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WELCOME ADDRESS 

Krishna Govind Prasad

Rain Forest Research Institute, Jorhat
Ladies and Gentlemen,

It is indeed an honour to welcome you all to this expert consultation on ‘Sustainable utilization of bamboo resources subsequent to gregarious flowering in the northeast’ sponsored by the United Nations Industrial Development Organization (UNIDO) and supported by the Cane and Bamboo Technology Center (CBTC) on this 24th day of April 2002. It is a proud privilege for me to welcome you all to Deovan estate. This is the first occasion that we are organizing a national level meet at this campus. Also probably, this is the first time in the northeast that forest departments of all the northeastern states are present along with wood based industries from all over India to deliberate a matter that is vital for the growth and development of this region. We, the members of the Rain Forest Research Institute (RFRI) seek your active participation and thought provoking deliberations in our endeavour to find a solution for sustainable utilization of bamboo resources subsequent to gregarious flowering particularly in the northeast. It may not be out of place to mention that the recommendation so evolved will help in formulating an emergency plan to face the calamity, as has been suggested by the Planning Commission, Government of India, in it’s draft approach paper to ‘The Tenth Five Year Plan’. 

Historically in the Northeast India, man has co-existed with bamboo and bamboo based occupation since time immemorial. The region has no dearth of bamboo resources and can very well sustain its populace if utilized judiciously. The quantum of sustainable utilization of the bamboo resources depends mainly on the dexterity of technological advancement attained. Mere presence of bamboo resources does not necessarily mean that the region is economically developed. Economic exploitation of bamboo resources will be possible only with the development of proper technology that, in turn is closely related with the scientific knowledge and technical skills of the people.

There are functional, structural, historical and cultural reasons for propagating bamboo-based industries in the northeast. Development based on bamboo resources will not disturb the traditional mode of living in the northeast. The most vulnerable sections, especially women and marginalized tribes are dependent on bamboo for food, fibre, fuel and housing. It is only when this most vulnerable section enters the economy in a participative and productive sense that development will acquire a true impetus in the northeast.

The Planning Commission, Government of India, in it’s draft approach paper to ‘The Tenth Five Year Plan’ has proposed to classify bamboo as NTFP thereby providing rights to the tribal population and other forest dwellers over this resource. It has suggested denationalizing NTFPs gradually so that retail sale of fuel wood and bamboo can easily be done by the open market. Further, it has recommended setting up processing units within the tribal areas with the Forest Department acting as a facilitator for creation of such facilities. The review of its decision to allow cheap and duty free import of pulp with a view to give a boost to farmers practicing farm forestry and lifting of ban on felling of green bamboos so that they become available to artisans are some of the welcome developments in the bamboo sector and they could not have come at a better time than this. 

During last five years, Rain Forest Research Institute (RFRI) has developed several technologies for enhancing the productivity of bamboo and cane besides conserving this valuable germplasm. Bamboos exhibit different flowering cycle after which they die. This has posed a challenge to mass multiply bamboo seedling vegetatively. The RFRI has developed protocol to induce juvenility, produce seedlings and mass multiply them through the establishment of Kissan Nurseries at strategic places. The Institute has expertise to help State Forest Departments and Bamboo based Industries to set up central nursery having capacity to produce more than one lakh seedlings per year. We are gearing up to provide improved germplasm of Bambusa balcooa (Bholuka bah), Bambusa bambos (Katoha bah), Bambusa nutans (Mokal bah), Bambusa tulda (Jati bah), Bambusa pallida (Bijuli bah) and Dendrocalamus hamiltonii (Kako bah) to the interested parties. We, at the RFRI, are also ready to train, supervise and certify production of improved bamboo propagules. Now that Hindustan Paper Corporation Ltd has fixed a production target of one lakh seedling per year for next 5 years by each of its factory, the RFRI is ready to assist them in developing their capacity to fulfill this target. The Institute is also looking into a multipurpose high yielding variety whose lower portion may be used for Scaffolding & Poles, middle portion for Basket, Rafters & Mats and top portion for Pulp, Paper & Panel products. The limited study has indicated that top portion of bamboo contains low silica content that will help reduction in wear and tear of pulp and paper industry.

Indian subcontinent, in general, and the Northeast in particular needs a second Green Revolution, the ‘Bamboo Based Green Revolution’, for sustainable development and the RFRI is gearing up to provide the appropriate technology to catalyze this process of converting "Green Biomass" into "Green Gold". 
I, on my behalf, as well as on behalf of RFRI family, thank all the delegates for sparing their valuable time to attend this important deliberation in spite of lot of personal inconvenience. I am also thankful to them for taking all the trouble of travelling to Jorhat to join in our endeavour of converting green bamboo into green gold.

I realize that we lack in infrastructure and other facilities to provide you comfortable stay at Jorhat. Members of the Institute, under the able leadership of Sri A. Kharshi-ing, Group Coordinator (Research), are trying their best to see that your minimum needs are fulfilled. If there is any shortcoming, I am to be blamed. I personally seek your pardon for the same.

Learned members and fellow Scientists, I welcome you all, once again, to Deovan on the occasion of this Expert Consultation on ‘Sustainable Utilization of Bamboo Resources Subsequent to Gregarious Flowering in Northeast’ sponsored by the United Nations Industrial Development Organization (UNIDO) and supported by the Cane and Bamboo Technology Center (CBTC).
Jai Hind.
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INAUGURAL ADDRESS 

R. P. S. Katwal

Indian Council of Forestry Research & Education, DehraDun

Ladies and Gentlemen,
It gives me immense pleasure to be here in your midst this morning. This consultation on ‘Sustainable Utilization of Bamboo Resources Subsequent to Gregarious Flowering in the Northeast’ has been organized to deliberate and suggest recommendations for an issue, which has been of great significance since time immemorial. The looming spectre of another ‘Gregarious Bamboo Flowering’ has caught the attention of the common people and the intelligentsia alike. The large scale flowering, occurring at regular interval of time, has led to many superstitions, notable among which are that bamboo flowering leads to famine.

It is estimated that gregarious flowering of muli bamboo (Melocanna baccifera) will occur in an area of 1.76 million ha in northeastern states of India. Calculations indicate that about 26 million tons of bamboo is available, if harvested before flowering between years 2004-2006, of which 10 million tons occur in areas that are accessible.

Till now the flowered areas were left to nature to tend itself. After every gregarious flowering, vast bamboo resources were lost at the cost of sustained supply to the bamboo resource dependent industries. The present consultation is an effort to tackle the problem in a different perspective. I hope today’s deliberations will be fruitful in evolving strategies for the economic utilization of the available resources and the simultaneous challenging task of restocking the vast tract of area with more valuable bamboo and other timber species.

The Indian Council of Forestry Research and Education (ICFRE), Dehra Dun, through its regional Institutes has been striving for the sustainable development of different regions by evolving new technologies and methodologies for the scientific management and utilization of the forest wealth including bamboo and cane. The ICFRE through its Coordinated Research Projects involving ICFRE Institutes and several Universities has initiated an ambitious productivity improvement program on bamboo and canes. Under this bamboo improvement programme, superior germplasm of several bamboo species have been brought together in germplasm banks. Recently their field evaluation has been initiated at different places of the country to identify wonder clones both for industrial and household needs. The Council is aiming at a bamboo-based industrial revolution to alleviate poverty in the northeast. It has been estimated that after agriculture, forestry activities generate maximum employment. Also within forestry sector, bamboo and cane cultivation, production, value addition and utilization engages maximum number of people.

I take this privilege to list some of the notable contributions of the ICFRE to the bamboo and cane sector. It was Forest Research Institute (FRI), DehraDun, an Institute under the ICFRE, which for the first time had shown the use of bamboo for making paper. The protocol so developed was transferred to the Industry that now produces 1.67 million cubic meters of pulp for paper and 3.03 million cubic meters of paper and paperboard in India. Bamboo provides about 70% of the raw material requirement in pulp and paper industry. Another first of this organization is the ‘ASCU formulation’ that the whole world today uses to protect forest produce from decay. The FRI, as far back as 30 years, had used bamboo for manufacture of bamboo mat board and particleboard - the concept that is now gaining ground and showing tremendous scope in housing sector. Only recently, at Burnihat an industry has been set up for the production of bamboo board that is likely to change the face of the northeast.

During the last five years Rain Forest Research Institute (RFRI) have developed several technologies for enhancing the productivity of bamboo and cane besides conserving this valuable germplasm. Bamboos exhibit different flowering cycle after which they die. This has posed a challenge to mass multiply bamboo seedling vegetatively. The RFRI has developed protocol to induce juvenility and generate seedling from the mature culms, followed by mass multiplication through macro-proliferation technology. The macro-proliferation technology will help farmers to carry out mass multiplication of selected bamboo germplasm quickly and economically without using any sophisticated facility. Expertise has also been developed in tissue culture of bamboo and cane for the mass multiplication of superior varieties. 

Scientists at the Rain Forest Research Institute have realized that the imminent bamboo flowering is likely to cause large-scale economic, social, political ecological and psychological damage to northeast. They have proposed a series of measures to contain the ill effects of bamboo flowering in the northeast and also, to utilize enormous bamboo resources that may go waste, if not utilized in time. The measures suggested by the scientists from the RFRI include sustainable utilization of resources before flowering, transporting, storage, value addition, conversion to intermediaries and also export to areas deficient, including export to the neighboring countries. Other strategies proposed include management of bamboo growing area that is likely to flower by planting bamboo species and cultivars from out side so that their flowering are staggered in the future; allowing selected clumps to flower for natural regeneration; taking up large-scale bamboo plantation immediately to avoid scarcity when existing bamboo stock flowers; planting high value timber species; cohort mapping and collection of seed from mother clumps for ex-situ conservation of bamboo biodiversity of northeast.

I am happy that the Rain Forest Research Institute, Jorhat, sitting in the centre of this natural spectacle, has taken the initiative in hosting this consultation with financial assistance from the United Nations Industrial Development Organization (UNIDO) and Cane and Bamboo Technology Centre (CBTC). The consultation could not have come at a better time than this juncture. I wish you all a very happy time and hope that the recommendations emanating from the deliberations will be of immense help in formulating strategies for managing this event of lifetime.

I have great pleasure in declaring this expert consultation open.

Jai Jawan, Jai Kissan and Jai Vigyan
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KEYNOTE ADDRESS
Kamesh Salam

Cane & Bamboo Technology Centre, Guwahati.
Ladies and Gentlemen,
It gives me immense pleasure to be with you today, a distinguished gathering of Scientists, Foresters, Policy makers and others from different parts of India, to share my views on this occasion of the inaugural ceremony of the Expert Consultation on Strategies for Sustainable Utilization of Bamboo Resources Subsequent to Gregarious Flowering in the Northeast 

Ecological security and economic prosperity of any country greatly depends on the forests. Forests provide many tangible and intangible benefits. In fact, forests serve poor and rich alike. One of the most gifted grasses found in forests, as also in the homesteads, is the bamboo. About 50 genera and a thousand species of bamboo grow in the world. India has over 130 species of bamboo growing over 8.96 million hectares of forest area. This constitutes 11.71% of the total 76.52 million hectares of the forest area in India.

Bamboo is a versatile group of ligneous plants, which are closely linked, with the culture of tropical Asia. These form the backbone of rural economy in the poorest of poor tropical world. The remarkable features bestowed on bamboo by nature have enabled man to draw a variety of benefits from it. Bamboo is used for house construction, agricultural tools and implements, as food material, fodder and even for medicinal purposes. Besides being a convenient source of cellulose for paper manufacture and rayons, it supports a number of traditional cottage industries. Bamboo craft is one of the oldest traditional cottage industries in India. The origin of this craft is traced from the beginning of the civilization when man started cultivation of food crops thousands of years ago. Bamboo is emerging as a major source of raw material for several industries, viz. bamboo mat boards, bamboo mat veneer composites, bamboo mat corrugated sheets etc. All this has kindled new interest in bamboo development across the world.

The technologies developed by Indian Council of Forestry Research & Education (ICFRE), Indian Plywood Industries Research & Training Institute (IPIRTI) and other similar organizations for producing commercially successful Bamboo Mat Veneer Composites and Bamboo Mat Corrugated Sheets should be energetically extended to industries. More such innovations are required to be made so that the bamboo sector attains optimal growth.

Due to shrinkage in extent and alarming decrease in density, the supply of industrial wood from forests have been greatly reduced and there is an urgent need to look for alternative source to meet the demands of our growing society. In this search, bamboo emerges to be a very ideal naturally renewable alternative source. The present production of bamboo from all sources is reported to be near about 4.5 million tons per annum. With the trend of decrease in production and rise in population, the gap between supply and demand is going to be larger. This position clearly elucidates the need for increasing bamboo production. Adequate attention on raising bamboo plantation under various programmes has not been given so far. Now we need to involve farmers and villagers in bamboo production. Besides protecting natural vegetation of bamboo, the activity has to be brought outside the conventional forestry on lands other than forest lands. It is the time that cultivation of bamboo is intensified through small and marginal farmers.

In India, besides local consumption substantial demand on bamboo resource comes from pulp and paper industry. About 45% of bamboos produced in India are required by paper and rayon industry. So, far the industry has been using whatever bamboo was available to it. Another important area that the bamboo is being used are in the bamboo craft sector where it generate about 250 million days of work by employing mainly women from the rural and tribal area with an income of about Rs 15 billion a year. Besides bamboo is used in the rural housing sector in the hills and remote areas and as food products. But bamboo potential in industry and commerce is bamboo furniture and other value products like bamboo laminated products, flooring, wood substitute etc. Making it as wood substitute makes economic and ecological sense. At the same time India, a net importer of timber, is the only country that has a viable pulp industry for papermaking. The use of bamboo for pulp has however gone down over the years. 

The Northeastern region of India has the greatest concentration of cane and bamboo in the country. The raw stock is valued at around Rs. 5,000 crores. With suitably feasible schemes of value additions of even just about two times, approximately Rs. 10,000 crores can be easily generated in the North East alone, on an annual basis. Even for a moment, assuming that one is able to utilize only about 25 percent of the resource base, the North East can easily generate Rs. 2,500 crores a year.

It is in this context that gregarious flowering of bamboo, which is slated to take place sometime within the next few years, has taken on a new meaning. For those, who are unaware of this phenomenon, it may sound strange, almost bordering on the absurd. Some bamboos flower annually, some once every few years, but most flower only once in their lifetime. Flowering patterns differ too, from the sporadic to the gregarious or profuse. Most bamboos die after gregarious flowering; interestingly, all clumps from the same batch of seeds flower simultaneously, a fact of significance in the extensive natural forest of the North East. 

Gregarious flowering in Mizoram in 1959 caused widespread damage to the forests. An increase in the rodent population (which fed first on the flowers, then on the seeds, and then on crops and in granaries) with attendant impacts on health and food security, led to civil disaffection. In neighboring Tripura, almost all the stock of the dominant bamboo species (80% of growing stock), Melocanna bambusoides, was also destroyed. This bamboo, locally called muli, is extensively used at the household level; regeneration of this stock took several years. 

Assuming that the same phenomena takes place in the North east again, what would be the fate of the numerous Paper mills, which alone accounts for using more than seventy per cent of the total bamboo harvested

The next outbreak of flowering is expected to occur in 2004-05. In the light of this, it is important that the people are made aware of this probability and also because of the fact that necessary steps can be taken beforehand to mitigate the devastating consequences of the phenomena.
It is precisely in this context that the Rain Forests Research Institute has been requested to organize this Expert Consultation on Strategies for Sustainable Utilization of Bamboo Resources subsequent to Gregarious Flowering in the Northeast. This Seminar is an offshoot of the North-Eastern Regional Policy Workshop on Bamboo & Cane held at the Assam Administrative Staff College, Khanapara, Guwahati on 22-23rd January, 2002, which was conducted, by UNDP, DST, UNIDO, INBAR, NEC, IFAD & CBTC. It was decided that UNIDO would sponsor the Seminar through the CBTC while Rain Forest Research Institute; Jorhat will organize the Seminar on issues related to Bamboo Flowering.

Viewed against the above background, I am happy to note that the Seminar has been structured in such a way that it will deliberate upon the following important themes of bamboo flowering
· To create awareness amongst the local populace about the problem of gregarious bamboo flowering
· To take remedial steps to counter the problem of gregarious flowering
· To highlight the problem of gregarious bamboo flowering amongst the policy makers/ Governments of the region so that something substantial can be done in order to mitigate and offset this problem once and for all.
· To gather indigenous knowledge, belief and practices of communities associated with bamboo management.
· Recording of past incidences of Bamboo Flowering, the pre and post flowering effects on ecology.
· To workout minimum possible time frame and means to replenish the crop.
· Evolving future strategies based on past experience and modern package and practices on management over the impact of flowering of bamboos.
· It’s optimum utilization; storage technology for sustainability till fresh produce comes up.
· To decipher the integrated, practical and feasible suggestive frame work to this national problem on large-scale forest resource destructions to the media for remedial measures.
· To formulate necessary precautionary and management measures so that the enormous bamboo resources can be best put to economic utilization on or before flowering.
· To bring together professionals having adequate knowledge in the field of bamboo production and utilization and evolve suitable strategy across the table.

I am confident that the input provided by Consultants and the participants will facilitate in developing an appropriate action plan for better resource management. I am sure that the presence of organizations like United Nations Industrial Development Organization (UNIDO) and United Nations Development Programme (UNDP) will go a long way in helping to achieve the objectives envisioned for the Seminar.

I am thankful to Dr. K. G. Prasad, Director, Rain Forests Research Institute, Jorhat and his team of dedicated workers for having undertaken to organize this Seminar at such short notice. I am thankful to the United Nations Industrial Development Organization and the United Nations Development Programme for having funded this Seminar. I am also thankful to the participants at the Seminar, some of whom have come from afar.

I wish the Seminar all success.

Thank you very much Ladies & Gentlemen for having provided me with this wonderful opportunity to speak before you.
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AGENDA FOR CONSULTATION

Theme 1: Resource Survey and Mapping

· Resource Survey and Cohort Mapping: Techniques, action plan and its implementation in the northeastern region.

· Interpretation of satellite imageries and aerial photographs in location of flowered areas and yield prediction.

Theme 2: Resource Extraction and Management

· Scientific logging, transportation, storage and its management. 

· Initial preparation of logged over area for subsequent regeneration

Theme 3: Resource Utilization

· Conversion to intermediate forms like chip, pulp, high-density pulp slab, bamboo mats etc.

· Conversion to final products like paper, paperboard, mat board, particleboard, bamboo corrugated sheets etc.

· Export to other regions including the neighbouring countries.

· Any other avenue.

Theme 4: Regeneration of Logged Over Area

· Management of natural recruits by tending, soil working and providing protection against fire and grazing.

· Artificial regeneration through species, cohort and cultivar selection; quality planting stock production and their plantation.

Future Strategy

· Form, method, space and location for bulk storage of harvested bamboo.

· Removing bottlenecks in harvesting, storage, transportation and value addition in harvested bamboo.

· Setting up a series of collection and storage points and their management.

· Developing mechanism for marketing and remunerative pricing.

· Any other options
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PROGRAMME

24thApril, 2002

9.30 A.M. To 10.00 A.M.
Registration

10.00 A.M. To 11.00 A.M.
Inauguration

Felicitation of Dignitaries 

Welcome by Dr. K.G.Prasad, Director, RFRI, Jorhat

Inauguration by Sri R.P.S Katwal, Director General, ICFRE

Keynote Address by Sri Kamesh Salam, Project Coordinator CBTC

Address by Guest of Honour

Vote of Thanks by A. Kharshi-Ing, Group Coordinator (Research), RFRI, Jorhat

11.00 A.M. To 11.30 A.M.
Inaugural Tea

11.30 A.M. To 01.00 P.M.
Technical Session-I: Resource Survey and Mapping


Presentation of Theme Papers 

Discussion

01.00 P.M. To 02.00 P.M.
Technical Session-II: Resource Extraction and Management


Presentation of Theme Papers 

Discussion

02.00 P.M. To 02.45 P.M.
Lunch

02.45 P.M. To 03.45 P.M.
Technical Session III: Resource Utilization

Presentation of Theme Papers 

Discussion

03.45 P.M. To 04.00 P.M.
Tea

04.00 P.M. To 05.00 P.M. 
Technical Session IV: Regeneration of Logged Over Area

Presentation of Theme Papers 

Discussion

07.00 P.M.
Cultural Program at Deovan

08.00 P.M.
Dinner

25th April 2002

09.30 A.M. To 11.30 A.M.
Technical Session V: Future Strategy


Discussion and Formulation of Strategy

11.30 A.M. To 12.30 P.M.
Valedictory Function

12.30 P.M.
Lunch
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COHORT MAPPING IN BAMBOO RESOURCE MANAGEMENT
S. Pattanaik
, K.C. Pathak, S. Trivedi, P.K. Khatri & K.G. Prasad

Rain Forest Research Institute, Jorhat-785 001
INTRODUCTION

Flowering in bamboo is a botanical enigma. The factors that switch a bamboo plant from vegetative to flowering state are not fully understood. Nearly all species of bamboo seem to have their own life histories. The culms that flower often die after the fruit has developed but other culms and rhizomes survive and perpetuate the stand. Many of the species have populations made up of individuals that seed synchronously at regular and long supra-annual intervals. After growing by rhizome and culm production for a species-specific period of 3-120 years, nearly all the members of one species in one specific area produce wind-pollinated flowers, set large quantities of seed and die.
Our past record of bamboo flowering is more general and vague i.e. flowering records are not area specific, confusion in the identity of the species, confusion in gregarious and sporadic flowering thereby record of several non-existing flowering cycle in a particular species. Most often we get information like the state/country and the year in which flowering occurred. However, we hardly get informations like specific location, extent of area, physical and ecological features of the area, year of flowering initiation, duration of flowering, prevailing climatic conditions during flowering, occurrence of fire, subsequent regeneration of the area etc.

