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Abstract

Objective: Xinjiang is a premium grape-producing region in China, and the introduction of new
cultivars such as ‘Shine Muscat’ is of great significance for optimizing cultivar structure and enhancing
industrial competitiveness. Top-grafting serves as an efficient approach to renovate aging vineyards and
improve fruit quality and yield. However, differences in growth and development patterns among various
cultivars after top-grafting with ‘Shine Muscat’ remain unclear. Moreover, ‘Shine Muscat’ has stringent
cultivation management requirements, making it difficult to ensure stable, high-quality yield by directly
applying techniques from other production regions. This study aims to clarify these growth and
developmental differences by measuring photosynthetic parameters and fruit quality indicators of different
top-grafting combinations. Furthermore, it seeks to identify the optimal seedless and berry enlargement
formula, the ideal leaf-to-fruit ratio, and the best combination of 5-aminolevulinic acid (5-ALA) and foliar
fertilizers for ‘Shine Muscat’ cultivation in the Shihezi area of Xinjiang. This study is expected to provide
new scientific guidance for improving the quality and efficiency of ‘Shine Muscat’ cultivation.

Methods: In 2023, a grafting combination screening trial was conducted using ‘Shine Muscat’ grafted
onto four rootstocks: ‘Victoria’ ‘Kyoho’ ‘Black Monukka’ and ‘Crimson Seedless’. The photosynthetic
parameters and fruit quality of these four scion-rootstock combinations were measured and analyzed to
identify the optimal combination, which was ‘Shine Muscat’/‘Crimson Seedless’ (SM/CR). Using SM/CR
as the test material, a series of experiments were conducted on seedless enlargement, leaf-to-fruit ratio, and
the combined application of 5-aminolevulinic acid (5-ALA) and foliar fertilizer.

(1) In 2024, a seedlessness induction trial was performed. Fruit set was induced within 48 hours after
full bloom using eight different concentrations of plant growth regulator (PGR) combinations applied via
cluster dipping. Fourteen days after fruit set, all clusters were uniformly treated with 25 mg-L!' GAs + 3
mg-L! CPPU for berry enlargement. The seedless rate was recorded, and fruit quality was assessed at
maturity. In 2025, a fruit enlargement experiment was conducted. At full bloom, formulation A8 (25 mg-L"!
GAs + 4 mg-L' CPPU + 3 mg-L' TDZ) was applied. During the fruit enlargement stage, four
combinations of plant growth regulators at different concentrations were used for cluster dipping to
promote berry expansion. Fruit quality was evaluated at maturity.

(2) A leaf-to-fruit ratio experiment was carried out in 2024 with four treatments: T1 (LFR 15), T2
(LFR 20), T3 (LFR 25), and T4 (LFR 30). Fruit size, color, and internal quality indicators were measured
during development, and volatile metabolites in the berry skin were analyzed at maturity.

(3) A trial combining 5-ALA and foliar fertilizers was conducted in 2025. The control (CK) was
sprayed with water, and there were five additional treatments: ALA (100 mg-L™ 5-ALA), LS (ALA +



1000x KH2PO4), HZF (ALA + 2000x seaweed fertilizer), HFS (ALA + 1000x fulvic acid), and AJS (ALA
+ 1000x amino acids). Foliar fertilizers were applied every 10 days during the fruit enlargement stage, for a
total of four applications. Fruit size, color, and internal quality were measured during development, and leaf
photosynthetic parameters, chlorophyll content, and antioxidant enzyme activities were measured at
maturity.

Results:

(1) Grafting ‘Shine Muscat’ onto ‘Crimson Seedless’ resulted in superior fruit quality, with a cluster
weight of 919.19 g, soluble solids content of 21.63%, and a solid-to-acid ratio of 62.08. This combination
also exhibited higher chlorophyll a, chlorophyll b, and total chlorophyll contents, along with enhanced
photosynthetic characteristics and a higher maximum photochemical efficiency of photosystem II (PSII)
(Fv/Fm).

(2) All seedless induction treatments achieved a seedless rate above 80.0%. The highest rate (89.0%)
was observed in berries treated with 25 mg-L' GA3 + 4 mg-L'! CPPU + 3 mg-L"! TDZ within 48 hours
after full bloom. All berry enlargement treatments significantly increased the single berry weight. The
treatment with 30 mg-L' GAs + 5 mg-L-' CPPU + 5000 promalin during the enlargement stage resulted in
the highest single berry weight (14.13 g) and the highest soluble sugar and soluble solids contents.

(3) The T3 treatment (leaf-to-fruit ratio 25:1) effectively promoted longitudinal fruit growth, achieving
a berry length of 29.63 mm and a single berry weight of 12.78 g. The T4 treatment (leaf-to-fruit ratio 30:1)
resulted in the lightest green color in the berry skin, higher soluble solids and soluble sugar contents, lower
titratable acidity, and greater fruit maturity. The relative content of terpenoids in the T4 samples was
significantly higher than in the other three groups. K-means cluster analysis revealed that 73 differential
metabolites, predominantly terpenoids, showed an increasing trend with higher leaf-to-fruit ratios.
Compared to the other three groups, the differential metabolites in T4 were commonly annotated to the
monoterpenoid biosynthesis pathway. Twelve key volatile compounds were speculated as crucial for flavor
formation in ‘Shine Muscat’ berry skin under high leaf-to-fruit ratios.

(4) At 100 days post-flowering, the combined application of 5-aminolevulinic acid (5-ALA) with
seaweed fertilizer (HZF) significantly increased the single-fruit weight by 13.26% compared to the control
(CK). Additionally, under HZF treatment, the chlorophyll a+b content reached 3.99 mg-g™', peroxidase
activity reached 4.05 U-(g FW)™', and the net photosynthetic rate rose to 17.77 umol-m2-s™. The
combination of 5-ALA with amino acids (AJS) resulted in the highest peel chromaticity a* value, with a
soluble solids content of 22.73%, indicating a higher degree of fruit maturity. Both HZF and AJS treatments
reduced the titratable acidity to 0.32%, thereby increasing the soluble solids-to-acid ratio and improving
fruit sweetness and flavor.

Conclusion: ‘Crimson Seedless’ is the most suitable rootstock among the four grape varieties for



top-grafting ‘Shine Muscat’. The T4 treatment optimizes the sugar-acid balance, enhances maturity, and
promotes the accumulation of terpenoids in ‘Shine Muscat’ berries. The combined application of 5-ALA
and seaweed fertilizer (HZF) significantly promotes fruit growth, improves sugar-acid balance, and
enhances leaf photosynthetic capacity and antioxidant enzyme activities. The optimal protocol for seedless
berry enlargement involves applying 25 mg-L!' GAs + 4 mg-L! CPPU + 3 mg-L! TDZ at 48 hours after
full bloom, followed by 30 mg-L! GA; + 5 mg-L' CPPU + 5000x dilution of promalin during the
enlargement stage.

Key words: 'Shine Muscat'; foliar fertilizer; plant growth regulator; volatile metabolites; fruit quality
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4E0%ia)3k (Abbreviations)

JE A JEXL AR HHC AR

Abbreviation Full name in English Full name in Chinese
5-ALA 5-Aminolevulinic Acid 5-F I BN R

c* Chroma AN

CAT Catalase o AL A

G Intercellular CO: concentration Hula] COL ¥k SE

CK Control Check Xof HEL2H

CPPU Chloropyridylphenylurea UL AR

Fo Initial fluorescence HI46 58

FC Fold change (VG

Fn Maximum fluorescence RO

Fo/Fan Maximal photochemnical efficiency of photosystem II Y6 &4t 11 H KL A 30%
Fw Fresh Weight ficf E

GA; Gibberellin As IREER GAs

GC-MS Gas Chromatography-Mass Spectrometry AR LRS- TS B R
Gs Stomatal conductance SILTE

KEGG Kyoto Encyclopedia of Genes and Genomes SRR S R R A R A
L* Lightness S

LFR Leaf-to-Fruit Ratio g

OPLS-DA  Orthogonal Partial Least Squares-Discriminant Analysis  1EA2 flafi /> — 3 )51 43 #
PCA Principal Component Analysis S0 % i

Py Net photosynthetic rate H G R

POD Peroxidase A

qP photochemical quenching coefficient AR R

rOAV relative Odor Activity Value FERE R AR

RTT Ratio of Total soluble solids to Titratable acidity (454

SM Shine Muscat “PHOCECR’

SOD Superoxide Dismutase B SE A A T

SP Soluble Protein A E

SS Soluble Sugar CIRGRER

SSC Soluble Solids Content ALEVEE T

TA Titratable Acid AL E IR

TDZ Thidiazuron T8 O

T: Transpiration rate R

U Unit i ERLA

vC Vitamin C HERC

VIP Variable Importance in Projection Ay H B R

VOCs Volatile Organic Compounds HERMEA IS
WUE Water Use Efficiency K53 F %

Y (ID Actual photochemical efficiency of PSII TR G SEPRG R
Y (NPQ) Non-photochemical quenching coefficient B AR R
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w#%& (Vitis L) JEH &R} (Vitaceae) H %8 (Vitis) WIVEHEEAMEY, BHM ST
LUNE, EAFRKVEE N A E . AR E R A SR EEAL (OIV) KA AT
PG RoR, 2024 4, SBREAFEEARZ 710 77 hm?, SEREE 8RN 7770 I, 8
2023 K 3.7%; P EE A RSN 75.3 1 hm?, RS = (0IV, 2024)
WEwE A SR A AT, HAeEEA S EN 80% (Zhouetal, 2022) . HiE(E
NIREHE LGNS X, LR ARGEREE 200 J5 8, P B 4ERF(E 300 /T4,
FI AR P Y A AL (FTERESS, 2023) o B aEA 2 7l 5000 o/,
HAEREMET N, CHONEFXEENEG R, EHEl 2 MR TR RIEEE
EAER GBE, 2023) .

b6 VH B T AN 2 5 98 9 38 i () 22 oAb R FE, ToRF S 1Rk 38 L5 A BhRy
JRUIAR 1140741 267 i b bR F 2 BT B B I bk . LT R, ‘BHYBEER”  (Shine Muscat)
e FOMRR B A L SRR IR A i e A% B A AR, TRV TH R o A 2 T 3
REFEMEE A G, 2021) .

1.1 ‘PRFACHIR’ #hiA

1.1.1  ‘PEAHIR Sip4Fs

PHOCEUER HrR AR, B BT S 4-6 IR 15.5 em. PITELE, B
R REEE 12 MEF, BT EAELES 3-5 7 Lo ghirhRat, mildm hiRske,
Ak &, B, 20 CBIRIBLE, 2016) . HRiEA S SRS, maJE R
RGN, REPEE, AGRE: LREHRE, AEBIRE R CRERESE, 2015).

PHOGECR M e e L g X ES, — R 4 B 15 HAA L, 5 AR T a
BENGAIEW, 3 RIGHENBIEW], 188 8-12d, 6 H FHISIEFEANE KW, 7 H Fa)Hsx
TR NA ERI R SEE, 9 H BRI, B & A 10-12d, 10
HH NAEM AR CRAERSE, 2023)

1.1.2  ‘PERIKIR’ BEEFIEIVR

‘PHACEIR HE NBREL TR, HoEAN ‘2222157 (Steuben x Muscat of

1
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Alexandria) 1 ‘HRF’ (Katta Kourgan x F3ERK), J& —f%A&, 2003 FElHHAEE, T
2009 5| AFLE (Yamadaetal., 2017; 2B, 2016) o ixmFhHUmE LR, FILIMAL
Ky RELRME AHIEEER, LT RE N EEFE ERM M — (BRESE, 2025) .
fgiit, A BHGEER MR 2016 4FH5 224 0.67 /7 hm?, 2023 i 8 /3 hm?,
HATZ) 10 73 hm?, FOyMORE AR AN = S K PR I & i bz — (BBYERASE, 2026
PPHIGEE, 2026) o

BEXEETERMX CPHOCEOER A T AR R I, 2 IO Ros H B RS )
H RS (2022) BFFURIL,  CBHOGEOR #EAEMEFX ALK SR, FoMer, it
ERm s BB EREE (20170 ELBWEFE 1 13 AN & it AP 7E A ] 1~ BRI 45 8 i PR e,
fF RO CBHOGER MR, PERE; XIRGEE (2025 BHE 23 A
5 A 4 AP AT T R AR R B, KRB CPHGECER BERRLL. HURMEE E T
flrgafh, IR ERAT e, EEEZH X,

-

1.2 BER LB

1.2.1 EERERRFAREARER

2] 11 SR S5 i PR R AR T PR R R B A AR R MR S A (BREHEE, 2022) , A
FER LR MU AN AE ST . N TR A, RSOTBIR. R/, F LU AR R RS
APIEAR, 44 2 VRIS TURFIE (108, 1999) , A B i o 2 7= T R O it
Tabr, FeE EEER RN ARG SR GRESE, 2011 o SEERA N EFEE—T
FRRE b Sl 7 RSB RO E 2 SE eV O o 8 T N ) L AR A (B 4ERA AR,
2019)

AR LRI . AR B, KR, B LLACE IR S R T R SE N
FEf 5T (Ju et al., 2022) o 8508 )& B B AT PERDE & BN 16%-21% (ZFE 8, 1999),
[ 2 L L R e SR S (R R AH AR, PR A SR S A B2 ) ) € b (Génard et al., 1992) o
FE RS IR R A SRS, e R SR R RIS R I ), RS B TR AT R
FEE R A AAEE RS B (Keller et al., 2016) o 7 45 5 92 th (1A WLIER 32 502 3 LR
WA BRI ARER, WA BN SRR SR & 1Y 90%LL | (Esteban et al., 1999; Fowles,
1992) . 44K CJ ZAET BT, KRF, HEEPH4EER C SBARHEMR
A ORSE, 202D .
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122 BERIHNERVEMRIHRE

ERRREFERRMEEREZ — (Xietal, 2020) o ARG PES Y5 R
REGEERBOR, BGOSR SRR Rk (5K ERESE, 2007) o H% P 7E7ERL
HREREAHALEY) (Alemetal., 2019) , EEAFEEREY. B, B, @R
PAKFERPEIRSE (icetal, 2016) o I IE P E T %) R SCE R I RBEAE T D BU LR R-IE A
S, BT TTER IR T L R R /N B A R S A R S BRI FE

4 A SR DO RS A A G MIE AFAE, 38 Z (AR DU EL% 4 (Wu et
al., 20200 . WFESHESR T EEELME, W HZRMIEES, UEEIE. Bk, B
K. FERNFHEUEEANE, BBEEZERHBAMEY (Robinson etal., 2014) . 45648
BN BB GETK. Bette. K. SHEBALESR S (B, 2000 ,
ERSH Z DI BEI 6 4 AKIEEMAER AL SV RAFAE, SRR R T A4
(Wuetal.,, 1991; Giinata et al., 1985) o %) R LA TH 0 W ATIAY B2 £/ i IR R
B SH D RS BURIERSE AT, BRI 3 B R J5304T, BFENEIIIR |
QIR I AR (B, 2000 .

PRI 77 &SRR RIZRAY, A 4 AT DAL 2 AR 2R (Wu et al., 2019b)
FERNZRERRA: A, RREEAL BFEA, Hoh ik A B A R AT
PP ) EE S F A (Mateo et al., 2000) o« ‘PHOCEOI % B ERE MM, HAFTEE
S FCRTEG R R R EY), T REEFEMRE (Wang et al,, 2021b) . HLL
HERU G S HOR BB E R, XFEEEEON “BEES7 , ANEBRGE
RERS IR R S b3 B IX Pk (Zhou et al., 2022) . EATEESG T, ITHERCLAEHEE
HOR IR T 22 PR A A BUR A R R DT RR I SRS, B R . AU ARRE . o-
FATMEE . FEAERE . &R, B- A FriEhs . RS R, & AU a B (£
B, 2021) o A —SEOCHE RS RY,  n07 R R HLATAEA Canis RT3 05 R
A B RHATAEY) CnE L, R ERE ALY BOREE S, R UESE
e T A B AT R SRR A U R 2, (7] N 19 A S 8% 2 4 6 AR A A U
4> (Wuetal.,, 2016; Zhou et al., 2024) o %) 355 & AT LA SR BUM LR 2538 Tt R {2
DT AR B AR R, M o805 4 260 1 05 B RePE - (Alem et al., 2019)
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1.3 Rz

1.3.1 RMEIZERIEBIENX

AR, U AR 1800 £ o R A T Al A, B e R A AT ST
T e 5 B AR L EH e A DA AR R S b B B 1 B S 1 (b ARSS, 2018) .
FER % A7 EREAT R 2SO T BT BRI R S TR ik AR ER bl A 2-3
IR, AR A A M, AR R ACE I 2 L PR AT T AR A
WUAER B2 RASEEERE AR (EIERSE, 2005) « SRS AR 2L —FhE
SRS E ET B I IR0 A R R AR R B AT A b, ST R ) BE B e
& (CERKBE, 20100 o KW A e ie 1 & KB A 1, v aia b ok 1
EBTIE

En

A

1.3.2 BUEEE= EHIN SR

B AR BN FZARIAE DA T7 T — R P, R R AR S A
PLIE. PR PUWAT EREERE T, Fldn, DAUUA SRS K o] BB S A T (%
PEFESE, 2015) 5 —RUfbamPhasty, SHMREE S R T “ Bt ” , Pugiscl
A PR S T, & ORIV P2 HE s R4 A R, T A0 s 5 B
VU2 T 5 P e, RIS R AR, (8T A R0 HIE MY LA Bk CERT TS,
2016) .

2] SR B R A, G R R U T A R N B R R B i e i A 7 20 e, g
WP L PR TR RS, T ) ) s T A S TR (F4ERR SR, 2018).
R 158 2 1) I 1) LA S A il AR AR A AR AN, DARESS 5 mOIR R B I S8 R L
JeEEt X7 5 H MUZ 6 H LAECAE (GEIBSE, 2004) .

FEN ST, R B oR O 2 TR (2, 201D AL (7
fER4E, 2013) Mk (CESRMEE, 2007) « g (ERKBE, 2010) %52 i SR 5 Fh e
HrA S PR T, CAEARY], PhEFmERf B2 e T IEENBGEE (ROIgSE,
2023) 5 HIEREZ . ‘WTE S22 AHBUMAM (ER 5 MR BT EER
T B 2R 38, R e AR R, RS B ARG 5 I 2R (AR5,
2023) 5 XPRKWEHI % CEE S PHCEOR , BUSEEREIE 96%, S5 PUEE R
(BRERAISE, 2021) ; 1 4 DMHEE A EaiissE FOCBOR , 8RR, £ ‘B
GBI E R, B, SRR AR E R CGESFIESE, 2022) .
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1.4 GA;. CPPU #0 TDZ 7ER&4E = _FRIN A

1.4.1 GAs. CPPU #1 TDZ B9 E R EIEA

R (GAs) £ RIS RHEYEER, MMEKKE SN BaZY i K
#EEWIEIER (Jusohetal., 2019) . % NI GAs EW& I EZESR T 2T, F1k
BRI 2 NUE GAs S ERIAE (RIS, 2024) o HT# & GAs = EHUK, 4
Ui GAs WU RO SR A MERIL T, BT X —MRF A B YE, GAsH 2 N T
Bz S SRR ORI, 2023) .

LR (CPPU) J2—Fp N LA R R BRI M 2R, s oS4 A A& A
W PEIEE (CDKs) FIs 40 e AU AH SRR R R IE, (b gm i 7 ZEFIRZ R, dd i i
AR NIRRT R R AR, TEPELN 6- R & BEENS (6-BA) )10 52 % (i
Q5E, 2025) o CPPU 5 GAs L& 13 AT LA T80 %1 0 oA S i R AR BE, (it iE 70 AR
R, s, BEEASSE, BWNEZR CRFEE, 2025 .

WEORFE (TDZ) s& ¥ N AT A, AT ERAERII A F) Gtk 5%, 2014),
PRI G AR 9ik FR A P07 1 AN A B o0 205, AR NIRRT 2 B TR i A b, R AR
SEG R, WsRMEYDCEE AP, EREY L, SCEEY R, ETEY T E OF
B, 2021) .

1.4.2 GAs. CPPU #1 TDZ ¥ 55L& R EY 200

GA3 W] %) 52 R s e A 2 38 R FEAONE, VR R B TE SR sk b
M P IR P T R E S, WTZMEE SR, GAsRilHFFKE,
WM EENEE, MMPREER, IREEHEFER (ERES, 2014) . GHFAE
W, GAsREREEK “LLHBR AT, (Edbduff 2y 5Kk, MG in ForLi & &
WA B4R, RRIE R, HE (FEKEE, 2022) 5 EE M GAs A FE SRS /- AR
2, IHMEHENERRE, REERRE (Yuan etal, 2025) ; GA; AbHHE £ 18 04 %)
R REE . S RS &, MUSCE R I aE, RS A A e
(HKIESE, 2022) o HRFFAER, BMEH GAs T A& FHOGEEL” MR HE R
M4z /7, (HBARE A AT E e &, S GAs —BE A BIE =R (E
A, 2026) .

CPPU i@ I M7y 2, REBEHIMABSLPIE . B L . HRF AR,
CPPU B W IR SR/ R s & RSlifg, gD RS & IR SE (Zabadal
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etal., 2006) , CPPU Ab¥Hid & <38 hn RS mi B, (F R SL iz (Curry etal., 1993).
i CPPU A LASR & BHYGECEL LRI 2, {3 CPPU 1] REHIH ABA HIH KL
BRI B SR AR 2 (#3545, 2025) o CPPU 5 GAs FLEMEHLE “BRIFE)SE
Pl L, REREWINRSA NI E &, HENESETEEREY S E N, 7 Xk
(BENRAREE, 2021) o A ELRUFHAE KWK, s CPPU BV R A B B A A
TR MR R SN B 2 [ )Pl (CEL g, 2023) .

