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Comparison on the Physical and Mechanical Properties Between
Clone and Seedling from Cunninghamia lanceolata

Chen Kui ', Liu Heng >, Wang Zhong*, Qin Wuming*

(1. Guangxi Gaofeng State-owned Forest Farm, Nanning Guangxi 530001, China; 2. Tropical Forestry Experimental Center, Chinese Academy of
Forestry Sciences, Chongzuo Guangxi 532600, China; 3. College of Forestry, Guangxi University, Nanning Guangxi 530004, China)

Abstract: In order to reveal the differences in the physical and mechanical properties of wood from Cunning-
hamia lanceolata clones and seedling plantations, the main physical and mechanical properties of wood from 26-
year-old C. lanceolata clones and seedling plantations at different circumferential orientations(north-south orient-
ation) and different height positions were measured, and the wood strength and quality coefficients were investig-
ated to comprehensively evaluate the material grades of wood from C. lanceolata clones and seedling plantations.
The results showed that in addition to impact toughness, the density, shrinkage, difference shrinkage, swelling
rate(all dry—air dry), hardness, flexural strength, flexural modulus of elasticity, compressive strength parallel to
grain, and transverse compressive strength of C. lanceolata clones were higher than those of seedlings; the influ-

ence of circumferential orientation on the physical and mechanical strength of C. lanceolata clones and seedlings
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was not significant; tree height had a significant impact on the air dry density and water absorption of C. lanceol-
ata clones wood, the basic density, air dry density, water absorption, transverse compressive strength, and hard-
ness of seedling wood, while it had a significant impact on the basic density, total dry density, and volume mois-
ture expansion of clone wood, the total dry density, and volume moisture expansion of seedling wood, and had no
significant impact on other physical and mechanical strength of the 2 types of wood; the air dried density, end
hardness, transverse compressive strength, and longitudinal compressive strength of the 2 types of wood showed a
trend of first decreasing and then increasing with the increase of tree height; in addition to the shrinkage, the phys-
ical and mechanical properties of the 2 types of wood were in the low-grade of domestic wood; the comprehens-
ive quality coefficient of the 2 types of C. lanceolata wood was relatively high, and they were both high-grade
wood.

Key words: Cunninghamia lanceolata; clone; seedling; timber; physical and mechanical property; difference
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Table 1 The basic situation of C. lanceolata sample trees
G5 Wi/a  MfRem  WE/M B E/m

SR 1 26 247 16.6 52
2 26 30.5 19.3 2.5

3 26 20.6 16.6 8.8

4 26 18.8 16.7 5.2

FHME 26 23.6 17.3 5.4

TR 1 26 24.5 20.4 5.8
2 26 20.0 16.5 6.3

3 26 18.1 155 7.1

4 26 27.6 18.1 55

SEI{E 26 22.6 17.6 6.2

1.2 KEHE
1.2.1 XAH &
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4 GB/T 1927.2—202112 SEATHURE . W5 bR i
R E AR AE IR P B KR 12% )

1.2.2 XA A

AR B e s B (A%
B.ARTHE., &T%E). T4, Bk
WeKPE . BERE . RSHTERE . BShRRE (42
BB PUA R . Pra R A RS 10
ek, WA GB/T 1927—20211 #£47



52 M ZE5%: BARTHER S AN ARM YR #6822 S0 211
123 43R FUATH RO 59K 75 S [y Sl S —

K H SPSS # Origin #F #1780 b3 . K
FHER 2R 7 2540 M7 Al Duncan 53547 7 22 4381 Al
ZHE .

2 FHRESH

21 BAEMRELEEYENFHEER
2.1.1 REREAF I A F e 257

H 26 2 AT, BRob i eEsh, JotE R A&
%ﬂﬁ”ﬁ%ﬁﬁ%m?%im UEIIAZ AR To
FAM HAEAR ST PP T2 e . T3 8
Hﬁ%%,ﬁ*%r%ﬂﬁﬁﬁmiﬁ%%@ﬂ
AR, W EAE KRR T . 72500
gi (£ 3) Bon, ANFEIBEE X AZAR TN R
RS A B AR ) B 2 PR e sE R 2, 1
2 FAZ AR R HEAS 7] (8] J&] 47 5 90 38 ) 2= PR R 2R

B W, EARTMER ML A E | 1%
FAE . WK . PSR EE . U AL AR )
Mg R B B2 S (P<0.05),
AR TCNE R AR FEAE E R 0.320 glem®, K
T %5 B Ok 0.366 g/em®, SEAR P OR ML AR N

