LV K24 2024,46(5) http://xuebao.jxau.edu.cn
Acta Agriculturae Universitatis Jiangxiensis https://doi.org/10.3724/aauj.2024105

KBIE, B S, K, 45 B3 A2 LA F AR SE i TR R B [0 TR A0 R 274, 2024, 46(5) - 1196-
1205.

ZHENG S,ZHENG Z F,LIU S J,et al.Fruit quality characteristics and evaluation in F| generation of three hybrid combinations of
Yuhuanyou( Citrus grandis)[J].Acta agriculturae universitatis Jiangxiensis,2024,46(5):1196-1205.

“TERRN 3 A 2 AL FACH S
an JUUEE PE S VF
BORLBEALAEE ERD R,

B OBLE ELRALCEER

(LYTVGARE K2 A2 B/ R I 5 R 6 VT V6 4 B 05 S0 28, VTP /9 5 3300452 VTP B il B Sk
A R LA 1AL TIPE i8 334700;3. 71754 Lasii Aol B2 o e, 1178 1% 334000)

FEE [ BE 1R L BRI R 3 2SS 1A F AR SR 52 0 TR, T v 4 A PR B 22 2 S5 AR
[Tk JUL B3Rl o BEA, 23050 5 5 ARM (2010 4F) L Byl (2011 4F) L 8 LAl (2012 4F ) 34~ S A ik
P sc 428y o LB, X 3 A LA F ARG , 4350 %6 5 A 22 I B A A9 BBk YX-1 (A2 AR “fF A
) CYM-1 (A2 Ty 524 ) A YC—1 (AR 8 LA ) Ay S0 S =0 20t B BEA T 4007, A G SR S i AR A% R
Z O IS S NS e Y G 9 9 N I = 2 oz N R Y R /AN R 0 AN R e O
Y= C IR L L COBE IR AR R IR 41 43 55 , IR 70 BU LAl L Ry ) 32 B4 A vk i AT 48 A PR o [ 25 SR ] YM-1 2R
WAL, SR 1.75 ke, SRR BT 40157.67 i, T 2K 63.43%, H 1% 55.61% , W] 44 [ PR & 5t 12.09% ,
ATV PERE S 1 8.67% , NI RE R & 4 0.72% , 4 /£ K C £ 97.33 mg/100 g0 YC-1 R A H A, FLR BT i 1.41 kg,
BRI T4 105.50 07, T B3R 62.83%, 1T 66.76% , T 5P [ 140 5 & 10.98% , AT i MM 5 &2 10.87% , T ¥
SERR T 1.16% , 4E4E K C i 92.67 mg/100 g0 YX-1 R PILL 5, H 5L i i 1.08 kg, SRR T4k 138.33 %, 1]
1 9£52.98% , T2 50.99% , T 1 [ Y & 11.30% , T VS HERE S i 7.76% , T 5 IR 2 i 0.68% , 4E4E 25 C
TR 60.33 mg/100 go B AREARK) 34 Zu L A F ACHE B S TS A DAFE B 5 22 57, E o 4
FM, YM-1 345 (2 B A HEAS e, FORON YC-1. [ 4518 1 YM=1 F1 YC-1 7T IR N N — A 0F58 i & 5, A
Tetk R B E RN .

KB  BIM  A AR AN RS A B RO T
FESES:S66  XEKIREG:A TR (FRRAR S5 ) #7755 (0SID) :
XEHS :1000-2286(2024)05-1196-10

Yo %s B #A:2024-02-26  f&[E] H #§:2024-03-29

EEUWH : FRARFAEL 4T H (32060649 ,32260751) 1.V H SV A TR E S50 H (20171ACF60025) FIVLVEA
A SR F}2E 3435 H (20202BABL205001)
Project supported by the Nationnal Natural Science Foundation of China(32060649,32260751) ,Key R&D Initia-
tive and Projects of Jiangxi Province (20171ACF60025) and Jiangxi Natural Science Foundation project
(20202BABL205001)

