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Comprehensive Evaluation of Chestnut Quality Based on Principal
Component and Cluster Analysis

YU Yanqi, YANG Mingyuan, LU Chunmao’, BAI Shaoci, ZHANG Qunfang, ZOU Chenyang, JIANG Han

(College of Food Science, Shenyang Agricultural University, Shenyang 110866, China)

Abstract: To develop an appropriate method for evaluating the quality of chestnut resources. The 21 quality indicators of
25 chestnut varieties were detected and analyzed. The key indicators of affecting the quality of chestnut were selected
through principal component analysis (PCA) coupled with correlation analysis and descriptive statistical analysis. The
weights of these key indicators were calculated based on the entropy weight method to construct the gray correlation
evaluation model. Our findings revealed notable differences (P<0.05) in various quality indicators among the different
chestnut varieties and observed significant correlations among several of these indicators. The key indicators identified by
PCA included moisture, the ratio of amylose to amylopectin (AA), total flavonoids, good fruiting rate, fruit shape index,
hardness, soluble sugar, and reducing sugar. The weights of these key indicators obtained by entropy weighting methods
were 14.08%, 14.64%, 15.64%, 7.74%, 9.41%, 9.11%, 18.90%, and 10.48%, respectively. The gray correlation analysis
indicated that the overall qualities of the varieties Danli No.1, Dandong 9113, and gX-005 ranked among the top three. The
25 chestnut varieties were categorized into four groups by cluster analysis. The first group was ideal for developing
functional beverages, the second was suited for kernel processing into canned food, preserved fruit, or chestnut powder for
baked goods. The third group served as a high-quality food ingredient and the fourth group was best for frying and as a

direct-sale nut. This study provides valuable insights for selecting superior resources and breeding high-quality chestnut
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varieties, while also laying a theoretical foundation for the comprehensive utilization of each type of chestnut.

Key words: chestnut; principal component analysis; entropy weight method; grey relational degree analysis; cluster analysis
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Table 1 Varieties and numbers of chestnut tested

