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Abstract: [Objective] Light serves as a pivotal environmental regulator in plant morphogenesis
and physiological adaptation. In grape facility cultivation, particularly under rain-shelter systems,
insufficient light frequently constrains photosynthetic efficiency and reproductive development.
To address this limitation, spectral-modulated supplementary lighting emerges as a promising
agronomic intervention. This study investigates the impacts of varied light qualities spectra on the
ecophysiological responses of 'Shine Muscat' (Vitis labrusca x Vitis vinifera), with emphasis on
foliar morpho-anatomical adaptations, stem elongation dynamics, photosynthetic performance
indices, fruit biochemical profiles, and flower bud differentiation. The findings aim to establish a
theoretical basis and practical guidance for optimizing supplementary lighting strategies in facility
cultivation. [ Methods JFive-year-old rain-sheltered ‘Shine Muscat’ grape were used in this study.
Four treatments were applied: red light (RL), white light (WL), a Redblue light 2:1 (RBL 2:1), and
CK (no-light control). LED lamps (36 W, 640 nm) were installed 30 cm above the canopy and
operated 12 hours daily (8:00-20:00) from April 11th to September 7th, 2023. Each treatment
consisted of 10 vines with three replicates, separated by shading films. Leaf area, basal stem
diameter, and internode length were measured on 20 randomly selected shoots per treatment after
two months of treatment. Leaf area was calculated using the formula: area = long axis X short axis
x q/4. For chlorophyll fluorescence parameters, leaves were dark-adapted for 20 minutes, then
subjected to 1-second fluorescence induction using 3000 pumol/m?/s light. JIP-test analysis was
used to calculate variable fluorescence (Vt) and its difference (AVt), along with other fluorescence
parameters. During the fruit expansion stage, photosynthetic parameters were recorded on sunny
days between 8:00 and 18:00 using a CIRAS-3 portable photosynthesis system. Measurements of
Pn (net photosynthetic rate), Gs (stomatal conductance), Ci (intercellular CO2 concentration), and
Tr (transpiration rate) were taken at six time points (8:00, 10:00, 12:00, 14:00, 16:00, 18:00). For
fruit analysis, 20 clusters were sampled for each treatment, and one berry from the top, middle,
and bottom of each cluster was measured for longitudinal and transverse diameters using a vernier
caliper. Total soluble solids (TSS) and titratable acidity (TA) were determined using a
refractometer, with TA analyzed after 50-fold dilution. Upon completion of the supplemental
lighting treatment, dormant buds at physiological maturity were sampled for molecular analysis.
gRT-PCR analysis was conducted using SYBR Green chemistry, with VvActinl (GenBank

accession: XM 010655094.2) serving as the internal reference gene for normalization.



Gene-specific primers were designed using Primer Premier 5.0 software, with amplification
efficiency validated through standard curve analysis. Relative gene expression levels were
calculated using the 2/-A4€) method. For phenological assessment, the flowering rate was
quantified as the ratio of inflorescence-bearing buds to total observed buds during the subsequent
spring phenological phase. Bud sampling followed a randomized complete block design, with
three biological replicates per treatment. [Results] The results demonstrated that supplemental
lighting, particularly the RBL 2:1 and RL treatments, significantly promoted leaf growth and
expansion in grapes. The 2:1 treatment also markedly increased internode length in nodes 4-7 of
new shoots. Both the RBL 2:1 and WL treatments showed significantly higher maximum
photochemical efficiency of PSII (Fv/Fm) and maximum fluorescence (Fm) compared to other
treatments. The PI abs under supplemental lighting treatments was significantly higher than the
CK and shading treatment (ST). The 2:1 treatment exhibited significantly greater Po, TRO/CSm
and ABS/CSm per unit leaf area compared to the control and other groups, whereas energy
absorption per reaction center (ABS/RC) showed the opposite trend. In terms of photosynthetic
characteristics, the daily variation of Ci, Gs and 7t was optimal in the RLB 2:1 group, followed by
the WL group, both significantly higher than CK and ST. The RLB 2:1 group exhibited the fastest
fruit growth rate, with single fruit weight significantly higher than other groups, and all the light
treatments improved fruit shape. At maturity, the TSS content of fruits in the RBL 2:1 and WL
groups reached the highest levels at 19.67% and 19.63%, respectively, while TA content showed
no significant differences among treatments. Additionally, supplemental lighting positively
influenced bud differentiation in the following year. The RBL 2:1 treatment notably advanced
budburst timing and increased budburst rates. Moreover, key genes involved in the photoperiod
pathway, such as VvGI and VwSOCI, were significantly upregulated in the RBL 2:1 and WL
groups. [ Conclusion] In summary, supplementary lighting increased the shoot growth rate, leaf
area, PI abs value, and Fv/Fm value of 'Shine Muscat' grape, enhancing light use efficiency.
Simultaneously, the fruit quality, flower bud differentiation capacity, and the expression levels of
light-responsive genes were also improved. This provides a solid theoretical foundation for the
application of supplementary lighting technology under rain-shelter cultivation conditions.
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Table 1 Primer sequences for the quantification of transcripts by real-time PCR

R $PK ID S1%IFF %) Primer sequence (5'— 3')