Even in the same species growing within a state/country several cohorts (groups) have been observed which have a distinct flowering cycle. For example in Kerala there are at least five cohorts for the species Bambusa bambos, having different flowering time (Seethalakshmi, 2002). The expected flowering of Melocanna baccifera provides a perfect opportunity for cohort mapping in the species. The present paper describes an approach for cohort mapping and their utilization in bamboo resource management.
FLOWERING IN BAMBOO

A. Causes

Although a wide range of research and discussion is going on, the flowering of bamboo is still unexplained and mysterious. There are several theories concerning the causes of flowering and death of bamboo:

a. The earliest explanation for mast flowering in bamboos is the resource-matching hypothesis by Brandis (1899), which tries to explain the external controls on physiological processes by available resources such as rainfall.
b. Pathological theory, which postulates that flowering is brought on by the destruction of bamboo by organisms such as nematodes, fungi, insects and parasites;
c. Periodical theory, which proposes that the cycle starts with bamboo regeneration through asexual methods (rhizome and culm elongation), reaches maturity and results in flowering; 

d. Mutation theory, which considers that bamboo regeneration through any methods of asexual propagation is mutation and brings about flowering of bamboos; 

e. Nutrition theory, which proposes that flowering and fruiting are usually the result of a physiological disturbance arising chiefly from the poor growth of the vegetative cells, brought about by an imbalance in the carbon-nitrogen ratio; 

f. Human theory, which states that human practices such as cutting and burning induce bamboo flowering. 

g. The ‘predator satiation hypothesis’, which proposes that irregular fruiting cycles are sufficient disequilibria to inhibit seed predators from maintaining populations large enough to decimate a ‘mast year’ of fruiting (Janzen, 1976; Gadgil and Prasad, 1984; Kelly, 1994).

h. The ‘ bamboo wildfire cycle hypothesis’, postulates that the mass mortality in post fruiting bamboos generate a widespread and synchronous fuel load that significantly increases the potential for wildfire disturbance. This strategy in bamboos increases the chances for canopy disturbance, which increase resources for seedling recruitment and resets the successional cycle to favour persistence of the new clones (Keely & Bond, 1999)

It is generally believed that flowering in bamboo results in death of the bamboo. Subsequent to flowering, bamboos show the following types of mortality behaviour:
a. Flowering does not result in the death of either aerial or underground parts, e.g., some species of Arundinaria, Phyllostachys and Bambusa atra.
b. Flowering results in complete death of aerial parts only, the rhizomes remain alive and plants regenerate, e.g., Arundinaria amabilis, A. simonii and Phyllostachys nidularia 
c. Flowering results in complete death of both aerial and underground parts, e.g., Bambusa bambos, Bambusa tulda, Dendrocalamus strictus, Dendrocalamus hamiltonii, Melocanna baccifera, Thyrostachys oliveri, Bambusa bambos and Bambusa tulda etc. (Sharma, 1991)
B. 
Types 
According to their flowering habits, there are three types of bamboo: (i) those that flower annually or nearly so (continuous flowering), e.g., Arundinaria spp. Bambusa lineata, Ochlandra stridula etc; (ii) those that flower gregariously (periodically); (iii) those that flower sporadically (irregularly). The flowering habit of Bambusa spp. and Dendrocalamus spp. in the tropical regions of Asia and of Phyllostachys and other genera in Japan belongs to types (ii) and (iii). P. edulis flowers sporadically, and the flowering occurs in small areas or in a few clumps. Gregarious flowering occurs in cycles; the cycles are more or less constant for a species in a given locality but differ between remote locations. Table 1 depicts flowering cycles of some Indian species.

GREGARIOUS FLOWERING

Gregarious flowering (masting) may be defined as simultaneous flowering in all the culms in a clump and all the clumps in a population of a particular species spread over a large geographical area, usually followed by death of clumps (semalparous). And it usually occurs periodically, period remaining constant for a species in a specific area.

There may be several geographically distant populations in a species spread over a state or region. All of these populations do not flower at the same time. This give rise to the concept of flowering cohorts.

Table 1: Flowering Cycles Of Some Indian Species

	Years
	Species

	1
	Indocalamus wightianus, Ochlandra scriptoria, O. rheedii, O. stridula

	7
	Ochlandra. travancorica

	16-17 
	Thamnocalamus spathiflorus

	25-65
	Dendrocalamus strictus

	28-30
	Thamnocalamus falconeri, Chimonobambusa falcata

	40-45
	Oxythenantera abyssinica, Melocanna baccifera, Bambusa bambos

	30-40
	Dendrocalamus hamiltonii

	30-60
	Bambusa tulda

	35-60
	Bambusa polymorpha

	45-55
	Chimonobambusa jaunsarensis

	47-48
	Thyrostachys oliveri

	48
	Bambusa copelandii, Pseudostachyum polymorphum

	60
	Phyllostachys bambusoides 


Source: Sharma, 1991

COHORTS IN FLOWERING

A cohort may be described as a bamboo population, characterized by some geographical features, established at a particular point of time (year) following either a gregarious or sporadic flowering. As because bamboos are cross-pollinated in nature and seeds are dispersed around the mother clump and rarely to far off places, a cohort may consist of subgroups of individuals (clumps) that are half sib in nature (only one parent is common). Because of this genetic proximity the biological clock runs almost synchronously in the cohort and all the plants in the cohort are expected to flower simultaneously. 

Several such, geographically and genetically distant, cohorts may be existing in Melocanna baccifera. Geographically distant populations flowering simultaneously should be regarded as one cohort.

IDENTIFICATION OF COHORTS

Three approaches are postulated. 

1. Ground Survey

2. Aerial Survey

3. Combination of Aerial and Ground Survey.

1. Ground Survey

For species like Melocanna baccifera, which form pure patches the task of ground survey is easier compared to species, which are sparsely distributed. The administrative setup and the silvicultural management units of Forest Departments are ideally suited for this purpose. The silvicultural management unit ‘Range’ may be taken as basic unit for purpose of description and record. Each of the Forest Departments should have a monitoring cell at their Head Quarter where all the informations should be recorded as and when they are reported from the field. For the overall monitoring of the region a cell may be established at Rain Forest Research Institute, Jorhat or alternatively at the Office of the Regional Chief Conservator of Forests, Shillong.
2. Aerial Survey

In a study conducted in the forests of the Attappady-Silent Valley region of Kerala large-scale aerial photographs (black and white) in 1:15,000 were successfully used for estimation of bamboo resources. In addition to the delineation of pure bamboo patches, stratification with respect to vegetation density was possible. The detailed mapping of the bamboo area and area estimation of different strata were possible with 90% level of accuracy. While the use of satellite imageries for the same purpose yielded only 70% level of accuracy (Menon, 1991).

The areas with and without bamboo can easily be delineated since there is a clear tonal variation in aerial photographs. Bamboo density variation is reflected in the textural element of image interpretation. The great tonal and textural variation during bamboo flowering provides an opportunity for detailed estimation of resources and the delineation of cohorts. Season and frequency of data recording will be vital for such detailed delineation. The data period suitable for interpretation for most of the forest areas of our country is from October to January (Anon., 1999). And this is the period when most of the bamboos including Melocanna baccifera flowers.

3. Combination of Aerial and Ground Survey

This is by far the best approach for cohort mapping. The area estimates from aerial photographs along with the information from the ground survey by least count quadrat method from various cohorts will substantiate the resource information at a given time.
UTILIZATION OF COHORTS

Because of their different flowering cycles cohorts can be utilized in various ways. They are,

1. Creation of Database in the form of GIS

2. Use In Working Plan 

3. A Tool in Advance Planning

4. Raising of Plantation of Mixed Cohort

5. Regular Source of Seed

1. Creation of Database in the form of GIS

The data generated from ground and aerial survey can be incorporated into a GIS (Geographic Information System). The flowering details like species, specific location, extent of area, density of bamboo thicket, physical and ecological features of the area, year of flowering initiation, duration of flowering, prevailing climatic conditions during flowering, occurrence of fire, subsequent regeneration of the area etc. can be stored alongside other data such as administrative units, their area and maps, forest type, dominant tree species, annual temperature and rainfall, humidity biotic pressure etc.

In addition to generating information pertaining to specific queries, the status of a bamboo species can be generated, overlaid, combined or filtered with another similar data set (Nair, 1991). Geographic maps of the states or the region showing the location of different cohorts of a species can be generated for management of bamboo resources. Also, Geographic Information System can be a powerful tool in flowering prediction based on the available data.

The vector model of representing spatial component in GIS may be more suited for bamboo resources. In this model every position in the map space has a unique coordinate value. Points, lines, and polygons are used to represent irregularly distributed geographic objects. 

2. Use in Working Plan

Information on cohorts can be utilized in generating working plan prescriptions for different bamboo bearing areas.

3. A Tool in Advance Planning

Prior availability of information on exact location and time of flowering give the planners ample time for advance planning for resource extraction, their transportation, disposal and subsequent regeneration of the area. Perhaps this is now the biggest hurdle facing the planners and implementing agency. 

4. Raising of Plantation of Mixed Cohort

Plantations raised from mixed seeds/seedlings collected from different cohorts will have a longer productive life. This is possible by the technique of ‘Macroproliferation’ by which seedlings from different cohorts can be maintained in the nursery for a long period. The clumps need not have to be replaced all at once, as the flowering will be spaced over a longer period of time. There will be a continued sustained production of culms without any break or gap. Also, the financial burden on the farmers associated with plantation establishment will be less.

5. Regular Source of Seed

The different flowering time of cohorts will ensure regular supply of seeds for taking up plantations on a sustained basis.

CONCLUSION

Lack of precise and detailed information is the biggest hurdle in the management of our natural bamboo resources. With the technological improvements in aerial photography and digital data interpretation, and with our better understanding of the flowering behaviour of bamboo, now it is possible to keep track of resources by developing a ‘Bamboo Geographic Information System’. This will be immense use to the resource planners and managers.
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Figure -1: Schematic Presentation of Approach for Cohort Mapping
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MAPPING OF BAMBOO FORESTS USING IRS 1C LISS III DATA

Subhash Ashutosh
, Abhay Saxena2, Alok Saxena3 and J. K. Rawat4
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Mizoram is rich in forest resources. Forest cover constitutes 86.99% of the total geographical area of the state (FSI, 2000). Major forest types observed in the state are East Himalayan moist mixed deciduous forests, East Himalayan wet temperate forests, Cachar tropical semi evergreen forests, Assam sub-tropical pine forests, Moist Bamboo brakes. Tropical wet evergreen forests and Montane sub-tropical forests (Champion and Seth, 1968).

Bamboo has got a prominent place in the vegetation composition of the forests in the state. According to an estimate, bamboo forests account for about 49% of the total forest area (FSI, 1991). Due to extensive shifting cultivation, bamboo has come up as a colonizer. Bamboo species comprise clump forming as well as non-clump forming species. Clump forming species include Dendrocalamus hamiltonii, Dendrocalamus longispathus, and Bambusa tulda whereas Melocanna bambusoides is the non-clump forming species.

Forest resources specially bamboo, play an important role in the socio economic life of tribal people of the state. It is associated with almost every activity. Bamboo is also commercially traded as raw material to the paper mills located in the adjoining districts of Assam and for making handicrafts. Contribution of bamboo to the economy of the state can further be enhanced if the bamboo forests are managed to the optimum level; a large potential remains to be harnessed. Realizing this fact, the State Government has attached high priority to the scientific management of bamboo forests in the state. Foremost requirement for planning and management of any forest is a map showing distribution of the resource. Mapping of bamboo forests is a difficult task. It may take several months to do the mapping by conventional method. The cost involved too, would be quite high. Moreover, for intensive management, the requirement may be periodic monitoring so that changes could be analyzed. Remote sensing may offer a cost effective solution to this requirement.

In this study, an attempt has been made to develop an algorithm for digital classification of remote sensing data (IRS 1C LISS III) to classify bamboo forests.
MATERIALS AND METHODS
The study area has been selected as Kolasib Forest Division in Aizwal district of Mizoram, which is located in the northern part of the state (Fig. 1) adjoining Cachar district of Assam. The study area is bounded by longitude 92027’54” and 92054’01”E and latitude 23054’10” N. Extensive bamboo forests found in the division, occur in pure as well as mixed with other miscellaneous forest species. 

Satellite – IRS 1C LISS III digital data of December 2000 has been used in the study.

Fig 1:
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Fig 2:
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Fig 3:
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Method – The satellite data was geometrically rectified with the help of 1:50,000 scale SOI toposheets. The satellite data was classified using unsupervised, supervised and hybrid approaches. Ground truthing of the classification by above methods revealed accuracy of bamboo classification in the range of 55-65% only. To further improve accuracy of classification, Principal Component (PC) transformation of the image was done and spectral profile of seven layer stack image comprising green, red, NIR, PC1, PC2, PC3 and NDVI was analyzed on the known reference points. The profile is shown in the Fig. 2. Red, Near Infrared (NIR), PC1 and PC2 show significant separation for bamboo patches and other forest types. Taking slope between these bands as discriminator, an index with the following relationship was formulated.



NIR

PC1

I =       ------         +      -------         x 100
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PC2

Using unsupervised classification, non-vegetated areas from the scenes were masked out. The above index was applied on the image using spatial modeler tool of ERDAS IMAGINE software. The pseudo image so obtained was density sliced to create three classes of forest area; the classes being a) Bamboo forests, b) Bamboo mixed with miscellaneous forest (i.e. bamboo mixed with low-density tree cover) and c) miscellaneous forests. Threshold values for the above classes were selected on the basis of ground truth information. Classified map was ground verified at 129 spots for accuracy assessment. Error Matrix has been shown in the Table 1.

RESULTS AND ANALYSIS

i) The study presents an algorithm/approach for digital classification of bamboo forests using satellite data.

ii) Extent of forest under different classes have been assessed as shown in the following table

Table 1:

	Classes
	Area (In Sq. Km.)
	% Of Geographical Area

	Pure Bamboo
	113.00
	7.18

	Bamboo mixed with miscellaneous forest
	339.55
	21.57

	Miscellaneous forest
	574.56
	36.51

	Non-forest
	546.38
	34.74

	Total
	1573.49
	


iii) False colour composite of the study area is shown in Fig. 1. Classification of the satellite data by the above-mentioned method has been shown in Fig. 3. Enlarged view of the inset shows the classified map on 1:50,000 scale.

iv) Principal component analysis (often called PCA, or Karhumen-Loeve analysis) has proved to be of value in the analysis of multispectral remotely sensed data (Fung and Drew, 1987). The transformation of the raw remote sensing data using PCA can result in new principal component images that may be more interpretable than the original data (Singh and Harrison, 1985).

In principal component transformation, the new pixel values are assigned with respect to shifted origin and rotated axes. The transformed axes represent decorrelated bands. The PC values retain the characteristic relationship between different bands in a modified way. It is because of transformed numerical values, which are with reference to an origin within the feature space, that PC values (1 and 2) show greater sensitivity in the ratio. Sensitivity of PCs for different vegetation types has been found to be high. In the methodology followed in the study, non-vegetated areas in the scene have been masked out. This leaves only vegetation bearing pixels in the scene. By principal component transformation these pixels can be segregated into different classes on the basis of variance of DN (digital number) values. Among different vegetation types, reflectance from tree canopies has higher variance than the pure bamboo forests.

v) The error matrix presented in the Table 2 shows overall accuracy of classification as 75.19. Classification accuracy is as high as 91% for ‘pure bamboo’, whereas for other two classes i.e. ‘bamboo mixed with miscellaneous forests’ and ‘miscellaneous forest’, the accuracy is 32% and 77% respectively. It can be inferred that the above algorithm can be used to delineate pure bamboo forests only; classification of bamboo mixed with miscellaneous forests may not be possible with IRS 1C LISS III data.

Table 2: Error Matrix

	Image Classification
	Ground Truth

	
	
	Pure Bamboo
	Bamboo mixed with miscellaneous
	Miscellaneous
	Total
	% Accuracy

	
	Pure Bamboo
	63
	7
	5
	75
	84.00

	
	Bamboo mixed with miscellaneous
	2
	7
	6
	15
	46.70

	
	Miscellaneous
	4
	8
	27
	39
	69.23

	
	Total
	69
	22
	38
	129
	


CONCLUSION

The approach given in this paper may be helpful in broad classification of pure bamboo and other forests with reasonably good accuracy. Such bamboo maps can be used as stratum in inventory design to estimate growing stock and thus may be quite useful for preparing working plans of the forest divisions. It may also facilitate periodic monitoring of bamboo forests to analyze expansion or shrinkage of the resource.
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EXTRACTION & MANAGEMENT OF Melocanna baccifera SUBSEQUENT TO GREGARIOUS FLOWERING IN NORTH EASTERN REGION OF INDIA

B. Goala
 & J. B. Borthakur

Rain Forest Research Institute, Jorhat-785001

INTRODUCTION

The Northeastern region consisting of Assam, Arunachal Pradesh, Nagaland, Manipur, Mizoram, Tripura & Meghalaya has difficult terrain and poor surface communication infrastructure. The terrain consists of mostly hills with moderate to steep and precipitous slopes. All the states, as a whole consist of a mass of serrated ridges, whose steep sides are green with creeper smothered trees and the bamboo forests are mostly found on the left over jhum areas. Vegetation consisting of tree forest mixed with bamboos occurs in the hills, hillocks & also in plains. 

Bamboos are abundant in the wet evergreen areas of the Northeastern region, within the rainfall zone of 600 mm to 2000 mm. Acidic soils are good for growth of culms.

Many important tribes inhabit the region. Shifting cultivation (Jhum) & dependence on forest is the unique life style of the tribes. Due to rise in population the jhumming cycle has been decreasing continuously. Population density / Sq.Km in Assam is 286 while in other Six states it varies from10 to 82 (Das, 2001).

LOCATION

The Northeastern states are situated within the limit of 90.00 to 97.50 E longitudes & 22.00 to 29.50 N Latitude and surrounded by bordering Bangladesh, Myanmar, China & Bhutan.

CLIMATE
This zone experiences three seasons in a year viz., winter (November to February) with little rains, night and mornings are misty; summer stretches from March to May and a prolonged rainy season (May to September). Early January is the coldest part of the year. Maximum and Minimum temperature in the region as a whole ranges between 380C to 00C. Altitude of the states varies between 150 - 4521 m above MSL. 
Cherapunji, situated in Meghalaya, has the credit of receiving highest rainfall - 11,441 mm in a year, in the world.

DRAINAGE SYSTEM
Almost all the perennial rivers of this zone drain into Barak and Brahmaputra river system and finally discharged into Bangladesh.
LAND STATUS
Forests are classified into Reserve Forests, National Parks, Proposed Reserve Forests, Unclassed State Forests (where jhumming permitted), Village Forests, District Council & Private Forest (Nagaland & Arunachal Pradesh).

FOREST COVER IN THE NORTHEAST REGION
The forest cover of Northeastern region is 1,63,799 Sq.Km Which is about 64% of the geographic area as against the national average of 19.39 %.
It is estimated that the gregarious flowering of Melocanna baccifera will occur in an area of 18,000 Sq.Km in the states of Mizoram, Manipur, Tripura, Assam & Meghalaya and about 25.95 million tons of bamboo will be available, of which only 10.0 million tons are in accessible areas.

Many bamboo species, but not all, die after flowering. The reason is that flowering uses up all the plants energy. Few fresh leaves are produced during flowering so that there is not sufficient leaf surface for photosynthesis.

CURRENT UTILISATION
A. 
Customs and Demands of Peoples
Bamboos are in use as posts, roofing material, fence, domestic animal enclosures, walls, bamboo scaffolding for building constructions, palisade around the village, mine poles, hanging bridges, bamboo raised huts, roller-blinds for windows, water conduits from the local stream, water pipe, torzas, bows & arrows, flute, in handicraft & cottage industries; as woven bamboo mats, fan, dalla, kulla, chalani, agarbatti, Ice-cream sticks, agricultural implements like yoke, grain storage, walking stick, bamboo torch, bamboo cans, bamboo baskets, matchsticks, timber rafts, fire for cooking, cradle, rakes & brooms, fish traps, temple flag posts, ladder, paddy storage bin, bamboo support for agriculture & packaging of fruits & vegetables, pulp industry, calligraphic works etc.

Out of the total requirement of bamboos almost 60% are met from the forests and balance from homesteads & tea gardens.

B. 
Market
The two gigantic Hindustan Paper Corporation paper mills (which can consume around 8 Lakh tons green bamboo/ Year); Ashok paper mills, Tarza industries, KVIC, handicraft industries, day-to-day requirements of the local population as per customary needs, zones outside the NE of India and neighbouring countries.

HARVESTABLE CULMS
Usually new shoots appear only during the monsoon (June-September). In about 30-45 days, the new shoots attain full height and begin to develop branches. Cutting of younger culms and harvesting during the monsoon are not practiced as it adversely affects the expansion of rhizome network and reduce future yields. Older culms more than 3 years old should not be allowed in the stand, as it will hinder new rhizome development. Culm extraction should be done during autumn and winter months.

EXTRACTION AND TRANSPORTATION
A. 
Cost of Exploitation
To be borne by the long-term lessee in lease areas while the rest by the concerned Forest department.