e A= 7 e e A= 7 M b
1 LTHR Lty 14 LT P qD-002
2 LTHR ERUS 15 WHLER qD-006
3 ILTHAAR 9113 16 JUE[A=E C-23
4 LT FF 17 JEE[A=E S C-65
5 LT P 18 JUE[A=E S Q-XS
6 el s qC-001 19 L& H7-3
7 el s qC-002 20 IOE[A=E el
8 [EE|#sa) qC-003 21 [EEIA=E < e
9 Bl #sa) qX-001 22 [EElA=E < He's
10 WAL qX-002 23 [EEIA=E < TS
11 WAL qX-003 24 mALE%E FLAIERES
12 WAL qX-004 25 mALE%E B%105
13 LTS qX-005
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Table 2 Sensory characteristics of different varieties of chestnut
A L a b W (N) 42 (mm) 4% (mm) I E
1 82.53+0.87% 0.62+0.10°"" 25.04+0.281% 26.58+1.18™ 26.68+1.17°%" 27.09+0.55"* 0.98+0.02%
2 81.67+2.47° —0.27£0.25" 23.9420.29' 18.28+1.42" 38.06%1.11° 42.2943.25° 0.91£0.06°"
3 74.87£2.67° 1.08+0.20b% 33.11+1.28% 24.47+1.04% 28.40+2.20° 35.32+1.43% 0.81+0.04"
4 87.22+1.86% 0.33+0.15g"* 23.60+0.56 23.4140.69"" 32.71£1.63° 37.2242.24 0.88+£0.01fehi
5 86.22+0.77° 0.20£0.135Km 29.2740.92°% 236441540 36.89+1.84° 36.25+3.31™ 1.02:£0.04*
6 86.22+0.77 0.78+0.04" 33.45+].83% 24.40+1.50% 25.06+0.21% 26.71+0.621% 0.94+0.03%%
7 85.59+0.62° 1.35+0.13% 38.48+1.13° 19.5440.83" 23.9841.62"* 25.40+1.79% 0.95+0.01%¢
8 90.41+6.34° 0.31£0.07"K 32.49+1.70% 24.25+0.68"% 23.60:0.48" 27.26:+0.68"* 0.87+0.04ehik
9 85.06:+0.64™ 1.52+0.46" 35.59+0.92° 19.45+1.71" 22.89+0.58" 23.46+2.09"™ 0.98+0.07%
10 85.98+0.49" 1.09+0.30"¢ 32.87+1.81¢ 24.48+1.63" 26.42+0.74%4% 26.60+0.14% 0.99+0.03%
11 86.86+1.03" 0.99+0.200 33.70+1.86™ 20.69+3.93%" 27.31+1.04% 30.85+1.34¢ 0.88£0.0 1 «crehi
12 86.00+0.75° 1.22+40.78% 25.93+2.40" 24.5144.00 25.814]1.88% 28.5620.98e 0.90:£0.04 "
13 86.07+0.58" 0.72+0.16%"" 28.62+2.92%" 23.85+2. 78l 21.55+1.05' 22.8241.34™ 0.95+0.08"
14 85.78+1.17° 0.74+0.19%f 31.54+1.01%% 24.58+2.11°%¢ 24.84+0.53fhik 28.91:+0.77%" 0.86+0.04e"ik
15 86.71+0.58° 0.82+0.32°%F 29.43+0.96°¢ 20.07+0.27¢" 23.53+0.57% 25.80+0.35; 0.910.01°%f
16 87.28+2.06% 0.130.09%!m 25.72+1.19" 22.97+0.31%4% 24.39+0.04¢"k 32.09+1.23% 0.76+0.03'
17 86.75+0.91° —-0.16+0.11™ 28.46+1.06%" 25.03+2.67° 27.76+0.30% 34.01+0.62% 0.82+0.02%
18 87.71+0.13% 0.08+0.07%m" 26.34+1.15" 21.13+1.48%"h 25.53+0.92¢fN 28.0120.84"k 0.91£0.02"
19 87.82+0.64% 0.03+0.10™ 30.04+1.28¢% 23.0120.99%% 25.83+]1.05% 28.34+1.86" 0.91£0.03%"
20 85.93+0.80° 0.36+0.] 8"k 29.91+1.62°% 23.0940.56"" 27.17+0.79°% 29.68+0.62°"¢" 0.92:0.02
21 85.72+0.35° 0.62+0.19°%" 31.06+0.67%" 27.23+1.13° 24.77+0.80"ik 30.19+0.26° 0.82+0.024
22 87.36+0.43% 0.14£0.08m" 25.17+1.53" 20.9140.79°"" 24.90+0.750ik 30.23+1.31°% 0.82:£0.02"k
23 86.83+1.19° —0.07+0.03"™ 22.16+0.58' 23.64+1 470 27.77+0.83% 31.82+0.76% 0.87+£0.01 e
24 87.58+0.81* —0.13+0.06"™ 22.63£1.00 25.80+2.20% 23.05+0.08" 27.30+0.82"* 0.84:£0.028"i
25 87.210.60" 0.52+0.09E" 24.42+0.26™ 20.18+0.60%" 26.34+0.38% 29.64+1.33°%" 0.89:£0.03¢cfeh
Mean 85.90 0.52 28.92 23.01 26.61 29.83 0.90
Max 90.41 1.52 38.48 27.23 38.06 42.29 1.02
Min 74.87 —-0.27 22.16 18.28 21.55 22.82 0.76
SD 2.83 0.50 434 236 3.97 4.49 0.06
CV(%) 3.30 96.80 15.02 10.26 14.91 15.04 7.10

1 FSIAS R PR R R A B T 25 5 (P<0.05), #63~35[A); CV: 7 R %L,

M 22.82~42.29 mm. 21.55~38.06 mm. 0.76~1.02, X}
FEAS [R] S b S A SR AT LA A B0, A MR A AR S5
FREERER, A 7 BB 15.04% . 14.91%, (HHL
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R, AR HARSI AT EIL T4, = m e . dik
SRR ACA T AR ML IX B EAR AU, T H AR E
WA TR RAFAZZ AR S S, BT LS5 TR =2 0l (19
FELLAR S HAT R 250

TSH R Fz B T SR P 1) S AR 30 A R R I SRR
SEE SRR BT R AR, AN ST A AR SRR Y
Sy 18.28~27.23 N, ~F-¥J{H A 23.01 N, f fF e/
A SRR A A, T2 R AR R R o i A, 8 TR R R )
FhoRHHERS, B HUAS FRIZ A PG S0 B0, b )s 9E
AR EE 2 T %S
22 WREEF@EERIEFSTT

X 25 AR SR B IR A A 25 S an
2% 3 ias, AR SE SRR K 43 FLAG D . nT T R

FI . RIS PENE . RN . AT PR . Sl A
B & 2R HE . KSR 1.74%~2.79%, J8Ni
TN 0.20%~13.70%, JE A & 68.78%~85.25%,
TEETERY S 30.13%~48.73%, Al IEPEE A &
S 2.41%~5.55%, IR JEBE S 1.35%~2.82%, FI
P N 12.80%~39.89%, 1] %M B My & i
13.53°Brix~38.80°Brix, &L} & 1k 0.52~1.19 mg/g,
VRS 0.76~1.95 mg/g, FEIRIFAESERE
SN 5.64%~82.72%, AR & AR S R K, A
ST, AR SR AR SR E— e 25 5. S
Fh R RN A 2 L 22 TS, (HAE R4S
1 R AR B BAAT — 2 2 2

