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Effects of supplementary light on ripening and sugar accumulation of

cherry under protected cultivation

LI Duyue, WU Yanjun’
(Institute of Horticulture, Zhejiang Academy of Agricultural Science, Hangzhou 310021, Zhejiang, China)

Abstract: [Objective] Because of the subtropical monsoon climate in most areas of southern China,
the protected cultivation is widely applied in cherry production to reduce the impact of the large precipi-
tation in spring. There are still problems such as weak light intensity, short light duration and uneven
light distribution in protected cultivation environment. Therefore, improving the light environment of fa-
cility cultivation through artificial light supplement technology has important practical significance for
regulating the growth and development and improving yield and quality of cherry. In this study, differ-
ent supplementary light measures were compared and the best scheme for protected cultivation of cher-
ry was selected. [Methods] The Chinese cherry cultivars Zhujiduanbing and Heizhenzhu were used as
materials in this study. Four different types of light sources were used: LED lamp (36 W, RB 6: 1),
LED lamp (50 W, RB 6: 1), commodity plant growth lamp (12 W, RB 2:1, G101) and incandescent lamp
(36 W), with no artificial light as the control (CK). All the groups were treated with mulching the ground
with reflective film. The distance between the lights was 3 m, and the height from the top of the tree was
50 cm. Time of light supplement was set to 05:00—10:00, 16:00—19:30 on sunny days and 5:00—19:30
on rainy days. The contents of endogenous hormones GAs, IAA and ABA, the percentage of soluble sol-
ids, and the enzyme activities of peroxidase (POD), sucrose synthase (SS) and sucrose phosphate syn-
thase (SPS) in cherry flesh were measured from the color transition stage to the harvest stage. The ex-
pression levels of genes related to ripening, softening, and sugar synthesis in fruits were also measured
in the harvest stage. [Results] Each supplementary light treatment caused the dynamic change of endog-
enous hormones in the fruit earlier than control, and promoted the fruit development and maturation pro-

cess of the two varieties. The comprehensive effect of LED light treatment was the best, resulting in the
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changing process of endogenous hormones GAs and ABA in the fruit earlier than control. Supplementa-
ry light treatments also increased the TSS contents of two cherry cultivars at harvest time. LED light
treatments had the most significant effect on improving TSS content, which made the TSS of Zhujiduan-
bing fruit reach 17.63%, and made the TSS of Heizhenzhu fruit reach 14.67%. The increase of sucrose
synthase activity in the fruit of each supplementary light treatment was earlier than control, thus promot-
ing the accumulation of sugar in the fruit. Among them, LED supplementary light treatments had the
most obvious promotion effect. LED 36 W treatment made the sucrose synthase vitality of Zhujiduan-
bing fruit reach a peak 3 days before harvest, which was 69.17% higher than the control during the
same period, and increased the sucrose synthase activity of Heizhenzhu fruit by 18.75% compared to
control during harvest. Overall, LED 36 W treatment had the best effect, and gene expression levels
were measured for this treatment. It was found that the expression of the ABA synthase gene NCEDI
was significantly higher with LED 36 W treatment than that with control, which regulated the levels of
endogenous hormones related to fruit ripening at the molecular level. The relative expression levels of
polygalacturonase gene PG/ and xylanase gene XYL/, which can regulate cell wall degradation, were
also significantly higher with this treatment than those with the control, indicating that this treatment
could promote fruit softening by positively regulating the process of cell wall degradation. The determi-
nation of anthocyanin synthesis pathway genes PAL, CHS, ANS and transcription factor MYBI10 in the
pericarp during harvest showed that the expression levels of CHS, ANS and MYB10 in Zhujiduanbing
pericarp treated with LED 36 W were significantly higher than the control. And in Heizhenzhu pericarp,
the expression levels of all four genes with LED 36 W treatment were significantly higher than those
with the control. LED 36 W treatment activated the synthesis of anthocyanins in cherry pericarp by acti-
vating high-level expression of synthesis pathway genes and transcription factors at the molecular level,
thereby promoting the coloring of cherry pericarp. The relative expression levels of sucrose synthase
genes SS1, §56 and sucrose phosphate synthase gene SPSA/ in fruit during harvest were also analyzed.
The results showed that with the two cherry cultivars, LED 36 W treatment significantly increased the
expression level of SS7 gene in fruit compared to the control, indicating that SS/ played a major role in
responding to supplementary light treatment. LED 36 W treatment positively regulated the synthesis of
sucrose synthase by activating the expression of SS/, thereby promoting sugar accumulation in cherry
fruits through sucrose synthase. [Conclusion] All supplementary light treatments promoted the dynam-
ic changes of endogenous hormones during cherry fruit ripening, and increased the level of soluble sol-
ids content in the fruit. Among them, LED (36 W, RB 6: 1) supplementary light treatment could ad-
vance the endogenous hormone change process of two Chinese cherry cultivars by 3 to 9 days, increase
the activity of sucrose synthase in the fruit by more than 18.75% compared to the control during the
same period, and significantly improve the expression of genes related to fruit ripening and softening,
sugar synthesis, and anthocyanin synthesis at the molecular level, which had the best effect on promot-
ing cherry ripening and improving fruit quality. It is worthy of application and promotion in cherry prac-
tical production.
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Table 1 Primers used in this study

