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Analysis of morphological diversity of Pyrus calleryana Dcne. in South-
ern China

LIU Chao, CAO Yufen’, HUO Hongliang, QI Dan, ZHANG Ying, DONG Xingguang, TIAN Luming,
XU Jiayu

(Institute of Pomology, Chinese Academy of Agricultural Sciences, Xingcheng 125100, Liaoning, China)

Abstract: [Objective]lThe objective of the study was to investigte the distribution of Pyrus calleryana
Dcne. and assess morphological diversity of the species in southern China. [Methods]We refered to the
floras of China, floras of several provinces and articles published in recent 10 years on the resources of
wild fruit trees, and the data of Chinese Virtual Herbarium for selecting the regions to investigate. From
September 3 to 16, September 23 to October 1, and October 30 to November 16, 2017, we went to Zhe-
jiang, Hunan, Hubei, Guangdong, Guangxi and Jiangxi provinces and collected 78 P. calleryana re-
sources. Variance analysis, principal component analysis, cluster analysis and Duncan’s multiple com-
parative analysis were carried out to study 19 morphological traits of the leaves and fruits of the species.
[Results]The results showed that there were abundant morphological diversity of P. calleryana in south-
ern China. The diversity index of the eleven descriptive traits of branches, leaves and fruits was 0.56-
1.04, among them the diversity indices of the shape of leaf base (1.04), the leaf extension state (0.96),
and the fruit core position (0.93) were higher. The diversity indices of the annual branch color(0.87), the
leaf bud attitude(0.63),the leaf bud apical feature(0.30) , the leaf shape (0.75), the leaf apex shape
(0.56), the leaf margin (0.82), the fruit shape (0.71) and the fruit bottom color (0.88) were relatively low-
er. Among the eight quantitative traits, the difference of the length of carpopodium and fruit shape index
among the populations reached a very significant level, indicating that there were wide differences in
the lengthes of carpopodium stalk and fruit shape indices among the populations, and the differences of
fruit transverse diameter and fruit longitudinal diameter within and between populations reached signifi-
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cant levels, indicating that there were wide variations in the fruit transverse diameter and the fruit longi-
tudinal diameter in the groups and between the populations. The F values among populations were high-
er than those within populations in all quantitative traits. There were more genetic variation between the
populations of P. calleryana than those within the populations. The average coefficient of variations of
the eight quantitative traits was 19.85, among them the length of petiole was the largest (37.48%), fol-
lowed by the length of carpopodium (19.75%) and the leaf width (19.40%), and the fruit shape index
was the smallest (8.1%). The morphological diversity of the populations varied greatly. The average co-
efficient of variations of the populations collected from Guangxi and Hubei was the largest, 18.47% and
18.61% respectively, indicating that the dispersal degree of each traits index of the population was larg-
er, while the average coefficient of variations of the populations collected from Guangdong was the
smallest, only 11.93%, indicating that the variation of Guangdong population was small. The results of
multiple comparative analysis of 8 quantitative traits showed that the leaf length and the leaf width of
the populations collected from Hubei were significantly larger than those of other populations, indicat-
ing that there were mostly large leaf individuals of P. calleryana in Hubei. The leaf shape index of Hu-
bei population was significantlylarger than that of Zhejiang population, suggesting that the leaves of P.
calleryana from Hunan and Hubei were mostly oblong, while those from Zhejiang were mostly short
circle, and the Length of petiole of Hubei population was significantly larger than that of Guangdong
population. The fruit shape indices of Zhejiang and Hubei populations were significantly higher than
that of Hunan, Jiangxi, Guangdong and Guangxi, populayions, indicating that the fruits of P. calleryana
in Zhejiang and Hubei were mostly oblong, while those from Hunan, Jiangxi, Guangdong and Guangxi
were mostly oblate. The Length of petiole of Zhejiang populations was significantly longer than that of
other populations, indicating that the petioles of P. calleryana in Zhejiang were longer than that of the
populayions from other areas. The principal component analysis of 8 quantitative traits showed that the
Eigenvalue of the first seven principal components were all over 1, and the cumulative contribution rate
was 70.804, indicating that the first seven principal components could better explain all the genetic in-
formation of the all variables. The cluster analysis of 19 phenotypic characters of 78 P. calleryana
showed that when the distance coefficient was 9.9, 78 P. calleryana could be grouped into five catego-
ries. The first category consisted of the materials from Hubei and Zhejiang; the second category consist-
ed of the materials from Hunan; the third category included all the materials from Jiangxi and the mate-
rials from Quanzhou county of Guangxi; the fourth category included the materials from Guangdong;
and the fifth category included the materials from Huanjiang County, Yizhou City, Bama County and
Ningming County of Guangxi. [Conclusion] The coefficient of variation of different characters varied
greatly, and there were abundant variations among different populations of P. calleryana resources.