TDZ & H il S AfA KA 2 —, R Emm A m R Efm L E R, Hif
5K, TDZ AP ‘BIRE M ‘2rfaohs” , BHREARRE B RS (Tecchio et
al., 2024; FERMHEEE, 2021) ; {1/ TDZ DS BHOGEUIR 4R RSLimz, 7R
PRSI . SRR, AIIATERE . M S EAE IR (B, 2024) . TDZ &
P 2 A, FEORSLRAG R EIER, B BT KRN, (B a TR,
£ RTRE o CaHER SEA, {f TDZ AbEE S E0HE B, BRE BT (Tecchio
etal,2024) ; EAWIFREN, GA; M TDZ 44 kb BLAEHNH] 243 2K PR 7 1H R IR,
B[RV A 7 SRS IR T R R R B, S EUR S TR E (RERAR2E,
2018)

1.5 HRIEFRER

20 A1, Mason £l Maskell $#2H 1 “YiFEEE 1L (source-sink theory)” X4 =ifH
WAk PR IR AL T EE N FE S A L (MASON etal., 1928) . Ewans A& IR JE
TZHR RS ERE R R EE, tbE “UREEER” ERCN T AATRHED = &I ik
FAE R FE VR T T7 1] o FE R A AN RIS 30, YRR 28 B A T 3h A28 A CGBtJR 7R,
20100 , ERAEFRAEKER, €8 2R ETESE; BEEEKP O,
AT BOR SE ROy I E R OERREE, 2006 5KIE5E, 2012) .

VR RFW RN E AR EE T Mz —, R CUREE” RN
AR “mHIREL” (Leaf-to-fruit ratio, LFR) SRfifeE GZNNINEE, 2012) o @E AHRE
A BT RBOGE PR BRI, DR TR 0 TEAE, L REEHE N IRIER IS AR
MR, ANmEEN FEDOGCEREMR LR AR ST, #mderRsmim (AR LS,
2014) o FERMAFER, HRAMZET . R fErE . RS AR R, SO FE S A
CikHi, 2017; FRF, 2016) -

1.5.1 AHREEXFRSEXR/NEIFZAR

AT, SRR RSN RIFE IR T R S8 FR i 20 (Famiani et al,

6
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1995) o WBRMEMRIBE SRR I, AR EM IR 2-4: 1L RLIEFAK, MR
fiX, JeE& AR, RELEEZ/N (T7&395%, 2002) . WH5iMiE (Citrus deliciosa Ten.)
KRS, RINBARKH RSB R S i 5 N B 42 (Antoine et al., 2016) . LG %F
(Vaccinium spp.) 961, 24 RHEAREN, HRSLPEE, T35 L EAA /N 1Mk
E RGN, spss 23R8 A K B4R (Jorquera-Fontena et al., 2018) . 5% (2022)
B FC R IAS [ - SR O R SR SR A & som, HEAEL 100: 1 RS HIRE . 41t
ffe. BIEF ST 60: 1. 80: 15 MRIGEAR, RIGBUN. MKAERSE (2019) XFybHE
WAL EE fE g2, R EGARES, NRECEIED, e R B HAKH R E R Z . X
FRF TR, WL (20-25) : 187 (25-30) : 1 RsLUBiE. BRERMN, TR
R REIIARFREL KT (E¥EE, 2024) .

1.5.2 MREEIT RS AR RSN

KEFFFHARD T Fr 205 oo B SR S8 i s e . £ R SEAE KRR Y,
KL AT AR A B A RE, O T M 77 2R KA & 4 B e it 4
(Hernandez-Santana et al., 2021) , XLk /KL SV H ik 2 R e, 3204
EICBR LAY it B AR R E, KRB (AT e
MR =K 2 sm t K F 5 5 (Martinez-Luscher et al., 2023) , RS2
KB B S RO N AS T 4EIE  (Covarrubias et al., 2021)

A, R e s RSB RERE . PIE MR A B DA AORE IR LU g T R
MR SEH R iR . 72 “BRZW . RERERT . b4l SHE LB AR, RS
SR B PRt B BRI M R S R oK & SR HEY RN &, HE TR W
MR s B E N, BRI ET S, HSBURSSh AN, EOESETE,
R RS RE (—FR%%, 2010; #IIREHSE, 2016: #HEES, 2016) . MRIEEL%
R BRAETE R R d/> (Bobeica et al., 2015; Wang et al., 2021a; Wang et al., 2022),
BACH)H L & e 2 BHERE (Cerasus avium L.) KRN %] (Vitis vinifera L.) FESZH]
FHORE, RIS PECRSER AR & &, NME 22 i #40# % (Usenik et al.,
2010; Parker et al., 2014) o ARAIBIRIT, 2R LE K BEARXHE it O & Ak 5t
PEACE AR W52, SO L K T B (Dai et al., 2009 , 17 5 E KA
i )E, MR R AT R ENKE, DRAERMEE R NIRE, 5
FE R TR S0 ) 2 34— 30 (Lescourret et al., 2005) . Zhang 25 N (2025) BB A E
), EIEBRPRGI 40T, AU R 7 ) LA BRI, A R IR B = 14
KR MPEI AR . AL 2011 BEFERM, PURFTIRM R 15: 1 85KF) 30: 1,
TSR IR B R TR DO R . RS LRI FE R B, YRR O AR A fE



$15 XLk BAFRFHREFMIL

B R, EreHHB (Syvertsen et al., 2003) o A FFRIAN “HFRLE” xRS
HE RV R A AT W35 R, FHOCHIE AL CUE R ERE (5 &:395%, 2001 FllZE CGR%F
&, 2015) EiRiE.

BB R LG TR RS R 58S CRIRKSE, 2018) o WEAL KR, emmtiR
LLfE 3 PR R SRR . WA ELL, BEREEEE. Hat. BmSE,
T T e i ) RS AN B (B SE, 2008 skASAaSE, 20215 FhESE, 2019).
VEEE (2022) X CBURA HEAREY, s RS CBORE #E REER
VI a g, (RSEEIE. BEREE A MRS ERE . mAERSEN (2019 #HEE
i, GEEREEI R, BERD R, &N ESECHE S RRER, AR
S IR LU T R A U R T SRR T, R S &) S A AT A RS
FHTA . SEE TSR BT R (Suklje et al., 2013) o Kk, JFEASE MR LT
A RS SR A T, BRI AT AR BT, RN IR TS T, AR E ATk
CIPUNAE &

1.6 5>-5EZEARBEMHEEEE S R

1.6.1 MHEEAFZESIHRL

T R B A I, A H gk R, 5 B AR b, AR IR,
RE ELIEAR ARG P42 T, RO e B R T FF 4 R R R Pk # CREME, 2019;
VRACPE, 2024) o SR EEHHRIEMEE L, WY H 3 El o MIIGEREUr v 5 K
5, AR EFRAL FERA. RERY. WT RS SR Gk, 20200 .

WRIR — A B E R —FE ZR B AR, B E IR 0R, meiedbdn i 2T
o, B UCER, DA ER=WNIZE, EmE SRR E R . Hik,
EAEACIAE AR S KA, Re R iR s AR, JHERSE IS AFEeE Gy
T, 2025)

IR AL AR R S0 S 5 2 SR A e T s o i AR, SRR R
EI R R B A LA, A AR R B, b E SRR [E S, IR BRI #ERE O
SAER, B AR, PRz B e Y T A AR SR TR A T GYRAES, 2024 S

Ve A g — U 0 TR O T A, TR p DA T 1 20 o AR 1 T A ML
EBE, B EABL B BN UG R, RRRS IR AR AR KIE B, M R,
RASZHLR ST BN (A Tt, 2024) , JFHMETAEGIER, EEIERA 24,
TFF MBI RFER R GRA, 2019) .



$15 XLk BAFRFHREFMIL

ISRV N — P FEER - AL, 22— Emmradd . RILFPRIEE Z P se 1/
DFRYIF, BAEREEYAERKKE IEEEREYIE WA £ i R s = i A (B
e, 2023) .

1.6.2 5-2| & B AER A E IR I EE

5-RIECWEANIR (5-ALAD AFNNMRAEYI & S — STk, S5 RS EE
S FHIER (Wuetal., 2019a) o LA, 5-ALA 1Ey—Flo BB A 5575,
— 7 I T A e K S ' B AN S SFLF IR TR, R AR A [
e THDCEHIC R A%, B E R EEDPDCEER S, B2MEEA N R
REE AR (Wang etal., 2019) 5 3 —J71Hl, 5-ALA L ARV P4 A S 24
SRR, I AT E G s IELRHE R, R HE R S (RS R AR R IR #ES, 2015) .

1.6.3 HEEXHEY4IE R RS ESE

TR B T R OGS ER . B SRR A B R Y, BEE B
SR R RO E ROR S it IRt — DT RS A BT . T IR X I AR
SN, FEARIAEDNT = ML OUHEEE . MEZRNE T e E 1 me
RIS S & (SPADE) , FRRMSEE a/b tWAE, IHDERR, M3 s i &
# (Sava, 2014) ; WEREAEA TR P, BUSHTiENEE RS, Bbr RS
SEAHS R CHKRSE, 20190 ¢ WHEMEHEIME cER (EeE. Bk il REE R
MR, T e B AR E SRR INIRES, ARG, (R BRI R
M R A S st GRS, 2024)

T AT SRS BT s, R AR IR DA = e i AR A e S S i R S b 4y
AR E, BT E BR/K s M M T AR S R SErh Sl BT, B 3= SR gk
R CERERENEN, RLmEOENR, REHPUEAIE RS IR R E 5w A
RefRidt RS R, Hmep R e, o8 R R ERIRERS, 4aid SR SC g, fa R s ol s
nss). em, Pisthfe R EFHRTT (Xuetal, 2025) . SAWIFER, M ImIE E Wi
TRB A, BRMGME IR E, RS HERE, REAERCEE, RERKITHERS
= (B, 2025) 5 @ AEERA. IR L Re s B (e PHOGEOR R,
ZREABMLE . HHAREL. My SPAD H . G FR 00 I B IEn (& FLEFEE, 2025);
W W it e SRR A A, PT R SE Rk R S KR L AR, R A R AR
RIE TR (B MHESE, 2025)
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1.6.4 5-R & Bt ARSI HEIR & RS MRS

5-ALA VER—FEY AR R, SR v A SR s2m 2 2 7 T ). 5-ALA X
M AR B R AE LU AN T — U7, 5-ALA BN A SRR S
B SRR RS EL, TR TG RE I SRR A s AR R 7, St R & R0%,
WA AR TR S 5 B A FERY (Shenetal., 2012) o AWK, 5-ALA 43R EHR
TR SRS EMPLEEE, FUGE TE AR (RdhamsE, 2013) ;
NaCl HERR RS, Wil 5S-ALA RefR it SRk G ik, dhmigdEgh K (FRIEaE,
2022) . Ui, 5-ALA bR RS, B iE RIS S A S E A,
MNITIRCAR T B3 ol ) 453477, AE P PR SE B 1 . 7E S S i Bh H Rt i, 5-ALA
PRI T PRSI I TSRS E (HKES, 2019) ; W 5-ALA AR
FAGEEREYE, REDCEER, RERENm M CHOR5%, 2019) 5 5-ALA @i
zju-miR408a [FIE _LIRFEIEE POD MRIARIA BTG FRIETEE N B M CREMSE, 2025);
FESER M BT, 5-ALA RS T iie B S I RRAR 7 A SR GGRITAEE,
2015)

5-ALA XS SE 5 BT 52 £ EAE P AE LN =7 B4, 5-ALA gefe it & 1EH
FE G SRR, BB T R ST 0 R R AN AT W R S s AN L A A
5-ALA #2757 RSP AR RAREE (FERIEE, 2023) o HIR, 5-ALA XJRERE(Lik
REF RGN, RSP, Fg5): Flin, E3RRIE G5
H1, 5-ALA BERE 7R RRSLAET R R, 5 G (o 5g i LS 86 (6 7555, 2015);
FERRI R SE LI i, 5-ALA 8RR DI (SF4E455, 2013) 5 4id 5-ALA
Ab R S PR A SR SR AL (CIRG) e S B A €6 AH Lot RS 3B 48 v (k> AR 5%, 2022).
o, 5-ALA Reftm Ry e /), RSB, ERAERGREIAN, 5-ALA
AbER R E FRK T MDA & &, Hl] 7AH M A, ESE T R SR (Lietal.,
2016) .

1.6.5 MHEAESINEYI R E BRI ERUN

FESERRAL P A, T IR AR o 2 BC A UE SE RS AR R 2 RO BRI RO, AR T
ERAMAER, ARG AR SRR AT FURIL, BER S AL R
RO MMEE S EARFIR TR, DA FREE S m e IR e h 2k R . AR FH 5K
E R ESRNE (RIRFESE, 2020) 5 WHERM EEE RS ZERE, LIk
ARG S RAREMYER C &, REFMMRHRESE (EMESE, 2022) 5 KR
ANEIR AR, W AR R AR R UREAN R, AR 984.12 o (EUEENK,

10
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2023) 5 AL AR C B MG R T A2 A B B A BN gh i b, R R R B3R
A T AL S A, AT A (B, 2023) ¢ BRI AL S
fct « FRURESRAC, M9 CAAE T YRR, & TR GRNIGE, 2023) .

1.7 MR BMEX R ZARE L

1.7.1 AARBEMNEEX

AR O, AR R A AR T R B S U P R EOR, MR SRR R T
FEZREAR DUtk PR AES R BUA S I, SURLTFREN e, o EE
PR MR E A R R, RIRAR R AR KR, 8% 12 Rk E Fr7, W
R AIERT 2-3 SEHE N (AEE, 2009) o SR SNE, SiEREIRTIEGRRK
ai, CREFI R R AT, PR A, J> R B R e 5, st
AReemAAES A AL, BT X T i 2 AR 35 b, o S B B A S 4 o
FHOGECER RS ToAZ AL PR S KRB 2 F i i R SR TH IR R B, (BAE S ab PR C T
Gy BUR R EEBE . RAEREfL . RS, RIS, FrEE TR R, ROGIR SRR
BT, KA WAtk Feoe M AN IS e 1 75 B ik S5 Ak .

PHOGECR PR AR BB A, IR A M R BUR LR AL, AL
BRI /N s 1T 98 A ] X T MR ) R T R, GEER . BARRZE R A&
B, B HERH AR X B SR bR DL BP0 R Bk Rk, I H it
R, PEEFRAKRSEEAKARR, o120 X8O EIERILH .

5-RIECHARE (5-ALA) {ENBIAEMAK AT, EREDEAICERE. (RidtF
SRR IHEA BESCR, BHSAFEM LK EERMHE FHCBE EEAR RS0
Fo WEFRE, W AR EEC/NEY) R BE R GRS AR S R bR, GobES SR AT
T B & B DR SR R (R 55, 2021 FRGRIESE, 2021; UG5,
2022)

AW FENL SR SEBRAE = A R, B R R PROBECR AR B A AT
FC, BB RS SEER) PROCBOR EKKE ZE 5 DUy EA, DRI Bt 7t < FH
JCBUR REERIEHOR, TikiE BRI X BHOGEOR BT KR TT . &
MR, 5-ALA FIARIHEAE R BT, PO CPHOGEOR ARES R TG AR (s
R FiESE B, XF PHOREIR EE R R A EENE

T

N

11
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1.7.2 #¥ARE&ZL

| rwwamae oo |

R—RIEEIE

| eowt. sxomEeswn |

.

| mie wmrm s o SRt |

| 202ecemimensnrmmermERs | | 200emamimimanz |
RIHER m | ;
z FE (2 it HBSMESR gﬁ%ﬁg AR
. Rz, B i (AR, b RS
e riiE, 2 NG PrdiE. 2 BB 1Sse ERtR
i vt TAZ ) SE B 28 e
y
l THEHAS AT IZAM R R{EE S I | fFiEHT4 (LFR30) JFofhiEM SRtk |
_ Y
, S S S S
AERE - i
@, By HAin HS
; s s A
&, mEm : : ; B oy
: o ] B
8 &% : . FES i
SSC. SS& R RE s = A
: ey A
B TASE
R B
A | y
R AR | mitis-aLnimEmRewRes |

GEERETAAEE RASGR BRETHEAET. BEHRIL. S-ALMIFRHERNYSESE |

B 1-1 HORERE

Fig. 1-1 Technical route
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F2E ANEERMEIEN TEABIR ASHMMRIRRNES DI BAFRFHMEFMIL

E2E AN EESEMBUERN THXHER ASHTMMRIRENESR
VARl

UTAER, 3 A AR5 ot A BEHT A, A0 R el v (A% G B e A R B P
BURCASHAE R, LU R TR oK. PHOGECR DRI MRR BB A Wk . = BEAIC TR
FERSEM . I ffia . PRI SE R i, 91 T AR T B MR RUE, BN
] I BT AR B I A (RS, 2017) o FrsEain FHUXIA Ak, 4k
ZANE (Victoria) RLSHEE. AIETERIEY) & 8AC, SBAME: &% (Black
Monukka) H&TURIEZE. RAAMELLEG; ‘BIE (Kyoho) H&ALRF(L; Toki
AL (Crimson seedless) HCHRIAMME . HT R ME PHOCEER gt N7 [a]
Bk CESFIBEE, 2022) , MCRAIRW BRI AT A (=259, 20100 , PASKEL
rir AR PR BT

W FE AR 78 70 R JGORR Bk () s R AR B, P = BRI R Rl KT =3 O B 44, B8 T
AR JER, ARPRHENTF RS, Gl — R igH:, PRI, = Fr Wk, A&
R0 EE OB 4 AN ERR AT R CTHOREOR 5, EMOGERHE S R R E R, LAY
i e H O L R FHOGECER A ) AR R A A

2.1 MRERE

2.1.1 I HEER

I T 2023 4 8-9 A A T ARG & W SIS /R TE R (43°26'-45°20'N,
84°58'-86°24'E) AT . ZiRk e Hh A4, Hukb R LAbHE R B, VMR HE R, H AR
A I B GRS R SR BRI I U 4P SR IEL0 N 8 °C, TR RE R 450 m,
G e K R 7E 125-208 mm, TEARHIA 169-172 d, —4E KT 0 °CHI3E B BUE A
4023-4118 °C, 4 H I £y 2721-2818 h, H s8Il Ll LA S 89 34.38 gkg!,
EHEpH (0 8.15, BRARG A 50.38 mgrkg!, SAARER G Ry 127.67 mgkg !, AR
EEN 34.05 mgkg.

2.1.2 iRt

T 2012 SERRE 4 DHE A, R0y (gEZRINET . BT L CREERT N ‘3

13
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AR, YIONERE, SRR . KB 2021 £ 5 A, RASHGEE,
XIPE 9 a (A [ 4 ANE & A EAT 2z, 70 lid oy SM/VILL SM/KY . SM/BM., SM/CR,
22023 FH T NER I R T F IR TT AT EIY, BRATEE N 3.0 mx1.5
m, ARPEER, AN, L4 %, B 2 %

FEAY 25 R AE A T SRS EE B 20-25 cm, FAPRBA AR 12-14 FH, B 505 s R
TERTERE, PREEFEIS 20 AN A B/l WAEfS 1-2 d (EREYAE KT 7 (25 mg L
GA3+3 mg-'L"!' CPPU) AT — XTI AZ AL EE ;s (ARG 10 d XPRFEEAT 8%, R
B 70-80 K, FFAEEE — U AR KU T VA RO BE B R AL I 1 mg- Lt IR T S AR
1750 T RISTRE R AL BEARET R ANHEET 30°C N E, RAEK kK FEREP R ITER
AbFH

2.2 MEHEIRR T E

2.2.1 BsHN G BNE

FRIERAM (0 75 FD) |, WAL ABHEI L B, BRI S B, 3 %K
BT, AT LI 10 B, TSI SR BT . R R
SRR, SRRSO =TSR SR . SRR AT SR
B o TR T s M4 SRR B OB R T S R R R RS, 2023)

222 BILRAESRBNE

o BRI E AWt BT 10 REER, 5 0 B SRR E i P SR SE U, Bt )k
By, FH S S TR A5 B0 5 o 458 PAL-1 -5 0HE A 2 mT v P [ 2905 & (soluble
solids content, SSC) , FERHI E LM E I E ML (titratable acid, TA) &&, HKAMG
R IEAE I 78 4k 4 Z C(vitamin C, VC) 7 &, BUE I € T4 5% (soluble sugar,
SS) FiE, HHHTRIE G-250 YLt iklE v EE A (soluble protein, SP) & (Hf&
R, 2006) o ARYEATE L TR S B AR 2 IR S B A AR EE (RTT) .

223 REEENE

i ] CR-400 {E 4 A Z LN E R OER L*. o, b¥E, HFitHE B OFERBME
(Chroma, c*) c*H (JEISIS, 2013) . REFiEIERT, LMEARERRLTE, LHE®
K, R, HERBRERAGEE, -a* B+ BT R ARG ORER . 2 aiE,
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F2E ANEERMEIEN TEABIR ASHMMRIRRNES DI BAFRFHMEFMIL

PHEARRR M 72, -p*Bl+p* AR FACR B R . St WML o
UK, Bltbkal CERRESE, 2022) .

2.2.4 FXEFEIEFRNE

22.4.1 REFRNE

2023 48 A NA), B LaMER, E4:3d, £ L 09:00-11:00, K H Licor-6800
JeE i (£E LI-COR A m A RBLLESE 4 HUFHDEE R AHSH, BiFEtE
## (Net photosynthetic rate, P) + “fLFJE (Stomatal conductance, Gs) + Z& B HZE

(Transpiration rate, T:) « P[] CO2 & (Intercellular carbon dioxide concentration, Ci) ;

FETHBEIK R E (Water use efficiency, WUE)

2242 MHMFEESENE

MG THER I SRR S (4%, 2004) @ T8 30 H,
MHEFENUEE 4 NEERE, BAERBOEPUREEL F2 6 i, EJTFHHIKAH BAT 6 mm
FTFLERATH 20 M| Fr, 3 IREE, RAEMRI02 g, MMANAED. 95% 7K LB
BERSIK, AT 10 mL e, B TIARE 240, BEEM A E2THERI EIEH
43 M E 665 nm. 649 nm M 470 nm K T IR IGIE -

2243 MHERRERANE

4 2R POE SO E S IRARET (2016) W77 T8 H 30 H, "ANH AL
WA NGERE, AR, 5 6 it FIEAREREOEE i, BIEAR 1h,
3REE . HH PAM G 28K %61, Modulated Chlorophyll Fluorometer) , ll5E
SR RS EG LB SR T (M-PEA, Hansatech, UK) , & ok

2.3 BIRALE

K H] Microsoft Excel ZiT4dE. &hlHARE, KH SPSS 25 #4754 77 ¥7 -
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F2E ANEERMEIEN TEABIR ASHMMRIRRNES DI BAFRFHMEFMIL

24 ER59H

241 AN BE MRS PRAKIR RSEXNER

MF 2-1 ATUUE H, SM/CR FIERKMR IR, N 28.47 mm, W3 & T HAth 3 Mk
FEH A SM/BM R KIBE 2 /N, 4 19.00 mm, KT SM/CR. Huki i & L SM/CR
K, N 1324¢g; SM/BM /)N, H9.99g, —HZREZE. SM/BM [ HARFRE &/,
79 682.82 g, WLEACT HAw 3 FAGEHLAS, 40 AIEE SM/KY . SM/VIL SM/CR ik 138.37 g.
203.45 g. 236.37 g. SM/BM H%F 666.7 m? ;= & W Z LT HAth 3 M FEH G, 4F 666.7 m?
FEE Al SM/VIL SM/KY~ SM/CR 1% 287.12. 422.16. 490.48 kg.

