2017; BHEM %5, 2017; Liuetal., 2018). ABFFHRIL, *GAFERE
R ‘Bmerald” #RAGM R OEARES, HhaEs (6:1) T SPAD {EM LI EH K, ¥
AR, BUCEERAE iR, AW (6:1) 4FE R ‘Emerald” G F ] A tbE ARy
S, HBERLREK, ERERERIEK. —BELT, THESESEAREAELE M
K (Ml 55, 2017). (B2, ARFFFEHERIME IR IE S EMINE A E BRI RN, RILFE
S 22 PG o LR DR ] B AN TR FLEKTT, SEURIE CO IREERK, St A% T
B, X ERE M LA ERZ AL SRR . BRI KRG e v R LLEE Y (60 1)
SKFE R A AR ), SR RS TR .

JEI I AE 2 I (Yanez et al., 2009). W6ELGIM NG FT 3R A%k KV & L,
VLAY 2 R TE B 2 W e e RS, 8IS 5%, MG RIZRaL, AT s ma i ik 1) A
RE CREM, 2016). FT EAWMPIESAENIFIER, RIEESE AL R IR ERE, miedk
FF1t (Lin et al., 2007). AWFFEHRI, *MEOEE FT HEFE PN REEZ S TR, JUPI4 %
Y6 (3: 1) AP FiARANEE, BB AT ‘Emerald” &R AEE A Frigin, RO E



TR, AR, TR, AskaE, b R, BRSO, BOSHE, EPAR.
LED #hGALA X KA B AE 421 K H 1R 2.
[idl 25 54%, 2020, 47 (6): 1183 - 1193. 1191

R YA 4% A6 55 IR 1 3Rk AT (R 3E A8 o A [F] D' Jo2 w368 e 3 4 ke A R A A7 Joia A R 3 S iz it I
(Zoratti et al., 2014; FMGE, 2015; #4k, 2015). AWFFH, 2085 (3:1) 4FF ‘Emerald’
BRI SIAME I (R B8 ) FNLER (AR . nriE s . 165 RS EFnE
fRL) YA RSE R, KU RTE R R i i £, (R 45 AL 75 B K AL 3N [A] f 1 %
R E S ORUESE o 4 Ul B AE RN == AR KRB b, AR E S R 45 547 H BRAT

22 FRTR, AEDETRA SR KM Emerald” F4AEKMEBE WAL, 2HHE
e AR KMV E SR, AREEERKA. RS AW BRI R, Hp, 4k
(3:1) AbFRRE R 35 R AR B MR AR AL BN R 4T (60 1) AbER, (BAEAEFE A KB B FFAER
OURIER S A IR R B4 . SRAME P REMAR R, s A de e, HERER LIRE. B2,
2L (3:1) AbFEYE ‘Emerald’ A 0 RMIAE 7= B A ACR AR, v G A e il Bn e A B i 2k
fiho AT 7T B % HA 52 Emerald” H0G A2 BE AN AR B A AR AN 6 R, (B 5 W ferid i iR i A A
1 NI G AN 12 AL R R R
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