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Application of Image Recognition Technology in the
Assessment of Leaf Morphology and Diversity
of Apricot Germplasm

WANG Bijun,ZHANG Qiuping, LIU Weisheng, LIU Shuo, LIU Ning,ZHANG Yuping,
ZHANG Yujun, XU Ming,MA Xiaoxue, LIU Jiacheng,ZHAO Haijuan
(Liaoning Institute of Pomology, Xiongyue 115009)

Abstract: To explore the genetic diversity of apricot leaf morphology and facilitate the collection
of apricot germplasm resources and variety identification, this study investigated 28 leaf phenotypic
traits across 142 germplasm resources. Leaf morphological characteristics were rapidly evaluated
using picture recognition technology. The results of phenotypic trait diversity analysis showed the
coefficients of variation (CV) of the 13 qualitative and 8 quantitative traits were higher than 10%,
indicating rich genetic diversity on leaf morphology in the collection. Correlation analysis revealed
highly significant positive correlations among leaf area, leaf perimeter, leaf length, and leaf width;
highly significant negative correlations between leaf base shape, leaf base angle, and leaf length/

width; and significant negative correlations between leaf roundness and leaf tip length. Principal
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component analysis indicated that the first principal component, consisting of leaf area, leaf
circumference, leaf length, leaf width, and petiole length, mainly reflected traits related to leaf blade
size. The second principal component reflected traits related to leaf blade color, while the third and
fourth principal components reflected traits related to leaf blade shape and blade sawtooth height,
respectively. Cluster analysis broadly classified these samples into eight taxa, including large-leafed-
cuneate, small-leafed-light green, large-leafed-dark green, small-leafed-dark green, small-leafed-
rounded, large-leafed-cordate, large-leafed-truncate, and mixed taxa, and the VIII taxon was divided
into six subgroups. Collectively, this study suggested three qualitative traits, leaf tip length, leaf
margin sawtooth depth, and widest position of the leaf, to identify different apricot varieties, thus

providing a reference for future evaluations of leaf morphology and variety recognition of apricot

germplasm resources in China.

Key words: apricot; leaf morphology; graded shape ; quantitative traits ; diversity
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Table 1 Basic information of 142 apricot accessions

Hir's LR K5 45 HFR el %' LR el
No. Name Origin No. Name Origin No. Name Origin

1 IR LN IRIA 31 e T EE 61 Je g LT
2 M3 WA 32 Hras L 62 HPER Hh 1T 5
3 s PRHIE 33 HRARLLA Hh Rk 63 A WL T
4 BEIEH rhE b 34 PRt A T E AL 64 FEE A LT
5 KA LT 35 WAL E s 65 TR PH L2 LT
6 s bt 36 LL KT gt 66 Kl Iy
7 EENEE L 37 K15 Hh L 67 [N Iy
8 Cl112-6 AL 38 80A03 b 68 A LT
9 M i bt 39 80BO5 L 69 4K FEH
10 MR rhE bR 40 80D05 L 70 7S I 2 E NS
11 R P e 41 79C13 CRIESMOE 71 HH - r 4 hETE
12 ko e 4 ARINA L 72 BKA T
13 1A LA 43 F1= T E AL 73 % EEN
14 ) fiE 7 e 44 RS i EE 74 107 HL S0 HA
15 HBH A i 45 Ry T E R 75 fRMRSE HA
16 AT L] 46 CHE| rhE R 76 L 4R
17 76 e 47 K12 e E R T 77 SERLTA SRR
18 Early orange b E| 48 Rs% LREREy A 78 KAer HE LR
19 HHOKA LRERE) 49 PN rhE R 79 (SFS AR
20 KAy TN 50 Db RA L 80 FER AR
21 KL e S 51 PNEES HhE AR 81 k5 IR
22 HLHE R o S 52 Kecspshar o 82 4l S EHEENIER
23 il B A5 o B 53 Harlayne o 83 kT s AR
24 w15 o [ S 54 Stark early orange FETT 84 AP W AR
25 e rpE L 55 Stella FEE 85 S L AR
26 Yasxan R EN L 56 Helena de rousilon v 86 frftg PR
27 SR YINE L 57 Vynoslivyj HE 87 Sl ] 43
28 HRR A rhETL 58 It L5 88 RS AR
29 WA L 59 PRI A A Iy 89 MM 15 AR
30 A hEl b 60 — WL T 90 F7K P
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Hirs E K ) EAs P Hi's v P
No. Name Origin No. Name Origin No. Name Origin
91 A rE L 109 Tl A Y1 127 PR3 SRIEFe
92 A ep L P 110 IR S| EHEPSES 128 LAY b TR
93 M o E PPy 111 Kabaasi +HH 129 B S RIEETE
94 hE S o E Py 112 Soganci +HH 130 [iER S RIESETE
95 ErLalir op E Py 113 Hacihaliloglu +HH 131 B A SRERIT
96 SR o E PP 114 PEIRACTE r [ B R 132 RhiE B r B R
97 eSS o E Py 115 B r [ B 133 FELAR Hh
98 AL o E PPy 116 AL rh B 134 T2 JE T 1 W
99 REEF rh B 117 S r [ B 135 WSEJe .2 WS
100 Kty rh B 118 EHY r [ B 136 BHRA 15 RRA
101 LTEDED wh B 119 FEE 1S H 137 Pisala HRA
102 o rhE BT 120 BTt e [ e 138 WA HE =
103 TR rh B 121 FEGE TN r [ B 139 KilgHs E =R
104 WA rh B 122 SRR P H 140 IR A Hh L
105 Al rh B 123 ESS Hh 141 il SRESRIN
106 A rhE g | 124 SR Hh ] 142 TR A SREERIN
107 PNUECS LREJU| 125 A Hh ]

