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2018 4 10—12 J1, #EFIBE AR /3 X 10 4~
A1) 14 D Hb SRS GRS TS o SRR Rl
PSR T 30 a, JoHGHE, ARKIER B4 TR
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1.2 REESFHENE
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Table 1 Geographic location and habitat of 14 provenances of Q. fabri
ww g PR wsmme e SOINEEC epcn o I0BE 0 TEOR L
Provenance Code Numb Mean?. r.mual Meanarmua} sunshine M?anannual temperature temperature ~ N/(°) E/(°) Altitude/m
er humidit/%  temperature/’C duration /h rainfall/mm St T of July/'C
Pajilig scLz - 26 78 16.9 1379 1027 6.1 26.7 3142 106.17 440
HEKFIM CcQWz 27 81 18.2 1484 1185 73 28.4 30.38 10837 330
Ju)i4R7k  SCLS 25 84 16.1 1286 1200 6.3 27.1 30.33 107.07 430
WIAEFI) HBLC 22 81 12.9 1300 1301 22 23.0 30.31 109.49 834
WILPEW  ZIXH 30 76 17.0 1765 1438 4.6 28.9 3028 120.06 156
WiE L HNLS 24 80 16.1 1161 1308 4.8 26.4 29.34 109.42 542
HKHE  CQIT 29 81 18.3 1141 1000 8.0 28.0 28.65 10640 924
WILEE  zIsC 30 78 17.1 1755 1579 5.8 27.7 28.64 119.18 748
WL ZIWY 30 79 17.3 1891 1520 5.2 28.9 28.46 119.39 160
B HNXH 23 80 16.6 1321 1155 5.1 27.0 27.65 110.32 520
LPHEHF  JXYH 25 81 17.7 1765 1832 5.5 29.0 2739 11625 418
fEERE L FIWYS 30 77 18.3 1629 1926 7.8 27.8 27.38 119.58 226
SNEF  GZHP 26 81 14.9 1104 1090 3.7 24.8 27.12 107.79 820
JHAM GXQZ 21 78 18.1 1443 1566 6.5 28.5 26.01 109.96 350

V< WL P R A A A 1 1L [ SRR A

Note: Zhejiang West Lake provenance comes from Xishan National Forest Park of Hangzhou.
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Table 2 Fruit morphology and multiple comparisons of 14 provenances of Q. fabri

52K FE Fruit length/mm L5255 B Fruit width/mm %% E Length-width ratio T RLJTE #100-grain mass/g
deviation o deviation o deviation LV deviation L

SCLZ 21.06+0.91 ef 432 10.69+0.96 £ 8.95 1.990.19 bed 9.68 160.64+2.21 de 137
CQWZ 22.34+0.91 cd 4.05 11.69+0.67 be 5.71 1.91£0.15 cd 7.75 162.85+3.18 cde 2.00
SCLS 22.00+1.13 cdef 5.13 10.76+0.57 def 5.33 2.05+0.16 abc 7.61 121.1442.82 £ 223
HBLC 23.17+2.28 be 9.87 10.94£1.06 cdef 9.73 2.12+0.13 ab 6.32 178.31+2.82 ¢ 1.58
ZIXH 23.22:0.90 be 3.85 11.56+0.92 bed 7.98 2.02+0.18 abc 9.05 218.36£6.02 b 2.76
HNLS 21.17+0.80 def 3.77 11.41£0.58 bedef  5.10 1.86+0.11d 5.80 128.53+4.38 f 3.41
CcQII 24.60+1.09 a 4.44 12.00+0.49 b 4.09 2.05+0.09 abc 4.55 170.82+1.64 cd 1.68
7JSC 24.210.80 ab 3.30 14.53+0.63 a 432 1.6740.10 ¢ 5.93 249.45+11.25 a 4.51
ZIWY 23.28+1.09 be 4.67 10.72+0.61 ef 5.65 2.1740.14 a 6.58 160.41+1.93 de 1.20
HNXH 21.31£0.96 def 4.50 11.60+0.83 bed 7.12 1.84+0.18 d 9.73 151.88+4.56 f 3.00
JXYH 20.72+1.40 f 6.78 11.25+0.69 bedef  6.12 1.84+0.18 d 9.76 158.01£6.82 ¢ 432
FIWYS 22.14+1.31 cde 5.93 11.51£0.76 bede 6.59 1.93+0.16 cd 8.18 147.0742.32 ¢ 1.58
GZHP 21.74£1.31 def 6.00 10.9940.60 cdef 5.43 1.990.19 bed 9.32 126.25+7.04 f 5.58
GXQZ 21.25+1.03 def 485 11.03+0.83 cdef 7.53 1.94+0.14 cd 7.30 159.34+3.00 de 1.89
{4 mean 22.30+1.14 5.10 11.48+0.73 6.40 1.96+0.15 7.68 152.41+4.21 2.65