BYH ISy EEFE WY A TCHLER A, 25 4
b AR RO 3 B e PR AR, AR SR S qC-
002, SEIJME N 2.18%, 55 Yang %522 (Uo7 45 5 —
B, KA E S EEH AR SRR, SRR IR B A
22 FBEHK, NR i & i B i MR PP R C-23, 38 13.7%,
HYIEFHETA 12.94%, MA1E{UHA 0.2%, 8N & &
AR AN IE A 24 #0.(0.71%) . 9113(0.96%) . F}3E
1 5(0.87%), iL TP A< b X AR B2 S PR AB I & 2
AR F AR I X, Z 8P A IR T S = TE 1.5%~
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Table 3 Nutritional characteristics of different varieties of chestnut
fnfl K53 (%, DW) BRI (%, DW) B JEHE (%, DW) %R (%, DW) A% (%, DW)  AIEMERIEY (°Brix) B8 (mg/g) A # T (mg/g)
1 2.27£0.05%"  0.71+0.02" 1.35+0.04™ 25.13+1.618 3.21£0.06™ 13.53+0.67™ 0.84+0.02¢8  1.23+0.03°
2 2.79+0.04° 0.20+0.02" 1.68+0.04'* 37.37+1.96 3.18+0.05 22.73+0.80" 1.00£0.03  1.46+0.07"
3 2.44£0.46*¢  0.96+0.03' 1.62+0.061 34.20+1.15° 3.420.108"* 28.27+0.25¢ 0.93+0.03°"  1.84+0.06"
4 2.16£0.03°%"  2.72:+0.04™ 1.76£0.02¢ 33.07+0.23¢ 3.63£0.02°% 15.93+0.58' 0.97+0.04*  1.70£0.10°
5 2.47+0.08*  0.87+0.02" 1.92+0.04°¢ 33.04+2.83¢ 3.25+0.08% 22.77+0.12" 1.03£0.02%  1.69+0.02°
6 1.97+0.06"%  4.00+0.04 1.77+0.03 23.28+1.00%" 3.47+0.05% 28.30+0.72¢ 0.75+0.02"  1.0120.021
7 1.8120.01¢ 4.35+0.02! 1.75+0.03" 20.39+0.40’ 3.62+0.39%" 35.93+1.51° 0.83+0.01¢  1.71+0.09°
8 2.18+0.01°®  1.88+0.02 1.8540.04<" 12.8040.26" 3.50+0.054" 23.63£0.21" 0.95£0.02°  1.72+0.01°
9 1.94£0.05™  4.49+0.03" 1.56+0.04' 39.89+0.53" 3.26£0.111% 38.80+0.10° 0.89+0.05"  1.37+0.13
10 2.11£0.02%"  4.73+0.03¢ 1.83+0.01%" 13.86£0.67"™ 3.43+0.238"k 29.10+0.17¢ 0.71£0.01"  1.01£0.019
11 1.74+0.01' 6.38+0.03" 1.720.04" 28.09+0.97 3.36+0.10Mk 34.97+0.35° 0.60+0.03  0.87+0.06"
12 1.98+0.16"%  4.02+0.03’ 2.03+0.10° 15.32+0.37™ 3.23+0.14% 25.93+1.68° 0.81+0.028  1.08+0.06""
13 2.62+0.08® 1.56+0.04° 2.82+0.04° 30.09:0.95°" 3.58+0.14"" 29.17+1.59¢ 0.83£0.02¢  1.61+0.03¢
14 1.86£0.03%  2.95+0.04' 1.8620.03* 30.2442.57°" 3.24+0.211% 35.27+1.81° 0.71£0.02"  1.05+0.03"
15 1.86£0.05%  3.80+0.07 2.03+0.02° 21.06+1.25" 2.41+0.12" 32.70+0.30° 0.83£0.01¢  1.07+0.10¢
16 2.04£0.07¢  13.70+0.02° 1.63+0.034 15.89:£0.924 2.97+0.18' 24.40+0.17¢" 0.5240.01'  0.76+0.04'
17 2.4240.03%  2.41+0.02° 1.7120.06" 13.37+0.16™ 3.80+0.12%" 21.70£0.01% 1.00£0.02*¢  1.42+0.03¢
18 2.35+0.07°%  6.48+0.02° 1.60+0.04' 21.41+0.44" 4.06£0.17% 25.70£0.35°" 0.64£0.02°  1.18+0.01°
19 2.16£0.03°"  2.62+0.02" 1.78+0.03¢ 17.55+0.55 3.67+0.12°% 26.73+1.71° 0.96+0.01%  1.19+0.03°"
20 2.13£0.03%"  12.94+0.04° 2.05+0.04° 20.29+£0.37 3.55+0.18"" 26.53+0.60°" 0.99+0.02  0.90+0.06"
21 2.41£0.03°  2.310.02° 1.8540.02°% 23.26+0.38%" 4.00+0.08"¢ 26.03+0.72° 1.19£0.03*  1.95+0.03"
22 2.02+0.04%  7.59+0.04° 1.90+0.01¢ 31.68+2.86% 3.99+0.05%¢ 28.33+0.12¢ 0.99+0.04*  1.23+0.12°
23 2.29+0.03°"  8.73+0.04° 2.06+0.10° 20.86+1.13" 3.88£0.14% 20.87+0.31* 1.06£0.02°  0.95+0.01%*
24 2.31£0.01°%"  2,19+0.049 1.7440.05" 19.77£1.17 5.55+0.04° 24.13+0.85" 0.94+0.01°  1.13+0.03°="
25 2.27+0.04%"  2.63+0.04" 1.70£0.02" 23.00+0.73¢" 4.17+0.03" 25.03+0.83"" 0.93£0.01°  1.09+0.03"
Mean 2.18 421 1.82 24.20 3.58 26.66 0.88 1.29
Max 2.79 13.70 2.82 39.89 5.55 38.80 1.19 1.95
Min 1.74 0.20 1.35 12.80 241 13.53 0.52 0.76
SD 0.26 3.48 0.27 7.76 0.56 5.90 0.16 0.34
CV(%) 11.94 82.72 14.60 32.09 15.67 22.12 17.84 26.07

