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Diversity analysis of nut phenotypic traits of 210 Chinese
chestnut germplasm resources

ZHANG Xinfang, GUO Yan, ZHANG Shuhang, LI Ying, LIU Jinyu, FAN Liying,

WANG Guangpeng”
(Changli Institute of Pomology, Hebei Academy of Agricultural and Forestry Sciences, Changli 066600, China)

Abstract To analysis the nut phenotypic traits diversity of Chinese chestnut, a total of 19 phenotypic traits
(two false qualitative traits, 5 qualitative traits and 12 quantitative traits) of 210 Chinese chestnut resources
from 11 provinces were determined. Then genetic diversity of nut phenotypic traits was calculated based on
the Shannon-Wiener information diversity index. The chestnut germplasms were comprehensively evaluated
by using the correlation analysis, principal component and cluster analysis. The results showed that: The
19 nut phenotypic traits of 210 chestnut resources displayed a high level of phenotypic diversity, with
variation coefficients ranged from 4.38% to 47.98%, and the genetic diversity index ranged from 0. 45 to
1.96. The diversity index of quantitative traits was generally higher than that of qualitative traits. The nut

phenotypic variation among populations accounted for about 1/4 of the total variation, and about 3/4 within
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populations. Correlation analysis showed that kernel rate was significantly positively correlated with nut size

and kernel weight. Nut shape index was only significantly positively correlated with nut length, and was

significantly negatively correlated with other traits(P<<0.01). Principal component analysis showed that the

12 quantitative traits were integrated into three principal components, and their additive contributing rate

reached 87.334%. The three traits that could best reflect the phenotypic characteristics of nuts were the nut

length, kernel weight and nut size. The 210 germplasm resources were systematically clustered into four

groups based on the genetic distance, and there were significant differences among the groups. The

germplasms in group III-1 could be used as excellent parents for material innovation and hybrid breeding

because of their large nut size and high kernel rate. The diversity of nut phenotypic traits of Chinese

chestnut was systemically analyzed from multiple perspectives in this study, which could provide a scientific

basis for the discovery and innovative utilization of excellent chestnut germplasm.

Keywords Chinese chestnut; nut phenotypes; diversity; comprehensive evaluation
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Table 1 The names, sources and types of 210 Chinese chestnut materials

