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Difference analysis of photosynthetic characteristics and fruit quality of
Shine Muscat grafted on 4 grape varieties
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Abstract: [Objective] Xinjiang is an important grape producing region in China, with unique natural
conditions and huge industrial scale. In recent years, Shine Muscat has attracted the attention of many fruit
farmers because of its rich rose fragrance, high sugar content, low acid and other characteristics, and is
regarded as the first choice for vineyard upgrading. The rapid renewal of varieties can be realized through
the grafting method. In this study, the photosynthetic characteristics and fruit quality differences of Shine
Muscat grafted on Victoria, Kyoho, Black Monukka, Crimson seedless were studied in order to screen out
old variety vineyard suitable for grafted Shine Muscat grapes in Shihezi region of Xinjiang. [Methods] In
May 2021, four nine-year-old grape varieties— Victoria, Kyoho, Black Monukka, and Crimson Seedless—
were grafted using the greenwood grafting method. These were designated as SM/VI, SM/KY, SM/BM,
and SM/CR. Determination indicators included fruit appearance quality including transverse and
longitudinal diameter, berry mass, single cluster mass, fruit color, which were assessed at the fructescence
on September 5th, 2023. Intrinsic qualities including soluble solid content, titrable acid content, vitamin C

content, soluble sugar content and soluble protein content were also measured. In late August 2023, the
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photosynthetic parameters including net photosynthetic rate (Py), stomatal conductance (Gs), transpiration
rate (7;), intercellular CO; concentration (C;), chlorophyll content, and chlorophyll fluorescence were
measured. For data analysis, single-factor analysis of variance is performed on the obtained experimental
data. Correlation analysis is used to explore the relevance between indicators, and principal component
analysis is used to comprehensive evaluation of 4 stock-scion combinations. [Results] The results showed
that the fruit quality of Shine Muscat was affected by the conversion of four rootstocks. The Crimson
Seedless grafted on Shine Muscat, aside from having lower titratable acid and soluble protein content,
exhibits higher levels of soluble solids content, soluble sugars content, vitamin C content, and solid acid
ratio. The fruit indicating superior fruit quality has a single cluster mass of 919.19 g, with soluble solids
content reaching 21.63%, solid acid ratio of 62.08. After the Crimson Seedless was grafted on Shine
Muscat, the contents of Chlorophyll a (Chl a), Chlorophyll b (Chl b), total chlorophyll (Chl a+b), net
photosynthetic rate (Py), stomatal conductance (Gs), transpiration rate (7;), intercellular CO> concentration
(C), water use efficiency (WUE), and the maximum photochemical quantum yield of PSII (Fv/Fm) were
higher. The initial fluorescence (Fo) and the maximum fluorescence yield (F) were higher after Black
Monukka was grafted on Shine Muscat. The correlation analysis shows that the berry mass of grape fruits
has a highly significant positive correlation with indicators affecting photosynthetic rate. From the
perspective of chlorophyll content, total chlorophyll content has a significant positive correlation with
photosynthetic characteristics and soluble proteins, and a highly significant positive correlation with
chlorophyll b, soluble sugars, and intercellular carbon dioxide concentration. From the perspective of
chlorophyll fluorescence, initial fluorescence has a significant negative correlation with berry mass, L*,
solid acid ratio, net photosynthetic rate, intercellular carbon dioxide concentration, and the maximum light
energy conversion efficiency of PSII, and a highly significant negative correlation with single cluster mass
and vitamin C content. The maximum light energy conversion efficiency of PSII has a highly significant
positive correlation with solid acid ratio, L*, a*, and h® values. The composite score was calculated through
the principal component comprehensive model, and according to the composite score, the four stock-scion
combination were ranked: SM/ CR > SM/ KY > SM/ VI > SM/ BM. [Conclusion] The results show that
compared with the other three grape varieties, when Crimson seedless is grafted on Shine Muscat, the
contents of soluble sugar, soluble solid content and sugar acid ratio of fruit are higher. The chlorophyll
content of leaves is higher, the photosynthesis is stronger, and the fruit quality is superior. Overall, SM/CR
performs better and the Crimson seedless is the most suitable among the four grape varieties to be grafted

on Shine Muscat.
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BT 2023 4 8—9 HAEA T AR A &I 0T FU AT AL BB R VE R (N43°26'~45°20", E84°58'~
86°24") BEAT . XIS I AP0, ML KA RE By, HERE R MR ES, H AR ES A bR, Bt
Ry KRGS . P RIREEL N 8 °C, TI9iEHR & B  450.8 m, - T-HIFE/KE1E 125.0~208
mm, LR N 169~172 d, —HH KT 0 )CHITEBIRIR )Y 4023 °C~4118 °C, 4 HIRNH0h 2721~2818
h, HEEFE . 4 HIE PR & 8y 34.38 gk, 3% pH 18y 8.15, BARE &N 50.38 mg-kg!,
S RN 127.67 mg-kg!, RS N 34.05 mg-kg .

