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Table 1 Location information of elite chestnut individuals collected in northern Yanshan Mountains

RS b LEEEN) ZFE(E) = Hh A5 HFE(N) ZE(E)
Code Location Latitude Longitude Code Location Latitude Longitude
QX1 POLFEZ /NIRRT 40°2320" 118°11'42" QX33 T EIHEN 39°52'34" 119°12'39"
QX2 PULEZBx IR 40°2323" 118°13124" QX34 T E IR B A 39°52'39" 119°1321"
QX3 POLE 285 FI8F  40°21'00" 118°14'28" QX35 T EIHER 39°51'28" 119°1226"
QX4 PILEZHFKMER  40°24'35" 118°13'44" QX36 KPIREEETA  40°14'53" 118°34'35"
QX5 PULEZBxIGR  40°23'53" 118°13'36" QX37 RPEEBETH  40°1636" 118°20'60"
QX6 DULESHZRBR  40°2345" 118°13'26" QX38 RPIREEE TN 40°16'36" 118°20'61"
QX7 POLEZHFEIGR  40°23'33" 118°13'34" QX39 NPIREEAETH  40°1636" 118°20'62"
QX8 DULEZBxRIGR  40°24125" 118°13'48" QX40 RPZEHERICER  40°1707" 118°31'46"
QX9 POLFE 2 HFEIBR 4092428 118°13'42" QX41 KTPIRETFRIBF  40°14'44" 118°33'42"
QX10 POLEZHFEIER  40°24'43" 118°13'55" QX42 BRFHEA BT 40°16'36" 118°20'59"
QXl1 POLEZBFEIER  40°24'48" 118°13'51" QX43 BREABLAE T UAAY 40°24'04" 118°22'56"
QXx12 POLFE 2 HFEIBR  40°23'43" 118°1329" QX44 DRPABFCAE —HR  40°22'47" 118°16'15"
QX13 POLFEZHEIGR  40°23'39" 118°13'31" QX45 PRBHEEIE A —AT  40°22'47" 118°16'15"
QX14 DULEZBxIGR  40°23'41" 118°13128" QX46 W EEAREN  40°16'36" 118°20'59"
QX15 DULESBHZRBR  40°23'31" 118°13'32" QX47 P IEEHAOKIBR 40°16'52" 118°25'08"
QX16 PILEZHZKMER  40°23'30" 118°13'32" QX48 WP ZEEF AR 40°18'03" 118°24'44"
QX17 POLEZBF IR 40°2323" 118°13'24" QX49 WP FEBEAOKIBR  40°1827" 118°20'48"
QX18 DULESBHZRBR  40°23'06" 118°13123" QX50 W IRBAOKIBR  40°18'18" 118°20'48"
QX19 PUILEZHZKMER  40°23'50" 118°13127" QX51 IR KIBAT  40°1821" 118°20'37"
QX20 POLFE Z9BR  40°2323" 118°14'35" QX52 WP FEBEAOKIBR  40°1823" 118°20'59"
Qx21 POLEZJRAER  40°22'50" 118°14'14" QX53 TR A 40°1927" 118°14'42"
QX22 POLFEZ4LER  40°22'31" 118°1424" QX54 WK ZI IR 40°19'27" 118°14'42"
QX23 POLIE 2 i At 40°25'01" 118°13'35" QX55 A3 2 4§ I Af 40°10'53" 118°22'33"
QX24 BULEE 2 i s 40°24'35" 118°14'52" QX56 IH3% & #EFIAA 40°10'51" 118°22'51"
QX25 POLEZHEIBR  40°23'46" 118°13'37" QX57 &) IREEXIAEIEAT  40°17'28" 118°26'54"
QX26 POLEZBFEIER  40°2323" 118°13'24" QX58 TR A 40°07'09" 118°29'43"
Qx27 DOLEZRNIBH  40°22'57" 118°14'30" QX59 LGN Vi) 40°09'33" 118°26'28"
QX28 POLFE 2 4LIBR  40°22'40" 118°14'52" QX60 % IR A TG JE AT 40°09'33" 118°2627"
QX29 DOULEZ RS FIBA  40°21'35" 118°14128" QX61 T ELRAL TR 40°16'43" 118°49'17"
QX30 DULESBHZRER  40°24'57" 118°13'56" QX62 MR = TE R 40°22127" 118°29'18"
QX31 PULEZHFKMER  40°23'23" 118°1324" QX63 IR KIS 40°18'18" 118°20'50"
QX32 T B IHE A 39°51'44" 119°10'35" #LFEE BILEZHFIEF  40°23'03" 118°13'18"

VE: RFEHATE R MBRE TIEFR RN .

