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Abstract 
         Study and research are needed to design and analyze the Yushania Alpina bamboo 

species for strip panel board formwork application. The research was conducted to 

determine the compressive strength of bamboo culms to select the appropriate age of 

bamboo. Four-year-old bamboo culms were prepared and strips were made, later the strips 

were arranged using 0°, and 90° ply arrangement in 5 layers and bonded using urea 

formaldehyde resin and hot pressing the panels for 20 minutes at a temperature of 100 

degree Celsius using hot presser. Samples for bending, compression, and tension tests were 

prepared and tested. The bamboo strip board panel formworks feasibility was studied. Tests 

of bamboo culm compression for samples taken from the top, mid, and bottom positions 

of the culm of the two-year-old culms gave 79.01MPa, 73.61MPa, and 69.88MPa. Three-

year-old culms gave 84.68MPa, 90.2MPa, and80.34MPa, while four-year-old culms gave 

86.21MPa, 81.02MPa, and 76.65MPa. The bamboo strip panel board bending test gave 

average bending stress of 275.43MPa &259.77MPa for dry samples which were taken from 

the long and short direction of the board respectively, While Average bending stress of 211 

MPa&196.89MPa was recorded on soaked samples taken from the long and short direction 

of the board respectively. The bamboo strip panel board compressive strength test parallel 

to the surface of the board results were 40MPa&34.23MPa for the dry samples in the long 

& short directions of the board respectively. The soaked sample's average compressive 

strength was 32.75MPa&29.34MPa in the long& short directions of the board respectively. 

The average tensile test parallel to the surface of the board gave a result of 85.74MPa 

&71.13MPa in dry and soaked samples of long direction and average bending stress of 

62.3MPa&50.44MPa in dry and soaked samples of short direction of the board. Change in 

sample-taking direction and soaking of the samples had reduced the compressive, tensile, 

and bending strength of the bamboo panel stripboards. The mechanical properties observed 

and the feasibility study have shown bamboo strip boards from Yushania Alpina bamboo 

species can be used as a panel formwork. Finally, finite element analysis was conducted 

using ABAQUS software and the models were verified by the experimental data in their 

failure pattern and stress values. 

Key words: form-work, Yushania Alpina, bamboo strip, compression, tension, bending. 
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1.4 Significance of the Study 

 Bamboo is known for its flexibility and good tensile strength due to its fibers. The 

production of bamboo strip panel board formwork by laying bamboo strips at 0°, and 90° 

ply orientations in different layers by joining them with urea-formaldehyde resin will 

enhance its strength. The purpose of this study is to show the mechanical properties of 

bamboo strip panel formwork and the effects of water and directional properties that give 

the required quality of bamboo panel formwork according to international standards. 

Characterization of the specific Yushania Alpina bamboo strip panel board formwork will 

enable safe &efficient use of formworks made from bamboo which in turn will reduce 

deforestation and create economic value for bamboo farmers. 
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1.5  Scope of the Study          

 The study deals with physical experiments of Yushania Alpina bamboo species from 

Injibara town and bamboo strip panel board formwork through experimental study and 

finite element analysis (ABAQUS) of bamboo panel formwork made from Yushania 

Alpina bamboo species that are modeled as simple supported beams.  Compressive strength 

of the bamboo culm and the compressive, tensile, and flexural strength of the bamboo strip 

panel board formwork will be investigated. 
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Chapter Two: Literature Review 

2.1 Bamboo in Ethiopia 

Bamboo in Ethiopia is estimated to have more than one million hectares of coverage, 

amounting to 67% of the continent and 7% of the world's resources. There are two species 

of bamboo indigenous to Ethiopia namely Yushania Alpina (Ethiopian highland bamboo), 

which is an evergreen single-stemmed species with hollow culm, and oxytenanthera 

abyssinica (Ethiopian lowland bamboo), which is a clump-forming species with solid culm. 