4.8% Z 0], NIy ER P& b e 1 S o ke Ll R
=+, FAKAYIE qD-006, SFEHIMEH 3.58%. Al HREAI
T [ B R M AR S A 11 5 XU, 3R R
PR SRSCER L, AR S A AR R i ] e R m ] i ]
TP Er e H A WA 255, & @ A o gX-
001, FRHHIZ A FIEI R i, FUEES AT, RIS RN
{E2h 24.20%, AIEERTZYF-HI(E R 26.66°Brix, 5
2 (IR AE B O e i 1O SRR
A gX-005, I K 0 &b FP SR PEAR A 2 Bl S (E R
1.82%. ek B FILEL BRI 5 e v 4 A B DA HE, BRI
APl C-23, SEHME 417128 0.88 mg/g Fil 1.29 mg/g,
5 Xu 29 fRIST S5 R —3,

A S LATE R A T2 1 IR, Y Ay o S e
SEEH ST R IR, WE D AR S SR
) LU g 2= R e 2] B 1Y) EERRNTE R AR .
2 4 PR, BEEREITER & iR 76.03%, 285 R EL
A 5.64%, FEBHTERY S AE AN ) SRR R] 22 S 0,
MR RFSE » TER S B SRR A 9113, iR
A S BETE A & W = T & i A I SR B
L 105, IR SRR TE R S IR T ELREUE R, JHD
Sy AR I SCEETER S A T AR . EEETE
SPIEESN 36.81%, XEEIEM N 39.22%, HEFIEN