B.
 Requirement of Labour
1. Forest harvesting operation is an important source of employment for rural areas. The employment offered in this sector is in the off-season i.e. logging operations are carried out in lean agricultural months.

2. The harvesting would require very high amount of unskilled labour and would provide sufficient direct employment to the tribals in backward areas of northeastern states.

3. This additional employment would boost the income level of rural households and will result in all-round development.

The requirement of labour for harvesting operation can be estimated as follows

i. Felling, conversion & hauling up to a road 200 meters away 250 kg. /man day




(50 ton/year considering 200 working days a year)

ii.

Off-road transportation 


       250 kg. /man day

(50 ton/year considering 200 working days a year)

As per the above estimate, to harvest 10,00,000 tons, requirement of labour( numbers) would be 

i. For Felling, conversion & hauling up to a lead of 200 m. etc
20,000

ii. 
Off-road transportation



20,000

iii. 
Construction of road, Depot, Loading & unloading etc.

10,000



        __________



50,000

Say: 20 labourers per ton

C. Availability of Labour 

Systematic full-fledged harvest will require huge labour force that may require bringing the labour force from across the district or even from other states. It can be negotiated through 

i. The labour pockets and its availability will have to be identified very precisely.
ii. The involvement of local communities in managing forest areas is very limited at present.

iii. Formation of village forest committees and empowering them for extraction, marketing and management of bamboo forest on a benefit-sharing basis.

iv. Assisting private initiative with community participation.

v. Creating a massive peoples movement with involvement of women for achieving these objectives.

vi. The NGOs should be involved in training and facilitating market access.

D. Development of Infrastructural Facilities
Need for Support System 

The harvesting of 10,000,000 MT, which in number would be around 3100 million bamboos, is a colossal task & would need a very strong infrastructure support for it’s harvesting. 
As such, the support required is in the form of roads, transit system, depots, tool development, community participation, training, storage & marketing facility for intermediate finished products, etc.

I.
Road 

The road for harvesting of bamboos can be classified into two broad categories viz. (i) Access road (ii) Feeder road 

Access roads are needed for transporting to and from forest areas, it can carry considerable traffic and would be in use for many years. These roads need to be built up to a standard corresponding to that of a public road network.

Feeder roads are located in forest areas and connect to access roads within forest areas by shortest route. It is utilized for off road transportation of bamboos & normally these are temporary in nature, used in the year of harvesting.

II 
Lines of Transport
The present system of transport communication network involves
1.
N. F. railway, 

2.
National highways, State highways, PWD, Village and Feeder roads.

3.
Off road transport like river rafting

III 
Storage Depots for Bamboos 

Economic harvesting of bamboo depends on careful selection of site of different 
types of depot viz.

1. Transit Depot

i.
The bamboos are harvested from the clumps, sized and tied into bundles at the felling sites-Primary landing.

ii.
The bundles are then extracted by head loads or by simple mechanical devices, wherever feasible, up to the secondary landing (Transit depot) from where they are transported either by road or by rail. 

iii.
For transportation of such a huge quantity by road, it is necessary to have some transit depot. Transit depots should be temporary in nature and should be near to the state forest establishments.

iv.
In some of the inaccessible areas off-road transportation in the rivers during rainy season are carried out up to a spot / depot for on road transport. 

2. Permanent Depot 

(a).
In these depots bamboos can be stored up to two rainy seasons.
(b)
The space requirement is huge. It should be stored at different locations to avoid fire hazards. Approximately 12,500 Tons can be stored in 1 Hectare Open yard storage depot.

(c)
Fire fighting facility like fire extinguishers as well as nearby water source should be ensured.
(d)
Chips, High density compressed pulp sheet & blocks should be stored in covered sheds for future lean period.

(e)
Stocks should be kept near all weather roads from where they can be transported easily during rainy season.

FUTURE OPTIMUM UTILISATION

1. Establishment of Portable Chipper, Splitting unit, Small-scale Mat Units can drastically reduce the volume & cost of transportation as well as storage space requirement.

2. Establishment of Mini Mechanical Pulping Unit & compression of pulp into High-density Compact Sheets & Blocks in the small-scale industry sectors are required for long-term storage & economic transportation. 

3. Exploration of export potential of the processed bamboo items like high-density pulp, mats, chips etc. instead of raw material export to outside Northeast region including neighbouring countries should be taken up.

4. Initiating action to exempt duties and levies to attract entrepreneurs to set-up bamboo based small industries in this region. 

5. Asking the paper manufacturers of the region to upgrade their storage potential for the smooth running of the industries during the lean periods,

6. Improved utilization of bamboo composites like mat boards, particle boards, fibre boards etc. should be popularized.

7. In case of paper mills, bamboos harvested during working season should be fed directly into chipper and stacked materials should be kept for lean season i.e. when harvesting & transportation remains suspended during rainy season. 
8. Regeneration of the areas should be taken up in phases after clear felling the bamboo areas likely to flower.
AREAS OF IMMEDIATE NEED 

· Peoples’ participation for protection & development of bamboo forests should be strengthened.

· Reorganization of Department staffs should be done to suit to different tasks.

· Considering the difficult terrain of bamboo bearing areas and the need to extract the available quantity of bamboos, a network of feeder roads should be completed at least one year in advance before the main operation. 

· The bamboo regeneration in the forest areas need to be done quickly by increasing investments, using better planting material & silvicultural practices.

· Bamboo export policy of the various State Forest Departments should be reviewed. The present practice of rafting full-length bamboos to Bangladesh should be banned immediately and instead only processed items like high density compressed pulp blocks, chips, Tarza etc. should be exported.

· All the line departments should form a district level ‘Bamboo Cell’ / Task Force to monitor the monthly progress of activities & works as per the approved annual action plan.

· Marketing has to be ensured by the Forest Departments, District Councils & Lessees.

· All Beat Offices of the Forest Department should maintain a transit depot within their areas.

· In hill areas, the Village Headman should involve other villagers for collection of bamboos up to the transit depot.

· Minimum basic prices to be fixed by the Forest Department depending on the site conditions.

· Steps should be initiated to increase the period of storage in depots by proper preservation methodologies.
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FLOWERING OF BAMBOO AND MANAGEMENT ISSUES ARISING OUT OF IT, WITH SPECIAL REFENCE TO Melocanna baccifera (Muli bamboo) IN THE SOUTHERN PARTS OF ASSAM 

M.K. Yadava
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INTRODUCTION
The tropical wet evergreen and semi-evergreen forests of the North-East India have undergone tremendous changes due to shifting cultivation (locally known as Jhum cultivation). Due to increased pressure on land, jhum cycles have reduced considerably, thereby bringing more and more high forest under seral conditions. A typical recuperation cycle in such areas has been estimated at more than 60 years encompassing stages such as weeds (typically Imperata cylindrica, and Macaranga dendiculata) to bamboos (typically Melocanna baccifera, in parts of Cachar and North Cachar.) to shrubs and trees (Rao and Ramakrishnan, 1987). The destruction of high forests could be traced as far back as the beginning of the 19th century due to political instability and inter-tribal rivalry in the Lushai Hills (Anon., 1961 and Yadava, 1995).
These bamboos have been classified by Champion & Seth as seral type secondary moist and dry brakes occurring in the interfered areas of evergreen and semi evergreen forests (Champion and Seth, 1968)
DISTRIBUTION AND FLOWERING OF BAMBOO
The overall percentage occurrence of various bamboos in the Barak Valley is given below in table 1(Yadava, 1997).
Table 1:
	Sl. No.
	Species
	% Occurrence

	1
	Melocanna baccifera (Muli)
	72.36

	2
	Teinostachyum dollooa (Dolu)
	13.21

	3
	Dendrocalamus hamiltonii (Kako/Pecha)
	2.83

	4
	Oxytenanthera nigrociliata (Kaligoda)
	3.77

	5
	Dendrocalamus longispathus (Khang)
	1.57

	6
	Others
	1.26


The author has observed, though for which no quantitative assessment has been made (by the author), M. baccifera dominates in Mizoram where as D. hamiltonii is a very common species in the hills of North Cachar. Though the three territories i.e. North Cachar, Cachar and Mizoram are contiguous, this disparity in distribution could probably be attributed to differences in underlying formation. The geological formation of North Cachar is different from that of Cachar and Mizoram. The latter two territories share the same geological formation of north-south wave-like corrugated structures, whereas the Borail and North Cachar hill ranges consist of east-west monoclinal folds.
In habit, D. hamiltonii is clump-forming bamboo, whereas M. baccifera is a non-clump forming bamboo. The latter is an evergreen bamboo with single culms arising from underground creeping long and vigorous rhizomes up to 6m apart. After burning of forests, it comes up in surrounding area from the rhizome remaining alive in the ground. 
FLOWERING
Most bamboos have a flowering cycle of 3,7,11,15,30,48,60 or 120 years. The M. baccifera has a flowering cycle of 48 years (Chaturvedi, 1988). Old records of the Forest Department show that this species flowered gregariously in Mizoram (then known as Lushai Hills, and part of Assam) and Barak Valley in 1912. The next flowering took place in 1958. The expected flowering of this species in the region is 2004.
During the field works in 1997 in the valley, sporadic flowering of M. baccifera was observed by the author. The seeds were observed to be about 2” in size and dark green in color. The seed coat was observed to be very thick. 
Similarly, gregarious flowering of D. hamiltonii was observed in the North Cachar Hills district, along Haflong-Nagaon road in 2001. The inflorescence was similar to that of rice. Most of the culms were found dead after flowering and had turned straw yellow.
Flowering of bamboo, locally known as Mautam in the Zo community, has very strong social, economic and political ramifications. A vivid description of its various far-reaching consequences can be had from the book “Strangers of the Mist- Tales of War & Peace from India North-East” (Hazarika, 1995).
KEY ISSUES ARISING OUT OF FLOWERING OF BAMBOO
Flowering of bamboo has always been looked upon as an ill omen signifying famine and hunger in the past. A case in pointing is the 1958 flowering of bamboos in the Zo country, which gave birth to an insurgent outfit (Mizo National Front), which, in turn, shook the entire nation. 
Therefore, in addition to the issues arising out of pure management of bamboo flowering and its aftermath, there is a very strong case for socio-economic issues that must also be addressed in right earnest. There is a burning need for the Consultative Meeting or rather the Expert Consultation on Strategies for Sustainable Utilization of Bamboo Resources, being organized at Jorhat (24-25th April, 2002) to directly address the socio-economic and possible political issues of bamboo flowering. 
In opinion of the author, the following are the broad management issues that may arise out of gregarious flowering of bamboo in the region.
A. Scientific Management:
· Fire management
· Logging, transportation & storage
· Preservation & Usage
· Regeneration
B. Societal Management:
· Awareness
· Food Security
· Pest Control
· Control of Pestilence & other health hazards
The rest of the paper is restricted to Resource Extraction and Management (Meaning scientific management, in contrast to societal management) of bamboo flowering of chiefly M. baccifera in the Barak valley. 

ISSUES IN LOGGING AND TRANSPORTATION
Most of the bamboo bearing areas in the valley is confined to the north-south corrugated hills/hillocks, with moderate to steep slopes. The author last surveyed the bamboo resources of the valley in 2001 with the help of digital satellite images (Yadava, 2001). The accessible areas were found either inhabited or degraded forests bearing little bamboo. The rich bamboo areas fall mostly in remote, inaccessible and steep slopes of the hills. 
The terrain of the valley is criss-crossed with numerous streams of 1st, 2nd and 3rd order, making approach to the area limited during the dry periods. The approach roads and bridges are few. Moreover, unlike Mizoram, where M. baccifera occurs in privately owned land as well as Government owned reserved forests, in the valley, this particular species is found only in the reserved forest areas owned exclusively by the Government. This also raises the issue of easy accessibility for various activities related to logging and transportation in the valley. 
Traditionally transport of bamboo from these forests, including that of Mizoram, has been carried out in form of long bamboo rafts floated down the streams. Such transportation has its own limitations. The Singla river is only partially floatable due to the Sonbeel, a natural lake in which the river finally falls. 
The road network developed by the Department as well as the Hindustan Paper Corporation is inadequate for continuous removal of bamboo, as most of the roads are fair weather only with bamboo/wooden bridges.
GROWING STOCK AND EXPECTED YIELD
As per the Working plan for Bamboo Working Circle for the Valley (2001-2009) written by the author (Yadava, 2001), the growing stock of bamboo was estimated to be as follows (Table 2).
Table 2:

	Sl. No
	Division
	Prescribed Yield
(MTAD)
	Harvestable( Growing Stock After 50% Reduction(( (MTAD)
	Harvestable Growing Stock (MTAD)

	1
	Cachar
	21,177
	1,21,000
	2,42,000

	2
	Karimganj
	10,557
	60,324
	1,20648

	3
	Hailakandi
	9,325
	53,288
	1,06,576

	
	TOTAL
	41,059
	2,34,612
	4,69,224


(Harvestable Growing Stock - The stock which is found in the areas which can be harvested as per norms laid by Govt. of India, i.e. not falling within 500 m of major river/stream, steep slopes and above 1000m altitude.

((50% reduction is as per Govt. of India guidelines.
Assuming 72% preponderance of M. baccifera, it can be assumed that in the valley alone 0.72x469224 (=3,37,841 MTAD) of bamboo would be available after the gregarious flowering. The actual figure would be 20% more, if the restrictions of Govt. of India for harvesting are not taken into consideration. Therefore, it can be assumed that 4,00,000 MTAD of bamboo would be available on flowering. 

STORAGE REQUIREMENT
The single largest user of bamboo resources in the valley is the Cachar Paper Mill, a unit of M/S Hindustan Paper Corporation Ltd, Govt. of India undertaking. The unit is located at Panchgram in the Hailakandi district, and its raw materials capacity is 2,50,000 MTAD, and whereas it can produce 1,00,000 MT of finished paper in a year. 
Thus, it is clear that the mill cannot store, let alone consume, such huge quantities of raw material, even within a year. 
MANPOWER REQUIREMENT
Normal working of bamboo in the valley starts in the beginning of October and continues till end of April. As per working plan prescriptions, no cutting is allowed in the intervening period from 1st of May to 30th of September, for silvicultural consideration of regeneration. Thus, barely 200 days are available to harvest the allotted annual yield in a normal year. If the entire stock were to be harvested within the year of flowering, additional work during Monsoon could be considered (if not considered harmful for ensuing regeneration), making available about 300 days of harvesting. 
On the basis of 4,00,000 MTAD to be harvested within 300 days, it works out to be 1333 tons per day. The man-days criterion is evaluated below (Table 3) based on the norms of the HPC (Anon., 1997).

Table 3:

	Sl. No.
	Item of Work
	Requirement for 90,000 MTAD
	Projected Requirement for 4,00,000 MTAD

	1
	Felling, conversion & shoulder haulage
	3000 Workers/day
	13,333 Workers/day

	2
	Off road transportation
	1800 Workers/day
	8,000 Workers/day

	3
	Road construction & other jobs
	1200 Workers/day
	1500,, (assumed)

	
	TOTAL
	6000 Workers/day
	22,833 Workers/day


Therefore, the total man-days requirement comes to a staggering 22,833x300=68,49,900. At the current labour market prices, the total operational cost in terms of manpower would be Rs. 54,79,92,000.00 @ of Rs. 80.00 per man day. Thus, the man-day requirement per ton comes to 17 man-days per ton, at a cost of Rs. 1360.00 per ton. 
If one were to add the volume of bamboo harvest from Mizoram and North Cachar Hills, the total operation cost, excluding transportation, unloading and storage cost, would be not less than Rs. 150 Crores.
Such an exercise is not only futile and very expensive, but also unproductive, as the mill would not consume most of the raw material so collected. Therefore, such an operation calls for close co-ordination of all concerned. 
A LESSON FROM SHAHDOL EXPERIENCE
Gregarious flowering of Dendrocalamus strictus took place in Shahdol (Madhya Pradesh) during 1984-87 (Dwivedi, 1988). As against normal yield of 10,000 tons of annual extraction, about 1,00,000 tons were available for harvesting due to flowering, in 1985. The whole quantity was removed in two years i.e. 60,000 tons in 1985-86 and 40,000 tons in 1986-87. The operation required 

· More budget allocation
· More labour force
· Additional organization
· Additional support for transport
· More number of depots
· Arrangement for sale of to paper mills etc.
The quantum of harvestable stock estimated for Barak valley alone is 4 times that of Shahdol. This gives some indication of the mammoth task ahead.
NEED FOR CO-ORDINATION
All the large scale users/consumers of bamboo such as paper mills in Assam and neighbouring states, Beti houses (a cottage industry that split long M. baccifera bamboo longitudinally), bamboo board industries, Forest Departments of the States, institutes such as RFRI, must come together. The paper mills and the Forest Departments may take up the lead role.
To meet this eventuality, a working scheme for total harvest of the raw material up to 2004-05 should be drawn, with provision for clear-felling of the areas (if the terrain is, otherwise, not found unstable). 
The harvested areas should either be planted up with non flowering (i.e. not expected to flower in the next 20-30 years) species. Alternative is to either plant the area with tree species or with bamboo seeds obtained from in vitro flowering in culture. D. strictus and B. bambos have been induced to flower in culture, holding much promise for mass propagation of bamboos (Ramanuj Rao and Usha Rao).

CONCEPT OF WHO WILL DO WHAT
· Research institutions such as RFRI, Assam Agricultural University, SFRI (Itanagar) must provide technology for providing seeds of bamboo spp. from in vitro flowering so that they can be transplanted in the field for planting after clear felling.
· Forest Departments/NGOs could raise bamboo seedlings from seeds and make them available at low cost for planting.
· Research institutes, forest departments could also provide storage and all India distribution of seeds to institutions/agencies requiring them.
· Forest departments could prepare working schemes for clear felling, plantation and protection of the areas.
· The Regional C.C.F, Shillong could act as a catalyst in driving such working schemes to their logical conclusion by maintaining time schedule, quality and content under overall Govt. of India norms.
· The Paper Mills could deploy man/machines for harvest, if so permitted by the authorities. They could also provide the much-required space for storage, not only for themselves, but also for others. 

· Agencies such as railways could provide rakes/wagons as required for quick transport of the raw materials. 
CONCLUSION
The paper has been an attempt to touch a small portion of the entire gamut of management issues related to flowering of bamboo. The issue of logging, transportation and storage (and preservation during storage) would prove a phenomenal exercise involving huge cost and manpower. There is probably little that the terrain can offer in terms of mechanized harvest (the degree of difficulty would be more in Mizoram and North Cachar Hills, due rugged terrain). Therefore, phase wise operation from October 2002 is the only option. 
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BAMBOO MANAGEMENT IN KARBI ANGLONG DISTRICT

B. B. Dhar 

Assam Forest Department, Karbi Anglong, Diphu.
INTRODUCTION
Karbi Anglong district is situated in the central part of Assam between 25º 32' N to 26º 36' N latitudes and 92º 10' E to 93º 50' E longitude. It has the total geographical area of 10,434 sq. kms. that accounts for 13.3% of the total geographical area of the state. It mostly consists of undulating and hilly terrain with numerous rivers and streams.



The district can be broadly divided into two physiographic units’ viz., hills and plains. About 85% of the district is covered by the hills. The highest peak in the district rises to a height of 1360 meters. The area located between the northern and southern hills in Diphu sub-division is characterized by undulating plains of subdued relief. The plain areas consist of valleys of the Jamuna, Kapili and Dhansiri rivers lying in its eastern part. Besides these three major rivers of the district, other minor streams include Kaliani; Barapani, Patradisa and Dikharu. The ecological studies of forests of Karbi Anglong indicate a high amount of landscape heterogeneity promoting greater bio-diversity. These forest areas are natural museums of living giant trees, a treasure house of rare, endemic and endangered species, a dispensary of medicinal plants, a garden for botanists, a gene bank for economically important organisms, a paradise for natural lovers and a laboratory for environmentalists. 

According to 1991 Census, the population of Karbi Anglong District is 663,000 and is dominated by Karbi tribe. Besides Karbis, Lalungs (Tiwas), Dimasa Kacharis, Rengma Nagas, Kukis, Garos, Khasis and Shyams occupy various pockets of the District and maintain their own ethnic identity.

FORESTS AND ADMINISTRATIVE SETUP
In pursuance of O.M. No. HAD.57/95/309 dated. 31-12-1996 from Govt. of Assam, the administrative control of forest department has been transferred to Karbi Anglong Autonomous Council while role of the state Govt. has become advisory in nature. The forest areas are controlled by three territorial divisions namely Karbi Anglong East Division, Karbi Anglong West Division and Hamren Division. Besides, there are three functional divisions namely Northern Afforestation Division, Working Plan Division (Hills) and Silvicultural Division (Hills). A Divisional Forest Officer heads each Division. All these divisions are under the supervisory control of the Conservator of Forests, Karbi Anglong Circle, Diphu.