0.300 g/em®, KT %K 0.353 glem®, MR AK
R N e Rl £l o M SR B N I 1 =1

6.7%. 3.7%. —WHOL T, ARMEEBOR, H)
%ﬁbtﬁam,ﬁﬁgﬁﬁﬁiﬁﬁT%ﬁ§
AR AR BRI TS AR WA, AT RER 2 AR
T ﬁf\ﬁ*%ﬁﬁ%ﬂ%ﬁﬁ&ﬁﬁﬁﬁ
FAAE R ZE 22 S A BRI o A2 AR TR B AR Y K
RTINS = TSR W AR, U ToE R AR
AFRE PSS TS A s AT, (HHRE A A,

K2 BAEUREXEEAMEIL@OWIENFIERES

Table 2 Results of physical and mechanical properties of C. lanceolata clones and seedlings in north and south direction
%B{/ ~ i LB W A
, . (gem™) AT KB WOk BiLRE W RSUUE EE/MPa i nled]
R GR1% WK% H%  MPa BiE/GPa RJE/MPa (kI'm?)
A RT AT R OEm SRE RE 5K
dem (E 0313 0362 0341 5925 3522 2213 61.62 6.412 3321 4725 4949 2564 1466 1823 17.83
(0303) (0351) (0.333) (5.920) (3218) (2232) (5748)  (5.968)  (34.08) (4.174) (4.827) (2417) (1384) (1744) (18.74)
PRfEZ 0036 0.048  0.047 2065 1.165  34.03 991 0.988 6.258 1.124 1460 4488 4106 3872 242
(0.027) (0.031) (0.032) (2.851) (0.539) (23.64) (7.12)  (7391)  (3.807) (L.067) (0.706) (458.3) (522.6) (499.0)  (7.65)
ARZRE 1152 1338 13.66 3484 4587 1538 16.09 15.41 18.85 2378 2951 1750 27.99 21.23 13.58
(8.82) (891) (948) (48.15) (1674) (10.59) (1239)  (1248)  (1144) (25.73) (14.63) (18.96) (37.75) (28.60) (15.63)
IR 108 108 108 118 118 60 86 86 76 90 90 78 78 78 160
mmE B 0336 0371 0352 6331 3917 2075 59.92 6.274 35.85 3851  5.623 2645 1571 1915 19.08
(0297) (0355) (0.331) (5.787) (3.134) (223.7) (55.85)  (5.744)  (3253) (3.787) (5.076) (2411) (1444) (1740)  (20.06)
FRfEZ 0059 0056  0.053  2.092 0997 3737 17.19 1.935 6.774 1.019  1.791 600.0 5652 6759 2.60
(0.026) (0.056) (0.053) (2.243) (0.793) (33.50) (10.62)  (1.074)  (4.093) (0.790) (0.832) (429.1) (397.9) (348.3)  (9.70)
BRFR 1752 1503 1511 33.04 2545 18.01 28.68 30.84 18.90 2645 31.85 2268 3599 3528 13.61
(8.81) (1581) (16.14) (38.76) (2531) (1497) (19.02)  (1870)  (12.58) (20.87) (16.40) (17.80) (27.57) (20.01)  (16.28)
R 108 108 108 118 118 60 86 86 76 90 90 78 78 78 160
At Wl 0320 0366 0354 6125 3.690 2235 61.62 6.412 2427 4280 5160 2605 1519 1870 18.53
(0300) (0353) (0.333) (5.855) (3.176) (2144) (56.67)  (5.856)  (3331) (4.030) (4.420) (2414) (1413) (1743)  (19.39)
R 0050  0.052  0.058 2008 1365 29.57 10.09 1.006 7.760 0970 1490 5369 5019 5585 2.63
(0.027) (0.034) (0.030) (2.574) (0.688) (36.94) (9.15)  (0.963)  (4.140) (L150) (0.750) (448.2) (472.1) (437.3) (3.28)
BRER 1530 1429 1609 1609 3699  36.99 16.37 15.69 22.64 22.66 28.88  20.62 33.05 29.88 14.19
©9.00) (9.63) (9.01) (1892) (21.66) (1723) (16.15)  (1644)  (1243) (28.54) (1697) (18.57) (3342) (25.09) (16.92)
R 216 216 216 236 236 120 172 172 152 180 180 156 156 156 320

T BT WA R MRS R, 2B AR AR
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Table 3  Analysis of variance of physical and mechanical properties for C. lanceolata clones and seedlings

