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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 C)
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%
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(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 20.00 %. 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 (nut width, nut thickness, nut size, surface arc length and so on) was the largest, which could be used as a comprehensive
index related to nut size. The 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, Timashisheng.

Keywords: Chinese chestnut; nut phenotypic; economic trait; evaluation
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Table 1 The accession name, number and origin of Chinese chestnut

B No.  VIEAH Resource JE 7 P A RS Jo 7 P BHR AR Jo 7
Origin No. Resource Origin No. Resource Origin

1 H 4-25 WL - BR 40 NI Jeut - #m= 79 M4 5 L - AR
2 SiAN Wl - MepE 41 AN dbxt - PR 80 e k- T
3 SR I« M 42 X 49-36 e - B% 81 Po i g - T
4 MLl 4= L« 3T 43 Al 1 Wl - MepE 82 TP WL - HRE
5 BRI AN L - I 44 XL-002 I« Ml 83 =015 L - B
6 R R WL - IV 45 JRHIE 15 WL - 84 W 1-6 WL - I
7 K 3113 ik - 1L 46 TR 1 ik - i 85 g1 5 b B[ i
8 BT 45 WAL - FH 47 +HTF 15 WAL - Fh 86 E S| WG - Al
9 FBL-2 e« Hk 48 TN e - SEm 87 Hear Jent - BF
10 =HiT WAL« Y 49 UNEES WAL - H 88 AR WIBR WL - Al
11 FBL- e - Hk 50 #etk e - Hke 89 BH2 5 b AL S
12 R 2 5 WAL« YE 51 Rik&E 15 WAL« S 90 M1 b - B%
13 HEH 1 I« M 52 T s = WL - DpE 91 %14 L - #EAl
14 E7 il < WAL - T 53 F2 WL - BR 92 B R AL /Ry
15 PGS ik - 17 54 3 ik - B2 93 PE 15 L L
16 LV 315 Wk« i 55 H7-5 e« B2 94 PPE 1S WL« MR
17 AL R ik - Ak 56 S T WL - B3 95 KMHE2 % b B[ i
18 Pl S WL - H 57 RiLF 15 WL - 96 54 WL - Ak
19 k15 WL - RAE 58 VIR 3 5 WL - DpE 97 I 13 b B[ i
20 fit 84 WAL« B 59 M ik - 3TV 98 e i b - B%
21 ELa) e - Hk 60 KT 55 e - He 99 1 L - i




BB No. VAR Resource JE = ETRe TR AR Ji 7 3y ETRe R A4 FR Ji 7 3y
Origin No. Resource Origin No. Resource Origin
22 ez L a7 61 BB k- B 100 LS b - B%
23 e d WL - #Eil 62 T 22 bR A il 101 ER1S b« M
24 ENITS- WAL - FH 63 HJE WAL - Hh 102 PE2 5 b - B%
25 HE Jext - BT 64 B2 B bR A il 103 %6 L - i
26 HET 1 e« 65 RUKE 35 WL - B 104 UG 15 WG - MR
27 IR 1 e - PEIR 66 41 WL - 3T 105 VE 15 g - #El
28 MLl R, L« 3T 67 e WL - 2P 106 M3 T b - B%
29 EH 52 e - Hk 68 %25 WL - 3 107 L8 = b« M
30 Lo Wk - B% 69 Bl 15 WL - EI 108 KEM 15 WG - SRR
31 H7-1 e« B3 70 IR CED WL - PR 109 Hher WL« M
32 TE4%5 e - 71 HeT Jext - B°F 110 EIE2 S WL - SER
33 %13 WL - #Eil 72 w3 e - SEm 111 I HELL L - EI
34 KARAL WAL« YE 73 ¥ PN Wl - NP 112 HXE2 5 Wl - DpE
35 HEIB 15 I« M 74 w9 Jent - MR 113 BT 25 e - HE
36 ety WAL - FH 75 T LD %€ 1 ik - WAL 114 K- I b - T
37 %12 WL - #Eil 76 WAL 15 WL - 115 P S L - B
38 Hedr WL« FEI 77 He e - Fk 116 TR WL - Al
39 T2 ik - i 78 BSAITE=FAN AR EAi] 117 IG5 b B[ i
118 R b - A&LE
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HEOMMEERE, L CREEEYH ARt — 80 B tEtfem R (LY/T 1851-2009)) K
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Table 2 Value—determined criteria of nut descriptive traits of chestnut

