AL e 2E 4] 2025, 26 (3 ): 554-565

Journal of Plant Genetic Resources DOI: 10.13430/j.cnki.jpgr.20240620004
JHEL | i S R D IS SRR TR 2 A 0 i B VP

AR AL F BT R A, R,
(T AR5 SRR BT . 432 066600)

HE K3 % LR (Castanea mollissima BL) 7R & B % Ak, 5Fi8 A AR 547 7 ik af L & 8% R R A MK 3E AT de iy
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Nut Phenotypic Diversity Analysis and Evaluation of Chinese
Chestnut Variety Resources in Yanshan Mountains

ZHANG Xinfang,ZHANG Shuhang, LI Ying, GUO Yan, LIU Jinyu, FAN Liying, WANG Guangpeng
(Changli Institute of Pomology, Hebei Academy of Agricultural and Forestry Sciences, Changli 066600)

Abstract: The purpose of this study was to explore the phenotypic diversity of Castanea mollissima Bl. in
Yanshan Mountains, and evaluate the nut appearance and economic traits targetedly using a variety of analytical
methods. The phenotypic datasets (11 descriptive traits and 15 numerical traits) in 118 chestnut variety resources
in Yanshan Mountains were collected. The Shannon-Wiener diversity index, principal component analysis,
membership function and cluster analysis were used to evaluate and guide the appropriate utilization methods
according to the nut phenotypic characteristics. The value of Shannon-Wiener diversity index (H') of 11
descriptive traits ranged from 0.33 (number of pubescence) to 1.14 (color of nut) , and the value of coefficient
of variation was 11.63% (obviousness of stripes) - 51.07% (wiring shape). The value of coefficient of variation
of 15 numerical traits ranged from 3.09% (kernel rate) to 24.69% (shell weight), and the value of coefficient of
variation of shell weight, bar size, kernel weight and nut size was greater than 20%. The Shannon-Wiener
diversity index ranged from 1.85 (base width) to 2.09 (nut length). There were significant or extremely
significant correlations among most numerical traits. The results of principal component analysis showed that the
cumulative contribution rate of the first four principal components was 80.768%, and contribution ratio of the

first principal component was the largest, which could be used as a comprehensive index related to nut size. The
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variety resources with higher comprehensive scores of nut processing economic traits included Jianli, Nanchui 5,

Xinglong 1, Maxingli, Yanli 1, Dabanhong, Yanli, Pingquan (Ge), Funingbaopi and Timashisheng.

Key words: Chinese chestnut; nut phenotypic; economic trait; evaluation
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Table 1 The information and comprehensive evaluation D-value of test Chinese chestnut
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Resource . D- Resource o D- Resource o D-
No. Origin No. Origin No. Origin