55 St TE A AR IN DU S (ke PR 2520
2.3 WREMILABRIBRS

BERET 4 DI TS ETFEbR: B3R 1123 K
Sy AN, SR AR N TaE B AT TR
SEN, TN 25 A M S SR T T LA A 11 22
SEOTHTEE IR LR 5. USSR o —2, A
WFFE I SR 3RATE 77.67%~97.67% Z 6], A8 5 220N
5.64%, F-HME R 91.27%, FEREETPT (IR L s
UT . AT HRAE 77.41%~86.91% 2 6], A8 55 R % Ky
2.66%, EERREER /N, IR OPAEAS AP [E] 22 AR,
TrEAE 35.64%~62.58% 2 [A], S H{E N 48.69%, 5
Z I FE A A R — 3, BR T qX-001. qX-003.
qD-002, HAx A SoK s KT 40%, AR &
KA, SRIG W b S K, HoK & B ARfbAS
A EHE NSRS FECE B, 652 SR S RS o M T
EIEYTRINEAE . AR AR ST R EGA 43.53%, fix
KAE 5 Fe/IMBEEIFA 22 5 4%, B AS BT T e84
FhELAT B 0 25 5, 38R AR O R s B R T, AR
REREAMFIAA 44 0113, A, FIEE 1 5, A
SREB/NHFA qX-005, gD-006., qC-001, qC-002,
qX-001, A3 AEH HH 1 DX IAREE
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Table 4 Starch content characteristics of different varieties of chestnut
A TER (%, DW) HHEVEH (%, DW) SCHEETERY (%, DW) AA(%,DW)
1 74.96+5.85 e 38.26+1.38° 36.70+4.49%"h 104.2540.94
2 69.72+1.42¢ 36.13+1.51% 33.59+2.62%" 107.55+1.3 1%
3 85.25£3.57° 36.59+1.37° 48.66£4.20° 75.19+0.81%"
4 80,722,930 35.16+1.57 45.56+1.54" 77.18+0.22%"
5 77.07+3.255fe 33.38+0.63¢" 43,69+2.73% 76.40£0.37%"
6 78.38:2.497bedel 32.41+1.63" 45.98+2.21% 70.48+0.55%"
7 69.92+1.93¢ 39.79+2.33% 30.13+0.94' 132.05+1.09°
8 74.17+7.38°4f 37.99+0.96°%" 36.18+8.17%feh 104.98+2.56%
9 79.61+2.48% 41.41£0.90" 38.20:+].92¢0teh 108.42+0.49
10 72.70£3.59%"" 36.52+1.37° 36.19+4.37%feh 100.91+1.48%%
11 77.13+6.735fe 30.22+1.53) 46.90+5.48® 64.43+0.53"
12 70.81+3.70%" 35.97+0.56' 34.85+3.48¢fe 103.21+1.03%%
13 76.22:+4.1 6%l 42.96+1.89° 33.26+4.13¢" 129.18+1.95"
14 75.05:4.680cleh 40.20+0.75™ 34.85+5.36¢mh 115.36+2.19%
15 75.67+1.870 e 37.661.76°%" 38.01+3.63°f" 99.07+1.50%4f
16 82.75+3.55% 37.74+3.03°%" 45.01+5.88%* 83.86+1.62¢f"
17 76.15+0. 76" e 31.11£1.46" 45.04+0.84% 69.07+0.44%"
18 72.4244.32¢%h 39.41+1.60%%* 33.00+3.85" 119.43+1.39"
19 77.19+1.62%%" 37.37+1.06°% 39.82:+2. 6501 93,840,881
20 750131 50cdefeh 35.161.51% 39.84::4, 590t 88.26+1.33¢%h
21 71.09+7.59'" 39.36+2.24%% 31.73+5.51" 124.06+1.75®
22 79,744,130 3711283 42,621,670 87.08+0.51¢
23 82.03+4.57% 33.30:+£0.528" 48.73+4.10° 68.35£0.47"
24 78.17+1.56"%" 36.99+2.08% 41.19+2,18c! 89.8040.94°
25 68.78+4.28" 38.06:£1.14°%F 30.72+4.77" 123.91£2.17%
Mean 76.03 36.81 39.22 96.65
Max 85.25 42.96 48.73 132.05
Min 68.78 30.22 30.13 64.43
SD 4.28 3.07 5.81 20.45
CV(%) 5.64 8.33 14.82 21.16
F 5 AR AR TR
Table 5 Processing characteristics of different varieties of chestnut
mnA LR (%) HAR (%) K (%) HRHF(g)
1 77.67+1.53! 78.98+0.34™ 56.56+1.38" 8.14+0.28"
2 93.33+1.23%f 83.09+0.93°% 62.01+3.94° 23.63+0.85°
3 94.67+2.52%4 84.71+1.17* 56.76+1.22° 13.18+0.55¢
4 90.00+1.45" 82.02:+0.40¢%" 62.58+2.19° 14.89£1.16°
5 89.33+1.53" 81.9041.29¢hik 50.11£0.91¢" 15.73+0.17°
6 93.00:1.00%" 80.17+1.30"km 46.18+0.72" 5.8120.67*
7 90.67+1.15%" 81.07+0.37¢4 42.60+0.55 5.38+0.17¢
8 94.77+1.78° 81.81:£0.49nk 54.13+2.06° 6.32+0.12
9 84.33+2.08" 80.87+0.58"km 35.64+1.88¢ 5.29+0.154
10 97.67+1.65° 79.89+1.00"™ 42.70+0.70% 7.3240.25
11 95.33+1.00%¢ 77.41£0.24° 39.74+1.70" 7.54+0.43"
12 91.67+1.33°" 79.99+1,79"m" 45.31£0.75' 8.32+0.44"
13 78.33+1.53' 84.14%0.60*¢ 51.55+0.47%" 4.5240.17'
14 95.001.00% 81.1420.98¢h* 36.35+0.60™ 8.27+0.11"
15 93.67+1.68* 79.10+0.44™ 40.85+0.84" 5.20+0.36"
16 87.33+1.531 86.91+0.55° 50.77+1.00°" 11.14+0.75°
17 97.00+1.00® 80.19+0,33Kmn 53.44+1.27% 12.93+0.79¢
18 93.67+1.15% 83.06+0.38°¢f 45.02:+0.84 10.5140.75°"
19 86.67+1.53* 82.5240.44° 50.40£0.26°" 8.00+0.6™
20 94.67+1.04"¢ 80.73£0.207m 46.78+0.20" 9.95+0.40'
21 94.67+1.53%¢ 81.7940.16" 47.77+0.06" 9.27+0.52¢
22 90.67+2.08"¢" 81.13+0,72"km 48.28+0.988" 10.14+0.46°2
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i IR (%) HATH (%) K5 (%) AR (g)
23 90.33+1.88%" 82.84+0.29%" 52.42+0.80° 12.78+0.7"
24 96.67+1.34" 83.710.12°% 49.21:£0.24%" 7.72+0.18"
25 91.67+1.03°" 85.69+0.49™ 50.17£1.58¢%" 10.88+0.44°"
Mean 91.27 81.79 48.69 9.71
Max 97.67 86.91 62.58 23.63
Min 77.67 77.41 35.64 4.52
SD 5.15 2.18 6.94 4.23
CV(%) 5.64 2.66 14.26 43.53
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Fig.1 Cluster analysis heat maps of different varieties