1.2 iR

T 2012 FEMHE 4 NHE WP, DRINGEZ R (Victoria) « B (Kyoho)  TE#% (Black
Monukka) - Jo¥ii#x o#% (Crimson seedless) , HIAHMRE, ShbAEMgERE. KA. 2021 F
57, RHSGEIGRGE, MRE 9 1) 4 AN & s A EE T %, 7 id o SM/VIL SM/KY . SM/BM.
SM/CR, #2023 U AR . K& T FRKCEr5 77 AT 8%, HATEEN 3.0 mx1.5
m, RUGER, HEER U oRET, UK, FNEH%.

B 2% B AR B TR EE S 20~25 om, HABR AR 12~14 A, BT AR fERTIERE,
TREATELS 20 /N 7e A /N 646G 1~2 d 8 R AR T 771 (25 mg Lt /R R R +3 mg L' Sk RO
BEAT 35 — R R TC A A AL B2 [AJFE 10 d X IRFEFEAT 2%, REERL B A 70~80 i, IFTEH —KIEY)
A KA T AR FE R B B 1 mag - LY ESR I X SRR AT 5 R RE R KA B . RS KRB I
PR R BT B b B .

1.3 MERIRRTTE
1.3.1 REHP U mBENE
TR (9 H 5 HY , BAAGHNUER 1 tk, SRR S B, 3 xER. GHE
TR RBEALIEEL 10 K0, T SESEAMI ST B0 E o 3 A iEbR R O SR S, R T AR 2
CRIGIRE =R PR/ R SR o HORLIT S A0 BB A P Pl RSP s AR SR AR OR F A
TR AL AR R,
1.3.2 RENERBNE

K BRI ESMLE R 10 B, 5 H R B BTE L ARECT, Fd st HTR
SEWTE SR E o A PAL-1 FHREFEASCI & nT A YEE ) & & (soluble solids content, SSC)
R 2 VA E A E R (titratable acid, TA) & fE; EAMREN E4E4 2 C (ascorbic acid, VC)

s BERIAFVE I rT MR (soluble sugar, SS) Frfd; 5 il G-250 et ykill e vl v i &
soluble protein, SP) &2, R4 ATVAVEBTEY) & 2T € R & B R BEREL (RTT) .
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6, M (hueangle, h°) {EHIS, JREFitafabrd, LMERREE, LMEBO, Rk,
a R R LA G2, —a* Bl ra* B ARG ORIR . O E: bMEARREHEOE,
“b* B +b* AR A I FEARR WS (R B IG o . (ORI T CHEBRR, Bifubkall; heEARRR L0
i, hofE 0°~180° /i), h°=0"A%L {1, ho=90°M AT fh, ho=180° &k l4,
1.3.4 XARIRNE

2023 4 8 H ), B AHIER, %8 3d, #£ 1 9:00—11:00, K Licor-6800 Jo & (3%
LI-COR 2 & A7) P E RAALL 28 4 B & AR 2%, BiFE6&3E % (Net
photosynthetic rate, Pn) + “LfLFf¥ (Stomatal conductance, Gs) « 7Z&5#H % (Transpiration rate, 7)+
fil[8] CO, ¥ (Intercellular carbon dioxide concentration, C;); F11 557K 43 Fl F 3 (Water use efficiency,
WUE) .
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M2 R R CSHON E 2 AT 7% T8 H 30 H, BANHEBENLE 4 N5 RE, B4
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2 L1 4N B E RSO EABERR I K NESR

M 1 ATLAE i, SM/CR [RRHAE IR, H 28.47 mm, 3 & T HAh 3 Fifii B4 &5 SM/BM
I H KRR /N, A 19.00 mm, B EEKT SM/CR. KL &L SM/CR K, A 13.24 g; SM/BM
/N, HN999g, ZEREE. SM/BM FHRAR &5/, 4 682.82g, BELTHAR 3 MabfHA S,
3 HEE SM/KY . SM/VI. SM/CR i 138.37 g 203.45 g. 236.37 g. SM/BM [{J 1 7% & % T Ak 3
Fhab L&, &R0 9t SM/VIL SM/KY. SM/CR ik 287.12 kg 422.16 kg 490.48 kg.