name value name value name value

1 H 4-25 WALER 050 9 KEL-2 WALEE 049 17 e btk 0.61
2 FHEELT WAE4EE  0.56 10 =HAE WAk TERE  0.41 18 LR WALEE 049
3 IS WAL 047 11 KB WALEE 038 19 S R LR 0.62
4 HEHLE WALEPE 040 12 wr2s  WdesEk 045 20 RE 84 aEsEEk 0.53
5 EPE AL WAL 049 13 EEM WAEEE 039 21 JHET WALEH R 0.69
6 R WAL 0.28 14 e a3 LT 043 22 ez WAL 0.62
7 K 3113 WAEEYE  0.53 15 PSR WALEYE  0.51 23 e wdEEE 0.57
8 EHF45 WAEEE 041 16 TFE 315 WALEYE 045 24 I WALEH R 032
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F1(4)
D P P I
No. Resource Origin D- N, Resource Orisin D- N, Resource Origin D-
name value name value name value
25 e JEEETY 050 57 RiF145  wHEFEE 041 89 25 WAL 035
26 HET WALE R 0.58 58 WG 345 R 038 90 M1 WALER 074
27 LA 1S LTI 0.49 59 e WAER 041 91 14 WHEEfE  0.50
28 MLER  WLEIE 046 60 KiLFss  wWdLER 033 92 B Wt 0.63
29 P52 mikER 047 61 sk WdbER 065 93 HIE1S WALE 053
30 R LA 035 62 a%F2-2 WHEEE 033 94 MELS WHEEE 078
31 H7-1 WALER 058 63 P mHAEE R 037 95 KeE2s  WdeiEr 047
32 TH4%5 wILEE  0.60 64 B2k wdbiEe 038 96 ¥ 54 mALEf 027
33 ik1-3 makiEf  0.50 65 HRuk#E3s  wdbwi 048 97 BRI 13  IER 034
34 PN e WAL 0.69 66 41 LTy 0.21 98 HEL AR WALER 059
35 H2 1S Wb 052 67 e WALRE 0.40 99 %1 WALiE%  0.50
36 e WALE R 0.64 68 PigE2 S WHALEPE 036 | 100 Pt WALEE 036
37 &2 WALEd  0.50 69 Bl WALTERR  0.58 101 AFR1Y WALMEE 0.24
38 Hedr WALTE  0.57 70 FARCE)  WHEER S 0.69 102 245 mALER  0.65
39 L2 L% 0.46 71 ey & 051 103 %6 L% 0.60
40 NI RS s 053 72 3 WAETER  0.57 104 Vhw1S WIEXEE 055
41 R JEmE 054 73 MPERRRIR  WAEMEE 031 105 P 1= WALE 038
42 X 49-36 WILER 047 74 59 ez 056 106 W35 mILER 065
43 Al 5 WAL 042 75 HILLIZE 1 e 021 107 e 85 WALXEE 036
44 XL-002 WALMEE 0.40 76 WAL 1S WHEE R 045 108 KFREI1S  desik 045
45 JEHS 1S wdLE R 0.50 77 Hew mAEE R 056 | 109 el WALMEE  0.54
46 TRl mibiL%E 035 78 EALEEEAN WALy 0.31 10 EJ 25 wdbsehk 046
47 THF1S WHEEE 054 79 M4 mILkEE 053 111 FiyleLL WALTE 0.62
48 FEWR7S  WHETE 0.8 80 el WALET 0.6l 112 #2245 W 051
49 E WHEE R 0.38 81 Wi WHEET 066 | 113 &RT2E WdkEHE 043
50 etk WAL 0.64 82 NS mAEE R 048 114 F I WHLET 0.6l
51 KRykas1s wdesER 0.52 83 K15 WHEMEE 032 115 o WALMEE 075
52 Tl 55 WALMEE 0.28 84 BMEME1-6 AT 038 116 B AR WAL 048
53 ) mibE% 042 85 FEgELS widkEd 039 || 117 EFEEA WILERE 035
54 3 WALEE 046 86 Esitl Wb 034 118 A WALRE 091
55 H7-5 WILER 059 87 MLl B 0.64
56 ST WILER 083 88 ARk Wik 0.55
1.2 R B R A PRy S\ — Sk AR e MEE R AR S %

PR PR e A R AR LI R A RAEEG BRI EEEZ . T
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B ERE, LLLY/T 18512009 it W32,
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Table 2 Value-determined criteria of nut descriptive traits of chestnut

PEAR JRALARE Value-determined criteria

Traits 1 2 3 4 5

IRILEI (A NC AR Tt we ES A

LAILAR NS 28] HE e

HLIPIR WS FH 2N LUBSEN

MW B ALE SO ANHT LA ik

JRJREDGHE E HS T HIR R

RV AP [Z SN e 1 M

HEHI PC 3 UJE|

IRFOLEE CL ik Uigs 0 - +

B4 PD TR T RIFUT Ji B

B DP i T i

HEL NP o B &4 =2

NC: Color of nut; NS: Side nut shape; WS: Wiring shape; SO: Obviousness of stripes; HS: Level of hilum smoothing; AP: Apex;

PC: Pubescence color; CL: Color and luster of nut; PD: Pubescence distribution; DP: Density of pubescence; NP: Number of pubescence;

The same as below
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Fig. 1 The variation distribution of nut phenotypic descriptive traits of Chinese chestnut
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Table 3 Variation and diversity of nut phenotypic descriptive

traits
PER TRFE(%) B 2R
Traits cv H
IR ILEI A NC 25.20 1.14
EIEAR NS 43.68 0.41
IR WS 51.07 0.67
B AL SO 11.63 0.38
G HS 31.73 0.68
RIURH AP 32.08 0.99
HEYif PC 28.20 0.63
IR IR CL 35.69 1.04
HE54i PD 40.17 0.78
T E% DP 39.84 0.98
HEZ/D NP 27.80 0.33
S+ Mean 33.37 0.73
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Table 4 Variation and distribution characteristics of nut numerical traits of chestnut

