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Table 1 Names and sources of 80 chestnut varieties
P A KR ELas) B K
NO. Varieties Source NO. Varieties Source
1 ‘M ‘Yanquan’ L4l & Yantai, Shandong 41 ‘#JYanlong’ ]t E % Changli, Hebei
2 ‘% ‘Dongfeng’ W% & Yantai, Shandong 42 ‘#EHP ‘Yanming’ 4t &% Changli, Hebei
3 ‘4 Jinfeng’ 11 %48 Zhaoyuan, Shandong || 43 ‘E %85’ ‘Changli8’ i1t &% Changli, Hebei
4 ‘4I5% ‘Hongguang’ 11 ZR3€ 7 Laixi, Shandong 44 ‘)\H4’ ‘Bayuehong’ #H4LZ B Luotian, Hubei
5 i ‘Yanqing’ Il %l & Yantai, Shandong 45 ‘B'H57H ‘Luotianwukell #1JL% H Luotian, Hubei
6 ‘FRHETIE Taianbokel’ 11 437§ % Taian, Shandong 46 ‘HIRZE ‘Zhongchil’ #HA6Z | Luotian, Hubei
7 ‘= ‘Qingfeng’ 11 4 #3BH Haiyang, Shandong 47 ‘HEAEFE ‘Guihuaxiang’ #H4EZ W Luotian, Hubei
8 ‘HE—5 Taili1 1[I 4% % Taian, Shandong 48 ‘JLHIE ‘iuyuehan’ #4L% | Luotian, Hubei
9 ‘¥ ‘Huangpeng’ 111 %22 % Taian, Shandong 49 ‘NH# ‘Liuyuebao’ 1% 1 Luotian, Hubei
10 ‘L3’ ‘Shangfeng’ 11 4:#%BH Haiyang, Shandong 50 ‘%'HFF ‘Luotianzaoli #4L% W Luotian, Hubei
11 ‘452 ‘Hongli’ 11 %4:%& % Taian, Shandong 51 WRIAIKHEE ‘Qiancidabanl’ AL E & Yichang, Hubei
12 ‘B E5F ‘Luyuezaofeng’ 11478 % Taian, Shandong 52 I Kuil? AT LB Shangyu, Zhejiang
13 YT ‘Yimengduanzhi’ 1l /%8 % Taian, Shandong 53 ‘B4’ ‘Maobanhong’ L% % Zhuiji, Zhejiang
14 ‘WiHT ‘Likang’ 11 %& % Taian, Shandong 54 ‘“#hisk’ ‘Tielitow’ YLI5E 2 Yixing, Jiangsu
15 “RE K ‘Songjiazao’ 11 %4:%&% Taian, Shandong 55 ‘4bE4 ‘Chushuhong’ YLF5H 2% Yixing, Jiangsu
16 ‘B2 ‘Luli2’ 11 R #& % Taian, Shandong 56 ‘JLEFI Jidjiazhong' VL7 FE Dongting, Jiangsu
17  “f=F ‘Shifeng Wi %:Zg % Taian, Shandong 57 ‘K404 ‘Guangdedahongpao’  “Zf#) 4% Guangde, Anhui
18 ‘ZH’ ‘Mengzao’ 1% % & Feixian,Shandong 58 ‘&P KZI#I’ ‘Shuchengdahongpao’ Zf##F 3 Shucheng, Anhui
19 3 ‘Haifeng’ 11428 % Taian, Shandong 59 ‘EI&BR ‘Mifengqiu’ L &I Shucheng, Anhui
20 ‘4325 ‘Hongli2’ 1l1%4:Z& % Taian, Shandong 60 ‘mHjE ‘Yelicang’ LA EF IR Shucheng, Anhui
21 ‘EF ‘Yufeng’ L Z &5 Junan, Shandong 61 kSN ‘Zhandiban’ LTI Shucheng, Anhui
22 ‘I ZE ‘Yanshanhongli’ Jt3t &-F Changping, Beijing 62 ‘HHZKIRZE ‘Zhenandabanli’ [epidE 22 Zhenan, Shanxi
23 ‘#EE’ ‘Yanchang’ 1t 5T E°F Changping, Beijing 63 ‘FEt115’ ‘Zhaban11’ BE PG #E/K Zhashui, Shanxi
24  “fRFE’ Yinfeng’ Jt 5t E°F Changping, Beijing 64 FEH145° ‘Zhaban14’ BePEHEZK Zhashui, Shanxi
25 ‘#{t’ ‘Duanhua’ JL 5% = Miyun, Beijing 65 ‘K% ‘Changanmingjian’ B 7% Xian, Shanxi
26 ‘M3’ ‘Huaihuang’ JEZTZE Huairou, Beijing 66 ‘K%K ‘Changanhuigjian’ B %2 Xian, Shanxi
27 ‘I ‘Huaijiv’ JEZTPRZE Huairou, Beijing 67 ‘il EE ‘Queshanziyouli’ VALl Queshan, Henan
28 ‘#eF’ ‘Yanfeng’ 15U FRZE Huairou, Beijing 68 ‘#F:4 ‘Yufenghong’ i B % 111 Luoshan, Henan
29 ‘#eE F4 ‘Yanchangzaosheng' db5iE-F Changping, Beijing 69 ‘BP0’ ‘Yuluohong’ R % 1l Luoshan, Henan
30 ‘HE4 ‘Jingshuhong’ JE 53 Huairou, Beijing 70 ‘%1115 Yimen?1’ Z® %17 Yimen, Yunnan
31 LI ‘Zipo' yidbi#E4k Zunhua, Hebei 71 ‘5112%5 Yimen2’ = %171 Yimen, Yunnan
32 #IAZE ‘Zundali L4k Zunhua, Hebei 72 ‘5113% Yimen3’ Z® %17 Yimen, Yunnan
33 “WALE AP ‘Zunhuaduanci’ bt Zunhua, Hebei 73 “FEHEE ‘Baotabanli’ = %1% Baota,Yunnan
34 ‘ZFEWIER ‘Donglingmingzhu’  Ji[dbi#4k Zunhua, Hebei 74 CTREIHREE ‘Milebanli =7 Mile, Yunnan
35 ‘=’ ‘Tafeng’ T 4tiE4L Zunhua, Hebei 75 KICHREE “Yongrenbanli’ Z M /K1Z Yongren, Yunnan
36 ‘#El%EE ‘Yanshanduanzhi’ 6T PE Qianxi, Hebei 76 ‘IR ‘Libozaol’ M 75U Libo, Guizhou
37 ‘il FF ‘Yanshanzaofeng’ J 6T PE Qianxi, Hebei 77  FHPHFE ‘Libozhongli’ B F 3% Libo, Guizhou
38 ‘AK#4’ ‘Dabanhong’ 6T PE Qianxi, Hebei 78 ‘HHIEMLEY ‘Libowanli’ Bt 7% Libo, Guizhou
39 EFEH4’ ‘Qianxizaohong’ 43T 78 Qianxi, Hebei 79 ‘BFEZ ‘Yemaol! FJHESTE Qianxi, Guizhou
40 ‘#E’ ‘Yanbao' 4k E %L Changli, Hebei 80 ‘BIMIIHIE ‘Libowanli S EBF Yuping, Guizhou
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Table 2 Information from different sources of
3 chestnut varieties