PEZ N R FE, B+, orcid.org/0009-0008-7972-2650, 1926202770@qq.com , 13699571936 ; 3 {5 1 - I 11, Bl
A% L, T2 R B A S o, orcid.org/0000-0001-6481-8352, qjwell@126.com; =HET,
A WA, AR AR B B 5 o BT A5 B 5T oreid. org/0000-0001-7708-0633 , qingqinggu2006@
126.com,

OCGI AR K FZEMYHRIBED, FFAFKEL CC BY-NC-ND il



55 5 3] KRR KIM 354l A b AR SE A BURHYE SO - 1197 -

Fruit quality characteristics and evaluation in F, generation of
three hybrid combinations of ‘ Yuhuanyou’ ( Citrus grandis)

ZHENG Shuang', ZHENG Zhoufa®, LIU Shanjun', LI Chaozhen', CHEN Ziwen',
YANG Zhen',SANG Wen®, WEI Qingjiang”, GU Qingqing'*

(1.School of Agricultural Sciences, Jiangxi Agricultural University/Jiangxi Provincial Key Laboratory for
Postharvest Storage and Preservation of Fruits & Vegetables, Nanchang 330045, China; 2. Yushan County
Yusong Coix Seed Planting Farmers Professional Cooperative, Jiangxi Province, Shangrao, Jiangxi 334700,

China;3.Shangrao Academy of Agricultural Sciences ,Jiangxi Province, Shangrao , Jiangxi 334000, China)

Abstract: [ Objective | The fruit quality characteristics in F, generation of three hybrid combinations with
*Yuhuanyou’ as female parent were evaluated to screen hybrid offspring with excellent comprehensive traits.
[ Method ] The ‘ Yuhuanyou’ was used as the female parent,and the three male parents of ‘Xinmuyou’ (2010),
‘Majiayou’ (2011)and ‘Changshanhuyou’ (2012) were cross—pollinated. At fruit maturity stage , the main fruit
quality characteristics of YX—1 (male parent ‘Xinmuyou’ ), YM—1I (male parent ‘Majiayou’ )and YC—1 (male
parent ‘ Changshanhuyou’ )with the best comprehensive performance were analyzed after preliminary screening
of F, generation of three hybrid combinations, including fruit diameter and length, fruit shape index, fruit
weight, segment number, seed number, peel thickness, edible rate, juice percentage, total soluble solid, soluble
sugar, titratable acid, vitamin C, solid acid ratio, color index and sugar acid composition.Based on these factors,
principal component analysis was used for comprehensive evaluation.[ Result]The results showed that the YM—
1 had red flesh, fruit weight was 1.75 kg, fruit seed number was 157.67, edible rate was 63.43%, juice
percentage was 55.61%, total soluble solid content was 12.09%, soluble sugar content was 8.67%, titratable
acid content was 0.72% , vitamin C content was 97.33 mg/100 g.The YC-1 had white flesh, fruit weight was 1.41
kg, fruit seed number was 105.50, edible rate was 62.83%, juice percentage was 66.76%, total soluble solid
content was 10.98%, soluble sugar content was 10.87%, titratable acid content was 1.16%, vitamin C content
was 92.67 mg/100 g.The YX~-1 had red flesh, fruit weight was 1.08 kg, fruit seed number was 138.33, edible
rate was 52.98%, juice percentage was 50.99%, total soluble solid content was 11.30%, soluble sugar content
was 7.76%, titratable acid content was 0.68%, vitamin C content was 60.33 mg/100 g.There were significant
differences in the main quality indexes of the three hybrid combinations F, generation with ‘ Yuhuanyou as the
female parent, the results of principal component analysis showed that YM—1 had the highest comprehensive
score, followed by YC—1.[ Conclusion ] The YM-1 and YC-1 can be used as the next research focus for clone
cultivation and evaluation.