Key words: Pyrus calleryana Dcne.; Genetic resources; Phenotypic diversity; Cluster analysis; South-
ern China
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Table 1 The source and information of the P. calleryana

HREEAR)  FEAS  RE 22 Latitude(N)/ PR (FEAR) FEAS R 2 [ Latitude(N)/
Region(Size) ~ Code Locality 2[5 Longitude(E) Region(Size) Code Locality £ % Longitude(E)
T FY1 & PH Fuyang 119.85°/29.86° A LH40 %3] Luohu 114.19°/22.58°
Zhejiang(9) FY2 & PH Fuyang 119.90°/29.91° Guangdong(4) LH41 i Luohu 114.19°/22.58°
FY3 & [l Fuyang 119.90°/29.91° LH42 %] Luohu 114.19°/22.58°
FY4 ‘& BH Fuyang 119.90°/29.91° LH43 i Luohu 114.19°/22.58°
FY5 & BH Fuyang 119.63°/30.00° i HJ44 FFYT Huanjiang ~ 108.48°/25.19°
SZ6 U764 Shengzhou  120.83°/29.55° Guangxi(35) HJ45 FAYL Huanjiang  108.48°/25.19°
Sz7 IgE 1 Shengzhou  120.83°/29.55° HJ46 FAYL Huanjiang ~ 108.48°/25.19°
SZ8 IgE 1 Shengzhou  120.83°/29.55° HJ47 FAYI Huanjiang ~ 108.48°/25.18°
XC9 3 & Xinchang 121.07°/29.38° HJ48 AV Huanjiang ~ 108.48°/25.18°
i) YL10 7% Yuelu 112.88°/28.17° HJ49 ¥FMT Huanjiang  108.48°/25.18°
Hunan(6) YC11  fi% Yizhang 112.75°/25.21° HJ50 FAT Huanjiang ~ 108.48°/25.18°
YC12  Hi Yizhang 112.75°/25.21° HJ51 FAVL Huanjiang  108.49°/25.18°
YX13 7k Yongxing 113.07°/26.10° YZ52 F M Yizhou 108.72°/24.44°
YX14 k% Yongxing 113.07°/26.10° Y753 F M Yizhou 108.72°/24.44°
YX15 7k Yongxing 113.07°/26.10° YZ54 F M Yizhou 108.72°/24.44°
ik XN16 % Xian’an 114.20°/29.88° YZ55 LM Yizhou 108.72°/24.44°
Hubei(12) JY17 %14 Jiayu 114.12°/30.02° Y756 M Yizhou 108.72°/24.44°
Jyi8 F40 Jiayu 114.12°/30.02° YZz57 F M Yizhou 108.72°/24.44°
CY19 42 Chongyang ~ 114.12°/29.47° YZ58 B Yizhou 108.72°/24.44°
LT20 %' [l Luotian 115.53°/31.17° Y759 M Yizhou 108.72°/24.44°
YS21 il Yingshan 115.80°/30.97° YZ60 M Yizhou 108.72°/24.44°
YS22 il Yingshan 115.79°/30.95° YZz61 M Yizhou 108.72°/24.44°
YS23 il Yingshan 115.79°/30.95° BD62 [ %< Badong 107.29°/29.99°
YS24 il Yingshan 115.80°/30.95° BD63 [ %< Badong 107.29°/29.99°
YS25 il Yingshan 115.90°/31.08° BD64 £ %< Badong 107.29°/29.99°
IX26 V1.5 Jiangxia 114.12°/30.35° BD65 £ %< Badong 107.29°/29.99°