b Varieties KR Source

LT P Qianxi, Hebei
FKH M Jizhou, Tianjing

JE 52 Huairou, Beijing

el 3 11 %4 %% Taian, Shandong
‘Yanshanzaofeng’
T {5 B Xinyang, Henan
WM Hangzhou, Zhejiang
Z %17 Yimen, Yunnan
YLHHE P Yixing, Jiangsu
1% %% Taian, Shandong
POE- AN o
‘Chushuhong’ i &A1l Rushan, Shandong
11 % %% & Feixian,Shandong
WM Hangzhou, Zhejiang
T R{EFH Xinyang, Henan
#4LZ | Luotian, Hubei
) WM Hangzhou, Zhejiang
B H L5
11 %4 %% Taian, Shandong
‘Luotianwukeli’

T {E B Xinyang, Henan
A ALiEPE Qianxi, Hebei
&2 4% Ningde, Fujian
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Schematic diagram of nut phenotype measurement
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Fig. 2 Phenotypic traits indicators of chestnut nuts
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Table 3 Basic parameters and diversity of phenotypic traits related nut for chestnut

PEIRTE 7 BE N2 RKME RAME W% A5 RH

Characteristic index Mean SD Max. Min. Range CVI%
IR SRA Nut area (NA) /mm? 800.57 195.21 1.348.60 486.70 861.9 30.38
1% 3 H K Nut circumference (NC) /mm 98.38 12.96 117.41 77.33 40.08 32.78
1% L5 EE Nut Roundness (NR) 0.95 0.02 0.98 0.91 0.07 4.05
HD)IE# Sectional area (SA) /mm? 702.63 213.66 1014.53 623.40 391.13 30.41
1] TH i+ Sectional circumference (SC) /mm 110.24 79.68 123.79 97.00 26.97 42.28
1% HEE 42 Nut width (NW) /mm 31.92 4.22 40.18 28.02 12.16 22.43
142 Nut height (NH) /mm 27.83 2.94 32.02 22.84 9.18 20.57
IR E Nut thickness (NT) /mm 21.04 1.89 25.30 14.24 11.06 21.99
HIEZAEEL Nut index (NI 0.82 0.04 1.03 0.80 0.06 5.43
JEBEHIFA Hilum area (HA) /mm? 432.99 162.04 809.43 296.37 513.06 37.42
J&< & Hilum circumference (HC) /mm 80.71 14.67 109.80 67.56 42.24 28.17
JEPE R £ Hilum Roundness (HR) 0.81 0.03 0.91 0.74 0.17 9.84
JEEJBEK Hilum length (HL) /mm 31.25 5.83 42.16 25.48 16.68 20.66
JEHE%E Hilum width (HW) /mm 16.36 3.24 23.04 12.89 10.15 20.81
JECJE K %8 EE Hilum length/ width (HH) 2.05 0.38 2.16 1.70 0.46 18.29
SMITE T Arc length (AL) /mm 51.47 6.35 58.53 35.93 22.60 24.33
AN JBE /N Hilum size (HS) 0.31 0.15 0.35 0.23 0.12 10.51
JEE R/ % 5L JH K Arc length of base/Nut circumference (X1) 0.33 0.05 0.40 0.21 0.19 13.75
JEPETHAR/REVITHIAL Nut circumference/Sectional area (X2) 0.61 0.08 0.80 0.47 0.33 13.51
JESHE K/ 4% Hilum length/Nut Width (X3) 0.92 0.15 1.41 0.78 0.63 11.30
JEJRE T2/ SR Hilum width/Nut thickness (X4) 0.84 0.16 1.01 0.61 0.40 9.15

