T AL BT AR 2016,17(6) :984-992
Journal of Plant Genetic Resources DOI:10. 13430/j. cnki. jpgr. 2016. 06. 004

FR AL 53 i DX L] -l 5% i
R RENE B R Ao M

B, TXA VRS E R W, NER EER NER, FTEHE,T OZ
(BT A AN B B FHT 5 B, 41 FHT. 157041)

FE TR B A A FOCIE 69 239 L 3 T K RAATE SF B AR RBF 19 MRA MR SHEMRBF TR, EREAW, &R
BEZAILEFNEFBERLHFEAFGORE SN FHEF Z2800-FH IR 5] 4 32.65% F» 1.38, L P4
A AR T K RESE 13 4B MR T {240 38.43% , T3 4E S ARMIE4CH 0.95, et K P AR K5 6 /Al
FHARETHEF REH 26.87% , Tt SAEMIEHA 1.80, H—F oM A, RERRE L F AR SHMELELEF AL
LB A LFF SHMKTRG, AT 19K BRGRESM LI, ERKIES A 2.5 0, 2R LH FHATAX S A2 X
£TATE B LH F AR EEA 5, AT IR0 5 KB B LA R L 5

KA LA T AR RR AR S AR ARG RES T

Phenotypic Diversity and Clustering Analysis of Malus baccata(L. )
Borkh. in Some Areas of Northeast China
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Abstract ; In order to efficiently use Malus baccata (L. )Borkh. germplasm, this study analyzed the phenotypic
diversity of 19 morphological traits such as tree performance, leaf shape and fruit shape of 239 M. baccata (L. )
Borkh. germplasm collected in northeast China. The results showed that M. baccata ( L. ) Borkh. in Heilongjiang
province and Inner Mongolia autonomous region were rich in phenotypic diversity,, with mean variation coefficient
(CV)of 32.65% and Shannon’s diversity index( H") of 1. 38. The CV and H' for 13 visual characters of M. baccata
(L. ) Borkh. such as tree performance,tree shape and leaf color were 38.43% and 0. 95, while were 26. 87% and
1. 80 for 6 measured characters such as leaf length,leaf width and petiole length. Further analysis showed that phe-
notypic diversity of M. baccata (L. ) Borkh. existed differences among different regions, which was the highest in
Wenchun of Heilongjiang. Cluster analysis based on 19 morphological traits showed that all of materials could be di-
vided into 2 populations,7 subpopulations at the euclidean distance of 2. 5. It implied that there had been complex
genetic basis for M. baccata (L. ) Borkh. because of all of materials were dispersed and did not form a separate popu-
lation.
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Table 1 Name and number of 239 materials in experiment

11" ~50°40'N ZZJa] BHELL 30 ~50 4FA: R AR 22U
FESRAHE S AR 3 RSB B 2T B R AR 5t
RAHTR FRFFIETER 3 R, e ASIEA [ |
[ BPIE KRS, ARt DX AR R 38 L3R 708 TR A A%
DR Z— B 8 MR PR A R, A
U TR E AL X Y 239 Ao IR T T
RRIZFEE T, BAERA T 3R B AR I X L3R 7
TR A ZAE KT, B B AR JEAS ) Hb DX L3R 7 =2 [0 1
SRGRFR ST IR FAZ OFP BRI P4 X, S}
S BRI LR B R B S

