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Effects of canopy film-covering and double-layer bagging on fruit quality
of Citrus reticulata cv. ‘ Buzhihuo’

FU Xiaoke', HE Wen*, ZHONG Yudie’, XIANG Juan', YANG Jun'
(1. Meishan Vocational and Technical College, Meishan 620020, China; 2.Sichuan Agricultural University, Chengdu 611130, China; 3.Chengdu Agri-
cultural Technology Promotion General Station, Chengdu 610041, China)

Abstract: This study compared single-layer bagging plus canopy film-covering (SB+PF) treatment and double-layer
bagging (DB) treatment to investigate their effects on fruit quality and molecular mechanisms for cold injury prevention in
Citrus reticulata cv. ‘ Buzhihuo’ . The results showed that, (1) compared with SB+PF treatment, DB treatment extremely
significantly increased single-fruit weight and significantly reduced peel thickness, while extremely significantly increased
fruit transverse and longitudinal diameters. SB+PF treatment resulted in significantly higher peel brightness (L" value)
compared with DB treatment, but no significant differences were observed in chlorophyll content or carotenoid content. (2)
Compared with SB+PF treatment, DB treatment increased fruit titratable acid content significantly, and increased vitamin C
content extremely significantly. (3) Transcriptome analysis revealed a total of 133 differentially expressed genes ( DEGs)
under DB treatment conditions, among which 85 were down-regulated genes and 48 were up-regulated genes. These genes
showed enrichment in pathways such as flavonoid biosynthesis and a-linolenic acid metabolism. Through Weighted Gene Co-

expression Network Analysis (WGCNA) , ten transcription

W75 H BR . 2025-10-14 factors related to sugar-acid metabolism were screened out.
BESTE . I 4R850 B (B 5 ALFE ) (2025]DKPO- The study demonstrates that double-layer bagging improves
118) ; J& L4 SR 150 5 (2023KJZD083) fruit appearance quality by regulating the micro-environ-
fEE B RBERH(1993-) 8 Hl %A, Bt YR, =Mt ment and gene expression.
ARG 5 RJGAEFEIFGY . (E-mail) 1175912581@ qq.com Key words: bagging; canopy film-covering; fruit
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Fig.1 Field photographs of canopy film-covering plus single-
layer bagging (A and B) and double-layer bagging ( C

and D) treatments
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Table 1 Primer sequences for quantitative real-time PCR ( qRT-PCR) analysis of 16 differentially expressed genes

FEH 2R LR K LR R ST A(5'—3")
MSYJ]182070 ERF AP2 FIEEH F:GACCTTGGGGCAAATGGGCA
R:GCCATGGCTGCATCTTCAGC
MSY]118880 GRAS %% SCARECROW-8 2 4 F:GTTGCGGAACGTGTTGGAGT
R:GCTCCACCAACGTCACCACA
MSYJ]136700 GRAS GRAS KIEEH F:GCAGAGTGCCTCGACTCGAA
R:GAGATGACTTGTCGGCCGAG
MSYJ210830 HD-ZIP HD-ZIP ZKIGE N F:GGCTTTGTGACCGAGGCTTC
R:CAACACATCAGTGGTGGCAG
MSYJ]165300 HSF PO ST A6B F:GGGCAGCAACAGCTTTGTTG
R:CTGTGAGGCTGAAGACTGCG
MSYJ264270 MIKC_MADS 2% AGAMOUS &1 F:CGAGCCTGCAACTGCTGAAA
R:ACCAAAGATGCCCAATGAGC
MSY]112650 MYB MYB 4538 5 F:GCCCGGTAGAACCGACAATG
R:TTTAAAGCTGCCGTTGTCCC
MSYJ074500 ARR-B Wi 17 5 R 12 F: TGTTGTCAGCGTATGGCGAT
R:CCTTGTCCACCTTCTCCAGC
MSY]182320 B3 B3 KR B3 F:GGGGCTCTTGGCCTTCTAAA
R:GGCTGACCTTCCCTGGACAG
MSYJ110110 BESI B-TENI T 7 F:ATTTTGCTGGCACGCCCTAT
R:CCCCACCAGCAATCGACCAT
MSYJ243890 BESI B-TEN T 2 F:GCCAGTTGGTTGATCCCGAG
R:GTCAACACCCCATGAGAGGC
MSY]J018840 C2H2 C2H2 KIkE M F.GTCTTTCCCGACAACGTCGG
R:CGGCACCGGCTTTGTTGTTA
MSYJ004870 ERF ERF ZEH F:GGGCCGAAAGCACGTACAAA
R:CGCTTGGAGAGATGCCATGT
MSY]J051170 ERF ERF ZEH M F:AGGGAGCCAAACAGGGGAAA
R:TTAAGCCGTGCACAAGGACC
MSYJ110310 FARI FAR1 KJEHEH F:GATGCAACCGTTGTTGAGGC
R:ACTGCCAAGTAAAGCCTCCC
MSYJ237210 FARI FAR1 KJEEH F:CCGTACTCGCTCTAAACGTG
R:AAGCACTGTCGTCTGACCCT
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Fig.2 Effects of different treatments on external fruits quality of Citrus reticulata
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Table 2 Effects of single-layer bagging plus canopy film-covering treatment and double-layer bagging treatment on fruit peel color of Citrus reticulata

