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Table 1 Conditions of Chinese fir provenance test plantation

PR FEIX TR 7S 2] Ee PR F) i
Provenances Product area Area/m*>  Quantity/tree  Average DBH/cm  Average height/m  Average crown width/m
ZRIR T Xiuning, Anhui JbH# Northern zone 268.16 33 19.94 17.24 3.38
S S Jianhe, Guizhou 7 Medial zone 225.41 36 18.72 17.16 2.93
Y1) 1L Lushan, Sichuan 177 Medial zone 225.77 40 19.26 17.22 3.35
PO 1132 8 Pengxian, Sichuan #H4 Medial zone 354.8 38 17.48 17.53 3.77
Wi 4:4¢ Jinhua, Zhejiang 177 Medial zone 282.86 40 19.59 18.71 3.57
ALY Zhuxi, Hubei JLH# Northern zone 257.72 16 21.88 19.13 3.73
917§ 2> [F] Huitong, Hunan #1747 Medial zone 265.72 25 20.62 18.84 3.37
% 2 #4F Nanping, Fujian 7 Medial zone 268.64 30 21.83 18.52 2.93
J"Z~#BF Yunan, Guangdong Ft7 Southern zone 297.19 24 19.98 17.03 3.53
2 HIRI® 25 mm J 4 (ToRHZ ) 5~15 KL, JHTET 55 mm x

2.1 MR ERE

2018 4F 1 H, XA [RIFMIEAZ RS T B A K
R, RS . W AR, AR IRIE R 3 PRk
HEAR, HEbRE], AU R 3.6~5.6 m AbAKRE:, 764
AN T R AR B BE 5 ] U T 25 mm %

55mm J7 4% (TEW B2 ) 3~5 Mk K T 45 o7 264

b, bRl sl e .

22 MHENETE
SRR AR AR RE L FART ), kAt

BRI FEBEREA T AR PRI E o RIS AR
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Table 2 Comparison of wood density and tracheid morphology of Chinese fir from different provenances

& HY Tracheid

e ETE SRTEE
Provenances Oven-dried densities/(g-cm ) Air-dried densities/(g-cm ) KA T K 5E bt
Length/pm Width/um Length-width ratio
AX 0.46+0.01 a 0.48+0.01 a 3454.57+£522.41d 32.53 +6.69 ab 109.76 +£25.86 b
GJ 0.34+£0.03¢ 0.37+0.03 f 3040.87 £ 760.06 e 3470+ 10.32 a 91.72+27.30 ¢
SL 0.41+0.01c¢ 0.43+0.01d 3651.30 £ 606.63 cd 31.93 +8.08 ab 121.60 + 36.29 ab
SP 0.38+0.03d 0.40+0.03 ¢ 3405.57+377.63d 29.73 £ 6.59 be 122.04 + 38.70 ab
VA 0.35+£0.01le 0.37+0.01 f 3393.27+438.48d 27.97+4.86¢ 124.27 +22.85 ab
HZ 0.37+0.03d 0.39+0.03 ¢ 3954.13 £513.22 ab 3420+7.19a 118.92 +23.15 ab
HH 0.41 +0.06 be 0.44 £ 0.06 cd 3584.37 +£538.56 cd 32.00 + 6.38 ab 116.86 £31.89 b
FN 0.42 +0.01 be 0.46+0.03b 3788.40 + 644.52 bc 31.47 +4.81 abe 123.44 +29.55 ab
GY 0.43+0.03b 0.45+0.02 be 4161.10+455.03 a 31.67 + 4.94 abc 13529+31.11a

e AX: KT AR GI: StNSIAFPYE: SL: PUNSILAE: SP: PUJIEZEFRE: ZJ. WiiLEHEmiE: HZ: Bby@EmdE: HH: Wks
[FIFJE: FN: AREFFANE: GY: | REEME. NENSFRERRAFEMBEEARES MR LR, ARNSFREREREE, RZE

FREH. T,

Note: Ax: provenance from Xiuning, Anhui; GJ: provenance from Jianhe, Guizhou; SL: provenance from Lushan, Sichuan; SP: provenance from Pengxian,
Sichuan; ZJ: provenance from Jinhua, Zhejiang; HZ: provenance from Zhuxi, Hubei; HH: provenance from Huitong, Hunan; FN: provenance from Nanping,
Fujian; GY: provenance from Yunan, Guangdong. Different lowercase letters in the same column indicate significant differences (P < 0.05) of wood properties
indexes of Chinese fir from different provenances. Different lowercase letters indicate significant difference. Otherwise the difference is not significant. The

same as below.