Keywords: ‘ Yuhuanyou’ ; hybrid offspring; fruit quality ; principal component analysis
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WA WEEZESR . YM-1 RS PR AIER B & d5 K, 43904 165.75 mm  169.53 mm A1 1.75 kg,
BEETYX-1TFYC-1, YX-1RIPH AR AR FIEA R BT i /)y, 43590 0 129.79 mm |, 136.32 mm Al
1.08 kg, BEMLT YM-1 M YC-1, YC-1REEILIREEAK, I 111, BE ST YX-1 /I YM-1,
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Tab.1 Fruit size of F, generation of three hybrid combinations of “Yuhuanyou”

73 e 4% /mm Z\4E/mm HILFE L PR kg
Hybrid progenies Diameter Length Fruit shape index Fruit weight
YC-1 137.32+3.11" 152.69+2.95" 1.11+0.04* 1.41+0.19"
YM-1 165.73+0.78" 169.53+2.54" 1.02+0.01" 1.75+0.14°
YX-1 129.79+2.32¢ 136.32+3.60° 1.05+0.01" 1.08+0.06°

YC—1: EERRH <8 LAl s YM-1: B3 ) M0 YX-1: B x AEAM . [FFIEER S AR R/ING Fhk3%
TRTE 0.05 7K - 22 5 i %

YC-1: ‘Yuhuanyou’ X ‘Changshanhuyou’ ; YM~1: ‘ Yuhuanyou’ X ‘Majiayou’ ; YX~1: ‘Yuhuanyou’ X ‘Xinmuyou’.Differ-
ent lowercase letters after the same column indicate significant differences at the 0.05 level.

CERH 3L A FARYX-1 YM-1 FIYC-1 R A FRAR L " b ¢ H CCTRYME, W32, L
TR ZE B ,YX-1 YM=1 F1 YC—1 2R J2 25 5 4 70~80, YM—1 Al YC—1 S SR i 4 YX-1 52, o Tl
FER AT IEAEFE R 2068, YM=1 S 19 0’ >0, YX=1 1 YC—-1 5 a'<0. b FEFE 7R 16 4000 1F (48 7m B
o, YX=1 . YM=1 1 YC-1 3 b KT 0 R0, YX-1 7 o H B E ML T YM-1 FYC-1, ¢ FREE
(O AR EE a4l ), o MR (AR E R, YX =1 YM=1 A YC-1 [H] 22 5 53, YM-1 R fie il , YX-1 8%
e HFEREPM, 2 H'=0.45.90.180.270 I, 73 5| FR/N 2L A8 B 4% 6, YM-1.YC-1 R YX-1 2R
HAEIHEET 90, 4 B RS w0 B0 Bk (0, CCIEBR 7 SR S0 R RSk 00 (BB IE AR R IR AT (0, 25 R
HAESS AT

F2 CEHM3NRZAAF KRR EFIER

Tab.2 Peel color index of F, generation of three hybrid combinations of ‘Yuhuanyou’

2R3

Hybrid progenies L « b ¢ H el
YC-1 78.5350.50°  -3.73:048"  64.09:226°  64.49+251"  90.57+3.11'  —0.940.55"
YM-1 77.89+0.14°  9.16£5.70°  66.97:0.52  68.35:028'  82.53029°  1.72:0.01°
YX-1 7473£126°  -5.64+2.13 55142048  5625:0.17  9725:1.39°  —1.50£0.32"

YC—1: EFRA xR LA 5 YM-1:  EERR X S5 s YX-1: B3 X (EAM . RSSO 5 AR R NG k%
RTE0.05 KPS B,

YC-1: ‘Yuhuanyou’ X ‘Changshanhuyou’ ; YM—-1: ‘ Yuhuanyou’ X ‘Majiayou” ; YX-1: ‘ Yuhuanyou’ X ‘Xinmuyou .Differ-
ent lowercase letters after the same column indicate significant differences at the 0.05 level.
22 'EIHI3INBRZASGFRRIVERR

I 1T I 3 AT, YO-1 SR Bz die i, B T YX=1 FIYM-1, S5kl 5 A5 AM ¥ haroml, =%
228 JE AR YM=1 AT YX=-1 SR A B2, YX-1 R H R R, YX=1.YM-1f YC-1 [A] 5
B E 25 ARAM TR B AR YM-1 &2, YC-15/0, 3876 100k 2L o YX=1R520]
B 52.98%, B EMET YM-1RIYC-1, YC-1 R HIT#66.76%, i & T YX-1fIYM-1.
23 ‘ERH3INETASFREIXKESR