PR ¥fH brifE2E LRI H/IME ONIEL W2z BRF(%) ZHMERE FE
Traits Mena SD Median Min. Max. Range cv H' F value
IR K (mm)NL 24.59 1.56 24.66 20.45 29.35 8.90 6.34 2.09 14.60™
IR LG (mm)NW 30.46 2.41 30.46 24.05 37.92 14.87 7.91 2.05 21.82"
IR LR (mm )NT 19.69 1.73 19.67 15.41 26.21 10.79 8.80 2.01 1617
JEEJA i (mm) BW 13.23 1.76 13.00 9.00 21.11 12.11 13.32 1.85 11.07°
FHK (mm)SAL 45.99 3.48 45.95 37.00 58.33 23.33 7.56 2.02 13.96™
AEHAJE (mm)SL 10.17 131 10.11 6.74 14.14 7.40 12.90 2.01 12.67"
TIAEHNSI 0.81 0.04 0.80 0.74 0.93 0.20 433 1.99 7.18™
JEEJE KN BS 0.29 0.03 0.28 0.23 0.38 0.15 9.00 1.93 6.13™
M (g) BSI 70.08 17.16 67.95 35.84 124.82 98.98 24.49 1.98 15.14"
UK H (g) NS 10.18 2.12 9.98 5.02 16.24 12.39 20.85 2.03 20.56
e (g) SW 1.61 0.40 1.59 0.71 2.81 2.61 24.69 1.93 23.08™
P (g) KW 8.57 1.84 8.51 430 14.52 10.26 21.52 2.01 17.13”
Fh7e)E (mm)ST 0.64 0.08 0.63 0.36 0.85 0.49 13.11 2.02 571
523 NR 0.37 0.05 0.37 0.23 0.54 0.32 14.28 2.04 9.35"
H{-#% KR 0.84 0.03 0.84 0.77 0.90 0.13 3.09 2.07 5.96"

#PIRTE P<0.01 KV EHA B EET TR

** indicates significant difference at P<0.01 level; NL: Nut length; NW: Nut width; NT: Nut thickness; BW: Base width; SAL: Surface arc length;
SL: Stylus length; NSI: Nut shape index; BS: Base size; BSI: Bar size; NS: Nut size; SW: Shell weight; KW : Kernel weight; ST: Shell

thickness; NR : Nut rate; KR : Kernel rate ; The same as below
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Fig.2 Frequency distribution of numerical traits of chestnut
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Table 5 Correlation coefficients among numerical traits of chestnut

Pk o I G e e e
Traits NL NW NT BW oL NSI BS BSI NS SW KW ST NR
IRILHENW 0.847"

IR LENT 0.803" 0.884"

JFEJEE i BW 0.606™ 0.675" 0.729”

JRHITK SAL - 0.845™ 0.877” 0.880™ 0.751"

AHKEESL 01957 02657 0262 0207 0.178

WIEHEHANST -0.078  -0.593" -0.438™ -0.343" -0.356" -0.211

JEFEA/NBS  0.159  0.236"  0.305 0.808 0.225" 0.150 -0.207"

HASE T BSI 0.658" 0.783" 0.726™ 0.561" 0.659" 0.343"
ki NS 0.810" 0.885" 0.820” 0.638" 0.816™ 0.244"
fhFcE SW 0.694" 0.798" 0.812" 0.637" 0.8117 0.288"
F{-EKW 0.785" 0.848" 0.770" 0.599” 0.767" 0.221
FhFe)E ST 0.185" 0270 0288 0.171  0.252" 0.078
HIZENR - -0.050 -0.123 -0.186" -0.120 -0.077 -0.250""
H{Z#HRKR  -0.003 -0.055 -0.150 -0.098 -0.148 -0.117

-0.435" 0.232"
-0.440" 0.221"
-0.405™ 0.221"

0.142

-0.462" 0.253™

0.759"
0.683" 0.752"
0.726” 0.989™ 0.650"

-0.231"  0.038  0.213" 0.282" 0.536™ 0.208"
-0.118 -0.437" -0.014 -0.241" 0.036 -0.199"
0.091 -0.001 -0.035 0.167 -0.501"" 0.302™ -0.459" 0.382"

*FIRME P<0.05 K | B EHE

* indicate significant correlation at <0.05 level
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Table 6 Principal component analysis of numerical traits of chestnut

ek 43 Principle component

Traits PCl PC2 PC3 PC4
IRILK NL 0.841 0.211 -0.207 0.115
RIS NW 0.953 0.086 -0.107 -0.061
IR NT 0.929 -0.005 -0.036 0.057
JEEJETE BW 0.791 0.029 0.513 0.307
R SAL 0.910 0.068 -0.120 0.177
AR SL 0.328 -0.230 0.211 -0.579
SRIEAE 5L NSI -0.512 0.152 -0.114 0.290
JIEHEFR/IN BS 0.372 -0.011 0.864 0.283
% BSI 0.831 -0.056 0.034 -0.343
FURiE NS 0.920 0.273 -0.137 -0.061
FhycE SW 0.877 -0.336 -0.171 0.147
FiE KW 0.872 0.388 -0.119 -0.102
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PEIR T 43 Principle component

Traits PCI1 PC2 PC3 PC4
FlFe ) ST 0.357 -0.555 -0.308 0.259
1523 NR -0.204 0.635 -0.189 0.413
%= KR -0.117 0.883 0.112 -0.279
FFHE{H Eigen values 7.690 1.967 1.344 1.114
Btk (%) Contribution ratio 51.267 13.114 8.958 7.429
SFTTHR R (%) Cumulative contribution ratio 51.267 64.381 73.339 80.768
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Fig.3 Cluster analysis based on nut economic traits of chestnut
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