T R FIHHE 5 AN A TR R 2 57 3 (P<0.05). .

Note: The column data marked with different letters indicate the significant differences(P<0.05). The same as below.
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20.72~24.60 mm, Hr, RV HF R LR,
TLVG BB IR R, ATE A &R 119 f5; R
B JE RS AL TE R 10.69~14.53 mm, Hid, Wiyl
FEFESR R, PR AR RS, AiE s
H 136 % KIEH BRI 1.67~2.17, H
W, W SO R, WL BRI EN, BIE
JEEE B 13045 s H Ok = A AR Ik Bl R
121.24~249.45 g, Hr, Wrilix SFhiEC, W
LOARF IR /N, BTE R IE H I 2.06 £, RETEE

BRI DT 2200 Mg R (36 3) W, AARRSEIES
FEARR K . SRR | KT LR R A
T[] A0 R N 25 5 208 B B KO (P<
0.01) , Uil AR SEASTE A RRAE 26 AR ] A0 5
WEFFAE—E R IR S o A iE— 20 AR S
TEASFHERY AR SR8, RS AT 2204, 1531
FEFPIR B AR N 1) 7 2553 1 8 43 FL R BV ME R
B, 48R (F3) BoR: 4 NESEELER IR )
F R4y Ak R BUAE IR N 27.98%~40.75%, HI{E N

x3 ABRREMERHAESERMIRERESUREY

Table 3 Variation components and phenotypic differentiation coefficients among Q. fabri provenances

ik Variance component Percentage of variance component/% Differentiation F value
REHEAR :
Lt o - E S Coefficients | S
Fruit traits Fofrii ] TR T Fofri ] TR A e ; T ] TR A
Among Within HEpL 2 Among Within KPR 2 of Phenotyplc Among Within
Randomerrors Randomerrors  traits( Vst)/%
provenances provenances provenances provenances provenances provenances
RS Fruit length 1.264 3.253 2.075 19.17 49.35 31.48 27.98 2236%%  16.73%*
HSLFE B Fruit width 0.889 1.385 0.556 31.41 48.94 19.65 39.09 33.63 ** 21.47%*
K 5% Lt Length-width ratio 0.015 0.038 0.024 19.48 49.35 31.17 28.30 14.24%* 8.76%*
B RLJF H100-grain mass 0.663 0.964 0.427 32.28 46.93 20.79 40.75 143.41 **  112.32%*
H){H mean 25.59 48.64 25.77 34.03

W RN E AR (P<0.0D. TR

Note: ** Indicates extremely significant different(<0.01). The same as below.

34.03%; A PEARBFEY T EZ 0w a el e
FhUETE] 25.59% . PRI 48.64% ., FlibLiRZE 25.77%,
Vi IH R SR STE AS R AR A R R (] AR I N I A EAS

IR R AR ST, AR AL St HOE AR S 1)

FFRUR,  RIFR IR P A A0 AR B TR ]
Shannon-Wiener $5 %% ( ) 7] DA A [R] A0k
(OF B BRI SIS, XF 14 DEARFRIR Y 4 MBS
FROESEAT ZREMEFR BT (R 4) , BRI 1411
B 5 B4 Shannon-Wiener 35 ¥t ( H) 7£ 1.734~
1.916 Z[a], ¥JMEH N 1.839, 2 FEVEFE BN B BIMEAK
WA : SCLS>GZHP>CQJJ>ZJSC>HNXH>FIWYS>
GXQZ>SCLZ>HNLS>ZIWY>CQWZ>JXYH>HBLC
>ZIXH, 4 MESFHER Shannon-Wiener $5 504 {E
A3y s ISR (1.886) SHSLK A (1.837) >
Kotk (1.832) >Hki e (1.801) , BKFE,

