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Variation and cluster analyses of morphological characters and nutrient content of Quercus
acutissima seed from different provenances LIU Zhi-long'?, YU Mu-kui’, TANG Luo-zhong',
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Abstract; Seed morphological characters and nutrient content of Quercus acutissima Carr. from twenty-
seven provenances were analyzed. The results show that there are highly significant differences in seed
length, seed width, 100-seed weight and contents of soluble sugar, starch and protein of Q. acutissima e
seeds. The length and width of seeds are 1.69 —=2.26 cm and 1.06 —2.50 cm, respectively. The 100- r-
seed weight is 83.55 —637.38 g. And the contents of soluble sugar, starch and protein are 0. 051 —
0.105 mg - g™, 0.278% —0.471% and 21. 502 - 34. 696 mg - g ', respectively. The 100-seed
weight has a significant positive correlation with length, width and soluble sugar content of seed, and
seed length has a significant positive correlation with soluble sugar content. The result of principal
component analysis indicates that seed length, seed width and 100-seed weight are the main determinant
characters to seed quality of (. acutissima. According to the results of cluster analysis, twenty-seven
provenances of ). acutissima can be divided into three groups, in which the first group, including Xiashu
of Jiangsu, Taihu of Anhui, Huangshan of Anhui, Xiuning of Anhui, Chuzhou of Anhui, Qianshan of
Anhui, Kaihua of Zhejiang, Fuyang of Zhejiang and Mengyin of Shandong, has good seed quality and is
superior provenance.
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Table 1 Character parameters of seed morphology of Quercus acutissima Carr. from different provenances!)

Pl Provenance K FE/cm Length

&/ cm Width ‘BRIE/g 100-seed weight

VL7 T % Xiashu of Jiangsu
LR H Jingxian of Anhui
K% Lu’ an of Anhui
LM Chuzhou of Anhui
LKW Taihu of Anhui

2.25+0.18 KL
1.91 +0.20 DEF

L@ # 1l Huangshan of Anhui 2.11 £0.25 HIJ
L Qianshan of Anhui 2.00 +0.14 FGH
BRIk T Xiuning of Anhui 2.15 £0.19 IJKL.
IZR B Pingyi of Shandong 2.03 £0. 18 FGHI
iz % B Mengyin of Shandong 2.20 +0.25 JKL
WiZR#FHE Feixian of Shandong 2.16 +£0.25 JKL
WA Y7k Yishui of Shandong 1.69+0.19 A
W & Yueyang of Hu’ nan 1.93+0.19 DEF
WiEd#r7° Xinning of Hu’ nan 1.86 +0.09 CDE
Wigg e ¥b Changsha of Hu' nan 1.74 £0.08 ABC
L% Yuan’ an of Hubei 1.82£0.11 BCD
Wit FEE Xiangfan of Hubei 2.26 +0.18 L.
WAL K Xishui of Hubei 2.09+0.13 GHY
#iILE FH Fuyang of Zhejiang 2.18 +0.18 JKL
#ITH 1L Kaihua of Zhejiang 2.18 +0.18 JKL
PYJII J7 9% Wanyuan of Sichuan 1.91 £0.21 DEF
PUi])~ 30 Guangynan of Sichuan 1.73 £0.19 AB
PO i3 1 5 No. 1 of Luzhou in Sichuan 1.73 £0.16 AB
Pl  2 5 No.2 of Luzhou in Sichuan 1.83 £0.20 BCD
WP 1 Fangshan of Shanxi 1.94 +0.15 DEF
BEPE L Hanzhong of Shaanxi 1.97 +0.12 EFG
JPEHEAK Guilin of Guangxi 1.84 +0.22 BCD
¥ 78.189 * =

2.09 +0.16 GHIJ

2.12 +0.24 HIJK
2.15 +0. 11 HIJK

2.15+£0.20 H 563.28 +10.35 M
1.26 +0.07 AB 227.14 +£4.19 BC
1.60 +0.13 CDE 279.56 +11.54 FG
1.89 +£0.25 FG 366.12 +£9.01 ]

40+0.16 1J
.07 £0.23 GH
.76 £0.11 CDEF
.21 +£0.20 HI
.83 +0.13 EF
.79 0. 15 DEF
.68 0. 13 CDEF
.53+0.13 C

.56 £0.12 CD
.68 +0.11 CDEF
.29+0.07 B

60 0. 12 CDE
64 +0. 13 CDEF
84 +0.13 EF
.09 +0.23 GH
.50+0.14 )

.69 +0. 13 CDEF
.06+0.20 A
.56 £0.14 CD
.64 +0.18 CDE
.79 0. 14 DEF
.62 +0.10 CDE
.58 +0.17 CDE

637.38 £12.33 N
543.96 +11.87 M
364.30 £9.82 ]
502.61 +i1.56 L
387.90 +12.18 K
339.98 +11.23 HI
256.88 +22.48 DEF
218.70 +6.92 B
273.68 +8.76 EFG
347.72 £11.28 1
215.42 +8.24 B
266.34 =8.67 DEF
323.45+9.82 H
394.92 £10.20 K
491.15+17.30 L
599.01 £19.82 N
272.26 +17.62 FG
83.55£6.76 A
313.80 £18.04 H
250.76 +2.99 DE
285.56 +13.25 G
246.52 +11.32 CD
285.02 +18.55 B

