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Abstract
Background and Objective: Bamboo culm was composed of internodes and nodes. Anatomically, bamboo culm was composed of
vascular bundles (VB) and parenchymal base tissue. The purpose of this study was to determine the morphology features of culm and
VB of bamboo Gigantochloa apus. Materials and Methods: The sample was taken from each internode of bamboo. The
morphology of bamboo culm was determined by measuring the length, diameter and wall thickness. VB characterization was obtained
through observation on each internode of bamboo culm. Results: The results showed that bamboo culm had internode length and inner
diameter that varied from the bottom, increased at a certain height then decreased toward the top. The size of outer diameter and wall
thickness of bamboo culm tended to decrease from bottom to top. VB on each internode was spread unevenly where the
distance between VB looked more widened from the outer layer to the inner layer. VB distribution in the cross section had a crossing
pattern (alternate). VB varied in shape and size from outer layer to inner layer of bamboo culm. The VB type on an internode of G. apus
bamboo culm also showed variations where there was VB in type III only and some also were in type (III and IV) in each internode.
Conclusion: The morphology of the bamboo culm was influenced by the morphology of young shoot. VB of bamboo G. apus spread
unevenly with varying sizes, shapes and type from the outer layer to the inner layer.
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In this research, we analyze the morphological characters

INTRODUCTION

of G. apus culm and the distribution and shape of vascular
Bamboo is a plant belonged to the Gramineae family,
Bambuseeordo and Bambusoideae subfamily. This plant is
easy to grow and develop in Indonesia from coast to
mountain. There are approximately 1,000 bamboo species in
80 genera and about 200 species from 20 genera are found in
Southeast Asia1. In Indonesia, there are 118 native species and
17 are introduced species 2.
Bamboo G. apus is one of the common bamboo species
found in Indonesia, especially in Java Island. Bamboo is
growing abundantly on the island of Java, generally planted
in the countryside but can also be found growing wild in
national parks3. Bamboo G. apus has a close relationship with
the community where this plant has many benefits to support
the life of its surroundings4. Bamboo can be used for various
purposes such as: Craft, furniture, pulp and paper and building
materials5-7. The existence of bamboo can be categorized as
economic support and cannot be separated from community
life3.
Young bamboo (Young shoot) is a new plant that arises
from the rhizomes or lateral bud of the rhizomes1. Young
shoots are generally 20-30 cm long, tapering at one end and
protected by sheaths. Each shoot that emerges from the soil
contains already in miniature all the nodes, segments and
diaphragms. The middle part of young shoot has a large
diameter cavity compared to the bottom and top8.
Bamboo culms have a circular cross-section and are axially
slightly conically tapered9. This fact affects the variation in
diameter of culm (outer diameter), cavity (inner diameter) and
bamboo wall thickness along the entire bamboo culm10. The
variation becomes one of the considerations in the utilization
of bamboo stems. The culm of bamboo is the most useful part
for industrial utilization. In the industrial utilization of bamboo,
particularly for making bamboo-based panels, bamboo
species with large stems are selected 11.
Bamboo culm as a biological product has various
properties. Vascular bundles and basic tissue parenchyma are
the main constituents of bamboo culm. The characteristics of
these two components have an effect on the physical and
mechanical properties of bamboo12-14. This variation occurs in
bamboo culm, age, species and environment of growing15.
Vascular bundles are distributed unevenly from the outer
layer to the inner layer of the bamboo culm. The number of
vascular bundles is increasingly rare from the outer layer to
the inner layer of the bamboo culm12,16. The shape and size of
vascular bundles of bamboo culm also show variations both
from the bottom to the top and from the outer layer to the
inner layer.

bundles in the bamboo from their bottom to top. The results
are very helpful to comprehend the morphological and
anatomical features of G. apus and also to make basic records
for another types of bamboo.
MATERIALS AND METHODS
Three culms of bamboo G. apus used in the study were
obtained from Sayang Village, Jatinangor Subdistrict,
Sumedang Regency, West Java, Indonesia. The bamboos used
were two years old. This research was conducted from April,
2017 until February, 2018.
Each bamboo culm was measured in dimensions:
Internode length, outer and inner diameter and wall thickness
of culm. The measurement results were projected in the
drawing sketch to determine the morphology or the shape of
bamboo culm. Observation of the distribution and shape of
vascular bundles on bamboo culm was conducted by cutting
2 cm length at the middle part of internode. The piece was
then slashed at the cross section with a sharp knife.
Samples were observed in the distribution and shape of
vascular bundles using Nikon SMZ 745T stereos. The
observations were displayed on the computer screen and
analyzed with NIS Elements v.4.00.00 imaging software.
RESULTS AND DISCUSSION
Morphological characters of G. apus culm: The shape of
bamboo culm was basically composed of internodes and
separated by a node. Bamboo culm was composed of
internodes with varying lengths as shown in Fig. 1. In a
bamboo G. apus culm, the internode length increased from
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Fig. 1: Internode length on bamboo culm of G. apus from
bottom to top
130

Asian J. Plant Sci., 17 (3): 129-133, 2018

Dimension of bamboo
clum (mm)

ends. Based on Fig. 2 bamboo culm of G. apus shape was like
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the young shoot. When young shoot was split in longitudinal
direction, largest cavity diameter was found in the middle part.

