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Diversity Analysis of Soluble Sugar Related Traits in
Chinese Chestnut

LI Ying,ZHANG Shu-hang, GUO Yan,ZHANG Xin-fang, WANG Guang-peng
(Changli Institute of Pomology , Hebei Academy of Agricultural and Forestry Sciences , Changli 066600)

Abstract: To provide reference on genes exploration in chestnut, this study investigated the genetic
diversity of 17 soluble sugar related traits in 121 chestnut germplasm resources collected from ten provinces in P.
R. China. The contents were quantified by the HPLC method, followed by genetic variation, Shannon-weaver
index diversity analysis, principal component analysis and cluster analysis. The result showed that: (1) The
soluble sugar related traits in samples had abundant phenotypic diversity. The average variation coefficient and
average diversity index were 20.57% and 1.89, respectively. The differences on genetic variation and genetic
diversity in samples from different regions were observed. In samples from Shaanxi province, the variation
degree was the highest, with the coefficient of variation of 20.73%, and the samples from Hebei province
showed the highest genetic diversity, with the diversity index of 1.88. The genetic variation and diversity level in
samples from Anhui province were the lowest, with the coefficient of variation and diversity index of 12.27 %
and 0.97, respectively. (2) Except sucrose content, fructose content, mannitol content and the sum of measured

sugars (Total content of sucrose, maltose, stachyose, fructose, mannitol and sorbito) , significant differences
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among populations in remaining traits were observed. The soluble solids content, total soluble sugar content, maltose
ratio, stachyose content, stachyose ratio, sorbitol content and sorbitol ratio were extremely significant differences
among populations. There were rich variations and high diversity among different regions. (3) The differentiation
coefficient of 17 traits between populations was 13.41 %, and that within populations was 86.59 % , indicating
that the variations on these traits was mainly attributed by intra-population diversity. (4) Principal component
analysis showed that the contribution rate of the first principal component was 30.609%, severing as a
comprehensive evaluation index of chestnut fruit sweetness and taste. The main feature vectors were soluble total
sugar content (0.708) , sucrose content (0.619), sucrose / Total soluble sugar (0.921), maltose / Total soluble
sugar (0.623), stachyose / Total soluble sugar (0.664 ), the sum of measured sugars (0.647) and sum of measured
sugars/ Total soluble sugar (0.951).(5) Cluster analysis suggested 2 groups of 121 germplasm resources, being

correlated with the geographical collection information.

Key words: chestnut; germplasms ; soluble sugar; diversity ; cluster analysis
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Table 1 Name, source and number of 121 resources in chestnut
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1 FEIE]4 a1 A 42 HEE] K 83 biojE ] PRI 1 5
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3 L M 44 Ak 25 85 B T HMEHIE
4 FEB| | 45 B ms 86 1 % H 55058
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6 FEE] 3 47 Jent HEE 88 i) SRR
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10 e MigE 25 51 Jest s 92 biNEa) LR 2 5
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Sugar-D (250 mmx 4.6 mm, 5 um) ; Ji 8 4H : 7K (A)-
ZJE (B) , KRV (0~20 min, 18% A-82% B;21~
23 min, 18% A—30% A ;24~40 min, 30% A-70% B;
41~46 min 30% A—18% A) ; Jii % : 1 mL/min 2445
T £ 105 °C 5 MR 2.8 L/min; J5URE YERE (AR
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Table 2 Basic parameter value and diversity of traits related soluble sugar for Chinese chestnut

PR PIEEhr 2 R B ANA4 W24 BRARE(%) SRR
Trait Mean = SD Median Mode Rang cv H'
LA PEETE Y& i (%) SSC 23.36+2.76 23.17 25.60 16.37 11.80 2.00
EK (%)WC 48.95+2.86 49.11 50.82 15.99 5.83 2.04
Al R R (%) TSS 19.65+2.38 19.37 23.10 9.83 12.13 2.04
TEBE B (%) SuC 8.50+1.30 8.46 7.66 5.66 15.34 2.04
REBE 5 L (%) SuC/TSS 44.1449.11 43.30 48.73 51.58 20.64 1.99
& LR R (%) MalC 0.56+0.15 0.51 0.47 0.67 26.17 1.89
22005 H (% )MalC/TSS 2.91+0.85 2.66 1.98 3.84 29.92 1.95
IR 4 (%) StC 0.19+0.04 0.19 0.17 0.18 18.34 2.04
IKTHE L HE (%) StC/TSS 1.00+0.23 0.97 1.20 1.29 22.63 2.00
FbEe (%) FC 0.83+0.12 0.81 0.89 0.48 13.82 2.03
FBE 5 (%) FC/TSS 4.92+0.78 4.17 4.07 4.03 18.17 2.05
H#E E  (%0 ) ManC 0.44+0.14 0.44 0.50 0.31 32.22 1.34
H#EEEE 5 (% )ManC/TSS 0.23+0.08 0.22 0.22 0.73 34.99 1.70
LAY 4 (%0) SoC 0.45+0.17 0.44 0.44 0.83 26.87 1.42
111245 e (% )SoC/TSS 0.23+0.12 0.22 0.19 0.42 28.84 1.48
ELIBEZS Y AT SMSS 10.18+1.37 10.08 9.5 6.07 13.48 2.05
C IR Y S0 Y 1 (%) SMSS/TSS 52.82+10.08 52.13 47.17 57.71 19.04 1.98
JY5{EH Mean 20.57 1.89