IX27 V1.5 Jiangxia 114.15°/30.35° BD66 £ %< Badong 107.29°/29.99°
AN YD28  F#BYudu 115.65°/26.15° BD67 [ 4 Badong 107.29°/29.99°
Jiangxi(12) YD29  F#BYudu 115.65°/26.15° BD68 I 7 Badong 107.29°/29.99°
YD30  F#BYudu 115.65°/26.15° NM69  F*HINingming  107.32°/21.03°
YD31  F#BYudu 115.65°/26.15° NM70  F*#]Ningming  107.32°/21.87°
YD32  F#BYudu 115.65°/26.15° Qz71 42l Quanzhou  111.01°/25.74°
YD33  F#BYudu 115.65°/26.15° Qz72 42/l Quanzhou  111.01°/25.74°
YD34  F#BYudu 115.65°/26.15° Qz73 4=JIlQuanzhou  111.01°/25.74°
YD35  F#BYudu 115.65°/26.15° Qz74 4:JH Quanzhou  111.01°/25.74°
YD36 4T Yudu 115.65°/26.15° Qz75 4:JH Quanzhou  111.01°/25.74°
YD37 TR Yudu 115.65°/26.15° Qz76 4:JH Quanzhou  111.01°/25.74°
YD38 T4l Yudu 115.65°/26.15° Qz77 4:JH Quanzhou  111.01°/25.74°
YD39 T4l Yudu 115.65°/26.15° Qz78 4:JH Quanzhou  111.01°/25.74°
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Fig. 1 Overview of the leaf and fruit of the basic linear
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Table 2 Description and Shannon-Weaver diversity index of P. calleryana
JEA TR Ejiipa ZREVEAR AL
Morphology character ~ Description H'
—AEA R 1R 24 3 A 45 54 6 ZL1E (M 0.87
Annual branch color Grayish yellow Green Taupe Yellow brown  Green brown Reddish brown
RSP LA 2R 3 0.63
Leaf bud attitude Attached Oblique Free
2 T RAAIE 14 24k 0.30
Leaf bud apical feature ~ Speculate Blunt
AP/ ZTN 1B 29N 3MAEDE AHEE 0.75
Leaf shape Round Ovate Elliptic Lanceolate
WESIZIN LR PRLIEN KFSEN AR 0.56
Shape of leaf apex Acuminate Blunt Acute Long cauda
HHHETEAR LBS i3Sz 2% 3 G IE 415 5% 6L JE 1.04
Shape of leaf bases Narrow cuneate Cuneate Wide cuneate Roune Truncate Cordate
L EZS 1422 2B4EE SHIHEIA ABHRL 524t 0.82
Leaf margin Entire Cenature Cenation Sharp serrated  Compound serrated
TR CIES I 1V 244 3k 4R 0.96
Leaf extension state Flat Obvolvent  Warp Wave
RIIBAR 1 Jit [R T 25T 3KETE 4 5P E T 5 {515 0.71
Fruit shape Oblate Roune Long roune Ovate Obovate
RSLE 14¢3% 28 3L 453 55 6 H {7 0.88
Bottom color of fruit Green yellow Yellow Olivine Green Yellow brown Brown
VA= 13 Aty 2 i 3 i 0.93
Fruit core position Proximal stem end Median Near calyx end
“F¥{H Mean 0.77