Fig. 2: Dimensions of bamboo culm of G. apus: Outer

The growth of bamboo culm did not only occur at the top

diameter, inner diameter and wall thickness from

(apical meristem) but also occurred in its constituent

bottom to top

internodes (intercalary meristem) causing the shape of young
shoot was not different from the old bamboo culm shape. The

Outer layer

diameter of the mature culm also was already determined by
the diameter of the young shoot1. This form was also found in

Bambusa vulgaris19. The morphology of a young shoot was
20th internode

often very characteristic in recognizing a mature bamboo

15th internode

culm.

10th internode

Distribution and shape of vascular bundles in G. apus culm:
Anatomically, vascular bundles and parenchymal base tissue

5th internode

were the main components of bamboo culm. Both of these
components played an important role in the properties of
bamboo. Vascular bundles were spread unevenly from the
Length = 1 mm

outer layer to the inner layer (Fig. 3). The distribution of
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vascular bundles which expressed the number of vascular

Fig. 3: Distribution of vascular bundles from the outer layer

bundles per mm2 area on each internode bamboo culm

to the inner layer on the internode of the bamboo culm

showed the same pattern. Vascular bundles on the outer layer

of G. apus

were numerous and less frequent to the inner layer. The
distance between the vascular bundles got closer with the

to the top. The increase in length started again on the 24th

higher internode position on the bamboo culm (Fig. 3).

internode but did not exceed its maximum length. The

However, the number of vascular bundles per unit area

minimum and maximum length of bamboo internodes were

became less and less because the shape and size was larger

19.67 and 45.67 cm, respectively. Internode length variations

from the bottom to the top of bamboo culm. The

also occur in other bamboo species such as in

pattern of distribution of vascular bundles in bamboo culms

Schizostachyum17, Bambusa striata18.

was illustrated in Fig. 4. The same pattern was found in

diameter and wall thickness indicated variation from bottom

Bambusa rigida20 and in palm trees21-23. The distribution of
vascular bundles of bamboo G. apus culms as shown in Fig. 4

to top (Fig. 2). The diameter and wall thickness of the bamboo

could be modeled in a non-linear power regression equation.

culm on each internode showed a decrease from bottom to

The arrangement of vascular bundles on the cross section of

top. The inner diameter dimension of the bamboo increases

the bamboo culm appeared to form alternate patterns (Fig. 5).

from the bottom to the middle (9th internode) and then

In the cross section of bamboo culm, there was a variation in

decreased in size to the top. The range of outer diameter,

the shape and size of the vascular bundle from the outer layer

inner diameter and wall thickness of the bamboo culm were

to the inner layer (Fig. 3). In the outer layer (peripheral zone)

30.08-66.21, 24.85-50.78 and 2.62-13.75 mm, respectively.

the vascular bundles were small and ellipsoid in large

Usually, the preferred bamboo was one that has a straight

numbers. In the middle layer of the bamboo culm, there was

bamboo culm and approximately the same diameter at both

a separation of the fiber cap at the top and bottom of the

The bamboo culm dimensions such as outer and inner
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Fig. 6(a,b): Diameter of vascular bundles on the bamboo culm
of G. apus in (a) Tangential and (b) Radial
directions
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CONCLUSION
Fig. 5: Macroscopic pattern of alternate arrangement of
The morphological characters of the mature culm of
G. apus culm was already determined by the morphological
characters of the young shoots. The size of vascular bundles
towards the middle layer became larger in the bamboo culms
and also more widely spread, but longer and smaller towards
the outer layer. The type of vascular bundle on the bamboo
culm of G. apus were type III and type IV. Type vascular
bundles on G. apus depended on the height position of the
culm.

vascular bundles on cross section of bamboo culm of

G. apus
main vascular bundles (type IV) and vascular bundles had only
one fiber cap (type III) on the inner layer. Type of vascular
bundles on bamboo G. apus

from previous studies

showed types III and IV (Fig. 3). In the 1st and 5th internodes,
both types could be found in the middle layer, but on the
10th, 15th and 20th internodes only found type III. Variations
of vascular bundles were also found in bamboo from

SIGNIFICANCE STATEMENT

China24.
Shapes and sizes (radial and tangential diameters)

This study exposes the morphology of culms, size and
type of vascular bundles of G. apus which can be used along
with its characteristics as reference data in determining the
appropriate part of the bamboo culm in accordance with its
intentional purposes.

vascular bundles of bamboo G. apus varied from the outer
layer to the inner layers. The tangential diameter of the
vascular bundles tended to increase from the outer layer
to the inner layer, while in the radial diameter it increased
from outer layer to the center and then decreased toward
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