4 MIEEFFERZAEIEZENA R, RITEE A
PEmg = T HEMRIR.
212 BhRmAEE MNARRIEAR. ER.

AUV . AT BRITRILA R A T O 2540 0T
(%£5), KPXEE TN & RIE 14 AR
JREI 22 B B3 (P<0.01) , B ERRSRSEA

x4 14 PABHEMERFERE XA Shannon-Wiener 185
Table 4 Shannon-Wiener indexes of phenotypic traits of
14 provenances of Q. fabri

g RRKE ORI KR COERAR
Provenance ruit F1"u1t Lengthjw1dth 100-grain Mean
length width ratio mass

SCLZ 1.844 1.947 1.831 1.785 1.852
CQWZ 1.917 1.777 1.831 1.694 1.805
SCLS 1.878 1.990 1.960 1.835 1.916
HBLC 1.513 1.868 1.805 1.806 1.748
ZIXH 1.752 1.655 1.775 1.754 1.734
HNLS 1.614 1.917 1.930 1.925 1.847
CQlJ 1.960 1.921 1.777 1.837 1.874
ZJSC 1.943 1.943 1.709 1.887 1.871
ZIWY 1.900 1.874 1.748 1.762 1.821
HNXH 1.864 1.999 1.805 1.813 1.870
JXYH 1.782 1.900 1.792 1.734 1.802
FIWYS 1.792 2.013 1.900 1.764 1.867
GZHP 1.973 1.782 1.960 1.801 1.879
GXQZ 1.986 1.822 1.822 1.811 1.860
)18 mean 1.837 1.886 1.832 1.801 1.839
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Table 5 Nutrient content and multiple comparisons of 14 provenances of Q. fabri
s AR TEH EIRGE LAy g IS8l
Provenance Protein/(mg-g ") Starch/% Soluble sugar/% Tannic/(mg-g ") Fat/% Totalflavonoids/(mg-g )
SCLZ 58.31+0.25 b 59.73+0.96 a 5.67+0.49 g 58.17+£1.06 ¢ 1.13+£0.06 e 1.73+£0.03 b
CQwWzZ 34.83+0.52 f 41.72+0.65 g 7.63+0.87 101.73£0.31 a 0.33+0.06 g 1.73+£0.08 b
SCLS 44.4240.40 d 51.13+1.06 ¢ 7.17+0.47 ¢ 54.30+0.98 £ 1.83+0.06 a 1.29+0.03 d
HBLC 34.83+0.72 f 50.94+0.73 ¢ 6.64+0.92 f 54.77+0.55 fg 1.37+0.06 d 1.01+0.02 gh
ZJXH 29.7140.72 g 50.96+0.76 ¢ 8.45+0.51d 74.37+1.07 d 1.24+0.12 de 0.92+0.03 h
HNLS 38.43+0.35 ¢ 37.83+0.81 1 10.96+0.92 a 88.40+0.85 ¢ 0.37+0.05 g 1.00+0.02 gh
CQJJ 92.65+0.75 a 44.74+0.85 7.60+0.84 ¢ 92.67£1.01 b 1.27+0.06 de 1.1840.05 def
ZJSC 42.77£0.51d 54.45+0.78 ¢ 6.25+0.55 f 48.23+0.83 h 1.87+0.06 a 1.08+0.02 fg
ZIWY 44.35+0.64 d 29.03+0.21 j 9.76+0.72 b 92.73+£0.40 b 0.87+0.05 1.4440.03 ¢
HNXH 37.51+0.53 e 51.69+0.76 ¢ 8.96+0.62 ¢ 51.07+0.81 g 1.38+0.05 cd 1.174+0.06 ef
JXYH 44.12+0.64 d 40.54+0.55 h 8.54+0.63 cd 51.5740.81 g 1.57+0.05 be 1.23+£0.02 de
FIWYS 22.63+0.50 h 42.54+0.98 g 10.13+£0.80 b 91.47+£0.76 b 0.69+0.06 2.724+0.02 a
GZHP 32.84+0.50 f 52.95+.056 d 8.89+0.41 cd 51.67+0.77 fg 1.58+0.07 b 1.00+0.01 gh
GXQzZ 53.46+0.35 ¢ 56.75+0.59 b 4.93+£0.75 h 49.93+0.38 gh 1.59+0.08 b 0.94+0.01 h
HfEimean 43.63+0.54 47.5£0.70 7.97+0.68 70.0120.76 1.2120.06 1.32+0.03
A5 ZHCV /% 37.7 17.8 21.3 29.2 39.8 47.1
FfAF value 1 497** 2 730%** 449.2%* 1 986%** 179.7%* 596.9%*