5 4 F U X 4 2 1 Fe U 4 %
No. Name Source Type No. Name Source Type
1 W) EBE A e C 106 5t AR 2 % D
2 T T 7Y Y M AL # C 107 e 1R %8 22 D
3 215 b % e C 108 7% 355 AR 2% A
4 R/ e ss e C 109 B % AR % % A
5 H & A 1L % e A 110 L1 AR B A 7R | A
6 INEP I 2R IX 7 2% B C 111 & F 1 AR i A
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45 2 B ok U Hh Byl %5 2 R ok U5 Byl
No. Name Source Type No. Name Source Type
7 Fole /Ml Ol C 112 21 % 1 AR S P A
8 mEF 15 wLH e C 113 ik 1w W AR A %2 A
9 MRI2% Wb 2% & C 114 fE Ll AR ¥ BH A
10 Kk 25 AL 2% R C 115 HW 3 5 LI 7R 4B 3% A
11 KL+ 1% IO =2 C 116 25 WAL i B
12 i 315 b B 117 FHE1S f Jb i P B
13 e |2 A 118 T 2-2 [ ve S o] B
14 WA KL Ty =5 A 119 %3 VAT A E Ik C
15 W 7 5 1w Hr | A 120 IR 35 AT 2% C
16 pEAR ] LR A 121 XA 64 T b 3% £k C
17 JLEF VL7575 N A 122 Je 55 b 2% B B
18 STPN ! L1 AR I R A 123 H4%F 2-2 bO e ] C
19 A W% | A 124 R I 13 AT b i 7 C
20 BB LI e 78 A A 125 W& FU 15 WA & A
21 BRI 1 T At 5K Bk A 126 7% 54 T b fk B
22 Eh L WL ik e A 127 X 12 kB A
23 RET LR R A 128 52 WAL C
24 ek N E|=iy2 A 129 T 45 WAL e C
25 e 2% M E| =2 A 130 PN 3] IOE[$23 3 C
26 e M E|=iy/2 A 131 K2 WAL e C
27 etF2s IOE- )2 C 132 41 A b i 7 C
28 Jit 5% T b PE Ik B 133 MRIR 15 il At i 7 C
29 e 5 T b 2% B A 134 il Z B 5 bE | =g C
30 i1 i b 2 1k A 135 T AR 28 % A
31 EFACED) WAL C 136 KoL LI 7R 4B 3% A
32 KigH b B =iy'2 A 137 W 15 AT b 2% C
33 7 Jent M A 138 714 v b 3% 1k C
34 e Jbut & A 139 %6 b i 4% C
35 WiR 15 Wi A 140 Kmhzs ] Ik iF P C
36 % 5 5e e W% H A 141 R 1-6 il 4t i 7 C
37 i 5 -33 1 Ao B A 142 Bl ) 52 A [OE[A=E B
38 H 2% -1 VLI H 2% C 143 Rl v W ALT & B
39 g 58 Wi A 144 JA R 65 il At i 7 C
40 & AR 2 & A 145 H7-5 bE | =g D
41 T WAl R A 146 ERIIErs 7 AR 7 A
42 (2R AR 2 B A 147 F1CHD W b 58 Ik A
43 HEHT AR 75 %2 A 148 iE V5 v s i) B
44 DL-1 W% H C 149 Jb 25z il b 3% 1k C
45 DL-2 W% W C 150 N R 4k i 7 C
46 DL-4 e % m C 151 = H1 W b 58 Ik C
47 DL-3 e % m C 152 RVKE 3% T b 58 Ik C
48 JTVY 14-1 SV AR C 153 e B WAL T A
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£ R 2 i o U5 # By 5 2 i o 5 By
No. Name Source Type No. Name Source Type
49 il K ARG Bk J7 VY Al kK C 154 w2y T b 56 4k C
50 I M -1 YL 95 M C 155 M [ LT T b 2% g
51 GRS 9 BT B 156 i P BT WAL A
52 WD Bk i Rl 325 C 157 X 13-98 e[ =F D
53 AL bR i NEE R C 158 PR WAL B
54 AR W rE A C 159 MAIT% T b 24 g C
55 B Akt 8 7 C 160 BmEMWI T b 24 C
56 me Jb i 2 A 161 il F TG 2% R C
57 X1.-002 b % R C 162 418 7 b % R C
58 i P 5 bl i) A 163 K 3113 b sl a i) A
59 £ T L 5 C 164 HEIE 7R %8 % A
60 By Ayn| T b 5 Ik C 165 XKEa-1 L e A
61 & 84 T b 58 3k A 166 i P R AL e[ ba i A
62 Wi 1% T b 58 Ik C 167 XKEa-2 WAL E A
63 B IR 4 & A 168 LIRS bOE| sy A
64 H R AR 4 & A 169 oL e A
65 PRI I AR 4 & A 170 KA LT T b 58 Ik A
66 K 22 B 45 B VG VG % A 171 T & 5 AL WAL & A
67 A b mt A 172 M # WAL E A
68 BN B 2 M E B C 173 Bl IO E|g=F A
69 ENE AN mnE e A 174 FR1 b E % A
70 M i WAL E A 175 B2 WL B R A
71 H U2 A 176 et I b 7Y A
72 b 2T T 5 2% A 177 e 45 b 7Y A
73 e T b 2% A 178 e 111 e A b 7Y A
74 AR AR 78 % B 179 e 4> T 4 98 3k A
75 5 5 H AR 78 % B 180 FE WK ] 4t e Ik C
76 E= TR LS | Sy A 181 T S i b 58 Ik C
77 X 12-55 WAL B R D 182 W & A WAL & A
78 T AL AR 78 % A 183 & K kL WAL & A
79 A %F 1-1 IO e s C 184 H 7-1 WAL B R D
80 4 E I 5 B Y 22 A 185 M sz g WAL B R C
81 HER B Y 22 A 186 TR D WG R C
82 B3 WAL B R A 187 e 1 A = WAL B R D
83 T & 2 WAL & A 188 X 19-94 WAL B R D
84 W 2 5 WG i v B 189 ML A OBl A= A
85 TiJE 15 T b 7Y B 190 2 b i 4% A
36 J& B I A A m AL & A 191 D 3-21 mdk B 2 D
87 B i 3 WA T A 192 H 3-18 WAL B R D
88 5 S e 1) WA T A 193 X 34-105 WAL B R D
89 7 W R WA T A 194 HE b % Ak A
90 5 Ak 8 3l b % Ak A 195 RUKE 145 T b 58 Ik C
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TR 2 i ok U5 Byl TR 2 R ok U5 Byl
No. Name Source Type No. Name Source Type
91 3 WAL & A 196 H 8-1 IOE[ A= D
92 JRERE JVY R A 197 FHE fif T b 3% b A
93 JUVEEML S J7VE R AR A 198 D 2-2 IR A= D
94 H B Ol YL IR H 2% A 199 KEpE 145 b 58 Ik C
95 & H VL 95 B 2% A 200 X 12-25 bE =g D
96 WiV 2 e Wi 148 % A 201 VAR S b Ak A
97 F W15 L% m A 202 X 30-70 IOEIA=E D
98 e bW A 203 L L 90 H 2% A
99 e 2T db 5 3 A 204 3113 4k i P B
100 /NE 10 il b 3% 1k A 205 D 5-50 bE S| =g D
101 KE 10 T b % 1k A 206 X 13-98 A= D
102 E it v b 3% £k A 207 X 34-105 WAk E AR D
103 ik 1-3 i b 3% 1k A 208 H PG 7-1 m b B & D
104 ik 1-2 A b 38 £k A 209 [EERES IOE[4=F A
105 T AR AR 75 %2 A 210 BIHW A 5t 52 B