SSC: Soluble solid content; WC: Water content; TSS: Total soluble sugar; SuC: Sucrose content; SuC/TSS: Sucrose content / Total soluble sugar;
MalC : Maltose content; MalC/TSS : Maltose content / Total soluble sugar; StC: Stachyose content; StC/TSS : Stachyose content / Total soluble sugar;

FC: Fructose content; FC/TSS: Fructose content / Total soluble sugar; ManC : Mannitol content; ManC/TSS : Mannitol content / Total soluble sugar;
SoC: Sorbitol content; SOC/TSS: Sorbitol content / Total soluble sugar; SMSS : Sum of measured soluble sugar; SMSS/TSS : Sum of measured soluble

sugar / Total soluble sugar; The same as below
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Table 3 Variation coefficient and diversity indexes and analysis of variance of traits of Chinese chestnut in different populations

Tk dese 7R W L
" Hebei Beijing Shandong Hubei Hunan
(%) % F %% ., . F  H(%) WK F (% ., F  ¥u(%) 4% F
o H cy THHH o H cy ERH o "
AEPEEIEY) S EESSC 11,11 1.84  8.09™ 10.02 1.50  7.65 931 1.88 2467 12.02 121 823" 1383 115 6.097
FKFEWC 630 198 10.66™ 585 1.64 6947 410 187 4347 295 132 14027 581 130 897"
AEMEAAES R TSS 970 1.95 4357 980 1.61  4.067 1427 1.94 11.877 9.10 156  7.10" 1039 1.74 16.14”
HERE it SuC 13.78 206 6.62™ 16.46 1.61 33598 17.96 1.92 419.17" 12.23 132 16623 1898 1.68 54.15"
MERE A7 SuC/TSS 1580 196 4.29™ 14.65 1.75 10.52" 27.58 1.84 4884 17.30 1.49 3542”7 2386 121 20.507
2R MalC 2822 1.94 20.76" 16.42 147 26396 17.96 194 362.66™ 32.39 139 110699" 2527 1.06 752.89"
22 20Ntk MalC/TSS - 30.66  1.92 12.69 17.65 1.89 1025 23.74 1.93 28.11" 40.03 149 226.55" 28.17 121 40.617
TR B 4 StC 2036 1.96 13.68™ 19.14 197 153.87" 14.65 1.76 118277 1391 1.56 94.85" 20.44 143 449"
JKIPBE FEStC/TSS 2149 197  7.117 21.20 175 22,597 20.73  1.79 27.24™ 1942 1.73 37.70™ 2423 174 461"
S eeile 1232 2.04  7.697 21.05 131 490672" 12.10 1.84 2411547 12.18 1.73 2185217 17.69 1.52 17.28"
SR 5 H FC/TSS 1616 1.97 6457 27.79 147 38947 1535 197 1674 1334 156 12,197 16.66 1.46 13.84"
H #E B i ManC 20.15 1.07 5177 21.60 1.22 25.82" 27.05 148 5486 2023 1.08 18.03™" 2588 131 10426"
H#&m 5 e ManC/TSS 18.59  2.01 5417 19.73  1.83  9.46™ 2725 1.91 25597 2282 1.56 22.12" 2788 1.52 40.60"
LHZLE 5 i SoC 21.57 125 7.68" 1570 094 19.06" 26.69 143  1.147 1890 1.04 21.46™ 21.10 1.06 35.69
INFLEE (5 SoC/TSS  23.03  2.08  5.67 17.00 1.70 819 2620 1.98 1277 14.64 173 13207 17.66 1.68 33.32"
CUBHE A BATSMSS 12,52 1.96  6.677 13.98 1.70 32639 1546 198 41073 11.45 1.56 207.92" 17.28 1.68 43.527