PR TRAEFR#E Value-determined criteria

Traits 1 2 3 4 5

IZLEif Color of nut (NC) 21K ) Yellowish #iff Brown £ B




Reddish-brown brown Purple-brown Dark-brown

IR Side nut shape HRERTE

ERJE Sphere YIJE Egg shape
(NS) Ellipsoidal
BB IR Wiring shape
i “FH Straight PR Sinuous WK S-shaped
(WS)
W2 A R Obviousness A Not N ) )
¥ ] Obvious B Very obvious
of stripes (SO) obvious
JEENCHE B Level of hilum )
- “Fif Smooth HJ8 5 Warted
smoothing (HS)
IR Apex (AP) %28 Pointed F Flat %[ Rounded M Depressed
HEHi Pubescence color FE#E Brown )
HKE Grey
(PC) yellow
12562 Color and luster M o F£ Extremely
- o 5% Good -] Fair *E Poor
of nut (CL) Excellent poor
HE /4 Pubescence HE R T FIE AT
{5 Full
distribution (PD) Around apex Midsection to base
HEM% Density of
i Sparse o Intermediate % Dense
pubescence (DP)
HE%/> Number of ) )
/b Small B less ¥ % more % Large

pubescence (NP)

1.3 HERMERANE

X FK (Nut Length, NL). "H % (Nut Width, NW). "2 JE (Nut Thickness, NT). fEF:KF (Stylus
Length, SL). #1575 (Shell Thickness, ST) {if FHilfHr < Ry 0.01mm) P& Ji$)# % (Base Width, BW)
MR INK (Surface Are Length, SAL) &R N 0.1 em) Wl & ; R (Bar Size, BSD. R H
(Nut Size, NS) HMIFf5EH (Shell Weight, SW) 7 RF Gy 0.01g) FEATHARE: B MEARRIHLEE
30 AN R TINE, BCFEME, KRR 0.01. RAEZFEE (Nut Shape Index, NSD . AHX}JEHE K/ (Base Size,
BS). Ff{"# (Kernel Weight, KW). HSZ% (NutRate, NR) FH{-% (Kernel Rate, KR) H#E AR TH K

/i=!
~F:

NSI 8 A NSI=% (D

BS it /A BS == (2)
SAL

KW it&E AR KW =NS—35W (3)

NR HHHAR: NR=22 (4)

KR & AR: KR =2 (5)

NS



1.4 BURSH

A Microsoft Excel 2010 Al SPSS 20 #off- 4 i #t4T G it 70 #r, AAE 2 A% . Shannon-Wiener’s i 1%
ZREVESREL. TR AR R RSB S S R, R BUE AR R Oy 10-12 AN, Gt
For BT CE, A Origin 8.0 BRI LI A0 L7 &I, I 70 A B 8 ka3 &% B RIS B 7T &
ARSI ATST 0 BB AR AT A A 0 A A0 2 B 20, PSR AN TR T8 05 73 ) BEAT SR & VROT
I Mega b2 2R 2K K

Shannon-Wiener’s Z MRS (H) HHEAXN: H'=Y Pi x LnPi (6)

A, Pi NFE—MIRE § BN I EMD B S B0 E e, Ln Ros AR 04,
FIHAERRE (CV) TR B EAERE, CV(%) =§x1uﬂ% @)

X, UNSIEIRTEIR T ME, S briEZE.

H =X jmin

PR R MO s SR R SR e B, (X)) = (8)

X_l'm:x_x_l'min

N, WX NFEBHIRER j AMVEARIE bR SR8 s BB, X AR S j NMEIRAEL, Xjmin PIAT dt Tl VEARTE B
IR ME,  Ximax NFTA EOFD j VEIRFEAR K8 KA

AyFy = AF = e A

BHERERITREAR: W = (9

A, w5 ANMERIEARIAUE,  Fy 58§ ANMERIBIRTE S n ER0ON PR R An 5 n AN ERSY
[RIFEHEAR DS,

ZREIPMMER TR AKX D =E7 (X)) x W] (10)
A, D AFEGIE m MERILEEVFNE, m NHEERIBIR IR, w(X) A5 7 AR FR 0 55 8 2R i
W, N5 j AR NT18],
2 GR55H
2.1 FIRERRFRMERBEESHN