S8 P T IR R G AR ARAE) U7, JFBAREAE 1.1~1.3 208, RSEEMEAE: AT
10~1.1, RSEEFTE; AT LOK, RELEREAL. £1X 4 FaEHE T, SIBREI9E 1.1~13 2
], SR 2R . T3 A A PHOGECER I FRON AR, DRI, 31X 4 Fh il A PR E B R
TERI M o

R 14N EEmMBURMAA BRI K NESR
Table 1 The Fruit Size Difference of Shine Muscat Grafted on 4 Grape Varieties

fifif & FoR Az PSS vt PS¢ HORLP Ly 666.7 m? ;= &
Stock-scion Longitudinal Transverse Shape index Berry mass/g Single cluster 666.7 m?
Combination diameter/mm diameter/mm mass/g output/’kg

SM/VI 26.21+0.76 b 21.45+0.49 a 1.2240.01 a 11.57+£0.12 b 821.19+33.50 a 1704.06+£69.51 a
SM/KY 25.35+0.70 be 21.68+0.53 a 1.17+0.05 a 10.86+0.32 be 886.27+55.60 a 1839.10+115.38 a
SM/BM 24.2540.12 ¢ 19.00+0.08 b 1.28+0.01 a 9.99+0.42 ¢ 682.82+16.39 b 1416.94+34.00 b
SM/CR 28.47+0.23 a 23.53+1.13 a 1.21£0.05 a 13.24+0.31 a 919.19+£37.15 a 1907.42+77.09 a

e FSIAR/NG FEERIRTE 0.05 KF B EEEZER (p<0.05) .
Note: The same row but different lowercase letters indicate significant differences at the 0.05 level (p<<0.05 ), the same

below.
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Table 2 The Fruit Color Difference of Shine Muscat Grafted on 4 Grape Varieties
AL A

Stock-scion L* a* b* C* h°

Combination

SM/VI 49.641+0.29b -3.60+0.58 b 12.14+031b 12.68+0.45 ab 178.71£0.04 a
SM/KY 48.461+0.44 ¢ -3.74+0.20 b 13.4940.26 ab 14.00£0.27 ab 178.70£0.01 a
SM/BM 49.134+0.31 be -2.78£0.03 ab 14.224+0.95a 14.494+0.93 a 178.62£0.01 b
SM/CR 50.79+0.27 a -2.30+0.21a 12.05+0.41 b 12.30+0.44 b 178.63£0.01 b

224 NEEMMBIEN A BRRINERRNES

2 3 AI%1, SM/CR Al BT & Bfm, N 21.63%, W35 m T HoAt 3 Mab AL & . AT
SE R 2 v BV AR YO SM/KY >SM/VI>SM/CR>SM/BM, 43514 0.41. 0.39. 0.35. 0.32 g-L",
FHGHZEREE. SM/CR ERRH . P& &8 5% 5T SM/BM, SM/CR HJRERRE. wIEME
B B3N 62.08+ 18.03%, SM/BM [IEEREL . W] HERE & &850 5N 45.28. 15.66%; SM/KY .
SM/VI [EER L . Al MM & BT R 25, SM/KY HIERR L iAK, N 37.33, SM/VI K a] i e
TR, N 10.10%. 45425 C SEAHGMER B3, DL SM/CR &, N 12.15 mg-kg!, BL SM/BM
AL, H 1052 mgkg!, ZREE. ANEMEEA S EL SMKY &, A 11.74mgke!, BEESTH
fihy 3 FhEEEELL A, 40l EL SM/CR. SM/BM. SM/VI i 0.09. 0.33. 0.80 mg-kg's
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Table 3 The Internal Quality Differences of Shine Muscat Fruit Grafted on 4 Grape Varieties

>

il EA A AAEETE SR FHER S E [l EE RPN &R fERCEHR AR E A A
Stock-scion Soluble solid Titratable Acid Solid-acid ratio Soluble sugar Vitamin C content/ Soluble protein content/
Combination content/% content/ (g-L1) content/% (mg-kg") (mg-kg")