AR B AR B, M7 SRl C LR D, 28I R R .

Note: A, seedling cultivars; B, local varieties; C, ancient trees resources; D, hybrids varieties.
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Table 2 The description and assignment of nut quality traits and false quality traits of Chinese chestnut

FEAEHE A Description and assignment of traits

Byl PEAR
Type Trait 1 9 3 4 5
A B R WAIEAR MR 282 UibiZ
False quality trait % IR B, FAR RSN i ot Kl A
LI IR TH RN ik
RSP s B 5 RSy kE £
PUBLTEAR EUURE B ¥ 2 i
Quality trait
HESM Sl RIFLTF i &
HEHMO Fi B &

1.2.2 #H= Mk
I 5K (Nut length, NL) | %5 98 (Nut width,
NW) | IZ B JE (Nut thickness, NT) A& 1 5% J& (Shell

thickness, ST H¥##r < R OR§ EE 7 0. 01 mm) Il
i, JiE 8 S5 (Base width, BW) A1 3 i 9K K (Surface
arc length, SAL I HE R CHEE R 0. 1 cm) I & , 45
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FEA AL B 10 4> 2 SR AT LA B MR i T &, IO
S E R B E 0.01. T ROECRE R
0.01 @) 47 #ki 57 2 (Nut size, NS) FlFl 5% i &
(Shell weight, SW) [ 22 , &5 #¢ 7 fifi 1L 1€ B 10 4
U SREAT I E , WO B8, R a6 20 0. 01, RIEHR
% (Nut shape index, NSD | Ji§ B K /)N (Base size,
BS) . A~ Ji £ (Kernel weight, KW) Fl i [~ &
(Kernel rate, KR) il i A3 B4 RIEFEEC N
1R SRR 55 0 R B 8 LU AR, JEC A /N S i A o 5 R T
R 8 PO AR, Al 5T o oy BAURE BT 6 5 e o 1) 22
(B, AR A 5T i 5 PPUORL T 5 Y LU AE .
1.3 HEFEHH

fii FH Excel 2010 844 X 84 47 8 SR 52
FIIF SPSS 20. 0 #k 47 R AR By R R M Fe it Ty 22
GY BT AHSCPE A3 BT L A 4 B DA R st A% B R T
B HFH Mega 844 il B2 A
1.3.1 AAHRRKREFZHZCV)FR 4 S AR

ot 5
R AR S R B R TR ) B OB TR

FaW /(1
CV="x100% (D
u

R s MbRUEZE s u AYERSEIME , mm/g.