®4 FRAWERHER—ERTHHTESH

Table 4 Variance analysis of chestnut varieties in different regions under the same trait

RIS T ] FE R A FE PRI bR R A REAA FE
Characteristic F value F value Characteristic F value F value
index among population within population index among population within population

NA 15.27" 13.92" AL 13.017 7.33"
SA 28.57" 25.95" NI 1.46 0.12
NC 19.14" 18.95" NR 1.05 0.50
SC 41.707 25.38" HR 2.21 0.80
NW 17.57" 12.52" HH 8.04" 1.14
NH 17.88" 11.98" HS 4.83" 1.41
NT 14.327 15617 X1 5.86" 1.24
HA 30.817 27.79" X2 4.18" 0.53
HC 23.38" 21.10" X3 7.53" 1.02
HL 13.617 10.76" X4 9.01" 0.87
HW 10.26" 9.84"

i BIEPMUILFEIRS. *RREEHL (P<0.05), *HKrWEEHL (P<0.01). K.
Notes: The index code is the same as Table 3. * Indicates correlation P < 0.05 level, ** means correlation is significant at P < 0.01 level. The
same below.
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Table 5 Correlation between phenotypic indexes of chestnut nuts and environmental factors in
3 Chinese chestnut varieties

fktahs g R REEPPIRE s mRmeen  ERSRmem o R i
Character T%])E mean segsr;?):mg Growing season Annual sunshine - Sunshine hour Annual pTe/citation Growing
index  Altitede T T difference hours growing season season precipitation
NA 0.06 0.42" 0.42™ -0.11 -0.55" -0.53™ 0.69™ 0.59™
NC 0.06 0.40™ 0.417 -0.12 -0.55" -0.53" 0.67™" 0.57"
NR 0.04 0.09 0.21 -0.04 0.04 0.02 0.04 0.17
SA 0.11 0.42" 0.49™ -0.08 -0.42"" -0.417 0.62™ 0.54™
SC 0.16 0.07 -0.23 -0.02 -0.33" -0.21 0.05 -0.03
NW 0.05 0.36" 0.49™ -0.08 -0.44™ -0.38" 0.60™ 0.60™
NH 0.11 0.44™ 0.56™ -0.12 -0.52"" -0.50" 0.717" 0.717"
NT 0.02 0.25 0.40™ -0.14 -0.31" -0.317 0.44™ 0.45™
NI 0.20 0.22° -0.08 -0.05 -0.03 -0.08 0.02 -0.05
HA 0.11 0.40™" 0.49™ -0.08 -0.49™ -0.45" 0.68™ 0.617
HC 0.14 041" 0.49™ -0.09 -0.52"" -0.48™ 0.69™ 0.60™
HR 0.06 0.03 -0.34" -0.06 -0.12 -0.08 -0.04 -0.17
HL 0.13 0.42" 0.51™" -0.09 -0.52"" -0.48™ 0.68™ 0.617
HW 0.10 0.38" 0.39™ -0.07 -0.56™" -0.49™ 0.65™ 0.53™
HH -0.05 0.15 0.13 -0.16 -0.04 -0.08 0.13 0.19
AL 0.07 0.38™ 0.51™" 0.02 -0.44™ -0.39" 0.63™ 0.53™
HS 0.06 0.26° 0.19 0.02 -0.16 -0.08 0.11 0.20
X1 -0.16 -0.10 0.14 0.04 -0.20 -0.08 0.12 0.17
X2 0.04 0.18 0.17 -0.04 -0.12 -0.18 0.17 0.23
X3 0.17 0.27 0.15 -0.03 -0.07 -0.15 0.11 0.20
X4 0.10 0.16 0.17 0.01 -0.14 -0.08 0.12 0.28
e M FRRREE AL (P<0.001).
Notes: *** means correlation is extremely significant at P < 0.001 level.

