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Genetic Variation of Nut Phenotype and Nutrient

of Some of Chinese Chestnut Cultivars
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CHEN Xin*, WU Kaiyun' ,DENG Quan’en'
(1 Research Institute of Subtropical Forestry, CAF, Fuyang, Zhejiang 311400, China; 2 Pomological Institute of Shandong, Tai’
an,Shandong 271000, China)

Abstract: Genetic variation analysis for nut phenotype and nutrient was carried on using ninety-seven Chi-
nese chestnut cultivars from ten province such as Shandong Province,et al. The results showed that: (1)
There were extensive genetic variation among ninety-seven cultivars, and very significant differences be-
tween cultivars for nut phenotype and nutrient. Coefficients of genetic variation of traits were large,and the
largest reached 0. 378, indicated that the genetic potential were large; and the repeatability of characters
were above 0. 928, which showed that these were controlled by strong genetic factors. (2) There were sig-
nificant positive correlation among phenotype characters,and also positive correlation among nutrient inde-
xes,but there were negative correlation between the phenotype traits and nutrient indexes. Thus, pheno-
type and nutrient could be as two comprehensive factors which mutually independent and also has certain
associations. (3) Forty-three cultivars were selected from ninety-seven cultivars through principal compo-

nent analysis using eight indexes of nut phenotype and nutrient,and combined with the multiple compari-
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son results. These cultivars have single or multiple advantages such as bigger nuts, or rich nutrient, or

both,which can be chosen as excellent chestnut materials.

Key words: Chinese chestnut;phenotype;nutrients;genetic variation
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Table 1 Chestnut cultivars and source