— . - . KB N Eakk  WaEenht SRR Ak AR AR
JSLlya L (W (LR b (/R
s (BB " (AL/8E) (B (mg/g) (mg/g) (me/g) (mg/g)
SB+PF 66.12+1.97a 32.68+1.17a 73.27+2.41a 36.69+9.96a 0.20+£0.01a 0.38+0.02a 1.17+0.05a
DB 65.18+4.51b 31.78+1.93a 73.78+4.49a 37.13+9.62a 0.20+£0.01a 0.38+0.02a 1.15+0.04a
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Fig.3 Effects of single-layer bagging plus canopy film-covering treatment and double-layer bagging treatment on internal fruit quality of

Citrus reticulata
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Fig.4 Volcano plot of differentially expressed genes (A) and KEGG pathway annotation (B) under two treatments
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Table 3 Correlation analysis between modules and phenotypes

BRAHE WEEEEY AR THERS R HER C it Elivdid FE MR TS sy
R 0.074(0.900) 0.760(0.080) 0.420(0.400) -0.140(0.800) 0.360(0.500) 0.250(0.600)
PR 0.610(0.200) -0.600(0.200) 0.019(1.000) 0.220(0.700) -0.570(0.200) -0.210(0.700)
HE 0.056(0.900) 0.650(0.200) -0.160(0.800) 0.066(0.900) 0.710(0.100) 0.410(0.400)
Hif, 0.610(0.200) -0.340(0.500) -0.230(0.700) 0.460(0.400) 0.084(0.900) -0.280(0.600)
AR 0.760(0.080) 0.310(0.600) 0.150(0.800) 0.290(0.600) 0.130(0.800) 0.250(0.600)
Hik, ~0.160( 0.800) 0.170(0.800) 0.770(0.070) -0.870(0.020) -0.470(0.300) 0.054(0.900)
K 60 JiE 0.016(1.000) 0.026(1.000) -0.021(1.000) ~0.450(0.400) -0.061(0.900) 0.340(0.500)
e 11 (71 -0.300(0.600) 0.550(0.300) -0.420(0.400) 0.420(0.400) 0.650(0.200) 0.410(0.400)
wHEM -0.550(0.300) -0.560(0.300) -0.790(0.060) -0.130(0.800) 0.380(0.500) ~0.280(0.600)
R cRER -0.660(0.200) -0.260(0.600) -0.078(0.900) -0.780(0.060) 0.360(0.500) -0.550(0.300)
e 2ih ~0.940(0.006) -0.480(0.300) -0.280(0.600) -0.450(0.400) 0.140(0.800) -0.570(0.200)
=30 0.120(0.800) -0.770(0.070) -0.220(0.700) 0.002(1.000) -0.350(0.500) ~0.390( 0.400)
ENE) -0.240(0.600) -0.860(0.030) -0.380(0.500) -0.120(0.800) 0.120(0.800) -0.920(0.008)
FHEk 0.250(0.600) -0.490(0.300) 0.350(0.500) -0.510(0.300) -0.350(0.500) -0.540(0.300)
R 0.490(0.300) 0.140(0.800) 0.590(0.200) -0.340(0.500) -0.170(0.700) ~0.100( 0.800)
LR 0.210(0.700) 0.160( 0.800) 0.660(0.200) -0.660(0.200) -0.220(0.700) -0.087(0.900)
(0 0.450(0.400) 0.270(0.600) 0.300(0.600) 0.570(0.200) ~0.460(0.400) 0.430(0.400)
FANGA 0.095(0.900) -0.120(0.800) -0.044(0.900) 0.018(1.000) 0.430(0.400) -0.590(0.200)
iEARCY ~0.250(0.600) -0.260(0.600) -0.740(0.090) 0.540(0.300) 0.680(0.100) -0.400(0.400)
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Fig.5 KEGG enrichment analysis of black (A) and lightgreen (B) gene co-expression modules
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