2.2.1 HRBIMER s 1 Aran, RAFIG T, KREOSE0EEZ, 008 42.54%F 40.30%,
#t (11.94%) ML (5.22%) Bb: MRTIRUMETZ & Z, 5 89.55%; #H&ILIRLLFERZ: 87.31%
(AR LR AN s RGBT (56.72%) FIEE A (43.28%); HRTNEEFHIRZ, & 61.69%,
FLUCONBRIMFIE , B T/l s BB 7 R A (67.16%) FIER S 5 (32.84); 'R AP DL 5 (62.69%)
&%, B, B AR G D BB RN RN (63.43%) ISR LA R (32.84); 45.52%



FITIRE BEE S, 41.79%MFIREEM; REEEBLAED (89.55%) BE, HIKNAD (10.45%).
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H3: Dark-brown; %#%: Purple-brown; #ff: Brown; £#%: Reddish-brown; BPf%: Egg shape; ¥kF: Sphere; fHi#k: Ellipsoidal; &ER:
S-shaped; JiR: Sinuous; “PH: Straight; AME: Not obvious; %{HJiE: Obvious; BEJRif: Warted; “FIf: Smooth; f([¥l: Depressed; V#[H:
Rounded; T: Flat; B%%: Pointed; &K [: Grey; ##: Brown yellow; F: Extremely poor; 2% Poor; B: Fair; BI3%: Good; MiZE: Excellent;
fi & Full; $JFLLT: Midsection to base; MEMTH: Around apex; #: Dense; H1: Intermediate; Hi: Sparse; /: Small; %:/b: less
B 1 iRERREREERBMERTZSERE
Fig.1 The variation distribution of nut phenotypic descriptive traits of Chinese chestnut

3 E B B PER AR S R EOH Shannon-Wiener’s 2 #EHEFR %, L3R 3. 11 MERPIZ R ECH
0.33~1.14, PN 0.73, RYERBONES, BEERE; R AEON 11.63%~51.07%, 1144 33.37%,
F A POIR B SO P AN AR S B AR . e IR IR ) 2RISR 2L (1.14) K, BEZ /DI eIt
H (033) e/, BETERIER R RE (51.07%) &R, WU ERERE R R (11.63%) &/,
R 3 MERREAB RN ER R LM

Table 3 Distribution characteristics and variation of nut phenotypic descriptive traits

Trait TRAH CV k2R B
IR Zi Color of nut 25.2 1.14
BHIAR Side nut shape 43.68 0.41
BN Wiring shape 51.07 0.67
2k R FEE Obviousness of stripes 11.63 0.38

JKEEYETETE Level of hilum smoothing 31.73 0.68




WIHE Apex 32.08 0.99

HEHif Pubescence color 28.2 0.63
"2 JL6E Color and luster of nut 35.69 1.04
HESr i Pubescence distribution 40.17 0.78
HEM% Density of pubescence 39.84 0.98
HFE £ /> Number of pubescence 27.8 0.33
) Mean 33.37 0.73

2.1.2 BERIMEIR R 408, BOLBCEREKPEN 24.59 mm, R 30.46 mm, REJE 19.69 mm,
TR BE5078 10.17 mm, SRTZFEECRIART K /N3 5009 0.814 0.29. L E 3574 70.08 g, HLKIH 10.18
g MH 8.57 g, FJFIE 0.64 mm, HSLFAMAZZI 0.37 F10.84. 72T LLEH, DL EEER
MORTE % SRR IR 10 22 38 B 7 W 2 KF 22 SRR R B /MK YO o 57 B > IR L 56 > B 88 > Fp - 8 >
ALY E > IR A > BT IR > PEAT A B > 1R 5L > i Je B > H 52 38 > BUBHRH > R KN > % > 5% 5
Ji, Hh MR EMRE KRS, FHEN23.08, REENEEKFRI FIENST1, USRS
bRARLL, FhoT S A R MR, BEVRIRIZE SRR, T 5T B REAE BE VR 1 28 SN

% 4 MERREERMEROT RS THE

Table 4 Variation and distribution on characteristics of nut quantitative traits of chestnut