of chestnut
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Fig.2 Heat map of correlation analysis
TE: *FR P<0.05, **3£7R P<0.01.
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21 MHEPR 231 DAHSCRECT, F8PRTE 0=0.05 7K
A 12 A BEAESCHE, 7R 0=0.01 K A 19 A4
ATEY P G

REIEPRP R E S o MH. TS TEEIE Y SR
ZAAAESE, FHIFE R BCN—0.577. —0.512(P<0.01), 5K
SRR S B 3 IEAH G, AHSC R ECH 0.650., 0.610
(P<0.01), PMHSHIRHE , K- BFEMAHC, FHX
2B N—-0.501, —0.446(P<0.05), 5 o'{H . 7] &M
TEW 5 W3 EAEOG, AHSC R 0.696. 0.719(P<
0.01).

InTAERRT KT 5 bE. o H . PIEPEEDEY
W UHSE, FHCRBCN—0.556, —0.573, —0.830(P<
0.01), 5 R E MK 475 0 F IEAHSE, A RECh
0.650. 0.702(P<0.01), 5 H{ZFFAE & B2 B
TEAHSE, FHEZRECH 0.407. 0.431(P<0.05).

EFRFE AR TR N S K A3 AL 5 W 2 R AH
5, MR BRI N 0.457(P<0.05) ., 0.562(P<0.01),
SR AHE, FHIERECH—0.629(P<0.01), AJ¥HE
PEME S LYE S W2 T AESC, AR -0.489(P<
0.05). PIFEVEM SUFAH% . SCRETER) 2 W ARG,
FH K = FOAK K A —0.443(P<0.05) . 0.696(P<0.01),
5 AA B REIEASE, HHIRERECH 0.851(P<0.01).

HFe PR AR S ST B, A2 B9 R b LR AR
B LA EE B EEMIMS, Ht, A %2E%F 21 5
FRPRFEATAT ISR, DASR S S BT P PR R
HERR T .

2.6 EFHAO

R/ FEARIA] S S, SR S BT X
25 EFREY 21 AR TR e, B A7ET
FH/D B AZ O PN H8 AR AR e 48 TR 11 s b Bl A=
B TR oA n] DRI —LeAH B ST 9 FE AR,
DITATAS EERT 8 ARFEFFEE T 1 A9,
B 7 AZEAGSY, BT 7 S0 Ry 22 TR RIR
83.416%, "] LMUFRIHB 3 G T rdatr. Jr2EoTmk
BRI T A FEPRHEARAE E RS h o ORR I . 22
TR, Bl T EREASEAE Syt b iV E
HREE T,

i T AR R IR AR PR TR AR S A 2 (H] Y
KR, R IEAS TS AN 2 oy 2 56 8%, 25y
A e JE [ S e Fe 2 05, 2o REGEIR T 0 5
1, {45381 04 F= 53 BRI T4 w44 R e A8