108 Tk el 1| 126 FrILE H

1.2 REERBPE

B BHIRIEI 30 J 0, 351 T R AU 25

14 28 AN IUMEAR (13 AT PRI 15 B k)
T AR, O S (ELAE D S (RO R o
B - i BRI | TR R T
B EE I RTEAR AR -SSR AR |
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Table 2 Phenotypic quality traits and classification criteria of apricot leaves
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i i IR Sz G IR o R i, DL 113
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Traits 1 2 3 4 5
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TGN SrbRUE Criteria for classification
Traits 1 2 3 4 5
TR T e}
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EHE T e}
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LS: Leaf state; LC: Leaf color; LSS: Leaf smoothness; LSP:Pubescence of leaf surface; LBP: Pubescence of leaf back;Ls: Leaf shape; LAS: Leaf
apex shape; LTL: Leaf tip length; LMS: Leaf margin sawtooth; LMSD: Leaf margin sawtooth depth; LBS: Leaf base shape; Lw: Widest position of

the leaf; PN: Petiole nectary; The same as below
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ZREEFEEOT B A XN :H =—XPxIn P, iR 4545 1fE
25 () R OO B SR 53R 104559, 1 %
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Table 3 Frequency distribution and diversity indices of leaf quality traits

T B BAER ARSI (%) BRRE Shannon-Wiener
e PR Distribution frequency of each trait score (%) SRENEFERL
Quality traits ,

1 2 3 4 5 cr H
I FRAS LS 76.76 21.83 1.41 37.23 0.60
It s, LC 18.31 64.79 16.90 29.98 0.89
I TEEIE B LSS 86.62 13.38 30.13 0.39
i LSP 86.62 13.38 30.13 0.39
-4 #E LBP 90.14 9.86 27.23 0.32
It { Bk Ls 3.52 71.13 15.49 7.75 2.11 33.00 0.90
IR LAS 1.41 37.32 56.34 4.93 22.58 0.90
K48 LTL 4.93 61.97 28.87 423 27.38 0.94
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- . FAER A AT (%) s R Shannon-Wiener
LR Distribution frequency of each trait score (%) SREVEE R
Quality traits ,

1 2 3 4 5 cr H
2 TE R LMS 19.72 3.52 68.31 8.45 33.58 0.91
MR TR % LMSD 53.52 31.69 14.79 45.43 0.98
IR LBS 35.21 40.14 21.83 2.82 42.95 1.17
I SEA T B Lw 5.63 65.49 28.87 24.25 0.80
M52 IR PN 1.41 40.14 33.80 24.65 29.18 1.14
-1 Mean 31.77 0.79
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142 apricot resources
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142 apricot resources

142 G R

142 apricot resources

142 AR

142 apricot resources

LA: Leafarea;LP: Leaf perimeter; LL: Leaf length; LW : Leaf width; LLW : Leaf length/width; PL: Spetiole length; LTH: Average sawtooth height;
R: Red component; G: Green component; B: Blue component; CRV: Chlorophyll reference; LR : Leaf roundness;Lr: Leaf rectangularity;

LAA: Leaf apex angle; LAB: Leaf base angle; The same as below
E1 MRE#HSERSHHEXE
Fig. 1 Boxplot of the distribution of leaf quantitative traits
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Table 4 Analysis of variation coefficient of leaf quantitative traits

bR s

f/ME

_ R Shannon-Wiener
IGPN:] brifE2E 5 2 E (%)