Shannon-Wiener’ s 2 #f ¥£ 4§ 8 (H ") it 55 2
W R
H’=—>P, X InP, (2)
o PR S — VRS O AR B S B
Aok, Y.
1.3.2 F E25#
K S BT T 22 40 B BEAT AL 560, B AR ] AR
S A AR S E A L H R B RV R
R REAR R
Ver=1[82,, /(85,1 8:,)]X 100 % (3
2 0 N BEAR ] J5 22 73 it 5 00 W REAR N Oy 22

S
2 #RE5H

2.1 PERFERRERBERSHEGESHT
2.1.1 FEBRRS5BERZHIK

MR B2 PR 7 AR IR B9 Shannon-Wiener’ s £
FEME TR B JE BN 0.45~1.30CFE 3, FH K
0. 84, H v I S8 1Y) 22 4F M 48 BUR K, AR IB AR
) 22 FE PR 38 Bod /N o S RIEIR 2 S R B R
(47.98%0) , HBHUE AL 5 R BiR /N (26.76%0) . 7
A MR B A 5 R B 37, 54 %6, 1 BH X S iR
ERVARZ s SN O (B W 1= DO =
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Table 3 Distribution characteristics and coefficient of variation, diversity index of nut qualitative traits and false quality
traits of Chinese chestnut

Byl PEAR WA/ % TRAE/ N ZREHEIER
Type Trait Frequency CV H’
P 5 A R WEORIER 88.08 5.18 6.74 45.11 0.45
False quality traits e fipgi¢s 1554  0.52  38.34  34.20 11.40 35.85 1.30
LR 76.17  14.51 9.33 47.98 0.71
RO 18.13 63.21 13.99 4.15 0.52 35.41 1.03
fu%i‘%?fait RTURF 2.07 61.66 20.21 16.06 31.28 1.00
HESM  66.84 29.53 3.63 40. 38 0.75
HESE  29.53  70.47 26.76 0.61
V¥ Average 37.54 0.84

TE SRR 55 2 TR RR QA 38 A X 107 A 45 1R 53

Note: Frequency refers to the frequency of each trait corresponding to the description characteristics in Table 2.

P 7 AP R R 2o i DR A SR e R BT 4 i e
FOCEE; /MR EBBIO A AR AUKH 2
Ft oy AR Y o AR R AR X — PR, W EROE &

88. 0800 , BRI A1 BB B3 /> 5 465 €00 Rl 5% 465 €0 14y 1 2R 15
RNl 2 GRS R 2, s il 4%
2B AR P R B R (76,1700, BOR AN
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R 2, 2 B R0 B A 2 5 28 A0 1 2 10141 )5 A
B2.07%) ,ER MM MR 2, PN R £
(61.66%) ; & B H £ K £ 4 fii /£ i R T
(66.84%) , Hoyk 75 2 8 LA R (29. 53%) , 43 i 78 J4]
BB (3. 63%) ¢
2.1.2 HEFHRK

F B S R 12 A B M bR B 22 R R B st
7 S 43 A 45 SR (6 4 0 5) AT L 3 BE R (0 A8 57 2R
AT 4.38%~33.73% . Hod S RS R

ot ¢ T o L BRLORL T ORI R 0T A 0 AR S R B A
20% LA b, 3 B3k 0 PR Y B EORR E AOR L AE Se E
Fu o mIRERK IR R A 5 R
<<10%% , Ut B 3k S MR 35 AL SRR E

12 4~ Pk B9 Shannon-Wiener’ s £ £ 1 18 £
(H)ONT1.70~1.96,F¥h 1.84, %Ik FH 5
it PR Y 84 22 AR MR S B0 T MR 2 AR
Fe 8, R R SE R R R B A RS R sl £
TR R 43 A1 - 4 P 5 T B PR DU 3 A AR X AR
WIS A 2E