CUMBEEA BRI 1490 198 4277 13.09 1.70 8317 2512 1.83 40.19™ 17.09 149 3526 21.94 121 19.04™
SMSS/TSS
{1 Mean 1745 1.88 807 1654 1.59 36227 1825 184 23441 17.06 146 247.79 19.83 141 71.53
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#3(4)
T8 Wi L | (St
TS Jiangsu Zhejiang Anhui Guangxi Shaanxi
Trait SRR A ARR A SRR 2R BRR 2 ARR ZFEE
(%) 8% F  B(%) . F (% HEE F B(%) fEH F  $(%) 8% F
v H v H v H cvH v H
AT SR SSC 8.89  1.28  3.527 13.14 139  294™ 303 1.04 038 1087 1.73 474" 731 104 1.08
FrKEWC 416 1.55 3840 332 104 730" 3.80 1.04 7.312" 701 156 11073 322 139 23.29"
AR ERES R TSS 1153 155 6.54 998 139 4938 984 1.04 408" 640 173 332" 516 139 049
HERE S SuC 1234 128 1035™ 13.63 1.04 7690 1436 0.69 68830 1432 156 13022 19.99 1.04 9317
M 7 HE SuC/TSS 2145 1.55 13.56™ 837 1.04 2117 552 1.04 12777 1739 156 2696 2487 1.04 71.38"
FZEWEE  MalC 2547 155 75.09” 7.9 1.04 054" 1025 1.04 26.02" 29.46 149 15096 25.07 1.04  7.05
TS L MalC/TSS 21,63 1.55 14.057 12.15 0.69 693 1122 1.04 2090 34.15 1.49 45077 2949 139 297"
JKIFHES i StC 1846 155 69917 869 139 19.78" 2522 1.04 4298 1685 149 195677 1512 139 108227
JKIBE L L SC/TSS 2622 1.28 2797 1891 139 10053™ 2056  1.04 58117 21.80 1.73 46.54™ 1595 1.04 11.18"
RS EFC 1517 155 11.38"™ 22.61 1.04 107.10" 1599 1.04 1.65" 13.65 1.73 224.82" 6.65 139 285"
b5 FC/TSS 2510 1.28 13.52" 13.55 1.39 32687 7.6 1.04 2027 1515 1.73 32.80" 1026 139  9.49~
H #2155 & ManC 16.03 1.00 12.48™ 2253 1.04 51.92" 23.09 0.69 9.14" 2094 090 095 2041 1.04 6506
H #2755 lE ManC/TSS 2826  1.48 24.84™ 26.18 139 5528 1833 1.04 6217 1950 173 096" 2469 104 679"
11124 1 SoC 2596 135 9.03" 43.40 1.04 34937 952 056 22867 1554 090 19.52" 5384 139 045
INALEE 5 SoC/TSS 2813 115 12,627 44.42  0.69 85217 11.89 139 2057 1830 1.73 14.65™ 49.10 1.04 0.1
ELHEER AT SMSS 1017 0.96  7.45™ 1249  1.04 207217 13.89 0.69 23.08" 12.03 1.73 98.34™ 1825 1.04 10.46"
IR R AL 19.58 155 1070 6.87 1.04 2597 489 1.04 10317 1592 139 2225 2310 139 46.76"
SMSS/TSS
{8 Mean 1874 138 2126 1691 1.12 4961 1227 097 55197 17.02 154 6638 2073 120 2220

IR RIEP < 0.05 I P < 0.01 7K E T 224 5, T

* and ** indicate significant difference at P < 0.05 and P < 0.01, respectively; The same as below
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Table 5 Differentiation coefficient and variance analysis of quantitative traits of chestnut soluble sugar

A Jjﬁ%é}%ﬁé}tt ﬁ%l‘ﬂ%ﬂﬁ
Variance component Variance component RE(%) F
e percentage Phenotype
. differentition