As per the State of Forest Report, 1999 of Forest Survey of India, DehraDun, it is a matter of pride that out of total forest cover of the State of Assam, 6044 sq. kms of the district are under dense forest type cover (which constitutes 41.63 % of the total dense forest cover of the State) while 2776 sq. kms. are under open forest cover (which constitutes 30.26% of the total open forest cover of the State). The important forest types found in Karbi Anglong District are

1. Moist semi-evergreen forests (2BC 1/b and 2 BC).

2. Moist mixed deciduous forests (3c/c 3b).

3. Riverain type.

4. Miscellaneous type with scattered pure or mixed patches of bamboos.

Moist semi-evergreen forests are widely prevalent in the district and have commercially important species like Badam, Amari, Cham, Tita Sopa, Nahar, Bhelu, Gomari, Poma, Bonsum, Dhuna, Myrobalans, Bhola, and Bon Aam etc. In the top canopy mixed moist deciduous forests have Haldu, Bohera, Simul, Ghogra, Azhar, Odal, Outenga etc. in the top canopy. Riverain type of forests occupies the localities with alluvial soil of more recent origin in the vicinity of rivers and streams of the district. The common species of importance are Khair, Sissoo, Simul, Urium, Kokoli etc. Miscellaneous type of forests comprise of Amari, Sopa, Cham, Bonsum, Bogipoma, Gonsoroi, Dhuna and Hingori etc. The principal species of Bamboos are Dendrocalamus hamiltonii (Kako) and Bambusa tulda (Jati) besides a small proportion of other bamboos. Kako and Jati bamboos are mostly harvested by Hindustan Paper Corporation, Jagiroad. The forests of Karbi Anglong are extensive and rich in minor forest produces like Cane, Patidoi, Dhuna, Agar, Ekra, Thatches, Barks of Baghnala, Laham, Dalchini, Patihunda, Rema, Satkora and a variety of medicinal plants. The Bamboos form an inseparable association in the life of tribals of Karbi Anglong. In the rural areas, demand for house posts, roofing materials, wall, boundary walls, torzas, domestic implements, “Dalla”, “Kulla”, “Chaloni”, stools, implements for fishing tackle, yarn weaving etc. is locally met from the available bamboos. Even small bridges and bunds/retaining walls are constructed from these bamboos. 
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Geographical Area:10,434 Sq. Kms.

Dense Forest Cover: 6,044 Sq. Kms.

Open Forest Cover: 2,776 Sq.Km.

      {Source: STATE OF FOREST REPORT: 1999:FSI, DehraDun}


LEGAL STATUS OF FOREST LAND
Though a large part of Karbi Anglong District is covered with thick forest cover but the legal status of notified forest area is as under

(a) State Reserved Forests 

1962.06 Sq. Kms.

(b) District Council Reserved Forests
1011.26 Sq. Kms.

(c) Proposed Reserved Forests

1317.01 Sq. Kms.

From the above statement it is evident that only 41.12% of geographical area of Karbi Anglong is under legal forest cover and some of these also need improvement and restocking. Up to 8th Plan, 63,605 Hectares of plantations, comprising of Teak (Tectona grandis), Gamari (Gmelina arborea), Titasopa (Michelia champaca) Simul (Bombax ceiba), Odal (Sterculia villosa), Ajhar (Lagerstroemia flosreginae) and Pine (Pinus kesiya) etc. have been planted in the district to augment the green cover. As per National Forest Policy, it is required to have minimum 60% of geographical area in the hilly terrain under forest cover to maintain proper ecological balance. Accordingly, a modest plantation target of 20,000 hectare during 9th Five Year Plan period was fixed with annual target of 4,000 hectares but due to meager fund allocation, the proposed target could not be achieved and only 5715 Hectares of plantations could be taken up against the target of 20,000 hectares during the 9th Plan.

The vast tract of hilly slopes also have been badly denuded due to practice of Jhum cultivation, as local tribals still practise this tradition though efforts are being made to permanently settle them by raising cash crop etc. through IJDP programmes. Because of the fragmentation of habitat and increasing human population, there are recurring incidences of conflict between man and wildlife in the district. The conflict is mainly with the elephant, which by virtue of its being a large herbivore with a large ranging distance frequently comes in conflict with the human beings during the crop harvesting season when it raids the paddy and sugar cane crops of the district. The resultant conflict culminates in many human deaths and sometimes, as a reprisal, a few elephant deaths as well.

BAMBOO MANAGEMENT

Karbi Anglong is very rich in bamboo forests, which may exist in pure patches or mixed with other tree species. The scientific studies conducted so far reported nine different varieties of bamboo available in Karbi Anglong but local people have classified 13 different varieties of bamboo, which need further taxonomic study. The common bamboo species found in Karbi Anglong are

1. Bambusa arundinacea 
: “Kotoha banh”

2. Bambusa balcooa 

: “Bhaluka banh”

3. Bambusa pallida

: “Bijuli” or “makal”.

4. Bambusa khasiana

: “Bewar”.

5. Bambusa tulda

: “Jati banh”.

6. Dendrocalamus hamiltonii
: “Kako”.

7. Dendrocalamus patellaries
: “Footong”.

8. Melocanna baccifera

: “Muli”.

9. Bambusa vulgaris

: “Telai banh”.

Details About Expected Flowering of Bamboo
The main problem of gregarious bamboo flowering is anticipated in areas rich in Muli bamboos. The species-wise distribution of Muli bamboos is given in Table-1.


As will be seen from the above table, Karbi Anglong is predominantly having Kako and Jati bamboos in preponderance. Some sporadic flowering of Kako bamboo has been seen under Dolamara Range and in Hamren sub-Division, but the situation is not alarming. Muli bamboo in all the felling series is less than 10% of the growing stock and management of its gregarious flowering will not be a problem. However, as per the instructions of Rain Forest Research Institute, Jorhat, it is proposed to allot the Muli bamboo coupes for operation to Hindustan Paper Corporation during 2002-2003 on priority basis with the direction to leave about 50-70 well distributed Clumps per hectare and clear-felling the remaining culms of Muli bamboo at ground level well before flowering and transporting it to distant depots to reduce fire hazard.

Table 1: Percentage Distribution of Bamboo Species

	Sl. No.
	Felling Series
	Total Sub plot
	Species

	
	
	
	Kako
	Dolo
	H. Jati
	Jati
	Muli
	Mokal
	Bijuli
	Others.

	1.
	Umium
	476
	55%
	3%
	20%
	-
	1%
	-
	-
	21%

	2.
	Kopili
	248
	69%
	1%
	5%
	-
	1%
	-
	-
	24%

	3.
	Borapani
	248
	74.1%
	-
	0.40%
	-
	0.40%
	-
	-
	25.1%

	4.
	Umpanai
	712
	63%
	1%
	8%
	-
	-
	-
	-
	28%

	5.
	Dikharu
	468
	86.9%
	1.7%
	1.6%
	-
	-
	-
	-
	9.8%

	6.
	Langlokso
	1816
	45%
	-
	47%
	-
	5%
	-
	-
	3%

	7.
	Kaliyani West
	896
	67.5%
	0.11%
	3.9%
	3.6%
	0.78%
	0.44%
	1.07%
	22.6%

	8.
	Kaliyani East
	896
	80%
	-
	5%
	-
	1%
	-
	-
	14%

	9.
	Longnit
	256
	76.17
	-
	-
	0.39%
	3.1%
	-
	-
	20.34%

	10.
	Patradisa
	376
	63.5%
	-
	15.9%
	1.06%
	0.41%
	0.53%
	-
	18.6%

	11.
	Deopani
	25
	100%
	-
	-
	-
	-
	-
	-
	

	12.
	Dhansiri
	-
	-
	-
	NIL
	-
	-
	-
	-
	-


As will be seen from table 2 , the bamboo forests have been classified into three classes on the basis of statistical analysis of the sample plots laid on the ground and classified as belonging to one of the classes depending upon the harvestable growing stock (i.e. mature bamboo more than two years and above in age). These categories are

Density Class B: Area with pure Bamboo (More than 80%). Growing Stock - 20MTAD.

Density Class B1: Misc. forest with Bamboo less than 80% but more than 20%. Growing Stock - 6MTAD.

Density Class B2: Misc. tree forest with Bamboo less than 20%. Growing Stock - 1.025MTAD.

The priority for operation of Coupes by Hindustan Paper Corporation will be given to Muli bamboo areas where gregarious flowering of bamboos is anticipated.

Bamboo Resource Utilization, Storage and Distribution
The Range-wise distribution of bamboo areas is given in Table-3 and felling series-wise/density class-wise growing stock of bamboo is given in Table No-4 below

Table 2: Species Wise Distribution of Bamboo Area (2nd Year and Above)
	SL. No.
	Felling Series
	Species
	B
	B1
	B2
	Total

	1.
	Umium
	Kako

Dolo

H.Jati

Muli

Others
	9507971.00

518616.60

3457444.00

17287.22

3803188.40
	11616011.00

633600.60

4224004.00

21120.02

4646404.40
	61514542.50

723700.50

4824670.00

24123.35

5307137.00
	

	2.
	Kopili
	Kako

Dolo

H.Jati

Muli

Others
	596049.60

863.84

3624600.00

863.84

207321.60
	79227.50

1584.55

79227.50

1584.55

380292.00
	2939648.40

4260.36

213018.00

4260.36

1022486.40
	

	3.
	Borapani
	Kako

H.Jati

Muli

Others
	3116.37

16.82

16.82

881.50
	3705.60

20.00

20.00

1048.17
	7334.43

39.59

39.59

2484.40
	

	4.
	Umpanai
	Kako

Dolo

H.Jati

Others
	4270581.00

6778.70

54229.00

196582.00
	2809982.70

4460.29

356823.20

1293484.10
	7633710.00

12117.00

969360.00

3513930.00
	

	5.
	Dikharu
	Kako

Dolo

H.Jati

Others
	26613.20

520.60

428.70

3001.26
	12072.18

236.10

194.40

1370.23
	750.70

146.80

121.00

846.50
	

	6.
	Langlokso
	Kako

H.Jati

Muli

Others
	5155749.00

5384893.40

572861.00

916577.60
	5497033.50

5741346.10

610781.50

977250.40
	642978.00

671554.80

71442.00

114307.20
	

	7.
	Kaliyani West
	Kako

Dolo

H.Jati

Jati

Muli

Mukul

Bijuli

Others
	21229006.50

34595.40

12265648.20

1132213.68

245312.96

138381.67

336519.06

7107785.88
	4360473.00

7105.95

2519384.40

232558.56

50387.68

28423.82

69121.57

1459950.96
	5972980.50

9733.74

3451055.40

318558.96

69621.10

38934.98

94682.80

1999842.36
	

	8.
	Kaliyani East
	Kako

H.Jati

Muli

Others
	10286856.00

642928.50

12858.57

1671614.10
	3720272.00

232517.00

4650.34

604544.20
	7443912.00

465244.50

9304.89

129635.70
	

	9.
	Longnit
	Kako

Jati

Muli

Others
	17729.72

90.86

722.23

4755.10
	3654.10

18.72

148.85

180.04
	4154.20

21.20

169.20

1114.15
	

	10.
	Patradisa
	Kako

H.Jati

Jati

Muli

Mukul

Others
	6612299.45

1655678.13

110377.80

42693.58

55189.27

193681.80
	1470431.40

368186.76

24545.78

9494.12

12272.89

430709.04
	841749.65

210768.81

14051.25

5434.91

7025.62

246559.74
	

	11.
	Deopani
	Kako
	11190.80
	4418.46
	4363.61
	


Table 3: Table Showing Bamboo Bearing Areas Range Wise
	SL. No.
	Name of felling series
	Name of Range.
	Gross area of felling series
	Name of

RF/DCRF/

DCPRF
	SO1 Toposheet

	1.
	Barapani
	Ouguri Range, Ouguri

Hamren Divn.
	54207.400
	DCPRF
i)Balasor

ii)Umpanai


	C3 B/4 B/5 C/1 C/2 C/5 C/6

(all part)

	2.
	Umpanai
	i)Ouguri Range

Ouguri

ii)Southern Range Kheroni

Hamren Divn.
	76515.733
	RF
Jakota

DCPRF
i)Amselong

ii)Chinanadi
	C/3,B/4,B/12,C/5,C/3

(All part)

	3.
	Kopili
	i)Southern Range, Kheroni

Hamren Divn.
	70820.965
	RF
i)Amreng

ii)Rongkhang

DCRF
i)Kolonga

ii)Amreng 

   1st add.

DCPRF
i)Charchim     (Part)

ii)Amreng 

   2nd add.
	C/3,B/12,B/16,C/9,C/13,C/14 

(All part) & G1 (Part)

	4.
	Umium
	i)Southern Range,

Kheroni
	114572.770
	DCPRF
i)Charchim (Part)

ii)Punha
	C/3,C/5,C/6,C/9C/10,C/13,C/14 

(All part)

	5.
	Dikharu
	i)Western Range,

Dokmoka
	118857.114
	RF
i)Sildharampur

ii)Chelabor

 (Encroached)

iii)Jungthung

DCPRF
i)Langlokso (Part)

ii)Borjuri

iii)Western Mikir Hills

(Not yet published)
	

	6.
	Kaliyani West
	i)Western Range,

Dolamara
	65940.036
	RF
i)Mikir Hills

DCPRF
i)Haithapahar (Part)
	83 F/2,F/3,F/6,F/10,F/11

(All part)

	7.
	Kaliyani East
	i)Northern Range,

Dolamara
	61346.585
	RF
i)Kaliyani
	83 F/10,F/11,F/7,F/8,F/14,F/15

(All part)

	8.
	Langlokso
	i)Western Range, 

Dokmoka
	32594.900
	DCPRF

i)Langlokso (Part)
	F/7,F/8,F/11 (All part)

	9.
	Patradisa
	i)Western Range,

Dokmoka

ii)Central Range,

Manja
	26429.604
	RF

i)Mahamaya

DCPRF

i)Longnit

ii)Patradisa

iii)Tikok
	F/4,F/8,F/12,G/5 (All Part)

	10.
	Longnit
	i)Eastern Range,

Bokajan
	60995.369
	RF

i)Nambor (N)

ii)Nambor (S) (Part)

DCPRF

i)Kalapahar
	F/11,F/12,F/15,F/16,F/8

(All part)

	11.
	Deopani
	i)Central Range,

Manja

ii)Eastern Range,

Bokajan
	125853.600
	RF

i)Nambor (S) (Part)

DCRF

i)Hidipi

ii)Jammuna

DCPRF

i)Lahorijan

ii)Khonbamon

iii)Bokajan
	F/8,F/12,F/16,

G/5,G/9,G/10,

G/13 (All part)


Table 4: Felling Series Wise, Density Class Wise Yield
	Sl. No.
	Felling Series
	MB 20%
	MB 80%
	P.B.
	Total

	1.
	Kaliyani East F/3
	12574.18
	13323.30
	107036.84
	132934.32

	2.
	Dikharu F/3
	14684.64
	28567.27
	190158.06
	233409.97

	3.
	Kaliyani West F/5
	9238.37
	11984.78
	131027.77
	152250.92

	4.
	Patradisa F/5
	2589.42
	5546.85
	77740.40
	85876.67

	5.
	Langlokso F/3
	2752.88
	36730.24
	98261.76
	137744.88

	6.
	Deopani F/3
	9415.26
	15907.64
	88937.11
	114260.01

	7.
	Longnit F/3
	9483.65
	11390.11
	65709.82
	86583.58

	8.
	Umpanai F/3
	27115.74
	15140.25
	56341.33
	98597.32

	9.
	Borapani F/3
	24532.75
	27633.63
	72531.73
	124698.11

	10.
	Kopili F/3
	10477.58
	5923.68
	8669.85
	25071.11

	11.
	Umium F/3
	46013.46
	144985.48
	127244.04
	318242.98

	12.
	Dhansiri F/3
	-
	134.54
	2752.41
	2886.95


From the above statements, it is evident that Muli bamboos being less than 10% in the growing stock of Karbi Anglong District can be easily harvested during 2002-2003 by Hindustan Paper Corporation as annual yield as per the directive of Rain Forest Research Institute and the harvested areas can be regenerated naturally by cleaning of the Coupes after clear-felling of such areas as per marking rules by Hindustan Paper Corporation and seed dispersal from the retained 50-70 clumps per hectare in the Coupes.

Bamboo Plantation Programmes
Bamboo plantation technique in case of other non-flowering bamboo species is resorted to by planting of bamboo rhizomes at 5m X 5m spacing. However, in case of availability of bamboo seeds from Muli bamboos, the propagation of the bamboos through seeds can be taken up. There is enough preparedness for undertaking large-scale Bamboo Plantation Programme in the District but funds are the main constraint. No creation and maintenance of plantation has been undertaken in Karbi Anglong District for the last two years due to paucity of funds. Hence any plantation programme will depend upon timely release of funds to the Forest Department.

ROLE OF DIFFERENT ORGANISATIONS
Rain Forest Research Institute will be the Nodal Agency for monitoring of bamboo flowering in the District. The role of State and Central Government for giving financial helps in harvesting of bamboos before flowering and then their subsequent propagation by undertaking large scale plantations is not yet known. There is no provision in the Budget of 2002-2003 for undertaking a Contingency Plan to harvest pre-flowering bamboos and their subsequent propagation. The situation is further aggravated by inflicting 10% cut on Plan Budget during the Year. However, as a Contingency Plan, Karbi Anglong Forest Department has made the Plan of harvesting all the Muli bamboo Coupes during 2002-2003 through Hindustan Paper Corporation and then clean the harvested Coupe areas as per marking rules for subsequent natural regeneration of Coupes by seed dispersal from the retained clumps. If financial assistance is received from the State or Central Government, then large-scale bamboo plantations can be resorted to by modern techniques and macro-proliferation.

There are no viable Non-Government Organizations available in Karbi Anglong to offer assistance in this respect. However in case of macro-proliferation of bamboos, the assistance of Eco-Developmental Communities and various Self-Help Groups can be taken.
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(A Typical Karbi Hut)
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ABSTRACT

Flowering of bamboo creates unprecedented problems for bamboo resource management and utilization. As bamboo dies after flowering it creates glut in availability. Moreover, threat of gregarious flowering causes uncertainty in bamboo availability. Flowered bamboo areas require immediate attention so that timely harvest of bamboo and utilization are planned. Bamboos are susceptible to fire and rapid attack by insects, termites and fungi if not quickly utilized. This paper briefly discusses utilization of bamboo by paper and pulp mill and other bamboo based industries. 

1.
INTRODUCTION

The estimated forest area under bamboos in India is nearly 8.96 million hectares, which constitutes 11.7% of the recorded forest area and 14.01%, forest cover (Rai and Chauhan, 1998). In Northeastern India alone nearly 2.31 million hectares is under bamboo and the potential availability is approximately 2.00 million tons. There are several uses of bamboo and therefore it is named as “Green Gold”, “Poor Man’s Timber”, “Friend of People” etc. The rural poor are the principal users of bamboo using many times more material than the pulp and paper industries. Bamboos are used for manufacture of large number of value added goods, handicrafts, cottage industry, construction, pulp and paper industry apart from it’s valuable uses as food, fodder and medicine. The bulk of bamboo is gathered from the wild or rural environment. Nearly 20 million tons of bamboo is harvested annually, of which 80% is used locally (Tewari, 1996). 

Bamboo resources are said to be dwindling due to several reasons and one of them is gregarious flowering causing death of bamboos leading to forest fires. Gregarious flowering of bamboos in Northeast now is the major concern in order to effectively manage bamboo flowered areas and planned extraction of bamboo for its utilization without allowing it to fall pray to forest fires leading to destruction of bamboo. 


2. 
FLOWERING OF BAMBOO IN INDIA

Northeast accounts for 28% of total bamboo growing area of India and accounts for 66% of bamboo. Considerable quantum of bamboo is grown in homestead of every village. Bamboo flowering is occurring in the states of Jammu & Kashmir, Haryana, Maharashtra and Karnataka adding to more availability apart from Northeastern India. The current availability due to flowering of bamboo in India will therefore be approximately 3.5 million tons out of which nearly 2 million tons is estimated from Northeastern region. It is of utmost importance to know what are the species of bamboo, which are flowering in Northeastern zone. However, in Maharashtra Pseudoxytenanthera, in Karnataka Bambusa arundinacea (Bambusa bambos) and in Haryana and Jammu & Kashmir, Dendrocalamus strictus are the bamboo species which are currently flowering.

3. RESOURCE UTILIZATION 

3.1
The general consumption pattern of bamboo in India (Table 1) indicates that 35% of bamboo is being consumed by pulp and paper industries while rest of the 65% of bamboo is used by locals under cottage, construction, furniture, implement industries. 

Table 1: Consumption Pattern of Bamboo in India.
	Uses
	Percentage

Consumption

	Pulp
	35.00

	Housing
	20.00

	Non-residential
	5.00

	Rural Usage
	20.00

	Fuel
	8.50

	Packing
	5.00

	Transport
	1.50

	Furniture
	1.00

	Other wood working industries
	1.00

	Others – ladder, mats etc.
	3.00


3.2 Pulp and Paper 

3.2.1 Demand Pattern: India is a fibre deficient country. No single fibre is able to meet the growing demand for paper and boards. FAO estimates that the current pulp wood (bamboo + wood) requirement for India is 5.7 million tons. Currently Indian paper mills are using Bamboo - 8%, Wood - 30%, Agricultural residues 36% and waste paper 26%. 

3.2.2
Presently out of 28 forest raw material based mills, 10 - 12 paper & board mills (IPMA members) are using bamboo and reed as raw material.

Company

Million Tons
ITC-BPD 

0.08

JK Corp

0.08

Century

0.06

HNL

0.35

MPM

0.03

Ballarpur

0.40

Orient

0.10

Sirpur

0.03

APPM

0.06

WCPM

0.004
Other mills

0.20

(Northeastern)


Total:

1.394


In all 1.394 million tons of bamboo is used along with 4.0 million tons wood to produce 1.30 million tons of pulp per annum.

3.2.3
Bamboo in furnish: In earlier days, usage of bamboo in furnish to produce paper and board was 50 to 70%. However, there is a drastic shift today in usage of bamboo by paper mills reducing its usage from 70 to 10% per annum. Some mills are going ahead with total hardwood usage in the furnish to produce paper & board and giving up bamboo totally. 