AL EFEY) (total soluble solid, TSS) &t YM—-1 e, 4 12.09% ; HikJ& YX-1, 4 11.30% ; YC-1 1%
i, 4 10.98%; —H M ZFARE(F4) . YC-1 [ EHHE S Eim, 18 10.87%, B & T YX-1, Al
TR YC-1He, M 1.16%, = T YX-1 A YM-1; YX-1 5K, 7 0.68%, 5 YM-1 2 F A % ; YM-1
H}0.72%, R YM-1 M1 YX-1 22 5 A B2, 7050 16.74 F116.66, .2 & T YC-1; YC-1 4 10.07, ¥
R YX-1. YM-1FIYC-1 8] Z S AR, 44 % C(Vitamin C, Ve) &8 YX-1. YM-1 F1 YC-1 [i] 25 573
FYM-11 Ve &5 i, 4 97.33 mg/100 g; YX—-1 51K, 47 60.33 mg/100 g.
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Fig.1  The fruit cross section and longitudinal section of | generation of three hybrid combinations of ‘Yuhuanyou’
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Tab.3 Fruit physical quality of F, generation of three hybrid combinations of ‘Yuhuanyou’

AR RS /mm BEREL il 14 RAEE A% it %
Hybrid progenies Peel thickness ~ Segment number ~ Seed number Flesh color Edible rate Juice percentage
YC-1 19.50+1.32" 14.33+1.53" 105.50+11.33" SRE! 62.83+2.33" 66.76+0.50"
YM-1 22.39+0.07" 15.67+0.58" 157.67£10.97" EAN G 63.43£2.17" 55.61+0.96"
YX-1 22.92+1.41° 16.33+0.58" 138.33+9.61" EANi! 52.98+1.56" 50.99+3.44

YC-1, I > LR s YM-1, B3Rl < S5l s YX=1, R IR fEAH . ISR 5 ARG 3k
INTE 0.05 /K- 22 57 i
YC-1: ‘Yuhuanyou’ X ‘Changshanhuyou’ ; YM-1: ‘Yuhuanyou’ X ‘Majiayou’ ; YX-1: ‘Yuhuanyou’ X ‘Xinmuyou’.Differ-
ent lowercase letters after the same column indicate significant differences at the 0.05 level.
x4 CEIMEIANRLZASF RRIXKRAR
Tab.4 Fruit flavor quality of F, generation of three hybrid combinations of ‘Yuhuanyou’

=LA I PEEIEYI%  FTEPENE%  RTEE BRI% [ib] /% Lt WEIZ L 5100 g 44 &K C/mg
Hybrid progenies Total soluble solid Soluble sugar Titratable acid ~ TSS/TA  Soluble sugar/TA Vitamin C
YC-1 10.98+0.17°  10.87+1.84*  1.160.01*  9.47+021"  9.38+1.63" 92.67+1.53"
YM-1 12.09+0.85" 8.67+1.40"  0.72+0.01"  16.74+1.40°  12.00+2.02" 97.33+1.15°
YX-1 11.30+0.70" 7.76+0.43"  0.68£0.04"  16.66+1.96"  11.41+0.69° 60.33+1.15°

YC-1, B > H ILSAM s YM=1, C EFM X E 500 YX-1, S IR < fF AN . RFVEEE AR RNG FhER
RTE0.05 K2 F %,

YC-1: ‘Yuhuanyou’ X ‘Changshanhuyou’ ; YM~1: ‘ Yuhuanyou’ X ‘Majiayou’ ; YX~1: ‘Yuhuanyou’ X ‘Xinmuyou’.Differ-
ent lowercase letters after the same column indicate significant differences at the 0.05 level.
24 ‘EIRMINEXAESF,RELHEFRAS
241 REAEmMy

P P2 B, AT PR L S, BERE O A B, B 3 N4 FAR SR S AR SR
BEE R YX=1 . YM-1F1YC—1 [8] 22 53 835, YM—1 i, 64.16 mg/g, YC—1 H5eAl% U YM-1150.73, YC-1
()R AR A S S Y B S T YX-1 M YM-1,
242 REmasy