R4 WEEZRDRAHEMKRNBESHEENR

Table 4 Genetic diversity index of 12 nut quantitative traits of Chinese chestnut

/SR ERIN YA + bR CARO 4 We/ME N e 2 EE T

Quantitative trait Mean=+SD Median Min Max Range H’
e K /mm NL 25.4142.39 25.23 15.12 34. 89 19. 77 1.90
X HL 55 /mm NW 30.5943.33 30. 37 19. 21 46.33 27.12 1.89
X S /mm NT 19.1142. 28 18. 85 10. 14 30. 75 20. 61 1.87
SRIE 48 B NST 0.8340.05 0.83 0.59 1.08 0.48 1.75
JEE JEE 5 /mm BW 14.29+2.94 13.97 8.00 25. 00 17.00 1.85
SE YT K /mm SAL 47.77+4.99 47.27 32.00 70. 00 38.00 1.86
JiE K /N BS 0.304-0. 04 0.30 0.19 0.47 0. 27 1.84
it 52 J8 /mm ST 0.5940.16 0.57 0.20 1.55 1.35 1.77
il 72 it 1 /g SW 1.5740.53 1.47 0.51 4.77 4.26 1.77
HURL I i /g NS 9.6042.65 9.04 4.71 19. 67 14.96 1.96
Pt~ i /g KW 8.03+£2.28 7.56 3.38 16. 85 13.47 1.95
Hi R KR 0.8470. 04 0. 84 0.63 0.96 0.32 1.70

22 HEWMEHFAMNBEECANERRET R

ST

W SR VR T ) — 24 i (0 e IR AR S — AR TR
12 A B a P R AR B A (] RURE AR N 19 O 22 3 4
K F A0 R B 6) o A T AR i) 0B A4 P9
2 4y B A 4 4k 0 Sk 2.13%~32.85% Al
42.06%~66.44% ; %5 PEAR M R B 534 RN T
4.34%~33.14% ,°F ¥ 2Ky 24.93 % , B HE 44 (8] (1) ~F
PIRAAR 5 2y S R0 /4 BEIR N2 3/4, 1
B REAR N AR S R e JE IR S R A AR S5 ) EEOR TR
2 VIR B SR8 48 BOPE AR ) 19 22 5 A8 10 3, Gk
AR AE B A D) F0BE AR 9 B A A R 3 22 R (P<<
0. 01D, it W A T 5 5 2 A0 P bR 78 B Ak 1] 03 1 P
(78 S PR B R e

2.3 HERERRRBEREEITN
2.3.1 ABEENH

1 IR 12 A B0 EE PR AR OG5 R R B (R
D RZHEM R Z ) AT WA, Ry
BAURE T PP SRR IE A E(P<<0.0D), 5
Fofr e J&E e BT e S AR W A DG (P<20. 0D, HJIE
JiE R /N B2 7R 56 (P<C0. 05) ; b 3 J& FIL R 52 i
5P R R B A O, S MR ) A
3 TE AR DG (P<C0. 01) ; HURL BT & 15 b 7 Bt & 52 1%
i 2 IE A5G (P<<0. 01D, H M 5% & %0 h% 5 (0. 988) ¢
UK TE R R T SR I R EE KN
0] 52 B 25 TF A 56 (P<<0. 01) ; SR 15 5 A 5 Ik |
K5 M 3 IE A 56 (P<T0. 01) , 5 H Al p bk (g 51
7N N i 218 AT SN0 £ N N 8 - S
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Table 5 Variation of nut quantitative traits of Chinese

Jo R B O R R R B AR £ AR 3 fAOMT G (P
<0.0D),

e 232 EAH AT

Quantitative trait v T 12 A B0 R T AT A AT (R 8) L AR
g B N 9.42 PERFAE(E > 1 S R or ik 2 =850 iy J5 ), A4 i 3
IR L5 NW 10.87 AN F RS, e R R AEAE 4> ) o 7. 787 (1. 551 Al
IR B NT 11.95 1.142, 5T Wk 2 4> 5 A 64.893% ., 12.922% Hn
HIE $5 8 NST 6.08 9.519% o T 34~ F L4 1 RFL DT R 15 87. 334 %%,
JRJESE BW 20.61 T I T % SR 50 IR 4 40 K 3 3 125 L
AL SAL 10-45 551 AP R SR G R SR T A MR R
ﬁi;’g‘f‘s ;Zzg F A i T A0 S R /A O 69 25 4 9
e S i s B 585 2 A T 4 SR JEE 4 ) 1 5
VR B NS . T i A I TR R A 28 M IR R I R A A R
T KW 08 34 BRI 5 565 3 22 A% T SR T 45 ORI JE ke /s (4 0
% KR 4.38 ) (9 A AIF 16 e A, R B T R SR A R R