45 No. Sl Cultivar K Source 4i*5 No. S Fh Cultivar F I Source
Cl A5 Bailuzao A Unknown C50  TE[d 8 5 Liyuan 8 Vi B % 111 Luoshan, He’nan
C2 M 104 Bikouhong #4651l Jingshan, Hubei °51 % H B3 Luotian Zaoli AL % H Luotian, Hubei
C3  #%# 15 Chaoduanzhi 1 11 4 %% Tai’an,Shandong C52  F 3 Shangfeng 111 4 # ' Haiyang,Shandong
C4  #WEAH 25 Chaoduanzhi 2 11 Z5 %% % Tai’an, Shandong C53  ARHIAF 4 Mukouyu Zaosheng 1 Z5 %% % Tai’an,Shandong
C5  AbZ41 Chushuhong VLI E 2% Yixing, Jiangsu C54  JKW 10 5 Shuhe 10 W & I Yr Linyi, Shandong
C6 ;15 Chuizhi 1 1 4 £84 Tancheng, Shandong C55 VKW 11 5 Shuhe 11 I Z5 I ¥ Linyi, Shandong
C7  #FE# 2 5 Chuizhi 2 WA I U7 Linyi, Shandong C56 YR K#MI Shuhe Dapao W ZE I ¥ Linyi, Shandong
C8  fHAk%H; Culai Duanzhi 11 Z5 % % Tai’ an, Shandong C57  ¥%&JE 15 Panzhuang 1 I Z I 7% Linging . Shandong
C9  SFEE Cunli B 76 K % Chang’an, Shaanxi C58  Mi% 2 5 Paoche 2 YL Xinyi, Jiangsu
C10  KJiE7 Dadiqing VLI H 2% Yixing, Jiangsu C59 M%7 5 Paoche 7 VL3880 Xinyi, Jiangsu
Cl11 KA H 1% Dagongshu 1 114 B Ju’ nan, Shandong C60  iT% Qian’an LT % Qian’an, Hebei
C12 k2% 2 5 Dagongshu 2 11 Z5 & ® Ju’ nan, Shandong C61 H EH il Qingmaoruanci VLIRE 2% Yixing, Jiangsu
C13 K44 4 5 Dagongshu 4 I & & ® Ju’ nan, Shandong C62  HEHR Qingmaozao WL 510 Jingshan, Hubei
Cl4 K41 Dahongpao TR Guangde, Anhui C63 A H Ruancizao %7 [ Ningguo, Anhui
C15 kM35 Dayeqging Wt B 22 Changli, Hebei C64 111 JE KM Shandian Daban i H5 % 1l Luoshan, He nan
C16 % Dongfeng 1AM £ Yantai, Shandong C65 % Shangguang WiVl k& Shangyu,Zhejiang
C17 %43 35 Dongmiwu 35 WAL % Qian’ an, Hebei C66  f1F Shifeng 111 Z5 % Bl Haiyang, Shandong
C18 A% I Dongmiwu Wuhua W4t iT % Qian’ an, Hebei C67 &P K L4 Shucheng Dahongpao Y& I Shucheng, Anhui
C19 B #HKFHH Duanci Dagingpao Wl Jb & Ak Zunhua, Hebei C68 WA K Shuanghe Dahongpao L EF Ik Shucheng, Anhui
C20 %4l Duanzha VL % B Wuxian, Jiangsu C69  #F4% 023 Tancheng 023 11 4 #3% Tancheng , Shandong
C21 B Ai# 4 Duanzhi Banhong [t B % Changli, Hebei C70  #hik Tielitou VLHVE 2% Yixing, Jiangsu
C22  ¥FH KL H Fulai Dahongpao %4 &/ Ju’ nan, Shandong C71 g F Weifeng 11 Z 301 Rushan, Shandong
C23 44 Fuzhao 111 4 &% Tai’an, Shandong C72 5111 2 5 Wushan 2 11 % # 4% Tai’ an, Shandong
C24 ¥ JE 10 5 Gaodian 10 8 % 1 Luoshan, He’ nan C73 X4 15 Wuming 1 11 75 %% % Tai’an, Shandong
C25 &)k 1% Gaodian 1 W75 % 11l Luoshan, He  nan C74 X4 25 Wuming 2 111 % %% Tai’ an, Shandong
C26 & JE 9% Gaodian 9 W75 % 11l Luoshan, He  nan C75 X4 35 Wuming 3 1l % %% % Tai’an, Shandong
C27 BT 7% Guanting 7 Al # 4k Zunhua, Hebei C76 P4 3 5 Xidian 3 114 & ¥ Junan, Shandong