— = e e e e e N ORD R e e e e ek Rem ke = = R Rm RN

7.006 * % 634.976 = *

D WP AR E RS B R R 2 FAR .2 ( P<0.01) Different capitals in the same column indicate highly significant difference ( P<0.01);

%, P<0.01,

LRy 21. 502 ~34.696 mg - g, = [ P )I| )56
RRRAR R T-28 B B, 7 H B RO BN RRAR
MFEARS BRI, MHEREEMW 161 5,
TGRSR TR A RS .
HER S BRI S BE Rk BN BB KR (P <
0.01),
2.2 FRERFTFAHES BUE XS

BRERAP TR AE S B T A R 2K 3,
3 3 0T, R AR TR SR E S B0 & B e R4
HRIGTFREITTAE—E W, MM TFERES
Fh KB O R B EARE(P <0.01) %R
55 0. 602 1 0. 905 5 BRAFFH T T B B 556 7
TR S B R B EEMX(P <0.05), 55K
HSEMEARSBEOEA EMXH., FRERH TR
KSR TS0 S8 B ERAXE(P <0.01), HX &

B -0.819; SR TRKEMIEM X, KEMFEE
FER o RN T 6B B S R b
Buer i SRS B RN B M IEROE, MR R
K 0.090; HAFHNEA AR SEHSREAN
BERRME, R &R S IRERSEZ B
ABER AR
2.3 WM FRBREWERNTERS I
VIR 27 A BRERFR IR T AR A ST, 6
AR FIE SIS AE TR0 & BRI E R BT
AT RN 4, hR AT S 2 &
AT BT 9 R 49. 885% 11 22. 830% , BT
BRFRIK 72.716% o 1035 1 Mo ERAT BB
TR E/MOKEF T SR T RERRM T AR
PR T M HEARE 7256 2 T B3R
AT BB R TR Al 9 2 1 B S B AN AT P v
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Table 2 Comparison of nutrient contents of Quercus acutissima

Carr. seed from different provenances'

Provenance

A A /mg g

Content of soluble sugar

EMER/ %

Content of starch

EARSE/mg- g
Content of protein

W H T %) Xiashu of Jiangsu
ERE E Jingxian of Anhui
L#INE Lu’ an of Anhui
2N Chuzhou of Anhui
L2 K Taihu of Anhui

228 %111 Huangshan of Anhui
2% 1 Qianshan of Anhui
FERT Xiuning of Anhui
145 F-E Pingyi of Shandong
1% 228 Mengyin of Shandong
117 ## B Feixian of Shandong
Iy ZRIF7K Yishui of Shandong
WFEE P Yueyang of Hu’ nan
BEEFT Xinning of Hu’ nan
WHiH 1> Changsha of Hu’ nan
#4t L% Yuan’ an of Hubei
#AL3E 8 Xiangfan of Hubei
WL K Xishui of Hubei
WiTLE PH Fuyang of Zhejiang'
HFILIF4L Kaihua of Zhejiang
P9 )1l 7 ¥R Wanyuan of Sichuan
pu)Ijf= 56 Guangyuan of Sichuan
PYJI M 1 S No.1 of Luzhou in Sichuan
pujIj i M 2 B No.2 of Luzhou in Sichuan
WP 75 11 Fangshan of Shanxi
BEPG I & Hanzhong of Shaanxi
I PEER Guilin of Guangxi

F

0.073 +0.004 ABCDE
0.072 +0.005 ABCDE
0.056 +0.006 ABC
0.093 +0.008 DEF
0.098 +0.016 EF
0.091 £0.013 DEF
0.075 £0.011 ABCDEF
0.100 +0.012 EF
0.094 +0.011 DEF
0.096 +0.005 DEF
0.105 +0.003 F

0.094 +0.011 DEF
0.080 +0.015 ABCDEF
0.082 £0.015 ABCDEF
0.052 +0.011 AB
0.070 £0.003 ABCDE
0.083 £0.015 BCDEF
0.083 +0.007 CDEF
0.076 +0.009 ABCDEF
0.088 +0.011 DEF
0.074 +0.010 ABCDEF
0.074 £0.005 ABCDEF
0.051 +0.005 AB
0.070 £0.003 ABCDE
0.063 +£0.008 ABCD
0.072 £0.001 ABCDE
0.071 £0.009 ABCD

1.006 * =*

0.461 +0.028 H

0.466 +0.043 H

0.425 £0.015 EFGH
0.442 +0.039 GH

0.348 +0.028 ABCDEFG
0.347 £0.038 ABCDEFG
0.425 £0.035 EFGH
0.423 £0.060 EFGH
0.385 +0.011 BCDEFGH
0.373 £0.019 ABCDEFGH
0.292 +0.024 ABC
0.298 +0.005 ABCD
0.278 £0.021 A