Fo WMERBRDRANMEHERNFESEMBEEARESURE

Table 6 Variance components and phenotype differentiation coefficients of 12 nut quantitative traits of Chinese chestnut

TESBRESN/ Y RESER

- N Gy v F
Hrig PRk . mEIR Percentage of /% &
. Variance component . . F value
Quantitative variance portion Phenolype
trait ) ) differentiation )
TR ] BN BEMLIR2E BEIRIT LN coefficient U] e N
K NL 2510.16 5687.82 2915.63 22.59 51.18 30.62 8.76” 16.96™
IR 58 NW 4472.44 11441.54 5525.09 20.86 53.37 28. 10 7.76" 18.01™
IXRE NT 2041.49 4761.27 3303.59 20.20 47.11 30.01 8.52" 12.53"
AP 5 % NSI 0.11 2.34 2.54 2.13 46. 89 4.34 0.90 8.00™
JiG FE 6 BW 3795.62 8033.97 4977.58 22.58 47.80 32.09 9.38" 14. 03"
MK SAL 8681.77 25802.69 13840.20 17.97 53.39 25.18 6.68" 16. 21"
JES 8 K/ BS 0.49 1.39 1.36 15.18 42.78 26.18 7.05" 8.85"
FhFEE ST 2.86 20. 30 25.11 5.91 42.06 12. 33 2.797 7.03"
Fh5e BT SW 134. 64 290. 20 116.39 24.88 53. 62 31. 69 9.21" 21.68"
FURL BT R NS 4462.85 9004.08 120.12 32.85 66. 27 33.14 9.84" 651. 66~
Mo KW 3152.03  6672.79 218.45 31.38 66. 44 32.08 9.38" 265.55™
% KR 0.19 1.22 1.186 7.31 47.04 13.46 3.107 8.96™
-4 Mean 2437.89 5976.63 2587.27 22.16 54.32 24.93 / /
T R 22 50 B (P<<0. 0D, Rl

Note: ** indicates extremely significant difference at 0. 01 level. The same below.

MR 25 HE PR AE 34 Tl h 945 0 R B % &
B3 B R AR, TR H A s B B B AR s AR 4%
TRARH RE, RARRBERB P REAX Y=

0.128X,4-0. 099X,+0. 099X,+0. 029X, +
0. 058X;+0. 107X,+0. 004X,+0. 006 X+

0.069X,+0. 122X,,+0. 128X,,+0. 088X ,,, 1E % 3\
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Table 7 Correlation analysis between 12 phenotypic traits of Chinese chestnut

B IR s i S
BORTER pom e womsr BB R REE 0 mk mog moem o FS
Quantitative N NW NT NS W [ N BS ST & sw B i x
trait ‘ : ) SAL ) ) e NS KW KR
I K NL 1. 000
IR 5 NW 0.828™ 1.000
IR NT 0.7317  0.821°  1.000

I HESH NST  0.0807 —0.487" —0.3217  1.000

JiS JBE 95 BW 0.605" 0.692™ 0.7197 —0.289"  1.000

HWmyliK SAL  0.8117  0.8287  0.8237 —0.216™  0.788" 1.000

K JE K /N BS 0.272"  0.386  0.4317 —0.265"  0.874” 0.397"  1.000

s & ST 0.262" 0.274"  0.271" —0.079" 0.267" 0.295"  0.163" 1.000

ST SW o 0.6287  0.6627  0.609 —0.198"  0.587" 0.650”  0.3577 0.494”  1.000

R NS 0.7447 0.7907  0.7337 —0.244”  0.666™ 0.763"  0.3917  0.346” 0.753" 1.000
B KW 0.7207  0.7657 0.7117 —0.238"  0.6387 0.7377  0.372" 0.288" 0.644” 0.988" 1.000

HAm % KR —0.023 —0.010 —0.005 —0.019 —0.035 0.001 —0.047" —0.309" —0.513" 0.144" 0.286" 1.000

W RoR 22 5% B3 (P<<0.05),

Note: * indicates significant correlation at 0. 05 level.