C28  E X% KZ4 Guanxing Dahongpao L7 28N Pizhou, Jiangsu C77 V4 75 Xigou 7 At L Zunhua, Hebai
C29  J K4 # Guangde Dahongpao ) 1% Guangde, Anhui C78 PR ICAE Xixianggou Wuhua 111 4 % % Tai’ an, Shandong
C30  f:4E Guihua WL % M Luotian, Hubei C79  /NEEH Xiaoguo Duanzhi W1 % # % Tai’ an, Shandong
C31 ¥ F Haifeng IR # W Haiyang. Shandong C80 25 Xinzhuang 2 Jt 5 B ¥ Changping, Beijing
(32  #1)k Hongguang 1A PG Laixi, Shandong C81  #eB%E Yanshan Kuili LT P Qianxi, Hebei
(33 41K Hongmaozao #1450 1L Jingshan, Hubei C82 % Yanquan I Z M A Yantai, Shandong
C34  #I3%E Hongyouli WL % | Luotian, Hubei (83  #&E Yanchang 4t 5 B Changping, Beijing
C35  Ja#iE 20 Houhanzhuang 20 WAt & Ak Zunhua, Hebei C84  #F Yanfeng Jtit B 7 Changping, Beijing
C36 [z Baiyunzao #175 Hu’ nan (C85  #&4[ Yanhong Jt 5t B F Changping, Beijing
C37  WZZ Shuangjili Wk Rucheng, Hu’ nan C86  mMHjH Yelicang W RUEF I Shucheng, Anhui
€38  HFPHE % Shaoyang Tali 175 A Shaoyang, Hu’ nan C87 W% H Yimeng Duanzhi 1 Z5 & ¥ Junan, Shandong
C39 M # Huaihuang At 5 £ & Huairou, Beijing C88 ikt B4 Youxuan Chushuhong VLIRE 2% Yixing, Jiangsu
C40 ML Huaijiu L7 R & Huairou, Beijing C89 2% 35 Za 35 111 % %% Tai’ an, Shandong
C41 ¥ Huanggian Wuhua 11 Z5 %% % Tai’ an, Shandong C90 Ak Zaolin 11 A L1 Rushan, Shandong
C42  JK#% Huijian [ 7§ K % Chang’an, Shaanxi €91 FE 11 Zuo 11 |8 P54 7K Zhashui, Shaanxi
C43  RTUH I Jianding Youli 1 4 £84 Tancheng, Shandong €92 FE4I5E Zuohongli B PG ¥ K Zhashui, Shaanxi
C44  fEHIEY Jiaoci Tima VLI H 2% Yixing, Jiangsu C93 B 55 Zhongmingli 11 % %% Tai’ an, Shandong
C45 4 F Jinfeng W Z 48 3% Zhaoyuan, Shandong C94  F A3 Chongyangpu VLIRE 2% Yixing, Jiangsu
C46  JuH % Jiuyuchan L% H Luotian, Hubei C95 55 IR Chongyin Niandiban L EF Ik Shucheng, Anhui
C47 )\ A 4L Bayuehong W L% W Luotian, Hubei C96 M Ziyouli WL I B Shangyu, Zhejiang
C48 P Kuili WiIL I i Shangyu, Zhejiang C97  #3IKHE Zundali L% 4k Zunhua, Hebei
C49 W RIME Laixi Dayouli 1 Z53€ 74 Laixi, Shandong
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Table 2 Population characteristic values and variance of phenotype and nutrient of Chinese chestnut
e i 2
thit i S Rmgeof  Cofteenor I A
variance variation variance
IR PR JFE NL/mm 26. 81 2.84 16.47~34. 36 0.106 26,43 % 0.962
IR BLFEE NW/mm 30, 44 4,17 15.55~41. 33 0.137 31,69 * 0.968
AT SNW/g 10. 06 3.77 1.82~21.22 0.378 10, 87 * * 0.976
WM E R SC/% 24.69 6.41 12.71~63.72 0. 260 27.56* " 0. 964
AR A SSC/ % 13.05 3.94 3.76~24.55 0.302 37.35" 0.973
BEAAE TPC/% 6.18 1.23 4,29~13.15 0.199 17.53” 0.943
#&& CC/(mg/100 g) 80. 85 20. 31 40.05~145. 33 0.251 62,98 * 0.984
g 1C/(mg/100 @) 1.62 0.42 0.76~3.25 0.259 13.94* 0.928