3.2.4
From four tons of bamboo nearly one ton of pulp is produced which is utilized in different furnishes for production of paper and board. At 20% of usage of bamboo in the furnish (Bamboo – 0.08 + Hard wood - 0.32 : Soft Wood – 0.03 : Waste Paper – 0.13 million tons), nearly 0.22 million tons of paperboard can be produced.

3.2.5 Constraint in Bamboo Procurement & Suggestions: Though bamboo is a natural gift to our nation and its availability is in abundance, still we are unable to tap this wonderful resource for effective utilization due to various reasons such as 

· Government Regulations

· Royalty issue (National average is Rs.1100/- per ton while in Andhra Pradesh it is Rs.1430/-). There should be a uniform royalty rate for procurement of bamboo, which will help in increasing usage of bamboo by paper mills. Uniform royalty rates will help in effective utilization of flowered bamboo in the Northeast and other areas of the country. 

· Transit Permit Rules are to be freshly looked into enabling timely harvest and transport of bamboo from the flowered areas to the utilization point.

· Working Constraints

· Anti social elements making it difficult to work in bamboo areas for harvesting.

· Technically bamboo has silica, which creates quality problems in paper and board manufacture and increase pollution load.

· Cost is critical for bamboo production compared to wood for South based mills i.e. Rs.1000/- per BDT costlier than the wood (Rs.3300/- on an average for bamboo compared to Rs.2300/- for wood).

· Presently 1.40 million tons per annum bamboo is used by 10 to 15 paper mills. If all mills go for usage of wood and no bamboo, the consequences are:

· Reduction in employment (especially in tribal belt) in bamboo growing areas. At the rate of 10 man-days for one ton production of bamboo, nearly employment of 1.10 million man-days per annum are lost. 

· If the bamboo is not worked as per silvicultural rules (in some forest divisions working plans have expired), there will be no clump development leading to congestion and consequent loss of productivity. Moreover, forest fires may take a heavy toll, which is a natural loss.

· Most of the bamboo areas fall in the bio diversity / wild life reserves. Working / extraction of bamboo in these areas is prohibited. 

3.2.5 Opportunities: For developing special products bamboo provides required medium and long fibre. Further good quality home grown bamboo with high moisture content is being procured predominantly from Northeastern States, is being used for production of value added paperboards like Tetrapak etc.

4. 
OTHER RESOURCE UTILIZATIONS
4.1 A large number of cottage industries like manufacture of tablemats, bamboo ware, trays, boards etc. are dependent on bamboo as raw material. Tribal Development Agencies have adopted bamboo resource for cottage industry. There are more than 10,000 units in the hand made sectors of match industry. Agarbatti is another important industry using bamboo. Agarbatti industry approximately requires 0.4 million tons of bamboo worth Rs.1000 millions. All the way bamboo from Tripura and other Northeastern states is transported to Mysore and Bangalore in Karnataka for production of Agarbatti. 

5. SUGGESTIONS

Due to gregarious flowering in Northeast it is expected that about 2 million tons of bamboo will be available for immediate disposal.

5.1 Pulp and paper industries will still prefer bamboo, because of its fibre quality, as long fibre length imparts strength properties to the paper. If the bamboo is made available in cost-effective manner to the paper mills then certain mills will be willing to increase consumption of bamboo for enhancing the quality of the product. Mill delivered cost (logistic cost) need to be considered while arriving at the cost.

5.2 Consider relaxation / modification i.e. de-permitting of home grown bamboo transportation. Already it is implemented in some of the Northeastern states and West Bengal. There should be proper and competitive pricing policy such as uniform royalty. Forest Departments to undertake bamboo working and deliver the same at transit depots. 

5.3 Bamboo is having multifarious usage and therefore bamboo need to be marketed to handicrafts / Agarbatti, housing and various users by seasoning / storing the bamboo adequately.

5.4 Since the bamboo chipboards / ply is having export potential, this area needs to be explored. 

6.
 CONCLUSION

As bamboos are susceptible to fire and rapid attack by insects and fungi, timely extraction of bamboo and storage is of immense importance to save it from the losses. Northeastern region should have proper plan of extraction and distribution of bamboo to various users including pulp and paper mills. It will be ideal to workout affordable costs for procurement of bamboo from Northeastern region as the major costs will go in transporting bamboo from long distances. An urgent and immediate policy decision with regard to pricing and tie-ups with paper mills could bring in lot of revenue to the Northeastern states and help in building the Northeastern region peoples’ economy. This will also ensure that the flowered bamboo is effectively utilized and saved from destruction. 
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BAMBOO RESOURCES


Bamboo is found naturally in all parts of the country except the Kashmir valley. India has the second largest resource of bamboo both in terms of diversity and distribution. India accounts for around 120 of about 1250 species of bamboo found in the world. Of these only 30 species are known to be commercially important. Apart from being available in natural forests bamboo is also raised by plantations, in homesteads and farm lands. Bamboo is also suitable for restoration of degraded forest, wastelands and abandoned shifting cultivated areas.

RESOURCE INVENTORY
The area of natural distribution of bamboo in the country is given in the Table 1. However, the figures are based on the inventories conducted by the Forest Survey of India mainly in nineteen eighties as compiled by Rai and Chauhan, 1998. Total growing stock was estimated to be 80.428 million metric tons, 67.3% being clump forming and 32.7% non-clump forming and there is a need to up-date bamboo resources inventory periodically for macro/micro planning for bamboo based developmental efforts.

Table 1: Availability of Bamboo in India

	Sl. No.
	State/Region
	Area%
	Growing Stock%

	1. 
	North-East
	28.0
	66

	2. 
	Madhya Pradesh
	20.3
	12

	3. 
	Maharashtra
	9.9
	5

	4. 
	Orissa
	8.7
	7

	5. 
	Andhra Pradesh
	7.4
	2

	6. 
	Karnataka
	5.5
	3

	7. 
	Others
	20.2
	5


Availability of major species is given in Table 2.

Table 2: Distribution of Some Important Bamboo Species in India

	Species
	Availability % Growing Stock
	States

	D. Strictus
	45
	Meghalaya, Manipur, Nagaland, Orissa

	M. baccifera
	20
	Assam, Manipur, Meghalaya, Mizoram, Tripura

	B. arundinaceae
	13
	Nagaland, Karnataka, Orissa

	D. hamiltonii
	7
	Arunachal Pradesh, Assam, Nagaland

	B. tulda
	5
	Arunachal Pradesh, Nagaland, Tripura

	B. pallida
	4
	Arunachal Pradesh, Nagaland, Tripura

	Rest
	6
	


BAMBOO UTILIZATION PRESENT SCENARIO
Bamboo is an important cultural feature in many parts of India. Since the beginning of the civilization bamboo has played an important part in daily lives of people in India. Bamboo craft is one of the oldest cottage industries primarily due to versatility, strength, lightness, easy workability of bamboo with simple hand tools. Bamboo has been put to use for various applications ranging from construction to household utilities and have more than 1000 documented uses including an important industrial use in paper and pulp manufacture. Some of the major uses are listed in Table 3.

Table 3: Major Uses of Bamboo

	Use
	Percent Consumption

	Paper Pulp
	35.0

	Housing
	20.0

	Non-residential
	5.0

	Rural uses
	20.0

	Fuel
	8.5

	Packing, including baskets
	5.0

	Transport
	1.5

	Furniture
	1.0

	Other wood industries
	1.0

	Others, including ladders, staff, etc.
	3.0


Source: “Monograph on Bamboo” by Dr. D. N. Tiwari (1992).

From the table 3, it is clear that the major industrial use was in paper manufacturing. However, over the years proportion of bamboo in paper manufacturing is on decline due to increasing use of hard woods of plantation origin and availability of imported paper pulp. During last decade and a half technologies for manufacturing new panel materials have been developed and few industries have also been established. However, total consumption of bamboo in these products is not very significant.


Most other uses have been largely local/traditional, although very important but with very little value addition. Financial value of most of these uses is difficult to assess since they are non-market based. More over, for these uses there is no regular assessment of demand and supply and consequently, no focused approach to promote bamboo growing/processing to meet the domestic requirements or to explore their export potential. Needless to mention here that China with much lower area under bamboo is now recognized a world leader in bamboo products trade. India, with much larger bamboo resource, has very high potential for development of bamboo products. IPIRTI has prepared a result-oriented strategy “Bamboo Technology Mission” as a comprehensive approach for harnessing the full potential of bamboo.

TECHNOLOGIES DEVELOPED AT IPIRTI

i) Bamboo Mat Board (BMB)


A cost effective technology has been developed for the manufacture of thin BMB sheets up to 6 mm thick as alternate to plywood panels. BMBs are waterproof, resistant to insects and fire, and possess excellent physical/mechanical strength properties. The technology, developed under IDRC/INBAR sponsored project, has been assessed to be technically feasible and economically viable in an independent evaluation undertaken by the Agricultural Finance Corporation of India.

BMB technology developed has immense employment generation potential, particularly for rural/tribal women who can virtually weave money at home. It is estimated that production of about 1 million cubic meters of BMB, equivalent to 50% of current plywood production in India, will generate employment to the tune of 100 million person days per year. Considering its vast socio-economic and environment impact the BMB technology has found to be as an exemplary demonstration of Agenda 21 by an International Selection Commission and consequently it has been registered as a World Project for Expo-2000.

The Bureau of Indian Standards has brought out an Indian specification IS: 13958-1994 BMB for general purpose.

At present four units are manufacturing BMB. Recently, IPIRTI has entered into MOU with one more unit in Maharashtra, for transfer of BMB technology. Few more proposals are under consideration, including transfer of technology to Africa.

ii) Bamboo Mat Veneer Composites (BMVC)


BMVC is a variant of BMB and makes use of veneers from fast growing plantation wood in combination with bamboo mats for the manufacture of high strength panels suitable for structural applications, especially to manufacture thick panels. Ideal combinations of wood veneer and bamboo mats have been worked out to manufacture panels acceptable for several applications. Use of veneers to the extent of 40% in place of bamboo mats makes the panels economic for thickness exceeding 6 mm. A few units have started manufacturing such panels in the country.


The Bureau of Indian Standards has brought out an Indian specification IS: 14588-1999 BMVC for general purpose.

iii) Bamboo Mat Tray (BMT)


The moulded variants of BMB, like trays, plates and such other items used in most houses, are eco friendly substitutes for products based on plastics and metals. Plastics and metal products are made from non-renewable raw material and are also not bio degradable, and therefore create additional environmental problems. The process developed require small investments and suitable for cottage industry sector. One NGO has signed MOU for the manufacture of BMMT with IPIRTI for commercialization of bamboo mat tray technology.

iv) Bamboo Mat Corrugated Sheet (BMCS)


Under a project funded by the Building Materials and Technology Promotion Council of India, technology for manufacturing BMCS has been successfully developed. BMCS have been found to be water proof and resistant to decay, termite/insect and fire. BMCSs are light but strong and possess high resilience. They have very high use potential in several end use applications, major use being in roofing as an alternate to asbestos, cement, GI and aluminum corrugated sheets. Since they are manufactured from woven bamboo mats BMCS are environment and people friendly and are expected to revolutionize house construction activity, particularly in disaster prone areas and in prefab houses. A police pedestal has been designed and fabricated having pyramidal roof made of BMCS for installation at some suitable traffic islands in New Delhi for high visibility of the material and its potential in end use applications. BMCS have also been used as roof of rain shelter under construction at Delhi Zoo and at specially designed terrace café at the New Delhi office of the Department for International Funding of UK. Joint national patent has been applied by IPIRTI and BMTPC vide No. 653/MAS/2001 dated 08.08.2001.

V) Bamboo Matchsticks

Development of appropriate process for manufacturing matchsticks from bamboo has also been taken up under a project in collaboration with INBAR. Matchstick making from bamboo is highly relevant due to the scarcity of timbers generally used for this purpose. An appropriate technology has been developed and a joint patent with INBAR has already been applied for.

vi) Bamboo Mat Overlaid Particle Board

Process has been developed for overlaying wood/rice husk boards with bamboo mats. The overlaying is found to improve physical & mechanical properties of the boards as well as the appearance. The bamboo mat overlaid particle boards may be suitable even for semi structural applications.

vii) Mechanized Processing Of Bamboo

Considering the high potential of bamboo mat composites, BMB and its variants, and constraints of traditional skills to produce good quality mats from bamboo species having short inter nodal lengths, a few simple bamboo processing machines have been imported from Taiwan under a project sponsored by IDRC/INBAR. Hands on experience to process Indian sympodial bamboo in these machines has been responsible for several modifications in key components. The evaluation studies have established that use of such machines is bound to reduce wastage, enhance product quality and worker productivity and thus enhance income.

POTENTIAL APPLICATIONS OF BAMBOO MAT BOARDS

a) Construction


It is suitable as building interior in housing, as paneling in place of plywood, ceiling. Both thick and thin bamboo boards are suitable for partitions and coincides with either wooden or aluminum framework.

Design and development are essential to utilize the full potential for bamboo mat boards for such applications as door skin in flush doors, structural uses – roofing, web construction, prefab and portable shelters, packing, modular partitions, furniture etc.

b) Bamboo Mat Roofing

Two-ply bamboo mat boards made from commercial bamboo mats and treated with preservatives (CCB) have been used in an experimental house. BMB being light, rigid and strong requires only very nominal structural framework of wood and bamboo. A bituminous coating was applied. The bamboo mat board roof has given satisfactory services for over 12 years without much maintenance. It has been assessed that with periodical maintenance with weather proof coating, 3 ply preservative treated bamboo board can give a satisfactory service life over 20 years under tropical conditions.

c) Door Shutters

It is easy to make low cost paneled door shutters by laminating panels of bamboo mat boards and stiles and rails of thin sections of wood with either gluing or nail-gluing. A 7-ply 5 mm thick board is adequate in a single panel shutter whereas 3-ply, 2.5 mm thick board can safely be used in a double door shutter having a maximum panel width of 30 cm. Thin bamboo mat board of 2-ply and 3-ply make excellent skin for hollow core flush doors due to high modulus of rigidity and good impact resistance of the board. A few experimental doors of this type used under exterior conditions are still in good condition after 12 years.

d) Structural Building Components

Exploratory studies have demonstrated that bamboo boards are suited for structural components like barrel vault, arch panel and silos. Here the flexibility of bamboo mat board can be exploited advantageously by shaping it into arches or cylinder or even folded plates with a view to enhance the stiffness of the structure.

e) Bamboo Mat Corrugated Sheets

This product is an alternative to AC, GI and FRP sheets. Sheets are not only eco friendly, but also possess high strength and are resistant to weathering. Being light and easy to work, they require light supporting structure and suitable for construction of shelters in earthquake and other disaster prone regions. 

f) Bamboo Mat Board For Grain Storage Bins And Packaging

One and half ton capacity grain storage bins made from BMB were tested at CFTRI, Mysore, It was found that when Paddy/Sorghum is stored in these bins under conditions of rainfall 100 cm, humidity 70-85% and temperature 25-280 C there was no ingress of moisture or reduction in bulk density. The materials maintained colour & odour. The bins are amenable for fumigation and rodent proof (no nibbling even after 15 days in rattery). There was no appreciable reduction in germination capacity.

g) Packing Cases


Apple packing cases developed at IPIRTI using bamboo mat board can replace 60% wood content and saving of cost 15-20%. Bamboo mat can also replace plywood for drums in packing. Bamboo has also been used in making rodent proof grain storage bin.

ON-GOING RESEARCH

i) Bamboo Wood

Development of appropriate technologies for the manufacture of both horizontal and vertical laminates using UF & PF resins have been tried out. Design and Development of machinery for exerting side pressure for making laminates has also been made. Preliminary tests carried out on these laminates show that it is superior to plantation timbers. End use application such as furniture, other household component and flooring are under development.

ii) Bamboo Based Housing


Development of cost effective housing system utilizing bamboo in round and/or split from and its composites in combination with plantation wood and other traditional building materials like bricks and cement concrete is under progress in collaboration with TRADA technology of UK under a project funded by DFID. One prototype house has been constructed at IPIRTI campus to evolve suitable techniques for combining different materials for walling and roofing etc. Two demonstration houses have been constructed, one at the building center of Government of Karnataka at Bangalore and the other at IPIRTI campus. Recently one more dwelling bamboo house of floor area 875 sq ft. is under construction at IPIRTI premises. Detailed performance/strength tests of various building components, such as bamboo grid wall, bamboo trusses and bamboo joints, bamboo mat corrugated roofing sheets etc. have been conducted.

Few demonstration buildings using Bamboo Mat Corrugated Sheets (BMCS) roofing, developed by IPIRTI in collaboration with Building Material and Technology Promotion Council (BMTPC) have been built. Ministry of Environment & Forests, Govt. of India has sponsored a project to carry out improvements in the BMCS technology, establishment of production facility and construction of demonstration houses in North Eastern Region of the country. The project is being implemented by IPIRTI in collaboration with BMTPC.

FURTHER R & D ACTIVITIES

Development of appropriate improved technologies for more effective and efficient utilization of bamboo in following applications is very relevant in present day context of wood scarcity. 

Bamboo laminates/particle boards are manufactured products from bamboo, which do not involve weaving and hence are less labour intensive. Particle boards do not require any particular bamboo species and/or culm size. On the other hand for making laminates species with certain minimum wall thickness will be required. For bamboo laminates research is in progress at IPIRTI under a project funded by MOEF. In addition, there is a need for R & D for adaptation/development of technologies for other composites such as

i) Bamboo Laminates for furniture and other structural applications including floorboards, strip boards, curtain boards, semi-fibre boards.

ii) Bamboo curtain board overlaid with wood veneer for furniture and structural applications.

iii) Bamboo strip boards overlaid with wood veneers and/or overlays suitable for specialized application in transport vehicles and railways.

iv) Bamboo particle boards bonded with organic synthetic resins and inorganic binders.

v) Bamboo wool boards bonded with mineral binder for specialized applications to substitute wood wool boards.

vi) Prefab housing systems for disaster areas particularly, earthquake prone areas.

DEVELOPMENT OF DOMESTIC AND EXPORT MARKET

Undeveloped markets for raw bamboo, lack of market information, low profits and difficulties in marketing raw and processed bamboo are major factors impending development of bamboo sector. Domestic markets are the main attraction so far for bamboo and bamboo products based on health, nutrition aesthetic and handicraft goods.

However, there is lack of information about the size of the domestic market although it is presumably a very large fraction of the total market. In the Northeast, there is a thriving bamboo economy; thousands of people are engaged in producing bamboo slivers for bamboo mat, agarbatti sticks, basket, loom products handicrafts as an integral part of economy. In other part of the country this sector is still a peripheral activity.

The reason for unorganized and poor market in India is that except pulp and paper industry, there is no bulk consumer for bamboo. In many parts again adequate quantity of bamboo is not available to meet industrial requirement. Development of such industries based on bamboo which would lead to value addition will serve two purposes: a) Bulk consumption on a sustainable basis b) Encourage growers for bamboo as they will expect to get remunerative price as well as perennial consumers.

At present India has got no export market for bamboo products except an insignificant export of handicraft products. About half of the world’s population of more than 5,000 million shares to some extent in the trade and subsistence use of bamboo, valued more than US$ 7,000 million. China earns US$ 130 million and Taiwan province of China about US$ 50 million annually, from export of edible bamboo short. China’s annual export of woven bamboo product is valued at US$ 117 million. India has still higher export potential only if bamboo products are produced and attempts being made for export.

MANAGEMENT OF FLOWERED BAMBOO AREAS INCLUDING REGENERATION AND PLANTATION


India is bestowed with abundant bamboo resources, spreading nearly over 8.96 million hectares. Bamboos have the habit of flowering annually as in the case of Bambusa atra and Arundinaria species or at long intervals as in the case of most of the Indian species. The flowering is in the intensity of sporadic, gregarious and sporadic nature. In the course of the next 5 years after flowering, the flowered bamboo will die and disintegrate. In India the practice hitherto was to allot it to some paper and/or rayon industry to do slaughter felling. Here there was no planning and there was no scientific approach. It was just an ad hoc decision to utilize the flowered bamboo resource. To avoid this existing ad hoc-ism, the following guideline is proposed, taking the entire bamboo scene of the country into consideration.

Dendrocalamus strictus, Melocanna bamusoides, Bambusa bambos and Dendrocalamus hamiltonii are the four major species consisting 78% of the growing stock in the country. See Table – 4.

Table 4

	Species
	% Of Stocking
	Area in lakh hectares
	Average flowering cycle in years

	D. strictus
	45
	42
	35

	M. bamusoides
	20
	20
	43

	B. bambos
	13
	11
	40

	D. hamiltonii
	7
	5
	35



From the above table we can approximately workout the annual flowering and seeding area. If we take the average flowering period of the four species, it works out to nearly 40 years. If the total bamboo area of 9 million hectares is divided by 40 years, we get an area of 2,25,000 hectares of flowering annually.

If we take the total growing stock at 10 tons of Bamboos per hectare we can expect 22,50,000 tons of flowered Bamboo, annually available for extraction. But in practice this much may not be the yield as some area may be inaccessible because of difficult terrain and other socio-economic factors. The flowering also will not be regular; it may be more in one year and less in the other.


The expected yield of 22.50 lakh tons can be divided as 11 lakh tons of D. strictus, 5 lakh tons of M. bambusoides, 3.5 lakh tons of B. bambos and 3 lakh tons of D. hamiltonii.