Trait FEAA ) FERY BEALIRZE  FEIARDE i coefficient FEA ] AR

Among Within Random Among Within VST among Among Within

populations populations  errors  populations populations populations populations populations
AAPERTE ) & & SSC 773.95 2188.69  1119.20 18.96 53.62 26.12 423" 492"
kE We 6.51 24.90 6.21 17.30 66.19 20.73 3.12" 10.14™
] AR R TSS 6.42 16.20 7.03 21.65 54.64 28.38 471" 5.86"
HERE 2 it SuC 33.88 589.05 95.07 4.72 82.04 5.44 0.685 15.57"
TERE &7 L SuC/TSS 3343.69 2752751  5668.65 9.15 75.34 10.83 1.49 12.21"
2 0 i MalC 0.90 7.48 0.66 10.00 82.74 10.74 1.43 28.52"
72 ZHi i b MalC/TSS 30.70 247.92 41.74 9.58 77.39 11.02 1.48 14.93"
IR it StC 4.31 44.83 6.84 7.70 80.08 8.77 1.15 16.47"
FK I 5 b StC/TSS 2.26 16.79 3.82 9.88 73.42 11.86 1.61 11.06™
B & it FC 0.19 481 0.84 3.25 82.36 3.80 0.46 14.45"
SHE 5 L FC/TSS 32.98 203.26 47.45 11.63 71.65 13.96 1.93 10.77"
T #5 B  ManC 0.53 6.25 9.35 3.29 38.75 7.83 1.02 1.68™
H W H ManC/TSS 0.34 2.02 2.82 6.56 39.00 14.41 2.04" 1.79"
1AL SoC 1.91 9.87 23.54 5.41 27.79 16.30 2.38" 1.06
B (5 L SoC/TSS 0.79 435 8.02 6.00 33.05 15.37 221" 1.36
CLIBEE Y S SMSS 31.46 659.08 112.60 3.92 82.06 4.56 0.568 14.71"
ELIPBEIS Y A AL HL SMSS/TSS  4448.10 33564.48  7559.80 9.77 73.65 11.70 1.58 11.16”
SF-45{E Mean 9.34 64.34 13.04
HEA P2 28 5 05 L (%) 86.96
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Table 6 The eigenvalue and contributive percentage of principal components and component scores coefficient matrix of

soluble sugar traits for Chinese chestnut

PEAR F M4 Principal component
Trait 1 2 3 4 5 6 7
ALV R O i SSC -0.210 0.418 0.626 0.182 0.207 -0.200 0.365
FKEWC 0.190 -0.302 -0.547 -0.215 -0.216 0.380 -0.439
Al R i TSS -0.708 0.483 0.055 0.143 0.157 0.325 -0.048
TR & 5 SuC 0.619 0.638 0.291 -0.007 0.025 0.253 -0.236
BERE 5 HE SuC/TSS 0.921 0.178 0.201 -0.056 -0.079 0.000 -0.152
A 2EME OB MalC 0.358 0.491 -0.505 -0.066 -0.234 0.087 0.502
2 2EE 5 H MalC/TSS 0.623 0.229 -0.482 -0.099 -0.275 -0.059 0.478
KT Bt StC 0.304 0.228 -0.372 0.485 0.508 -0.294 -0.195
JK B H StC/TSS 0.664 -0.077 -0.348 0.346 0.328 -0.419 -0.138
ES aiete 0.089 -0.138 0.097 -0.633 0.657 0.214 0.149
b 5 H FC/TSS 0.551 -0.429 0.046 -0.556 0.407 -0.047 0.169
H &I 2 ManC 0.211 -0.355 0.047 0.598 0.204 0.594 0.247
H## % i . ManC/TSS 0.554 -0.545 0.012 0.446 0.096 0316 0.185
LAY EE 5 i SoC 0.307 -0.265 0.622 0.077 -0.292 -0.037 0.004
1AL Y L SoC/TSS 0.511 -0.495 0.414 0.058 -0.276 -0.202 0.016
TR 1Y S F0 SMSS 0.647 0.648 0.227 -0.051 0.064 0.264 -0.161
CLIDBESS Y A E SMSS/TSS 0.951 0.139 0.141 -0.092 -0.058 -0.017 -0.085
FHAEAH Eigenvalue 50.203 20.670 20.210 10.759 10.433 10.240 10.124
ik % (% ) Contributive percentage 30.609 15.706 13.000 10.348 8.432 7.297 6.612
Z1 510k % (%) Cumulative contributive percentage  30.609 46.314 59.315 69.663 78.095 85.392 92.004
#]-{L Hubei ‘ ; P 5 R s R A i A S T Y 3R AR
1 'l*ﬁ[’:z:::xing _| PR, W%L%;EKI%RL%%HEE@*&%%W@%
78 : R PR X s
P 5 ﬁ@ﬁﬁﬁﬁ%ﬁﬂi/@‘}\mgD%E’J%‘%*“% LN
S———— ; M4 [ 10 AN A SE 3748 o CRER) 3B 121 4>
iT 4} Jiangsu i o7 EAR AR () ﬁ%ﬂ(’éﬁ?ﬁ%*ﬁ?@ﬁ%ﬁﬁ% s X
| mieznins |—] ; 10/ By 1 o 5 A B 5 M (1
% Hunan [ T S W I Rl N T S T L AN e
ol | i FIRE ORI S RIE) ) iU REAS IR B0 i 1R
PG e e s Mk R R S AT T R 4 s

