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1.0 INTRODUCTION 

1.1 Bamboo: The poor man’s timber 

Bamboo is a well-known fast renewing raw material suitable for many 

structural and product purposes (Kumar et al. 1994). Bamboo shows vigorous 

growth compared to all other forms of terrestrial vegetation. Use of bamboo for 

construction and house hold materials like basket, mat, pipes, furniture, musical 

instruments, pulp and paper, textile, tools, handles etc. is well documented as well as 

traditionally known (Misdarti, 2006; Krisdianto 2008). It has considerable strength 

properties even if it has many structural variations like hollowness, nodes, septa, 

tapering wall from base upwards etc. (Gnanaharan, 2000). 

North eastern states, Mizoram in particular are rich in bamboo resources both 

in abundance as well as in diversity. According to the Department of Environment, 

Forest and Climate change, Government of Mizoram, bamboo covers 57 % of the 

geographical area of the state and 27 species of bamboo have been so far reported of 

the 130 reported in the country (Anon., 2017). Moreover, Mizoram has been 

declared a timber deficit state because of scarcity of quality trees with considerable 

growth (The Telegraph, 2019). In Mizoram, National Bamboo Mission (NBM) is 

run as state bamboo mission through various nodal agencies. The objective is to 

utilize bamboo for locally useful products, promote local industries, employment 

generation and so on. Although, plantation and marketing related works are 

undertaken under the mission, there are many things to be done in product 

manufacture, industry and over all utilization. Utilization of bamboo at the right time 

is very important because it faces the risks such as forest fires, insect and pest attack, 

extreme weather strokes, gregarious flowering and so on. Therefore, as a 
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preliminary step, properties of bamboo need to be studied to ensure which species is 

suitable for what specific use.  

Bamboo is believed to be useful for each and every purpose from cradle to 

coffin. It is also relatively cheaper than its counterparts and has been often referred 

to as poor man’s timber across the civilizations. Many people believe bamboos to be 

trees on the basis of their physical appearance. In fact Bamboos are the giant 

perennial woody grasses, which belong to the family Poaceae and sub-family 

Bambusoideae. The bamboo constitutes of a cylinder shaped shell fractioned by 

transversal diaphragms situated at the nodal position. Bamboo is a type of grass 

which is commonly grown in Asia having a hard, woody and hollow stem. It is a fast 

growing grass even in dense conditions and it matures early (Zhang et al., 2007). 

Bamboo culms can be used in their natural or whole form or cut into sections or in 

strips, slivers and slats. Bamboo culms have been used by people and communities 

for thousands of years to build houses, fences and bridges. They can be used to make 

a vast range of utility items, including storage baskets, containers, furniture, 

agricultural implements and household baskets. There is also a growing demand to 

meet the needs of new and value added products and application, such as wood 

substitutes, panels, flooring, roofing and screens. 

1.2 Bamboo Resources of north east India 

There are about 70 genera and 1200 species (Gyansah and Kwofie, 2011) of 

bamboo worldwide. India is second only to China in bamboo production. The North-

Eastern region harbors more than one third of the Indian bamboo genetic resources 

having dense bamboo forests. Out of 136 bamboo plant species available in India, 89 

taxa are in this region. 
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The forest area over which bamboos occurs in India is 9.57 million hectares, 

which constitutes about 12.8% of the total area under forests (Bahadur and Verma, 

1980). Naithani (1993) reported 136 indigenous and exotic species under 23 genera, 

to be found naturally and/ or under cultivation in India, the distribution however is 

not uniform. The rich areas are confined to the North–Eastern part of the country, 

Siwalik Hills of Uttar Pradesh, Bastar, region of Madhya Pradesh, Western Ghats in 

south India and the Andaman Islands. The annual production of bamboo in India is 

about 4.6 million. Bamboo forests cover a large extent of area in Mizoram. In 

Mizoram the total bamboo cover is about 7091.66 sq km, which is about 33% of the 

total geographical land of the state. Bamboo is distributed thoroughly between 400 

m and 1520 m above mean sea level. Bamboo is the best renewable natural resource 

with more than 1500 uses. Its strength is comparable to timber, diversity and 

abundance in tropical and subtropical parts of world has made it a potential 

replacement for steel and timber (Scurlock et al. 2000). But the major drawback in 

using bamboo is its low natural durability. 

1.4 Chemical constitution of bamboo 

The chemical composition of bamboo is similar to that of wood. The main 

constituents of bamboo culms are cellulose, hemi-cellulose and lignin, which 

amount to over 90% of the total mass (Kumar et al. 1994; Wei et al. 2013). The 

minor constituents of bamboo are resins, tannins, waxes and inorganic salts. 