Dry bamboos have to be removed from the bush to avoid fire and natural degradation.

i) There will be sudden arrival of unpredictable quantity of bamboo of uncertain use.

ii) Unless technology and their adoption for production of value added industrial products are identified, this valuable raw material will be wasted.

iii) The growers/farmers will not get remunerative price for bamboo unless their produce finds its use in industry.

iv) Flowering of bamboo will leave degraded land unsuitable for cultivation or utilization for profitable means.

REGENERATION


The flowering zone can be anticipated by taking the history of the earlier flowering in each state. When it starts flowering enumeration of all the culms in each clump can be carried out in a marked area. At the end of the enumeration list we can put the abstract. By dividing the total with the area in question we can get per hectare figures.

First good rains after seeding starts the germination process. Between Nov-Dec and Mar-Apr, 50% of the culms in each slump can be extracted. After the seedlings reach 1 meter in height 40% of the culms can be extracted. Remaining 10% can be left as shade bearers in the forest for silvicultural and ecological reasons.

Thus we can expect 11.50 lakh tons of strong, durable bamboo in the first exploitation. This bamboo can be used for preparation of bamboo plywood & other products and also in constructional and other activities. In the second felling we can expect about 9 lakh tons, which can be used for rayon & paper, manufacture. Balance 2.5 lakh tons will have to be left back as shade bearers for silvicultural and ecological reasons. These figures can be accepted till somebody works out precisely and comes out with accurate figures.

The area should be rigidly fire protected, closed for grazing for 3 years. Staggered pits and or trenches may be dug to catch the seeds & assist in germination. Bamboo is such a wonderful species, lakhs of seedlings will come up in a hectare, which slowly will come down to few thousands. In the next 3-4 years bamboo will be well established and 7-8th year onwards bamboo will be fit for exploitation is a green stage & the life cycle of bamboo will continue.

The process of bamboo production should be a reliable, well managed, sustainable and income generating activity. The major problem in artificial regeneration and bamboo cultivation is non-availability of adequate quantities of planting material in general and of superior quality planting material in particular of economically important bamboo species. Problems also arises from differing land tenure and ownership situations in different states, especially those in the Northeast, which contains most of the resources. Several policy issues concerning the management, transport and utilization of the resources, which also act as disincentives to private bamboo farming.


The following steps are necessary to maintain a sustainable production and supply of bamboo to develop and support bamboo-based industry in the country:

i) A bamboo map needs to be prepared for the country indicating forest types and major species.

ii) The available wasteland and degraded land and land otherwise unsuitable for agriculture need to be utilized for bamboo growing.

iii) Forest Research Institutes, State Forest Department and Forest Survey of India need to be entrusted with the job finding out industrially potential bamboo species and ensure superior quality planting stock of those species. 

CONCEPT OF WHO WILL DO WHAT

Establishment of Processing Units

Industrial processing of bamboo into panel and structural products, housing component, any other utility items, furniture from bamboo laminates etc. will involve three steps i) primary processing of bamboo e.g. splitting, slicing and slivering of bamboo ii) processing into basic or useful component e.g. bamboo mat board or bamboo laminates and iii) final processing into utility items e.g. furniture, cabinets etc.

i) Primary Processing: The basic skill of converting bamboo into utilizable items including mat making is well known to the tribal/rural populace residing in the bamboo growing areas of the country. By providing modern tools and simple processing machines, through a nearby CFC, can enhance this mat making or strip making skills of the tribal populace.

ii) Industrial Processing: Industries will be the bulk consumer of raw or semi processed bamboo for final products like BMB, BMC. strip boards, particle boards, etc. Such units should be located in urban areas where industrial infrastructure is already there.

Due to raw material scarcity many plywood units in Northeast India as well as in other parts of the country have closed or have become sick. Such units can be restarted to produce bamboo mat panel products or laminates for which further capital investment will be less. New units can be established in predominately bamboo growing areas for manufacture of value added bamboo based products for which capital investment to the tune of 2 crores will be required.

Coordination Among Agencies Involved

Human Resource Development

There will be urgent need of trained manpower for this gigantic task. Research Institutes, societies and voluntary organizations should organize training for growers, workers and technicians and provide them information on all aspects of plantation, tending, harvesting, processing, marketing of bamboo and its products. The training components may be organized as follows

i) Creation of demonstration units for transfer of technology on bamboo propagation, nursery and plantation management, harvesting, preservation, seasoning and use of machinery and tools in bamboo processing.

ii) Training of technicians, operator and workers for running bamboo-based industries like manufacture of bamboo mat based panels, bamboo strip boards and laminates for furniture.

iii) A training syllabi need to be developed for various categories a) short term courses b) long term courses c) bamboo as a subject in ITI/Diploma course especially in Northeast and other bamboo growing areas.

Extension of Technology


Perhaps the most important element in the development of an industrial bamboo sector is the extension of available technologies and coordination of various components associated with it. There are people who want to cultivate bamboo but do not know from where to get quality planting material and where to sell the material. There are entrepreneurs and existing industries that want to produce new products but many of them are unaware of the source of technology, market and even of bamboo product. On the other hand, the researchers may not be aware of several practical problem associated with industrialization. The basic material like BMB or BMVC may not find direct use with the consumers and may need intervention of engineers and architects to make it ready for use. There is urgent need to take up extension work for the transfer of technology from laboratory to the users. A network of experts needs to be established to co-ordinate among bamboo growers, bamboo based industries, research centers, training institutes and marketing centers.

Advances made in the field of information technology in recent years should be harnessed for the development of bamboo sector in the country. A large number of Central and State Government Departments, R & D Organizations, Universities and NGOs are working on research, development, training and extension in bamboo sector. Networking among these institutions can smoothen the process of transfer of information from the source to the recipient.

Central Agency For Monitoring

There is a need to set up a centralized apex body like “Bamboo Development Cell” within the Ministry of Environment and Forest (GOI). This body should be responsible for coordinating and promoting all activities related to overall development of bamboo sector in India. The proposed development cell should coordinate between R & D organizations, growers, bamboo based industries and handicraft sector, financial institutions, market, traders and policy makers throughout the country. The cell should have requisite administrative clout, strength and infrastructure to effectively carry on its activities. The functions of the cell should include technology transfer through training and demonstration taking all necessary steps to boost cultivation, boost production of high quality value added bamboo products, and by way of giving assistance in finance and marketing. Responsibility and authority for sustainable management and use of bamboo resources should be delegated to JFM, local panchayat, village development council and other appropriate bodies at the local level.
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ndia is home to an estimated 130 varieties of bamboo. A grass that has been used in products from aphrodisiacs to light bulb filaments. In comparison to hard woods like Sal and Teak, bamboo is more dense and elastic and breaks easily. Its tensile strength is greater than mild steel. Moreover, it is the fastest growing plant in the world - some varieties grow by a meter a day. The properties of bamboo are far more superior in many aspects to man made engineering materials.

In India, besides local consumption substantial demand on bamboo resource comes from pulp and paper industry. About 45% of bamboos produced in India are required by paper and rayon industry. So far the industry has been using whatever bamboo was available to it. Another important area that the bamboo is being used are in the bamboo craft sector where it generate about 250 million days of work by employing mainly women from the rural and tribal area with an income of about Rs. 15 billion a year. Besides bamboo is used in the rural housing sector in the hills and remote areas and as food products. But bamboo potential in industry and commerce is bamboo furniture and other value products like bamboo laminated products, flooring, wood substitute etc. Using it as wood substitute makes economic and ecological sense. At the same time India, a net importer of timber, is the only country that had a viable pulp industry for paper making. The use of bamboo for pulp has however gone down over the years.

Bamboo processing and utilization is important part of efficient and sustained exploration of forest resources in China. Since the country’s opening to the outside world great achievement has been made in the industrial exploration of its bamboo resources.

Bamboo processing industry is defined as the processing of bamboo-based material through mechanical or chemical treatment into products needed for the development of national economy and the daily living of people. With fast growth, high-yield and multiple uses, bamboos are highly renewable and are endowed with economic, social and ecological efficiencies. Compared with tree timber, bamboo timber is characterized by its high toughness and hardness and is ideal for engineering structure. Since the 1970s, China has made great progress in the industrial exploitation of bamboo timber resources and increased the value of the bamboos. Up until now, bamboo processing has been mainly focused on the following products: 1) bamboo artificial  boards 2) bamboo articles for daily use 3) bamboo arts and handicrafts and 4) chemical products of bamboos.

1. Artificial Boards

Bamboo artificial boards are that bamboo-based materials produced through a series of mechanical and chemical process (including the addition of adhesives and pressed at certain temperature) showing excellent rigidity and negligible contraction and their structure and size can be easily adjusted according to the engineering needs.

Woven plywood, plywood, particle board, pressed boards of strips and compound board of bamboo and tree timber have successively developed in China but the products with noticeable scale and economic efficiency are shaping boards and floor boards.

Bamboo Floor Boards
Bamboo floor boards are decorative floor material which are manufactured from bamboo through more than 20 processing procedures such as cutting, splitting, preliminary planning, chemical treatment, desiccating, fine planning, storing, glue spreading, fabricating, binding and pressing. According to the surface structure, bamboo flooring boards are divided into tangential boards and radial boards. Bamboo flooring boards are praised for their strength, toughness, abrasion resistance, graceful luster, beautiful appearance and novel structure. Besides their durability and aesthetic effects, bamboo-flooring boards also cater for the psychic need of people or returning to the nature. For these reasons, bamboo floor is expecting a very good market.

Bamboo floor is divided into natural colour board and carbonized board by way the stripes are treated. Natural colour board usually takes on the natural luster of the bamboo floor after being treated under high temperature and pressure, is darker and more uniform. Shown in the following tables are the physical and chemical properties of bamboo based floorboards.

2. Laminated Bamboo Boards

Laminated bamboo boards are processed in the following steps.

1. The desiccated bamboo chips are directly impregnated with glues, which are further desiccated to certain moisture content at low temperature. 

2. The impregnated chips are made into mats of certain width and thickness. 

3. The mats are hot-pressed into boards.

Laminated bamboo boards have a high utilization rate of raw materials that are bamboo stripes of 2 mm in thickness and 10-20 mm in width with varied length. The art and equipments involved are also simple. The major disadvantage in producing Laminated bamboo boards is that it has a greater consumption of glue and demands high pressure. These types of boards are mainly used as the floor of the trucks and train cars.

3. Bamboo Based Compound Artificial Boards

In spite that bamboo boards are highly recommendable for their strength, hardness, toughness and beautiful grains, the scope of their use is limited because of the small diameter and hollow structure of the bamboos. If compound artificial board with bamboo as a material seconded by other components is processed through special procedures, the good qualities of all the components will comprehensively explode.

4. Articles For Daily Use

Man has a history of several thousand years in bamboo utilization and the bamboo articles for daily use have the longest history and are still developed with considerable scale. Currently, industrially produced bamboo articles mainly include

Sleeping Mats

Sleeping mats of woven split bamboo, which are produced in all the southern provinces, are one of the major bamboo articles in China.

There are two types of bamboo stripes used for making sleeping mats: the green stripes and the yellow stripes (stripes with green removed) and mats from the green stripes are of better quality. The machine-made mat can be cut into different sizes to be used as sleeping mats, pillow mats, cushion mats and so on with very promising market.

Bamboo harvesting(Cutting into sections( Splitting(Removing the nodes( Forming of trips( Drying( Polishing(Weaving( Heating and pressing(Dividing into specified size( Edging(Checking( Putting in storage.

5. Bamboo Chopsticks

As an important part of the culinary culture of the eastern countries, chopsticks possess great market potential and have been produced with various specifications. In terms of structure, chopsticks are divided into singles and couplets. The singles are further divided into round chopsticks and squares ones according to the shape of the holding end.

6. Sticks

Toothpicks, barbecue sticks and weaving sticks are also bamboo articles of daily use. Because of their similarities in shape, all are thin and having one two tapering ends, they are processed with similar technology, which can be simplified as

Bamboo( Bisecting( Splitting( Making strips( Making sticks( Forming ( Drying( Polishing ( Quality check( Packing( Putting in storage.

Sticks of different thickness and length are obtained by changing the cutting tools. For example, in processing toothpicks, the strips are made into sticks of 1.8 mm in diameter, which undergoes further several tapering, and polishing treatment. The sticks for barbecue use are made in similar manner but are thicker (2.5 mm in general) and longer (170 to 250 mm).

7. Bamboo Furniture

Bamboo furniture is light and cheap and has been widely used in the southern provinces of China for thousand of years Traditional bamboo species for furniture making include Phyllostachys heteocyla cv. pubescens, P. virdis, P. congesta, Pseudosasa amabilis and Bambusa sp. because of their tough timber. After steps as node smoothening, scorch bending, steaming, drilling holes, grooving, and piecing, bamboos are made into tables, chairs, beds cupboards, tea tables and many other types of furniture. These traditional furniture pieces have found their way into hotels, restaurants and other public places. Bamboos are also used by many people for interior decoration, which present the hosts with a feeling of naturalness and grace. With the progress in the technologies, bamboos are made into linear or curving furniture parts which are further put together into novel furniture pieces that are strong and durable.

There are varieties of bamboo articles which are quite closely related to the everyday life of people and many more will surely be developed with the increase in the living standards. This is also one of the directions of the bamboo processing industry.

8. Bamboo Carving

People frequently bring their artistic talents into display by engraving mountains, rivers, pavilions, platforms, houses, kiosks, human figures, flowers, birds and etc. on bamboo tubes, strips or rhizomes. Those bamboo carvings are unique arts of China. Exquisite designs are carved by combining the natural extension and forms of the rhizomes and nodes of the bamboos.

Other types of bamboo handicrafts are clothes, sticks and fans made out of bamboo. These products are all welcomed by the consumers for their novel design, delicate processing techniques, heavy folk favour and regional characteristics. Pushed by the fashion of “returning to the nature” bamboo handicrafts will surely find a wider market.

9. Bamboo Shoot Processing Industry

Bamboo shoots are the second important products. Bamboo shoots were traditionally consumed in form of vegetables and dried bamboo shoot. Since the middle of 1980s, bamboo shoot processing has been in great progress. Bamboo shoots are processed to canned bamboo shoot products. Average annual fresh bamboo shoot production was 1700 thousand tons from 1993 to 1997, out of which 55% was processed yielding 70 thousand tons processed shoot. The annual production value was RMB171 thousand that makes it one of the important products.

10. Woven Handicrafts

Bamboo handicrafts are unique Chinese artistic gems, which represent the essence of ancient Eastern Culture. After generations of inheriting and renovating, bamboo handicrafts today are even more colourful and attractive.

11. Bamboo Weaving

As a traditional art, bamboo weaving in China has a long history. Exquisite workmanship has been developed over the time which has been carried on and improved upon from the original baskets, plates, jugs and boxes into screens, animals  & human figures, furniture and decorative articles and so on. Besides bringing aesthetic joys to people, bamboo handicrafts are also an important earner of foreign currencies.

12. Chemical Products

Different chemical products from bamboo play important part in the sustained and efficient utilization of bamboo resources in China. Speaking from the chemistry point of view, the chemical products from bamboos can be divided into two types: first being the products utilizing cellulose, hemi cellulose and lignin of the bamboo such as pulping, paper and activated carbon and the second type being products processed from the bamboo extractives such as trace elements, botanical phenol, flavone and poly-saccharose.

13. Pulping and Paper

Records show that the Chinese began to use bamboos for paper making as early as the Jin Dynasty (265-420). Bamboos have high fibre content, being 40% to 60% and fibres are usually 1.5 mm to 2.0 mm long (the longest being 5 mm) and 15 μm-18 μm wide. Bamboo fibres have tick walls, being the thickest among those non-wood paper making raw materials, for example, the average thickness of fibres of the Phyllostachys heterocycla cv pubescens is 6.6 mm. Bamboos also have a high content of hemi-cellulose, which has contributed to the fact that paper made of bamboos have fine texture, good water resistance, absorbs ink and does not fuzz. It can be used for offset and writing paper because the fibres of bamboo pulp don’t break easily in the process of mixing. And it can be made into highly hydrated thick pulp.

14. Activated Carbon

Bamboo carbon is new product in recent years. Owing to the fact that bamboos possess special micro- porous structure, the carbon formed by bamboos is highly absorptive and the activated bamboo carbon has an even greater absorptive capacity. Tests indicated that the activated bamboo carbon has an iodine absorption value of 1160 mg/g and the decolorizing capacity for methylene blue is as high 250 mg/g. For these properties activated bamboo carbon is widely used in food, medicine, chemistry, metallurgy and national defense industries. Activated bamboo carbon can absorb pigment and foreign substances from solutions as well as can act as a catalyst or catalyst carrier. It is also directly applied as medicines. Special efforts should be made in the application of activated bamboo carbon in hi-technology areas.

In recent years, studies on the effective constituents of bamboo leaves and their functions have been drawing the attention of people working in the fields of food, nutrition and medicine. Researches indicate that the flavones, phenolic acid, polysaccharides, amino acid and trace elements in the bamboos have the functions of anti-oxidation, anti-aging, anti-bacteria, anti-virus, increasing immunity, curing and preventing cancer.

INPUTS REQUIRED FOR INDIA
India can benefit well by developing mechanized processes and enabling collective production through the private sector, industry or artisans to improve quality and production of bamboo items.

· Facilitating development of a good market for bamboo and bamboo products in rural areas shall pave the way for development and promotion of semi processing bamboo enterprises like bamboo mat making, bamboo-slivers and handicrafts thereby increasing income, employment and saving in rural areas.

· Much will have to be done in the forest sector to provide efficient and scientific management systems to farmers and collective bodies so that quality bamboo is grown. The Forest Dept./Regional Institutes shall have to provide inputs through selection of appropriate bamboo (species), adoption of appropriate bamboo-production technology and technical support for intensive management of bamboo stand.

· By establishing high-tech industries like bamboo-shoot processing, bamboo flooring, bamboo-mat board/plywood in India, particularly in NE-India, by adopting/improving technology of international standard and by taking advantage of the market that exist in India and aboard, a bamboo revolution can be started.

· By linking bamboo production with trade and export will allow import of technology which will absorb the increased production from rural areas and shall sustain the bamboo grower.

· There is a need to shift focus from the traditional handicrafts/paper pulp to value added industrial uses like bamboo mat, board, flooring, shoot processing which are technology intensive and have greater potential in employment generation and export. Technology Upgradation, improvement in artisan skill and upgradation of handicraft products also need to be made so as to make this sector more financially attractive.

· The Government should identify potential areas for growing and processing as “bamboo home areas” on the lines of the very successful “bamboo home countries” programme of China. These areas should be provided with special incentives and policy support such as rural credits, subsides, marketing and trading facilities, processing facilities, export training, skills upgradation, market information etc for development of bamboo sector. 

· Govt. policy towards bamboo needs to be opened up to make the industry more attractive. A liberal Forest, Trade and Export Policy will attract investment both from foreign domestic entrepreneurs. It will also encourage Indo-Chinese, Indo-Japanese collaboration in bamboo sector by removing the bottlenecks in technology and market information.

INDIA’S ANSWER TO THE CHALLENGE

Launching of the Bamboo Technology Mission
The Govt. of India, through the Technology Information, Forecasting and Assessment Council (TIFAC) of the Department of Science and Technology (DST) has launched the mission on Bamboo Applications as a special Action Plan under the Tenth Five Year Plan. This National Mission would address the agrarian economy, especially in the remote regions of the country where development initiatives have so far not penetrated. Innovative techniques for value-addition would immensely contribute to sustainable livelihood and also augment the employment generation initiatives in the rural sector. Such value added utilization of bamboo would help reduce the strain on the environment and the fragile forest ecology. The National Mission on Bamboo Applications would be an ideal platform for demonstrating the “technology with a human face”. The Mission will target a few major sectors namely building and construction, industrial and consumer products, food processing and packaging. The intervention by the Govt. is to the tune of Rs. 100 – 120 crores.

Cane and Bamboo Technology Upgradation and Networking Project 
The Cane and Bamboo Technology Project – for which UNDP has committed approximately $ 1.4 million – is one of the sub-programmes of a larger UNDP/GOI Programme – the Technology Management Programme (TMP). The Department of Science & Technology, Government of India is the Executing Agency for the TMP. The United Nations Industrial Development Organization (UNIDO) is the assigned Implementation Agency while NEDFi is the Field Implementation Agency, responsible for project activities through the Cane and Bamboo Technology Centre (CBTC). Since inception, CBTC has been actively engaged in various activities related to development o f the cane and bamboo sector in the Northeastern region. In addition, the CBTC has lined up a number of activities for the current year.

NOTE: This paper has been prepared on the basis of the writer’s experience gathered during one of his visits to China.
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INTRODUCTION

Bamboos are woody grasses, which belong to the family Poaceae (Gramineae). There are 75 genera and 1250 species of bamboos throughout the world (Tewari, 1993), out of which 23 genera and 125 species are reported from India (Biswas, 1994). The Northeastern region of India comprising states of Arunachal Pradesh, Assam, Manipur, Meghalaya, Mizoram, Nagaland and Tripura have a rich diversity of bamboos with 12 genera and 63 species (Biswas, 1988). Bamboo forest constitutes 12.8 % of the total forest cover of the India.

Cost vis-à-vis strength wise, bamboo is the most efficient natural resource and hence it serves as a basic timber material for low cost housing and used in making of utensils, furniture, implements, bows and arrows, decorative items, sticks for blinds, boats, rods, agarbatti, ladders, scaffoldings, musical instruments. In fact the versatility of bamboo is unique and unparalleled by any other timber being used for making items from cradles to coffins. It plays an important role in socio-economic life of rural masses.