1 #MR5EFE

1.1 i3
I ATEF EZRAL 8 b X WS 19 239 £ 1115
TRBE AR )RR (W) 193 13 (55

A= LR || P Z% || P55 LR || P Z || P55 &% || P55 &% || 75 £
No. Name No. Name No. Name No. Name No Name No. Name No. Name
1 WC1 36 WC36 || 71 WC71 106 WC106 || 141 WC141 || 176 WC176 || 211 1LK3
2 wC2 37 WC37 || 72 WC72 || 107 WC107 || 142 wWC142 || 177 WC177 || 212 LK4
3 WC3 38 WC38 || 73 WC73 108 WC108 || 143 WC143 || 178 WC178 || 213 LK5
4 wc4 39 WC39 || 74 WC74 || 109 WC109 || 144 WC144 || 179 WC179 || 214 LK6
5 WC5 40 WC40 || 75 WC75 110 WC110 || 145 WC145 || 180 WC180 || 215 LK7
6 wcCo6 41 WC41 || 76 WC76 || 111 WCI11 || 146 WCI146 || 181 WCI181 || 216 LK8
7 wWC7 42 wc42 || 77 wWC77 112 WC112 || 147 WC147 || 182 WC182 || 217 LK9
8 WC8 43 wWC43 || 78 WC78 113 WCI13 || 148 WC148 || 183 WC183 || 218 LK10
9 WC9 44 wWC44 || 79 WC79 114 WC114 || 149 WC149 || 184 WC184 || 219 HYZ1
10 WC10 || 45 WC45 || 80 WC80 || 115 WC115 || 150 WC150 || 185 WC185 || 220 HYZ2
11 WCI11 || 46 WC46 || 81 WC81 116 WC116 || 151 WC151 || 186 WC186 || 221 HYZ3
12 WC12 || 47 WC47 || 82 wC82 || 117 WCI117 || 152 WC152 || 187 WC187 || 222 HYZ4
13 WC13 || 48 WC48 || 83 WC83 118 WC118 || 153 WC153 || 188 WC188 || 223 HYZ5
14 WC14 || 49 WC49 || 84 WC84 || 119 WCI119 || 154 WC154 || 189 WC189 || 224 HYZ6
15 WC15 || 50 WC50 || 85 WC85 120 WC120 || 155 WC155 || 190 WC190 || 225 HYZ7
16 WC16 || 51 WC51 86 WC86 || 121 WCI121 || 156 WC156 || 191 WC191 || 226 HYZ38
17 WC17 || 52 WC52 || 87 WC87 122 WC122 || 157 WC157 || 192 WC192 || 227 HK1
18 WC18 || 53 WC53 || 88 WC88 123 WC123 || 158 WC158 || 193 WC193 || 228 HK2
19 WC19 || 54 WC54 || 89 WC89 124 WC124 || 159 WC159 || 194 HDHZ1 || 229 HK3
20 WC20 || 55 WCS5 || 90 WCo0 || 125 WCI125 || 160 WC160 || 195 HDHZ2 || 230 HK4
21 WwWC21 || 56 WCs6 || 91 WCI1 126 WCI126 || 161 WcCl161 || 196 HDHZ3 || 231 HKS
22 wC22 || 57 WC57 || 92 WC92 127 WC127 || 162 wcC162 || 197 HDHZ4 || 232 HK6
23 WC23 || 58 WC58 || 93 WC93 128 WC128 || 163 WC163 || 198 JY1 233 HK7
24 weC24 || 59 WC59 || 94 WCo4 129 WCI129 || 164 WC164 || 199 JY2 234 HK8
25 WC25 || 60 WC60 || 95 WC95 130 WC130 || 165 WC165 || 200 JY3 235 HK9
26 WC26 || 61 WC61 96 WC96 || 131 WC131 || 166 WC166 || 201 JY4 236 HK10
27 WC27 || 62 wWC62 || 97 wWC97 132 WC132 || 167 WC167 || 202 JYS 237 HLESQ1
28 WC28 || 63 WC63 || 98 WC98 133 WC133 || 168 WC168 || 203 JY6 238 HLESQ2
29 WC29 || 64 wWC64 || 99 WC99 134 WCI134 || 169 WC169 || 204 YC1 239 HLESQ3
30 WC30 || 65 WC65 100 WC100 || 135 WC135 || 170 WC170 || 205 YC2

31 WC31 || 66 WCo66 || 101 WC101 || 136 WC136 || 171 WC171 || 206 YC3

32 WC32 || 67 WC67 102 WC102 || 137 WC137 || 172 WC172 || 207 YC4

33 WC33 || 68 WC68 103 WC103 || 138 WC138 || 173 WC173 || 208 YC5

34 WC34 || 69 WC69 || 104 WC104 || 139 WC139 || 174 WC174 || 209 LK1

35 WC35 || 70 WC70 || 105 WC105 || 140 WC140 || 175 WC175 || 210 LK2
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Table 2 Identification standard and measuring method of Malus baccata (L. ) Borkh.