S8 CRIE PR SR IR AT AN B AR e ) (SRS, 2010) , FIRFEHE 1.1-1.3
I8, RELEMETE: T 1.0-1.1, RLEEE; AT 108, REEREAFK. f£iX 4
PR A, RIPFRBONLE 1.1-1.3 ZJa), SRR EMERTE . dilgEsiy PGB
ISRRCIRRETE, UL, IX 4 b AR BHEIR” SIERIRmEN .

R 2-1 4 N SR ECEER BHOGEEL SRR

Table 2-1 The fruit size of 'Shine Muscat' grafted on 4 grape varieties

i BRZH RRPZ FRItgiAE e e e e AR e
. - T ORBERC RRRR o P
Stock-scion  Longitudinal Transverse . Single cluster .
o . . Shape index  Berry mass/g Yield/(kg-666.7 m™)

Combination diameter/mm diameter/mm mass/g
SM/VI 2621+£0.76 b 2145+049a 1.22+001a 11.57+0.12b 821.19£33.50a 1704.06+69.51 a
SM/KY 2535+£0.70bc  21.68+0.53a 1.17+0.05a 10.86+0.32bc 886.27+55.60a 1839.10+115.38a
SM/BM 2425+0.12¢ 19.00+0.08b 1.28+0.0la 9.99+042¢ 682.82+£16.39b 1416.94+34.00b
SM/CR 2847+0.23a 23.53+1.13a 1.21+0.05a 13.24+0.31a 919.19+£37.15a 1907.42+77.09 a

T FSIARF/NG FRERRTE 0.05 K FEREE (p<0.05) . FF.

Note: Means followed by different small letters in the same column are significantly difference p<<0.05. The same

below.

2424 N EERWKUIER FRAHIR RIBFER

HHE 2-2 A[1, SM/CR ) L*H#K, 4 50.79, EEmTHA 3 FiifEd &; ol
PA SM/KY /b, H-3.74, RESGERIR, DL SM/CR &K, 4-2.30, EE&T SM/VI
A SM/KY, HEZepEEE. SM/CR B p*E /N, REHE O SM/BM I o*H ik 5,
BEET SM/CR, RGFithidtd.,
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F2E ANEERMEIEN TEABIR ASHMMRIRRNES DI BAFRFHMEFMIL

R 224 NHEE SAIGRR) CBOCEL RO EFEER

Table 2-2 Fruit color parameters of 'Shine Muscat' grafted on 4 grape varieties

AR 2 B . . B

Stock-scion Combination

SM/VI 49.64£0.29b -3.60£0.58Db 12.14+£0.31D 12.68 £ 0.45 ab
SM/KY 48.46+0.44 ¢ -3.74+0.20b 13.49 £ 0.26 ab 14.00 £ 0.27 ab
SM/BM 49.13 £0.31 bc -2.78 £ 0.03 ab 1422+095a 1449+ 093 a
SM/CR 50.79+0.27 a -230+0.21a 12.05+0.41b 1230+ 0.44 b

243 4 NEEmIPSEEN PEAEER RSENERRER

H# 2-3 A1, SM/CR HIRIE PR BEY) & s, N 21.63%, 3% =T Al 3 Fif
RERRA A . T S B S B i BMIRAR A SM/KY >SM/VI>SM/CR>SM/BM, 43514
0.41. 0.39. 0.35. 0.32%, &4 &0 % 7 B3 . SM/CR [#)[H Lt 5.2 & T SM/BM, SM/CR
(& R EE A 62.08, SM/BR Y [E & Ly 45.28; SM/KY . SMY/VI ) [ R tb TG 2 %5 % 57,
SM/KY [IE R bh ek, N 37.33; 4R C HEEXAAMERLE, L SM/CR & &,
4 12.15 mg-kg!, LL SM/BM 1%, A 10.52 mg-kg!, Z 5 538 . Al R E & & LL SM/KY
wiE, A 1174 mgkg!, W3EETHAL 3 MabfEASE, 2k SM/ICR. SM/BM. SM/VI
7 0.09. 0.33. 0.80 mg-kg's

R 2-3 AN EGEN PHOREL SRS AE R 12 5

Table 2-3 The Internal Quality Differences of 'Shine Muscat' Fruit Grafted on 4 Grape Varieties

T HEA A w CAEMEETEYD  p CAIERR)  [ERRL w (4EER O w CAIVEPEER D
Stock-scion Soluble solid titratable acid Solid to acid Vitamin C content/  Soluble protein
Combination  content/% content/% ratio (mg-kg!) content/ (mg-kg!)
SM/VI 14.87+£0.54b 0.39+£0.01b 3841+£1.59¢ 11.70+0.08b 10.94+£0.01d
SM/KY 15.20+0.06 b 0.41+0.01a 37.33+£030c 11.08+0.05¢ 11.74£0.03 a
SM/BM 1440+ 0.12b 0.32+0.01d 4528+030b 10.52+0.13d 11.41+£0.01 ¢
SM/CR 21.63+0.15a 035+0.01c¢ 62.08+0.31a 12.15+0.0la 11.65+0.03 b

244 4 NEEMMBUER PEAKEIR MHEREFEEFR
HE 2-1 (A) P, M43 a (Chla) FELL SM/CR &, N 2.60 mgg!, 1M/EHK

KN SM/VI>SM/KY >SM/BM, 437108 2.40. 2.23. 1.79 mg-g'. HE 2-1 (B) . 2-1(C)
A0, SM/CR. SM/VI {42 b (Chlb) « EM4EE (Chlath) F&EEE T SM/KY

17



F2E ANEERMEIEN TEABIR ASHMMRIRRNES DI BAFRFHMEFMIL

1 SM/BM, SM/CR f¢j Chlb. Chla+b & & &, 4742 1.35. 3.95mg-g!, SM/BM
ff) Chl b. Chla+b S EWHRIK, 70 7HJE 0.68. 2.45mg-g!; SM/CR f] Chl a+b & &7 5
tb SM/VI. SM/KY. SM/BM 5 0.43. 1.03. 1.50 mg-g'. HE 2-1 (D) FRShEFEAE
A28 % a/b (Chla/b) HIME, HEEMKHET N SM/KY. SM/BM. SM/VI. SM/CR, 4}
WM 3.25. 2.70. 2.14, 1.98. HILAT%N, SM/CR [ Chla. Chlb. Chla+b & &E5HE.

A 3.00 B 1.6
o 298 a L4,
= ab = 12 F
259250 i b L& 10t
”@gzzizs— H@g“@o‘s—
= 2 E200 | . BSposer
- S EE04r
=g 175 SEf 02t
© 18D ' ' ' S 00 . ;
SM/VI SM/KY SM/BM SM/CR SM/VI SM/KY SM/BM SM/CR
fii #8404 Stock-scion Combination fii #8404 Stock-scion Combination
c 45 ¢ D 50
a0}, a5
7oy 'QZ = 35 ) ﬁ ed | a
29 o b I7F 35 ab
=L ®30F b & 5
#% 5 oo % 5 3.0 |
Tefast =S 25 be ¢
T o8 =
i N
2 §
8 1.5 1 1 1 1.5 1 L L
SM/VI SM/KY SM/BM SM/CR SM/VI SM/KY SM/BM SM/CR
b fHZH & Stock-scion Combination fili #4140 & Stock-scion Combination

K 2-1 4 NMEERFEERN CFDCEE MRS RNESR
Fig. 2-1 Chlorophyll contents of ‘Shine Muscat’ grafted on 4 grape varieties
E: ARNSFREREREE (p<0.05) . TH.

Note: Different small letters show significant difference (p<<0.05 ). The same below.
245 4N EE MR PHABCR XEGEITER

YR EER (P BRERGE T HERKAEKEEN 8. hE 2-2(A) 775, 4
FhaSFRZ A Pa RN, SM/CR B, N 15.45 umol-m?2-s!, 437 kb SM/VI. SM/KY .
SM/BM & & #&5 1.73. 1.91. 5.67 pmol'm?2-s’',

AW (T BT D EIKIRGUAN ARSI 2-2 (B) 141, 4 Fihib g
EH T RZIA, SM/CR B &> N 3.85 mmol-m?2-s!, HyksZ SM/KY, N 3.76 mmol-m?-s™
P AR TR ZEZS, SM/VI. SM/BM I T: 4354 3.45. 2.85 mmol-m?2-s’, Wﬂé}lm
R,

CO &MY EE RN T E s, W CEERBR U AN, —RIWEEMENY
LA B 2-2 (C) AT40, flE] CO, %@(CQEE = FURAK KN SM/CR>SM/KY >SM/VI
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F2E ANEERMEIEN TEABIR ASHMMRIRRNES DI BAFRFHMEFMIL

>SM/BM, 43 %14 279.02. 256.44. 237.27. 229.37 umol-mol'.

SALFIE (Go 1ENEYIM 54 AT SRS e i) 200, B At
EER S PRI AR F A K 2% A . B 2-2 (D) "1, SALSE (Gs) L SM/BM 1K,
N 0.08 mol'm?-s!, TEMLTF SM/CR. SM/VI, 435I 0.11. 0.08 mol-m?2-s!,

7K 53R FH 28 (WUE ) 22 25 [ Y A 5 AL 5T K BT i3 1) T i &, 2 B G d 2 (Po)
MZENE 2 (T 520 . HIEl 2-2 (B) A1, SM/CR. SM/VI f#] WUE &% & T SM/KY .
SM/BM, SM/CR i WUE # >, N 4.01 mmol-mol!, SM/BM 1%, 4 3.43 mmol-mol'.
DLEZE UL B AR TR O BHOGERER” MR A 3 FRANARA A, o Aok
HRES IR

A = B
4o ] 40 | a a
| b b b 1
~ Mo I ~ 35 | _I
sy O i “un T
Ly o
M E o B
25 q b - ey o | c
40 = e = 30
R 2 = g
& S x = £
e ¢ E
o= 10 F - = 25 ¢
S 1 1 k I 2(] N N L
SM/VI SM/KY SM/BM SM/CR SM/VI SM/KY SMBM SM/CR
i #H £ & Stock-scion combination M & Stock-scion combination
C e L
300 “ D 025
275 b
N N 020 |
BT 250 | be 2 g 2y |
EE e
S= m5 t # £ 015 f
- =g
S 200 | rE
== i
=u 3 010 |
175
150 ' . ' 0.05
SMIVI SM/KY  SM/BM  SMICR SM/VI SM/KY H’\.Ia’B’\.i SM/CR
14 & Stock-scion combination BEEE 2 & Stock-scion combination
E 4350
425 | "
= a
s E 400 ¢ g
= B 375
: E 3.75 T
%@ 350 1 »
= N
= 325 \\
3.00 \\\ L

SM/VI SM/KY SM/BM SM/CR

B & Stock-scion combination
Bl 2-2 4 AN ) an AP e BROGEUOR tE a2 =

Fig. 2-2 Differences in photosynthetic indexes of ‘Shine Muscat’ grafted on 4 grape varieties
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F2E ANEERMEIEN TEABIR ASHMMRIRRNES DI BAFRFHMEFMIL

2.4.6 4 N EEMMEEER PAAHER MERKASHESR

MR RIOCSHIRENE, SHITEEE, K 2-3 P, SM/CR 1 PSI )R
6 RE# #2038  (maximum photochemical efficiency of PSII, Fu/Fum)  YeAL 2 K R EL
(photochemical quenching coefficient, gP) =1 HAth 3 Fimb R G5, #4626 (initial
fluorescence, Fo) kT HAth 3 FinbFEA A, ZREZE, 27tk SM/BM. SM/KY. SM/VI
i 38.89%- 32.01%- 30.38%. SM/BM ¥ # K%t F (maximum fluorescence yield, Fin)
=T HAN 3 MAS AR & . SM/KY B PSIT 1) SE Fr 64k 22 0% Cactual photochemical
efficiency of PSII, Y (11D ) 7& T HAh 3 Fiaif BHZH & o SM/VI B HEG A0 5 K R %k
(non-photochemical quenching coefficient, ¥ (NPQ) ) & T HAhMFEA S, EZREE.

SM/V] s SM/KY SM/BM === SM/CR

%Dll‘uz*ﬁj“t Fo

1
FeZE R 2B qP ‘ RRFIEHE Fm

e F AR REY (NPQ) B RO AL Fv/Fm
EFRGFERE YD)

Bl 2-3 4 MAE AR CFOREOR MRS R R

Fig. 2-3 Chlorophyll fluorescence parameters of ‘Shine Muscat’ grafted on 4 grape varieties
247 AN EEMMEIER PAXEBER AEFHMMRIBREESIEN

X 4 NEEFEE G ) 9 NMRFREEAT E RS T, W3R 2-4 B, RILET PR o
FEIE(E5) 8 6.054. 1.489, TREUHI 2 AN FE sy, R ZTTEk A IA 83.810%, XA
(1) 75 22 DTk 70 N 67.264% 16.547%, FREIX 2 Al BARRN(E AR

H3 2-5 AT%0, I R SR SR SE AR5, IR LE A 1S % 4 Fihk AR &
HEATHEFF: SM/CR>SM/KY >SM/VI>SM/BM.
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R 2-4 A DR AN ECED CBROGECBR DG SRR AL SR S 5 LA 4 T
Table 2-4 Principal component analysis of photosynthetic characteristics and fruit quality of 'Shine Muscat'

grafted on 4 grape varieties

fabr F 4 Principal component
Indexes PC1 PC2
253K ath

0.926 0.124
Chlorophyll a+b

0.827 0.327
Transpiration rate (77)
i AL

0.949 0.216
Net Photosynthetic Rate (Px)
FIE] COL <5

0.645 0.678
Intercellular carbon dioxide (C;)
SAZE

0.883 0.224
Stomatal conductance (Gs)
[izdz

0.300 0.753
Solid acid ratio (RTT)
YERC

0.944 0.119
Vitamin C (VC)
AR E

-0.087 0.879
Soluble protein (SP)
VAR Y S &

0.611 0.714
Soluble solids content (SSC)
FHIEE

6.054 1.489
Eigenvalue
THRE (%)

67.264 16.547
Contribution rate
RitTTkE (%)

67.264 83.810

Cumulative contribution rate (%)
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R 2-5 4 DA SHAISGRIN FDCEIR A LRSI

Table 2-5 Comprehensive evaluation of Shine Muscat grafted on 4 grape varieties

=g Hikey

Stock-scion

LR 15 LHGY 2 LRy HE4,

Principal component 1 score  Principal component 2 score ~ Comprehensive score  Rank

Combination

SM/VI 2.66 0.21 2.87 3

SM/KY 2.53 0.41 2.95 2

SM/BM 0.54 0.21 0.75 4

SM/CR 4.42 0.73 5.15 1
2.5 g

Fili A Sk B TR () Bt 0 B S T ) AR K R B R R S S B R CRFR I 4%,
2006) » EEWFTERE, 8B AN ARLESE BHYCHER B hnd sz K/NFIRERE, 1103P. 5BB
MGG RS E R L K ULAREEE, 2023) 5 FRIEFELE (2023) WIFEERM, UkhS
AGH: BHICBUIR FE SR [ RO m] Vs P & B e, SR LT SO4. SBB
B 1-2 Ji] o [T bR e e SR S5 1/ B Fl 3B () B B bR« B 72, SM/CR. SM/KY -
SM/VI [¥) ¥k i & 5525 KT SM/BM, Hid SM/CR A i [ FE & B3R, ik 21.63%,
] R LU B s 62.08, TR LA “SalAR A% AR SeE PHOGEOR RS A,
FURTEHE, XU LE.

HeAVER R R A K RS RN R —. @GR, [ILFE. M
CO2 R BEFNZE IR 2 2 I O AE FH I B 2R bR (FE&o05E, 2015; KFBEEE, 2022) .
1E LN A LR R, ASFER A PR AR A4t B, Ho
PA 1103P-CFC57-34. 1103P-CFC60-30 fERE AR A%, [ILFER S, Jea8E
S T MR AR G (AL, 2016) o EHEERT PRI, UL TEHAL
W ERARSEE BHGCHOR , e alR, ABER. S AmmSILSEYE
FH A 3 FhGFRA A . LTI, DLOCSUERARCALT TERNRSREE CBHGECER MRS
VAL

MR AR AT G EAE B B, kR 0 & B SRR DG G F 2 18] 2 1EAE G
(IRIREREE, 2013) o WSR3 B ARSI WL tH R IR T A1 8 016 R B AR AR A FH ) 5
B, mi SR ER A B T 4R e A A, T B AR BB 2R UJEHT S, 2017
fii BUEE, 2016) o VFPLEE (2023) WFFERIL, AARSSAIS BRI T REEER A ‘i
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o MR EHEE, e TR RS E. EEEAM TP R, SM/CR 1)
Chla. Chlb. Chla+b & & EE T SM/BM. XHRKEHEHEATHISIESHT, KB Chl
atb & E G EERIIENS Pos Ty Gy Gs ¥R EZFHEMIE, X 5HEHS (2023)
KT AN RV A Wb 2 4 1 A SO R sz e IR e 46 SR — 2. Ui oA eI
585552 Chl atb FrRZMECR, XA EEE T3 SM/CR M F 6 & R IR B R A

Y sk R RS HEEYOCAEER R REY], LU FEYLE R A S8R
(Baker, 1991) , wJPus. M. JoH 0 - IIRE ) B E G ARG, ©F 2 B fEHE
YEE K FRIAE S ST (Guanter et al., 2014) o PSIHR KIGREFEBE (Fo/Fn) #A
R OGE R R E R AR, RO AR A R D RERRE T (AR =455, 2012;
Sarijeva et al., 2007) o fER FRIKHDCREEREF, & PSH SEPRGHEERGR Y (D) @
EWEEDCEME (A%, 20200 « E53R% (2015) XA R AR BRI 4 3 %0
SR TER, DL EEBRRAU M ERRIR I B 2 57 1 PSIHR Rt RE e 4
MR (FJ/Fo) BEST ‘dw-217 / ‘B2 5 , BEBERRIOCEEES . EE50EAR
Wt R B, SM/CR ) Fo/Fu 5, SM/KY )Y (D %%, ¥ SM/CR. SM/KY M
ARG RE I RE TR . WIIR R (Fo) /& PS N H Oy Ak F 58 4 T R 1 9% 6 7= i
(Murchie et al., 2013) , Fin FJ B PSII S A0 T FLFAE 315 Ol Fo I H I
RE R FH 2850326 DA B ' S S AR Co RAF LA R AR Ak, Fo 88 s i B AL AAD 0T ' g (1) AR FH 28003 AR
RZEE (Wan et al., 20200 . XIFHFE#EF (2023) HHFEERW, 9 MGGFEA G EEmE
RGeS (Fo) fAERENEES .. EHEMERT TR, SM/BM BIVILEDE (Fo),
BRI (Fo) BmT3HAD 3 P FEA A, ZREE, YRR PR ESS; m
PSITISEH U A5 38 ) BE 05

2.6 KENE

W L 4 A AR SRR B, SRR AU 4 MRS ST, o
HiARTCA% SRR CFOGEER  (SM/CR) SRSZHRLF R SR & A S AR B
wr, R GE T RS, R R E R, SEE K, ENTERR L, SM/CR RSLA
A IER I FATERIEYIAMY4EE R C &8, SZaRIE BRI bT thsh,
SM/CR A& [T Frit4¢ R av PR by BHERER S = LSOOG S RREFEFR . Fo/Fn Bm
JCEREATRGE; TR ARRIRSERN BHYCHEER Fov FuBm, JGREMMIRCREL
550 3R TP UL T SM/CR R A LR AR IR, BIt, ek
R A 4 DNEE MR EEE BCEEE MBaE A
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£ 3T EYEKETRN PRAHKER REXZLmEAIFN

PHOGECIR AR AE. RRA . RAWK. SERE, T EDAE KR
IR BT AL A B (954, 2019) o GAsE NI & LA SRR, E
—EWRPEEVEIE N, BEE IR R TS, SRS R S, OB B A B S R G
RAESE, 20165 XEebrdE, 2018; AEKISSE, 2021) . CPPU W5 GAsIRHA, fEEAe
& IR FE GAs 5 CPPU IR GWIRBE I A1 4E)T, HACROL T bl i GAs AL 3
(Z=F3HESE, 2016) o BbAh, TEFEIAM A GAs A TDZ IR A WALEE BHYCHIR #i4),
HpR iR A TERTEY) S RS KT GAs f1 CPPU 4b3 (B NiE%E, 2021; Qietal,
2021) .

AREATLL PHOCHBIR / ‘wImARKEZ NN, 52024 LR 8 FiAE
WP IAE ) A KR T 2 A AT BE AR AL B, TE R R RS AT AL R Gt S R S
JR I 5 43T ik ToAZ AL B R B FERT J7 s 2025 AT I RS, BAE AR H A% A
BEERCTT, BERIASR A 4 FhOAS IR B AR AR KR T A 2 A AT A A B, i BB 5
SRS R, I R A B A AT T

3.1 B SRR

3.1.1 Gk L
[F58 % 2.1.1
3.1.2 iXEGiEit

DL TelmaRoi% SUER CBHGER Ak, 108 SM/CR. 43T 2024 EHEAT
TAZAE TR, 2025 FFERAT I RALBE, R 3AEE, HAES 5.