ElEZEAR S

Primer names

5174157 -37)

Primer sequences (5"-3")

Actin-F (XM_021972676.1)
Actin-R (XM_021972676.1)
PaNCEDI-F (XM_021978487.1)
PaNCEDI-R (XM_021978487.1)
PaPGI-F (XM _021951033.1)
PaPG1-R (XM _021951033.1)
PaXYLI-F (XM_021966588.1)
PaXYLI-R (XM_021966588.1)
PaPAL-F (XM _021948624.1)
PaPAL-R (XM _021948624.1)
PaCHS-F (XM_021960902.1)
PaCHS-R (XM_021960902.1)
PaDFR-F (XM_021975874.1)
PaDFR-R (XM_021975874.1)
PaANS-F (XM_021947877.1)
PaANS-R (XM_021947877.1)
PaUFGT -F (XM_021949694.1)
PaUFGT -R (XM_021949694.1)
PaMYB10-F (XM_021956273.1)
PaMYBI0-R (XM _021956273.1)
PaRiant -F (XM_021968160.1)
PaRiant -R (XM_021968160.1)
PaSS1-F (XM_021949164.1)
PaSS1-R (XM_021949164.1)
PaSS6-F (XM_021946051.1)
PaSS6-R (XM_021946051.1)
PaSPSAI-F (XM _021953379.1)
PaSPSAI-R (XM _021953379.1)

CCAAAGGCTAATCGGGAGAA
ACCACTGGCGTAGAGGGAAAG
CATGTCGGAGGACGACTTGCCGT
GCGCCGTCTGGAGAGACGTGGA
ATCACCTTCCGCATTGCTG
TCACCTTAATGTTGTTGGAG
ACAACTGGAACGGTGTCGAT
TCCTGGTGTAATGTTGCTCG
GCCTCACCAGGCAACAAGAGCA
TCTGGCCATCTGGTCCAACAGC
GTATGTGCGAGTACATGGCA
GCTTAGTGAGCTGATAGTC
CTGCACCGGAGTGTTCCATGT
CTGGTGCTCTTCGACGTTCAC
ATCTCCGATGAGCTCATGG
CTCAATGTAATCAGCAGGTG
CAGATTCCGATGATTGAA
ATTCTAATGTTGAGGCTAAT
CTGCTAACATACAACGAT
TTCAACCACCTTAGTCTA
GCTATCTGGCTGGAGAAG
GCTATCTGGCTGGAGAAG
ACGGCCTGGTGTTTGGGAGTA
GAAATAGCCGTGGGGAGAAAGGAT
GCAAGACAGATGGGGACTAT
GCTGCTGCTGTTTCTGCTTCTC
GCAAACCAAGGCATCCACAAT
GAACCCTACAGAGCCTTCAGT
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Table 2  Single fruit mass of cherry g
L b e 3] Date
Cultivar Treatment (4.13 04-19 04-21

i R A CK 1.374037a 2.06£0.34a 2.46+0.20a
Zhujiduanbing LED 36 W 1.50+0.21a 2.20+0.62a 2.91+0.48a
LED 50 W 1.77£0.31a 247+048a 2.85+0.32a

G101 1.83+0.39a 2.26+0.32a 2.65+0.33 a
IL 1.68£0.47a 2.1240.39a 2.59+0.50 a
BBk CK 0.88+£0.13a 1.62+0.45a 2.01+0.18a

LED 36 W 0.68+0.15a 1.38+0.28a 2.48+0.38a
G101 0.73£0.09a 1.34+0.28a 2.16+0.28 a

Heizhenzhu

¥ : CK. AN#h 0 i s LED 36 W. LED 4] (36 W) : LED 50 W. LED
JT(50 W) G101. G101 B E AT s IL. T o [ b
ANTF) b BT 22 A 0 5 AN RN P B R 22 e i 3 (p<<0.05) .
FH.