The low land bamboo is about 800,000ha accounting for 85% of the total bamboo forest in 

Ethiopia, while the high land bamboo species are estimated to have more than 100,000ha 

of natural bamboo forest. The mean culm size in lowland is 5cm (diameter) and 7m(height), 

whereas the highland bamboo possesses a mean diameter and height of 8cm and 7m 

respectively. the bamboo plant is mainly found in the southwest, northwest, central, and 

southern parts of Ethiopia (Embaye, 2003). The Ethiopian highland bamboo is also found 

in Rwanda, Sudan, Uganda, Burundi, Kenya, Cameroon, Zaire, and Malawi (Hedberg et 

al., 1995). The highland bamboo is usually homegrown by small-scale farmers. The quality 

of bamboo products largely depends on harvesting time and proper storage of culms. Due 

to a lack of knowledge on harvesting time quality of bamboo fluctuates, therefore people 

are hesitant to pay higher prices for bamboo products because they consider them inferior 

to timber products (Lin et al., 2019). 

Table 2. 1 Major highland bamboo areas in Ethiopia (Kelbessa et al., 2000). 

No. Bamboo Area Region Natural 

Stand(Ha) 

Plantation

(Ha)  

Total 

area(Ha) 

1 Injibara Amhara 30 2,350 2,380 

2 Agaro Oromia - 1,500 1,500 

3 Bale Mountains Oromia 56,851 - 56,851 

4 Shenen/Jibat Oromia 1,774 2,561 4,335 

5 Gera Oromia 36,000 1,250 37,250 

6 Bore/Hagereselam Oromia - 2,460 2,460 

7 Chencha/Arbaminch South 2,460 3,250 5,710 
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8 Indibir/Jembero South - 1,850 1,850 

9 Jima/Ameya Oromia/South - 900 900 

10 Mizan Teferi/Kulish South - 1,850 1,850 

11 Debresina/Wofwasha Amhara 35 - 35 

12 Wushwush/Bonga South - 1,120 1,120 

13 Bonga/Ameya South 7,997 - 7,997 

14 Masha South 18,652 - 18,652 

15 Munesa Shashemene Oromia/South 4,183 - 4,183 

 TOTAL - 127,982 19,091 147,073 

 

There are also ten newly introduced species under experimental study in Ethiopia namely 

Bambusa Balcooa, Bambusa vulgaris var vitta, Bambusa Tulda, Dendrocalamus asper, 

Guada Amplexifolia, Dendra calamus Hamiltonni, Bambusa vulgaris vari green, 

Dendrocalamus Membranaceus, Dendra calamus Brandisii, and Phyllostachys pubescence 

that are under investigation throughout the country by the east African bamboo project with 

the help of Ethiopian ministry of agriculture and rural development (MOARD) since 2008 

(Kindu & Mulatu, 2010). 

2.2 Bamboo Panel Boards 

Bamboo panel boards: Forest conservation through replacing multiple wood products with 

bamboo has been a widely entertained idea.  China is the leading producer of bamboo panel 

products in the world producing more than 100,000m³ of different bamboo panel board 

products. So far more than 28 products have been identified, But Only bamboo mat boards 

and bamboo strip boards have been industrialized through research and investigation.  

(Ganapathy et al., 1999).  

Bamboo board panels can be classified based on the culm derivatives used. 

Boards from slivers/strips:- slivers are woven into mats after they are cut into uniform 

width and thickness. they are designed in traditional or innovative designs and compacted 

using cold or hot pressed into different size boards that are used for bamboo mat boards, 

surface laminated corrugated sheets. 
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Bamboo strips and slivers get arranged in layers and pressed together to produce parallel 

glue lam, bamboo curtain board, bamboo strip board( bamboo plywood), bamboo block 

boards, bamboo net board, bamboo molded shuttle, etc. 

Bamboo boards from veneer:- bamboo veneer is produced from a rotary cutter, in the same 

way as wood veneer, and highly decorated to produce ply bamboo. 

Bamboo boards from particles, fibers, or strands:- bamboo culms are reconstituted as 

particles in the same way as wood particle boards to produce bamboo particle boards, 

oriented strand boards, and medium-density fiberboard. 

Bamboo boards from composites:- different bamboo board products can be produced using 

bamboo and wood as composites. Bamboo-wood composite products include bamboo 

curtain board, bamboo plywood, bamboo curtain plywood, bamboo mat and wood particle 

board, bamboo mat, rice husk board, gypsum bonded bamboo particle board, bamboo 

plasterboard, bamboo reinforced plastic, etc… 

Commercialized bamboo panel products include two types of bamboo mat board namely 

resin bonded and casein glue bonded bamboo mat boards, where 20000m³ of this product 

is manufactured in more than 16 factories. The bamboo culms are converted into strips or 

slivers of uniform thickness and width which will be inter-woven to produce bamboo mats 

up-to1.3m x 2.5m in size. Casein, urea formaldehyde, phenol formaldehyde, and phenol-

tannin formaldehyde are used as bonding resin in panel production (Ganapathy et al., 

1999).  