®8 LRARBEERWINEHSHBLERE FIE. THKEXRRITEHE
Table 8 Eigen vectors, eigen values, contribution rate and cumulative contribution rate of first three principal components based

on 12 phenotypic traits

Frd Pk F 843 Principle factor
Quantitative trait 551 Ay o552 E R4 553 4y
IR K NL 0.884 0.067 0.395
IR FE NW 0.959 0.077 —0.001
IEIRJENT 0.948 0.057 0.032
S5 B NST —0.401 —0.046 0. 747
JEEJAE 55 BW 0.896 —0.030 —0.255
R SAL 0.948 0.023 0. 150
JIEJBE K /N BS 0.641 —0.055 —0.541
FhFeIE ST 0.561 —0.618 0.123
Ffv 5 i i SW 0.924 —0.292 0.088
ok B NS 0.948 0.218 0.110
R KW 0.917 0.317 0.110
A2 KR —0.049 0.957 0. 009
FRE{E Eigen values 7.787 1.551 1.142
BTk %/ % Contribution ratio 64.893 12.922 9.519
R TR/ 64.893 77.815 87.334

Cumulative contribution ratio
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[,II, 10 and IV represent group I, group II, group Il and group IV based on cluster analysis. Corresponding to group III 1 and 2 represent

subgroup II-1 and subgroup II-2. Corresponding to group IV 1,2 and 3 represent subgroup IV-1, subgroup IV-2 and subgroup IV-3.
1 210 ERFEEFRRESHRELE

Fig. 1 Clusters of 210 chestnut germplasm resources based on Euclidean distance
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Table 9 Mean values of 12 phenotypic traits in different groups of Chinese chestnut germplasm resources

Ve RN | I 11 v
Quantitative trait 1 2 1 2 3
B/ Number 15 7 61 1 38 1 87
K /mm NL 29.78 21.66 26. 85 28. 04 23. 40 27.06 24. 85
B9/ mm NW 37.00 24. 81 32.52 33.01 27.78 32.46 29. 84
IR /mm NT 23.07 15. 63 20. 45 21.95 17.31 20. 56 18.58
Y5 B NSI 0.81 0.87 0.83 0.85 0. 84 0. 84 0.83
JEE JBE % /mm BW 19.11 11.25 15. 94 19.22 11.96 14. 46 13. 60
HH K /mm SAL 56. 84 39. 66 50. 83 55. 44 43.46 45.06 46.70
JEEFE R /N BS 0.34 0.28 0.31 0.35 0.27 0.32 0. 29
e/ mm ST 0.73 0.58 0.63 0.88 0.53 0.61 0.56
PR /g SW 2.72 1.05 1.80 2.45 1.16 1.96 1.41
PR /g NS 16. 00 5.77 11.41 7.98 7.21 8.37 8.63
= Bt /g KW 13. 28 4.72 9.60 5.53 6.05 6.41 7.22
{2 KR 0.83 0. 82 0.85 0.69 0. 84 0.75 0. 84

L IRV R AR A0 SR 243 AT 30 43 B S R T SR LG T SR IS B RIS TV 2R T, X By TR R A9 1.2 R S5 1L-1 M AR I-2 W7 2, 5% g

BEFAY 1.2 3FRBIV-1 BIV-2 FSEIV-3 3.

Note: I II,II and IV represent group I, group II, group III and group IV based on cluster analysis. Corresponding to group III 1 and 2 represent

subgroup III-1 and subgroup II-2. Corresponding to group IV 1,2 and 3 represent subgroup IV-1, subgroup IV-2 and subgroup IV-3.
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