0.326 £0.033 ABCDE
0.308 +0.019 ABCD
0.298 +0.006 ABCD
0.284 £0.026 AB
0.337 £0.030 ABCDEF
0.471 +0.016 H

0.430 +0.010 FGH
0.352 £0.067 ABCDEFG
0.384 £0.097 BCDEFGH
0.395 +0. 034 DEFGH
0.392 £0.087 CDEFGH
0.390 +0. 020 CDEFGH
0.383 +0.008 BCDEFGH
0.330 +0.054 ABCDEF

6.559 * *

23.
21.
24.
23.
25.
26.
25.
21.
30.
26.
31.
23.
25.
25.
24.
24.
29.
34.
25.
29.
27.
34.
217.
29.
24.
24.
29.

196 £0.428 AB

502 £2.619 A

002 £3.329 AB

002 +£0.546 AB

196 £3.387 ABCDE
030 +3.733 ABCDEF
085 £0.712 ABCD
669 £2.566 A

502 £2.634 EFG
196 +1.608 ABCDEF
252 £1.024 FG

974 +0.173 AB

391 £2.175 ABCDE
807 +2.574 ABCDE
530 £3.458 ABCD
807 +1.638 ABCD
530 +2.014 CDEFG
530 +0.647 G

280 +2.359 ABCDE
891 +2.009 DEFG
474 +1.735 BCDEF
696 £1.519 G

196 +1.519 BCDEF
919 +1.629 DEFG
280 +1.107 ABC
307 +1.836 ABC
669 £0.833 CDEFG

8.475 =

D FF AR R RS R 2R 2 54 5.2 (P<0.01) Different capitals in the same column indicate highly significant difference ( P<0.01) ;

% . P<0.01.
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Table 3 Correlation analysis of character parameters of Quercus acutissima Carr. seed")

MK ZE Correlation coefficient

W ” o KB BaE  UAMESE BEAR EARSE
Factor 13 A .
Length Width Length-width ~ 100-seed Content of Content Content
ratio weight soluble sugar  of starch of protein
K- FE Length 1.000
T Width 0.477 1.000
£ 2t Length-width ratio 0.060 -0.819 %%  1.000
B 100-seed weight 0.602 * 0.905 +* —0.632 %% 1.000
A E RS B Content of soluble sugar 0.590 * * 0.393 -0.106 0.443 = 1. 000
JERT & & Content of starch 0.325 0.234 0.004 0.357 -0.109 1.000
H i & & Content of protein -0.099 -0.197 0.182 0.192 0.090 -0.323 1.000

D s, P<0.05; **; P<0.01.
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Table 4 Principal component analysis of influencing factors on seed quality of Quercus acutissima Carr.

EHEFHBATR  Factor loading

N 4 Hit R/ %
Principal KR FERE BRE ENHEEE  EhEE EARSE Latent .
component Lenath \;/E;d):h 100-seed Content of Content Content root contribution
&t weight soluble sugar of starch of protein rate
I 0. 808 0.921 0.914 0.650 0.428 -0.228 2.993 49.885
2 0.110 0.036 -0.030 0.575 -0.705 0.727 1.370 72.716
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1. 7L# T % Xiashu of Jiangsu; 2. ZHIZH Jingxian of Anhui; 3. Z#N% Lu’ an of Anhui; 4. ZZIEM Chuzhou of Anhui; 5. ZZ#A R Taihu
of Anhui; 6. Z## 1| Huangshan of Anhui; 7. Z##1l Qianshan of Anhui; 8. Z#fRkT* Xiuning of Anhui; 9. 11755 Pingyi of Shandong; 10.
Ui 5¢P] Mengyin of Shandong; 11. IiZ#H Feixian of Shandong; 12. I1ZR{7K Yishui of Shandong; 13. #iFH A Yueyang of Hu’ nan; 14. i
BI#7° Xinning of Hu’ nan; 15. #iE§ ¥ Changsha of Hu’ nan; 16. #3Li%% Yuan’ an of Hubei; 17. ¥i4t3E8# Xiangfan of Hubei; 18. ¥idLiEK
Xishui of Hubei; 19. #i{L 5 A Fuyang of Zhejiang; 20. HiVLFF{k Kaihua of Zhejiang; 21. PUJI| 7 #& Wanyuan of Sichuan; 22. PU)IjJ™5C Guangyuan
of Sichuan; 23. PGJi[# M 1 5 No. 1 of Luzhou in Sichuan; 24. PUJI[# 4 2 5 No. 2 of Luzhou in Sichuan; 25. [[iF§ /11| Fangshan of Shanxi; 26.

BEPGI 5 Hanzhong of Shaanxi; 27. J”PiHAk Guilin of Guangxi.

1 880 27 A BRERFNR IR X E

Fig. 1 The cluster dendrogram of twenty-seven provenances of Quercus acutissima Carr.
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