Traits Mean Min. Max. SD cv é}ﬁfiﬁﬁl
I 1 F (mm?) LA 4793.76 2343.81 8690.97 1414.37 29.50 2.04
A J4 (mm) LP 318.68 226.61 472.75 46.17 14.49 2.03
A K (mm) LL 95.32 69.44 130.47 13.64 1431 2.04
it Fr 6 (mm) LW 75.33 48.61 102.86 11.77 15.63 2.08
A /58 (mm) LLW 1.28 1.09 1.74 0.12 9.56 1.95
AR 8 (mm) PL 38.90 19.00 61.52 8.56 22.01 2.08
Bt P2 E B (mm) LTH 0.73 0.54 1.13 0.09 11.99 1.82
ZLE S R 66.88 57.93 77.40 3.55 5.31 2.04
ZE G 73.94 62.30 88.43 4.81 6.51 2.05
s B 58.27 51.57 64.57 2.43 4.16 2.08
42 B # Al CRV 2.56 2.03 3.06 0.19 7.32 2.11
- F R EE LAA 0.88 0.65 0.95 0.06 6.94 1.89
I HAEERE LAB 0.65 0.54 0.77 0.04 5.49 1.96
Toff B LR 109.67 80.83 147.52 12.20 11.13 2.07
3R Le 144.19 106.46 187.11 16.91 11.72 2.05
-4 Mean 11.73 2.01

15 PR B9 Shannon-Wiener Z2FEPE 45 5/
F1.82~2.11, 2 & £ % {0 1Y Shannon-Wiener £k
PEAE B8R K O MR B I R T R R €
41, Y898 2.08 B A2 15 B Shannon-Wiener Z24E1E
Fe %/ N TR B AN JE AR B (1Y) Shannon-Wiener
ZREEFE B R 2.0 DL b HURAR S R B XT DN,
SIS0 11.139% Fl 11.72% , WX A PEIR ) A4 2k
FXIRRAE | G0 S S T . 15 AN B AR
) Shannon-Wiener 2 FEVEFR £3589 T 1.80, Ui FH A
R R AR AR A e 2 142
13 5T (49 15 A~ $0 MR %) Shannon-Wiener 224

FRCIIIE D 2.01, o T AR A9 0.79, B WK
YRR L BT R Z e R .
2.3 MEREEX S

X 28 AN i RIIVEAR A TAHOCHE 53 Hr , 45 3R L
K2, e R R, it R o R
B I T BE RN AR G 5 AR TR AR B SR AR B 1
AHOG; R /3 S vl B v BRI
WHTAA RS D A R SR I 2 BRORH OG5 i (B
R B TR R LA B 4 PR R AE B
R 25 TE ARG, i R [B] E 55 T A B A P R A0
XA, R 0.68 , Uik B I THUFf BRI fig 5 1 [ B A7 A
—ERERR, MBI SRS HHEN D EIE

FHIE FR R ECH 0.82, FF H I MEIRYS 5 RGB 19 3
AN €, 1359 SR A B G, 10 BH A IR T LA
A B A R R T R S i 20
M A SR ES . LTRSS A R A
FHOG, A5 R B0R 0.92, 5 /58 S A 2 AR
Ko MR HETE S AR S S B B G, A R
FHCN-0.69.
24 EFRSHH

XA R 1S ANBOREE IR AT R i, 153
AAFHE(E R T 1A 000, A T AR s e int
R B, BETTHR N 86.5409% (% 5) . 56
1 E AT HFAE(E A 4.995, TTRkR A 33.297% , M- THI A
CRRAE ) B R 0.871) (I R JE 4 (0.797) (i K
(0.608) . F & £ (0.871) AR (0.417) ZEZE 1 &
By FA R A AT, B R e T A RS R IR R
N5 2 MM AEAR M 3,750, TR F N 26.501%,
FELTAA 53 (—0.835) (B (0 il 43 (—0.855) | {4 it 43
(-0.781) I HA B R gk Aoy , 322 s B T 0 5 23 e 1y
W3 55 3 E R FORE(E 2.974, TTEk%E N 19.824%
FEM B K /58 (0.730) Ho 1 2 #8 Rk far , 3 25 L Bk
TR O 5 565 4 AR IR IE(E R 1.038, 5T
RN 6.922 % , 4l v V-1 1 A 48 v 1 2t , AIE
[l HEH 0.749,
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* and ** indicated significant correlation at P < 0.05 and P < 0.01 levels, respectively

B2 &EHMREE

Fig. 2 Correlation analysis of leaf phenotypic characters in germplasm resources of apricot