R3 AEMEZATHEERIEAKER LS

Table 3 Comparison of shrinkage and swelling of Chinese fir from different provenances

- BT RB T AT AR AT BEIE K BRI ERTH
Provenances Volume sh?mkage A1r'—drled vol}lme A1r—dr.16d vo'lume We't volurpe lef'erence'of
coefficient shrinkage ratio/% swelling ratio/% swelling ratio/% oven-dried shrinkage
AX 0.53£0.09 a 5.67+0.58 a 7.89+141a 1437+142a 1.96+£0.29 ¢
GJ 034+0.10¢ 4.79 £ 0.96 be 520+135¢ 10.48 £1.86d 2.83+£0.67 a
SL 0.45 £ 0.04 bed 499+0.55b 6.16 +0.55 cd 11.72+£1.00 ¢ 2.05+0.55 de
SP 0.48 £ 0.06 abc 579+0.59a 6.25+0.77 cd 12.78 £0.72 b 2.50£0.63 b
VAl 0.49+£0.07 ab 570+0.84 a 6.50+0.85 cd 1294+ 1.70 b 2.18 £0.40 de
HZ 0.54+0.06 a 499+1.16b 7.29 + 0.90 ab 12.95+1.60 b 2.23+0.31cd
HH 0.42+0.06 d 485+0.49b 6.00+0.68 d 1141+ 1.10¢ 2.45+0.36 be
FN 0.45+0.17 bed 435+£0.92 cd 743+0.83a 1232191 be 2.30 £ 0.22 bed
GY 0.43+£0.16 cd 422+1.25d 6.75+ 1.94 be 11.51+£2.99 ¢ 2.06+0.27 de

/N, B S TRIR TR A b B
J& 2 9%, W2 RAIEAZ AR whil B Ak, TR
2 Yo ARAEEE A IEAZ AR BT 0 B 3 e T ARl
U, JE 2 Po BRUKRT SN ILRREAZ AIRSHT
SYSRIERR, A 2 P WIAUATE AU e M IR
ARMABCHT BT AR, Jm 1 2. FRER VA AR
R R IRAZ ARSI 5 BB i, T 3 P D)1 2
L WL AR RS SR RS A TSCHT s 5 R
%, J& 2 % DU, RUR T FIRR R
FEA S TR A 25 v T AR, T 2 G DIl

L JRUAZ A 5 i 5 38 Al 25 v T AR R, R 2 2
TR A L R i/, J& 2 S DU
LU MR R P P IR A AR AR TR By, WV L A
IR f /o A R v T B 2 > A28
TR > SZ TR L
3.4 AEFFEZARKREHIEIEIREE R S
HI3% 4 15, ARFEAZAB SR bR Z A7 fEAH
Ktk e THESMSHURRE | %R KA
RS A7 A 2 LEAHOG 5 i T RS 38 A7 7R A S 3 LEAH
Ko BT RECS shiliMEAF A R IEAE, 5
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Note: Different provenances of Chinese fir are arranged in descending order of latitude from left to right.
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Fig.1 Comparison of wood mechanical properties of Chinese fir from different provenances
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Table 4 Correlation analysis of wood property indexes of Chinese fir from different provenances

IREC

Wk S o [t ,
i i H AN il g V5 /T fits
M w0 M hE s owE em L) Bm
s S U B . { { o )
LIPS e , Bk HE ot , il (53:4 B BE Ktk
. HfE 74 W B Shear ) . ~ Difference ;
Correlation . Wet  Bending . Compression ~ End ~ Tangential ~ Radial Tracheid
. Oven-dried ~ Volume Bending  Impact ~strength 0 .
coefficient ” . volume  modulus . strength face face face .. length-width
densities  shrinkage . capacity  property parallel oven-dried )
. swelling of parallel hardness  hardness  hardness . ratio
coefficient . . to . shrinkage
ratio elasticity g to grain
grain
ETHE i
Oven-dried densities
R4 RH 0285 '
Volume shrinkage coefficient ’
KRR .
Wet volume swelling ratio et 0915 !
RERERE
Bending modulus of elasticity Gl b Bl !
T e
WAE 047 017 010 059
Bending capacity
I(Wfﬁ%)ﬂi 0.358 0.711° 0.705"  -0.178 0.041 1
mpact property
IRAC S
eI . 0.576 —0.164 0.043 0270 0.068  -0.061 1
Shear strength parallel to grain
IR R .
5 HME - . 0.749 -0.021 -0.099 0.298 0623 0240  0.290 1
Compression strength parallel to grain
Ui TR o . .
AL 0.851 0.167 0258 0.364 0.661 0103  0.698 0.703 1
End face hardness
RHEE 069" 0011 0012 0331 0563 002 07" 07 09217 1
Tangential face hardness
R . 0 c ® .
Radial face hardness 0.723 -0.064  -0.052 0.263 0611  -0.019 0702 0.790 0911 0.983 1
- Sﬂ:% |t -0.660 -0.669 -0.601  -0339 0290 -0.708°  -0.196 -0.543 -0.583 0512 0445 1
Difference of oven-dried shrinkage
BRI c
Tracheid length-width ratio 0.348 0.402 0.207 0.765 0.290 0.264  -0.320 0.470 0.278 0.170 0.127 -0.622 1
e *FREEMK (P<0.05), *FRPEEMK (P<0.0D).
Note: *Indicates significant difference at P < 0.05, **indicates significant difference at P < 0.01.
0 5 10 15 20 25
= ! ; x5 ARMIEEZAKREERFRESITEN
Gy | Table 5 Principal component analysis and comprehensive
| : evaluation of wood properties of Chinese fir from different
SL I provenances
AX ! FEt v He4
Provenances £ £ LE Fa Score  Ranking
SP
AX 0.50 0.15 037 -0.04 0.99 1
Z
! GJ -0.83 —0.38 0.12  —0.08 —1.17 9
Hz SL 039 -0.23 0.01 0.13 0.30 2
HH sp 031 016 001 014 000 5
GIt VAl —0.41 0.39  —0.08 0.09 —0.01 6
Fig.2 Cluster analys'ls of wood properties of Chinese fir . 013 —017 —005 003 —032 8
from different provenances
FN 0.50 —0.12 —0.15 0.03 0.26 3
[FIFEAEAE 3 22 5, U] R —BREE 25 T AN [ e GY 037 -006 -0.17 -012 002 4
) 3 =2 b AAe[13] S,
1‘27|<$/T Ve 2z e 22 e, TARSRAE ik