RKEEHFES Euclidean distance
1 TRERAREEE
Fig.1 Cluster of chestnut populations
3 iTFig
i SRR S v R AR 0 25 S HE R A

=

PR . AR ST MR 23 52 4%, HPLC il B Ay 2
BA3 1 AS B , L DA A R A L R 03 o T
VR SR 52.82% , Hh el & i . AREE 171
PR P AR A D R 19 28 5 R BRI AL 2 RE I F5 5K
LSRR, B EE WS M, 2
8RB, 7 E R[] 48 10 A AR S A T, 454 AT i



502 Mo ow fE

O ¥ iR 24 %

PEWEL 53 22 523980, AR R A IC i 1L A
P20 B 25 SR T AT PR DR L B oK AT
PEEBER AR A SR L A AR b AT
LR BRI MARSF | th B 2 A B — b
) 1 A7 AE AR M DM | e 2 A R R ] v M
T AT RE . ANEERE I ORI R G, A
BEFIE AT & R I S SR R R
R 4 14 THE B 7 VB 3w T R B A B R A A A
B2 TR XL AR R T A A5 Rl T R A 0
(A SR SIEHIAG 25 N [R)2 ORI XU P 5 %
HER 7, A SR S Rl RS2 A L ) g S B
JE GRS, K B T i AR AR RRAE AN [ 1
B YR 1 Al S it o G 43 AT PR A DG AR 22
AR, X — S5 R 50 e S 2R A i 5 A
181, 156 B AN 5] 11 b g 2R 58 ] S BOE (AR 1 B 8 2%
5, AT b R R AR R R A AR TE S
RN T8, 2 o s o7 A T AT i fry 3
AR o AR IR A 22 5 R LUE Y, H—
FEBR B T LB WA WA R Hh (8 RS 4 5, X 2R
355 25 S (W S A BRSNS — I P AR PR EAS
[Fi) SRR A ) ) 22 5 B B /NP2 A R B etk et
TA AR AT 5 P B S P bR A 0 A X6 A A [
IR R RN, B 2 2R L AT A Y
S AR RS ) R . AT, &
BERR SR A S R R E R B E 2R,
[] — RO [RI PRI ) 22 SRR FE RN AR TA] o AR AR5
I, i ZR 8] A8 SR A Y AR S RSOk IR B
T PN 1 78 S5 2 R %) Ao o 0 Ak e PR 28 i) g A
SO B R R R R B R AR A LR L
91 1 3o PR 78 A L A 5 v it XU I S A
it PR LAtk DRI I AIE A 5 DA AR i PR 78 ] A
[e] i P ) 1 PR A S S 42 3 B R ASCR A AR A
ABIEFE H 17 AP AR A B AR (R 7 2 R 8k R B
(VST) M 13.04% , FEAK N 86.96% , it B A 4K P A8
SEAG R TR (R AR S aX 5 B AR AR ARG
FkEE )y S5 S R A it A% 2R A A R — B
b, 78 LI SR S AT S AR e MRV E I PEM 4
FRal 0 i B AR TR S AR R Bk B, W i DA
EUNAR OB WL IR IS W=y & | P OB SPS Rl
Tl I S 2% s IR N K A VP U K = SR S
i A AR AR B ARBR ST W7 K
A3 BT 2 92.004% , Hih A 1 3 4 sk
24 30.609% , 376 i T HoAth 32 i 4y, e B s T i
PERBE 2 M A A AL 43 o L, R DUR FZ I

FAE A SR ST U2 G PN AR

L X A S BRI 140345 7 RE g 2 S BOHMIR
FIL TR 04 PR S LR AT ST AR SR A
AR PRI FEAS b e PP 8 i 2R3, fo o
THEREZ MR L . AFTEER S
M I A SRR S MoIR S5 2R RS A X
B SRR B SR —E R . R —
MR SRS, SR U ML 4R, T B R A i 2 AR
sty A A2 5 AR A e R 4 AT A M R R
A2 2, e S B AL AL R > . B
25 KLY TR Crb R 10 b ), 3l e E R o R s 2
B S S Al R T e, 5 KR AR X AT R A
JE A TR B BTV A O, DR R RpE A
ISR RS  E AE  AU
ST B o Hh S T A s S T A
B THUFENE A3 95, ) il BT PR 2 1k S M1
T T 5 R O BRE P AR RIS A 2R HE
I AU T A S A R v P o i TR B U Al
RESE N T XA DT TR TEe i3 EE, e — AP I A
SRIEALIIES R . T3 50 AErg 7 KM, WiRg )Y
TR, R St sty BRER B I SRR B0 00, T RE R i T
X LR AR G AR S IR IAE AN SRR T
FECG T MR PERR B BT AN [A] , B X SR A
AR ISR B BB A% A8 S AR, 5 At AR AL 5
ek F BGOSR