2.3 Physical, Chemical, and Mechanical Properties of Bamboo 

Physical properties: - The average moisture content of green bamboo is between 60-75% 

depending on the bamboo species, age, geographical location, season, and weathering 

methods used. the MC of bamboo is less on the top and increases as we go down 

(Wakchaure & Kute, 2012). Studies on Yushania Alpina bamboo species showed that the 

culm diameter is larger at the bottom and decreases at the top part of the culm. Studies 

conducted on different ages of bamboo showed that increasing age reduces the outer culm 

diameter and culm thickness. The relationship between Moisture content, oven-dry density, 
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wall thickness reduction percentage, and diameter shrinkage percentage of various ages 

and locations in the culm is summarized as follows  

Moisture content decreases with an increase in age, while it increases based on the location 

from the bottom part of the culm to the top. 

Oven dry density of bamboo culms increases as age increases, also based on the location 

on the part of the culm oven dry density increases from the bottom to the top parts of the 

culm. 

Shrinkage in wall thickness of bamboo culms is reduced as the age of the bamboo increases, 

whereas it decreases from bottom to top parts of the culm. 

Shrinkage in diameter of the bamboo culms was investigated and the results showed the 

highest diameter shrinkage in the early ages of the culm and its bottom parts, while it 

decreased in the top parts of the culm (Dessalegn et al., 2022). 

Chemical composition:  The bamboo culm consists of 52% parenchyma, 40% fiber, and 

8% conducting tissues depending on the species (Liese, 1998). 

A study on the chemical composition of Yushania Alpina gave the following result. 

Table 2. 2 Chemical composition of Yushania Alpina (Dessalegn et al., 2022). 

AGE locatio
n 

Ash(SD)
% 

Extractives(S
D)% 

Hemicellulose(S
D)% 

Cellulose(SD
)% 

Lignin 
(SD)% 

1 year Bottom 2.34(0.15) 8.93(0.65) 19.52(1.15) 49.12(2.17) 19.16 
(1.12) 

middle 2.62(0.12) 8.87(0.72) 19.69(1.28) 49.34(2.21) 19.61 
(1.17) 

Top 2.74(0.17) 8.47(0.78) 19.12(1.32) 49.61(2.22) 19.38 
(1.16) 

mean 2.57(0.15) 8.78(0.72) 19.44(1.28) 49.36(2.2) 19.38 
(1.16) 

2 year Bottom 1.84(0.08) 8.25(0.98) 21.38(2.03) 49.13(2.15) 22.07 
(2.08) 

middle 2.12(0.11) 7.44(0.82) 21.64(2.04) 49.72(2.23) 22.48 
(2.09) 

Top 2.31(0.09) 7.25(0.85) 21.78(2.07) 49.86(2.18) 22.26 
(2.06) 

mean 2.09(0.09) 7.65(0.83) 21.6(2.05) 49.57(2.19) 22.27 
(2.07) 
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3 
year 

Bottom 1.13(0.05) 7.89(0.92) 19.26(1.15) 50.17(2.12) 21.56 
(2.08) 

middle 1.18(0.08) 7.59(0.86) 19.64(1.21) 49.87(2.05) 20.87 
(1.86) 

Top 1.28(0.07) 7.14(0.82) 19.93(1.32) 49.92(2.08) 20.94 
(1.92) 

mean 1.19(0.06) 7.54(0.87) 19.61(1.23) 49.99(2.08) 21.12 
(1.95) 

 Mechanical properties 

Bending strength: - the difference in sample-taking locations of the culm doesn’t 

significantly affect the bending strength of bamboo, however the age difference of the 

bamboo culm will significantly increase its modulus of rupture and modulus of elasticity. 

Removing the outer layers of bamboo will decrease its modulus of rupture & modulus of 

elasticity while removing the inner layers of bamboo will increase it (Li, 2004). 

Bending strength Test of bamboo culms of Yushania Alpina bamboo species from 3 

different areas namely Tikur Inchini, Gurage and Sidama areas were conducted. the highest 

average bending strength was obtained from Sidama followed by Gurage and Tikur Inchini 

areas. Bamboo culms showed maximum average strength values at the top part for Tikur 

Inchini, at the middle part for Sidama area while, bottom part for Gurage area. (Woubshet 

& Addissie, 2021). 