% Y ERIN TR BRI ST R W5E J5i
Code Morphological character Criteria for recording and classification Measurement method
1 4 TP 148552 B33 915k 4. T 16 =i
2 A TS 1A 52003 =i
3 B LC 1 B2 IRER 3 054 TR ER 5 04T HI(aR)
4 MR LTS 1 #4252 523 . 450 54 . KRB R =]
5 2 LM 1B 52 . BUAR G 53 . B4R 15 R
6 % LP Lo ARba F 52 K553 b ERLI
7 DR FF 1P 2 485 3 . R 4. 29 =]
8 RIE FS 1R FDE ;2w B 53 K BE ;4 MBI ;5 . BRE ;6 . 4T ; (ERU]

7 SEIREIE 8 A BHEIE ;9 . IHIE ;10 . W APE
9 IR A, FC 1R 2 TR 3 5854 2R BT, 5 B ;6. IR B, 7. 30,8 0 H (e t)
10 R CD 3. A5 A ()
11 ek W 0.7¢;1. 6 R
12 AR SS LA 2 B0 AF 3 VR =i
13 FrbE YA 3 RFEES T M FES =i
14 MK LL FHIfE i IN
15 A5 LW SFHIfE Wer R R
16 AR PL FH(E i N
17 LK EDF FH{E iz TN
18 LY LDF FHMH i N
19 K PL FE{E iz N

TP Tree performance,TS:Tree shape,LC;Leaf color, LTS Leaf tip shape, LM Leaf margin,LP:Leaf pose,FF:Foliar form,FS:Fruit shape,FC . Fruit col-
or,CD; Coloring degree , W : Wrinkle , SS; Sepals state, YA ; Yielding ability, LL; Length of leaf, LW ; Leaf width,PL; Petiole length, EDF ; Equatorial diame-

ter of fruit, LDF; Longitudinal diameter of fruit, PL;Peduncle long,the same as below

IR Excel GEitIFHE & MARY 718
(L ofls 22 RS S R RS 4 IR (450 Rl 4
SR A AN JE HE B (1ST, leaf shape in-

dex) FIFIEFEEL(FSI, fruit shape index) , i § IBM
SPSS statistics 20 #X R R EE FE 1T R 2S00, 7
R AR BT AR KR R 2, SR T R
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WX FRUESEE, FHTRREN
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Table 3 Frequency distribution and diversity of visual characters of Malus baccata (L. ) Borkh.

ffljfpflu;l PR Freaeney I%i iﬁz( %) 5’#‘5#‘&%&
character 0 1 2 3 4 5 6 7 8 9 10

W4 TP 0.42 38.08 61.50 19. 02 0.70
R TS 47.28 52.72 32.73 0.70
i B LG 18.83  1.67 32.22 47.28 36. 14 1.10
2R LTS 47.70 14.64 28.45 9.21 53.42 1.21
% LM 18.41  39.33 42.26 33.16 1.04
% LP 18.83  7.11 74.06 30. 98 0.72
THEPRES FF 64.44  9.62 23.85 2.09 55.88 0.93
I FS 24,69 27.62 6.69 4.60 1506 0.84 2.09 544 10.04 2.93 75.00 1.92
SRR FC 2.09 10.46 0.42 42.26 27.20 12.13  3.35 2.09 30. 58 1.51
HEOFEE CD 94.56 5.44 14. 61 0.21
ke W 27.62 72.38 61.83 0.59
HRRES SS 7.53  20.50 71.97 23.33 0.76
FE YA 47.70 38.08 14.22 32.93 1.00
P14 Mean 38.43 0.95

CV: Variation coefficient, H' ; Diversity index,the same as below

E1

¥ FRESHEME
Fig.1 Diversity of fruit colur of Malus baccata(L. ) Borkh.
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Table 4 Basic parameter value and diversity of measured characters for Malus baccata (L. ) Borkh.

JEAHR FEAZL PIE + hriE2 PO AN e A5 RE(% ) AR AL
Morphological character Sample size Mean + SD Median Mode Range cv H'
MK (em) LL 239 2.49 +0. 54 2.56 2.61 3.30 21.58 1.94
58 (em) LW 239 1.49 +0.30 1.49 1.52 3.29 19. 88 1.88
144K (em) PL 239 1.27 £0.27 1.23 1.24 1.75 21.25 1.96
HSZRETE (em) EDF 239 0.40 =0. 16 0.35 0.35 0.93 40.23 1.50
ALY E (em) LDF 239 0.38 +0. 13 0.34 0.33 0.72 34.12 1. 60
K (em) PL 239 1.27 0. 31 1.26 1.30 3.10 24.16 1.91
F-#4 Mean 26. 87 1.80