AR ENEAR B 228 PEH A 5 b o B DR A B A
LM R, MBI 2R GV R 48 = B R,
AR TR R R E C AR
B, O B Rl b B SR A DR 5 0 Y
R SRR o RGBT Al R — B AR
TR E S FAR R L R A SR AR S AR
RS R B A R R, R AL AT TR S RS B A
 FE PR TIPS A B PR s A 2
FEEAR B B THEsX — B AR 28

SE 3k

[1] Tang Y, Ren J, Liu C X, Jiang J B, Yang H H, Li J F.
Genetic characteristics and QTL analysis of the soluble sugar
content in ripe tomato fruits. Scientia Horticulturae, 2021,
276: 109784-109785

(2] ALEE%E, XA, £)7M, BOgiE, G, M, =ik,
L% GB/T 22346-2008 S HE S Jbat: R0
Ke IR K Jey, e ZARTEAL A R DY 2%, 2009
Kong DJ, Liu Q X, Wang G P, Feng X G, HouJ M, LiuL,
Qin L, Xi X J. GB/T 22346-2008 quality grade of Chinese



2 4

A B P EBRSRTE AR SR Z R

503

[3]

(4]

(5]

(6]

[7]

(8]

[9]

[10]

chestnut. Beijing: General Administration of Quality Super,
Standardization Administration of the People's Republic of
China, 2009

TR AR, WREFAR, MRH, by, U5, v AR 3 B A
J T 7 43 3 UL IR Y 8 4% 2 A4 L Bl 22 I, 2008, 35
(12): 1717-1726

Ma Y M, Chen X S, He T M, Wu C J, Wang N. Genetic
diversity of morphological traits in wild populations of Castanea
mollissima Blume. Acta Horticulturae Sinica, 2008, 35(12) :
1717-1726

FMG, AL, QPR AR EEAE TR
F AL ARAE AR, 2009, 24(H5F1) < 102-104

Wang G P, Kong D J, Liu Q X. Inheritance characters of three
economic characteristics of crossed chestnut progeny. Acta
Agriculturae Boreali-Sinica, 2009, 24(S): 102-104

JEIE SR . AR BT I AL ZAEPEATT Y L b st T ERLR
2, 2005

Zhou L D. Study on genetic diversity of germplasm resources
in Castanea mollissima. Beijing: China Agricultural University,
2005

XVEME, 2220, Bhihak, 22 TR, B4, XIE% . Mgl
A2 AR IR R R MR 38 4% 48 5 ARt 2 4, 2011, 26
(5): 117-121

LiuGB, LanYP, YanY W, Lan W Z, Wang J B, LiuJ L.
Genetic variation of nut morphological traits in crossed
chestnut progenies. Acta Agriculturae Boreali-Sinica, 2011, 26
(5): 117-121

XIEME, 222, 22T, B ARSR A I IRk
BUPEAR 20 M V009 Al R 2 24 4l 2013, 35 (5) 2 977-
981,987

Liu G B, Lan Y P, Lan W Z, Cao J. An analysis of phenotypic
traits of native chestnut varieties. Acta Agriculturae Universitatis
Jiangxiensis, 2013, 35 (5): 977-981,987

L, BRI, XL, BB, RIF=, AR, gt
Pl Al Sty it o el A 2 R ) R B AR L B 2
2014, 41 (4): 641-652

Jiang X B, Gong B C,Liu Q Z,Chen X,Wu K'Y, Deng Q E,
Tang D. Phenotypic diversity of important agronomic traits of
localcultivars of Chinese chestnut. Acta Horticulturae Sinica,
2014, 41(4): 641-652

B, TR, SR, Dy, EIAOE, EOMS. P EARZE9
A58 R BRSO 2 IR 14 3 4% 22 RETE AT 5T L T 224 i
2019, 46 (3): 453-463

LiY, Zhang S H, Guo Y, Zhang X F, Yan X G, Wang G P.
Genetic diversity analysis of several phenotypic traits related to
biennial bearing branch in Chinese chestnut. Acta Horticulturae
Sinica, 2019, 46 (3): 453-463