Compared to wood, however, bamboo has higher alkaline extractives, ash and silica 

contents (Tomalang et al. 1980; Chen et al. 1985). The composition varies according 

to species, the conditions of growth, the age of the bamboo and the part of the culm. 

Because the bamboo culm tissue matures within a year when the soft and fragile 
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sprout becomes hard and strong, the proportion of lignin and carbohydrates is 

changed during this period. However, after the full maturation of the culm, the 

chemical composition tends to remain rather constant (Leise, 1985). 

The nodes contain less water-soluble extractives, pentosans, ash, and lignin 

but contain more cellulose than the internodes. The season influences the amount of 

water-soluble materials, which are higher in the dry season than in the rainy season. 

The starch content reaches its maximum in the driest months before the rainy season 

and sprouting. The ash content (1 - 5%) is higher in the inner part than in the outer 

one. The silica content varies on an average from 0.5 to 4% increasing from bottom 

to top. Most of the silica is deposited in the epidermis, whereas the nodes contain 

little silica and the tissues of the internodes almost none. Silica content affects the 

pulping properties of bamboo (Tomalang et al. 1980). 

 

1.5 Bamboo degrading fungi 

Fungi are the most prominent bamboo decaying agents. Fungal attack can be 

seen at three stages of bamboo life cycle i.e. during planting, storing and service. A 

large proportion of culms can be attributed mainly to fungi which include soft rot, 

white rot and brown rot. Fungi attack only that bamboo tissue with sufficient 

moisture content, at least above fibre saturation point (20-22%), air dried bamboo is 

protected against fungal degradation. Among the different parts, the inner part of the 

culm is attacked faster than the outer one, which is attributed to the higher content of 

the nutritious parenchyma in the inner part. The starch content of the parenchyma 

cells influence to a larger extent for the susceptibility to attack by fungi, especially 

the blue stain fungi. Among different fungi experimental evidences show that white 
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rot and soft rot cause more deteriorations in bamboo than by brown rot (Liese 1998). 

As many as 1100 species of fungi have been recorded from bamboo, comprising 630 

Ascomycetes, 150 Basidiomycetes and 330 mitosporic taxa (Hyde et al 2002), most 

of which are reported from asia, with relatively fewer known from India and South 

Africa. Fusarium moniliformae is the fungal pathogen associated with the rot of 

emerging culms. F. equiseta and F. moniliforme are the fungi associated with the rot 

of growing culms (Mohanan, 1997). As many as 42 fungi belonging to 23 genera 

have been recorded on seeds of bamboo from India (Mohanan, 1997). 

These fungi originate from very fine; air-borne spores present in fruiting 

bodies, and occur everywhere. They nourish on the substrate in the bamboo culm. 

Damage becomes noticeable at an advanced stage, when substantial fungal growth is 

already underway. Fruit bodies appear subsequently on the outer surface and their 

removal does not stop the decay process inside the culm wall. Depending upon the 

moisture conditions, three types of fungi occur: surface moulds, stain fungi and 

decay fungi. Surface moulds grow on the surface and at the cross-ends of green 

culms, in storage stacks of green and split bamboo where the inner part is exposed 

and on finished products (Liese and Kumar, 2003). They require a humid and 

stagnant atmosphere for growth. Stain fungi can penetrate round bamboos from 

cross cut ends as well as from cuts in the nodes after removal of the branches. They 

nourish on the starch and carbohydrates. Stain fungi affect mostly split bamboo and 

slivers. They require high moisture for survival and growth Attack is indicated by 

shades of blue/grayish-black discoloration on the surface in the form of spots and 

streaks. It reduces the aesthetic appearance but does not affect the strength properties 

of bamboo except in severe cases of attack. Fruit bodies are produced on the culm 
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surface, whereby the hyphae may rupture its hard skin by forming blisters beneath 

the epidermis to release spore masses (Wahab et al., 2005). Decay fungi cause the 

most serious kind of damage and grow within the lumen of the cells. The enzymes 

either decompose only the cellulose and hemicellulose leaving behind the lignin 

leading to brown rot, or they decompose lignin leading to white rot. White rot is 

more common in bamboo than brown rot. Early decay is difficult to detect. Even 

before slight colour change or weight loss becomes apparent, the strength properties 

are much reduced, in particular the impact-bending strength. Early damage can be 

characterized by dampness in bamboo. At later stages of deterioration the culm is 

soft to the touch and may be only a fibrous or powdery mass. Advanced brown rot 

leaves a brownish mass, while white rot leaves white streaks on the culm’s surface. 