2024 FHAT AL TR S TTHAE S, fE 48 h WO IR R . RAT 8 FlAS [
R KR RIE G, AL, DIBEE/KIEXNIR (CKD ; BERRERSRACM M B,
AR 30°ChE, BERRET(E] 3-5s, BIEREELERRE 2 RNAWR. RS 144,
f# /] 25 mg-L' GA3+3 mg-L!' CPPU FEREIZ IR (% 3-1) .

2025 SEHATIZ AL BE . BRAE IR B A0 9 AS L7, RS 14d, RHA 4 PSR
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BAFRFHREFMIL

ERE AR ES, R, DUEgEEKESE (CKO
# 3-1 TEALFEZGF L

(% 3-2) .

Table 3-1 Seedless treatments agent ratio

Ak JAE)H 48 h Y TRIAALHE 14 d )5
Treatment 24 h post-inoculation At 14 days after fruit retention treatment
CK K THK
Al 25 mg-L'GA3+2 mg-L-'CPPU
A2 25 mg-L'GA3+4 mg-L'CPPU
A3 25 mg-L'GAs+1.5 mg-L''TDZ
A4 25 mg-L'GA3+3 mg-L-'TDZ
25 mg-L'GA3+3 mg-L'CPPU
AS 25 mg-L'GA3+2 mg-L'CPPU+1.5 mg-L-'TDZ
A6 25 mg-L'GA3+2 mg-L'CPPU+3 mg-L'TDZ
A7 25 mg-L'GA3+4 mg-L'CPPU+1.5 mg-L-'TDZ
A8 25 mg-L'GA3+4 mg-L'CPPU+3 mg-L'TDZ
* 32 BRI
Table 3-2 Swelling treatments agent ratio
Ak WAE)5 48 h N TRAALEE 14 d 5
Treatment 24 h post-inoculation At 14 days after fruit retention treatment
CK THK THK
Bl 30 mg-L'GA3+3 mg-L'CPPU+5000 5 {3 R
B2 30 mg-L'GAs+3 mg-L'CPPU+10000 {5 {3 R
25 mg-L'GAs+4 mg-L'CPPU+3 mg-L-'TDZ
B3 30 mg-L'GAs+5 mg-L'CPPU+5000 {43 R
B4 30 mg-L'GA3+5 mg-L'CPPU+10000 {513 R

3.2 MERTRTTE

3.2.1 ZxEG1

TRZRIME : BRAIPEERP AL BB LIEI 3 A4, FIF S e g O

T F= (TR FREED x100%
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3.2.2 R MBRIERRNE

FE 8221, 2.2.2, 223

3.3 WIRALE

[ %6 & 2.3 /NS

3.4 ER5 9%

3.4.1 AEIFZZAIEYS ‘PRIEHIR RETAARIIZN

R 3-3 Al A1, AS[FEIALER R SE o R I B 80% LA |, Hdr, EKAEHA 48 h Ay ff
25 GAs+4 CPPU+3 TDZ mg L AR SE ) A% Zde iy, 15 89.0%; #KAEHH 48 h A i
25 GAs+3 TDZ mg- L ¥R, THEHRIE 88.5%.

3.42 AEZHLIEXS ‘PRI RSN GmBAIF N

3.42.1 FEITZIERT ‘PASKHER REXPDHIFN

M 3-3 AIA1, AFCZAAESEERS T THREE REBmMgr. A8 Al
A6 KbEE R SEREAE 7 HIE 25.840 25.73 mm, HHAMAEAHLEREE (P<0.05) , ¥
IERFE (TDZ) MG, HESMAHEERTARAER (GA +&tK (CPPU) 4
Ho A8 IR LHPALIL 28.64 mm, SHAMMPAILZ R EE (P<0.05) . CK fil A2
MR fe i =, BN 118 1.17, B3 | T R0 TDZ AL #E (A3-A8),
RICAREI/NT CK A2 b3, Hrr, A6 ¥ FIE4E%UR /N, Jv 1.10, #hn TDZ At
FR R SRR AR, BIEERIL R .. AR SRS T B §
Fif &, PRREHEIRHFE N: AS>A6>A4>AT>A5>A3>A2>A1>CK, &
CK 7 HI#E T 6.37, 6.14. 596, 547, 5.36. 5.26. 4.68. 4.44¢g, Hr, A8 F1 A6 4b
HR Sz ok E 3 IA 12,894 12.66 g, 5 A4 MR E =R, HSHAAEM L Z 7 B
% (P<0.05) . UiH, GAs. CPPU Al TDZ Bt & 1o H B A F) T RS K

Zx LR, ¥R TDZ BI4bEE (A3-A8) 7EfEiE SR IR K 5 b EEE A 5 TH
(R RAR B T GAs+CPPU & (A1, A2) . b, A8 Al A6 MFAIMIE B NE,
REBS A AR PHOREER R
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R 3-3 ARAEXT BHOCEIL 8% RSN 520

Table 3-3 Effects of different treatments on fruit size and seedless rate of 'Shine Muscat' grape fruits

FoRIEAE PR o . SR
b Bk T B RILIRHL

Transverse Longitudinal Seedless
Treatment Berry mass/g Shape index

diameter/mm diameter/mm rate%
CK 19.32£0.34d 22.84+0.15¢ 6.52+0.32d 1.18+0.02 a -
Al 23.83+0.16 ¢ 27.03£0.09d 10.96 £0.38 ¢ 1.13+0.01b 82.2
A2 23.62+0.14 ¢ 27.64+0.16 ¢ 11.20£0.50 ¢ 1.17+£0.01 a 83.6
A3 25.09+£0.16b 28.18+0.17b 11.78£0.15Db 1.12+0.02 be 85.1
A4 25.32+0.15b 28.11+0.10b 1248 +0.18 a 1.11+0.00 cd 88.5
AS 25.05+0.13b 27.77+0.15¢ 11.88+0.15b 1.11+0.00 cd 86.4
A6 2573+£0.25a 28.22+0.08 b 12.66£0.18 a 1.10£0.01d 88.0
A7 25.26 £0.09 b 28.34+0.10b 11.99+0.13b 1.12+0.01 be 87.2
A8 25.84+0.18a 28.64+0.32a 12.89+0.26 a 1.11+0.01 cd 89.0

3422 REFZAIERS ‘FHAHBER RSEGERFI

% 3-4 /A, AbFE A1 5 CK WERSER LR EZ, HAhA IR gem E ) B35
BT CK: A6 MHRE =R A, N 41.86, HICN A7 F1 A8 AbFE, =4 5N
41.58. 41.40, A6. A7 fl A8 WP E 2 7 o ANFETAZACHIR Bz (0 AH a* (35 B EACT
CK. A8 MCHERZ M a*EE/N, N-3.75, HIKE A4 Fl A6 WbFE, = HTLREER.
A8 MbFRR R A bHEECK, N 10315 A8 ACFREFEWIAILEE c* &K, 4 10.97.

% 3-4 AFALIERT BHCHR 4 R 5

Table 3-4 Effects of different treatments on peel color of 'Shine Muscat' grape fruits

WEEE L* a* b* c*

Treatment

CK 39.45+0.22¢ -236+030a 8.56+0.24d 8.88+031e
Al 39.77+0.25¢ -2.80+0.23b 8.68+0.21d 9.12+0.27¢
A2 40.43+£0.37d -3.16 £ 0.23 bc 9.43+033¢ 9.95+0.24d
A3 40.62+0.14d -3.33+£0.17 cd 9.57+0.09 ¢ 10.13+£0.12 cd
A4 41.26 £0.24 be -3.74+£0.17d 10.19+0.24 a 10.85+0.29 a
AS 40.84 £0.17 cd -3.47+0.20 cd 9.80+0.19 be 10.40 £ 0.24 be
A6 41.86+0.35a -3.70+£0.18d 10.04 +£0.16 ab 10.70 £ 0.21 ab
A7 41.58 £0.36 ab -3.37+0.16 cd 9.61+0.20c¢ 10.18 £ 0.14 cd
A8 41.40£0.37 ab -3.75+0.47d 10.31+£0.12a 10.97+0.27 a
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343 AEIFZZAEYS PRAKIR REAERBRAIFN

R 3-5 7, A6 AbFRESE SSC & &, 14 21.40%, FLIK/2 A8 Fll A4 b3,

SSC & &7

TIE 21.27%F1 21.20%. RS2 A] i 2 B & & H s 2K IR : CK>A1>A2

>A3>ASS>AT>A8>A4>A6, HA, A4 f1 A6 M LEZER, HEZKT CK.

Al. A2 Fll A3 JbER, A1,
AbFR . A6 Kb 3 ST A] A 4 b

ZET A5 R A7 AT,

R 3-5 AFRLZAEX FHOCEI % A

PO =N =—u
o B BX 1|

A2 T A3 b EE SRS B LR E E R, HEEFIKT A4-A8
N 19.74%, 5 A4 F1 A8 b LR 22 R, HE

AR
Ay 4

Table 3-5 The effects of different non-fermentative treatments on the intrinsic quality of 'Shine Muscat'

grapes
b FE w CALVE I [ ) p (AL ER) w CALETERE)
Treatment Soluble solid content/% Titratable acid content/g-L-! Soluble sugar content/%
CK 19.77£0.15d 3.96+£0.06 a 17.28 +£0.28 d

Al 20.50+£0.20 ¢ 3.70£0.11b 18.47+021c¢

A2 20.60+0.36 ¢ 3.60+£0.08b 18.58+0.27 ¢

A3 20.83 £0.12 be 3.48+0.14 bc 18.78£0.13 ¢

A4 2120+0.10a 3.22+£0.07d 19.39+0.17 ab

AS 21.07 £0.06 ab 3.37+0.22cd 19.14+£0.16 b

A6 21.40+£0.26a 320+0.05d 19.74+0.17 a

A7 21.13£0.15 ab 3.30£0.13 cd 19.24+0.18b

A8 21.27+0.15a 326+0.14 cd 19.52+0.27 ab

3.44 AEFALIEXS ‘PRI RS/ GmBAIF N

3.4.4.1 NEIBEXAIEXT PHAAHKIR RILIM SR

R TOA% Z B 1) A8 AL PR A g B AE A OR R AR ARAC 77, 78I KA R B AN [ BE 1Y
GAs+CPPU H A #AT I K AL HE
AR R AN “PHOGECER” SRR a1 5R 3-6 Frow, A A EE ) 3%
P T REAR/N . B3 A B4 A E BRI AT EE £, HEE S T HA 3 FiibrE; B3
SEFRSRIAPAT I OR, & 30.89 mm, 23w HARALFE ; B3 AbPE ) HLRLT B RO, 15 14.13
g, WwEE T HAMAE . B2 MBI RIEREUR /D, N 113, BECT CK M B3 4L,
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* 3-6 ARALFEXS BHOGEER

CIEOE NN AT

Table 3-6 Effects of different treatments on fruit size, shape and seedless rate of 'Shine Muscat' grape fruits

R UL o ]
Juszl BRI & eS|k
Transverse Longitudinal
Treatment Berry mass/g Shape index
diameter/mm diameter/mm
CK 19.59+£0.13 ¢ 23.24+0.06d 7.03+0.19d 1.18+£0.01 a
Bl 26.35+0.18b  30.24+0.11b 13.41 £0.13 be 1.15+£0.01 be
B2 26.19+£0.23b  29.77+0.10¢ 13.10£0.19 ¢ 1.13£0.01 ¢
B3 26.77+£0.12 a 30.89+0.29 a 14.13+0.26 a 1.16+0.02b
B4 26.73+£0.06a  30.49+0.24b 13.69+0.14 b 1.14£0.01 be

3442 FEFALIEST ‘PASHER REBIFHFMW

AN RAL B FHYCHR RSt

E/”ﬁﬁlﬁ% 3-7 ﬁﬁﬂ?, %ﬁmr—u B4 ALIEE?

w1, 15 41.67, HUCON B3 B, ik 4145, —HEREFEER. REEOMH o KEVNET
N: CK>B2>B1>B4>B3. Bl. B2. B3 fil B4 A# [ 5[z A o>l c*{HIYTE R %=
5, HEEET CK, AR Z 5w 7 R G .
% 3-7 REATEST PGB % R 1
Table 3-7 Effects of different treatments on peel color of 'Shine Muscat' grape fruits

A L* a* b* c*

Treatment

CK 39.75+0.19d -2494+0.18a 8.33+0.31Db 8.70+0.32b

B1 40.59 +£0.28 ¢ -327+0.13bc  948+0.26a 10.03+0.22a

B2 41.15+0.17b -321+£0.21b 9.38+0.22a 992+0.28a

B3 41.45+0.19ab -3.68+0.16d 9.60+0.21 a 1028+ 0.24 a

B4 41.67+0.13a -3.55+0.13cd 9.72+£0.07 a 10.35+0.08 a
345 TEIBALIEX FAXHKIR REALRRIFND

WiER 3-8 Fian, B3 AEIREMEE T & Eom, 16 21.37%, HIUE B4 LB, K

21.13%, —H AT F 25, B2 # Bl Al E B Y& &0 %

THELEEESR. RO ER

2 A L

R EEHF M-

CK>B2>B1>B3>B4, H,

I 21.10%F1 20.87%,

B4 &b

HAMERSTEN320g L, 5B3 A LEEER. B3 HEIEERESEHE, 18

19.24%,

29
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R 3-8 AFLCEXT BHCEEL M4 RS e . BERTR & B R

Table 3-8 Effects of different treatments on sugar and acid contents of 'Shine Muscat' grape fruits

SO w CAPVE It [T p (AT E R w CAIPEVERE)
Treatment  Soluble solid content/% Titratable acid content/g-L! Soluble sugar content/%
CK 20.30+0.17d 3.72+0.13 a 18.10£0.25d
BI 20.87+£0.12 ¢ 3.42+£0.09b 18.43+0.18 ¢
B2 21.10£0.10 be 3.44+£0.16b 18.74+£0.13 b
B3 21.37+0.12a 3.23+£0.09 be 19.24+0.13 a
B4 21.13£0.15ab 3.20+0.10 ¢ 19.00 + 0.05 ab
3.5 i4ie

3.5.1 AEHEMIERIFTFIE G PHAEER RETHERNFN

PHOCECR MiE AR A, A B A GAs. CPPU Al TDZ S8 A A Ky
FIHEAT & TR B RAE R IR (BRADE245E, 20160 , 1 “FHOGEUR H& &
e, PHOCEUR TR AL B TR AR AN OGRS T AR
B, NAEAERTRACIARAT, RACH 7 KRG EE SN AN R (E3%, 20200 ; 2
TR EEEH R R, WEEARE (HUUEED JEIW 10-15d £ AT
CEdif, 2016) o AW AL, 16)5 48 h {/H 25 GAs+ 4 CPPU + 3 TDZ mg-L! &b 3
RELTAZFTIE 89.0%. EIH%E (2019) HFFLEM, fE)5 2djitif 2.5 mg- L' TDZ + 25
mg' L' GA3 +200 mg L' #EH R, LEREEERS, 13 96%LL L, #in TDZ 5t CPPU
Ji s RSLTAZEFRIE 100% HASZ AL (8] 520, 38UFE T GAs 5 CPPU Al TDZ fic & 14 A ¢
&R, SRS R .

3.5.2 AEMEMERKIFTLFECAX PAXHER REMBAIFMN

GA; i FHE - AENEAKER, RAEREEZK; 1 CPPU M TDZ T 22l
BRI, BmAR R A e, AR RI B Y. EAME EAEH CPPU, W]
DA IR B B T 1K Y (Serri et al., 2004) o fEAH[EREE &R, TDZ 4b¥ 5 5#
Rl RRCRE R E . AARLEI, T CK, AAMEMAEKATHEYEER ST
JCECER RSERIREAE . ARk E, Hh, fE{E)5 48 h fE ] 25 GAs+4 CPPU+3 TDZ
mg LT AbER (AR) MR E R A, R NE, RGETME. S (2024) BT
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FH, EWHEJS FITE)S 15d, £/ TDZ 1 CPPU Xf ‘K LEE’ W& i#tirabH, TDZ
X4 2 SRS ORI s2 A LG CPPU 8 B 5, TDZ AbFR R S s WK W, X5 A4 —
o BRI, GAsFl TDZ i A7 Rk MR E R K EM IAA-ASP 7K Tk
SEPLNT RS R RO R CGEEHT, 2025) « AW EY TDZ A EEAKE G 15d
PRURACEE PHOCECER” M4 G, SRR R R R R B R T SRR fR 8, CPPU
FCAs 73 BEIN T WIRE 0 A SRR, 9 VR 8 FH R A S0 AN B s T AR A
SRIVECN, IEINAEE R R G =7 i is B 2 RER (Lietal., 2024)
HTABE R, 25 mg- L' GAs+5-10 mg-L' CPPU AbFERL AT,  RE 3 35 190 T sk
A EE e &, FERR AT E RS R (Tyagi et al,, 2022; ZEHFHESE, 2016; S0
&, 2017) o EEME (2022) £/ GAs 1 CPPU A& FIALEE BHYCHEIR 4R,
R LW 25 mg L' GAs 5 2.5 mg-L! CPPU 41& BN RS2 &< 1M 25 mg-L! GAs
5 5 mg- L' CPPU R & it F AT T 428 TH 2 90%, 7] IR I 25 4 vd m] VA 1k [ T A0 AL Ji
SR, I (2021) WERREE, {3 20 mg- L' GA3+3.0 mg-L! TDZ ST 5,
25 mg'L'! GA3+3 mg-L-! CPPU AT R AL, AR B 5em 7 R SEv i EpE & & %
7777 (20200 WIRFFURIALE BHOGHOER” #i%) A 25 mg L' GA3+2 mg-L!' CPPU (i
fEJ5 12 h A1 10-14 d JE PR AT DLSEI PRI SR SE I rT v e BRIMAE T o B TR 3R I, A AE
#48 F 25 mg'L! GAs+4 mg-L! CPPU+3 mg-L! TDZ, % K H{# F 30 mg'L! GAs+5
mg-L! CPPU+5000 f5{R3%E R, AI{EF L AMBE SR, 5 LRu 74 AL

3.6 KB/

(1) AFETABIRSETAE R ILL 80% L b, o, A8 ALBIRSZM T E K,
ik 89.0%, HKZE A4 AEER, RSLTAZFIE 88.5%; ILAh, A8 T A6 MR L HURL i 1
K, A6 AHEFVEVERBIEY) . R TERE S ERm, AT E R SRR 1K,

(2) ANFEEREPEEESR S T FOCBEL RLRRRiiiE, B3 AbH SR
BRA, & 1413 g, FVEVEREY. nUETERE S ERm: B4 AR E R & E R
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B 4T TEMREST PAAHBEIR RELEKAEREFELMEREINE
Ml

I S LR R 4% SRR P O R DGRk R 1 i, BRSO E I L S A, 3t
Mo R KR BRI R EARE, 2014) o ERIEE R, AEET
M-SR L RERS AR A 7 3 i, 03t R SR/ L B R AR B2 K (R R S5 AL 55 YL AE R R (2%
PREZE, 2015; G—%, 2010; #2255, 2016) . WK, SR J RS
BTG A REE PAL. 4CL 1 C4H 3G VR R TR R AL, IS EaEN SR,
Rm 7 b EERRSERR (R, 2016) . TSR, BEETH 6 B ST KUk
JRESR ST, R AU E AR R SE BT SRR E Y, HA RS R HR
PR R R AR, w Rl i A G A a R AR IE R B, OB R R
Fe2s. BRI RMENAMMIMBEEE (S, 2022) o 2R, EHu At
RS R MR A IR, JCHAE FHREER X—&FESFHEMM E, H
PR 5 EHY TV RS AR R I AN B

FET5E 2 B0 4 NAIA MG CBROGEOR” RISREIPN SR, ATl CBHLEL
B/ wMERARLIZ R, WE 4 MR, REUWNRSERKEEIE, IF
SEE R AR, T BRI R R AR A8, B E SR 7S S B SR S i
TE R AR R, A a0 0 A R w5 20 R RS HE TR P SR AL BRI A 4

4.1 B SRR

4.1.1 RGBT
[F58 — % 2.1.1
4.1.2 R IT

LA “SeEmAR o SRR CBDCEER vk, 128 SM/ICR. BEANAEEE 3 AN EE,
MAEE 1 R E .

