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Classification of fruit variation types and screening of superior types of
Docynia delavayi (Franch.) Schneid. in Lancang County, China

Liang Jingkai', Zhang Xinluo', Li Jucai’, Wang Dawei'
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Forest Resources; ¢.Key Laboratory of Genetic Improvement and Breeding of Forest Trees in Yunnan Universities, Southwest Forestry
University, Kunming 650224, Yunnan, China; 2.Xishan Forest Farm, Kunming 650100, Yunnan, China)

Abstract: [Objective] This study screened superior variant types through phenotypic trait analysis and measurement of nutritionally
valuable components in the fruits of Docynia delavayi, providing a theoretical basis for the breeding of high-quality Docynia delavayi
cultivars. [Method] Taking the fruits of Docynia delavayi from Lancang County as the subject of study, twelve variant types were
classified based on fruit size, shape, and color. Seven nutritional components—total acidity, total sugars, tannins, flavonoids, crude
protein, vitamin C, and crude fiber—were measured. Comprehensive evaluation of the twelve types was conducted using principal
component analysis, correlation analysis, score assignment method, and integrated scoring method. [Result] Based on the variation
characteristics of fruit phenotypic traits (fruit size, fruit shape, fruit color), these are categorized into 12 variation types: small globular
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yellow type, small globular red-yellow type, small oval yellow type, small oval red-yellow type, medium globular yellow type, medium
globular red-yellow type, medium oval yellow type, medium oval red-yellow type, large globular yellow type, large red-yellow type,
large oval yellow type, large oval red-yellow type). Analysis of fruit constituents (total acidity, total sugars, tannins, flavonoids, crude
protein, vitamin C, crude fiber) revealed significant variation across all traits. The coefficients of variation were as follows: flavonoids
(39.92%) > total sugars (27.25%) > crude fiber (20.83%) > vitamin C (18.42%) > crude protein (12.50%) > total acidity (10.39%) >
tannin (2.31%). Correlation analysis revealed extremely significant positive correlations between flavonoid, vitamin C, and total sugar
content with fruit transverse diameter, longitudinal diameter, individual fruit weight, and fruit shape index. Principal component analysis
further indicated that individual fruit weight, transverse diameter, longitudinal diameter, total sugar, and flavonoids were the primary
indicators influencing fruit morphological variation, cumulatively accounting for 70.795% of the variance. Principal component-based
ranking revealed that PC1 and PC2 clearly distinguished the ‘large, medium, and small’ fruit size categories, with high internal clustering
and distinct classification boundaries within each category. The quality ranking obtained using the score assignment method—‘large
fruit > medium fruit > small fruit’—was consistent with the PCA analysis conclusions. [ Conclusion] The fruits of Docynia delavayi
exhibit rich phenotypic variation and nutritional bioactive compounds. Twelve types were identified and screened, yielding four superior
types. This provides a scientific basis for the breeding of high-quality Docynia delavayi cultivars and the development and utilization of

its resources.

Keywords: Docynia delavayi; type classification; fruit trait variation; superior type screening

75 P14 [ R4S JDocynia delavayi (Franch.) Schneid.
N R Rosaceae 14 [ KA | J& Docynia, NZ
AERASKE Y, 2T 24 [R] U ) B A A TR
S RIE TR AR AR C A
FKEEY T, HR R S B WA R AR, )
TR X H DB RER A S R . A, =E
MRS W M ESHEEENZH. B
TR SR AEYEEYI BT, A B B IR R i
NRZEDIR, Bz R TR B SO e SE
DB RE R R 2 0, W sk R s A
PEMIRAEE O o hRE R Rk R U
(2 s TN - Y PS B oy ik ol X T W N
WA, AEBEEHRMIERSE 7R A, &
IRYL, B —FEES, EHMGHT—
B NE TR R, BRI R A AN . 4R,
BTk =B A S A > 8 N TR, R
i TEARE, G RREMIES, #m R
M=, RIATHES 1.