SM/VI 14.87£0.54 b 0.39£2.06 b 3841+1.59¢ 16.10£0.55 ab 11.70£0.08 b 10.94£0.01d

SM/KY 15.20£0.06 b 0.41£339a 37.33+£0.30¢ 16.70£0.36 ab 11.08£0.05 ¢ 11.74£0.03 a

SM/BM 14.40£0.12 b 0.32+£2.94d 4528+0.30b 15.66£0.47 b 10.52+0.13d 11.41£0.01 ¢

SM/CR 21.63£0.15a 0.35£3.80 ¢ 62.08+0.31 a 18.02+£0.83 a 12.15£0.01 a 11.65£0.03 b

234N EEMMBUERN A KR A S HFHNESR
231 4N EE MR R BIRM R RS EER

HHE 1-A FR, 4¢3 a(Chl a) & & L SM/CR #1549 2.60 mg g™, 1fii J5 KK SM/VI>SM/KY
>SM/BM, 4514 2.40. 2.23. 1.79 mg-g'. HE 1-B. 1-C A[%1, SM/CR. SM/VI [F4Z b (Chl
b) . MR (Chlath) FEEZEET SM/KY. SM/BM, SM/CR ff] Chlb. Chl at+b & &,
302 1.35, 3.95mg g, SM/BM [f] Chlb. Chl a+b & &AL, 475E 0.68. 2.45 mg-g's SM/CR
f{] Chl a+b & &> 5L SM/VI. SM/KY. SM/BM 75 0.43. 1.03. 1.50 mg-g'. HE 1-D FoR & hb
AT SEE a/b (Chlab) ME, & EEHT N SM/KY . SM/BM. SM/VI. SM/CR, 43514 3.25.
2.70. 2.14. 1.98. HiLA[%0, SM/CR ff) Chla. Chlb. Chla+b & &5 .
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Fig. 1 The Difference of Chlorophyll Content of Shine Muscat Grafted on 4 Grape Varieties
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Py RILK, SM/CR Hif, N 15.45 pmol'm?s, RE & T SM/VI. SM/KY. SM/BM, il 1.73,
1.91. 5.67 umol'm?-s7!,

AR (T KRBT IR BRRES ;. B8l 2-B /T4, 4 MRSEELLA 1 T RN,
SM/CR %, A 3.85 mmol-m?-s!, HE SM/KY, A 3.76 mmol-m2-st, WA T EE %R,
SM/VI. SM/BM ] T; 435N 3.45. 2.85 mmol-m?2-s™!, B4 %7 5%,

COy MW EAE M R ERRIE, B EE B NNANY, R EEYIRIY TR
2-C AL, Hula] CO2 ¥ (Co) H R BMR AR YA SM/CR >SM/KYY > SM/VI=>SM/BM, 4354 279.02
256.44. 237.27. 229.37 ymol-mol',

SALFE (GO AE N Fr 54N AT SRS W - 2dIE, B C S ER . IR
WAEF UL ZEREAE R s I 2-D w51, SALSE (Go UL SM/BM &A%, 4 0.08 mol'm?s!, RFH(K
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Combination; E. Water use efficiency on different Stock-scion Combinatio.
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Fig. 2 Differences in Photosynthetic Indexes of Shine Muscat Grafted on 4 Grape Varieties
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(Maximum photochemical efficiency of PSII, Fu/Fn) & T HAh 3 Fifili fE 44, #1469 (Initial
fluorescence, Fo) fi&TIAh 3 MrbflsH A, ZREE, /5l SM/BM. SM/KY. SM/VI i 38.89%.



32.01%- 30.38%. SM/BM Hif K56/~ & (Maximum fluorescence yield, Fn) 51 At 3 Fihili 2
“o SM/KY ) PSIT SEBR A2 R0R  (Actual photochemical efficiency of PSII, 'Y (II) ) . Jefk2E
K %40 (Photochemical quenching coefficient, gP) =T HAh 3 FiflifEzl 4. SM/VI FEA b 2
‘K %0 (Non-photochemical quenching coefficient, Y (NPQ) ) T HABAEA S, EREFEH.
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AL SR RRY RO AR
(NPQ) “ Fv/Fm

SRR AR YD)

B 3 4 M EESRMBUZREABERM R RS HESR
Fig. 3 Differences in Chlorophyll Fluorescence Parameters of Shine Muscat Grafted on 4 Grape

Varieties
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Table 4 Principal Component Analysis of Photosynthetic Characteristics and Fruit Quality of Shine
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