I E 4 MR (leaf fruit ratio, LFR) , K& “) 7 F&, KiiEm, KT
B 3.0 mx1.5m, &M PIIIGEBOREE, LU0, ISP, BIEHE 8. g
W RE . KB o R E N G AR T R A, B8N 4-1 fos.
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®

Tl (LFRI5) &”* 3‘*%‘3‘**‘”, ¥ xR

”1 #
”& (]
T2 (LFR20) *”*E 3‘* *5‘**? L *

T3 (LFR25) 3‘”* 3‘**3‘*3‘?”*%“

. ”* ” * * *ﬁ* v
T4 (LFR30) 3¢ 196 36 9¢! 3 e k5
* "E ; *‘ "‘ zu *
Bl 4-1 ARIHSR i 5
Fig. 4-1 Schematic diagram of the experiment with different leaf-to-fruit ratios

R 4-1 ASFIH R PR AR P

Table 4-1 Experiment treat with different leaf-to-fruit ratios

Q¥ ALFR T v

Treatment Treatment method

T1 (LFR15)  REELLUF 3 M. @R etRE, RELLLLE 5 MO 1 -+ — s B 3 it
RALLN 3 M RS ErR 2, RAALLE S HAGO R 1 T — R 4 RO

T2 (LFR20)
TUREIAEE 1
3 (LFR2S) REELUR 3 0 B Ak, SRAEA VAL 5 RO BB 1 T — ORI 5 RO
TREIAR R 1 T KR B 4
RALLUN 3 M BIR 4 iR, RAALLE 5 MO RN 1 D50 — RS 5 RO
T4 (LFR30)

CRERE B 1T R 5 G = IREIAEE 1

42 MEHRFEFE

42.1 RERBIBFRMNE

G484 =% 221, 2.2.2, 223
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422 REFZRMEREIRNE

HFARITIER S5 RARE, A 50 mL .08, RERNREL HRE, B2
-80 CUKFHDRAE, M THERMACUIIRNE . A IRHUMAR . Tl iR A SRR A
KW (2024) M7k,

4.3 HARALIE

[l 2H % 2.3 /N
XF Graphpad Prism 2 il #IR B

4.4 ERS7Hh

4.4.1 AEIRTREERT PHAHEER RSEEKLZFAIFN

4.4.1.1 AEIMREEX ‘BRAHKIR REXNDHIFME

WK 4-2 (A) s, ANFE R AN RRRIEAE f5 70-85 d K Bt . £ )5 40 d,
ANEH SR AL FE R BRI R TR ZE S, T1 (LFR15) ACH RRIRARAE 5 AN i
fik; f€J5 55-100d, T3 (LFR25) bR SRRk 2 i m, HAE/E)S 100 d ik 24.84 mm,
B T H AR

WKl 4-2 (B) Frow, AERICAAFEF RN G 40-55 d 3K m k. T1 b8
[ SRRLNARAE 5 AN IR B K, T3 A BRI RN TE 5 AN I R e fE)e
85d, T2 (LFR20) . T3 1 T4 (LFR30) AHRRPRHTLEEZER, WEEST T A
H; {E)5100d, T3 AEMRERPIZIA 29.63 mm, 3 m T H AR R,

Ok SR AR SRR . BRIl fE1E)S 40-55 . 70-85 d HEK AL
B, TMAELEE 55-70 d W KBONEE . ik 4-2 (C) Fias, T1 ALFE BURL R B AE 5 M
HHIAE T AR, T T3 A BRSOk 57 & I AE % I H R AR {65 40, 55, 70 d,
T3 ACERR RN R T T1 AL, (25 T2 f1 T4 LR % E 5 f£)5 85d, T2,
T3 F1 T4 AERF ORI B R & 22 55 16/5 100 d, AR5 L AR B 1) 5ok o7 =47 0
T3>T4>T2>T1, BRI HA 12.78. 12.57. 12.30. 12.08 g, Hr, T3 F1 T4 &b
RS A= R s O

R 4-2 (D) s, 16)5 40d, T3 HREIESSEE, N 1.23, 5
A FEA L 2 7 3 (P<<0.05) ; £ 55+ 70+ 100d, 4 FhrhiR b abBEf SR 550
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TREXER, HEMWE 100d, 4 FhrkRELAFRF RIEIBEIE 1.1-1.3 207, RRYE

TR -

ZERARW], IR AT RE R RS AR, T3 ARERREA Rt R SEMN G,

FERSER B e e R I OE R, A AT RSEEZ K.

30,00 == TI = T2 — T3 == T4
g
g . £
= 25.004 c @ b 5
2 . ¢ = 51
W b g % W g
&g 28
275 23
]
g aa b -
% 20.00 b b £
E M HIHH H E
15.00-
40d 55d 70d 85d 100d
HAEPN
Days after blossom/d
C 15.00 D
a
L
b ab - 3 B
£
10.00 a &
8 ab ab
D b orhe %
,]i\]ﬂ ] ab 2 ap Mﬁg
2 ; Xe
=2 B 8
&l g ab A .y B %
5.00- b H a
40d 55d 70d 85d 100d

HAEPN ¢
Days after blossom/d

35.00
a
30.00 b
I
. a g %
b M &
be b
25.004 ab
b
| B ab be

20.00—ﬂIHH
15.00-

40d 55d 70d 85d 100d

1eJa KA
Days after blossom/d

1.40
1.30

b ab
1204 4 b ab
1.10
1.00-

40d 55d 70d 85d 100d

[N
Days after blossom/d

Kl4-2 AR JEEERE BHOSEER RS K/NIFRE
Fig. 4-2 Effects of Different Leaf-to-Fruit Ratios on the Size of ‘Shine Muscat” Grapes

4412 AEIMREEX PRYEIIR REBIFHFM

WK 4-3 (A) P, BEERLAERKE, AFEM R A BER R OAH LEZH T R,
165 40-55d 2212 T F%, {6)5 55-70 d TREEUR, fE)5 70-100 d B TFia. {65 554,
T2 AbFE SRk LHE A 44.52, ST T4 43, 16)5 100 d, T2 kb3 @ LHE
KN 4095, T1ACEE R OAH LHE /N 40.83, SALBEETC W& Z 57 .

WK 4-3 B) Fiwn, BEERLMWEKEE, 4 Bt RS R B A o*Ei25% LT,
R OB EIGR s AFEI R AR R A a*(E/EAE )G 55-70 d SRR, TEAL)E
85~100 d & TP %% . 165 40, 85d, AFACHIE LA o H LR EER; )5 55d,
T4 WP A a* e, N-5.43, WE T HAD 3 ML fE)5 70d, T4 AbBEER LA
M a*ERE T T1 M T2 b3, HE T3 B ERARE; {5 100d, T4 43R
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Moo, RN-3.11, DEEmTHAMAE, T1 AR o* i/ RN-3.52, U T4 B
filn 3 P Ah IR R SR T e

WK 4-3 (C) Fiow, MERSEMEKEE, 4 Pt SRR R (bl b*(E 1B %,
FEAE)E 55-70 d FREetR. 16)5 40d, T2 AbFRSE R OAH b, N 2281, SFEET
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Fig. 4-3 The influence of different leaf-to-fruit ratios on the fruit color of ‘Shine Muscat’
4.4.13 NEIFHREEXS ‘PREHER’ RSEAERRBIFN

EE] 4-4 (A) F, ASTR A5 RS A R 4 25 AR K %%
A8 )5 55-70 d KR E R, 1E)5 70-100 d K22, f8)5 70 d, T4 AbEE R sTny
E G A 16.27%, REBT TIA T2 A8, 4R bR E A A8 (01V)
Y VITI 1/2008, 0 FH 84 A BRI 7TV 4 [ 40(SSC)=16 *Brix, 68 T4 ib3E
LA S B PR RE R SRS CRRMED , T S FLA AL TR 6 5 5
AR TEJE 85 d, T3 M1 T4 AbHRGLSC AT R T & B 42 1A 18.17%71 18.83%,
BEET TR T2 AL, 76)5 100 d, T4 AbEEAEERR & Rk 21.13%, B8 T
FHoAth 3 ZHALHE.

WEl 4-4 (B) R, BEERIAEKKE, AN R L AC B RS2 ) i E R S BB R
W, TETEIE 40-55 d TTIMSERR S B YOR T e, 78 S AR I, T1 AbHE i e o
R RFHRFUKT, T4 AT AT 2 W A R0 TRAGAKCT s FER 40, T1 A1 T2
AL SRS AT R R R S BN 2.49%F1 2.43%, TR T T3 A T4 4b3; E)5 55. 70d,
T4 ALFE AT E R & ERAG, H 114%0% 2 0.65%, ¥R FMT AL, 16/5 854,

37



$45 FEMRIS FAARIR RSEKEERIESMRSMIHSN BAFAETLEEET
T4 WF A E R & =%, N 0.51%, ST HMi, 125 100d, T3 F T4 kb3
R nl i ER S BN 0.39%4F0 0.38%, Mi&RTLREEZER, (HEEMLT T1 A T2 4
H,

W 4-4 (C) Fior, 1E)5 40 d, T3 F1 T4 A3 R S m] 5 1 2 2 0 1N 3.36%F1 3.47%,
BEET TLA T2 b3 165 55d, T3 AR SLATAEMERE SRR, N 6.42%, HiX
& T4 hbHE, N 6.31%, HWEERET T1 M T2 4, )5 70d, T1 AP Szl MRS
RN 12.94%, SERT T3 M T4 b, H5 T2 B LEEZR; 16/5 85-1004d,
AL VAMERE S B TS, 65 100d, T2. T3 Al T4 AT B senl vadh k& 840 hilis
18.05%. 18.25%71 18.78%, & FmT T1 AL,

g AT, T4 AbIRAE AT PE BRI 0T S BRI BB, R R AT
WER S & FIRFFEUKT, XRIE B REE BT RN SRR R S84, 1
ARG SR LU A SR S RS AT A 2 L M B T S R R X S e

A 25.00 B 3.00
a 4
b 2504 = L b
b 0 =
s 20.00 ) S ]
é% ¢ ¢ 2 £ 2.00
=2 - -]
§ b D : & g § L
S = 1500 f;:fg 1.50 b
R § T o E c
—_— b ~ 0
LE: 3 Q % 1.00 a
=2 10.00- ad g 22 .
: b b = < 2 b
- I8 I HH 050_ H HIHH Db I
5.00- 0.00——— I-Dﬂ
40d 55d 70d 85d 100d 40d 55d 70d 85d 100d
1EJ5 KA HAEPN
Days after blossom/d Days after blossom/d
C 25.00
N 20.00 Lbb2
N aa o -
;&) b bEE
% g 15.00 o boaba
= ; 10.00+
=}
= E T bbaad
5.00 bpoad HH
0.00-
40d 55d 70d 85d 100d
1EJ5 RE
Days after blossom/d

Kl4-4 AN SEELR BROGHECE SRSE AR S 5T S
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Fig. 4-10 Pathway enrichment plot of differential metabolites
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JFER)- DU S A -4- B -2 (2- L - 1- TR 95 )-2H-FE I (KMW0302#025) 2 Fifk& (&
4-12) .

T4 5 T2 AHEL, T4 RRZrh ek, FRBRAESYIBTA 5 M, 1-CBF (KMWO0102)
(E,E)-2,4-F —J#&E (KMWO0407%260) . (E)-2- O/l (KMWO111*¥007) £l 2.3 5 2
(NMWO0077) #2& W+ KR Y, VYA -4- F JE-2-(2- B 56 -1- 79 Jfs 22k )-2H- it g
(w48*025) & FIHFE R Y): SEEFMXYEA 4 F, B8 RATRAHD
(KMWO0299%025)  L-o-FAJHEE (NMWO0071%144) . (2S-izl)-VY & fb-4- F 3L -2-(2-F
Fe-1-TH R FS)-2H-IE IR (KMWO0302%025) A1 U & -4- B JE-2-(2- F k- 1- TR I 2% ) -2 H- L P
(w48*025) ¥ Fifiass (K 4-12) .

T4 5 T3 L, T4 LA 8 Mg kAR 5t RERAIESE KIRA L, B
(2)-3,7-—HH-1,3,6-F = (KMWO0235*018) . 1,3-_Fi/k¥H (QWMWO0545) . It
i (KMWO0446) . ZFF R (NMW0077) . (E)-B-Z' ¥ (WMWO0040*%154) . B-
B (WMWO0215%018) . (E,E)-2,4-F i (KMWO0407%260) A1 =X - S0 AL BB
(KMWO0298) , 1A LIEZE 2T (NMW0077) 2 NS (K 4-12)

g bRk, HEMICAS 12 P& v m it SRS CBHOGEOEE 5 R AR B G
ZE R RIERMENA ) : VUS4 H 5E-2-(2- FH - 1- T M 282 H- ML Rg « (B)-B-%7 s  (E)-3-
RIEIGN QRS RABIEANY . 2S-Ni=)-PU S Ab-4- H JE-2-(2- FH 361 P M 3)-2H-
MR (E,E)-2,4-F il L-a-faWEE, (2)-3,7- "~ H3-1,3,6-F =) 1,3- BiRIR. #7
GRS B-Z s A =S A B

48



F 48 TEMREEN PEABIR RIEKELEREFELMEKGIHZNE ARFREMEZFLT

Treat-4_vs_Treat-2

Treat-4_vs_Treat-3

K 4-11 2R RkE; A T4 VSTI; BT4VST2; CT4VST3

Fig. 4-11 Flavor wheel of differential metabolites; A T4 VS T1; B T4 VS T2; C T4 VS T3.
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AAFAFHEFMILL

sweet

herbal

woody

fatty
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WAMWO223

KMW0547+347
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XMW3388

D193*131

WAMWL1895*260

NMWO077

Type

N

.down

K 4-12 KRAZIEE; AT4VSTI; BT4VST2; CT4VS T3

Fig. 4-12 Flavoromics Sankey diagram; A T4 VS T1; B T4 VS T2; C T4 VS T3.
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4.5 +Hig

4.5.1 AEMREERT PR REEKLABHFN

Vi-FEZ AR R0 B, Ok SRR 7 BN IR S i Jo A B A S . 2R B i
SR SE B L. PIVE PR V) & DL AORE R SR 1M 52 M 2R S ) il A2 . 481
an, BAREH RS GHEERE (Cerasus avium L.)  (Usenik et al., 2010) Az KR M % %)

(Vitis vinifera L.) FSEHE AR, RN ISR LRSS &, Wi Esz

HpRHGESE (Parker et al., 2014) o AWFFERY], E4E/E 100 d KU, BARAIH R LA
REIZE R BZ o (B T P, (015 R S Sk U R RF SIS () ZE 4G 1T T4 Kb 38 SR SEmT v M [ T
ik 21.13%, I ERR S BN 0.38%, REEOM o*EHIE-3.11, REgORK, R
SERGARE . U] T4 AbEE, {EARSCRIIETEREDURAN B, e bk 2 AT & AR

4.52 NEIFTREERT ‘PHAHECR #F&MEREIRIFN

SN S BN BN B %, By 7 OCIESE BRI BL SRR Ak, Rt s A o) 7
SRR G BRI ECR, F BRI B AT & ST T, A B
) A7 28 B A R T S OB o AN R IR R B AR B, AT 1 D5 A A i G R REE A
YIBHE R CRIFAE, 2004) o %8 & HEE KA A EFERECA T E T A 73
AP (Alemetal, 2019) , XEEAEYICIEEREY) . BB, BER. R LLLHE
RIUERRZE (Ticetal,, 2016) o ‘FYCHEL %R THEAER, T ZAH W LI
tEYAE, HYIFR G ERE (Seftonetal, 2008) ; JLIHPIURBEE ARE, £5 TH
WRMPBIRET (Wuetal,2019b) o ARBFFEHRA 4 M SRECAEHE HOCECR / 5%
AR, 0 RS I AR HEAT 0 b, B SR B ) o B AR

BIANBEFEEE I, 76 PHOGEOR v Skl 5 iems . FHEE, BEm. 58
Flo-FAJHEE (Leng et al., 2023; Mateo et al., 2000) HFEZEIHBA (FEES) ML
BRI SARAE T R SE T, R Y & R & BB, (H S BE AR
(Fenoll et al., 2009) , [ IEIX M) o o) 4 ) SR S8 () BB A R e iR AR K o AT 72 A IR,
T4 A HH BB R BT AR & B2 3 v T Ho Al 3 R, Jrh, DS AREE . i RS
FHER S & B R E S T HAh 3 M d maEmEE. ForBEbl T2 fEAR G, B
BELL T REAR R . ARFFTEI, BORA AL %) R S8 1) 3 B E A S B O A i AN
M, PEEEE A LA B/E ] (BARBERA etal, 2013) ; f5{EEE. HMHEE. &F
AR A S B AR K, 1T D R A ot B AE A P A A B AE (5K pe B A, 20155
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Kalua et al., 2009) . SR, thAT /DA B AN SE A B A 2 P W 2R SC B B Ay Wk 1) K e 4L
4> (Ruiz-Garcia et al., 2014) o 7 A B U B BOR A A 2 AN AE B 7 20 ot Ao o e i 21
s TRy, RHBORAMY T e bR SR/ (Lietal., 2025) o 7EH] %) R 5L
AR, BB AP AERE N T BT, B o B X AT — BT - B,
It BLBEE R LR, 7550 1 m) -2 A BRI AL EE 2238 0 (Luan et al., 2005) o AHFFT
T4 1 I G- BOR AN S B A A X & &2 5 rOAV (E R, FIRES 23T
HA AN BN S A K RN, T2 EARENES =&, T1FEAEL
MG B R, MR 7 AN E SR LT g i R 15 ik 2R BT 1 AE S R AR SR L
oAk, BRSSPI AR K

AL, BRI H (B) -2-CElE. B RHEERNFEESN, fERLEAE
HEEl BT, RS A b (Kalua et al., 2009; Yang er al., 2011) o fEARBFRH,
T1 FE S ORI S BB T HAL 3 MEAR, T2 RER T (B) -2 CIFREIAER &
BxmHLREER. GHAKH, ClBEEAHERETRMERAR, —RAERRS B
RSB E (S, 2017) , FH T1 AR S E AR

4.5.3 AEIRTREERT ‘PHAHEGR RGBS

5T KEGG IR S EHE 4R, At — PR 7 AR REAET, Bt
BOR 22 AR AR A8 B 2 T R We RERRAE, I 2 48 R I A W BB DD AH 9K 1) ki
KRB ARIH BENERS ZRRIL,

FEFTA LA, g 5 AEA I B Y& O A L RACEE RS, 54
&) H S ELAE T 25 45 ARl (Zhang et al., 2025) . HAGRIERZ, T4 FEAMETH
f =2, F&E 7 RWREYGROER, JHES T1. T2 B E S 1Rk =ik
RAEE B, 5Tl T3 MR EET WA & RE. X—4 1KY, T4
A R IE I R G A U A R OCERG I)RL, s I R EE SRR R, St
FRECRE A CBORA H ARSI O I — S AL (R, 2022) .

VA A& RGBS, T3 5 T2 tbEER, FHE. 5. 2R
BElis s R T A, AT RE S 1 A QI Ia Fh s 288 i m) 2R A e S AR R}, AT Jik
55 T RMERSOVRR, X5 AR RIS R beE % B PAL %5 21 Aok
A LRI 45 A (Tong et al., 2025) o 1 T4 5 T2 LA S-FEAAME « L-a-F4 THIEE
- 76 i B2 25 BLE RN AT 2P iE X SR R 3 2, R B T4 Ab38E R TR 3 2 Fpdg kM
KR IA R PRI T4 i S A Bl 2% 1) A URFAE

gi Rk, ASE S A R E AR R A B REE A, Hodh T4 A3
AR T OE B R G A, (k2 A B AR 2 A A AR B
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4.6 KENE

AT RGO TSR SR B BROCEER SRR K E MR R,
AL R AL EE R, T4 (LFR30) AR SERS KR IR A U 2t R SE &)
1 SSC. SS HREMAR, IFMFK TA & &, RTFRSEH S MR-, RN &85 w7
RBEA a* (B, (i RS

U A A4S 1, T4 B et TR M &SR, it &
YIRS e, HEAEZEESTR GOAV=D) MR GWF kRS, WA
WL - A BB AR R A . AR A i it — PR, BEE R EE RSN,
PGSR 73 A2 UMY 2 BT &%, H T4 A8 b 2RI R & = 4 T s
KA G GERE . KRA AT HEN 12 ML SV R RS CFROGEER AR KUk
TE R G 22 AR BRPE R VEAG B o U T4 Ab3E BEAT 28 o SR S (1 W e 2 B R R
fledt PO REHRESRAEYR R, BE TR AT
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$58 S-RECHARMMHERERN PAXKR RILXERMAREEHFENEN  AIFAFHIFMILX

FSE S-FEECBABRMHEARSES PEAKI RLLEMRMH
A IR4E M R 220

5-% 3 AR ER (5-aminolevulinic acid, ALA) &M%, M4 R F4E4E &K B12 HIRT
M, AEy—MeE W AR, e ma e ER, SNERTiREIR St e R &
. OGEME, DEEHREES AR, BN LIEIMR AT ESE, SGENIM
B CRIFESE, 2006) o FHHEEVE AR R R I EE IR AT, AR PUEIRANR A2,
Hom bR AR A YE (EREE, 2019; ZFMRIE5E, 2011 BREE, 2021 « ARV,
HEENE R BB HE ALK, e R BAREAE . GRIBHESE, 2019).
AR U BE P A R R B BT EE JTRES, 2025) o &
FERAY . JRTETR AL n AR AR S B A BHOGECR BHRAEKC, g hnrt A SPAD fH
MFCETEER, R MYEE R C & & (B ILEFSE, 2025) o XA
FIER SRR, AR SEHON YA RN o 5 8E A 5-ALA P32 /5 i
B REE, RN OGS ERREREE W GERIR, 2025) .

TN 2. 4 Bl N RUATEH S SR EH R, DIAREALL PHOGBIL /
‘TUERARTCAZ MM, R SR T4 (LFR30) FMEEI 70, BE 5-ALA 5A4H
AR R RCALEE, W RSAEKKENES. MRt E R RITE A BTG bR, B EIR
5-ALA 5 [ JE 5 looos 7 %) SRR B At i AR B RE IR TR A% RN .

5.1 HIBATN SRERT

5.1.1 X EGHBE S
[F58 — % 2.1.1
5.1.2 iREIE T

CL“SemaAR oz SR CROCEEL vk, 1Ky SM/CR, HFERY U5 AR
AR EE T4 (LFR30) fEEI7 30, AR 3 ANESE, B0EE 1 A4 . Wit
WS (R 5-2) , EHAEICHEEAL b, fERSEERW (6 H 17 HD Wiji— ki
AL, Z )55k 10 d Wkt — KA, SEME 4 2o Pty I S T 20 G Mt - P8t 1)
BEFEAEBFRE AT, BRI R, AR AN N o HRE B Y 5 0 BEAT A
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R 5-1 M ALEAE R

Table 5-1 Basic information of foliar fertilizers

JEREAZFR . .
B0 wiy AT K
Name of
Major components Manufacturer
fertilizer
PR — 8 P20s>52%, Ko0>34% IR AR A A BR 24 7]

TR >40.0%, N+K20>13.5%, HAHLFE>30.0%,

BN T B i R R IR A
B: 0.5%-1.0%
TR R W IR>45%, JRIAIR>50%, THEMEYIF>1.5%  LLZRRKACN AL B A A7 R 2 7]
B I M>100 gL', Fe+Zn+B>20 g-L*! V9 2R B A R~ 7]
52 AN[EH T AR T 5
Table 5-2 Different foliar fertilizer application schemes
Juszl A4S TR TT & e
Treatment  Treatment abbreviation Fertilizer plan Dilution factor
CK CK K —
Tl ALA 5-@ A LN 100 mg-L"!
T2 LS 5-2 5 OB N BRI — AP TR 100 mg-Lt. F0RE 1000 fi
T3 HZF 528 5k I DA R+ 5 P 1 IS 100 mg L'\ #iFE 2000 %
T4 HFS 5-38 HE L I R+ 3 IR M T AT 100 mg L1\ #BE 1000 %
TS AlS 5-58 2k IR N IR+ R T L 100 mg L\ FikE 1000 i

5.2 MERIRRTTE

5.2.1 RELEBFRIEFRNE

G484 =% 221, 2.2.2, 223

5.2.2 HEXIBINEENE

3 % 224, 2.25

8 H 20 HREM v, e BA MY EALES (Superoxide dismutase, SOD) T4
I (Peroxidase, POD) . 4L AN (Catalase, CAT) (jitiii%E, 2016; ZHEGEE,
2008; XIHHAEEE, 2011
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5.3 HIBAIE

RS =% 2.3 /0

54 ZERS55h

54.15-ALA MATEESECXS ‘PREHER RSEINUmEAIFZN

54.1.1 5-ALA MM EAESECXS ‘PESLIER RSEX/DHIFZME

S5-RAE AR (5-ALAD FREMTHAE S BCXT BHOGECER” 6 %) S A2 52
Kl 4-1 i, {6)540d, CK 5 ALA AbFRIRSCRE W% 2 %, LS AP R SLRaft i),
N 19.11 mm, BEKF HZF. HFS fil AJS &b, {65 55 d, HZF A3 RS2 i e,
92211 mm, X (CK) RSEBATHRK, 42073 mm, —FEREE (P<0.05) ; {£
JG 70 d, BSEE DL HZF AP A, IA 23.38 mm, HGE HFS, ik 23.10 mm, HZF
A HFS AT ) R scf 42 52 T CK Al ALA &b, 48)5 100 d, HZF b3 R sepife i
B, 1K 2628 mm, 3T AR S RMPALEE, CK RKIREIARK, A 24.56 mm, BF(LT
HAh A3

HE 52 ATRLEH,  BHOGBOR RSP e )G 55-70 d K218, 165 70-85d
B HZF A3 R SEHP ARSI I R I L. 16)5 70d, R CK b, HARAEER
SEAE A 25.00 mm LA by fE)5 85d, HZF AbFE s iF s, HRJE HFS Ab3, &
FET CK Ml ALA 43, #6)5 100 d, LS. HZF. HFS A1 AJS AbFE ) S sz 90422035 30.00
mm LA L, FRE S BRAK N : HZF>AJS>HFS>LS>ALA >CK.