KRR 53 TR MR T 78 e b LU RR E MR,
X & TG A FRAEREAT LB 3 A, 22 BRI SRR AE AN B
SR AR TR ERNEY, &E
PR L 5 (KRR AE DR AT ) 20 1 f L A7 SR
SEPEAR B AR S SR AR A (B SR B, AR L
N7 SRR L SR AR A0 Sk A 12 55 3R B MR
AR SR SE SRR 6 Rl AR 2R A U kot AR R
FEAAC B A 7T I R AR 4 T 10 MR SR
FAW, xR, T RARIT R A
FRMRN Sy BAEENE L. BT EYRLR
RUPR B HAR S B (D 1R AR 8 AL R AiE
FnAaE, BtEE T RS A MORAR e gk AT R

X5y, FFAE AT B E R H AR R AR R 2R
RUR] g R RFh ik B B e Sk 1Y R AR A
EERPE MR A VE 52 H AT 2R R 73 b
(3 Mkl 2y 05 3o AR R SC AR AR 57 F 5T b T
e T RGBT E B FE NS AR
ot SRR WIZRE VR VA A ILREAT B =
Moo B, i LB ade R A S RE R B M S 2
A58 38 LR A AR RS E T, AN R TR
AR ROy R B R g e e — " TR
SEVEIRAR 53 OB SR, SR G IFINEALR & % &
EYPER, FEARPUE R AR A0 22, 7EJE T Rtk
WL R &2 Bk P L, AHFFUHEE T 45
GVFIEIT R IR MR 70, AN B R RS R
ik B AR 1R BEER IR o

TP R LA R MR 1L 5 AR, BT
FBR BRI . TRAF %5 VR, R BLJL
RAE R, X HEShPRACR 5 B R ) ] #2201 &
M EATEZE L AT T e B = r i R sk
PR AT R B AN & SR, R xR AR
MR AR 7 A RO R E f H AR S R Ay
B, BETIE I REM, NafEE KR
TR B BN FH SRR A AR

| RS

1.1 iR EE R R A R 47 1

RIGFE AT T 2 B 4 MV T Ve B AR SR 4L
P (100°07" ~ 100°34' E, 22°23' ~ 22°41'N) ,
TR 578 ~ 2 430 m, HBADLREIT LBk Ll R EE EX
JE T W HGH XA R, e, HERE 2



94 ZEHL,

S W [ AR | RS R R R A R R G

10 1

FAWF M. EZORE DA MG E AR
P LA A R HL T T A RS, R B SR sk
Ko AR B S SR T b O HEAT R SR Y
Ko FRORRE S BAT 2 AR YE, SR
ST R AFIEA —EL, BHRRAE 15 ~ 30 a (M4, 3t
WL 200 k. HAREPR A OO B BE B PR KFAE 30 m
PhE. R RIRMYID R T E,
G AF SRR IOPEAL, I AR SR P B L
PRtk 3 ~ 6 PRATKEEA B TEW] BN FERIHEK,
FERAIR A 25 B P AL DY A J5 A2 45 32 B 10 AN s A
Ml Rt RBANHURIRSE, FESR
UngZE S

12 REZERLBR S RGEEMNE

1.2.1 AL i g

SRR, 7 [ 5256 = 6 5 s 3R A 3 A7
B, MWERAPBENLER 90 AN RSEFEA, (FHH
TFRF CHEE 0.1 g MERRTE, JFRHAHE
WebrER GRS 0.01 mm) & RSk 2 iz,
THERIEREE (P2 /M), 3IRER. HRE
HUETEE, HERREZINE IR 2 ~ 3 em 1
AN, OB R RS R B I R, TEIR AR A
45 CHtZIETE, H 2 Ihaekm LR BT 1R A
P& FE IR ELC B R, SIS H .
122 ReAs R M55