eox x FRZESIE 0,01 BFKCF  NL BB NW. R GEE s SNW. BUR T SC. JE#) & &k 5 SSC. nl i 4 & 4 TPC. BB 1 & & CC 55 1510, 8k

iR

Note: * * means significant difference at 0. 01 level; NL. Length of nuts; NW, Width of nuts; SNW. Weight of single nut; SC. Content of starch; SSC. Content of

soluble sugar; TPC. Content of total protein; CC. Content of the calcium;IC. Content of the iron; The same as below.
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Table 4 Correlation among phenotype and nutrient of Chinese chestnut

PR Trait NL NW SNW SC SSC TPC cC IC
IR NL 1..000 0
RILTERE NW 0.899 7 * 1.000 0
R SNW 0.859 3% % 0.949 9% 1..000 0
TR & B SC —0.212 4 —0.240 5 —0.309 4% 1..000 0
AR R SSC —0.083 2 —0.1813 —0.2336 0.270 6" 1.000 0
BEASE TPC —0.263 2" —0.407 8% *  —0.451 4"~ 0.438 8 0.544 8" * 1,000 0
B CC —0.399 6%  —0.4542"*  —0,489 5" 0.2320 0.308 9" 0.5759* 1,000 0
B 1C —0.320 9" —0.420 9% —0.420 9* 0.301 7~ 0.406 6 0.533 4%~ 0.581 0% % 1.000 0