Compressive strength: - The compressive strength of bamboo increases with increasing 

age. Based on the location of the culm the top part of the bamboo exhibits the highest 

compressive strength, while the middle and bottom parts didn’t show considerable 

difference (Li, 2004).  

Compression Test of bamboo culms of Yushania Alpina bamboo species from 3 different 

areas namely Tikur Inchini, Gurage, and Sidama areas were conducted. The following 

results were observed, The highest compressive strength was obtained from samples taken 

from Gurage area while the lowest was from Sidama area. Overall the highest compressive 

strength was attained from samples that were taken from the top part of the bamboo and 

decreased down(Woubshet & Addissie, 2021) 

Tensile strength: - the tensile strength of Yushania Alpina bamboo without node increases 

from two to three years old and decreases when the age increases further. Based on their 
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location on the culm the top part of bamboo shows more tensile strength and reduces as it 

goes to the middle and bottom parts (Muche & Degu, 2018). 

2.4 Bamboo Treatment and Preservation 

The natural durability of bamboo is smaller than timber because it lacks natural toxic 

constituents and a large amount of starch present in bamboo makes it prone to fungi & 

insect attacks. Researchers suggest that harvesting bamboo in the rainy season is preferable 

to harvesting it in the summer (Kumar et al., 1994). 

Selection of bamboo treatment and preservation methods depends on the quality of bamboo 

that needs treatment, availability of treatment chemicals and facilities to perform the 

treatment, the species of the bamboo and its intended use, available finance, effectiveness 

of treatment type, the country legislation, and toxicity of treatment chemicals to the 

environment.  

A. Traditional methods of treatment: - they are non-chemical treatments that are 

common in developing countries. 

Water soaking: - this is a method used to reduce the starch content and an increase in the 

time of water soaking will reduce the starch content in bamboo significantly. Soaking the 

bamboo in water for three months will reduce the starch content by more than half. 

Smoking: - this method gives a partial heat treatment to the surface of the bamboo and also 

gives it a light protective layer (Singha & Borah, 2017). 

Painting: - painting protects the bamboo surface against water. 

Curing: - mature culms are left on the site with their branches and leaves by leaning them 

to another tree close by to reduce the starch content and moisture (Singha & Borah, 2017). 

B. Chemical preservative treatment: - There are toxins added to bamboo to prevent it 

from insect and fungi attacks. They are the most effective methods of treatment but are 

very costly. Although there are lots of options most of them are environmentally unfriendly 

chemicals creating health and safety risks during handling and disposal. The most suitable 

options for the chemical treatment of bamboo are boron and copper-based preservatives. 
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Boron is a relatively low-cost chemical used in salt form having insecticidal and fungicidal 

behavior but it is less toxic to mammals.   

Open tank bathing/soaking: - it is the cheapest but most time-consuming method.in this 

method, the bamboo is soaked in the chemical for a week up to 14 days depending on 

whether it is split or round culm bamboo. This method requires a fresh-cut culm before its 

cell wall closes. Heating will also reduce the curing time. 

Vertical soaking diffusion: - this method takes 10-14 days to complete. Bamboo culms are 

placed vertically and chemical is poured into them from the top. This method requires fresh 

culm and holes to be punctured through the nodes.  

Modified Boucherie method: - the chemical treatment is pushed to the bamboo using 

pressure, therefore it is the fastest method taking only 30 minutes to treat a culm. 

Experience is necessary to perform an effective treatment. the procedure is more effective 

when used within 12 hours of the bamboo cutting otherwise it will keep its moisture. 

Copper-based treatments are more costly than boron-based treatments, therefore it is less 

common (Singha & Borah, 2017) ,(Kaminski et al., 2016). 

2.5 Previous Studies on Bamboo Panel Formwork 

A review of previous works that are done on bamboo panels and other related materials 
such as lumber were reviewed and the findings are discusses below. 