H &l 5-3 i LUE H, HZF A HE SR & 7E & i I R LA AL, CK AbEE Bk i &7
ARG AE)S 40 d, HZF AP R 2 W2 5 T CK A1 LS 403, A5 HAh A2
TREER; Ef5 70-85d, FSLHRLEM KBNS I AEKEE; 65 100 d,
Hr, HZF WeE RSk i sk 14.09 g, 5 AIS LR E 2R, HEHAM 4 Fpibs
ZREE (P<0.05) ; AFEAGHEELERFEES ST CK, WKE/IMKIRH HZF> AJS
>LS>HFS>ALA>CK, 7} #l% CK #2 /' 1.65. 1.18. 0.83. 0.79. 0.62 g.

5-ALA 5AFE RIS EOS PGB LB En &l 4-4 fos, 165 40 d,
HZF 1 AJS A-HE (K R H 0 56 1.19 A1 1.16, BE & T CK; 16)5 55d f170d, A
[EACHE RS SRR B B & = 5 16/ 85 d, CK A S84 5 % %= T HZF. HFS
AT AJS; 16)5 100d, AFACHERLHIRIRE LR EZR, ARG RS
7E 1.1-1.3 Z[8], SOk 2 A6ERTE .
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Zi BRIk, 5-ALA SAFRM AR E L (2 7 BB REHE L. K,
HZF JEFEXS FROCHEL RSB S AR K DL SR T ok 7 I RCR i 2 .

30.0
| CK
27.54 ALA
E 1 LS
‘L.-_; 25.0 HZF
HEJ -
H.3 2254 HES
& 2 1 AlS
g
é 20.0
£ ]
17:54
15.0-
40d 55d 70d 85d 100d
HACPR
Days after flowering/d

#5-1 5-ALARIH AL SO BHOGHOR %) SR SL Az 52
Fig. 5-1 Effect of the combination of 5-ALA and foliar fertilizer on the fruit transverse diameter of ‘Shine

Muscat’ grape

35.00

32.50
1 a abab
30.00 o

Wiz
Longitudinal

diameter/mm
=

27.50 =
| d
25.004 ab be ab T

22.504 ¢

40d 55d 70d 85d 100d

LA
Days after flowering/d

15-2 5-ALARTH AR R AL < PHOCECER 40 RSS20
Fig. 5-2 Effect of the combination of 5-ALA and foliar fertilizer on the fruit longitudinal diameter of ‘Shine
Muscat’ grape
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20.00
15.00 o ; e
& « bebe g, 2bab © gy
1 2 ek
ECE 10,004 chebezabb -
& ’ 4 & 1
; E’ bbez 2 b L
5] € T
@ W z
p abp g ab ab
5004 FFEE
0.00
40d 55d 70d 85d 100d
AP
Days after flowering/d

K 5-3 5-ALA R AR ERCxT FHOCHEER %) RSk HORLsT R 32
Fig. 5-3 Effect of the combination of 5-ALA and foliar fertilizer on the single berry weight of ‘Shine

Muscat’ grape

1.50
140
% 1307
Sy 8 Sopey Hw, @
=] C 2 F
g 1200 L ., 2T Ea 4
db a, 1 aa II & Z
Id = T a a8, 8 -
q " I I I g
110 I 1
1.00
40d 55d 70d 85d 100d

HAP N
Days after flowering/d

K 5-4 5-ALA A THIEEECRT FROGEBR i &) RIZRE 52
Fig. 5-4 Effect of the combination of 5-ALA and foliar fertilizer on the fruit shape index of ‘Shine Muscat’

grape
5.4.1.25-ALA fIHERESE T FHAHEIR RLEFAEN

5-ALA FUARE M THACE FLXS PHCERER” 8 %) B B L2 5-5 s, fe)a
40d, LS MR AH L i, N 46.63, BEmE T HAMATE, )5 55d, ALA A3 R
FAE L¥ /N, N 44.23, BEMCT CK. HFS 1 AJS 4bF; 45 70d, LS Ab3 R 7 (4
FLHERR, N 43.72, BFEETIHAMARE; 165 85d, HFS AR Al LE R K,
N 42.64, WEFETHAMAE; 16/5 100d, RO LED ALA 4F K, N 42.77,

59



$58 S-RECHARMMHERERN PAXKR RILXERMAREEHFENEN  AIFAFHIFMILX

DL AJS AbFEFR /N, N 4055, —HEZEFRE.

R a* A IE 5-6 Fis, BEERSEMAEKKE, FHCBER #iE Rkt
M a*(HZEIE K. E/5 40 d, HZF Al HFS AbFR 7 (A o*(H B35 =T CKs {E)5 55d
A1 70 d, HZF AbFESR A a* B, H-4.19 #K%)-2.92; 1£)5 85d, AJS Fl HZF 4t
P A] a* 53 9-2.52 F1-2.34, HEE GG T HALE; 65 100d, REEMH a*b)
AJS JbFEfR R, N-2.02, HUON HZF 4b3E, N-2.05, WEHZERALRE, HEEFST
HAth 4 NbHE, HZF AEAEIESG 55 70 & 85 d BIRBLH B E ) a*fH, AJS KEEMIZELE
J& 100 d BN a*E AR, HY5 HZF M ZESAEE.

W 5-7 s, BiE RSEAERKKE R KO pEBHFE, 16/ 40d, CK 1 ALA
AL TRk pE TR E 2R 65 55d, HZF AFER M b* i, ~ 13.08, &3E
KT HARALEE; E)5 70-85d, CK ALFER ZAAH b*HH 12.30 FFF% 10.73; {£)5 100 d,
CK 1 HFS AbEE R 57 A0 b*(E 53008 8.97 A1 8.90, &3 = T HAhALFE

T B INIE 5-8 Fos, BEEREHAKKE RL O HMEZE %,
FEAESS 100 d, B R EPEAAATRE o* {8 HHOR B /MK CK>HFS >LS >ALA >HZF >AJS,
3 iE 9.31. 9.21. 8.74. 8.59. 8.37. 8.24.

2 bATIR, HZF ABAELENG 55. 70 K 85 d B a*E e, MfE)E 100 d,
AJS JEFE) a*Efkim, H5 HZF Ae¥ZRARE, WU HZF A1 AJS b B ) 5 S8 e B
. RIS c*E S, £46)5 100d, CK PN AR S, AJS AHRAK, i
CK ALFE N Lt i+, 1 AJS AL T S S B0 A X BT K

50.00

48.00

46.00

a
bc i bbc b a abc 4 b
al
1 ¢ I l I ¢ 1bc
4400 [ bl .
] I b b b a i
L b b by
b b b I
42.00 I +
“ L1 1 [P
‘ B |
40.00
40d 5 85d

b
L
5d 70d 100d

L*

o

LA
Days after flowering/d

K55 5-Z JE QML SRR A I T AL SO < BHOGECER 6 & (OB L* R 52
Fig. 5-5 Effect of the combination of 5-ALA acid and foliar fertilizer on the color L* of ‘Shine Muscat’

grape
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Fig. 5-6 Effect of the combination of 5-ALA acid and foliar fertilizer on the color a* of ‘Shine Muscat’

grape
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Fig. 5-7 Effect of the combination of 5-ALA acid and foliar fertilizer on the color b* of ‘Shine Muscat’
grape
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Fig. 5-8 Effect of the combination of 5-ALA acid and foliar fertilizer on the color c¢* of ‘Shine Muscat’
grape

542 5-ALA FIMEAESE X ‘PAXIIR RIEAESRBRAIZZN

bEE REWAEKKE,  FHGEEL RLrNEMEEIEY (SSC) A& 5-9 Bk,
16)5 40d, W52 SSC LR E £, 18)5 55-70d, SSC i L7+, AJS. HZF. LS 1 ALA
AR PR RS SSC BTt 16%, B /T CK, 1ff HFS 4bF 5 CK Z 3 AR E3; 16)5 854,
HZF F1 AJS AbBE 5L SSC &35 & T FAh AR, 4 A& 20.07%M01 20.10%, {EJ5 100 d,
AJS Wb PEHSE SSC f iy, ik 22.73%, HIKON HZF 0B, 15 22.40%, 355 T HARAL B .

AETERE (SS) S EREWWE 5-10 Frx, MEREMNAEKKE, FHGEER’
B SS A ERIBE ETHEY, )5 55-70d, BTSRRI, £)5 55d f170d, HZF
A TR S SS A BRI 7.50% 13.60%; {£)5 100 d, AJS kb3 sz SS &
B, 15 20.40%, 5 HZF B ILEEER.

W 5-11 fros, Al ERR (TA) S ERE REWAEKE T & NEES, f£148)5 40-55
d TRE&R, 16)5 55-70d Wﬂﬁzmﬁ {65 70-100 d T FEZIgE T2 . CK Rk

A SEAESK B EI RS £)5 100d, HZF 1 AJS AP 52 TA S EEE 0.32%,

AR T HoA 4 HAREE

EZ L (RTT) AU E 5-12 fiar, fE)5 40d, ALA. LS F1 AJS Ab# 52 RTT &
@ T CK: 16)5 55d, HZF AbFR sz RTT S35 =T CK F1 LS #bFF, 5 ALA. HFS M
AJS MR FHE R, )5 70d, ALA. LS. HZF 1 AJS A3 sz RTT B 5 E & T CK
I HFS 43 165 85d, HZF Al AJS A0 SE RTT J3 ik 51.71 A1 52.00, 3551 H
flkb s FE)5 100 d, HRSEFE R MR B MR AIS>HZF>LS>ALA>HFS>CK,
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Hrp AJS 4bBE LS RTT 4 70.23, 403tk HZF. LS. ALA. HFS 1 CK 7 1.43. 6.32.
7.00.7.71.13.38, 5L RTT 54 H#LE3 KT CK, 705l bL CK & 11.22%- 12.42%-21.02%-
9.97%H1 23.54%.

Zx BTk, AJS FI HZF AbBERIELAL, FKEH AJS Fl HZF A BERRe A et B
B RSHES IR, FIRFEIC TA &5, 58S RTT. ALA SR LS 4bF EA
—ERCR, HEARSETHIEEEA & AJS A HZF b3
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Days after flowering/d

K 5-9 5-Z 3k LM IR AN AL E R FIOCBOR 8% nVE Ik [ R & B
Fig. 5-9 Effect of the combination of 5-ALA acid and foliar fertilizer on the soluble solids content of ‘Shine

Muscat’ grape
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Fig. 5-10 Effect of the combination of 5-ALA acid and foliar fertilizer on the soluble sugar content of

‘Shine Muscat’ grape
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Fig. 5-11 Effect of the combination of 5-ALA acid and foliar fertilizer on the titratable acid content of

‘Shine Muscat’ grape
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0 =11 1 BT
40d 55d 70d 85d 100d
AP |
Days after flowering/d

K(5-12 5-Z ik CBETIR A TEIE SR PHOGECER %) [ 2 b i) 520
Fig. 5-12 Effect of the combination of 5-ALA and foliar fertilizer on the sugar-acid ratio of ‘Shine Muscat’

grape
543 5-ALA FIMEESE X ‘PAXIIR MRS RIS
5-ALA FUA[EH AR ECXT BHACECER mh A ZEisER (1) sz an & 5-13;

T. LA AJS Wb PR 51, 14 4.40 mmol-m2-s™, FoyR N HZF 1 LS A3, 435135 4.35 mmol-m2-s™!
422 mmol'm?-s!, 5 CKAELEREER (P<0.05) .
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Fig. 5-13 Effect of the combination of 5-ALA and foliar fertilizer on the leaf transpiration rate of ‘Shine

Muscat’ grape leaves
HE5-1477 51, S-ALAMARM SRS ER S T FHCEIR WA Eota®E
F(Pn) 3 FHAbFE PN NHZF>AJSSHFS>LS >ALA >CK, 43r3i517.77+ 17.60. 16.74.
16.68+ 16.56f1115.15 pmol-m?s”!, #ALFEMH 5 P 5 CKAHILIAAE R ZE 2R (P<0.05)

20.00
a
a 18.00 " 2
© _—
4-»&1-'; % b b b
D o Iz +
*%!'*E“g 16.00 - .
&= = ’ c
Re g T
gt ar
[=9)
5E
z 14.00
12.00 T T T T

CK ALA LS HZF HFS AJS

K5-14 5-Z K AW RRANH TIE R ECXS BHOGECER WA ' & AR A R
Fig. 5-14 Effect of the combination of 5-ALA and foliar fertilizer on the net photosynthetic rate of ‘Shine
Muscat’ grape leaves
] 5-15 IR0, 5-ALA FIASFEIM IR AE SR A St & 32 1 BEDEBCR ™ IR CO.
WIE (CO o M G5 CK AR E 2R (P<0.05) , GAKEIMEIN
HZF>AJS>LS>HFS>ALA>CK, %45 CKAHLREHRE T 18.31%. 16.66%.
15.27%-+ 12.58%- 11.83%-
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Fig. 5-15 Effect of the combination of 5-ALA and foliar fertilizer on the leaf intercellular CO-

concentration of ‘Shine Muscat’ grape leaves

HE 5-16 AT %1, 5-ALA S5ARM MBS RS & 5em BB m A A4S
fE (G o AR T G5 CK MR EZESR (P<0.05) , HA, HZF Al
AJS REFREIH T Gs 23 A 035, 034 mol'm?2-s!, "R LEEER, HEZST CK.
ALA F1 HFS 42,

0.45

0.40

0.35 | o
0.30 b l

0.254 .

| o
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Stomatal conductance

Gs/(nlol-m'3~s" )

0.20 l
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CK ALA LS HZF HFS AJS

K5-16 5-20 5 ZBE B AT TIAE S X FROGEER AL T BE I RE
Fig. 5-16 Effect of the combination of 5-ALA and foliar fertilizer on the leaf stomatal conductance of

‘Shine Muscat’ grape leaves
HEI5-177 51, ANFEAEEEH KR ZE (WUB) 5CKAHLL W% % 7 . HZF
WFRYWUER 51, 94.09 mmol-mol™!, LSAFEKWUERIK, 43.96 mmol-mol”, &%
ZE 5t
2k bRk, HZF5AISAEFRAELR @M oG & It RETT AR I AN B2, N Sk i BT i)
TEREBLE | R AT ) EE Al
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Fig. 5-17 Effect of the combination of 5-ALA and foliar fertilizer on the leaf water use efficiency of ‘Shine

Muscat’ grape leaves

5.4.45-ALA FIMEESE X ‘PAXIEIR MHAMESRES =/

W 4-18 A7, 5-ALA FIA[EI AR R RCY) BB S m 7 FHCEIER MR 4% a
(Chla) W&, Chla &&EH&EIRMKIN: HZF>AJS>LS>HFS>ALA>CK; }
Hi, HZF 1 AJS 4bFE[Y Chla & &5k 2.81. 279 mg-g!, “EHELEEER, MET
CK ZEE T 18.57% 17.72%.

3.50

3.004

H e

o

2.50

w ( M4E&a)
Ho

Content of chlorophyll a/(mg * g'])

2.00

1.50 T T T T
CK ALA LS HZF HFS AJS

K5-18 5-Z K AW R AN TAE R ECXS BHOGEER” R 2Rk a S BRI
Fig. 5-18 Effect of the combination of 5-ALA and foliar fertilizer on the leaf chlorophyll a content of

‘Shine Muscat’ grape leaves

WES-19/ 7%, HZFALFRH Fr -4 Eb (Chlb) S EHxE, i51.18 mg-g!, HIKNAIS
W, SENIIImgg!, “EWYEERTHAMLE; ALA. LSHHFSAE R/ Chlb

R 5CKM T 3 % 7
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Fig. 5-19 Effect of the combination of 5-ALA and foliar fertilizer on the leaf chlorophyll b content of
‘Shine Muscat’ grape leaves
WES-20F77~, S-ALAFIAREM TR R G B m T FHOBEEL M R x
(Chlatb) % %&; Chlatbd & i IMLIKIR)y: HZF>AJS>LS>HFS>ALA>CK,
Chl a+b & &4 Hi%3.99. 3.91. 3.63. 3.59. 3.53. 328 mg-g!, FALFIH FChlatbd &
HCKMLZEREE (P<0.05) .

5.00

4.504

4.00+ b . -

HH o
I_

3.50

H o

3.00

w ( H#Ea+b)
Content of chlorophyll a+b/(mg * g")
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K5-20 5-2FE AW RR AT T R RO FHORECERT MR E M AR S R R
Fig. 5-20 Effect of the combination of 5-ALA and foliar fertilizer on the leaf chlorophyll a+b content of
‘Shine Muscat’ grape leaves

521 iz, HZF A3t 43K ab (Chlab) MIES AIS BRFESR, HE
HRTHARLEL; ALA 403 Chla/b FMESR S, N 2.72, HZF A3 Chla/b HIEEAR,
237,

£i ERrIR, HZF A1 AJS AbER &2 5 TSR3 a A2 b (S &, B s 2t
SR TEBEERN, HEER ab (A EIR, AT 55 CHIA
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Fig. 5-21 Effect of the combination of 5-ALA and foliar fertilizer on the leaf chlorophyll a/b of ‘Shine

Muscat’ grape leaves

54.55-ALA FIMEESE X ‘PAXEIR MRS (KERE MR

WK 5-22 s, 5-ALA 5ARMHES BB B E R m T PHGBEE M i
FAYIEALEE (SOD) JFYE. Hrr, HZF. HFS 1 ALA 4bFRE) SOD yitE T B % % 7,
43K 296.29.294.11.285.72 U-(g FW)'; CK 4bH ) SOD i P £ A%, 4 230.63 U-(g FW),
AR T A 5 FhAb B

320.00
1 a
a
300.00 ab T
| T 1 b
280.00] 1

260.00

amiks

240.00

H-H =

AL RESODIE
Superoxide dismutase activity/(U-(g Fw)y

220.00

200.00

CK ALA LS HZF HFS AJS

K15-22 5-5 5 CME R AN EE O BHOGEIR” - F SODYE T FE i
Fig. 5-22 Effect of the combination of 5-ALA and foliar fertilizer on the leaf SOD activity of ‘Shine

Muscat’ grape leaves

gl 5-23 fras, AR 5 EAYEE (POD) WEPE MR B NMRIXCN: HZF>
HFS>AJS>LS>ALA>CK; i, HZF 43 POD ihtik 4.05 U-(g FW)!, M#T CK
P 7 2.02U (g FW)!'s ALA 4b#E Y CK LR # %5, HZF. HFS. AJS f1 LS 45
CK fFERZEZE R (P<0.05) .
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Fig. 5-23 Effect of the combination of 5-ALA and foliar fertilizer on the leaf POD activity of ‘Shine

Muscat’ grape leaves

WK 5-24 fiios, AJS AbEEH At SR ERE (CAT) WM s, H XN HFS 2 Al
HZF 4bFE, H CAT &M ik 3.07. 2.99. 296 U-(gFW)!, =& 2R ELEEER: 5
CK #itk, AJS. HFS Ml HZF 4:¥ 75 CAT G EHE R T 0.85. 0.77. 0.74 U-(g FW)'s
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Fig. 5-24 Effect of the combination of 5-ALA and foliar fertilizer on the leaf CAT activity of ‘Shine

Muscat’ grape leaves
g bpnd, AFACERE SRS FHGEEE” M SOD. POD 1 CAT K3, Hi5m
RGBTSR B LR, Hodh, HZF AHEEFLTF SOD Al POD G R %, AJS
AEPRMIZESR 5y CAT Wi B2, RUUAFEM ALY 5-ALA ERCERTH A iiE b 25
3 T ) R R BN
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54.6 5-ALA SMHEESE X ‘PAXEIR BEREEINITEMN