[) 8 7% W0 B AR R R (R A7 AR £ 5 kAL 2k
Pk BEHBS REALIER R 22.63~92.65 mg-g !,
o, S PRVTHEFP R R A 5 & e, AR Al
P o 1 0 & A I, RUE OSSR E W 4.09 £ UE
¥y o AL YL L 29.03%~59.73 %, Hidr, pg)i|
B RP R R S i, WL R R TE R &
fi%, ATERIGH M 2.06 fi5; IR MER S Rk
TR 4.93%~10.96%, b, 1w Je Ll AR AT
PR S B IRR, T PE RRIE AT A IR,
HIF R E 2.22 7%, BT o Ay 48.23~
101.73 mg-g ™', Hr, =B ITMFIE BT & ik
L, WL SRR T SRR, WEEEEN
201455 AR A A ASEIE Y 0.33~1.87 mgg !,
Hodp, Wit BRI & dm, FEBT MR
fEW & Ak, MiEEEH R 5.67 5 KBER A
= ATEE N 0.92~2.72 mg-g!, H, fmRER
T LY A BT e e, T T e R B
AT, B REHm 2.96 1%, FIRRESE 6 Mg
FEW A G R 5 RN 17.8%~47.1%, H
BV S R AR R R B, N 47.1%, HR
WO & & (39.8% ) « FRAFEE (37.7%) .
HE AR (29.2%) FIATEMERE& & (21.3%)

TERY B AR S R AR (17.8%)
22 AEMEAHRIBMESHERESHES
1EEFHRIHEX

AR RS SR S LR AE — 2 A G
PR, 6 R FIMRRIRKE 5K R DI
K, WK EE R | BRI A A
K, UEHPRSOERG | S8 O o RS
B R S B IR ARG, R SR S
Fri R HESEVER & i S AR i 5 3 IE A
XK, SAIEMERER R T SRR R E ARG, R
Bl VEA S BN, BRI & Rk, wf
VEPEREFN BT B B R RS IRl &2 5 s
PERE S R B ETURDC, ST i A 2 UM
XK, FRWIBEZE G 5 o 3 0 o] i PR AR T
HREFEAR AT . ANRIFR IR A BR SR SCRE S80S
PR FIAHDC /BT 2R (3R 7) KRB (LEE
fi S 1 AR B EIEAG, R HERHE
S MRS AR F A Y AR 2
23 AEMBEABRRIMNERS STMBEESH

XS TRV R L BR SR SE Y 10 ANMFRIE S BT £
AT (£ 8) , 53] 3 AMEFEE AT 1.000 Y
FHGr, BRI N 42.521% ., 24.326% .