RIE = FAAE RN BTk R SLE T
ARGy, BARRI AR R $ BRI h
R 53 R R AL A SRR N 3 AR A, RSEECK,
BRFEE 60 g LLE, FHEZEKT 60 mm, N
KRR, WSS R0, R ELE 30 ~ 60 g,
P HARLE 30 ~ 60 mm, AFEAY, HsziN,
FRFENT 30 g, FHREREZNT 30 mm, A/
R, F BRI o R A6 T 7 o
R, BERIE. WETE AR PR EkE, Ak
s FAARMEL, RELHBR TR, NHE
o IR SEMEER S NE R AR MR
B, Regitadk, HREA—, AEE; RLm

N\

BT, NAER. RS E, WA
Foh AR SRR R B HLIE Y 10 AR5, FIF SPSS 26.0
Gt AR X R B R 22 S AT B R 3R 7 2293
BENERLS iR ASPRIE AR RN T3 %
T 7E 2R 70 0] 22 S B IA B BB K, A S 267
ZREKR, ZTXaH, WEMRGERREF; Kk
Z, MPARYNREREER, MIERMEZEFAK
KK, R RA T
1.2.3 RSE P AE b 5 I g

RER RS AR, M. AR C. .
MEA. B, He4Es &9 02 GB5009.7—
2016. GB12456—2021. GB14754—2010.
NYT2010—2011. GB5009.5—2016. NYT1600—
2008, GBT5009.10—2003 I 5& brEHE4T M 5 o

13 BRGIT S

BRI B4l % F Excel 2019 #fF k47850,
SPSS 26.0 A X Rtk NS bR dE 2z, A&
T RBACEYMEAT I, @A . &
AT A E IR TR S8 A VR T T R A K
ko

2 HER50

2.1 RIMRKERTRER

SRR FE TR R, FERIAE
LR, PR RIBIEL. BRBEMTR
B SANTTTH - 03 1 iR, AR 7 2E0(CV)
AT 9.00% ~ 54.50%, V3K 23.64%, H/PNEIK
RS RIEFREL (9.00%) <EILMZ (17.56%) <
FHRAE (17.85%) <RSERE (1927%) <H
RIRE (54.50%) , A8 508 B i oK 1) e R i &
SUNIIPSE Sz =R

22 REZBFREN 7T RERQE

22,1 RSLPIRIy K T BRI
LRI AR PO Z N OO E,

*1 CEBRIMRERLERER

Table 1 Natural variation in fruit traits of Docynia delavayi

2R WA ROME PBE R CV Ky CV KA
Characteristic indicators Max. Min. Average SD Within type /% Inter-type /%
%442 Transverse diameter /mm 72.22 27.53 45.87 8.84 5.22 ~ 10.89 19.27
1% Longitudinal diameter /mm 66.40 28.60 45.57 8.00 5.58 ~9.48 17.56
FLR R & Single fruit weight /g 182.00 14.00 56.94 31.03 13.74 ~ 2532 54.50
FFEFEEL Fruit shape index 1.25 0.73 1.00 0.09 4.63 ~ 891 9.00
P 54% Average fruit diameter /mm 67.25 29.48 45.72 8.16 4.61 ~ 8.98 17.85
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Table 2 Main characteristics of fruit variant types of
Docynia delavayi

% ESItER N Regits RSRAN RSURAR
No. Type name Fruit color ~ Fruit size  Fruit shape
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2 INERAT B A AR N I
3 ANl kS 2N T T
4 N 41 3 A AR N I
5 ke kS el 2817
6 HRERZL BB AR el o
7 e B 2 Y # el I
8 HhArh R 21 3 ARy el I
9 PN # N 2517
10 RERLL T ARy N Y
11 PN et # N W E
12 A 2135 2 AN N I

L
| i L
UNEREL R
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q:.i"" o7 - o
: -

Bl ZEBRE 12 #RE
Fig. 1 Twelve types of Docynia delavayi
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Table 3 One-way analysis of variance and significance test