5.4.6.1 XM

XA R AL H ) 23 AN A BRAE AR AT A OCYE AT, BRI 5-25 WL SR A o (H S5
By YiE. Hkifig. SSC. SS. RTT. Chla. Chlb. Chlatb. Ti. Pu. Civ Gs Al CAT
EMEFEIEAK (P<0.01) , 5 SOD 2 EFIEMRK (P<0.05) , 5 b*. *H TA B E
FZHAR (P<0.01) . RTT 5k, 4. BRI E. a*. SSC. SS. Chla. Chlb.
Chlatb. Trv Pnv Civ Gs» SOD 1 CAT 2K AR (P<0.01) , 5 TA. b*Hl ¢* 2
W Z AR (P<0.01) .
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Fig. 5-25 Correlation analysis plot of indicators related to the combination of 5-ALA and different foliar

fertilizers

5.4.6.2 FRRSDHT

XF 5-ALA AIAS[FH TS S BCH 17 NMRPREAT LR 708, sk 5-3 fos, KL
AN ST PIRFAEAE 43 908 12.308 1.533, JLFEHUH 2 ANy, Rt EZmm RS
81.421%, X RiFITT 2 TTHR 43 5N 72.402% 9.019%, FRIHIX 2 A ae s af LR E K
ARG R, KIERGX 2 DN E ST LAY . B — T, BRI E. a*.
b*. SSC. SS. TA. RTT. Chla+b fl G, JTTRkZH A FFiH4E. SOD Hl POD *f £
TR I TTRR R ECR
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WIRLZEE R HE4 (K 4-4) , 5-ALA FIAS[A] T AR S B i 255 VR B SRR IR
A: HZF>AJS>LS>HFS>ALA>CK.
£ 5-3 5-ALA FIAS [6] T AR & BCAH 548 b5 1) 5 14 40

Table 5-3 Principal component analysis of indicators related to the combination of 5-ALA and different

foliar fertilizers

HH FH 1 T 2
Projects Principal component 1 Principal component 2
RHIEAR Latent root 12.308 1.533
TTHRE (%)
S (% 72.402 9.019
Contribution rate
RitoE (%)
IR (% 72.402 81.421
The contribution rate
112 Transverse diameter 0.575 0.693
1% Longitudinal diameter 0.513 0.750
HURIEL Berry mass 0.735 0.490
a* 0.876 0.336
b* -0.923 -0.039
ATV A A
ATEIR IS 0.858 0.307
Soluble solid content
B
I 0.841 0.365
Soluble sugar content
I 5
. e . 0.794 0.459
Titratable acid content
2Lt (RTT)
.E? . . 0.882 0.424
Solid acid ratio (RTT)
M5 < atb
TR 0.800 0.496
Chlorophyll a+b
?\j:g IR (T,
E%?ﬁéz . 0.672 0.399
Transpiration rate (77)
FEEHR (Py)
PRI Py 0.692 0.647
Net Photosynthetic Rate (Pn)
7] CO ¥ (Ch)
Wl COIRIE (G 0.524 0.657
Intercellular carbon dioxide (C;)
5H5E (G
ASE 0.755 0.518
Stomatal conductance (Gs)
A EALEE (SOD)
il t@ ;ﬂ, m . 0.248 0.809
Superoxide dismutase activity
uEzRie (POD)
RIS (P 0.080 0.939
Peroxidase activity
HEMAERE (CAT)
Alam 0.442 0.696

Catalase activity
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R 5-4 5-ALA MR- T I 2 BCAH SR AR BRI O 276 PO

Table 5-4 Comprehensive evaluation of indicators related to the combination of 5-ALA and different foliar

fertilizers
Ab 3 TR 11355 TRy 2 1355 L He#
Treatment Component 1 Score Component 2 Score ~ Comprehensive score Rank
CK 0.397 0.100 0.497 6
5-ALA 3.859 0.441 4.300 5
S-ALA+RR S 4.553 0.508 5.062 3
5-ALA+HAFHE L 7.440 0.839 8.279 1
5-ALA+35 5 R 4.008 0.585 4.593 4
5-ALA+Z AR 7.375 0.730 8.105 2

5.5 1Fig

5.5.1 HEREmEX 5-RE JEEAEL R E AL A0 K

5-ALA 1E AW ERE DA BN OSBRI, R BEE SeE 2R ThRe, $E s Bk
GERESIEM GadamaE, 2013; HKESE, 2019 . HHEERMERY S 75 5-ALA
FrigaE A B ThRE TN 78 BRI A%, AT BE A At e i R s = & 5 R TR R (2%
4, 20200 o AWFFLERM, 5-ALA 5 HAEERCACEE B2 00E T PHYBEU Rk
SR CRZN B33 FINTES I (BERRSS) , 48T T A e G e b AL e
Hr, S-ALAHREEARAL B K43 A BRI N 3% .

6 %) 7 (0 ST 5-ALA AIAE CPHOGECER HORLBTE N 12.7%, REMLOHIRR
BT 1.8 % (EfFL5E, 2023) o MM SR HCY), W% RRERIN 39%, &&
FEEHE R T 60.4% (Norrie et al., 2006) o AWFFLR, AFEHEHALEE 5-ALA ZbEE
Pem T RSB S M BRIE, 5-ALA AL S AL B REOZ F Bk B N O
UL ZAC B AE SR RS RN T AR i i, 5ERE (2025) KB EA 5-ALA EIC
WEHATE WP RSN _ERgE AL

BN AT 2 8, 7R AL SR 5-ALA, ATE B ACS2 HE R ISR AE 2,
WA R, REIRERT 5-7d GRISEE, 2022) . ARFREW, ASEMHEHESER 5-ALA
AbERIHE T RS TS W A TS RS A, BRI T RS e IR AR, e
T ER L, BN [ TR AR A AC S-ALA AT DR SR SE i #GS 72, 5 KHANAL S R(2025)
FERERT Em R AL E A 5-ALA REINPRIRSE B 4518 — 8. AP RH, S-ALA 5
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%55 SERZHARAHERSEY AR RIEERAERBHOIEN BT REHEHIEY
AWM AL R, SR BRERAER, (eRERIH M. SXIZEHAE (2019) BEL AN
AL, 6] 2 P Tt 2 SR BRI PR} RE (R L SR M A €, FEm sk SSC & i, fieidt R
SRS, (g A A R BT R A 12 d.

5.52 BEMRHRXE RIS KEEHX s-a & B RER AR E B AY 0k K2

5-ALA 5AFEMTHAE S L 7 S =, R T G RE I IR T 7
BHR AN (20200 KL, 5-ALA 5 245 R Z BT BRI 2 m R TR R4 R & = A RuBP
FAGES (RuBPCase) Jif1H, HEmi#e M FAKThEEM Ff b A%, [SILTE. M=
FALIRIR FEFIZE MG 2 . 5-ALA FEMRIRFE FEA—ME ST, WL SPUE L A
RIAFAVEVESE T [RIR, W EARSG SR T AR AEE 7, NS A& R AL T P
i, ARFREY, NEHEEEE S-ALA BRI T e eBs g, arelg
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Table S1. Relative Odor Activity Values Plot

Order Class 1 Compounds Odor Threshold Treat-1 Treat-2 Treat-3 Treat-4
1 Linalool floral, green 0.006 34.854 28.781 33.172 52.346
Cyclohexene, ) )
2 ) pine, plastic 0.2 7.603 6306 7.615 12413
1-methyl-4-(1-methylethylidene)-
3 1,3,6-Octatriene, 3,7-dimethyl-, (Z)- warm, floral, herbal, flowery, sweet 0.034 4153 4.632 2302 4.557
4 6-Octenal, 3,7-dimethyl-, (R)- fresh, herbal, citrus 0.03 1.326 1424 1.485 1.269
5 p-Cymene gasoline, citrus 0.0114 4.641 3454 3511 3.820
6 Citronellal sweet, dry, floral, herbal, waxy, aldehydic, citrus 0.06 1.419 1.540 1.584 1.327
Bicyclo[3.1.1]hept-2-ene-2-methanol, .
7 i woody, minty 0.007 20.686 20.483 25.508 42.123
6,6-dimethyl-
8 Terpenoids .alpha.-Terpineol pine, iris, teil 0.3 1.659 1.656 2.069 3.438
9 CIS-ROSE OXIDE floral 0.0001 11.430 8.085 4.321 18.426
10 .beta.-Myrcene musty, balsamic, spice 0.015 13.170 14.945 13.552 18.029
11 trans-Rose oxide floral 0.0005 22.584 17.609 33.924 45.504
12 .beta.-Phellandrene terpenic, herbal 0.036 5.947 5353 3468 6.468
13 (-)-Carvone sweet, spearmint, herbal, minty 0.085 2.095 2.079 2.288 1.870
14 Geraniol sweet, floral, fruity, rose, waxy, citrus 0.0066 249.660 304.355 90.068 164.596
15 .beta.-Pinene dry, woody, resinous, pine, hay, green 0.14 0.798 0946 0.838 1.223
16 1,6,10-Dodecatrien-3-ol, 3,7,11-trimethyl-  floral, green, waxy, citrus, woody 0.01 2393  3.045 3.104 3.305
17 1,3,8-p-Menthatriene turpentine, camphor, herbal, woody 0.015 2246 1271 1338 1.055
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18 D-Limonene citrus 0.034 3.757 3309 3.040 4.428
19 Citronellol floral, rose, lime 0.04 18.817 23.019 7.044 12.978
20 Neral sweet, citral, lemon, peel 1 3759 3.684 4.018 3.559

Naphthalene,
21 1,2,3,5,6,8a-hexahydro-4,7-dimethyl-1-(1-m thyme, herbal, woody, dry 0.0015 0.955 0.820 1.273 2.076
ethylethyl)-, (1S-cis)-
2-Buten-1-one,
22 1-(2,6,6-trimethyl-1,3-cyclohexadien-1-yl)-, apple, rose, honey, tobacco, sweet 0.0015 22.095 40.495 27.937 39.900
(E)-
23 2,6-Octadien-1-ol, 3,7-dimethyl-, (Z)- lemon, fresh 0.049 3932 2763 1.569 2.874
24 Citral sharp, lemon, sweet 0.1 1.738 2.201 0.738 1.507
25 L-Fenchone camphor, herbal, earthy, woody 0.11 6.060 5.028 6.080 9.667
26 D-Fenchone camphor, thuja, cedar leaf, herbal, earthy, woody 0.24 2777 2304 2787 4.431
27 .beta.-Ocimene apple, pear, fruity 0.034 4.153 4.632 2302 4.557
28 0-Cymene gasoline 0.01144 4.625 3.442 3.499 3.807
29 6-Octenal, 3,7-dimethyl-, (S)- - 0.03 2.838 3.081 3.167 2.653
30 L-.alpha.-Terpineol lilac, floral, terpenic 0.33 1.508 1.505 1.881 3.126
31 L-Menthone menthol, pepperminty, herbal, camphor 0.17 3.188 3.512 3.640 3.019
” (25,4R)-4-Methyl-2-(2-methylprop-1-en-1-ylrose, c.ortex, green, floral, geranium, powdery, 0.0002 56450 44.007 84811 113.760
)tetrahydro-2H-pyran metallic
2H-Pyran,
33 tetrahydro-4-methyl-2-(2-methyl-1-propenyl sweet, floral, aromatic, rose, fresh, bay, leafy 0.0002 56.459 44.022 84.811 113.760
)-
34 Cyclohexene, 0.045 4758 4283 2775 5174
1-methyl-5-(1-methylethenyl)-, (R)-
35 .alpha.-Phellandrene citrus, herbal, terpene, green, woody, peppery  0.04 5.353  4.818 3.121 5.821
36 Carvone minty, licorice 0.067 2.658 2.637 2903 2373
37 D-Carvone spice, minty, bread, caraway 0.01 17.806 17.669 19.449 15.896
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1,3-Cyclohexadiene-1-carboxaldehyde, fresh, herbal, phenol, metallic, rosemary,
38 . . 0.003 9.297 8910 8.887 8.144
2,6,6-trimethyl- tobacco, spicy
39 Germacrene D woody, spice 0.0012 36316 36.703 41.265 34.040
2-Cyclohexen-1-ol, green, minty, spearmint, nasturtium, herbal,
40 . 0.0015 1.501 0.908 1371 3.115
2-methyl-5-(1-methylethenyl)-, acetate rummy, grape, pear, Spicy
41 Limonene citrus, herbal, terpene, camphor 0.01 12.773 11.250 10.336 15.056
Cyclohexene, .
42 terpene, pine, herbal, peppery 0.034 3.757 3.309 3.040 4.428
1-methyl-4-(1-methylethenyl)-, (S)-
43 6-Octen-1-ol, 3,7-dimethyl-, (R)- citronella oil, rose, leafy, oily, petal 0.04 18.817 23.019 7.044 12.978
44 2,6-Octadienal, 3,7-dimethyl-, (E)- citrus, lemon 0.028 134.237 131.587 143.511 127.111
45 trans-.beta.-Ocimene sweet, herbal 0.034 0.523 5239 1574 5.192
46 Benzaldehyde, 2-methyl- mild floral, sweet 0.0096 1.699 1.797 1420 10915
47 2-octenal fatty, green, herbal 0.0002 471377 571.004 579.384 574.573
48 2-Nonenal, (Z)- orris, fatty, waxy, cucumber 0.0045 8.653 9.185 9.449 8.114
green, cucumber, melon, cantaloupe, honeydew,
49 6-Nonenal, (Z)- o 0.00014  141.574 125.208 139.927 128.078
waxy, vegetable, orris, violet, leafy
. 4342.09 469191 4876.84 4138.34
50 2,6-Nonadienal, (E,Z)- cucumber, green 0.00001 3 3 1 4
51 Aldehvd 2-Nonenal, (E)- fatty, green, cucumber, aldehydic, citrus 0.00008  486.722 516.674 531.523 456.391
ehyde
52 Y Benzeneacetaldehyde floral, honey, rose, cherry 0.0063 35906 16.819 14.957 17.324
53 2-Decenal, (Z)- tallow 0.05 1.617 1.948 0.560 1.047
waxy, fatty, earthy, green, cilantro, mushroom,
54 2-Decenal, (E)- L . 0.005 1.451 2.596 0.803 1.050
aldehydic, fried, chicken, fatty, tallow
55 Nonanal aldehyde, citrus, orange peel 0.001 105.770 91.639 106.795 102.396
fresh, aldehydic, citrus, orange, mandarin,
56 4-Decenal, (E)- . 0.025 2.030 2421 2298 2.137
tangerine, green, fatty
57 Decanal sweet, aldehydic, waxy, orange peel, citrus, 0.0001 114.088 75.876 68.191 69.670
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floral
58 2-Hexenal, (E)- green, grassy 0.0031 870.503 947.661 878.361 791.965
fresh, aldehydic, fatty, green, herbal, wine,
59 Heptanal 0.0028 4215 5.044 4236 3.834
0Z0oNnous
60 Hexanal aldehyde, grassy, green, leafy, vinegar 0.005 851.087 730.448 647.774 553.908
61 2-Heptenal, (Z)- - 0.013 1.555 2282 2.627 3.644
. 3494.74 3390.25 1643.91
62 2,4-Nonadienal fatty, green, cucumber 0.00005 g g 780.329 3
waxy, aldehydic, rose, mandarin, citrus, soapy,
63 10-Undecenal 0.0035 3480 1985 1.646 1.250
fatty
64 3-Methylthiobutyraldehyde cooked potato 0.0025 5.714  9.120 10.240 15.291
) fatty, green, oily, aldehydic, vegetable, cake,
65 2,4-Heptadienal, (E,E)- . 0.056 0.792 1.665 1.151 1.483
cinnamon
66 Non-8-enal smoky, plastic 0.0002 38.486 35.384 12.113 110.922
fresh, cucumber, fatty, green, herbal, banana,
67 2-Octenal, (E)- 0.003 31.425 38.067 38.626 38.305
waxy, leafy
68 2-Nonenal fatty, green, waxy, cucumber, melon 0.0001 389.377 413.339 425.219 365.113
69 6-Nonenal, (E)- - 0.000022 900.928 796.779 890.443 815.039
70 2,6-Nonadienal, (E,E)- fresh, citrus, green, cucumber, melon 0.0005 86.842 93.838 97.537 82.767
t, al d, fruity, , leafy, apple, plum,
71 2-Hexenal sweet, almond, fruity, green, leafy, apple. plum, o 0 o156 739 172,809 160.172 144.417
vegetable
72 2,4-Decadienal, (E,Z)- fried, fatty, geranium, green, waxy 0.00007  21.839 17.999 14.150 29.966
73 2,4-Decadienal, (E,E)- dusty, waxy, oily, soapy 0.00007  21.839 17.999 14.150 29.966
74 2-Heptenal, (E)- pungent, green, vegetable, fresh, fatty 0.013 1.555 2.282 2.627 3.644
. fatty, melon, waxy, green, violet, leafy, 1092.10 1059.45
75 2,4-Nonadienal, (E,E)- . . . 0.00016 243.853 513.723
cucumber, tropical, fruity, chicken 9 6
76 Heterocyclic  1,2-Dithiane garlic, metallic 0.002 27.159 23.980 27.997 34.525

80



FIsR B FRFMTFALC
77 compound Pyridine, 3,4-dimethyl- green 0.005 2.662 3.134 1448 2.450
) nutty, nut skin, roasted, wasabi, shellfish,
78 Oxazole, trimethyl- 0.005 22.161 22.186 22.499 20.613
mustard, vegetable
79 Pyrazine, 2-methyl-3-(methylthio)- roasted meat, nutty, almond, vegetable 0.001 18.433 19.232 21.033 16.608
80 2-Ethoxy-3-methylpyrazine hazelnut, roasted, almond, pineapple, earthy 0.0008 29.726 19.637 22.455 21.361
81 Pyridine, 5-ethyl-2-methyl- nutty, strong, raw, potato, roasted, earthy 0.019 2.430 2.156 1.516 2.839
1,3-Dithiolo[4,5-b]furan, boiled, milky, chicken, cooked beef, rubbery,
82 T 0.006 12.281 12.648 13.470 11.210
tetrahydro-3a-methyl- sulfury, thiamin
83 2-Methyl-3-propylpyrazine - 0.06 2375  2.170 2468 2.637
84 2-Methyl-1,3-dithiacyclopentane sulfury, alliaceous, smoky, savory, vegetable 0.02 1.094 1.015 1.107 0.995
. popcorn, nutty, corn, chip, bread, crust,
85 Acetylpyrazine 0.01 6.581 5864 3.789 7.532
chocolate, hazelnut, coffee
86 Pyrazine, 2-methoxy-5-(2-methylpropyl)- - 0.01 6.008 5.831 6.352 5.217
87 Pyrazine, 2-butyl-3,5-dimethyl- fragrant 0.18 1.552  1.921 0.528 1.014
88 Furan, 2,3-dihydro- - 0.27 1496 1415 1.162 1.072
89 n-Pentylpyrazine - 0.005 48.645 61914 12.018 31.207
90 1,3-Dithiolane onion, sulfury, sweet 0.002 5.004 4457 2.665 5470
91 Furan, 2-pentyl- fruity, green, earthy, beany, vegetable, metallic 0.006 1.218 0.999 1.026 0.868
92 Pyridine, 2,3,4,5-tetrahydro- - 0.302 2.650 2.398 1972 1.724
. nutty, flesh, roasted hazelnut, toasted grain, corn,
93 2-Acetyl-3-methylpyrazine . . 0.02 4237 4226 3.695 6.519
chip, vegetable, nut skin, caramel
94 Pyridine, 2-propyl- green, fatty, roasted, tobacco, nutty 0.011 1.415 1.433 0.681 1.466
95 1,3,5-Trithiane sulfury 0.00004  111.943 196.594 77.726 92.545
96 Pyrazine, 2-methyl-6-(methylthio)- - 0.02 0.922 0962 1.052 0.830
97 Pyrazine, 2-methyl-6-propyl- burnt, butterscotch 0.1 1.425 1.302 1481 1.582
98 Pyrazine, 2-methoxy-3-methyl- roasted almond, hazelnut, peanut 0.003 1.005 1.032 1.062 1.014
99 Pyrazine, 2-ethyl-3,5-dimethyl- burnt, almond, roasted, nutty, coffee 0.00004  53.525 55.163 58.468 87.942
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100 3,4-Dimethyl-1,2-cyclopentadione sweet, maple, caramel, sugar, fenugreek, licorice 0.017 51.158 45.110 52.697 64.109
101 Ethanone, 1-(4,5-dihydro-2-thiazolyl)- corn, chip, taco, potato, toasted, bread, nutty 0.001 2206 2.034 2104 1.599
102 3-Undecanone - 0.0083 1.154  1.141 1.148 0.940
19215.3 17897.6 18698.523776.7
103 1-Nonen-3-one pungent, mushroom 0.000001
14 21 96 65
104 2-Hexanone, 4-methyl- - 0.00081  50.154 51.176 54.289 49.518
105 6-Methyl-3,5-heptadiene-2-one - 0.1 4.552  4.605 4.796 4.198
106 3-Nonanone caramel, spicy, sweet 0.017 15.216 14.774 15.530 13.944
107 Cycloundecanone - 0.009 9911 9.747 11.232 8.497
108 Cyclohexanone, 2,2,6-trimethyl- pungent, thujone, labdanum, honey, cistus 0.0001 46.318 34.258 47.480 51.236
4-(2,6,6-Trimethylcyclohexa-1,3-dienyl)but-
109 - 0.00009  458.406 467.973 524.396 408.240
Ketone 3-en-2-one
110 3-Butylisobenzofuran-1(3H)-one herbal, phenol, celery 0.01 2242 2213 2.668 1.879
111 Ethanone, 1-(2-thienyl)- sulfury, nutty, hazelnut, walnut 0.001 109.264 93.102 111.400 136.576
112 3,5-Octadien-2-one, (E,E)- fruity, green, grassy 0.0005 15.504 17.578 26.083 17.474
113 5-Hepten-2-one, 6-methyl- herbal, green, citrus, musty, lemon grass 0.05 0919 1.135 1.246 1.855
114 2-Cyclopenten-1-one, 3-ethyl-2-hydroxy-  strong, caramel 0.052 16.725 14.747 17.228 20.959
2-Hydroxy-3,5-dimethylcyclopent-2-en-1-on
115 strong, caramel 1 0.870  0.767 0.896 1.090
e
Cyclohexanone, )
116 ) minty 0.15 3.613 3981 4.126 3.422
5-methyl-2-(1-methylethyl)-, (2R-cis)-
) 1173.39
117 1-Hexen-3-one cooked, vegetable, metallic 0.00002  761.894 6 731.659 676.120
herbal, weedy, musty, green, vegetable, nut skin,
118 2-Pentanol, acetate - . ) 0.015 9.112 9.338 9481 8.748
beany, ketonic, animalic
119  Ester Pentanoic acid, 3-methylbutyl ester fruity, ripe apple, green 0.1 3.092 2489 3.195 3.128
Propanoic acid, 2-methyl-, 2-methylbutyl ) )
120 . fruity, ethereal, tropical, banana 0.014 1.940 2214 2450 2.027
ester
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121 Benzoic acid, methyl ester phenol, wintergreen, almond, floral, canga 0.00052  37.933 37.788 38.012 69.744
sweet, herbal, fruity, floral, winey, caramel,
122 Butyl angelate . 0.013 85.085 77.205 88.081 89.786
chamomile
123 Hexanoic acid, 2-methylbutyl ester ethereal 0.032 6.117 6.075 6.697 5478
124 Geranyl propionate floral, fresh, waxy, fruity, rose, tropical 0.01 1.896 1.926 2.175 1.647
125 Propanoic acid, hexyl ester pear, green, fruity, musty, rotten 0.008 11.034 10.649 11.906 9.874
126 Decanoic acid, methyl ester oily, wine, fruity, floral 0.0043 2.596 2.931 2761 2.831
127 2(3H)-Furanone, dihydro-5-propyl- sweet, coconut, nutty, caramel, tonka, hay 0.4 0.898 0916 1.085 0.820
128 3-Mercaptohexyl acetate sulfury, grapefruit, fruity 0.00002  161.286 163.900 166.613 141.651
129 Propanoic acid, heptyl ester - 0.004 1.163  0.823 0.933 1.084
Propanoic acid, 2-methyl-, 1-methylethyl
130 - 0.026 20.174 15.631 14.286 13.284
ester
) ) mild, watercress, dusty, medicinal, horseradish,
131 Benzene, (isothiocyanatomethyl)- , 0.0007 7.630 15.586 6.893 4.811
oily
132 1-Methoxy-2-propyl acetate - 0.016 0.522 1.177 0.134 0.225
o . . 2127.53 2189.77 2489.11 1910.87
133 Butanoic acid, 3-methyl-, 2-phenylethyl ester floral, fruity, sweet, rose, peach, apricot 0.00001 g 9 3 )
i L green, fruity, apple, pear, kiwi, unripe, banana,
134 n-Valeric acid cis-3-hexenyl ester ) 0.06 6919 6.873 6.791 6.385
tropical
135 cis-3-Hexenyl isovalerate fresh, green, apple, fruity, tropical, pineapple 0.02 20.758 20.618 20.372 19.156
136 2-Propen-1-ol, 3-phenyl-, acetate, (E)- sweet, floral, spicy, balsamic 0.002 0.155 1437 1408 1.355
ethereal, fusel, oily, fruity, alcoholic, sweet,
137 1-Hexanol 0.0056 117.094 91.692 44.291 44.063
green
fresh, green, grass, foliage, vegetable, herbal,
138 3-Hexen-1-ol, (Z)- . 0.05 22.168 17.614 16.074 14.854
Alcohol oily
139 2-Butanethiol, 3-methyl- repulsive, beefy, meaty 0.0002 72.531 72982 75.104 70.542
140 trans,cis-2,6-Nonadien-1-ol green, cucumber, oily, violet, leafy 0.001 212.696 228.729 237.413 201.229
141 4-Phenyl-2-butanol floral, peony, foliage, sweet, mimosa, heliotrope 0.0043 16.136 18.441 5.765 10.041