H I 3T, < Bl 3 Fc LA F AP RR R & i fe i TR AR R APBETR & i YX-1.YM-1
MYC-11H) 2257 W2, YC-1 fe /51, 0 16.24 mg/g, W& = T YX-1 M YM-1, 2 YX-1 1 2.77f%, YX-1 ¥ it i
fle MG YM-1 5%, HYOR YC-1, S m 2 YX-1. AR S & YX-1. YM-1 [l YC-1 [0 25
W YM-15&5, YX-1 &K, HREEYX-1. YM-1FMYC-1[H2ZEFBE, YC-1 &, YX-1 &K,
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Fig.2 The contents of Sucrose(A ), Glucose(B)and Fructose(C)in F, fruits of three hybrid combinations of ‘ Yuhuanyou’
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B3 R 3AAECA A PRI (A) SERER (B) AR (C) VR (D) i
Fig.3 The contents of Citric acid(A ), Malic acid(B) , Tartaric acid(C)and Oxalic acid(D)in F, fruits of three
hybrid combinations of ‘Yuhuanyou’

25 'EIH3INERLZAHEFRREIRRESITEN

X EIR 3A A F AR YX=1  YM=1 A YC-1 ] HA I35 22 53 14 25 NSRS 8t B btk A7 A
KM BT, WNE 4 Tr 7, 45 b SR A (B) A7 A S 25 AR DGR o DRIk, w2 AR 40 40 B R ER 28 43 AT 14 T vk
A o PR A i A A TR R R A5 A, 2R A VR YX =1 YM=1 FI YC—1 3RS0 5 B . B A 19 35 0 4 AiE
{8 7 22 DT R A LA S Bt Drmk e, S5 R LR 5. A FE A D RRAIE 1] F (B RN 5 25 DTRR R ATAL, 55 1 L
Sy DR K, I8 5] 50.749%  FEAE(E R 12.687 , 28t # 45 0% R B A PR SRR (AR R C B
POV VR TR LT HURE o 5 2 ER DT R 41.50% , FRIEAE A 10.375, EE H AR
TEME FrRETR R IE 8 5 P T E R L R L L CCLL " Y o T 2 4 o Bt sk R ik &)
92.249% , REAZ 4 TH S B YX -1 . YM—-1 F1 YC—1 SRS SR R ZAR B . FEWR Wik &1 45 5%
B, BRI 3N H A F AR YX-1 . YM=-1 F1YC-1 1, YM-1 B2 515 fe i, HOk o YC-1, YX-1 1
AR RI(GER6),
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Fig.4 Correlation analysis of different fruit quality indexes of I, generation of three hybrid combinations of ‘Yuhuanyou’

RS 2N EMSHFHEEE FHEE. TR R K Rit TR

Tab.5 The eigenvectors,eigenvalues,contribution rates and cumulative contribution rates of 2 PCAs

g R SRR B
Fruit characters Principal component Fruit charasters Principal component
1 2 1 2

FHH Fructose 0.502 -0.852 HiH 2R Juice percentage 0.713 -0.657
H%IWE Glucose 0.783 -0.611 A3 %€ MR Titratable acid 0.574 -0.802
JHEBE Sucrose 0.126 0.988 AR Edible rate 0.951 0.062
R Oxalic acid 0.796 -0.569 [EI R H TSS/TA -0.473 0.815
4718 Tartaric acid 0.804 0.544 AR Soluble sugar 0.613 -0.536
SERR Malic acid -0.928 -0.340 cCl 0.592 0.785
44 % C Vitamin C 0.982 0.143 L* 0.938 -0.118
FFEERR Citric acid 0.552 -0.828 a* 0.583 0.809
4% Diameter 0.637 0.761 b 0.952 0.232
Y\#% Length 0.835 0.515 * 0.929 0.309
FURE Fruit weight 0.776 0.502 H* -0.783 -0.559
WIEAEHL Fruit shape index 0.216 -0.846 FHHE(H Eigenvalue 12.687 10.375
HRZJELRE Peel thickness -0.579 0.669 72 DTHRE/% Account 50.749 41.500
il %4 Seed number -0.135 0.907 BT BTHkAE/% Total account 50.749 92.249