98 Mok B BF SR %33 %

R 6 FEFMFEAHFRIZFISHENBEXXER

Table 6 Correlations among fruit character parameters of different provenances of Q. fabri

K ok e KN mumm omem own o wwew owy gy S0
Item Fruit length  Fruit width i 100-grain mass Protein  Starch Soluble sugar Tannic Fat flavonoids

R Fruit length 1.00

F5FE FE Fruit width 0.74%* 1.00

K: % Lt Length-width ratio 0.56* —0.15 1.00

T KL 5 100-grain mass 0.79%* 0.76%* 0.24 1.00

& [ i Protein 0.30 -0.01 0.45 0.13 1.00

¥ER)Starch 0.18 -0.16 0.46 0.14 0.09 1.00

Al VA PERESoluble sugar -0.24 0.12 -0.50 -0.23 —0.39  —0.73%* 1.00

7 Tannic 0.15 0.34 -0.20 0.09 0.07  —0.71%* 0.52 1.00

Ji& fiFat 0.20 -0.18 0.52 0.15 0.20 0.60* —0.54* —0.85**  1.00

¥ Total flavonoids -0.14 -0.13 -0.07 -0.19 -022  —0.24 024 046  —047 1.00

E: RN R PZE S (P<0.05), **RRZER R (P <0.0). TR
Note: * Indicates significant different(P<0.05), ** Indicates extremely significant different( P <0.01). The same as below.

®7 AREMEAFERLZFESH S HESIEE FENEXIH

Table 7 Correlations between fruit character parameters and ecological factors of different provenances of Q. fabri

Item Fruit length Fruit width ratio mass Protein  Starch s Tannic Fat flavonoids
N 0.23 0.07 0.26 0.24 0.03 009 —0.16 020 —0.24 0.04
ZJEE 0.09 0.40 —0.36 0.44 045 036 0.33 0.13  —0.02 0.21
T Altitude 0.49 0.22 0.44 0.17 042 032 023 -0.31 037  —0.41
4E34)75 F¥ Mean annual temperature -0.02 0.02 -0.07 0.05 031 —0.24 0.02 043 024 0.42
FEYIHINHE E Mean annual humidity -0.07 -0.35 0.34 —0.47 021 —0.13 0.01 -0.12 018  —0.22
4% 7K B Mean annual rainfall —0.16 0.09 -0.36 0.01 043 032 0.21 0.01  0.01 0.34
i:ﬁgjﬁ R 0.22 -0.33 036 -030 032  0.05 009 001 023
1 A #JiMean temperature of January 0.13 -0.07 0.25 —0.01 042 -0.12 —0.08 045 -022 0.57*
7 H ¥4 Mean temperature of July —-0.08 0.03 -0.15 0.13 0.18 -033 0.07 034 -0.12 0.20

16.517%, BEETHRESY 83.364%, B TEIAHE %400 335, JUb, WHERIL. DOIASK . il
RIOKHAMER . 5 1 BB R IET . SNEOT . WIRRR . TP SR T A
K F MK IR TR & B R R IR A B, BN, U AR RSB AR, A
EERMT RSREER 82 ERAEEAS N, BRGNS TKTM . mPITHE
PRI SRR A 3 BT W RRER . WHTR . WA
WAKTRE R A, HTH 1 ER . B W, M RRIEARL, MR,
2 EHAMATIROEIE (B 1), BIARFMIE AR SRR A s TR B R
F ML T % (BRSO A O R B A A i BBk, HLRSIE A TR, TR
ik, b, WITR BRI REE TR Ak
Bk, "

1510 1K I S B O B b e S 10
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*8 BHRRIFESBHERS D
Table 8 Principal component analysis of characteristic
parameters of Q. fabri

W1ERY H2ERSr HEIERY
PR First Second Third
Traits principal  principal  principal

component component component

52K FE Fruit length 0.208 0.445 0.429
SRS 9% FE Fruit width 0.360 0.410 -0.201
%% bt Length-width ratio -0.229 -0.131 0.583
T KL)% B 100-grain mass 0.393 0.345 0.030
2 A Jfi Protein 0.098 -0.018 0.563
VEH Starch 0.437 0.071 -0.076
W] ¥ PR Soluble sugar —0.345 0.236 -0.197
Hi Tannic -0.317 0.494 0.188
JIg [P Fat 0.372 -0.362 0.080
J= # ld Total flavonoids —-0.250 0.249 -0.179
5 E{H Eigen value 4231 2432 1.653
TRk ZE Variance/% 42.521 24326 16.517
ZFABTHR® Cumulative proportion/%  42.521 66.847 83.364
200 _ A
§ 1:1"2 2wy ZJXIIi.".
D 0.82
E 0.52-{IiNLs
S 022} e
5-0.08
2-0.38 | I—
B —0.68 e [T T
K :(1)'32 ¢ scrzlixvn :
=5 Lo /
—1.88 SC,LS GXQZ_,_.--"'