F#5 Indicator KM F{H F-value within type A [A] F {H F-value inter type

i E M Significance

LSCHKE42 Fruit transverse diameter /mm 7.91%* 245.84%%* 0.00
RS 4ZE Fruit longitudinal diameter /mm 4.73%x* 313.14%* 0.00
RILFEHL Fruit shape index 5.87%x* 11.97%* 0.00
BT Single fruit weight /g 20.44%* 273.75%%* 0.00
T BT 5O BB BBV IR R, FoR P < 0.01.
The ** after the number is the result of significance test of correlation coefficient, indicating 7 << 0.01.
F4 EBURDE=NHENTRRZEI N
Table 4 Analysis of mean values and coefficients of variation for nutrient content
1 80857 Active Ingredients YJ{H Average % K1H Max. f/MHE Min. FriEZE SD B RECV /%
MR Total acid /(g-100 g 21.55 24.88 17.20 2.24 10.39
JH# Total sugar /(g-100 g) 13.47 17.52 8.35 3.67 27.25
Y4 % C Vitamin C /(2-100 g™) 5.05 6.61 3.52 0.93 18.42
# /i Flavonoid /(g-100 g™ 10.52 14.52 5.60 420 39.92
H5* Tannin /(g 100 g™) 1.30 1.35 1.23 0.03 2.31
HL&E (1 Crude protein /(g 100 g 1.68 2.00 1.37 0.21 12.50
HEF4E Crude fiber /(2100 g) 1.44 1.78 0.61 0.30 20.83
1.0
- @ 0@ :
B | -035
HAZC]| 092 : e
H¥E| 094 | -0.23
B ] -0.36 | -0.56
4 [ 0.53 | 0.50
HEH | 094 | -0.40
2] 094 | -0.30
#z | 090 | -035
PR | 0.87 | -0.56
B4R | -0.75 | -0.09
= i @ & B & o o¢ oy i Ea)
" n ¥ i # 0 f o3| &8 0K o o=
o g2 = B B
b by BR

HOF SR * SRR R Z IR R, * FoR P < 0.05, ** ZR P <001,

The * sign after the number is the result of significance test of correlation coefficient, * indicates P << 0.05, ** indicates P << 0.01.

E2 ZEBERIFEMRIEKEXMESH

Fig. 2 Correlation analysis of the fruit content and phenotypic traits of Docynia delavayi



46 3%

A2 S A s AN e O 97

25 ERSSH

X RS R S TR AR AT E R b, DL
SERAIVR AN S W 0 Bl R, R S g
PITTRRZE . FRIE(E A RiboTikE. ER o B
N3RS RHEES KT 1.0, fF6FEH0 75
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Table 5 Principal component loading matrix of Docynia
delavayi indicators

