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In situ imaging nanoindentation was used to characterize the differences in longitudinal Modulus of
Elasticity ( MOE ) and hardness of different cell wall layers of softwood tracheids. It was found that the
deformation of cell wall was mainly plastic when tips were indented in longitudinal direction. The distribution
of longitudinal MOE and hardness along cell wall thickness was uneven with much lower values at the interface
between S, layer and cell cavity as well as S, layer and compound middle lamella { CML) compared with that
measured in S, layer. There also existed differences in MOE and hardness between S, layers of adjacent
tracheids. ANOVA indicated significant differences in MOE between secondary wall (SW) and CML, but no
significant difference for hardness. Both MOE and hardness of mature wood trachedis were larger than that of
juvenile wood, but in a different degree. The SW of mature wood tracheids displayed an MOE nearly 1.4
times of that of juvenile wood, but only 13% harder than juvenile wood. A positive linear correlation between
MOE and hardness was also found both for SW and CML of tracheids.
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FIGURE 1 Curves of load vs displacement and load

vs time of a nanoindentation experiment
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FIGURE 2 Variation of MOE and hardness along cell thickness
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TABLE | Comparison in MOE and hardness between SW
and CML of Chinese fir tracheids
N4 =Ry {E=
WUEEE,  EE/ HMEE/ 2 3: 4
GPa GPa GPa GPa
BEKH 22.40 0.64 12.93 0.69
B/AMA 11.55 0.23 8.27 0.23
b | 16.52 0.39 10.16 0.38
R 2.44 0.07 1.67 0.13
TREARI % 15 18 16 35
IR # 43 43 10 10
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TABLE 2 Comparison in MOE and hardness between SW
and CML of Masson pine tracheids

R 4 BE EaHEE

P Y EE/ HAEE R/ EE/

GPa GPa GPa GPa

BK@E 27.81 0.85 11.47 0.6
B/MME 8.54 0.23 5.49 0.21
Bi{E 15.86 0.41 8.16 0.32
PRk 3.18 0.12 2.02 0.13
TR RE % 20 28 25 40
EREH 37 37 10 10
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TABLE 3 Comparison in MOE and hardness of SW between
mature and juvenile tracheids of Masson pine
414 bt E%v)
(LA 22 45 :22°) (AT #4545 :10°)
Y B RE/ WA E/ BE/

GPa GPa GPa GPa
BRI 15.35 0.594 20.47 0.56
B/hME 8.54 0.23 14.96 0.31

¥iE 12.91 0.40 17.89 0.46
ot 2.39 0.14 1.87 0.90

TR % 18.48 35.82 10.46 19.64
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FIGURE 4  Correlation between MOE and hardness of SW and CML
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