R, SRR, SR, TR DT, BTG 201 A SR BT
BV R Z AR I P E AR B2, 2020, 55
(22): 4667-4682

LiY, Zhang S H, Guo Y, Zhang X F, Wang G P. Catkin

phenotypic diversity and cluster analysis of 211 Chinese

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

chestnut germplasms. Scientia Agricultura Sinica, 2020, 55
(22): 4667-4682

SR, SR, B0, SR, EME . P E AR 36 AN Rk
BIWRRAZAENE . AR, 2022, 55 (22): 991-1009
Guo Y, Zhang S H, Li Y, Zhang X F, Wang G P. Diversity
analysis of 36 leaf phenotypic traits of Chinese chestnut.
Scientia Agricultura Sinica, 2022, 55(22): 991-1009

XUHE, MISCHE, £, XU, BRI, i, ®PO, %2
W b Er A SR S IR i B R MR A B . AL Uk 22 B
242, 2013, 4(28): 21-24

LiuY, Liu W X, Wang J J, Liu S, Chen S S, Yang L, Cao Q
Q, Qing L. The evaluation of nutrition quality and the analysis
of sugar components in fried chestnut varieties (Castanea
mollissima ). Journal of Beijing University of Agriculture, 2013,
4(28): 21-24

XIME, SEWORE, IR, BRsiZ, B, 287, 5 MRS Fh
SRR T REE S BRI PR, 2021 (6)
44-49

Liu W, Peng Y H, Xie P Y, Chen J Z, Yao H, Quan X.
Studies on dynamic changes of fruit development and sugar
content of five Chinese chestnut varieties. China Fruits, 2021
(6): 44-49

A, WA BT, BRI RS AN TR AR S il b ) SRS ik
ZHERMBI LG IR . S UPRBIESY, 2017, 35(4): 13-21
Zhu C C, JiFY, Geng G M. Fuzzy comprehensive evaluation
on important agronomic characterisitcs of Chinese chestnut
cultivars. Nonwood Forest Research, 2017,35(4): 13-21
KPR SR BT SRR AR M bR . et shEk
Ak AL, 2006

Liu Q Z. Desgriptors and data standard for chestnut( Castanea
mollissima Blume). Beijing: China Agriculture Press, 2006
Shannon C E, Weawer W. The mathem atical theory of
communication.Urbana: University of Illinois Press, 1949: 3-14
BB ATG . 7SA 7 HbAR S5 22 ) B RN X G et B v 5
Wi Jbat: JEntholsy:, 2018

Kan L N. Quality differentiation of chestnuts from 6 different
origins of China and effect of thermal processing on their
quality. Beijing: Beijing Forestry University, 2018

Li Q, Shi X H, Zhao Q J. Effect of cooking methods on
nutritional quality and volatile compounds of chinese chestnut
(Castanea mollissima Bl.). Food Chemistry, 2016, 201:
80-86

SRR, M, BRAERE, sRE R P ESRR A A e
HH Ol A, 2005

Zhang Y H, Liu L, Liang W J, Zhang Y M. Fruit trees of
China - chestnut. Beijing: China Forestry Publishing House,
2005

W™ PRk AL RS T B R S S A QI SC 2R Y
BF9E . BEARTE: Fragll R, 2016

Pan Y. The relationship between sugar metabolism and
respiratory metabolism throughout fruit development and

postharvest of korla fragrant pear (Pyrus sinkiangensis Yu).