3 6 F13e 7 Al 1, 58 — £ 5 M AR E(E R
513, 5T EM 24.427%, EEAFK T HIEE
a (8. b E. PTEEPEFETEYI K Sy . HAHSETES MY
LEIR AT, AIEEERETEY S o B IEAESGE, 5
KAy AR E R TAHN, R EY oH. b HE B
kA, Sk B IS, AT H— A Fehn R
fhFER, L5575 AR PR IAH oS M . PR S R
B, PP — TSy BEIRA/K A& BRI
H g A e, R Sy S g A B T A

# 6 TR HREE 577 2 DTk
Table 6 Eigenvalues and variance contribution rates
of each principal component

PR ( SRBCT 7RI A
L% o Wk BRUE o FE  BEE
P o o) gumkacon) T abonc(on) sibhai (%)
1 5.13 24.427 24.427 5.13 24.427 24.427
2 3.786 18.027 42 454 3.786 18.027 42.454
3 2.557 12.175 54.629 2.557 12.175 54.629
4 1.834 8.731 63.36 1.834 8.731 63.36
5 1.594 7.59 70.95 1.594 7.59 70.95
6 1.487 7.079 78.029 1.487 7.079 78.029
7 1.131 5.386 83.416 1.131 5.386 83.416
8 0.841 4.004 87.42
9 0.635 3.023 90.442
10 0.502 2.392 92.834
11 0.446 2.124 94.958
12 0.309 1.47 96.428
13 0.237 1.13 97.558
14 0.205 0.976 98.534

15 0.144 0.687 99.22

16  0.081 0.385 99.605
17 0.051 0.243 99.848
18  0.026 0.122 99.97
19 0.005 0.025 99.995
20 0.001 0.005 100
21 0.000 0.000 100

KT ERSN TR

Table 7 Loading matrix of principal components

e ES Wiy
FEhR

2 3 4 5 6 7
SR 0.118 0.087 —0.026 —0.911 0.074 -0.012 —0.137
IR —-0.715 0.167 0242 -0211 0.042 0.453 —0.276
B 0368 —0.117 0.038  0.18  0.797 0.127 0.011

IR EL 0.12 -0271 0.124 033 -0.716 0.144 0.129

L -0.079 —0.204 —0.508 —0.238 —0.115 —0.25 0.564
a 0.825 —0.118 0.091 0259 —021 0.023 —0.177
b 0.847 —0.031 0.19 —0.06 —0.187 0.036 —0.101
Tifi 3¢ —0.096 0.209 025 0.069 0.063 —0.853 —0.002
KAy —0.791 0.171 0381 0.133 0.116 —0.073 —0.147
Ky —0.676 —0.113 0.548 0.084 0.183 0.058 0.059
Y} 0.064 0245 —0.753 —0.048 0235 0.1  0.136
I 0.062 —0.033 0.087 0.187 0.015 0.016 0.835
MR 0055 0173 0439 031 0.028 0.678 —0.062
MEHEER —0227 —0.107 0132 -0393 0.434 —0.313 0.237
AAEETEY) 0.871 -0.123 -0.115 —0.113 0.077 0373 0.134
psNi —0.337 0.043 0.675 —0.238 —0.002 —0.014 0.32
ST 0.013 —0.136 0.888 0.047 0.093 —0.008 0.013
TEH 0.051 0.862 —0.026 0287 0346 —0.003 0.009
HEEEN 0257 -0.655 0.123 049 0.407 0.035 0.103
THEFEH  -0.098 0981 —0.084 —0.047 0.04 —0.021 —0.048
AA 0.182 —0.931 0.129 0205 0.148 0.041 0.075
TR L.
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2.7 WBBUERFIE

ANFEHFEBRAT PR 25 R A SRR AR . S TS
AR X Sy, TG R TGS A EE .
THZER A B PR B BEAE — B _ LT e R
A BT, T B T IR B = 25 Fa bR XA S BT s M A
A EUARSIAR I R0E X, I B R B its 4545
PRS2 AR . ABGEh XA %, W25
1 (AHP) | FEF K (PC) FIfE/RIE (Delphi) &%, fE1ERE
K JRBRM:, ELIRIELS SR RAA . R T Rk
XAl ASIFSE R 2 WUGRAR 32 A, A PE 4%
FE AR AL A 15 B B A0 n] A8 P R R A 5 A5 FE AR AR
o RN, (5B RO, AR, 2, (R

I, ALE /)N 401

AN 8 Bz, KA. AA ., BLVEEHR ., IR B
B, W TSR IR RO AR R B R
14.08%. 14.64%. 15.64%. 7.74%. 9.41%. 9.11%.
18.90%. 10.48%.