FISE; T BRI AL . AR R S A K 2
Rk 5 R E IEAE

LARE, BRAR/NREER/ MECTR IR Z)
TR R BEKSERZ M, R R
JE . RIBAREC. RBERSEEL . AR EE RN . JES A
E A B SN oy 2N T AV )1 AN oY 2 e
. IRBETEIREE 8 N Fabn 5 MBI - 1A O
EERAR, ZIBTRMEN, AT LAVE AR e
FEhR
2.3 REERBEMRIE

PEPEZ HIAR B 3 M M A A T, 5T
RN RIUAERA M, B IR %6 Hh AR S PR AR 1
A EEdE, g5 (£ 6) Bon: 3AMHESFAY 94
M S R SRR AR AR 5 RECH 1.13%~5.99%, 4%

*6 INMHRESMREERFHERRY
Table 6 Average CV of phenotypic traits of
3 chestnut varieties %
PR AR el GhB WG RF
Characteristic index ‘Yanshanzaofeng’ ‘Chushuhong’ ‘Luotianwukeli’
IR SRR BE Nut R. 2.28 3.20 113
RIZAEE Nut 1. 2.36 1.87 1.72
JE AR FE Hilum R. 2.40 1.36 1.39
Eﬁffﬁfd\ 439 3.88 4.24
E%ﬁzzﬁth/width Sk e S
JRJRE IR/ R SR 4 XA 4.51 4.58 4.41
JE P TR ) IR X2 4.89 5.09 5.96
JE R /EE AR X3 517 2.89 4.50
JERJHE T VR X4 5.11 4.63 5.06
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Table 7 Variance of phenotypic traits of three Chinese chestnut varieties in different cultivation areas

ELiEE ST

mn AR SRR Characteristic index (Ff&)
Varieties Sources of variation
NR NI HR HS HH X1 X2 X3 X4
X8 (7) 0.23 1.27 3.32* 2.21 0.47 1.32 0.68 1.35 1.63
‘#HLL .’ Yanshanzaofeng’ ‘
MATE (560) 0.11 0.95 1.07 1.45 0.95 0.46 0.48 1.26 1.25
[X 58] (6) 1.52 1.28 4.62* 1.83 0.77 0.78 0.91 1.62 1.03
b4 ‘Chushuhong’ i
MAk[E] (480) 1.08 0.69 1.59 1.74 0.69 0.54 0.36 1.05 0.87
XIKIE (6) 1.89 0.78 1.78 1.21 1.63 0.89 1.42 2.09 1.21
‘T 5558 Luotianwukeli’ N
A [E] (480) 1.18 0.84 1.23 1.62 0.54 0.56 0.56 1.04 0.35
3 It BIFEHAR 2 AL
; 3.2 BRERBERSIMNEERFHEXE
31 WMERRRBZHMESH

MR E G2, AN SRR A
RIS DAEES . GG KRE, MARIESRF R
FERFAC A, HIRWAE . TR RREERIL
TR R XA S R, X SV AR B S
GO R A R — B, AR IR R AR
BLSHHANAMER IR 225 A %, RAEYL 2R
P A B AL G A U o SR A MR A T B 4
T, X RSO R BA mEAEH . IbAh,
FEREY AT T (B, R, FhT) AL AR T
R, Rk, AW RR AR R R TS5
Br, XA PR T 5