Note: CK. No light supplement control; LED 36 W. LED lamp
(36W); LED 50 W. LED lamp (50 W); G101. G101 laser plant growth
lamp; IL. incandescent lamp. The significance of difference among dif-
ferent treatments of the same cultivar. The small letters indicate signifi-
cant difference (p<<0.05). The same below.
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Fig.1 Dynamic changes of endogenous hormones in cherry at late development stage
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Fig. 2 Relative gene expression related to fruit ripening and softening
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Table 3 Activity of peroxidase (POD) in cherry (U-gh
H i Date
i Fh Cultivar Kb Treatment
04-13 04-19 04-21
W BRI CK 1343.38+25.05 a 1219.74+7.13 a 1203.10+32.16 a
Zhujiduanbing LED 36 W 1 079.46+10.90 d 865.47+4.12 ¢ 827.43+62.18 ¢
LED 50 W 993.86£10.90 e 810.78+17.95d 760.85+70.37 ¢
G101 1146.04+4.12 ¢ 1096.10+4.12 b 977.22+71.33 b
1L 1 248.28+12.35b 1131.77£32.95b 981.98+14.85b
RS2SR CK 1975.84+14.27 a 1761.85+12.35a 1362.40+12.35a
Heizhenzhu LED 36 W 1495.55+14.85 ¢ 1203.10+£39.29 ¢ 943.93+£14.85b
G101 1616.81+£22.93 b 1552.62+10.90 b 979.60+35.90 b
A B
——CK —=—LED 36 W
LED 50 W Glo1 16  —*—CK—8—LED36 W ——G101
18 ——1IL
14
<16 ~ %
SE- 812
N E\é g
%[: 8 14 E[ o
el == 10
=3 % _8
®E ) £z g
T2 23
EE =2
S 10 %]
%) 6
8 1 1 4 1 1
04-13 04-19 04-21 04-13 04-19 04-21
H# Date H# Date
AT BRI B, BRI .
A. Zhujiduanbing; B. Heizhenzhu.
El4 AAAEIRE TSS BERF M
Fig. 4 Effect of supplementary light treatment on TSS content
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Table 4 Activity of sucrose synthase (SS) in cherry U-gh
0% H 1 Date
WW Kb P Treatment
Cultivar 04-13 04-19 04-21
RN CK 323.42+0.80 ¢ 478.59+0.55 ¢ 658.84+1.16 ¢
Zhujiduanbing LED 36 W 374.76+£0.17 a 809.65+0.22 a 729.36+4.06 ¢
LED 50 W 362.19+0.65 b 654.24+0.55d 798.14 £0.75 a
G101 306.75+0.65 d 715.20 £0.38 ¢ 686.15+4.26 d
1L 324.34+0.97 ¢ 723.51 £0.69 b 772.14+£1.35b
BBk CK 370.65£0.25 b 684.65+0.44 ¢ 777.79+2.86 ¢
Heizhenzhu LED 36 W 346.48+0.59 ¢ 831.93+0.44 a 923.63+2.96 a
G101 421.89+0.30 a 707.75+0.51 b 826.08+0.72 b
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Table 5 Activity of sucrose phosphate synthase (SPS) in cherry WU-g"H
foR s H ¥ Date
Cultivar Treatment 04-13 04-19 04-21
R CK 192.99+1.26 d 183.57£0.50 ¢ 214.97+2.57 a
Zhujiduanbing LED 36 W 178.42+0.66 ¢ 220.48+0.63 ¢ 199.45+£2.19b
LED 50 W 199.09+0.25 ¢ 226.434+0.13 b 191.69+0.75 ¢
G101 210.84+0.76 b 212.58+0.38 d 170.73t1.24 ¢
IL 248.48+0.66 a 235.13+0.13 a 175.88+1.57 d
HPE CK 422.32+0.44 ¢ 388.16+£0.82 ¢ 350.74+1.12 ¢
Heizhenzhu LED 36 W 464.32+0.38 a 496.74+1.00 a 476.2846.55 a
G101 442.56+1.12 b 435.16+0.22 b 394.04+0.98 b
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Fig. 5 Relative gene expression related to sucrose metabolism
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