The presence of starch makes bamboo attractive to blue stain fungi as well as 

borers. Decay fungi need oxygen for respiration and hence limiting the supply of 

oxygen retards fungal growth. Some fungi, however, can exist even at low oxygen 

levels associated with high moisture levels (Wahab et al., 2005). 

Fungi thrive in humid environments. A moisture level of 40 to 80% is ideal 

for rapid growth. Dry bamboo with moisture below 20% does not promote fungal 

growth. Temperature ranging from 25ᵒC to 35ᵒC is ideal for fungal growth. Factors 

like cracks/splits; weathering and fire are abiotic agents which cause degradation in 

bamboo (Liese and Kumar, 2003). The cracks and splits occur due to stresses caused 

by sudden drying and direct exposure to sun. Cracks do not really weaken the culm 

but create points of entry for decay organisms. Splitting of bamboo arises due to 

nailing without pre-boring, especially in thin-walled bamboo. End splitting can be 

prevented by coating ends with wax emulsion or coal tar. Weathering of exposed 
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bamboo occurs due to the interaction of different atmospheric conditions, such as 

fluctuations of temperature and relative humidity (Kumar et al., 1994). Repeated 

drying and wetting of exposed bamboo results in widening of minute cracks 

produced on the surface. Solar radiations cause degradation of cellulose. The wind 

and dust particles have sand blasting effect on the culm surface giving a weathered 

look (Derbyshire and Miller, 1981). 

1.6 Natural durability of bamboo and need for preservation       

Without any protective treatment, most bamboo species have an average 

natural durability of less than 2 years. Stored under cover, untreated bamboo may 

last for 4-7 years. These variations in bamboo durability strongly depend on 

the species, the length of the culm, the thickness of the wall and on the time of 

harvesting. 

The lower portion of the bamboo culm is considered more durable, while the 

soft inner part of the wall deteriorates faster than the outer harder portion. This is 

related to the anatomical and chemical nature of the woody cells. Although some of 

the characteristics of bamboo resemble those of wood, its growth characteristics and 

microstructure is different (Kumar et al., 1994). Unlike timber species like teak, the 

structure of bamboo is void of toxic deposits. The large amounts of starch present in 

bamboo make it highly attractive to mould and fungi, termites and powder-post 

beetles. They cause much damage during drying, storage, and subsequent use. Tests 

have also shown that bamboo is more prone to soft rot and white rot attack than to 

brown rot. Bamboo consists of 50-70% hemicellulose, 30% pentosans, and 20-25% 

lignin (Chen et al. 1985). The lignin present in bamboos is unique, and undergoes 

changes during the growth of the culm. Bamboo is also known to be rich in 
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silica (0.5 to 4%), but the entire silica is located in the outer layer (1 mm), with 

hardly any silica in the rest of the wall. Bamboos also have minor amounts of waxes, 

resins and tannins, but none of these have enough toxicity to improve its natural 

durability. 

Many developing counties (where most bamboos grow) suffer a lack of 

awareness and professional treatment facilities for bamboo preservation. 

Furthermore, not all curing methods ensure satisfying results which leads to 

uncertainties about the advantages of using bamboo all together (Satish and 

Dobriyal, 1990). A lot of bamboos used for structural purposes in rural housing are 

untreated (or the wrong species) and deteriorate in just a couple of years, hence the 

reason bamboo is still considered as a poor man's timber. Not only does the incorrect 

use affect the reputation of bamboo, it also puts heavy pressure on the resource, 

since frequent replacement is necessary. Chemical preservatives should be used to 

protect bamboo products from such degradation (Wahab et al., 2005). These are well 

established methods providing good protection even in adverse conditions. The 

selection of the appropriate treatment method depends on various factors like state 

of the bamboo (green or dry), form of the bamboo, round bamboo or splits, end 

applications, in ground contact, exposure to atmosphere, undercover, structural/non-

structural, potential causes of decay such as biotic (fungus/insects) and abiotic 

(cracks/weathering) (Satish and Dobriyal, 1990). It is important to promote 

the correct use of bamboo in order to increase the durability, utilization, and 

popularity of this versatile and environment friendly material. Increasing the shelf-

life of bamboo to 50 years or more is certainly possible by applying the appropriate 

treatments which is also more economical and sustainable in the long run.  
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The conventional wood preservatives although are found to be very effective 

against wood destroying organisms, are said to cause environmental pollution and a 

few of them are hazardous to animals and human beings (Fisher, 1968; Thompson, 

1971; Onuorah, 2000). The most common chemicals used by the industries and local 

artisans are copper chrome arsenate (CCA), Sodium penta chloro phenol, boric acid 