MR Trait B AeEE PA%C MME S BROKME HE BRARH ZrME  FE
Mena SD Median Min Max Range (6% B H F value
2 K Nut length 24.59 1.56 24.66 20.45 29.35 8.90 6.34 2.09 14.60™
% B9 Nut width 3046 241 30.46 24.05 3792 14.87 7.91 2.05 21.82"
% B = Nut thickness 19.69 1.73 19.67 15.41 26.21 10.79 8.80 2.01 11.61"
JECJE %% Base width 13.23 1.76 13.00 9.00 21.11 12.11 13.32 1.85 11.07*
HIMITK Surface arc length ~ 45.99 3.48 45.95 37.00 58.33  23.33 7.56 2.02 13.96™
1R K Stylus length 10.17 1.31 10.11 6.74 14.14 7.40 12.90 2.01 12.67*
I FEH Nut shape index 0.81 0.04 0.80 0.74 0.93 0.20 433 1.99 7.18™
JEJEE R/ Base size 0.29 0.03 0.28 0.23 0.38 0.15 9.00 1.93 6.13*
FIYEH Bar size 70.08  17.16 67.95 3584  124.82 9898 24.49 1.98 15.14™
Huki#E Nut size 1018 2.12 9.98 5.02 1624 1239 20.85 2.03 20.56"

e Shell weight 1.61 0.40 1.59 0.71 2.81 2.61 24.69 1.93 23.08"*




F{-H Kernel weight 8.57 1.84

5% 5 Shell thickness 0.64 0.08
H52E Nut rate 0.37 0.05
H{=% Kernel rate 0.84 0.03

0.63

0.37

0.84

4.30 14.52 10.26 21.52
0.36 0.85 0.49 13.11
0.23 0.54 0.32 14.28
0.77 0.90 0.13 3.09

2.01 17.13"
2.02 5.717
2.04 9.35™
2.07 5.96™

A RECRATE DN 3.09 (HAZH) ~24.69 (Fh5ed), ARF R HRB/IMRICATI 7 E > kR
> A2 2 > BORE EE > 0 > iR B > 0 S5 > PR > R /N > IR LR > IR L5 > RUT K > 1R R
K> RIBHRH> AR, Hop R, BEE, RS, RElK, BREK, BREH. HOoR0ER
RBUNT 10.00%, BERFEE: FOTE., BEE. M BRI E KA R REBORNT 20.00%, £PIXLEPER

MBS B RN, ZREEE .

WAL ZREPERBUR M TE H Y 1.85 (PR SR

U ) 3 AT A AN ST

~2.09 (R, B ZFMERERE, RV EMEIRBATE

IR RS BUE B MR I A BT I, B 2 WA, B AIRAE SRR IR o A AP AE 22 7 o R0 AT
BREL? KT, 15 DEUERVEIREBEAURT & RS0 A .
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FZ Frequency (%)
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Fig. 2 Frequency distribution of numeric traits of chestnut

2.2 HERDIREMEX MDA ER 2 774

Xt 118 A3 LR SR S A BH 15 DN EUEBEREAT R M, GER IR 5, KEHMEIRZ 184745 2. 2% 5L
P AR Hoh, IR, B8 B REETE . RMIUK. PR, FORE., BoiE, MOEWNZ
[B] AR IEA G, SR SR B R R R, 08 0.989; TEMERE IR, BRE, HEH, §
R, FSEH BAAEEIEMG RBRES eI R E BB IR BRR%E. B, REE.
R, HEE, HpE, PogE, MO EEREE IR, SRR, MXRERDN. RREEEE
FUORR: MXREANG RRE ., T P E EREF IR, FRARE. R, FRE, 5
FRE. MCERERFIEMK; REESHERERFIMK, SHREREZ MG HEREHEK
FE. HEE. FOCH SR E RS, WORERISE BRSO, SMOE, Bk B B
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Table 5 Correlation coefficients among numeric traits of chestnut

R REK RES O REE OREEE BRI R SRR RN HiEE O pRE foesE MOCE REE sk
Trait NL NW NT BW SAL SL NSI BS BSI NS SW KW ST NR
IR NW  0.847™

IRBLE NT  0.803  0.884™

JEFESE BW  0.606™  0.675  0.729™

HMILSAL  0.845"  0.877"  0.880"  0.751**

1R SL 0.195" 0265 0262 0207 0.178

FIEHE NSI -0.078  -0.593" -0.438™ -0.343"  -0.356" -0.211"