Tex » FRERIE 0,01 BHFKFs » RRERIE 0.05 BFEKF,

Note: * * means significant difference at 0. 01 level; ¥ means significant difference at 0. 05 level.
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Table 5 Principal component analysis of phenotype and nutrient of Chinese chestnut
F %4> Principal component
1 2 3 4
FHEH Eigenvalue 4,069 4 1.547 0 0.814 4 0.640 5
24t 57k % Comulate contribution rate/ % 50. 87 70.21 80. 38 88. 39
IR PR NL —0.3827 0.452 4 0.053 8 0.092 1
I P58 NW —0.427 1 0.368 6 0.015 7 0.136 5
HURE SNW —0.436 8 0.313 1 0.070 4 0.138 4
B T VEH & SC 0.2359 0.260 9 —0.849 3 0.313 2
Eigenvector W A SSC 0.2339 0.489 4 0.043 7 —0.748 1
BEASTE TPC 0.355 3 0.3889 —0.014 6 —0.027 9
458 CC 0.355 5 0.168 7 0.418 7 0.445 2
e 1C 0.342 5 0.272 2 0.305 3 0.311 4
6 WMERMEEIHSE
Table 6 Principal component values of chestnut cultivars
E 3 L
No. of FACI1 FAC2 FAC3 FAC4 No. of FACIL FAC2 FAC3 FAC4
cultivars cultivars
Cl 0.580 46 —2.137 20 —0.486 98 —0.627 89 C32 —2.314 85 —0. 846 38 —0.394 03 1.309 19
C2 0.861 59 —0. 830 34 —0.325 88 1.316 57 C33 3.154 05 1.895 64 —0.049 39 0.601 77
C3 1.521 98 1.751 02 —0.025 08 0.174 43 C34 —3.088 34 —0.534 30 —0.496 51 0.251 89
C4 1.391 24 0.292 92 0.518 08 —0.715 12 C35 1. 286 57 —1.359 37 —0.825 26 —1.213 02
C5 —0.890 20 —1.964 81 0.085 73 —0.232 62 C36 —2.001 67 —0.934 51 0.048 49 0.652 86
C6 —0.460 91 1.850 22 —1.014 78 —0.719 24 C37 —1.133 46 —0.054 70 0.894 08 0.575 91
C7 —0.986 94 0.105 27 —1.000 47 —1.545 54 C38 —0.873 30 —0.922 39 —0.469 84 —0.491 60
C8 —1.872 24 0.603 58 —0.222 84 —0.478 65 C39 0.994 53 0.778 32 0.928 24 0.816 16
C9 0.146 72 0.476 49 —0.705 51 0.410 81 C40 2.427 13 0.279 82 0.170 89 1.335 12
C10 1.110 65 —0.226 55 1.584 75 0.521 03 C41 0.025 10 0.711 67 0.223 74 0.044 62
Cl1 —1.611 12 —0.510 38 —0.280 55 0.548 51 C42 6.315 48 1.388 74 —1.070 96 0.421 13
Cl12 2.516 14 —0.267 19 1.037 30 —0.176 44 C43 —0.103 74 —0.566 93 —0.609 26 —0.058 93
C13 —3.150 27 1.770 73 0.507 41 —0.110 50 C44 —0.720 00 —0.401 09 0.053 83 0.012 03
Cl4 —1.265 00 —0.051 70 0.188 20 —0.31972 C45 0,428 62 1.867 39 —0.646 13 —0.73501
Cl15 —0.643 88 —2.198 10 —0.757 96 0.061 24 C46 —2.211 34 0.455 33 0.474 37 0.270 79
C16 1. 894 46 —0.290 74 —0.949 93 —0.807 27 C47 3.001 34 1.547 48 —0.777 11 0.145 16
C17 2.715 06 —0.067 63 1.204 12 0.109 77 C48 —1.778 26 1.411 08 —0.096 81 —0.681 44
C18 1.058 05 —0.582 94 0.474 05 —0. 144 35 C49 —2.813 91 0.247 55 —0.944 73 1.395 77
C19 —1.936 49 —0.437 18 0.112 12 —0.514 43 C50 —2.478 70 —0.453 11 0.153 37 0.395 80
C20 —2.439 16 —0.670 34 0.034 87 0.464 67 C51 2.288 28 2.083 00 0.457 10 0.790 41
C21 —2.832 33 2,192 34 0.207 39 —1.180 62 C52 1.450 75 0.722 63 0.431 19 —0.697 87
C22 —0.613 85 0. 380 44 0.845 58 0.351 82 C53 —1.448 09 0.238 87 0.117 76 0.337 20
C23 —0.195 38 —0.867 94 1.170 10 —0.168 55 C54 0.688 93 1.474 04 0.930 61 1.245 22
C24 1.660 77 0.287 87 2.031 44 —0.548 41 C55 —0.547 91 0.513 29 0.799 86 1.036 61
C25 —2.206 37 —0.053 42 —0.119 98 0.467 60 C56 1.276 76 —0.228 19 1.661 47 0.467 23
C26 —1.469 79 —0.395 35 —0.347 04 —0.324 25 C57 1.448 79 1.067 51 0.830 72 —1.650 45
C27 2.118 88 —0.008 86 0.480 70 0.568 35 C58 —2.929 47 —1.061 36 0.162 33 0.628 41
C28 0.195 62 0.440 92 0.458 44 0.223 01 C59 —2.330 54 0.311 11 0.265 41 —0.470 48
C29 0.277 82 0.929 94 —0. 883 87 —0.517 66 C60 4,397 02 2.083 90 0.03118 1.215 41
C30 —1.772 07 2.503 86 0.081 59 —1.553 09 C61 —3.064 00 —0.048 98 0.451 84 1.118 12
C31 2.083 82 —2.121 10 1.478 83 2.048 43 C62 —0.481 25 —0.460 43 —1.629 95 —0.377 86
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C63 —0.797 29 1.847 89 1.064 96 —0.598 19
C64 —0.59123  —1.93198 1.484 41 0.883 91
C65 —3.418 15 0.979 97 0.122 72 —0.049 63
C66 —0.138 55  —3.010 57 0.093 93 —1.34975
C67 —2.449 82 1.197 44 —0.192 42 0.283 41
C68 —1.57102  —0.561 68 —0.714 80 —0.462 96
C69 2.33206  —2.028 28 0.376 85 0. 866 80
C70 0.276 30 0.179 94 —0.166 28 —1.101 78
C71 —0.058 78 0.046 63 0.476 45 —0.575 04
C72 0.603 04  —0.303 36 —0.091 26 —0.773 15
C73 2.502 20 1.738 16 —5.001 05 1.920 58
C74 —1.227 89 0.110 87 —0.968 09 0.102 84
C75 0.648 08  —0.755 37 0.515 22 —0.726 02
C76 —0.056 61  —0.282 94 —0.591 56 —0.077 20
C77 0.348 57  —1.283 12 —1.623 83 —0.970 53
C78 1.076 55  —1.889 34 —1.042 84 0.693 11
C79 3.753 06  —4.111 07 —0.380 59 —0.458 92
C80 3.256 80 1.011 12 —0.165 30 —0.302 41

C81 0.093 78 0.709 54 1.859 12 —0.668 47
C82 0.409 04 —2.294 26 —0.484 30 —1.394 33
C83 1.077 37 —0.137 07 1.199 96 —0.739 78
C84 0.101 55 —0.125 29 —0.667 15 —0.507 32
C85 —0.078 73 1.554 47 —0.686 57 —0.325 39
C86 1.883 19 1. 046 36 0.520 24 0.012 38
C87 1.016 03 —1.350 06 —0.567 00 0.389 21
(88 0.622 17 0.490 82 —0.461 71 —2.096 12
C89 0.580 44 —1.875 23 —0.41179 0.200 05
C90 —0.891 87 —1.868 95 —0.560 09 0.146 32
91 —1.367 48 —0.590 64 0.287 21 0.034 34
€92 2.570 24 0.663 42 0.606 80 —0.017 10
C93 —3.817 30 1.845 04 0.080 23 0.686 24
C94 —1.171 61 0.538 17 —0.348 12 0.185 42
C95 —2.098 78 0.384 03 —0.451 79 1.533 84
C96 —0.638 42 —0.068 41 0.216 05 —0.532 52
C97 —2.050 29 —0.045 65 0.216 05 0.516 12
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