9 51 [ T (62.82% ) FIA [ T2 (34.61%) « K I Wi VL
(100% ) « i b (66.67% ) + |~ % (50% ) Al )~ P
(68.57%) [P A F BN IR IATE it Fr , 9 e (83.33%)
HNLPE BIREA EZONMRIRTE T o AL 2
TR & BN 2022 (57.69% ) T 4R (42.31%) , Wi iTL
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(T7.14%) IAEAR Z N TERIE o R B HITL(77.78%)
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X T R SR SR UG, AL R SR E ZE L
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(91.67%) ) A (75%) ) P (65.71%) [RIFE AL S IK
0 AR, T YT 7 (58.33% ) A A 5z i (0 3
N . 2R RE R LA B ORI
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Table 3 Distribution (frequency/%o) of qualitative traits in each population %
FEAK (Population)
VAR A 22 o - : SREA
Phenotype traits and distribution scale WL Wird Wk AN S L Total
Zhejiang Hunan Hubei Jiangxi Guangdong ~ Guangxi

— AR L 1 0 0 0 0 0 0 0
Annual branch color 2 0 0 0 0 0 0 0

3 0 3(50) 3(25) 0 0 1(2.86) 7(8.97)

4 0 0 2(16.67) 0 1(25) 4(11.43) 7(8.97)

5 3(33.33) 0 2(16.67) 0 0 0 5(6.41)

6 6(66.67)  3(50) 5(41.66)  12(100) 3(75) 30(88.24) 59(75.64)
U AT 1 0 0 3(25) 0 0 5(14.29) 8(10.26)
Leaf bud attitude 2 7(77.78)  6(100) 8 (66.67) 9(75) 4(100) 29(82.86) 63(80.77)

3 2(22.22) 0 1(8.33) 3(25) 0 1(2.86) 7(8.97)
I 25 T B 4 1 4(44.44) 5(83.33)  10(83.33) 10(83.33) 4(100) 32(91.43) 65(83.33)
Leaf bud apical feature 2 5(55.56) 1(16.67) 2(16.67) 2(16.67) 0 3(8.57) 13(16.67)
IR 1 0 0 1(8.33) 0 1(25) 0 2(2.56)
Leaf shape 2 9(100) 1(16.67) 8(66.67) 5(41.67)  2(50) 24(68.57) 49(62.82)

3 0 5(83.33) 3(25) 7(58.33)  1(25) 11(31.43) 27(34.61)
RSN 1 0 0 1(8.33) 0 0 0 1(1.28)
Shape of leaf bases 2 0 6(100) 2(16.67) 5(41.67) 1(25) 5(14.29) 19(24.36)

3 8(88.89) 0 4(33.33) 7(58.33)  2(50) 27(77.14) 48(61.54)

4 1(11.11) 0 3(0.25) 0 1(25) 2(5.71) 7(8.97)

5 0 0 2(16.67) 0 0 1(2.86) 3(3.85)
NN 1 0 2(33.33) 0 12(100) 0 19(54.29) 33(42.31)
Shape of leaf apex 2 0 0 0 0 0 0 0

3 9(100) 4(66.67)  12(100) 0 4(100) 16(45.71) 45(57.69)
2% 1 0 0 0 0 0 0 0
Leaf margin 2 7(77.78) 2(33.33) 0 0 0 24(68.57) 33(42.31)

3 1(11.11) 4(66.67) 10(83.33) 12(100) 4(100) 11(31.43) 42(53.85)

4 1(11.11) 0 2(16.67) 0 0 0 3(3.85)
TR R A 1 0 1(16.67) 4(33.33) 3(25) 2(50) 6(17.14) 16(20.51)
Leaf extension state 2 1(11.11) 4(66.67) 1(8.33) 0 0 11(31.43) 17(21.79)