* 8 MEHIHITLER

Table 8 Results of weight analysis and calculation

Eiztan 5 BE 5 BR0HE L ZE(%)
AA 0.943 0.057 14.64
SR 0.939 0.061 15.64
AT 0.9263 0.0737 18.90
Ny 0.9592 0.0408 10.48
Koy 0.9451 0.0549 14.08
(50 0.9645 0.0355 9.11
LS| Z 1 0.9633 0.0367 9.41
IR 0.9698 0.0302 7.74

2.8 RBXEESH

PRACZR GRS 2 —Fh FH A B E BN Bl
AN i S e I A NS G B0 A = RE R4 &) o EH S ) i
PP XTSRRI RN A SR A A, T G 3 4 R 7T
), RS S AT R ARI A ik 2 —, AR 2
R PR FEA | SRR S B LR ST .

ML ZENY 8 WAZ.CrFEbRh, 4 | JIBHREL. if
JEWE . AT RN R REER A IR MR AR, BRI, s
PP RS, 7K Sy I B SRy Rl BRI E bR . AR SEpER
VISCRETER R 32, SCEEVERY S fa bl vy L kAT, T
L AA EA PSP, BUEE/)N, R PR L, R
PEATE 1.2.7 A9 BEIS T b T G4 5 BT e A il 21
AEUE,

XoF AN R M S it A A 7 Ao SCER BE 4AT, ERAaX
(2 FAS 2Bk R B, 45 G AR R AL T e
BB, th 2 9 258 nT 0, HEFERT 3 44 IR S AKUCh
553580 13 5, REBEILE 0.7 DL b, 55 MR
By

9 AR AR B A SCHREE M

Table 9 Grey correlation degree analysis of different chestnut varieties

ol RESHAA eS 135 HeFr
fp e RIS il KAy T JEU A A -

1 0.62 0.90 0.75 0.72 0.39 0.48 0.48 0.47 0.579 25
2 0.88 0.76 0.65 0.62 0.46 0.84 0.57 0.46 0.651 11
3 0.92 0.62 091 0.72 0.44 0.70 0.86 0.70 0.730 2
4 0.81 0.71 0.97 0.61 0.47 0.67 0.73 0.67 0.692 4
5 0.80 1.00 1.00 0.95 0.52 0.66 0.72 0.68 0.773 1
6 0.88 0.81 0.92 0.85 0.48 0.45 0.41 0.80 0.664 7
7 0.83 0.83 0.70 0.74 0.47 0.41 0.73 0.40 0.610 17
8 0.90 0.70 0.93 0.79 0.50 0.33 0.74 0.47 0.631 13
9 0.71 0.90 0.69 0.61 0.43 1.00 0.53 0.46 0.673 6
10 1.00 0.92 091 0.74 0.49 0.34 0.41 0.48 0.603 18
11 0.93 0.71 0.75 0.68 0.47 0.53 0.38 1.00 0.658 9
12 0.85 0.74 0.90 0.82 0.55 0.36 0.43 0.47 0.595 20
13 0.63 0.83 0.97 0.88 1.00 0.58 0.66 0.40 0.717 3
14 0.93 0.68 0.90 0.62 0.50 0.58 0.42 043 0.598 19
15 0.89 0.76 0.72 0.70 0.55 0.42 0.43 0.49 0.581 24
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R
T KB JIA IR H7
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16 0.76 0.57 0.93 0.92 0.45 0.36 0.36 0.59 0.584 23
17 0.98 0.63 0.86 0.81 0.46 0.34 0.56 0.83 0.650 12
18 0.89 0.76 0.78 0.81 0.44 0.42 0.46 0.42 0.586 22
19 0.75 0.76 0.93 0.93 0.48 0.38 0.47 0.52 0.616 16
20 0.92 0.78 0.94 0.88 0.55 0.41 0.39 0.56 0.630 14
21 0.92 0.63 0.72 0.92 0.50 0.45 1.00 0.41 0.680 5
22 0.83 0.63 0.77 0.95 0.51 0.62 0.48 0.57 0.656 10
23 0.82 0.70 1.00 0.85 0.56 0.42 0.40 0.86 0.664 8
24 0.97 0.66 0.80 1.00 0.47 0.40 0.45 0.55 0.626 15
25 0.85 0.73 0.73 0.95 0.46 0.45 0.44 0.41 0.595 21
N 245-254.
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