The utilization pattern of bamboo in India reflects that about 35 % of the annual harvest is used for making of pulp and paper. Remaining 65% is used for various other purposes like housing, rural usage, fuel, packing, furniture, etc. (Kulkarni and Rao, 2002.)

It has been predicted that Melocanna baccifera is going to flower during the year 2004-2006 in different states of the northeastern region (Trivedi and Tripathi, 1980). Flowering of bamboo creates unprecedented problems for bamboo resource management and utilization. Moreover, threat of gregarious flowering causes uncertainty in bamboo availability. Death of the bamboo clumps due to flowering forces large scale harvesting to save the raw materials from natural degradations and fire hazards, which creates glut in availability. An estimate indicates that 26 million tons of Melocanna baccifera will be available for harvest in the northeast states, out of which, 10 million tons occur in accessible areas (Rai and Chauhan, 1998).

The durability of bamboo is short, in comparison to woods, and a big proportion of this natural resource is lost due to biodegradation caused by insects and fungi, both in standing crops and especially during storage. Bamboo in storage is very susceptible to decay fungi like white-rot, soft-rot, brown-rot and stain fungus (Mohanan, 1997) and insects like borer and termites (Singh, 1988; Mathew and Nair, 1988).

It has been seen that the effect of biodegradation on total yield was very pronounced in case of raw material derived from flowered bamboos. (Bakshi et al., 1960). Loss in pulp yield derived from the stocks stored for a year, where no prophylactic treatment was given, amounted to 25% due to decay fungi (Guha and Chandra, 1979; Bakshi et al., 1960). In contrast to the effect of decay fungi, insects caused heavier losses of 20-40% of volume, sometimes reducing the most of the stocked material to powder (Kumar and Dobriyal, 1990).

The preservative treatments have been found to be significantly effective in minimizing the loss caused by these biotic agents and in enhancing the durability of bamboos or its products and making it available during lean period through safer storage.

BIO-DETERIORATING AGENTS

Bamboo consists of 50-70% hemicellulose, 30% pentosans and 20-25% lignin (Tamolang et al., 1980). This composition varies according to different species, age and the different parts of the bamboo (Liese, 1985). Presence of large amount of starch in bamboo makes it highly susceptible to bio-deteriorating agents. Growth of bio-deteriorating agents and severity of damage in bamboo depend on its moisture and nutrient content, as well as, humidity and surrounding temperature. The annual loss caused due to different group/species of fungi (Table 1) ranges from 20-25% (Varmah and Bahadur, 1980) while a loss due to various insect group/species (Table 2) varies between 20-40%.

Biodegradation is a serious problem in paper and pulp industries where stored bamboos are attacked by several fungal and insect species resulting in lower grade end product with enhanced pulping cost (Kumar et al., 1994). Besides, discolouration of various shades added to pulp and paper and other bamboo products due to stain fungi, renders it unacceptable in the market even at lower price.

THE CHEMICAL PRESERVATION OF BAMBOO

The large amount of nutrients present in bamboo makes it highly susceptible to biodegrading agents like fungi and insects (Beeson, 1941). Therefore, any treatment that would either reduce / eliminate the nutrient content in bamboo or render it toxic to degrading agents comes under the preview of preservative treatment.

Traditional practice of preservative treatment are non-toxic which impart some resistance to bamboos but are ineffective against biodegrading agents like termites and fungi and also such methods are suitable in small scale only. (Kumar et al., 1994). 

Preservative treatment with chemical compounds or mixtures enhances the service/storage life of the bamboo considerably (Kumar et al., 1994). Therefore, storage of bamboo may be done, after treatment with the preservative chemical/chemicals as mentioned in Table 3, in view of large scale harvesting of bamboo due to gregarious flowering. The simplest method of treatment, in bulk, is spraying / steeping / dipping in the preservative solution. Material loss due to biodegradation can be reduced by 50% or completely avoided by taking proper prophylactic treatments at the time of stacking (Kumar et al., 1980). Experiments to increase the storage period of bamboos, which were harvested during the flowering period, have been successfully tried and a storage period of eight years was recorded after prophylactic treatment (Kumar and Dobriyal, 1990). 

Table 1. Fungal Group/Species Causing Deterioration in Stored Bamboos

	Sl.No
	Category of Damage
	Causal Organism
	Host Bamboo Species
	Reference/s

	1.
	White rot
	Daldinia concentrica. Trametes lactinea, Lentinus sp., Pycnoporus sanguineus., Gloeophyllum sepiarium G.subferruginosum, Trametes cervino-gilvus., Haploporus ljubarskyi 
	Bambusa sp.


	Mohanan, 1997 and references there in.

	2.
	Soft rot
	Xylaria sp. Chaetomium globosum
	Phyllostachys sp.
	

	3.
	Brown rot
	Fomitopsis pinicola, Favolus sp. Schozophyllus commune
	Bambusa sp.
	

	4.
	Stain fungi.
	Penicillium sp., Aspergillus sp., Trichoderma sp.,
	Bambusa blumeana, B. vulgaris.
	


Table 2: Insect Group/Species Causing Deterioration in Stored Bamboos

	Sl.No
	Category of Damage
	Causal Organism
	Host Bamboo Species
	Reference/s

	1.
	Borers
	Chlorophorus annularis, Stromatium barbatum, Niphona hookeri, Dinoderus minutus, D. ocellaris, D. brevis, Lyctus afticanus, Heterobostrychus aequalis
	Dendrocalamus strictus D. giganteus, D. hamiltonii, Bambusa bambos, 

B. polymorpha, 

B. arundinaceae B. vulgaris, Phyllostachys pubescens. etc. 
	Wang Haojie et al, 1998 and references there in.



	2.
	Termites
	Coptotermes heimi

Cryptotermes dudleyi Microtermes flacheri

Microtermes heimi
	Almost all bamboo in storage.
	


Moisture content plays a significant role in the treatability of bamboo, especially in case of fresh harvest, where the movement of preservatives occurs via diffusion (Kumar et al., 1994). Some methods of preservative treatment alternative to traditional methods, which can be used, for preservation of bamboos in large scale are presented in Table 3.

 Table 3: Chemicals and Their Dilution Used for Treatment of Bamboos 

	Sl. No.
	Preservative
	Dilution
	Duration of treatment
	Type of treatment
	Reference

	1
	Creosote: fuel oil
	1:1 ratio
	3-4 days-
	Dipping / soaking
	Kumar et al., 1994.

	2
	Copper Chrome arsenate (CCA)
	4-10%
	7-20 days depending on type of treatment, size and species of bamboo.
	
	

	
	
	
	
	Spraying/ Steeping

/Diffusion/ Sap displacement/Open tank /Boucherie.
	

	3
	Borated Copper chrome arsenic (SBOR)
	4-8%
	
	
	

	4
	Acid copper chrome (ACC)
	10-12%
	
	
	

	5
	Copper Chrome Boron (CCB)
	10-12%
	
	
	

	6
	Ammonical copper arsenite (ACA)
	6-8%
	
	
	

	7
	Boric Acid Borax ( BB)
	4-8%
	
	
	

	8
	Copper/Zinc naphthenate / abietate
	1-3%
	
	
	

	9
	Sodium penta chlorophenate
	2%
	
	
	


Though the process of non-chemical preservative treatment of bamboo is safe, the extension of durability imparted to bamboo after such treatment is very limited. Method of chemical preservation for treatment of bamboos employs the chemicals toxic to biodegrading agents and thus is invariably toxic to mammals also. Therefore, it is necessary to take proper care while handling the chemical preservatives so as to avoid spilling and ingestion. Chemical hazards do exist at formulation stage and at impregnation sites but such formulation make complex with woody substances and are rendered immobile to cause any harm. Therefore preservatives like CCA though containing arsenic and chromium have been considered safe (Kumar et al., 1994).

STRATEGIES FOR STORAGE OF BAMBOO 

Bamboos may be stacked for long-term storage after proper prophylactic treatment. Stacks should be in well-ventilated open space with concrete flooring or stacked on supports of concrete or brickwork or on iron rails or creosoted woodwork frames and should be regularly inspected for termite runways (Beeson, 1941).

Bamboo stacks are placed on a ground, which has been especially prepared by covering with boiler ash layer of 10 cm thickness, powdered lime sludge containing 2% BHC (Kumar et al., 1994) or other suitable soil poisoning insecticide, to prevent termite attack. The stacks should be treated at different level of raising the stack and covered with thatch or bamboo mat to avoid leaching.

METHODS FOR PROPHYLACTIC TREATMENTS
Prophylactic treatment with any of the above-mentioned preservative chemical / compound, other than Sodium Penta-Chlorophenate (Na.-PCP), which is not recommended if the storage is meant for pulping(Kumar et al., 1994). But for other purposes, the treatment should be repeated after 5-6 months. Vertical stacking has been found to be better in comparison to horizontal stacking. Some of the effective methods of preservative treatments are detailed as follows

1. Steeping
Freshly harvested culms are placed in containers of preservative solutions of required strength. The butt end should be kept immersed in the preservative (10-15%) solution up to the level of 25 – 30 cm. Such treatment requires 7-14 days to be completed depending upon the length and species of the bamboo culms. 

2. Sap Displacement
Split or round fresh bamboos are placed vertically up to 25-30 cm in water borne preservative (10%) solution. The preservative solution is sucked up by wick or capillary action. A 2-3 meter long bamboo pole requires about six days for completion. Such methods are not advisable due to environmental pollution (Singh and Tiwari.1980).

3. Boucherie Process
In this process, the preservative solution is forced into the bamboo through the butt end under pressure of 1.0 to 1.4 kg/cm2 (Purushotham et al., 1954). The process is reported to be suitable for fresh harvest.

4. Diffusion
Fresh bamboos with high moisture content (above 50%) are submerged into water borne preservative solution for preservative treatment. Satisfactory completion of treatment requires 10 to 20 days. The diffusion rate depends on temperature and nature of diffusing ion and its interaction with diffusion media. Preservatives based on ammonical solutions not only diffuse faster but can also be heated to get better penetration. Ammonical-copper-arsenate can be used for treating fresh bamboos by diffusion, taking advantage of better penetration of ammonium ions. 

Observations from different studies had shown that diffusion processes are perhaps the best, simplest and safest for treatment of fresh, split and round bamboos. In fact, these could be universally specified as the effective preservative treatments of bamboos for all purposes.

5. Spraying

For long term storage of pulp bamboos in open, chemical spray during different stages of stack forming i.e. at 3, 4, 5 and 6 m height and covering with treated bamboo mat or thatch grass are recommended. As M. baccifera is widely used for making mats, this method will prove cost effective in treating the bamboo as well as prepared mats. Spray can be repeated at 4-6 months interval. 

ECONOMICS OF THE PRESERVATIVE TREATMENT

The methods that use chemical preservative are generally more effective than non-chemical methods in protection of bamboos under storage, but they are not always economical or feasible (Kumar and Dobriyal, 1990). However, results from various studies have shown that treatment of bamboos with chemical preservative is cost effective when both tangible and intangible benefits are considered. Such benefits include avoidance of intermittent replacement of bamboo structure/specimens and cost on material and labour involved therein. Longevity of the treated specimens is enhanced significantly besides ensuring the availability and supply of raw material during lean period. These benefits can be evaluated monetarily. Likewise, intangible benefits include check in soil erosion, increase in soil fertility, increase in biomass and number of future plants, check in un-scientific extraction due to pressure from market forces. Besides these, benefits like moderation of climate, support to various living forms, maintenance of ground water table are some of the intangible benefits, which cannot be evaluated monetarily.

The observations from the experiments on bamboo preservation using various chemicals, conducted at Rain Forest Research Institute, Jorhat, had reflected that prophylactic treatment cost would amount to about Rs.100/ton. The cost includes both recurring and non-recurring expenditure. However, it is a generalized estimate only for bulk treatment. A generalized monetary estimate under different component with particular reference to gregarious flowering of M. baccifera in northeastern states, is outlined in Table 4 below:

The estimate presented in table 4 reflects that an annual loss in revenue of Rs.450/- may take place on storage of one ton of M. baccifera worth Rs.1500/-per ton in absence of any prophylactic chemical treatment. An annual recovery of Rs.350/-per ton is possible out of the loss of Rs. 450/-per ton on expending Rs. 100/-per ton on material and process of preservation.

The pattern of utilization in northeastern states shows that the paper mills present in the region and other industries involved in making of mats, handicrafts and other bamboo articles and consumption by rural/tribal masses could not exhaust the expected harvest of 10 million tons of available Muli bamboo (M. baccifera) due to gregarious flowering within a year. Safer storage through treatment with chemical preservative to avoid losses due to bio-deterioration is one of the options to tide over the long lean period subsequent to gregarious flowering. Therefore, the cost effective chemical preservation of bamboo is advisable, while storing this raw material of versatile utility, in view of its various tangible and non-tangible benefits for the people of northeastern India.

Table 4: Economics of Chemical Preservation Based on Estimates for M. baccifera.
	Components
	Estimated cost/value

	A. *Cost of 1 tons of bamboo @ Rs. 1500/ton 
	Rs.1500.00

	B. Monetary loss @ 30 %, due to insect and fungus in absence of prophylactic treatment within a year.
	Rs.450.00

	C. Prophylactic treatment cost @ Rs.100/ton.
	Rs.100.00

	D. Revenue saving through prophylactic treatment within a year (B-C)
	Rs. 350.00

	E. Total revenue without prophylactic treatment (A-B)
	Rs. 1050.00

	F. Total revenue with prophylactic treatment (A-C)
	Rs.1400.00


* Average of market sell value at thirteen places in northeastern states.
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INTRODUCTION

Bamboos find a very high market demand on account of their versatile traditional and modern industrial applications. In developing countries like India bamboo sector existed at a small and subsistence level for many generations and in some cases thousands of years. For many existing systems, interventions can be introduced to improve their efficiency and equity. Such interventions may include technology transfer, resource enhancement, creating distribution channels and market development. In bamboo sector efforts are concentrated only on its supply and little on demand. Now, with the extension of product lines and the new image of some being offered as luxury goods, now bamboo products are being produced for urban and international markets, which are often geographically and culturally distant. Therefore it has become obligatory to examine these market demands in terms of the demographic composition, purchasing power and quality requirements. Yet, it is recognized by a small but progressive community that with new technical inputs, marketing finesse and a renewed commitment bamboo could take on the role as the “ material for future”. 

Unlike other traditional forest species, bamboo is found in natural forests as well as in private lands throughout the country. Thus, the trading is distinctly divided between bamboo extracted from the forests and the one, which is grown by farmers. There is no reliable data available about extent of bamboo forests in our country. However (Rai and Chauhan, 1998) reported that the total Bamboo area of the country is 8.96 million ha out of this nearly 28% is in the northeastern States. The rest is distributed in the states of Madhya Pradesh (20.3%), Maharashtra (9.9%), Orissa (8.7%), Andhra Pradesh (7.4%), Karnataka (5.5%) and the remaining 20.1% in other states.

GROWING STOCK AND OUT TURN


Rai and Chauhan (1998), estimated nearly 8.96 million hectares, which constitutes 11.7% of the recorded area and 14.01 % forest cover. The total assessed growing stock (green weight) for the inventoried areas were 80.428 million tons. The North –eastern states have 66% of the total growing stock while the rest of the country has 34%. The main states / UTs that contribute to the growing stock are Assam (16%), Manipur (14%), Mizoram (14%), Arunachal Pradesh (12%), Madhya Pradesh (12%), Orissa (7%), Meghalaya (6%) and Maharashtra (5%). It is estimated that gregarious flowering of muli bamboo (Melocanna baccifera) occur in an area of about 1.76 million ha in northeastern states of India. Calculations indicate that about 26 million tons of bamboo will flower and die and thus available for harvesting before flowering between years 2004-2006. Out of this estimated quantity 10 million tons occur in areas that are accessible.

Table 1: State-Wise Bamboo Bearing Area, Total Growing Stock and Out Turn

	Sl. No.


	Name of the State
	Bamboo Area

(Sq. Km)
	Total Growing Stock (‘000 Tons)
	Out Turn (1997- 98)

	
	
	
	
	Metric Tons
	Numbers

	1.
	Andhra Pradesh
	6598
	1612
	---
	147948300

	2.
	Arunachal Pradesh
	4590
	9844
	---
	36465

	3.
	Assam
	8213
	13405
	---
	409877

	4.
	Bihar
	795
	750
	85.00
	---

	5.
	Goa Daman & Diu*
	249
	---
	---
	139739

	6.
	Gujrat
	2806
	2540
	14440
	---

	7.
	Haryana* 
	42
	---
	---
	1973279

	8.
	Himachal Pradesh
	60
	9
	
	1973279

	9.
	Jammu & Kashmir*
	15
	---
	
	

	10.
	Karanataka
	4925 
	2162
	82320
	---

	11.
	Kerala*
	517 
	---
	---
	2338472000

	12.
	Madhya Pradesh
	18124 
	9365
	288
	---

	   13.
	Maharastra
	8893 
	3796
	240484
	---

	   14.
	Manipur
	3692
	11470
	---
	900865

	   15.
	Meghalaya
	3102
	4407
	
	

	   16.
	Mizoram
	9210
	10890
	
	6682982

	   17
	Nagaland
	758
	3657
	
	240200

	   18.
	Orissa
	7822
	5297
	206182
	---

	   19.
	Punjab*
	50
	---
	---
	293710

	   20.
	Rajasthan
	529
	164
	
	2250557

	   21.
	Tamil Nadu*
	3101
	---
	1154.00
	---

	   22.
	Tripura
	939
	860
	---
	39545374

	   23.
	Uttar Pradesh
	2010
	207
	---
	4253140

	   24.
	West Bengal* 
	1751
	---
	---
	10695

	   25.
	Andaman & Nicobar Island
	784
	---
	
	


*Figures of area estimated on forest type basis.

CONSUMPTION PATTERN



The industry is presently facing problems of non-availability of suitable fibrous raw materials in adequate quantity to meet its requirement. The supply of bamboo, so far the main raw material for the industry, has been dwindling in the recent years. Sustained availability can be ensured only through bamboo cultivation. In order to meet the present and future requirement of the industry, efforts are needed not only to improve productivity, but also to use the existing bamboo resources judiciously and efficiently. During the extraction of bamboo from the forest no definite cutting age is maintained. Rather bamboos of different age groups extracted indiscriminately. The consumption pattern of bamboo is given in table 2.

BAMBOO MARKETS IN INDIA

There is a high demand of bamboo in different markets due to their more than 1500 listed uses. The bamboo sector is characterized by a wide range of production, processing and marketing systems. These systems employ numerous species and produce many classes of final products. Within the various “Production–to–Consumption Systems’, there is a great potential for improvements. To achieve this objective, a fair understanding of the complex social, economic and policy aspects is required. Development interventions will need to assist people to overcome the constraints that limit the benefits they earn from their enterprises and resources (Brain Belcher, 1995). 



Table 2: Consumption Pattern of Bamboo in India

	S. No.
	Uses
	Consumption (%)

	1.
	Pulp
	35.00

	2.
	Housing
	20.00

	3.
	Non-residential construction
	5.00

	4.
	Rural Uses
	20.00

	5.
	Fuel
	8.50

	6.
	Packing, including baskets
	5.00

	7.
	Transport
	1.50

	8.
	Furniture
	1.00

	9.
	Other wood working industries
	1.00

	10.
	Others, including ladders, staff, mats etc
	3.00




Source: Suri & Chauhan, 1984.



Extensive literature survey revealed an organized marketing of bamboo products viz. market for food material particularly bamboo shoots in Taiwan, Philippines; market for handicrafts in India and in Bangladesh. These marketing attempts are made by Agriculture sector or by handicrafts departments. No attempt seems to be made by Forest Departments for organized marketing in India and it is left to the market forces to take care of. However, there are several markets of bamboo in the country. A state-wise partial list of bamboo markets are presented in table 6.

MARKETABLE SIZES OF BAMBOO



It is normally marketed either as commercial bamboo or as industrial bamboo. Bamboo culms that are more than 2.5 m in length are classified as industrial bamboo. Bamboo of 2 m and 1 m length, known as bahi and sarava, respectively, which are sold in the northern states. However, in most states, bamboo with length varying from 3 m to 9 m finds use in construction of houses. Bamboo may be used in different sizes as per requirement of the situation as under

Full: The most common size of bamboo is the full culm. The culm is generally tapered at the tip end and therefore the best way to use it is by cutting the culms into shorter length for close fittings. 

Half: Half shapes are produced by longitudinally splitting the culms. Two cuts 180 degree apart are made with knife or axe. Wedges are placed in the cuts for splitting it into two. The half shaped bamboo is generally used in roofing. Likewise, quarter shapes are produced as that of half shapes except that in this case four cuts are made.

Splits: Splits are made from quarters by cutting radially or longitudinally. 

Boards: For flooring, walls etc., bamboo boards are used. A board consists of culms that has been cut and unfolded until it is flat. The culm is split open at the diaphragms, nodes removed and pressed flat.

Mats: They are made by plaiting splits of bamboo. These could be produced in a variety of shapes and pattern.

For the non-industrial market, bamboo is classified into a large number of categories depending on length and diameter.

MARKETING CHANNELS OF BAMBOO



State Forest Departments/Corporations carry out marketing of bamboo by levying royalty from the bamboo based industries, leasing area to user agencies and by auctioning self harvested bamboo. Traders convert the bamboo into marketable sizes as per the requirement of the consumers. Bamboos on private land are sold to the consumers based on the rates negotiated.

Current Price

Bamboo price is named based on their uses viz. industrial price and commercial price.