Note: All the counties that are not indicated were collected in Qianxi County.
O (K1) B UM R A L R QX63. QX55. QX42. QX61. QX41. QX43,
FmEFR R 9.1 g5 WUEM 63 MERBARRAAZ M  QX8. QX6. QX22. QX50. QX4. QX2.
[ FRAR B nTRIA 4 N SES, MWEEMIRHESIMKIR QX25. QX35. QX7, Hir, & KfE 13.6 g, f/h
He YT (154 ) YN (154) L Fg (H94g, FHE104g (E1A) . FRIEHE
m 154 ) o FRNV (1841 ) o FRIAHE  QX53. QX37. QX56. QX5. QX48. QX30.
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QX14, QX34, QXI1. QX24, QX57. QXI2,
QX47. QX49, QX58, HHr, HAMH 93¢, fm/h
fH88g, F¥HEIIg(E 1B) ., FHMEEE
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H, mKH78g, w/ME65g, FHMHET73g (K
1D) .

2,12 aKkE FNFFREKERN 40.9% (El2)
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P<0.05, and the same is as follows
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Fig. 1

Single seed fresh weight of the elite individual chestnut germplasm
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Fig.2 Water content in seeds from the elite individual chestnut germplasm
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Fig. 3 Starch content in seeds from the elite individualc hestnut germplasm
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Fig. 4 Soluble sugar content in seeds from the elite individual chestnut germplasm
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QX62. QX61. QX60. QX50. QX19. QX63. 2.2 ZLHXHTH

QX59. QX57. QX48. QX22. QX54. QX49. Gl HFHRN ., FHIM ., FHRIV 4 NFFAK
QX55. QX56. QX58. QX53, H th, & KM  WEEHNECH 100, 80, 60, 40, FRJ5HHR M L
7.6%, fe/IME 4.8%, FIH 6.5%(& 4D). BN I AR FEAA S PR bR A, R A

2,15 TEkEGLSE MUBENFEHEEAS R, S/KE. iEMEEHS S 025, JemiEr:
N 0.80%(F 5) o T 145 QX39. QX33. MR 012579 ZE PPN AE T T 20 44 0L
QX32. QX57. QX36. QX59. QX25. QX45. #2,
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Fig. 5 Soluble protein content in seeds from the elite individual chestnut germplasm
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Table 2 Chestnut germplasms quality evaluation ranking

by rank evaluation method

e A |5 B | K5 &K | K5 &K
Code Ranking | Code Ranking | Code Ranking | Code Ranking
QX8 1 QX36 17 QX11 33 QX27 49
QX35 2 QX15 18 QX1 34 QX26 50
QX61 3 QX7 19 QX60 35 QX18 51
QX34 4 QX62 20 QX51 36 QX16 52
QX33 5 QX6 21 QX47 37 QX13 53
QX57 6 QX56 22 QX37 38 QX9 54
QXS5 7 QX50 23 QX32 39 QX54 55
QX42 8 QX41 24 QX24 40 QX44 56
QX40 9 QX2 25 QX359 41 QX38 57
QX4 10 QX58 26 QX5 42 QX28 58
QX25 11 QX352 27 QX39 43 QX23 59
QX22 12 QX45 28 QX31 44 QX10 60
QX53 13 QX14 29 QX3 45 QX20 61
QX49 14 QX46 30 QXx21 46 QX29 62
QX48 15 QX30 31 QX17 47 QX19 63
QX43 16 QX12 32 QX63 48

2.3 EMSOW

2.3.1

H8 RS AT

RS T4 s 8] B8 R G4 3 A

ATDL T AR LN TR R, RO O R A AR 4R
WEEXIVER . TSR . SoKE . HUREETE . W]
SPEER A TR G BT R B . SE R T i Mop 2
Al (R=—0.446, P<0.01) , BASR&ETE RIS K
HREIFFX (R=0.292, P<0.05) , TEBFA KR
BIEME (R=0.255, P<0.05) , {HAHXEREHIRE
5 (E3)
232 BE-FoAEs il ERS RIS A E
RO 22 5Tk (R 4) RIE R AR (%
5) o WRATTLIEM, 51 WS 2Z0kE N
32.37%, %5 2 FHLIT U7 2 TTHR RN 26.82%. i
2 AN E RS TR BN 59.19%, ULHARET 2 4~
FRLGT AN AR A S I i, REAE S B L
P RER 5 B o