JECFE K BS 0.159  0.236" 0.305" 0.808"  0.225" 0.150  -207"

A H BSI 0.658™  0.783™  0.726™ 0.561™  0.659™ 0343 -0.462" 0.253"

R NS 0.810™  0.885™  0.820™  0.638™  0.816™  0.244™ 0435 0.232° 0.759"

FiFE SW O 0.694 0798 0.812  0.637°"  0.811™ 0288 -0.440™ 0.221"  0.683 0.752*

B KW 0785 0.848™ 0770 0.599™  0.767" 0221 -0.405" 0.221"  0.726™ 0.989*  0.650™

FEJERE ST 0.185"  0.270™  0.288™  0.171 0252 0.078 -0.231"  0.038  0.213" 0282 0.536™  0.208"

Hs® NR - -0.050 -0.123  -0.186" -0.120  -0.077  -0.250" 0.142  -0.118 -0.437" -0.014 -0.241" 0.036  -0.199"

HZ#% KR -0.003  -0.055  -0.150 -0.098  -0.148  -0.117  0.091  -0.001  -0.035  0.167 -0.501"" 0.302"" -0.459" 0.382"

e URRAE 0.01 KT CUID ERFMS, TR 0.05 KT CRID _E R #H K.
Note: ** indicates significant correlation at 0.01 level, * indicates significant correlation at 0.05 level.

XF 15 AMBUERVEIRHEAT T80 0 (R 6), S5 R EIRHT 4 DR 1 R FATTIRZ X 80.768%, WK
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Table 6 Principal component analysis of numeric traits of chestnut

PR Trait FE M4 Principle factor
1 2 3 4
12K Nut length 0.841 0211  -0207  0.115
IRIL%E Nut width 0.953  0.086 -0.107 -0.061
12 BLJE Nut thickness 0.929  -0.005 -0.036  0.057
JKEE % Base width 0.791 0.029  0.513  0.307

R Surface arc length 0910  0.068  -0.120  0.177




TEHEAE Stylus length 0.328  -0.230  0.211 -0.579

HILFEH Nut shape index -0.512  0.152  -0.114  0.290
HHASTECEE R /IS Base size 0372 -0.011  0.864  0.283
FIYEH Bar size 0.831  -0.056  0.034  -0.343
ki # Nut Size 0920 0273  -0.137  -0.061
Fh7eHE Shell Weight 0.877 -0336 -0.171  0.147
Fi{-H Kernel Weight 0872 0388  -0.119 -0.102
Fh52)E Shell Thickness 0357  -0.555 -0.308  0.259
5% Nut Rate -0.204  0.635  -0.189  0.413
4~ % Kernel Rate 0.117 0883  0.112 -0.279
FEAE{Y Eigen values 7.690  1.967 1344 1114
BTk % /% Contribution ratio 51.267 13.114 8958  7.429

STk ¥ /% Cumulative contribution ratio  51.267  64.381  73.339  80.768

2.3 BREFHRZFHEROEETEN

RRRMAFIROFE R ER, PRiE, pogE, MR, REE, HSSRAHAR 7 MUER MR,
FFH SR SR AOE T SRR TR AR (SR B R BUE, 456 A 7 75 IR & FR A AL 2 A1 T B 2% A B
LUMERES VN DE. LG5V D ES B M TEERERIE, M S 5. ME 15, M, #E 1
Ty ORIRLL. #MEEN. CPAR CED. HETER. B
2.4 FRFERIFIRHR LS

BT AU HEREEEVEN D AT RIS, 118 43 LR S FIRAE S (L 2E 5 0.07 40Kl 4r v 4 K
1R (L) DAERCOR, B 5 BIR, RRERRIE R, MCER, mAEE: B2 K (B D
EVEH Y 0.272~0.433, 7 38 Hr BEUR, iZSHF FE SRR B0/, HY SRR AT BRI 55 3 28 (K
D A RN, BE 3B, ZBE R EL /N, P E /N, TR 28 4 R G EOD [HIEH N 0.447~0.690,
ALE 72 B RUR, SRR R R R, AR . LR 4 SRBRAE S AR R 0.025 4RI RIS T
II. I, V4 KT,
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Fig.3 Cluster map based on nut economic traits of chestnut
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