– borax, IPBC (3-ido-2-propanyl butyl carbonate) and synthetic pyrethroides, most 

of which have harmful effect on the environment. Over the past few decades, there 

has been substantial global awareness to develop eco-friendly wood preservatives 

and those, which do not cause any ill effect on the health of mammals (Onuorah, 

2000). There is a continuous search for different methods of bio-control methods for 

wood preservation and to develop an ideal preservative. An ideal preservative, 

according to Liese and Kumar (2003) has characteristics such as (i) toxicity to the 

target organism (wood and bamboo destroying) and minimum toxicity to the non 

target organism, (ii) permanent fixation inside the bamboo culm, (iii) high 

penetration inside the bamboo tissues, (iv) easy disposal of treated product, and (v) 

strength of the treated culm not affected by preservative impregnation. Various plant 

extracts and oil based formulations such as organic acids, essential oils, eco friendly 

chemical based presertvatives are continuously being developed, and whose bio 

efficacy are measured in terms of the improvement in resistance to fungi and based 

on field performance (Kaur et al. 2016). Green plants act as a reservoir for 

inexhaustible source of innocuous fungicides/pesticides, which are mammalian non-

toxic and easily biodegradable than synthetic chemicals. To develop eco-friendly 

wood preservatives, many studies have been conducted. Most of the reported work 

is on extractives from heartwood (Onuorah, 2000; Soni, 1975; Gupta and Indra Dev, 



10 
 

1999). However, very few reports are available in which other components of tree 

such as leaves of Ipomea carnea (Adsul et al., 2012) and Neem (Swathi et al., 2004) 

possess a number of toxic constituents exhibiting high toxicity against wood-

destroying microbes. Efforts have been made by many workers to use these plant 

products with the amendment of toxic metals and tested for durability against 

termites or fungi (Jain and Virendra, 1991; Purushotham and Tewari, 1961; Indra 

Dev and Nautiyal, 2004). With this background, the current study was undertaken 

involving the following objectives: 

1. To standardize the minimum inhibitory concentration of the Neem oil and 

copper sulphate-boric acid (1:1) formulation against white rot, brown rot and 

sap stain fungus. 

2. To determine the extent of retention and penetration of Neem oil and copper 

sulphate-boric acid formulation in Melocanna baccifera (Roxb.) Kurz treated 

by two-step process.  

3. To estimate the leachability of preservative in treated samples. 

4. To evaluate the resistance of treated culms of M. baccifera bamboo species 

against white rot, brown rot and sap stain fungus. 
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2. REVIEW OF LITERATURE  

 Bamboo is very popular in the tropical world for its utility and 

versatility. It is an interesting raw material with attractive features, suitability for 

various uses but with limited durability. Therefore, most of the researches are targeting 

the preservation of bamboo material to enhance its durability especially in Asian 

countries where bamboo is available in plenty and is part and parcel of rural life. The 

importance of bamboo in rural economy has been reported by various scholars, from 

various places. (Liese, 1985; Yudodibroto, 1987; Jha and Lalnunmawia, 2004; Nath et 

al., 2008�������$���E�L�U�G�¶�V���H�\�H���U�H�Y�L�H�Z���R�I���O�L�W�H�U�D�W�X�U�H���U�H�Y�H�D�O�V���W�K�D�W���D�O�W�K�R�X�J�K���D���O�D�U�J�H���D�P�R�X�Q�W���R�I���Z�R�U�N��

has been carried out on use of different preservatives in enhancing the durability of 

some woods in different countries around the globe, however, the studies pertaining to 

the same are few and far between in Indian sub-continent. Moreover, very limited work 

�K�D�V���E�H�H�Q���G�R�Q�H���W�R���H�Q�K�D�Q�F�H���W�K�H���G�X�U�D�E�L�O�L�W�\���R�I���E�D�P�E�R�R�����W�K�H���µ�J�U�H�H�Q���J�R�O�G�¶���D�Q�G���P�R�V�W���Y�H�U�V�D�W�L�O�H��

plant use. This study therefore is expected to contribute our knowledge to the degree to 

which the eco-friendly preservatives could enhance durability in bamboo and its parts 

most influenced by the preservatives and therefore may have some management 

implications. Various works reported across the globe are classified under the following 

heads: 

2.1 Fungi on Bamboo 

2.2 Fungal degradation of bamboo 