T2 32 A R P BB AR 2R 7R A it JBT B3 X 3
Ganiis AT NN 1D 2y P S W 5% e S = W TR 21
BT AR PR N TERY . FTVTERERN Bk &, AL
B4y 0.808, —0.698., 0.582, AEMSULHAZE 1 &
BT F I T VER . AT PR SR R R A
T LR AN /K = A IE S, TR ™ A 1 e
Mel o 575 2 FE B3 Hh R far 5 e 1) Sy B R J5T et R AT I
P, 910 0.712 F1-0.668, BEHASE 2 F i
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Table3 Correlation analysis between single seed fresh, water content, starch, soluble sugars, and soluble proteins

mi R R AR B LA R BKE VER ATV AR
Quality parameters Single seed fresh Water content Starch Soluble sugars Soluble proteins
B R I B Single seed fresh 1 0.292* 0.078 -0.015 -0.196
% 7K & Water content 0.292%* 1 0.255% —0.081 —0.037
YE K Starch 0.078 0.255* 1 —0.446%* 0.094
AR MR Soluble sugars -0.015 —0.081 —0.446%* 1 —0.141
A] %M & H Soluble proteins -0.196 -0.037 0.094 —0.141 1

s AHRAE I TS5 RO R 2 B it B, B2 080.05, ++ 2 27K T050.01.

Notes: Correlation results for principal component analysis. *Significance is 0.05, ** Significance is 0.01
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Table 4 Variance contribution rates of the principal components to the quality al index characteristics of Chinese chestnuts

YIUEHEAE [ Initial eigenvalue

PRELF 75 A%\ Extract square sum loading

F g
component . o Variance contribution Cumulative contribution . R Variance contribution Cumulative contribution
Eigenvalues Eigenvalues

rate % rate % rate % rate %

1 1.619 32.37 32.37 1.619 32372 32.372

2 1.341 26.82 59.19 1.341 26.817 59.189

3 0.846 16.93 76.12

4 0.682 13.64 89.76

5 0.512 10.24 100.00

x5 WMERBRERSIEENIRSSTTER * 6 WEMBRMRMEFIFENEHER

Table 5 Loading matrix of two principal components to
the quality al quality characteristics of Chinese chestnuts

Table 6 Evaluation of Quality Evaluation of Chestnut
Germplasm by Factor Evaluation Method

4 1 Principal = 432 Principal e #X e #k (52 N (152 H“ik
component component Code Ranking | Code Ranking | Code Ranking || Code Ranking
BRI & Single seed fresh 0.349 0.712 QX7 ! QX8 i Lo = an
& 7K & Water content 0.582 0.452 QX5 2 QX16 18 QX44 34 QX25 50
&t Starch 0.808 -0.187 Qx43 3 Qx22 19 [QXI15 35 |QX51 sl
A B Soluble sugar —0.698 0.385 Qx42 4 QX58 20 QX56 36 QX53 52
] ¥ 1% 2 [ Soluble protein 0.137 —0.668 QX6 5 QX26 21 QX27 37 QX46 53
FT T RAEME S KR E E, R X4l 6 QX472 Qx4 38 QX174
POLERN, ATEEREPEOE, TR 0@ 7 oo 2 foxs » jowe s
BUMEWEN . BB AR, A% s oxo s Joxss u |oxsi 40 |oxe s
B SRR SR B IR I HES (R 6) . QX2 9 |Qx21 25 [QX37 41 | QX60 57
24 ZBEEGEBRIEN QX11 10 |QXI8 26 |Qx23 42 || Qx45 58
AT 1 SRR A 2 o ik ox2s 11 |oxa 27 |oxo 43 |ox33 59
PAN=TI IS SR L 42 A

AL APBIRTRCE 0.5, SRIGAHES (7). o 1 loxs s ot 4 |oxsr 6o
JLYIN 5] N . £ /?: ‘5'!3 E\ﬁ \/_,/\
i 20 AATHCO R RIS RE, s o s e
B A QX42, QX34. QX8. QX43., QX7. QX6.

QX12 14 |Qx49 30 [Qx20 46 [Qx39 62
QX41., QX35., QX55. QX22. QXel, QX2.