A study conducted to test the compressive and tensile strength of bamboo ply by using 50 

bamboo culms of 1000mm length which were split longitudinally and the nodes were 

removed. The splits were flattened and processed into a loosely laminated sheet. After the 

bamboo fiber mat was produced it was cut into 500mm length pieces. The moisture content 

of 10% was achieved through drying. The bamboo fiber mat was soaked in diluted resin 

for 3 minutes, then dried to a moisture content of 9% then assembled into the design mold 

using 150°c temperature and pressure of 2.5MPa for 1.5minutes/mm it was found bamboo 

fiber mat from the bottom part of the culm had linear crack distribution and was found to 

be loose than the top parts. Bamboo fiber mat from the top part of the culm showed a less 

uniform distribution of resin than the bottom because of its high density and created a better 

bonding (Qi et al., 2014). 
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Tensile strength increased from the bottom up to 6m and decreased from there up to its 

minimum value at 9m. The modulus of rupture increased initially but then started to 

decrease. Compressive strength increased with an increase in culm thickness, while shear 

strength increased. The mechanical properties of ply bamboo had a significant correlation 

with the original bamboo, however, there was no significant relationship between the 

tensile and compressive strength of the original bamboo and the bamboo plywood (Qi et 

al., 2014). 

Four years old Gigantochola culms were sliced and glued edge to edge by polyvinyl acetate 

and 400mm*400mm*4mm ply bamboo was produced. After perpendicularly assembling 

3 ply bamboo at a time of 30 minutes. After pressing it with a 1.4N/mm² presser at a 

temperature of 140°c the tests were conducted. the average density of bamboo plywood 

was found to be 17% more than commercial plywood(600kg/m³). The MOR, MOE, and 

other strength values were also significantly higher than timber plywood. The only 

limitation is less resistance to water and swelling (Anwar et al., 2004). 

A bamboo specimen of 15mm*15mm*12mm was selected for the compressive strength 

test. After applying 10MPa/minute uniform pressure measurement of the shear strength 

was performed by applying compression on two opposite sides. The compressive strengths 

were 60.02MPa, 55.11MPa, and 27.38MPa in the X, Y, and Z directions. The shear 

strengths were 19.17MPa, 4,36MPa, and 4.2MPa in the XY, XZ, and YZ planes 

respectively (Tang et al., 2020). 

According to a study by Bahari et al. (2021), the mechanical and physical properties of 

bamboo particleboard manufactured using urea-formaldehyde resin showed better results 

than those made with urea-formaldehyde. As the amount of resin content was increased the 

physical and mechanical properties were improved but the boards didn’t satisfy the 

minimum requirement of BS-EN 310. 

Tests were conducted to evaluate the performance of laminated bamboo lumber, the results 

illustrated bamboo has comparable stiffness and strength to wood. The strength-to-weight 

ratio was found to be even better than those of steel, timber, and concrete. Using bamboo 

products for structural application is more cost-effective by a large margin and 
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environmentally friendly. The research also implicated that an adequate surface treatment 

must be conducted for the adhesives to bond with the bamboo (Mahdavi et al., 2011). 

Bamboo mat plywood was made from muli bamboo of culm length of 6-7m with 8-9cm 

diameter and simul wood veneer. Later Their physical and mechanical properties were 

compared. After bamboo mat plywood, wood veneer, and wood veneer bamboo plywood 

were manufactured tests were conducted using ASTM D-1037 standard. It was found that 

bamboo mat plywood and bamboo mat-wood veneer plywood have similar water 

absorption and swelling. The density of bamboo mat plywood was in the top range of 

standard plywood density providing better strength. The MOE and MOR of bamboo mat 

plywood were better than bamboo mat-wood veneer plywood wood veneer plywood, while 

bamboo mat-wood veneer plywood has better mean tensile strength (Bal, 2014). 

Studies on bamboo strip plywood in China showed it have better deformation, torsion, and 

impact resistance than wood panels, and bamboo plywood can be used up to 200 times as 

concrete formwork and is better than other formwork types in many aspects. It reduces the 

cost of transportation significantly due to its lightweight. Some physical and mechanical 

properties of bamboo panel products are presented in the following table (Ganapathy et al., 

1999). 

Table 2. 3 Physical and mechanical properties of bamboo panel products (Ganapathy et 
al., 1999). 

Tyoe of bamboo product Density(kg/m³) E(N/mm²) MOR(N/mm²) 

Bamboo Mat board(India) 766 3678 51 

Bamboo Mat board(china) 850 N/A 93 

Bamboo Curtain board(china) 850 12500 121 

Bamboo Strip board(Vietnam) 815 9600 124 

Bamboo Strip board(China) 780 N/A 113 

Bamboo Parallel gluelam(China) 850 11500 167 
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Effect of bamboo board arrangement: laminated boards of size 40cmX40cm with a 

thickness of 1.3cm from Gigantochola Apus bamboo were prepared to study the effect of 

arrangement and combination, while The parameters were fiber direction and core layer. 