E’J

, fE—EFREE DI I s e R b B BN ASRAE T SAk BT B b 22 S
%mﬁﬁ@ﬁo$mﬁﬁm,$ﬁﬁ%&*mﬁ ME,@*M$%ﬁ&@%ﬁ%mﬁ%ﬁﬁﬂ%§
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Comparative Study on Wood Characteristics of Cunninghamia
lanceolata from Different Provenances

YAN Yao'**, LI Bing-jun"**, HE Zong-ming"**, LIU Yu-hut’,
LI Ming"**, YU Xin-tuo'**, MA Xiang-qing'**

(1. College of Forestry, Fujian Agriculture and Forestry University, Fuzhou 350002, Fujian, China; 2. Fujian Chinese Fir Germplasm
Innovation Engineering Research Center, Fuzhou 350002, Fujian, China; 3. Engineering Research Center of Chinese Fir, National
Forestry and Grassland Administration,Fuzhou 350002, Fujian, China; 4. Xinkou Experimental Forest Farm of
Fujian Agriculture and Forestry University, Sanming 365002, Fujian, China)

Abstract: [Objective] The study aims at comparing the differences of wood characteristics of Chinese fir (Cunning-
hamia lanceolata) plantations from different provenances and analyzing their geographical variation regularity, so as
to screen the better Chinese fir provenance. [Method] The first provenance test plantation of Chinese fir planted in
1958 was selected as the research object. Through investigating the growth of Chinese fir from different provenances,
the intermediate trees were determined. The wood density, tracheid morphology, dry shrinkage, wet swelling, shear
strength parallel to grain, compression strength parallel to grain, bending modulus of elasticity, bending capacity, im-
pact property and hardness were determined and compared. The wood properties were evaluated by cluster analysis
and principal component analysis. [Result] Significant differences were found in wood characteristics among nine
provenances of Chinese fir (P < 0.05). The dry shrinkage and wet swelling of wood increased with latitude, but there
was no significant geographical variation regularity in other wood characteristics. The wood density of Anhui Xiun-
ing provenance was significantly higher than that of other provenances (P < 0.05). The rank order of the tracheid
length-width ratio is as follows: Guangdong Yu'nan provenance > Zhejiang Jinhua provenance > Fujian Nanping
provenance > Sichuan Pengxian provenance > Sichuan Lushan provenance > Hubei Zhuxi provenance > Hunan
Huitong provenance > Anhui Xiuning provenance > Guizhou Jianhe provenance. The ratio of tangential to radial
shrinkage of Anhui Xiuning provenance and volume shrinkage coefficients of Guizhou Jianhe provenance were the
lowest. The bending modulus of elasticity and bending capacity of Fujian Nanping provenance were the highest. The
impact property and shear strength parallel to grain of Anhui Xiuning provenance were the highest. The compression
strength parallel to the grain of Guangdong Yu'nan provenance was the highest, while the hardness of wood from
Sichuan Lushan provenance was higher than that of other provenances. A significant correlation between wood char-
acteristics index and wood density was significantly correlated with some wood characteristics index. According to
the difference of wood properties of different provenances, nine provenances of Chinese fir were clustered into three
categories: category I included Fujian Nanping provenance, Guangdong Yu'nan provenance, Sichuan Lushan proven-
ance and Anhui Xiuning provenance, category II included Sichuan Pengxian provenance, Zhejiang Jinhua proven-
ance, Hubei Zhuxi provenance and Hunan Huitong provenance, category III included the Guizhou Jianhe provenance.
Using comprehensive analysis, the rank order for wood properties of the nine provenances is as follows: Anhui Xiun-
ing provenance > Sichuan Lushan provenance > Fujian Nanping provenance > Guangdong Yu'nan provenance >
Sichuan Pengxian provenance > Zhejiang Jinhua provenance > Hubei Zhuxi > Hunan Huitong provenance > Guizhou
Jianhe provenance. [Conclusion] Geographical provenance has an essential influence on wood properties of Chinese
fir to a certain extent.

Keywords: Cunninghamia lanceolata; provenance; wood properties; tracheid; mechanical property
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