Gene Gene ID iE[A 514 Forward primer X514 Reverse primer
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Table 2 The effects of different treatments on Fo, Fm, Fv, Fv/Fo, Fv/Fm, and PI abs of

‘Shine Muscat’ grape

bl

Fo Fm Fv Fv/Fo Fv/Fm PI abs
Treatment
pugics 698.333£37.018  3068.667+71.122 2370.333+106.327 3.406+0.327 0.702+0.065b  0.852+0.111 b
CK a a ab ab
AW 2: 1 693.667+£55.609  2527+135.072 b 1833.333484.500 b 2.502+0.123 ¢ 0.755£0.010a  1.283£0.075 a
RBL 2:1 ab
2006 658+16.093 b 21974366.504 be 1539+351.574 ¢ 2.33240.475¢  0.6856+0.017  1.254+0.130 a
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Note: Different lowercase letters indicate significant differences in the same column data at the p<0.05
level
2.3 FELEXF AR RSN

FHE 3 AT H S A ER R0l A3 58 H AR (35 2B Th— e — P — B XU a4
Forr, 200556 2: 1 AL BRAE & IF [A] R R39S0 4R 2 0 i o 5 AL B B8 — A i 038 HE LA 10:00,
BiJE CK. £006. EDGRIBEIGAL BRI 55 — A i AR 14:00, TIZLHDE 2: 1 B REE =4
FIEIEIR & 16:00, B HE R BE.

TEHRIR) COL IR EEJTTHI, CK A A JaAb 3 th e TH—P&—F T AR ks, i A #h e it
IR CO2 ¥ FEAE 12:00 2 14:00 Z[A1E 2 FE(K (p<0.05) , EIGALRL LA COL WS I
7E 16:00 J5 2% ETF (p<0.05) o Z0H5% 2: 1 ALFRAE 8:00 & 12:00 Jiid 6] CO, ¥ B E KT
CK FAFH A AL EE (p<0.05) , R BHIZI [0 B Y 20006 2: 1 AbF 6 A 280C% 8 - 16:00 2 18:00,
FAEFE R HE COL IR R BT, Hrh CK ALFETE 18:00 B VR fem, 462, A
FEMLHENE 2: 1 AbERAR XS B

SALFEE (Gs) REWEEIREINGER M EZERF K. AT B LT
ST ERERES, DG 2. 1 REE S AL E RS & T AR e ab B

(p<0.05) ;5 1] CK FHIEE'EAb B (1 S FL 5 B2 U 43 I 7E 10:00 F11 14:00 15 Bl 15U

AR H BN EA ST E 8 DB FERE 2T E R ES, CKA
T AR B[ =y VIS ] 437524 10:00 F114:00. 25 ERTiR, MOGERHERE, 4862 1 405
FKIMBAE, AR, HREET CK AELLAHE (p<0.05) .



1200

2
&

&
=~ 2 2
LR 7 S E
T8 2z
o = z 8 f
i ~y Bt ‘
e g2 600
£38 s ®Ho )
FE W0 ¥ o
HE oRE] N 3
= o X 0= S {
ig 2 5 RBL 2:1 = § -~ a8 <
N ¢+ WL 22
* B
ST
8:00 10:00 12:00 14:00 16:00  18:00 D800 10:00  12:00  14:00  16:00  18:00
400 15

S

AL B HEGsImmolm?s)]
Stomatal conduct:
g
\
t' s
ZEMEHE Tmmol/(m*s)]
tmnsplranon rate
“

8: 00 10: 00 12: 00 14: 00 16: 00 8:00 10: 00 12: 00 14: 00 16: 00 18: 00

[ 3 NEIIEXM Aot &4 ERR N
Fig. 3 The influence of different treatments on the photosynthetic characteristics of
leaves

2.4 AERIACERXSRSLEKHIF M

4 ATRAE Y, ERSERKRESY, HO62: 1 AAMBIRSEAKEERR, RIN
pe (9 A 3 HD REPIR. MR R IRE VRN, Rl R E, R T A AL
(p<0.05) . HUCNEJG. CK MHEEALRE, X 3 MEBRREEILEEZR . 206
BEAH R LA (p<0.05) , FEEJFHERLGAL BRG] RELMERIHK . FIRREHSE
THEE RN, BB R SR H I R BO B, TR R SR IS AR X B
RS RICAIGHAE 1.29~1.42 Z[8], RS EMETEBRMFETENS, SAMCA R R 1R
s THOGAL R, X RN SR SR A A — & s RUR -

307 o 1R 40
RBL 2:1 =
z — WL E
£ == RL < 130/
g -3 i
Sy ST =% )
EE Ef ;
g ’ @ 20
o = Z
2 X
= g0 B®E
= g 10
2 1
| £
2%}
0 0
15
20
L5
~ 10 |
CC) g
CX | <
) 2D = E
] m
W 2 [ W2
= 5 =
I3
|- | " 0-5
s MMl I |
604 613 623 705 722 810  9.03 604 613 623 705 722 810  9.03

B 4 FREIAIEXSRIEKEIFNT



Fig. 4 The effect of different treatments on fruit growth
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Fig. 6 The effects of different treatments on winter bud germination (A) and flower bud
rates at the first and second nodes (B))
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Fig. 7 The effect of different treatments on grape flowering genes
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