The difference in the core layer was the addition of 8mm of falcate veneer each being 2mm 

thick. Also, the difference in fiber arrangement was in parallel and perpendicular in their 

direction. Adhesives were used for the preparation of the boards. Urea formaldehyde resin 

with 20% wheat flour and 0.5% hardener was mixed and applied on the boards. after the 

adhesive was added on both faces, The strip was cold pressed for 30 minutes and then hot 

pressed at 15kg/cm² for six minutes at a temperature of 110°c and finally conditioned for 

7 days before the test. the laminated bamboo board density was found to be 0.7-0.72g/cm², 

whereas for the hybrids 0.85-0.86g/cm².the study found that the strip bamboo lumber has 

the lowest water absorption when soaked.After the test was conducted The stripped 

bamboo lumber arranged in the perpendicular direction gave the highest modulus of 

elasticity and modulus of elasticity.(Sumardi et al., 2020). 

According to a study conducted on mature harvested bamboo the strength values obtained 

from bamboo were sufficient for two basic construction works. The arrangement of 

bamboo beams and the direction of loading has an effect on the flexural strength of the 

laminated bamboo beams. Bamboo strips made facing the same direction have the highest 

modulus of elasticity. Nodes are found to increase flexural strength but reduce longitudinal 

tensile strength. (Kariuki et al., 2014). 

Bamboo treated at 140°c for 30 minutes in saturated steam raised the static bending 

strength and the modulus of elasticity was increased slightly. (Wang et al., 2020). 

 Urea formaldehyde resin is a major commercially used adhesive resin in wood and wood-

based products. (Conner, 1996). 
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2.6 Literature gap 

In general, different researches were conducted on determining the physical, mechanical, 

and chemical properties of bamboo. Studies tried to show different bamboo panel 

manufacturing methods using bamboo strips, bamboo slivers, and bamboo particles. The 

physical and mechanical properties of bamboo plywood, bamboo veneer plywood, and 

bamboo particle board were determined.  

The compressive strength of Yushania alpina bamboo species have not been studied. 

bamboo’s mechanical and physical properties vary from species to species and geography 

therefore, the mechanical properties of bamboo strip panel boards produced from Yushania 

Alpina bamboo species will be significantly different from other species How ever, 

bamboo strip panel from Ethiopian highland bamboo production and its physical and 

mechanical properties have not been studied.  Formwork is a structure that is subjected to 

moist concrete,  moisture, and rain from the environment  therefore, The effect of water 

absorption and moisture condition should be investigated, but has not been addressed in 

the researches reviewd. Bamboo strip boards production is based on arrangement of strip 

layers in opposite directions therefore the mechanical properties of the panels could be 

different in different sides of the panels but this has not been considered in the researches. 

This study is aimed at characterizing the mechanical properties of bamboo strip panel board 

formwork from Yushania Alpina bamboo species  and evaluating the bending, 

compressive, and tensile strength by considering the effect of moisture exposure and 

directional properties. 
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Chapter Three: Methods and Materials 
 

This chapter discusses the procedure followed in conducting the experiment and the 

materials used. Standard sample preparation for the compressive and bending test of the 

bamboo raw material and the bamboo strip mat are briefly discussed in this chapter 

           3.1 Materials 

Bamboo culms from Yushania Alpina bamboo species from Injibara town, Ethiopia were 

used and urea formaldehyde resin was used as a bonding agent to form bamboo panel 

boards. The physical and mechanical properties of bamboo culm and bamboo panel boards 

were studied. 

3.1.1 Bamboo 
Bamboo is a tall grass with leaf blade anatomy belonging to the family Gramineae 

(Poaceae) and the sub-family of Bambusoideae. Bamboos are generally classified as 

softwoods (monopodial) and hardwoods (sympodial) where the former grows in temperate 

zones while the latter grows in tropical areas(Lopez, 2003). 

 

         Figure 3. 1 Bamboo plantation (photo by author). 

Parts of the bamboo plant include the rhizome, culm, leaves, and roots 




























































































































