B DA T JTHERMIEN (Bl 5 4z [
HE/(g-em ) E N 6.086 1.367(0.787) 6.9437(9.232™)
T 3.963" 0.948(0.479) 11.3727(12.453™)
o 5.039" 1.210(0.290) 6.045°(6.072%)
R4 /% 0.633 1.068(0.071) 1.243(0.843)
TRBURAKER /% 6.330" 0.827(0.199) 6.603"(6.352")
WK 1% 5.350" 1.180(0.482) 11.6327°(10.653™)
YA TR /MPa 4907 0.007(0.490) 1.709(1.486 )
YU AR /GPa 6.417" 0.061(0.885) 1.980(1.180 )
MRS 588 /MPa 0.298 0.778(1.127) 1.157(2.163 )
BESHT 55/ Mpa #In] 0.714 1.802(2.431) 0.754(7.564™)
5% n] 3.852" 0.386(0.220) 0.057(6.997")
T EE/N Sy I} 3.614 0.267(0.003) 0.130(11.471"")
(i 0.565 0.506(0.246) 1.449(0.445™)
SR IH 1.041 0.321(0.002) 0.659(7.894™)
I/ (kI -m ) 0.433 2.272(0.596) 0.454(1.556 )
TE: TS PUAEARSEN B Ss R "FRBEMZ (P<0.05); "FRREEHR (P<0.01),
212 REGEIAWIL ) F A 2 F ARER . ATHE . KPR RGBS m

RABRTMTREUATIER S9EGA  (P<00S)s $TEASERAM . HExHEA
PRI R AR R AR AE S MR TR, WK WA R . B
(#3), MTERARERAM, REMCTFE ARG ERR (P001), XA S FHE.
BE L WK BSEERI (PO01), AAKIE  BURICHAT BF B (P<0.05).

R4 PAEUREXEBEAMBTIEMTSEYEFZEERER
Table 4 Results of physical and mechanical properties of C. lanceolata clones and seedlings with different tree heights

I éfi ) IRBUT IRBU MOk AT BUASSR IR ngﬁi EN bt
EA SF AT iR % W% % MPa  iH/GPa 5% /MPa wE e mE R i (kJ'm?)
1.3~33 il 0.312 0.366 0.346 6.233 3.715 2158 61.52 6.175 34.53 4321 5261 2640 1639 1957 18.21
(0.313) (0.371) (0.348) (6.269) (3.333) (213.5) (5881) (5.495) (34.95) (3.970) (4.950) (2686) (1706) (1985) (20.74)
fEZ 0.046  0.055 0.052 2.544 1.046 30.12 10.51 1.144 6.96 1.21 1.73 6182 6278 697.7 3.02
(0.032) (0.039) (0.034) (3.282) (0.681) (3737) (11.98) (1.496) (496) (1.00) (0.82) (571.3)(624.6) (577.1) (3.40)
A ZE 1474 1503 1590 40.82 28.16 13.95 17.08 18.52 20.16 28.01 32.89 2342 3828 35.66 16.58
(1022) (10.51) (9.77) (52.35) (2043) (17.50) (20.37) (14.19) (19.14) (25.19)(16.57) (2127) (37.67) (28.77) (16.39)
AR 120 120 120 120 120 60 96 96 76 90 90 78 78 78 160
53~73 il 0.319 0.360 0.356 6.280 4342 2426 65.74 6.989 31.60 4.160 4962 2553 1384 1810 18.67
(0.288) (0.339) (0.322) (5.561) (3.086) (220.7) (5449) (6.175) (37.75) (3.910) (4326) (2146) (1222) (1556) (19.04)
ifEZE 0.054 0.053 0.066 1.503 1.571 18.21 9.53 0.759 7.44 0.511 1.791 5022 3443 415.8 2.26
(0.020) (0.025) (0.026) (1.417) (0.617) (47.39) (498)  (0.671) (292) (1.330)(0.540) (462.3) (312.7) (418.6) (2.72)
TR ZE 1693 1472 18.54 2393 36.18 17.51 14.50 10.86 23.54 1226 36.09 19.67 2488 22.97 12.10
(16.94) (17.37) (18.07) (25.48) (19.99) (1497) (9.14) (11.71) (19.20) (34.02) (12.50) (7.56) (9.23) (14.05) (14.29)
v =2 120 120 120 120 120 60 96 96 76 90 90 78 78 78 160
93~11.3 A 0.342 0374 0.371 5.722 2979 2139 55.38 6.243 37.05 4350 5.112 2619 1439 1700 19.23
(0.294) (0.343) (0.325) (5.527) (3.030) (2083) (55.65) (5.631) (3238) (4.271)(3.860) (2345) (1217) (1617) (16.65)
EZEE 0.052 0.048 0.056 1.475 1.624 31.96 7.53 0.481 4.52 0.712 0.751 288.8 95.1 146.7 1.89
(0.012) (0.019) (0.012) (2.329) (0.804) (2126) (6.54)  (0.636)  (3.03) (1.430)(0.353) (201.7) (72.3) (194.1) (2.30)
A 2K 1529 12.83 15.09 25.78 54.51 14.94 13.60 7.73 12.20 16.32 14.68 10.76 6.61 8.63 9.81
(4.08) (5.54) (3.69) (42.14) (26.53) (1021) (IL75) (1129) (1243) (3349) (9.07) (8.60) (5.94) (12.01) (13.81)
= 120 120 120 120 120 60 96 96 76 90 90 78 78 78 160