F6 ERMIINRZAGF RRIBRERSAWELES
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Tab.6 Comprehensive evaluation results of fruit quality of F, generation of three hybrid combinations of

‘Yuhuanyou’ by principal component analysis

FeAE IR LAY 1 LAY 2 SZetRa v

Hybrid progenies Component 1 Component 2 Comprehensive score Sort
YC-1 2.44 -3.65 -0.30 2
YM-1 2.28 3.76 2.95 1
YX-1 -473 -0.11 -2.65 3
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3 GiSitie

KRR B ST R SRt A B A AR T S HE R L S e A R, S H R R
REBT AR A BORAR RSP 5 IR LS D g 4258 8 B i T R AL B S MHd R B £
T, FE SR BEREAR Y, — ek B IR Bl D IR SRR RS H AR TR 245 B A TAE 158 T — 1%k
SEARIBARRAY T L BEIS LA T 0L R SR A BB T 49 2R AR s R BRI RN SE AR ST AE O v
WA KB T 2 A48 SR B [ AER A R TR AL, AL R B4 i IE R T IO B
JIR SR SEARAL AN S, HABR AR AL T4, fit Azt A 45 b AR P i — S8 [ %, JE 2T 6 SR AE
BHFEbRZ " TG AR A J& VLV B E A b il R AR SRR R IR < E 5
A FARYM-1 F1 Bl < AEAM Ze s G F AR YX=1 R AR R Lr . ABFRT AN, did b
R B T 22 PR AR T 1) R A& 1) 22 RE AL e BAE RE LA 18 A B 0 b B S A0 T A R
CH LSRR R WL L B T RRRCY, SR P SR S R, R RE A R Y 24
P, R B AU T SR Rl B LA 22 5C 1A FAR YC-1 SR T 3 i L ik 66.76%,
BEE T HAM 2 N2 A F AR YX-1HYM-1, AR 5E E 2 R R AP R, 5 YX-1.YM-1
FYC-1R500E TR dl st 45 R —30

SRS BTN &0 2 0 R T AR FIPEAG S 5 B S OB A B ZE A A . SR S5 BTS2 UL BT L XU (& 5
BRI G 2P R R AL A | e PR Z I AN S8 AR ST, AR — A AR G PR AT DA A
BL43 453 BT (principal component analysis, PCA ) 2 BB S 52 5t BT VAN 8 Bk 247 2R 5200 BT 25 5 PF
ZOTIE A e R AR B A5 S 1 ELAE R nT BRI/ JRUAA MR B AR, R SR S T A R RN SRR
FREEA o 32 B o 8 ARSI F Z e G i A L A VRN TR TR RS2 KN BRI B Al & 5, AR 32 oy
A3 BT RSO 25 6 PP H S AU BT I PPN 25 SR A — B, VR AN TR SR S KN BRI S Al 5 T 255 5 O
Wik WRTFEMET R WA TN T 6 M4 ALA SR M 5 i i, 2B X8 R A 4
T A B A BB ACAR o R EE ST SN I B A A BT IR LR A VAN T 34 R RS 1 SRS BT, M
e T R A 7 RS B R RO R RIS A 0 R R ARBFR I T 25 MRS S
B s EW oW ST 1 AR 2SSl B2t 5 PP R 2 WL B T YX -1 . YM—-1 F1 Y C—1 SR S5 BT i
e o B33 G F AT, YM-1 256 i it A, OOl YC-1. YM-1BR[EDE SRR L0t
R, AOGIE AT 63.43% 5 T S5l il HEEIPEY) & L 12.09% , ATTH 8 R 3 1 0.72% , A K
o RS A [ R L BRSO 4 R C i, KUBRVR AR . YC-1 RS R IR , A 1, SRR i
O AR, TR .62.83% , VT ERE N1k 66.76% , AR SR, N 10.87% , nT T E TR
2 4EAE 2 C A R A o YX-1 RN, R B (R B2 (H R s 3/, R 8
JE AT TR AT RS 4R R C AR,

25 LR, YM-1 SRS 254G il B dd:, YC-1 AT VR A S Fhn T e AR B WEUR , J5 2% YM-1 Fl YC-
VAT ICPE R R B it — 5T, DA B 2R i A e R
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