R5 B ABEXEREERS ST

Table 5 Principal component analysis of leaf related traits of apricot

R AR BRI X M S

PR F 43 Principal components

Traits PCI PC2 PC3 PC4
AR LA 0.871 0.439 0.293 -0.241
AR LP 0.797 0.325 0.493 0.026
A KE LL 0.608 0.358 0.663 -0.200
MR SERE LW 0.871 0.425 0.178 -0.096
A/ FE LLW -0.594 -0.186 0.730 -0.173
AR R PL 0.417 0.406 0.322 0.137
PRSI B LTH 0.083 0.269 0.332 0.749
ZLE S R 0.512 -0.835 0.159 0.034
e G 0.448 -0.855 0.157 0.039
WO B 0.539 -0.781 0.145 0.054
-4 % 2% CRV -0.494 0.848 -0.158 -0.048
A B LR 0.622 0.132 -0.609 0.305
N R REEEE Lr 0.424 0.155 -0.670 -0.315
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F5(48)

IEZIN F 4> Principal components

Traits PCI1 PC2 PC3 PC4
TSRS LAA 0.557 0.133 -0.531 0.244
ML % LAB 0.504 -0.145 -0.479 -0.249
FFIE(E Eigenvalue 4.995 3.750 2.974 1.038
Bk (%) Variance contributionrate 33.297 26.501 19.824 6.922

ZIT k% (%) Cumulative contributionrate 33.297 59.798 79.622 86.540
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The numbers are the same as those in table 1; The leaves in the figure are representative varieties leaves for group
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Fig. 3 UPGMA clustering based on phenotypic quantitative traits of apricot germplasm resources
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R A i R RE i R AN TR R R
AN R B R TRk B SR . BB VIREFCA 10y
FEVEAP T, A Stella, HAF s it /0 Bl 2%, A
/B, I TOUA BRI BE A BE /DN SRR BT .
SEVIESHEAL & 1 IO B R A B AR
YRR EDE S8 AR I8 R0 I 1 3 0 R 5T (K &
7y . Stark early orange M [AVPAY) . 55 VIEEHFLHE 12

Oy Hp R ST, HoH 3 el JE RS 2 O Ll AR s L2 1
TR LA RIR VTR T 3 o db s A s R 1 4y T
B R, Shannon-Wiener 22 A 1435 BTG Bl M 1.13~
1.86, 748 5 Z2 B L A 1.37%~19.67% , S [RI4FAE K
MR TR A B SERERCKR, M R B ) S gk
o, MR v B LR 2 Y . Hoax 104 4y
MR R T 56 VIIEZERE, 5 SRR RN 73.24%

R 6 I SANEHERIM FREEI Shannon-Wiener S HEEEEL

Table 6 Shannon-Wiener diversity indices of leaf phenotypic traits of 8 apricot populations