T RS PSR S A B E A A, 2R A R A )




%24

Br % MARTMER S S A B 24 M RE 22 ST 213

ML AT, BRSO, AR T R AR
(A R T B R Wi AR K, T E e
NSRS, BRAE 9.3~ 11.3 m BV R KRIE; 5
AR, EARSAEWAMSTEE . AR
KT B R A8 /NEAE R, FE 13 ~33 mik

WO R AR o JOAE 2 S A v AR S BE N e JEE
7 1) A8 55 9 5 — 05 W0 -5 4h i B4 e o5 LU ARG,
AT T 407 e A T oy LB 5 55— T T L ] R
SIAE R R AT

037 |
0.36 |
035t
T 034}
o
& 033
032 |
&
031 |
030 |
029 |
1.3~3.3 5.3~73 9.3~11.3
= /m
b. SAH AR

SFBE —o— STHE —a— A

1 BAAMBEENHNEDESR

0.38
0.37 + é\/é
036
§ 035 |
&
@ 0.34
# 0.33
0.32 +
0.31 L . 1
1.3~3.3 5.3~7.3 9.3~11.3
= /m
a. TR A
Fig. 1

BEAR G0, A2 AR JC A 28 RS2 2R ¥ R B A i
THTRE RE | W SCATE s i JEE A A T 58 JEE ) A2 A
P2, PRIIA/NRAER, EREN A 1%
SRIE S ARM R B BRI WA IS
PERE A AL AL SRR DTS PR BE AR FARML, XA
U 75 5 A AT A R B (HAEZ R R A
P TR RE A AL AL AN FIA B 5 B AL A 3
M, BB RIGE/ NS, &l GE5 A
L 5 R B AT DG
22 EARURSLEHYWENFEENEXXR

ZHROM b R 7 My BE ) 2 PR RE 2 TR A A

90
3 =0.008 9x +5.093 2 .

80 | R =0.7642
£ 70
=
N i
= o0

40

30 ' ' ' ' ' ;

3000 4000 5000 6000 7000 8000 9000
PU AR/ MPa
a. Jottk ZAHM

The wood density longitudinal variation of C. lanceolata clones(a) and seedlings(b)

HAE S o 8 3 AT AR 3 7 2 g 2 ] A A
HRFR, FIHE—EARSEAE IR AR H Al
MPEFE AR IEAT IO, REIN B PLEE . TCHA I AR
M E Y, 2K 2 FRARM PSR E (MOR) 5
P R R (MOE) By et WE 2, hE 2
LA, R2 K 2 B KM ) MOR 5 MOE 2 8] /£ 7F
el 2 LA G (P<0.01), KHIL, SRH
K2R A bE Bt 45 i 1 A 0000 L e 25 0 1 g
FEATAT I, AT LLSE IAZ AR R M T4 5 B A TS
o

100

y=0.008x+10.3201  *
9% R2=0.652 0

80
70
60

B/ MPa

50

40 |

30

4000 5000 6000 7000 8000 9000 10000
PUB TR/ MPa
b. SLAEAM

B2 MAAMAERESHESHEREXR

Fig. 2 The relationship between bending strength and bending elastic modulus of wood from

C. lanceolata clones(a) and seedlings(b)



214 [ NN A = S 4

i 44 4

23 MAEMRSIZEBEATEREE
23.1 HEHFHEBFRFRIEL

K CRM EEY BT 2R R ) iR,
KAZAR 2 BB (B S A8 bR T ek (25),
GEIRR . AR TOME 2R AR B R B G 45 30 4 2L
F1EEVERE T AL SE G X A A AR ], RT3 B L
2 PR ARER R T/NK TaebEdrim, 2 MeARIE
w2, T EAE 8K (R 40 R 2L
0.46 % ); J12FPERE L, 2 FPAZ AR TR ARAR A £
INE NG

x5 EAEERESEBERMYPENZEESIR
Table 5 Physical and mechanical properties grade of wood

from C. lanceolata clones and seedlings
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