3 0 0 0 0 0 0 0

4 8(88.89) 1(16.67) 7(58.33) 9(75) 2(50) 18(51.43) 45(57.69)
RELTEIR 1 5(55.56) 5(83.33) 3(25) 8(66.67) 4(100) 23(65.71) 48(61.54)
Fruit shape 2 2(22.22) 0 7(58.33) 4(33.33) 0 12(34.29) 25(32.05)

3 0 0 0 0 0 0 0

4 0 0 0 0 0 0 0

5 2(22.22) 1(16.67) 2(16.67) 0 0 0 5(6.41)
RS 1 0 0 0 0 0 1(2.86) 1(1.28)
Bottom color of fruit 2 0 0 0 0 0 0 0

3 0 0 1(8.33) 0 0 2(5.71) 3(3.85)

4 0 0 0 0 0 0 0

5 1(11.11) 1(16.67) 0 7(58.33)  1(25) 9(25.71) 19(24.36)

6 8(88.89) 5(83.33) 11(91.67) 5(41.67) 3(75) 23(65.71) 55(70.51)
ROME 1 0 0 1(8.33) 1(8.33) 0 4(11.43) 6(7.69)
Fruit core position 2 0 2(33.33) 0 8(66.67)  2(50) 13(37.14) 25(32.05)

3 9(100) 4(66.67) 11(91.67) 3(25) 2(50) 18(51.43) 47(60.26)

TR (2,65 e AR . RSRAVER T, R SRR
IR SEHRAE S RERRI A B 257 . WAL
(SRR i B 2 v T e L )R AT IR
YLK B AT AL 1 552 R T R S8 1 i
Fa LV 2R R AR S 2 R R . WL

SR (2.97 em) SB35 KT HL AR BEAA , 1 BT

(K1 5 B2 KR HL A X P D9 JE R

S8 3077 22 73 M AT LAAE = e oy A ] 038 e 5 f
FALGHIE 6 A TR T8 ARAMA ) 8 N HCR MR BEAT
AT EDH (ROHKRY, RS RIAREAERE
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R TEAR 3 22 5, R W SR K 8 A R 48 B e
BEARIEAAAE 2 25 . ROBAAR YRR
P R B A2 ) A7 7 S 35 22 5, U0 SR S 42 R SR sz gL
TEAEREAR N FIBEAR () S 2 IR B3 AEAE T 2 1A
5, HALHEIRFe bR Z R AR E . I BT EE
PR R B ) 1 A3 K T8RP 1) F AR, Ui B A
SLBUEEAAR (AR O T A4 9 A2 AR TR B A AR S o
23 WEEZFMHREERD S

19 MBS = MEAR B E R o B R B L 50 7 4
4 0 B RR AR AR 25Ok T 1, LB E TT R F ik
70.804% (3% 5), 3= WA A 7 /™ =5 1 43 B i B 46 K358 43
LA HMOIRAR . 55 1 35 R A AE B R 3.092,
J5 25 5Tk 2 B KA 16.274% , e Ay #ci  1F L

B N R B A RS TROIR AR
FUFAE KB, P X 5 AR 5 55 1 32 5o A3 e R
ERK . 552 T B PIRFIEAE N 2.626, 5 22 DTk %
o 13.823% , 5 L 5 L IEAH SGIRA IH ZR A A
TOU Sty 4R AIE P S TR v T Aol FR IR S 2 A iR B R 5K
1 ot B AR SR . 5 3 3 A I RRIE A
1.962, J5 Z TR FE N 10.327%, 5 H R H R IE A1
RS, REGR A KK AR LR A, F4E
A BVRFAEARL N 1.843, 77 ZE DR %2 9.701% , 5
5 R AH SR N I T FE A, S AR A DG —
AR AR RN . 955 TR IR IEE N
1.503, 77 Z Tk % 4 7.912% , 5 H 2 98 E A 1Y
N R IR AR FE B, 56 R IR IE(E N