-2.09 -1.09 -0.09"091T 191 291 391
%431 Factor] (42.521%)

E1 ETRIFHISHHBHRRAMIEXR
Fig. 1 The relationship among different Q. fabri
provenances based on fruit characteristic parameters
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Fig. 2 Cluster analysis of 14 provenances of Q. fabri

BB S A, A TT A T R AN [ P 2
PN RAMRAR AR S R AZ st AL s, Az B
2 R AR AR B, WHE S
M, MER, LBPOURER, Eaen A
B B 5 AR A SRS MR AE R [RI BRI R) 77 AR T st A%
i, R FIRA YL R R iR RN, W
T Z IR N E LN P, AR
AT RIVIR ZFEE ST, e —E TR S
ANTRIREAR 7S S K/ NFIs A Z R A2 At
FERWT, 14 D FIBRAD IR SO SRR AE RN IR 3 Al
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Fisch. ex Ledeb ) Fll#& 2 ¥k ( Q. variabilis Bl. ) %55
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SRR BE R R AL E AL . FIRRIRSE 6 FhE
TR 5 AL S AR ALIE N 17.8%~47.1%, HI{H
N 32.15%, 4 DI RN 2.65%~
7.68%, YIHN 5.46%, FE TR it 272
R BOL KT RIS 78 5 28 Bk
REIESFAEAD E SR & R R E . FIR
TR 7 2 R AL 530 R R 34.03%, Ui I BRAD
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FEMEFEEL (1.918) P, KT 7 #2208 ( Cymbidium
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Variation in Morphological Characters and Nutrient Contents of
Quercus fabri Fruits from Different Provenances

XIONG Shi-fa'?, WU Li-wen', CHEN Yi-cun', GAO Ming', ZHOU Xin-hua®, WANG Yang-dong'

(1. Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Hangzhou 311400, Zhejiang, China; 2. Nanjing Forestry
University, Nanjing 210037, Jiangsu, China; 3. Experimental Center for Subtropical Forestry,
Chinese Academy of Forestry, Fenyi 336600, Jiangxi, China)

Abstract: [Objective] To provide references for breeding and germplasm resources development of Quercus fabri
by analyzing the variations of fruit morphology and nutrient composition of Q. fabri from different provenances.
[Method] The fruits of 368 individual plants from 14 Q. fabri provenances were collected, and 4 morphological
characteristics and 6 nutrient content indicators of each fruit were measured, then, the statistical analysis, principal
component analysis and cluster analysis were conducted. [Result] (1) There were extremely significant differences
in the 4 morphological characteristics of Q. fabri among and within these provenances, and there were significant dif-
ferences in 6 nutrient contents among provenances. The mean value of Shannon-Wiener (H) of fruit morphology
characteristics was 1.839, in which the values of fruit width, fruit length, length-width ratio and 100-grain mass were
1.886, 1.837, 1.832, and 1.801. (2) The results of correlation analysis showed that most of the 10 characteristic para-
meters had significant or extremely significant correlations, however, only a few of them had significant correlations
with geographical and climatic factors. (3) According to the results of Q-type cluster analysis of 10 characteristic
parameters, the 14 Q. fabri provenances could be divided into 3 groups. [Conclusion] There are extremely signific-
ant differences in morphological characteristics of Q. fabri fruit within or among provenances, and the difference is
greater within provenance than among provenances. There are extremely significant differences in nutrient content
among provenances. It shows abundant genetic variations. There is a certain correlation between fruit characteristic
parameters and geographic climate factors. Based on the results of cluster analysis and nutrient content analysis, it is
proved that the fruit quality of the provenance from Suichang of Zhejiang Province is the best.

Keywords: Quercus fabri; provenance; fruit morphology; nutrient composition; geographic variation
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