5 S B S B R I A X (E, AR R R
B, WIHRAE B AR R R . AR Lok A A
[ 5 7= X1 80 /A 5 b IR e 11 21 A2l
b, AR RBOMTE 4.05%~42.28%, 25
Bk, Hoh, REIESIEE. R STEEAE X
FUE SRR S R AU/, X SRR (18 =
SERN S0 sl SO o) Al S R R SR LA Y PO A AR
FREARE i P () AR S /N A SR — 3, DX 2edg
BRFE A SR IEPE B B (8 D P o ARF ST AR B
YRR LA ST 9 MR E TR bR,
H, RENICEMCHE S, WUEH TR BEAEA R AR
TR R R R B, XS XA
FE—2, RN — B LURAR A R R SR e A

TR 55 A By BLR AU K AR A3 g L [m]
FHA K, A R T R S AR IR
LA A, i AR AR E Fe s P 25 2R
TR, AREEAE B, LI IR R RE R M )
ZEPEIR . HREE, BOKESEARREZW, U
HRARKZE (6 -9 H ) Mysc, X SftEfdes>d
TR R —3K
3.3 WMERRRARTEEISIRIFIE

FE ) 26 B 55 0 75 B e AR K P PR T 4
FE, GEESHAENE, BRI R AV T
o, WIRNCR I A8 S e B2, Ao Sk
AN ) e T b P Al S P A 7 R AP AR XS L 43T
13 308 S RSO MR BR , HER R B AN [ b X Y ]
— PR AT R T, DA EEHRTEAS RS T 1)
ARk, BEHE T A E AR A R E fe bR, 4
B, AT R R NFAR R bR 8 5 2 T
s, R RIEEE. RARFERE . AXTREER
AL RBERSE L L AR T /R TS L G T AR
MEDIRRR . RS | R TERSE 8 Matris
S F AN HL A — i A A [] X 35 A, G W 2 22
5, UABEARIAEE th i fese th s . 2530 22 450
FEUER T #i#k ( Juglans regia Carl von Linne. ) %
TR B R YR T T 2 LB 48 B3 70 A [F) PR 45 rh A8 S ¢
/Iv; MartinGomez 28 i 58 IE B T /] — M A AZ A
( Cunninghamia lanceolata ( Lamb. ) Hook.)
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Phenotypic Difference Analysis and Screening Stability
Indexes of Different Chinese Chestnut Varieties Nuts

LI Tong-tong', GUO Su-juan’, JIANG Xi-bing?

(1. Key Laboratory for Silviculture and Conservation of Ministry of Education, Beijing Forestry University, Beijing 100083,
China; 2. Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Hangzhou 311400, Zhejiang, China)

Abstract: [Objective] By comparing and analyzing the phenotypic traits of different varieties of chestnut,
we screened out the indicators with large phenotypic differences and not easily affected by the environ-
ment for providing reference for the identification and accurate application of chestnut varieties in produc-
tion practice. [Method] The differences and diversity of 21 phenotypic characters of 3 200 nuts from 80
varieties in different Chinese chestnut producing areas were analyzed. The correlation between pheno-
type and environmental factors was analyzed, and the stability index with a small coefficient of variation
was screened out. The stability of three varieties cultivated in multiple fields was verified. [Result] (1) There
were significant differences in the phenotypic indexes of chestnut in different regions and the nut size and
hilum size of varieties in Hubei, Jiangsu and Anhui were significantly higher than those in other regions. (2) The
variation of 21 phenotypic indexes ranged from 4.05% to 42.28%, and 9 relatively stable indicators with
small variation coefficient were screened out, namely nut index, nut roundness, hilum roundness and cor-
relation ratio index, excluding indicators of significant differences within and between groups. (3) Correla-
tion analysis showed that the correlation indexes of nut size and hilum size were positively correlated with
mean annual temperature, mean temperature in growing season, annual precipitation and precipitation in
growing season, and negatively correlated with annual sunshine duration and growing season sunshine
duration. (4) The variation coefficients of 9 phenotypic indexes of nuts from 3 cultivars from different re-
gions ranged from 1.13% to 5.99%. The results of variance analysis showed that the other 8 indexes had
no significant differences between regions and individuals except the hilum roundness. [Conclusion] Dif-
ferent chestnut varieties have rich diversity and significant differences in 21 nut phenotypic indexes, among
which 8 nut phenotypic indexes, including nut index, nut roundness, hilum length-to-width ratio, relative hi-
lum size, hilum arc length / nut perimeter, hilum area / transverse area, hilum length/transverse diameter
and hilum width / thickness, are stability indexes. It can be applied to the identification of chestnut varieties
in production practice.

Keywords: Castanea mollissima Blume; nuts phenotype; variety identification; stability; environmental
factors
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