*5 BEBHSHFFHEE. . AHMERFHER S

Table 5 The eigenvalue, contribution rate and eigenvector of each principal component

A 2R TR IE [ Eigenvector of the principal component

Phenotype traits 1 2 3 4 5 6 7
—4EAE R i Annual branch color -0.174 0.155 0.042 -0.665 0.354 0.034 -0.319
i 2E S Leaf bud attitude -0.223 0.578 0.189 -0.253 0.337 -0.199 0.222
- 2ETH R4S AE Leaf bud apical feature 0.127 0.404 0.148 -0.201 0.243 0.228 0.221
AR Leaf shape -0.351 0.271 0.204 0.437 0.509 -0.048 -0.194
TR Shape of leaf bases 0.204 0.613 0.100 0.130 -0.041 0.487 -0.219
2R FAR Shape of leaf apex 0.231 -0.124 -0.198 -0.510 -0.411 0.267 0.389
4% Leaf margin -0.235 0.489 0.033 0.296 -0.131 0.526 0.203
T R AS Leaf extension state 0.232 0.410 -0.129 -0.225 0.141 0.236 -0.381
AR Fruit shape 0.531 -0.044 -0.322 -0.043 0.401 0.115 0.215
2 {4 Bottom color of fruit 0.009 -0.083 -0.577 0.375 0.163 -0.185 -0.192
L. & Fruit core position 0.041 -0.436 -0.411 0.296 0.016 0.428 -0.265
K Leaf longth/cm 0.676 0.353 0.141 0.383 -0.108 -0.326 0.033
52 Leaf width/cm 0.784 0.337 -0.011 0.098 -0.268 -0.259 -0.142
4L Leaf shape index -0.336 -0.035 0.165 0.513 0.180 0.107 0.475
MK Length of petiole/cm 0.749 0.322 -0.061 0.137 0.002 0.107 0.087
B4 Fruit transverse diameter/cm 0.253 -0.456 0.754 0.066 -0.041 0.193 -0.165
529042 Fruit longitudinal diameter/cm 0.460 -0.601 0.479 0.043 0.229 0.256 -0.063
HIEFR % Fruit shape index 0.410 -0.310 -0.468 -0.059 0.530 0.086 0.210
A S Length of carpopodium 0.443 -0.161 0.346 -0.113 0.315 -0.171 0.127
FRE{E Eigenvalue 3.092 2.626 1.962 1.843 1.503 1.303 1.123
77 25Tk % Variance contribution rate/% 16.274 13.823 10.327 9.701 7.912 6.855 5.911
K i1k % Cumulative contribution rate/% 16.274 30.097 40.424 50.125 58.037 64.893 70.804

TE: FRIGHR R R BRI IR .

Note: The underline indicates the traits with higer eigenvalue.

1.303, 77 Z= TT ik % A 6.855% , 5 H: 5 R 1 AH I
W, BT E RS MRFIEE N 1.123, 75 ZE STk R
N5.911%), 5 2GR IEAH N R IR .
2.4 BESW

R4 A5 1 2 5 IR, I A NTsys 2014k FH BR X
1A% I 5 AT UPGMA % 78 43 5 AL 5 YR 1) 19
N RBVER AT TR, R R AR EE . hE

2 AT 5N, FERR SCBE 2 R 50N 12.03 4k, WK 78 1 5 A
PRNR R 24N K2, Fod sk BB AL AT I (4 k)
W T (R84 23 A /N, R B MR A ol — BT SR o —
KT kA TR L& R TR R
)38 % PE B3N, SRR RBURHR v o — KR
1. fEWRRER 2 R H0N 9.9 &b, FIEE 78 4 EL AL KL
N5, Rk BRI A RE 2 2R
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Fig. 2 The clustering figure of 78 P. calleryana base on morphological characters
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Fig. 3 Principal coordinates analysis (PCoA) of 78 accessions in P. calleryana base on morphologic data
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