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Anatomical Characteristics of Korean Phyllostachys pubescens by Age'
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ABSTRACT

Bamboo is one of the major biomass resources that have many advantages such as fast growing, easy cultivation,
short rotation, and a relatively lower price. In this study, the anatomical characteristics of Moso bamboo (Phyllostachys
pubescens) by age from one-year-old to five-year-old were examined by optica and scanning electron microscopy.
Also, the crystalline properties such as relative crystalinity and crystalite width were investigated by an X-ray diffraction
method. In one-year-old bamboo xylem, a few vascular bundles showed missing bundle sheath in near the intercellular
space. Moreover, one-year-old bamboo had the shortest fiber length and the smallest values in vessel diameter, width
of vascular bundle, and thickness of inner layer. One-year-old bamboo aso showed the smdlest values in the crystalinity
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and crystallite width. Near epidermis samples had longer fiber length and greater vascular bundle spacing than near
pith samples. Relative crystalinity and crystallite width near the epidermis were aso higher than near the pith. This
study revealed significant differences in qualitative and quantitative anatomical characteristics between one-year-old and
two-year- or more old Moso bamboos. It is concluded that the structural differences by bamboo age can be used to
differentiate the characteristics of juvenile and mature bamboo.

Keywords: anatomical characteristics by age, Korean bamboo, near epidermis, near pith, Phyllostachys pubescens
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Table 1. Basic information of Phyllostachys pubescens
by age

lyear 2year 3year 4dyear 5Syear

*DBH

(mm) 102.0 98.0 96.0 97.0 93.0
Thickness

(mm) 9.7 105 9.3 9.7 9.1

Height

(m) 1517 1330 1454 1437 1450

*DBH = Diameter at Breast Height
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Phyllostachys pubescens culms by age.
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Fig. 2. Sampling for X-ray diffraction of Phyllostachys pubescens culms by age.
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Fig. 3. Optical micrographs on cross sections of
Phyllostachys pubescens culms by age.

1-NP, NP : lyear-near pith, 2-NP, NP : 2year-near pith,
3-NP, NP : 3year-near pith, 4-NP, NP : 4year-near pith,
5-NP, NP : Syear-near pith, BS: bundle sheath, MX :
metaxylem vessel, Pa: parenchyma cells, arrow : tylosoid.
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Fig. 4. Optical micrograph on cross section of one-
year-old Phyllostachys pubescens culm.
* Missing bundle sheath.
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Fig. 5. SEM images on cross sections near epidermis and pith of Phyllostachys pubescens culms by age.

NE, NE™ : near epidermis, NP, NP" : near pith
Scale bar : NE and NP = 500¢m, NE* and NP
3year-NE = 200¢m, 3year-NP = 1mm, 4year-NE

100um
200¢m, Syear-NP = 1mm
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Fig. 6. Optical micrographs on radial sections of
Phyllostachys pubescens culms by age.

BS : bundle sheath, PC : pith cells, Pa : parenchyma cells
1, 5NP: 1 and 5 year-near pith, 1, 5NE : 1 and 5 year-near
epidermis.
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Fig. 7. Optical micrographs on tangential sections of
Phyllostachys pubescens culms by age.

BS : bundle sheath, Pa : parenchyma cells
1, 5-NP : 1 and 5 year-near pith,
1, 5-NE : 1 and 5 year-near epidermis.
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the ®RUL 2 o AmEch A 2 AR 32 TMME X%
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o eSS vdlel, QARTAGA 600 Asolch Eolst + el BE 142 45
o| S E [EER} A7 FAEeH, 1~3 o7k 71 dken, 294 o|%5E Adidol7t
Table 2. Fiber length near epidermis and pith from Phyllostachys pubescens culms by age (unit: pm)
lyear 2year 3year 4year Syear
Near enidermis  16729Aa 1962.5Ab 1702.3Aa 2185.2Ac 2007.6Ab
) P (264.3) (394.3) (189.5) (290.3) (231.3)
Fiber length
Near bith 982.9Ba 1153.6Bb 1183.9Bb 1304.5B¢c 1297.2Bc
P (102.6) (219.2) (309.9) (239.8) (170.4)

Notes : The means are averages of 40 measurements. Numbers in parenthesis are standard deviations. Means within a column
followed by the same capital letter are not significantly different at 5% significance level using Duncan’s multiple range
test. Means within a line followed by the same lower case are not significantly different at 5% significance level using

Duncan’s multiple range test.
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Table 3. Quantitative anatomical characteristics of Phyllostachys pubescens culms by age

Characteristics lyear 2year 3year dyear Syear
Vascular bundle number/4mm2 on

Cross section

- Near epidermis 16.8A (1.1) 16.6A (1.2) 16.7A (0.8) 16.5A (1.2) 17.1A (0.6)
- Near pith 51A (1.1) 4.8A (1.3) 5.1A (0.9) 4.6A (0.7) 45A (0.8)
Vascular bundle width near pith on

Cross section

- Radia direction (um) 387.1A (10.9) 415.9B (15.4) 432.4C (25.1) 535.2D (26.2) 443.8C (19.5)
- Tangential direction (um) 536.9A (13.3) 630.5C (15.6) 606.5B (14.5) 651.7D (18.2) 689.7E (31.1)
- RIT 0.72 (0.01) 0.66 (0.01) 0.72 (0.04) 0.82 (0.03) 0.65 (0.01)
Vessel diameter near pith on cross 121.8A (7.4) 143.1C (7.2) 146.1CD (6.8) 1485D (6.5) 137.9B (7.9)

section (um)

Thickness of inner layer on cross 301.3A (35.1)

section (um)

350.3B (24.2) 459.9C (30.4) 457.6C (30.7) 455.9C (30.1)

Parenchyma length near pith on cross
section

- Radia direction (um) 38.1A (5.3) 32.9B (6.8) 37.8A (4.1 37.6A (5.7) 40.8A (4.8)
- Tangential direction (um) 83.0A (10.4) 107.5C (159) 95.1B (5.1) 91.7B (6.8) 108.2C (10.4)
- RT 0.37 (0.05) 0.31 (0.07) 0.40 (0.02) 0.41 (0.03) 0.38 (0.02)
Parenchyma width and length on radial
section
- Width (um) 525C (8.8) 45.3A (64) 50.1C (7.6) 484BC (6.2) 56.1D (12.5)
- Length (um) 104.1A (25.7) 110.3A (145) 117.7B (16.2) 127.4C (17.3) 116.3B (21.1)

Notes : The means are averages of 40 measurements. Numbers in parenthesis are standard deviations. Means within a column
followed by the same capital letter are not significantly different at 5% significance level using Duncan's multiple range
test. Means within a line followed by the same lower case are not significantly different at 5% significance level using

Duncan’s multiple range test.
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Table 4. Relative crystalinity and crystallite width of Phyllostachys pubescens culms by age

lyear 2year 3year 4year Syear
*NE 70.1 76.1 714 74.3 731
Relative *MP 56.4 68.1 69.7 63.7 70.7
crystallinity
%) *NP 53.2 64.8 57.0 62.7 60.7
*IL 52.7 57.3 518 55.2 56.4
*NE 31 31 31 32 33
Crystallite *MP 30 30 3.0 30 31
width (nm) *NP 2.8 31 2.9 3.0 28
*IL 2.7 2.9 2.6 26 2.7

*NE = near epidermis, *MP = middle part, *NP = near pit, *IL = inner layer
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