83



s AAFAFMEFMILT

142 6-Undecanol - 0.0086 1.509 1479 1459 1.211
143 3-Cyclohexene-1-methanethiol, .alpha.,.alph sulfury, aromatic, grapefruit, naphthyl, resinous, 0.0000000 86931.8 88534.6 79767.8 140356.
a.,4-trimethyl- woody 2 00 07 42 481
144 2-Furanmethanethiol, 5-methyl- sulfury, roasted, coffee 0.00005  131.048 147.818 184.063 114.721
145 2-Pentanol, 3-methyl- - 0.83 2.143  2.024 1.659 1.515
146 3-Hexen-1-ol green, leafy 0.07 6.367 6.647 6.089 5.679
147 3-Hexanol, 2,2-dimethyl- - 0.0013 1.707 2.092 1.577 1.456
green, melon, watery, watermelon, earthy,
148 5-Octen-1-ol, (Z)- . 0.002 3.194 2597  6.527 8.160
mushroom, violet, leafy, fishy, soapy
green, corteX, leafy, green, beany, nasturtium,
149 2-Hexen-1-ol, (Z)- herbal, soapy, aldehydic, narcissus, narcissus, 0.1 1.059 0.857 0.260 0.126
phenol
150 1-Pentanol, 2,2-dimethyl- - 0.0081 1.016 1.007 0.140 0.132
151 3-Hexen-1-ol, (E)- moss, fresh 0.11 10.076 8.007 7.306 6.752
152 1-Pentanol, 2-methyl- - 0.1 11.541 10.102 10.050 8.650
153 1-Pentanol, 3-methyl- fusel, cognac, wine, cocoa, green, fruity 1 1.154 1.010 1.005 0.865
154 3-Furanmethanol - 0.0045005 69.280 59.593 61.034 52.292
155 2-Hexen-1-ol, (E)- fresh, green, leafy, fruity, unripe banana 0.1 1.059 0.857 0.260 0.126
156 Phenol, 2-methoxy- nutty 0.0016 231.667 224.120 247.662 293.699
157 Phenol, 2,3-dichloro- - 0.03 1.270  0.922 0950 1.191
158 Phenol, 3-methyl-4-(methylthio)- - 0.2 0.959 0961 1.107 0.841
159 Phenol, 2-methyl- phenol 0.0039 3.156  3.561 1.616 3.661
160  Phenol Phenol, 3-(1-methylethyl)- - 0.005 16.454 11.414 6.196 11.657
161 4-Vinylphenol chemical, woody 0.01 1.930 2322 0.654 1411
162 Phenol phenol, medicinal 0.03 2485 2210 2351 2260
163 Phenol, 2-(1-methylethyl)- medicinal, cresol, phenol 0.001 4385 4487 5268 9.392
164 Ethyl maltol sweet, caramel, jammy, strawberry, cotton, 0.044 40.743 39.668 40.130 6.967
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candy
165 Phenol, 3-propyl- - 0.00029  2.002 0215 0.223 0.210
166 Phenol, 2,4-dichloro- - 0.0014 27.213 19.763 20.351 25.528
167 Phenol, 2,5-dichloro- - 0.03 1.270 0922 0950 1.191
168 Benzene, 1,4-diethyl- - 0.0021 6.060 6.523 5.172 6.979
169 Aromatics Styrene penetrating, balsamic, gasoline 0.0036 6.975 9.801 8.167 9.506
170 Biphenyl pungent, rose, green, geranium 0.0033 1.289 1.395 1.042 0.945
171 Naphthalene, 2-methyl- sweet, floral, woody 0.004 1.323 1452 1428 1.191
172 Cyclohexane, nitro- - 0.15 11.687 10.303 11.987 14.923
173 Nitrogen Benzenepropanenitrile - 0.015 2353 2339 2549 2.076
174  compounds Dodecanenitrile citrus, orange, peel, metallic, spicy 0.00009  411.661 404.560 458.745 348.266
175 Benzene, 2-methyl-1,3-dinitro- - 0.05 1.463 1.489 1.743 1.799
176 Sulfur Diallyl sulfide sulfury, onion, garlic, horseradish, metallic 0.1 5435 5517 5489 4.968
compounds
177 Halogenated ) e 1iodo- ; 0.0002  370.086 367.079 398.900 329.650
hydrocarbons
178  Ether Benzene, 1,3-dimethoxy- acid, fruity, nutmeg, neroli 0.0214 1.564 1.676 1.729 1.457
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Bfe S2. & LA o 72 S A 4 20 AU 45 R
Table S2. Results of the top 20 metabolites by fold change in each comparison group
Comparable Fold
Compounds Class I VIP  regulated
group Change
.gamma.-Terpinene Terpenoids 10.58 1.40 up
Acetic acid, cinnamyl ester Acid 9.58 1.27  up
(3S,3aR,3bR,4S,7R,7aR)-4-Isopropyl-3,7-dimethyloctahydro-1H-cyclopenta[ 1,3 ]cyclopropa[ 1,2 [benzen-3-ol Terpenoids 9.24 1.38 up
(1R,5S)-1,8-Dimethyl-4-(propan-2-ylidene)spiro[4.5]dec-7-ene Terpenoids 15.81 1.39 up
cis-Dihydrocarvone Terpenoids 11.36 1.40 wup
1,3,7-Octatriene, 3,7-dimethyl- Terpenoids 10.58 1.40 up
trans-.beta.-Ocimene Terpenoids 10.58 1.40 up
Treat-2 2-Propen-1-ol, 3-phenyl-, acetate, (E)- Ester 9.58 1.27 up
Vs (3a8S,8aS)-6,8a-Dimethyl-3-(propan-2-ylidene)-1,2,3,3a,4,5,8,8a-octahydroazulene Terpenoids 15.81 1.39 up
Treat-1 (+)-Dihydrocarvone Terpenoids 11.36 1.40 up
.alpha.-Cuprenene Terpenoids 0.11 1.39 down
1,3-Cyclohexadiene, 5-(1,5-dimethyl-4-hexenyl)-2-methyl-, [S-(R*,S*)]- Terpenoids 0.11 1.39 down
Pilocarpine Ester 0.07 1.39 down
Benzoic acid, 3,4-dimethyl-, methyl ester Ester 0.02 1.40 down
9,12,15-Octadecatrienoic acid, methyl ester Ester 0.04 1.35 down
Benzeneacetic acid, (4-methoxyphenyl)methyl ester Ester 0.05 1.40 down
Benzoic acid Acid 0.02 1.40 down
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1H-Naphtho[2,1-b]pyran, 3-ethenyldodecahydro-3,4a,7,7,10a-pentamethyl-,

Terpenoids 0.03 1.40 down
[3S-(3.alpha.,4a.alpha.,6a.beta.,10a.alpha.,10b.beta.)]-
Azulene, 1,2,3,5,6,7,8,8a-octahydro-1,4-dimethyl-7-(1-methylethenyl)-, [1S-(1.alpha.,7.alpha.,8a.beta.)]- Terpenoids 0.06 1.40 down
1H-Benzocycloheptene, 2,4a,5,6,7,8-hexahydro-3,5,5,9-tetramethyl-, (R)- Terpenoids 0.11 1.39 down
9,12,15-Octadecatrienoic acid, methyl ester, (Z,2,7)- Ester 0.04 1.35 down
1H-Naphtho[2,1-b]pyran, 3-ethenyldodecahydro-3,4a,7,7,10a-pentamethyl-,

Terpenoids 0.03 1.40 down
[3R-(3.alpha.,4a.beta.,6a.alpha.,10a.beta.,10b.alpha.)]-
Benzyl chloride Halogenated hydrocarbons  8.39 1.40 up
2-Acetylthiazole Heterocyclic compound 14.23 1.40 up
Pilocarpine Ester 14.16 1.39 wp
9,12,15-Octadecatrienoic acid, methyl ester Ester 25.25 1.34 up
Benzeneacetic acid, (4-methoxyphenyl)methyl ester Ester 21.18 1.40 up
Benzoic acid Acid 42.14 1.39 wp

Treat-3
1H-Naphtho[2,1-b]pyran, 3-ethenyldodecahydro-3,4a,7,7,10a-pentamethyl-,

VS Terpenoids 34.45 1.38 up
[3S-(3.alpha.,4a.alpha.,6a.beta.,10a.alpha.,10b.beta.)]-

Treat-2

2-Octen-4-one Ketone 8.23 1.39 up
9,12,15-Octadecatrienoic acid, methyl ester, (Z,Z,7)- Ester 25.25 1.34 up
1H-Naphtho[2,1-b]pyran, 3-ethenyldodecahydro-3,4a,7,7,10a-pentamethyl-,

Terpenoids 34.45 1.38 up
[3R-(3.alpha.,4a.beta.,6a.alpha.,10a.beta.,10b.alpha.)]-
Geranic acid Terpenoids 0.08 1.38 down
Bicyclo[3.1.1]hept-2-ene-2-carboxylic acid, 6,6-dimethyl- Terpenoids 0.01 1.36  down
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2-Cyclohexen-1-one, 3-methyl-6-(1-methylethyl)- Terpenoids 0.10 1.39 down
Propanethioic acid, S-(2-furanylmethyl) ester Ester 0.10 1.39  down
1,3-Benzenediol, 2-methyl- Alcohol 0.02 1.39 down
2-Isoamyl-6-methylpyrazine Heterocyclic compound 0.11 1.39  down
2-Propenoic acid, 2-methyl-, (tetrahydro-2-furanyl)methyl ester Ester 0.09 1.39  down
Neric acid Terpenoids 0.08 1.38 down
Carvenone Terpenoids 0.10 1.39  down
Orcinol Phenol 0.02 1.39  down
.gamma.-Terpinene Terpenoids 10.78 1.39 wup
Acetic acid, cinnamyl ester Acid 9.25 1.26  up
(1R,5S)-1,8-Dimethyl-4-(propan-2-ylidene)spiro[4.5]dec-7-ene Terpenoids 9.21 1.38 up
cis-Dihydrocarvone Terpenoids 9.92 1.39 wup
1,3,7-Octatriene, 3,7-dimethyl- Terpenoids 10.78 1.39 wup

Treat-4 3-Hexen-1-ol, formate, (Z)- Ester 8.09 1.37 up

Vs trans-.beta.-Ocimene Terpenoids 10.78 1.39 wup

Treat-1 2-Propen-1-ol, 3-phenyl-, acetate, (E)- Ester 9.25 1.26 up
(3a8S,8aS)-6,8a-Dimethyl-3-(propan-2-ylidene)-1,2,3,3a,4,5,8,8a-octahydroazulene Terpenoids 9.21 1.38 up
(+)-Dihydrocarvone Terpenoids 9.92 1.39 wup
Benzoic acid, 3,4-dimethyl-, methyl ester Ester 0.03 1.26 down
Pentanoic acid, 3-methyl- Acid 0.10 1.39 down
2-Hexen-1-ol, (Z2)- Alcohol 0.13 1.25 down
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Cyclohexene, 4-ethenyl-4-methyl-3-(1-methylethenyl)-1-(1-methylethyl)-, (3R-trans)- Terpenoids 0.05 1.39 down
Benzoic acid Acid 0.08 1.30  down
Methyl anthranilate Ester 0.05 1.07 down
1-Butene, 4-butoxy- Ether 0.12 1.39  down
2-Cyclopenten-1-one, 2-hydroxy-3-methyl- Ketone 0.10 1.39  down
Phenol, 3-propyl- Phenol 0.11 1.39 down
2-Hexen-1-ol, (E)- Alcohol 0.13 1.25 down
Benzyl chloride Halogenated hydrocarbons ~ 6.12 1.33 up
2-Acetylthiazole Heterocyclic compound 9.12 1.32  wup
.beta.-Santalol Terpenoids 6.17 1.15 wp
9,12,15-Octadecatrienoic acid, methyl ester Ester 7.58 1.22 up
Benzeneacetic acid, (4-methoxyphenyl)methyl ester Ester 5.95 1.32 wup
.alpha.-Cubebene Terpenoids 12.22 1.33  up
Treat-4
Azulene, 1,2,3,5,6,7,8,8a-octahydro-1,4-dimethyl-7-(1-methylethenyl)-, [1S-(1.alpha.,7.alpha.,8a.beta.)]- Terpenoids 6.56 1.33 up
Ve 2-Octen-4-one Ketone 5.96 1.32  wp
Treat-2
3-Hexen-1-ol, formate, (Z)- Ester 8.09 1.31 wup
9,12,15-Octadecatrienoic acid, methyl ester, (Z,Z,7)- Ester 7.58 1.22 up
cis-3-Hexenyl cis-3-hexenoate Ester 0.11 1.31 down
Pentanoic acid, 3-methyl- Acid 0.10 1.32  down
2,4-Octadienal, (E,E)- Aldehyde 0.14 1.33  down
2-Hexen-1-ol, (Z2)- Alcohol 0.15 1.17 down
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Cyclohexene, 4-ethenyl-4-methyl-3-(1-methylethenyl)-1-(1-methylethyl)-, (3R-trans)- Terpenoids 0.04 1.32  down
Methyl anthranilate Ester 0.05 1.32  down
1-Pentanol, 2,2-dimethyl- Alcohol 0.13 1.33  down
1-Butene, 4-butoxy- Ether 0.15 1.33  down
Hexanoic acid, 3-hexenyl ester Ester 0.11 1.31 down
2-Hexen-1-ol, (E)- Alcohol 0.15 1.17 down
Bicyclo[3.1.1]hept-2-ene-2-carboxylic acid, 6,6-dimethyl- Terpenoids 13.91 1.20  wup
2-Cyclohexen-1-one, 3-methyl-6-(1-methylethyl)- Terpenoids 5.33 1.30 up
Propanethioic acid, S-(2-furanylmethyl) ester Ester 5.43 1.30  wup
1,3-Benzenediol, 2-methyl- Alcohol 13.45 1.16 up
2-Isoamyl-6-methylpyrazine Heterocyclic compound 5.75 1.30 up
1-Decanamine Amine 5.57 1.30 wup
Treat-4 2-Propenoic acid, 2-methyl-, (tetrahydro-2-furanyl)methyl ester Ester 5.89 1.30  wup
VS Non-8-enal Aldehyde 9.73 1.30 up
Treat-3 Carvenone Terpenoids 5.33 1.30 wup
Orcinol Phenol 13.45 1.16 up
Benzoic acid, 2-hydroxy-, ethyl ester Ester 0.17 1.12  down
Pentanoic acid, 3-methyl- Acid 0.13 1.29  down
Ethyl maltol Phenol 0.18 1.30  down
2,4-Octadienal, (E,E)- Aldehyde 0.14 1.30 down
Cyclohexene, 4-ethenyl-4-methyl-3-(1-methylethenyl)-1-(1-methylethyl)-, (3R-trans)- Terpenoids 0.13 1.26 down
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Benzoic acid Acid 0.10 1.21  down
1H-Naphtho[2,1-b]pyran, 3-ethenyldodecahydro-3,4a,7,7,10a-pentamethyl-,
Terpenoids 0.20 1.05 down
[3S-(3.alpha.,4a.alpha.,6a.beta.,10a.alpha.,10b.beta.)]-
Methyl anthranilate Ester 0.09 1.26  down
Butanenitrile, 4-(methylthio)- Ether 0.19 1.30 down
1H-Naphtho[2,1-b]pyran, 3-ethenyldodecahydro-3,4a,7,7,10a-pentamethyl-,
Terpenoids 0.20 1.05 down
[3R-(3.alpha.,4a.beta.,6a.alpha.,10a.beta.,10b.alpha.)]-
BE 22 S3. R AEARI P ) A= P
Table S3. Biosynthesis of secondary metabolites
Comparable Fold
aroup Compounds Class | Change VIP regulated
Butanal, 3-methyl-, oxime Aldehyde  0.43 1.39 down
trans-Cinnamic acid Acid 2.06 1.36 up
Geraniol Terpenoids 0.29 1.39 down
L-Pipecolinic acid Acid 0.49 1.38 down
Treat-3 Citronellol Terpenoids 0.29 1.37 down
VS 4-Vinylphenol Phenol 0.27 1.37 down
Treat-2 Pilocarpine Ester 14.16 1.39 up
Benzoic acid Acid 42.14 1.39 up
6-Octen-1-ol, 3,7-dimethyl-, (R)- Terpenoids 0.29 1.37 down
3-Hexen-1-ol, acetate, (Z)- Ester 0.25 1.40 down
1H-Naphtho[2,1-b]pyran, 3-ethenyldodecahydro-3,4a,7,7,10a-pentamethyl-, .
[3R-(3.alpha.,4a.beta.,6a.alpha.,10a.beta.,10b.alpha.)]- Terpenoids  34.45 138 up
Butanal, 3-methyl-, oxime Aldehyde  0.42 1.32 down
Treat-4 trans-Cinnamic acid Acid 4.09 1.32 up
VS .alpha.-Farnesene Terpenoids 2.11 1.32 up
Treat2 Naphthalene, 1,2,3,5,6,8a-hexahydro-4,7-dimethyl-1-(1-methylethyl)-, (1S-cis)- Terpenoids 2.60 1.32 up
(S)-(-)-(4-Isopropenyl-1-cyclohexenyl)methanol Terpenoids 2.15 1.26 up
Pilocarpine Ester 4.11 1.29 up
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Benzoic acid Acid 4.16 1.03 up
L-.alpha.-Terpineol Terpenoids 2.13 1.32 up
Levomenthol Terpenoids 2.07 1.31 up
3-Hexen-1-ol, acetate, (Z)- Ester 0.31 1.31 down
p-Mentha-1,8-dien-7-o0l Terpenoids 2.15 1.26 up
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Table S4. Sesquiterpenoid and triterpenoid biosynthesis
Comparable Fold
group Compounds Class I Change VIP Regulated
(Z2)-1-Methyl-4-(6-methylhept-5-en-2-y .
Treat-2 lidene)cyclohex-1-ene Terpenoids 0.12 1.38 down
¥S el .alpha.-Farnesene Terpenoids 0.17 1.40 down
reat-
.beta.-Bisabolene Terpenoids 0.12 1.40 down
(2)-1-Methyl-4-(6-methylhept-5-en-2-y o0 ias 033 136 down
lidene)cyclohex-1-ene
Treat-4 .alpha.-Farnesene Terpenoids 0.35 1.39 down
Vs beta.-Bisabolene Terpenoids  0.23 1.39 down
Treat-1 Naphthalene,
1,2,3,5,6,8a-hexahydro-4,7-dimethyl-1-  Terpenoids 2.36 1.36 up
(1-methylethyl)-, (1S-cis)-
(Z)—1—Methy1—4—(6—methylhept—5—en—2—y Terpenoids 266 127 up
Treat.d lidene)cyclohex-1-ene
Vrsea ) .alpha.-Farnesene Terpenoids 2.11 1.32 up
Treat-2 Naphthalene,
1,2,3,5,6,8a-hexahydro-4,7-dimethyl-1-  Terpenoids 2.60 1.32 up
(1-methylethyl)-, (1S-cis)-
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Fig. S1 A OPLS-DA cumulative explained variance and predictive ability plot. B OPLS-DA model

permutation test plot.
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