4 (PCL) o, MR E. B, Al SR, & —_— E.*ir; Indicafor | PC1 PC2 PC3
R HRLF & Single fruit weight /g 0.888 0.024 0.018
Fid qu%?ﬁ ﬁﬂ%iﬁj{ ’ ﬁj\%u% 0.888. 0.879. 0.861, 1#1% Transverse diameter /mm 0.879 -0.040 0.123
0.860+ 0.859, "EATZEM PC1 Jj 2222 51 F 2 A S4B Total sugar /(g-100 g™) 0.861 0.050 0.211
#, X SRR PC1 P2 A IE M 20 . PC 4R 4% Longitudinal diameter/mm ~ 0.860  0.171 0377
KBS, AT RRE. BE. B, 2. 7 Flavonoid /(g-100 g”) 0859 0098  -0.125
YRR LSRR YR A0 B, 7R85 2 E R4 (PC2) 1, 44 %K C Vitamin C /(g'100¢g")  0.694  0.011  -0.503
JATE KT . B (R A B R, 4B 0.681 . FLEE 1 Crude protein /(g-100 g")  0.614 0.185 -0.411
0.641. 0.580, EAITEBAI PC2 J7 248 R ) £ 5 A ;éi??ﬁ%ﬁ$% gij'xi ﬁz
. N o § N 1 rude fiber /(g- g . -0. -0.
o g5 Pe2 IE*‘B R BE HETAES #5* Tannin A(g-100 g) 0.104 0580  -0.269
PC2 2 HUMHOG, BT PC2 BN, AT 2R, RILFEHL Fruit shape index 0.052 0.569 0.662
FHAF AR S BRI e R o 728 3 £l (PC3) I Eigenvalue P
H, 4R R C ME D RIRIREIRHIE A S EOR, BB Contribution rate /% 44.854  14.668  11.273
A3 2 0503, 0.411. 0.662, ‘B A1/ M PC3 77 Cmmiﬁﬁﬁmmy 44854 59522 70.795
EBFIEERE, Kb BB PC3 R A — °
Fo6 L2HMEmERILBFEIESRHS
Table 6 Principal component score and rank of 12 Docynia delavayi types
%5 No. 4K Name F, F, F, 494y F Total score F - HE44 Rank
1 ANEREH -3.05 -0.37 -0.55 -1.48 12
2 INEREL BT -1.74 -2.52 -0.54 -1.21 10
3 ZINHHR T3] 7Y 221 -0.11 -0.21 -1.03 9
4 AN iz Bt -3.35 2.11 -0.33 -1.23 11
5 L gt -0.76 -1.67 -0.05 -0.59 8
6 HHERZT B -0.45 -0.02 2.38 0.06 7
7 ]2t 0.68 -0.16 0.70 0.36 6
8 FRO [ £ # A 0.97 0.08 -0.11 0.43 5
9 KERBH 2.29 0.26 0.38 1.11 4
10 KERL 222 1.19 -0.08 1.16 2
11 A I 2 2 2.75 0.39 -0.23 1.26 1
12 FAM R 207 A 2.67 0.82 -1.39 1.16 3

PASS RS I 5 ZE DT N, S5 E
3 AR SE A TP BRI T 12 BRI 28 B 1) 45
G510 (K6 . KWLEE/IRIDTEL: 190K
F1.00 £ 4 Ff CRBAFIFEY . RERLTEAL. KAMIR
LB KREREAY) s 1907E 0.06 ~ 1.00 4L 3 Fft (r
WA 2L SR, IR S AL, R ERA B 5 15350/
F0.06 3 5 Ff CPRERTEAL, MIIRIFERL ., NERAT T
B, MBI, NEREEAD o Hop, KRR
RS (1.26) , /NERBERIR T HAIK (-1.48) .

FIH 7 22 DTRR R B K I3 1 FER 2 E RN
ML ALK, XPHRE S AT E BT 4 (PCAD
giREIR (B 3) , PCl Tk % 44.854%, PC2 i1
HRF 14.668%, 3 S5 N/ 20, rh Y/ 4t
KAt Z (AT IX 4, UiBIX 3 ZHAEA )
RO RMGEEEER, NIRLEF T PCL ft
X, ARG T PCLHEEE 0 X, K
BUIRSIA T PCLIEAIX, R =8 RS KM
PC1 il 5 30 H /)N 2 i) oK 289 SR 5 (1 i 2 AR Ak 34
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Fig. 3 Scatter cluster analysis plot of principal components (PC1-PC2) for 12 fruit types of Docynia delavayi
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Table 7 Rank and scores of value assignment method

No. Rank core score Total score
1 12 32 9 41
2 9 44 10 54
3 10 44 8 52
4 11 36 9 45
5 8 50 10 60
6 7 50 11 61
7 5 60 10 70
8 6 58 10 68

9 4 60 11 71

10 3 66 10 76

11 2 67 11 78

12 1 68 12 80
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Table 8 Composite score results and ranking

SER TS BRI

Y Value Principal Ry Hi42
No. assignment component Total score  Rank
method score analysis score

1 41 -1.48 15.51 12
2 54 -1.21 20.87 9
3 52 -1.03 20.18 10
4 45 -1.23 17.26 11
5 60 -0.59 23.65 8
6 61 0.06 24.44 7
7 70 0.36 28.22 5
8 68 0.43 27.46 6
9 71 1.11 29.07 4
10 76 1.16 31.10 3
11 78 1.26 31.96 2
12 80 1.16 32.70 1
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