B2 WHFRESHE
Fig.2 Diversity of fruit shape for
Malus baccata (L. ) Borkh.
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BRI B LR 92 8 e K, i s AR SRl Je/ )N, H 3R
PR 25 Ko, SR AR RIE R 1,16 ~
1.70 em ZJA], ZF SR EE R 0. 54 cm, o5z B X Y
L3RI FE B R, AR 1 3B IX LR 7 B e /)y, Ho 25 5%
IRE B E KT, RS X T AR B 2 2R,
BT R R SR = R 1. 79, BAER L)
FHRRHAR R 0. 95, E— 270 H1 L B0, BB e VA8 119
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Table 6 Comparision of leaf shape for Malus baccata (L. ) Borkh. in different regions

Hb s 4 (em) 58 (em) AR (em) I FE %
Location LL LW PL LSI
& wC 2.62 0.4 aAB 1.51 £0.29 abAB 1.29 +0.26 abcAB 1.74
M )7 HDHZ 2.11 0. 14 bBC 1.27 +0. 18 bAB 0.96 +0.22 cdBC 1. 66
#EAIY 2.99 0.3 aA 1.70 £0.47 aA 1.31 +£0.22 abAB 1.76
B YC 2.70 £0.26 aAB 1.51 £0. 28 abAB 1.51 £0. 18 aA 1.79
I LK 1.98 £0.49 bCD 1.16 £0.25 bB 1.20 +0. 24 abcABC 1.71
B HYZ 1.41 £0.47 cDE 1.48 £0. 16 abAB 1.13 £0. 22 beABC 0.95
M58 HK 1.33 £0.23 cE 1.39 £0.27 abAB 1.18 +0. 31 beABC 0. 96
1

R R T X HLESQ

1.71 +0. 12 beCDE

.45 £0. 13 abAB

0.82 +£0.2 dC

1.18

KNG P HFR AR AR IE] 19 F1 5% K225 B34, T

The capital and lowercase letters indicate significant differences at the 0. 01 and 0. 05 level probability, the same as below

XPAN T 1l DX L) SROE MR 54T 0T, th 3% 7
AL, Z M R R SR R AR Ll 0.22 ~
0.42 em Z [0, 48 508 B R 0. 20 em, i — 2240 My
RIS SR A B U A 5 R S b 1L R Y AR A
WEZERIN, KX Z 225 AR E;8 MHX
LR A1 R S SE AR AR R 0. 24 ~ 0. 40
em, B SRR 0. 16 cm, Jr 2501 R B AR Ho X
LLIFR] A4 b SR SEGAAR 22 57 oA 3k 2] B 3K F 58 A

x7 FEMERLHFRELE

X SRR K AR BT 0.84 ~ 1,62 em, A8 5+
TR, M 0.78 em, Hoip ARG 20 ) 5 5 B R
HARE 3 MM R RN K E A ER R E LR, &
B AR BB SRl i 5 R T ORI A 3
AW B EER, mH SEEN FAEREER,
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Table 7 Comparision of fruit shape for Malus baccata (L. ) Borkh. in different regions

Hb s WRSHETRE (em) YR (ecm) TR (em) HIFEE
Location EDF LDF PL FSI
A we 0.42 £0.17 aA 0.40 £0. 13 aA 1.30 0. 27 abcAB 0.95
F# 8 [ HDHZ 0.40 0. 09 abA 0.40 £0.07 aA 1.24 +0.23 bcABC 1.00
B IY 0.41 0. 11 abA 0.36 0. 08 aA 1.62 +0.36 aA 0.88
& YC 0.35 0. 04 abA 0.34 +£0.03 aA 1.38 +0.29 abAB 0.97
AT LK 0.28 0. 05 abA 0.30 0. 05 aA 1.00 +0. 39 ¢dBC 1.07
MG HYZ 0.28 0. 04 abA 0.29 +0.02 aA 0.84 +0.27 dcC 1.04
58 HK 0.22 £0.03 bA 0.24 0. 04 aA 1.00 +0. 34 cdBC 1.09
WFRLRTT X HLESQ 0.31 +0.03 abA 0.32 0.01 aA 1.13 +0. 16 bedBC 1.03
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Fig.3 The clustering figure of 239 Malus baccata(L. )

Borkh. based on phenotypic characters
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