X52 15 X29 31 X38 47 X59 63
QX4. QX30. QX52. QX40. QX11. QX5. QxX49,  ° ¢ ? <

X24 16 X54 32 X50 48
QX58., 0 © ©
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Table 7 Comprehensive ranking of chestnut germplasm
quality evaluation

5 Ak | RS B | RS Ak | RS &K
Code Ranking | Code Ranking | Code Ranking | Code Ranking

QX42 1 QX11 17 [QX28 33 ||Qx54 49
QX34 2 QX5 18 [QX16 34 [Qx51 50

QX8 3 QX49 19 | QX50 35 | Qx44 51
QX434 QX58 20 | QX26 36 | QX60 52
QX7 5 QX12 21 | QXx21 37 QX209 53
QX6 6 QX48 22 | QX36 38 QX9 54
QX417 QX15 23 | QX62 39 [ QXI3 55
QX35 8 QX63 24 | QXI8 40 | QX32 56
QX55 9 QX24 25 | QX14 41 | Qx23 57
Qx22 10 QX3 26 QX1 42 |Qx17 58
QX61 11 | QX56 27 [QX37 43 [QX19 59
QX2 12 |QX47 28 | QX46 44 | QX59 60
QX4 13 |QX25 29 | QXI0 45 | QX38 6l
QX30 14 | QX33 30 [QX31 46 [QX39 62

QX52 15 | QX53 31 [ QX45 47 | Qx20 63

QX40 16 | QX57 32 [ Qx27 48

TE i B PE A AT 20 24 AR SERR R (B 6)
8 H F A MM Qx42, 9 H FAI A QXS,
QX43., QX6. QX41, QX55. QX22. QX61,
QX2. QX4. QX30. QX52. QX11. QX5. QX58.,
9 A aIEA QX7. QX40., QX49, 10 A kA ui#
fIA QX34. QX35,

3 itk
3.1 MRAFENE @RISR
B T e Bohiayy, aAiamr &z, W
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X 63 A Ff 5 0 U RN AHE 111 R R A B 4 R
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B/ N, M 6.5g, EIIME 8.7 g0 AN[FFP Y ELIE
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BT, R SIRZ TR . S TR T
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IV S E /N TR R . fKE QXel ik
K, H50.7%, QX38 [/, N 37.6%, FHE
J42.9%; g 1. M. M&KERESEEREST
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Fig. 6 The top 20 chestnut germplasm resources for comprehensive quality evaluation
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Collection and Quality Evaluation of Elite Chestnut Germplasm
Resources in Northern Yanshan Mountains

DU Chang-jian', SUN Jia-cheng', WU Yan-yan', ZHANG Guo-qing’, FAN Qing-bo’, CHEN Wei-dong’,
REN Fei®, YAN Dong-hui*, JIANG Ze-ping®, SHI Sheng-qing'

(1. Key Laboratory of Tree Breeding and Cultivation of National Forestry and Grassland Administration, Research Institute of Forestry,
Chinese Academy of Forestry, Beijing 100091, China; 2. Research Institute of Forest Ecology, Environment and Protection, Chinese
Academy of Forestry, Beijing 100091, China; 3. Forestry Bureau of Qianxi County, Qianxi 064300, Hebei, China)

Abstract: [Objective] To select the elite germplasms with the method combining both grade and factor evaluating
so as to provide references for the collection and breeding of elite chestnut germlasms. [Method] Sixty-three ger-
mplasms, including local varieties and elite individuals, were collected in NorthernYanshan Mountains and taking the
chestnut cultivar ‘Yanshanzaofeng’ sample as the control. The ranking of quality assessments for different ger-
mplasms was determined by grade evaluating method and the factor evaluating method with the following physiolo-
gical indexes: fresh weight, water content, starch, soluble sugars and soluble proteins, compared with those in ‘Yan-
shanzaofeng’. [Result] Among these germplasms, the average weight of single fresh seed was 8.7 g, while the max-
imum was 13.6 g and the minimum was 6.5 g. The average water content was 42.9%, while the maximum was 50.7%
and the minimum was 37.6%. The average soluble sugar content was 9.8%, while the maximum was 17.1%and the
minimum was 4.8%. The average starch content was 34.3%, while the maximum was 58.6% and the minimum was
17.4%. The average soluble protein content was 0.56%, while the maximum was 1.1% and the minimum was 0.16%.
[Conclusion] There are significant differences in fresh seed weight, water content, starch, soluble sugars and sol-
uble proteins among the seeds from different chestnut germplasms. These quality indexs could be used as indicators
for the evaluation of the elite germplasms. The elite germplasms estimated through the combination of the graded
scores and the factor analysis in this study will provide references for the collection and selection of the elite chestnut
germplasms.

Keywords: Castanea mollissima; germplasm; quality evaluation; factor evaluation; grade evaluation
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