IERIN BHL v VIl Vlila VIIIb Vlile VIiId Vllle VIIIf
Traits parameters (18) (12) (20) (17) (12) (11) (6) (38)
TR 5 F2E (%) 12.50 7.91 19.37 15.87 11.46 7.68 14.60 15.61
LA Shannon-Wiener ZFEPEIE L 1.83 1.63 1.80 1.94 1.86 1.67 133 2.07
R R 5 FE(%) 7.04 5.57 11.94 9.84 8.03 6.88 6.13 7.67
Lp Shannon-Wiener ZFEPESEL 183 1.63 1.94 1.87 175 1.41 156 2.08
YIRS A ZE(%) 4.47 5.55 9.89 9.54 6.04 6.58 6.43 9.14
LL Shannon-Wiener ZEEHEFSSL 171 1.55 174 1.87 1.47 1.85 1.56 1.96
RS 5 FE(%) 7.53 4.64 10.54 8.25 6.22 3.93 8.20 8.38
Lw Shannon-Wiener ZAEHEIERL  1.84 1.86 1.84 1.92 1.54 1.54 124 2.05
K5 5 F (%) 7.74 4.32 3.48 6.92 6.50 7.60 5.50 6.62
LLW Shannon-Wiener ZEEHEFSSL 172 1.68 178 1.77 1.56 1.55 156 2.02
A i A RE(%) 15.28 19.67 23.81 21.08 13.55 13.74 13.74 17.56
PL Shannon-Wiener ZHF:F5%L 1.85 1.86 1.92 1.84 1.36 1.52 1.52 1.88
e 1A -4 g E TS FE(%) 10.20 7.51 6.80 12.41 13.89 7.32 8.73 6.90
LTH Shannon-Wiener ZAEHEFSSL  1.83 1.63 1.80 1.53 1.63 1.54 124 201
FARCN %y AR E(%) 3.88 2.12 3.04 3.04 3.47 2.13 2.41 3.33
R Shannon-Wiener ZHF 1455 1.87 1.86 1.97 1.96 1.63 1.67 1.79 1.92
e ST G ZE(%) 5.18 2.89 4.53 4.07 4.15 3.20 2.43 3.81
G Shannon-Wiener ZFEPEFH 4L 1.89 1.75 1.96 1.91 1.63 1.67 1.79 1.89
RN %y 5 FE (%) 2.89 1.37 2.72 2.88 2.72 237 1.81 2.80
B Shannon-Wiener ZH 1%L 1.89 1.75 1.91 1.96 1.75 1.72 1.33 1.96
MR Sl AR ZE(%) 2.98 2.95 4.63 5.01 4.36 2.96 2.91 4.50
CRV Shannon-Wiener ZEEMEISEL 193 1.70 1.85 1.87 1.79 1.55 1.79 1.96
[ 5 FE (%) 6.99 3.14 2.14 5.81 4.09 5.88 2.96 433
LR Shannon-Wiener ZFEHEFESL 1.8 1.70 1.86 1.65 1.79 1.55 124 1.93
AR R AFZE(%) 5.22 3.90 3.34 3.57 4.56 431 5.68 3.97
Lr Shannon-Wiener Z 1 14:F5 % 1.51 1.13 1.87 1.71 1.70 1.85 1.56 1.92
T £ 5 F2E (%) 10.26 3.17 8.11 8.19 7.61 1431 5.66 8.50
LAA Shannon-Wiener ZHEVESEEL  1.69 1.82 176 1.87 1.79 1.64 156 2.00
R A B TSR (%) 9.18 6.35 9.13 11.04 11.69 7.27 8.03 8.64
LAB Shannon-Wiener ZFEPEIERL 175 1.79 1.88 1.84 1.86 1.77 156 2.08

55 B AR BT BT IR 2

The bracketed data represents the resources number of each group
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23.81%. %5 VIIIb W Z A 11 45 2030 [ o 1.53~
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Al 44y e E A AR FRR T (SR 80BOS i — B4 5 ) 4t
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ZBAERI N 2.80%~17.56% , 3% EEF 5 i H Aotk 1y
J& T rih I 2R, FE 3 ORI R A 5T |2 4 v
JoT 2 0 vk R ST L 103 36 R ST , HAR 34 R v L R o
B ILA 243 1L VG 1y BRPE 1 3inl R 7 il b 2
Oy BIEVT 2 L 7 6 bt 1 iAdE 3 4 B L1
AR T HIR .
2.6 ZiEEIFHHTEE

5 R/ INBEA S5 L B AR 40 114 9 DR AR ORI AR A
SRS TE AL R O PR B 1 B B N, S AN
[F) JE 285 TR RS () 88 1) 1) B o 40 B 45 A
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VIIId VA . VIITe VA A1 VI VA ) 75 - H iR A
W E R AE A Z R (E 7).
AL R ¥R T 0.8, PEHII/NT 0.05, UL 1% 7 2
BA S22 5, T U FA s .
TR, MR R (X2) (M R S (X3) B R
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FEHE T

Table 7 Multivariable linear regression model of leaf phenotypic trait of 8 apricot populations

P Z oL [l Ay AR WAL PlE
Cluster Multivariable linear regression model R? P value
v Y =52.90X3 +4087.31X8 + 38.496X2 - 5778.18 0.996 0

VII Y =160.70X3 + 4976.03X8 — 10180.24X6 — 1952.56 0.995 0
VllIa Y =72.40X3 + 5221.08X8 — 2548.42X5 + 35.87X2 - 5252.66 0.996 0
VIIIb Y =50.82X3 + 8269.98X8 + 55.20X2 - 9757.57 0.997 0
Vllc Y =63.24X3 + 10563.92X8 + 54.33X2 - 12109.65 0.999 0
VIIId Y =135.39X3 + 3852.834X8 - 6367.391X6 - 2361.92 0.987 0
Vllle Y =96.36X3 -2999.27 0.896 0.004
VIIIf Y =210.42 + 109.80X3 - 4282.84X6 0.822 0

X2: MR X3 M B8 s X6 M B BE s X8 M AR ;Y : AR
X2: Leaf length; X3: Leaf width; X6: Leaf roundness; X8: Leaf rectangularity; Y : Leaf area

fif 3 AR P b ] B 2= RGP E] R AR 22 S A K
PP R AL 2 SN UL T R R R Y X
B 3 BB T AR 2Z B B AR SR T R —
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