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Study on the Morphology and Tensile Properties of
Single Tracheids of Three Softwoods

FENG Qi-ming, REN Su-hong, LYU Jian-xiong, WANG Yu-rong, GONG Yi-chun, ZHAO Rong-jun

(Research Institute of Wood Industry, Chinese Academy of Forestry, Beijing 100091, China)

Abstract: The morphological parameters and tensile mechanical properties of single tracheids in
different growth rings of Chinese fir (Cunninghamia lanceolate), Chinese lace-bark pine (Pinus
bungeana), and Japanese larch (Larix kaempferi) were studied and compared. The results showed that the
length, width, ratio of length to width, tensile strength, elongation at break, and the elastic modulus of the
tracheids of the three species of softwood nearly increased with growth rings. The length and width of
Chinese fir tracheids were the largest, and the mechanical properties of larch latewood from the ninth
growth ring tracheids were the best among three species. Analysis of variance showed that the
morphologies of tracheids of the third growth ring were significantly different from that of other growth
rings (P<0.05) of Chinese fir and Chinese lace-bark pine. There were significant differences in tracheid
tensile mechanical properties between the third growth ring and other growth rings of Chinese fir and
larch (P<0.05), while there was no significant difference in that among all the growth rings of Chinese
lace-bark pine. These data provided the important basis for the efficient utilization of plantation wood
fiber and building lumber.
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Tab.1 Basic information about three species of softwood

(Cunninghamia lanceolata) -

samples
AR AR s /a 4% /cm B i/m
7 NED) 20 17.6 17.4
EPZNGD) 44 13.0 16.5
H AT 4 (LD 30 24.5 18.2

EFEARFET 1.3 mAEEH 40 mm BRI EE (K
lay 1b), #5EGIb Ay d i ff O R HL FE 20 mm (A 2%
(B 1), ZJ5RA %4 VI R%E E 9 10 mm. = 5
930 mm B g, e EL R) oL SR B TR R
(El10). HETMHHARHEZA (FRF. HAK
Hfa (FIRRL) M RCGAAE RS 20 14 a2, SHLRAE R
KA R R —, SRlfEder O &I 3. 94 15
AR o HARE M FA ) 544 (LE) .
Mkt (LL) 20 ECFED DLIX 73 ) 3 22 il 2441
PIA 1 mmx1 mmx3 mm FI/MARE SR (B 1d).
1.2 ik

TR K I 5, e R B AL 21 4 ) 27 1t fe
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1.3 W57k
1.3.1 FESh %

W AN S Rk R i N TR ) PR S
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Fig.1 Schematic diagram of the experiment steps
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Fig.2 Measurement of the cross-section area of a single

tracheid
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Tab.2 Average values of single tracheid morphological

parameters of three species of softwood

W K M 5 Kotk
MWEA/um CV/%  WEME/um  CV/%  HHME CV/%
F 337672  14.09 26.18 19.43 13409 25.80
P 227686 19.24 20.81 17.12 11436 30.64
LE 284143 2348 23.83 1212 120.53 24.48
LL 276727 1898 18.83 16.17 14987 21.77
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Fig.3 Tracheid length, width, and ratio of length to width in different growth rings of samples
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Tab.3 Average values of single tracheid mechanical

properties of three species of softwood

) A8 E PR Wr R fei i

MOEHE/MPa CV/%  WIEHE/GPa CVI%  HHELES%  CVI%
F 963.73  30.15 20.91 34.10 4.78 21.55
P 442,92 21.95 1290 22.95 3.33 33.63
LE  599.04 4587 12.91 42.53 3.85 34.29
LL 152928 2573 2136 30.62 5.63 36.06
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Fig.4 Tensile strength, elastic modulus, and elongation at break of tracheids in different growth rings of samples
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Tab.4 Relationship between morphological parameters

and mechanical properties of the tracheids

Eiztan ERKE  EREE Kith TR AR
ERLiEETE 0.40 -0.25 0.67* -0.13
LA B 0.61%* 0.11 0.59* -0.09

* I 3 F 9L (P<0.05) o
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