504 LI/ ¢ S I G B 24 %
Urumgi: Xinjiang Agricultural University, 2016 TR PR, 2018, 51(17): 3353-3369
[21] Nguyen B, Foyer C H. A role for 'futile cycles' involving ZhangY, CaoYF, HuoHL, XulJY, Tian L M, Dong X G,
invertase and sucrose synthase in sucrose metabolism of tomato Qi D, Zhang X S, Liu C, Wang L D. Diversity of pear
fruit. Journal of Experimental Botany, 2001, 52(358) : 881-889 germplasm resources based on twig andleaf phenotypic traits.
[22] Chen T, Zhang Z Q, Li B Q, Qin G Z, Tian S P. Molecular Scientia Agricultura Sinica, 2018, 51(17): 3353-3369
basis for optimizing sugar metabolism and transport during [29] 2, JELESS, BRFm, Fafs, X0 . o AR A S
fruit development. Abiotech, 2021, 2:330-340 U5 AFLP 2347 . [ 22441, 2010,37(9) :1499-1506
[23] k=R, DEHE, AR, AR . R RS w8 AR S F o LanY P, Zhou L D, Yao Y W, Wang S D, Liu G B. Analysis
Z— AR BB ] AR AR S MOl Bl 2001, of Castanea mollissima germplasm resources by AFLP. Acta
37(4): 35-40 Horticulturae Sinica, 2010, 37(9):1499-1506
Zhang Y Y, Ma C G, Lin M J, Li B H. Study on one of [30] okfif, 2&0E, SIH, £, EA5 . NEPUFENLT BT
genetic variations for ginkgo biloba in China the variation of G . bR, 2016.41(4) : 37-42
breeding fruit-stone characters among and within population. Zhang M, Cai R G, Jia X L, Wang W P, Wang Y Y. Research
Scientia Silvae Sinicae, 2001, 37(4): 35-40 progress on physiological mechanism of cold resistance of wheat.
[24] e, FBIRA, BUKEE, WIKT, R#18, T . RIHZOL Journal of Northeast Agricultural Sciences, 2016,41(4): 37-42
SSR 43 FARIC Al oy [ 5 Jw A A 4% Z 60k . b 0L R} [(31] Fam, R . FEY S 2k A SR R B S i . o [k 2
%%, 2021, 54(8): 1739-1750 4, 2014,30(3):27-31
Nie X H, Zheng R J, Zhao Y L, Cao Q Q, Qin L, Xing Y. Cheng L, Lin L B. The research progress of physiological and
Genetic diversity evaluation of Castanea in China based on biochemical indexes about drought tolerance in crop. Chinese
fluorescently labeled SSR. Scientia Agricultura Sinica, 2021, Agricultural Science Bulletin, 2014,30(3):27-31
54(8): 1739-1750 [32] Szamosi C, Solmaz I, Sari N. Morphological evaluation
[25] m4E, FEBH. 2500, W/t 20750, rp EARCOE B AR BT andcomparison of Hungarian and Turkish melon (Cucumis
SL(SSR)IBEZFENE . AW ZFEE, 2009, 17(3): 296-302 melo L.)germplasm. Scientia Horticulturae, 2010, 124:170-182
Tian H, Kang M, Li L, Yao X H, Huang H W. Genetic [33] dHaEbE, DR, s EANHNR R R TE A TR s L
diversity in natural populations of Castanea mollissima inferred ZREVES T R, 2013, 48(1) :42-51
from nuclear SSR markers. Biodiversity Science, 2009, 17 HuJ B, Ma S W, LiJ W. Genetic diversity of foreign melon
(3):296-302 (Cucumis melo) germplasm resources by morphological
[26] sKEEJy, SR, 25500, Fae, £ M5, BT SSR ik characters. Chinese Bulletin of Botany, 2013, 48(1): 42-51
SRR BT BT R 5 A 2 AR RS BT L S T AR T R, 2020, 18 [34] Fig &, CEF, PhEE. R R R BUR IS Z AR
(15): 5164-5175 LRI ISSR 23T . AR B, 2011, 44(5): 1056-1062
Zhang X F, Zhang S H, Li Y, Guo Y, Wang G P. Genetic Wang H F, Guan J P, Sun X L. Genetic diversity and
diversity analysis of Castanea mollissima germplasm resources similarity of global faba bean (Vcia faba L.) germplasm
based on SSR markers. Molecular Plant Breeding, 2020, 18 revealed by ISSR markers. Scientia Agricultura Sinica, 2011,
(15): 5164-5175 44(5): 1056-1062
[27] WL, INSCHE, ELEGS, 53T R TE LU A R IUR A HE [35] EWEnS, BRAAR , 50 AL B0, RO, A0, B . A
WS AP AL BT AR, 2011, 12(5): 721-726 BT, A e RPN TS IR AR S TR BUIR S
Han H B, Shi W G, Wang X N. Analysis of flower character YRR LA, 2022, 23(1): 12-20
variation of medicago ruthenica in Inner Mongolia. Journal of Wang X M, QiuL]J, JingRL, Ren G X, LiYH,Li CH,
Plant Genetic Resources, 2011, 12(5): 721-726 QinPY, GuY Z, Li L. Evaluation on phenotypic traits of crop
[28] sk, WEdf, B2, IRy E, MW, w5, 7%, ik germplasm: Status and development. Journal of Plant Genetic

AR, XUAR, ESLARFET BRI B EAR AL 5 B

Resources, 2022, 23(1): 12-20