Industrial Price: Bamboo is supplied to industries by the SFD/ Corporation on the basis of royalty rate. National average rate of royalty is Rs. 1100.00 per ton, while in Andhra Pradesh it is Rs.1430.00 per ton (Kulkarni and Rao, 2002) and in Assam it is Rs. 62.50 per ton. Industrial market prices of bamboo are Rs. 2350, 2840 and 3150 in Bangalore, Kolkata and Hyderabad respectively.

Commercial Prices: In market bamboo is sold in various sizes and in different trade names, mainly on the basis of their uses. Bamboo prices vary, based on its origin, type of species, sizes, length, girth and mode of transportation (supply source to market). 

In India Bamboo is marketed in major cities of every states, but Guwahati is one of the biggest markets in the northeastern region. Based on market survey done by RFRI, Jorhat the current (April, 2002) average prices of prominent bamboo species traded at Guwahati market are as under

Table 3: Average Prices of Bamboo at Guwahati Market (Bamboo Price in Rs.)

	Sl.No
	Species Name
	Trade Name
	Transported Through Water Way (length. 1000-1100 cm)
	Transported by Truck (Length 700 -763 cm.)

	1.
	Bambusa balcooa
	Bholuka bah
	45-60
	40-50

	2.
	Bambusa nutans
	Mokal bah
	30-45
	22-32

	3.
	Bambusa tulda
	Jati bah
	25-32
	20-30


GREGARIOUS FLOWERING OF MULI BAMBOO


It is estimated that about 10 million tons bamboo will be available due to gregarious flowering during the period 2004-2006. For extraction and consumption of this huge quantity efficient planning is required. 

MANPOWER REQUIREMENT FOR EXTRACTION

Bamboo working normally starts in the beginning of October and continues till end of April in the region, in unavoidable circumstances it may be continued in rainy season up to June. Pant, 1984 worked out manpower requirement based on the experience of departmental working in Madhya Pradesh. It comes to 7.5-man days/ton (excluding road construction and other jobs). Yadava (2002) mentioned the man power requirement worked out by HPC (for 90000 MTAD Bamboo) which comes to 20 man days/ ton (Felling, Conversion & Shoulder Haulage 10 / ton, Off Road Transportation 6.0 / ton and Road Construction & Other Jobs 4 / ton). However, Yadava assumed 1.13 man-days per ton for road construction & other jobs for southern part of Assam.


Keeping in mind all above facts and condition of northeastern region, it is assumed that for extracting the huge amount of bamboo available in a shortest possible time, the man power requirement of 2.00 man days/ton for road construction & other jobs is appropriate and sufficient. For extraction of 10 million ton of bamboo the total and per annum manpower requirement are as under.

Table 4: Manpower Requirement for Bamboo Extraction in Man-Days

	Sl. No.
	Item of Work
	Man Days / Ton
	Million Man Days/10 Million Ton.

	1
	Felling, conversion & shoulder haulage
	10
	100

	2
	Off road transportation
	6
	60

	3
	Road construction and other jobs
	2
	20

	
	Total
	18
	180


Table 5: Manpower Requirement for Bamboo Extraction on Yearly Basis

	Sl.No.
	Year of Flowering
	Million Man Days Requirement
	Workers (in million) Requirement on the Basis of 200 Working Days/Annum
	Workers (in million) Requirement on the Basis of 300 Working Days/Annum

	1
	2004-2005
	60
	0.3
	0.2

	2
	2005-2006
	60
	0.3
	0.2

	3
	2006-2007
	60
	0.3
	0.2

	
	Total
	180
	0.9
	0.6


EXPENDITURE ON WAGES

The gregarious bamboo flowering will occur in seven states of northeastern region where the wage rate differs from place to place and the same is worked out every year by competent authority. Assuming wage rate Rs 60.00 per man-day, the per ton expenditure comes to Rs.1080.00 and expenditure for extraction of 10 million ton Bamboo comes to Rs. 10800 million.

CONSUMPTION PATTERN

Kulkarni and Rao (2002) reported that in earlier days, usage of bamboo in furnish to produce paperboard was 50 to 70 %. However, today there is a drastic shift in usage of bamboo by paper mills reducing its usage from 70 % to 10 % per annum. Some mills are going ahead with total hardwood usage in the furnish to produce paper & board and giving up bamboo totally. Presently out of 28 forest raw material based mills, 10-12 paper & board mills are using bamboo. In all 1.394 million tons of bamboo is used along with 4.00 million tons wood to produce 1.30 million tons of pulp per annum. If the paper mills alone increase their annual consumption of bamboo by 10% to 35 %, then only the available quantity of bamboo can be utilized. Besides this, bamboo have multifarious usage and potential market in match industry, agarbatti industry, handicrafts, housing and other usage. Requirement and consumption in these sector may be left to market forces.

VALUATION OF BAMBOO RESOURCES

It is estimated that gregarious flowering of Muli bamboo will occur in an area of about 1.76 million ha. in northeastern states of India between 2004-2006 and 10 million tons bamboo will be available in accessible area. Forest Departments mainly collect revenue by levying royalty on bamboo extraction from areas leased to paper mills and other agencies. In Assam, current royalty rate of Bamboo for HPC paper mills is Rs 62.50 per ton. Based on royalty rate if we assume the bamboo prices to be Rs.60.00/ ton, then the total value of 10 million tons of standing bamboo is Rs. 600. 00 million.

FUTURE STRATEGIES


The expected bamboo flowering by 2006 in northeastern region has drawn the attention of scientists and entrepreneurs, who are in the opinion that strategies should be evolved to put this huge bamboo resource under proper utilization before flowering to overcome losses and adverse environmental consequences. Indeed, despite all limitations and constraints the estimated 10 MT of available bamboo resources can be utilized by taking following suggestion into consideration.

1. Traditional and modern bamboo based industries should be developed and training program for artisans should be organized for optimum utilization of bamboo resources. 

2. Technological advancement of traditional utilization practices may help in preparing more refined marketable products out of the available resources.

3. Industries may be encouraged for on site installation of bamboo chipping and pulping, splitting and small-scale mat units, which can reduce expense on transportation and storage.

4. The cost of installation of such units may be subsidized in terms of reduction of royalty rate. Exemption in duties and levies may attract out side industrial groups in setting up bamboo-based industries in this region.

5. Suitable technology may be developed to overcome the problems in paper and board manufacturing caused by certain quality retarding ingredients of bamboo. 

6. Industries and private entrepreneurs may be assisted in construction of better road and transportation facilities particularly in remote and inaccessible areas.

7. Industries may also be promoted to increase the consumption percentage of bamboo in paper and pulp manufacturing.

8. Possibilities may also be explored to manufacture industrial products having substantial export potential.

9. Better preservation techniques should be adopted at extraction site to prevent the losses by insect pest and diseases during transportation and long term storage.

10. Suitable management plan may be worked out for better silvicultural management and extraction practices of bamboo.

11. While inviting outside industrial groups and other user agencies, their security from antisocial elements may be insured.
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Table 6: Partial List of Bamboo Markets in India

	Sl. No.
	Name of States
	Markets

	1.
	Andhra Pradesh
	Chittoor, Hyderabad, Janaram, Karimnagar, Kothagudem, Mancherial, Rajhamundri, Vijayawada and Warangal

	2.
	Arunachal Pradesh
	Itanagar

	3.
	Assam
	Barpeta Road, Biswanath chariali, Bongaigaon, Dhuburi, Dhola, Diphu, Dhemajee, Goalpara, Golaghat, Guwahati, Haflong, Hailakandi, Jorhat, Jogighopa, Karimganj, Lakhimpur, Lumding, Morigaon Nagaon, Nalbari, Silcher, Tinsukia, Tezpur, Titabor.

	4.
	Bihar
	Daltonganj 

	5.
	Chhattisgarh
	Akaltara, , Bilaspur, Lumani Mungeli, Raipur and Ratanpur

	6.
	Gujarat
	Amreli, Songarh, and Umapada.

	7.
	Haryana
	Ambala, Kurukshetra, Kaithal, Ladwa, Peohwa, Pundri, Radhaur and Sahabad.

	8.
	Jharkhand
	Ranchi

	9.
	Himachal Pradesh
	Baddi, Mandi, Parwanoo, and Una

	10.
	Karanataka
	Bangalore

	11
	Kerala
	Ernakulam, Kannur, Kozhikode, Kottayam, Kasargod, Palakkad, Thrissur, and Wayanad

	12.
	Madhya Pradesh
	Balaghat, Bhopal, Jabalpur, Mandala. Seoni and Shahdol

	13.
	Manipur
	Churachandpur, Imphal, Jirribam, Thoubal and Tamenglong

	14.
	Meghalaya
	Baghmara, Burnihat, Nongpoh, Shillong, Tura and Williamnagar, 

	15.
	Mizoram
	Aizwal, Kolasib, Lungle and Vairengti

	16.
	Nagaland
	Dimapur, Kohima, Mukokchung and Tuli

	17.
	Maharashtra
	Bombay (Thane), Ballarshah, Chandrapur and Nagpur.

	18.
	Orissa
	Calicut, Jeypore and Rayagadha

	19.
	Punjab
	Amritsar, Ajnala, Hosiarpur, Jalandhar, Kapurthala, Ludhiana, and Patiyala.

	20.
	Rajasthan
	Jaipur

	21.
	Sikkim 
	Gangtok and Sewakroad

	22.
	TamilNadu
	Andhiyor, Chennai, Dharampuri, Gobichettipalalayam, Pollachi, Puliampatti, Salem, Sathyamangalam, Trichirapalli and Triupathur 

	23.
	Tripura
	Agratala, Dharamnagar, Udaipur and Teleamura

	24.
	Uttar Pradesh
	Agra, Bareilly, Gorkhpur, Hapur, Jhansi, Kanpur, Karvi, Lalitpur Mirzapur, Nazibabad, Renukoot, Sitapur and Tanakpur,

	25.
	Uttaranchal
	Dehradun, Haldwani, Jwalapur, Khatima and Ramnagar

	26.
	West Bengal
	Kolkata, Hawrah, Misamari and Siliguri
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ABSTRACT
Bamboo has played an integral role in social, cultural, and economic development, especially in Asia, throughout history. The range of traditional uses has varied from housing to music, from food to transport, from agricultural tools to weapons and from basketry to bridges. If promoted extensively, edible bamboo may help solve nutritional deficiency of the rural poor. Bamboo has superior technological qualities thus requiring a proper identification for the manifold utilization. Bamboo can be used in a number of economic activities like making pulp and paper of different quality, bamboo fibre-cement panels, activated carbon and also used as engineering material, construction material, food, medicine and in the fabrication of equipments. The future of bamboo lies in their development for sale in urban and international markets. Development of bamboo products as a substitute for wood is an area of strategic importance and has great potential since this will open up the huge wood market to bamboo. With new technical inputs, marketing finesse and a renewed commitment, bamboo could take on the role as the material of the future.

INTRODUCTION

Bamboos are one of the most important renewable forest produce, which has the capability to produce maximum biomass per unit area and time as compared with other forest species. Bamboo has played an integral role in social, cultural, and economic development, especially in Asia, throughout history. The range of traditional uses has varied from housing to music, from food to transport, from agricultural tools to weapons and from basketry to bridges. Local communities have adapted this versatile material to meet their needs in ingenious and innovative ways. 

Unfortunately, the recent past has seen in many cases, the slow dissolution of these traditions and uses and their replacement by often less sustainable and less culturally or physically appropriate substitutes. Where once bamboo was used; plastic, metals or wood is used now. This has resulted in obvious and direct problems in environmental terms, as deforestation and climate change reflected in obvious economic hardship for bamboo workers. Bamboo is seen as a backward material and unable to compete with other materials. It has also resulted in less discernible, but deeper, changes in terms of cultural and social affinities. This is especially notable in Asia, where bamboo was once known as the source of goodness. 

Yet, it is recognized by a small but growing community of people involved in promotion of bamboo that, with new technical inputs, marketing finesse and a renewed commitment, bamboo could take on the role as the “material of the future”. This is a realistic expectation, given the physical qualities of bamboo and its long and rich history of use.

BAMBOO FLOWERING: THREATS AND CHALLENGES

Bamboo claims a significant status and role in the socio-economy of Northeastern India and national economy as well (Tewari, 1992, Mohan Ram and Tondon, 1997, Seethalakshmi and Kumar, 1998). Out of 23 genera and 126 species of bamboo available in India, 63 species of 20 genera are found in northeast region accounting for 28% of the total bamboo growing area of the country (Biswas, 1988, Rai and Chauhan, 1998). The general consumption pattern of bamboo in India indicates that 35% of bamboo is being consumed by pulp and paper industries while rest 65% is used by locals under cottage, construction, furniture and implement industries. 

Flowering of Bamboos in the intensity of sporadic and gregarious nature has always been looked upon as ill omen leading to significantly adverse social as well as environmental consequences. Most of the bamboo species have a definite schedule of flowering causing death of the flowered clump after seed setting. However, the exact physiological mechanism is not yet known. The consequent increase in seed production reported to increase rat population resulting in the destruction of cultivated crop and creating a situation of climatic disaster like famine and flood. According to an estimate, flowering of Muli bamboo (Melocanna baccifera) with a flowering cycle of 48 years is expected in about 1.76 million ha. area in the northeastern region affecting about 26 million growing bamboo stock by 2004-2007. Due to gregarious flowering, it is estimated that more than 10 million tons of bamboo would be available in accessible area that would need immediate disposal through effective utilization. Flowering of other bamboo species in future may also result a large loss in terms of resource and the environment. This alarming situation may create unprecedented problems in resource management and utilization. 

Flowered bamboos require immediate attention so planning for timely harvest of bamboo and utilization are of utmost importance. In this context, industrial processing and utilization play an important part in efficient and sustained exploitation of bamboo resource and thereby saving huge economic loss in terms of resource destruction. An urgent and immediate policy decision with regard to establishing tie-up with industries engaged in value addition of bamboo could bring in a lot of revenues to the northeastern states. 

INDUSTRIAL UTILIZATION OF BAMBOO

Bamboo has been one of the first materials in the tropical countries used by mankind to increase comfort and well-being. Its wide distribution and availability, rapid growth rate, superior technological properties and its easy handling make bamboo an ideal material for countless uses. Bamboo is sometimes called the poor man’s timber, which is not quite fair; in certain fields of application, bamboo has superior technological qualities. Besides its role as a material for consumer products, bamboo has great potential as a Industrial raw material and structural material with attractive physical properties for meeting the needs effectively and inexpensively. Pulp & paper industry and bamboo craft sector are the two major users of bamboo resources. However, its industrial potential in the manufacture of a number of other value added products like laminated boards, bamboo fibre-cement board, flooring, wood substitute, medicine, food products etc. provides enough opportunity for employment and income generation and at the same time ensures efficient and sustained utilization of available resources.

In the recent past, considerable achievements have been made in commercial exploration of bamboo resources that has opened new vistas for its industrial exploitation. A number of marketable products have been developed out of bamboos that are well appreciated by the consumers all over the world. Since 1970s, China has made great progress in the industrial processing and utilization of bamboo resources and increased the value of bamboo. It is important to note in this connection that bamboo species vary considerably in their properties that suggest their suitability for different products; so, different species of bamboo can be put to various uses based on proper identification of their properties for their manifold utilization. Hence, it is evidently clear that in view of the adequacy of bamboo as raw material for manufacture of numerous value added products, its industrial exploration is of paramount importance. It will lead to the efficient utilization of available bamboo resources needed for the economic development of bamboo growing areas and the country as well and also explore the means and ways for sustainable utilization of huge bamboo resource expected to be available consequent to gregarious flowering. Some of the major industrial utilization of bamboo now a days include pulp & paper, construction, engineering articles, various types of boards, panels, food products, medicines, bamboo charcoal, fabrication of equipments etc.

PULP AND PAPER

The use of bamboo in papermaking had started in China as early as during Jin Dynasty (265-420). Pulp mills using bamboo as raw material exist in several Asian countries. Because of its anatomical structures, bamboo is a suitable material for pulping. The quality of bamboo pulp is considered to be fairly good due to its high fibre content ranging from 40% to 60%. The fibre length of bamboo varies from species to species and with internodal length. Mean values for fibre length differ with species from 1.5 – 4 mm, fibre diameter from 11-19 (m, lumen diameter from 2-4 (m and wall thickness from 4-6 (m. Bamboo fibres are thick walled as compared to other non-wood paper making raw materials. They are more slender than wood fibres, which contribute to the desired smoothness and flexibility. Bamboo constitutes as high as 70% of the total cellulosic material that implies suitability for dissolving pulp and for rayon production. The high content of cellulose make the paper made out of bamboo fine textured, water resistant, ink absorber and fuzzless. Since bamboo contains more impurity than wood, however, cooking is more costly and the pulp is lower (Singh and Guha, 1981). Bamboo pulp has a high tearing strength and compares well with softwood kraft pulp in this respect. Tensile and bursting strength are, however, considerably lower than those of wood pulp. For many purposes, bamboo pulp is mixed with pulp from grass, wood, rag or waste paper. It can be used in the production of newsprint by mixing with ground wood pulp in the ratio of 3:2. Bamboo pulp is suitable for a large variety of paper, e.g., writing, printing, wrapping, tissue etc. It is used for the production of bond paper, ledger-paper, art paper, facial tissue paper, paper for airmail, newsprints etc. The paper prepared from the bamboo pulp compares favourably with ordinary super-calendared paper, printing paper and other conventional paper made from wood pulp. It is capable of withstanding considerable wear and tear and retains its whiteness and brilliance for reasonably long periods. The unbleached pulp can be used for the manufacture of cable-insulations, industrial saturating and toweling papers. Bamboo is also used in rayon and cellophane production. 

In India, besides local consumption substantial demand on bamboo resource comes from pulp and paper industry. Out of the estimated annual production of 9.5 million tons of bamboo, nearly half is consumed by the paper industry. Utilization of bamboo in paper industry has been declined during the last few years; wood and other non-traditional raw materials like rags, waste paper, agricultural waste, etc. partly replace bamboo. Bamboo and hardwoods are reported to constitute 30% and 51% respectively of the raw material for papermaking. The consumption of bamboo for pulping is steadily increasing particularly in India. At present approximately 2.5 million tons of air dried bamboo are being used for paper making in India. Demand is expected to go up further. With the expansion of Indian Paper Industry and falling supplies of bamboo, the industries are forced to mix hardwood pulp with bamboo pulp for the production of paper. Also, the consumption of bamboo for pulp and paper has not increased in some other countries due to the difficulty of collecting the necessary raw material due to the cost of transport and production. 

BAMBOO AS ENGINEERING MATERIAL

Use of bamboo as engineering material aimed to develop the underutilized potential of bamboo as a structural material into its full range of housing and related applications. The activities under the programme should include the following activities.

Model Development for Predicting Strength Properties of Bamboo: As the strength of a bamboo culm is affected by various general and species-specific aspects, the development of a reliable and practicable model so as to ascertain reliably its strength properties.

Development of Testing Manual for the Use of Bamboo in Engineering Applications: With a tensile and flexural strength greater than steel, the intrinsic and unique structural features and properties of bamboo make it an ideal engineering material for the developing countries in which it occurs and /or can be grown. However, the use of bamboo in engineering applications has been limited by the lack of awareness on method for testing bamboo. 

Formulation of a Bamboo Building Code: Formulation of a bamboo building code is essential that will facilitate transfer of knowledge on engineered bamboo housing from the laboratories to the field, and enable architects to incorporate and use bamboo in their building plans. This will ultimately help make improved bamboo houses more readily available.

Formulation of a Code for Disaster-Resistant Bamboo Buildings: On several occasions, the high potential of bamboo for use in disaster-resistant housing has been proved. However, there has been no attempt to gather related data from different sources, analyze these and consolidate the results into a standardized format replicable anywhere in the world. It is, therefore necessary to formulate a code for disaster-resistant bamboo buildings.

Development of Improved Bamboo Scaffolding: In many parts of Asia, Bamboo finds wide use as a material for scaffolding because of the suitability, low cost and easy availability of the material. This application, however, remains geographically limited owing mainly to bamboo’s inherent low durability and the lack of more structured methods of use. As building construction is a continual activity around the world, the development of improved bamboo scaffolding holds immense potential for popularizing and globalizing the usages of bamboo. 

Development of Improved Bamboo Truss Design: Trussing is an important use of bamboo in traditional house construction. However, better and more functional truss designs will be required before bamboo can enter the world of modern construction.

BAMBOO IN CONSTRUCTION

Bamboo has been traditionally and now is extensively used as construction material in many countries with plentiful bamboo resources. It constitutes the principal construction material for building structures, walls, fences and scaffolding in Southeast Asia. Different tribal communities of Northeastern India use bamboo for housing purposes (Laha, 2000). Its wide application as an appropriate building material has been greatly emphasized (Stulz, 1981; Bamboo, 1982; Schreckenbach and Abankwa, 1983). The mechanical properties of the stiff, hollow cylinder with dispersed fibre bundles of high flexibility are ideal for many technological purposes. In Burma and Bangladesh about 50% of all rural houses are made entirely out of bamboo. In Java, the houses are often built with timber as frames and bamboo mats as walls. In Ethiopia, the traditional roundhouse patterns are followed. In Japan, a square form of culm is obtained by putting a wood mould over the developing shoot soon after they emerge from the ground. Such square culms are often used as alcove posts for a tokonoma in a Japanese house.  With the advent of modern building materials, bamboo was forced to beat a retreat. However, there is a renewed interest on bamboo due to its ability to withstand earthquakes and its suitability for emergency housing. Most low-income houses are made of bamboo and a number of them have been standing for over half a century. Some well-finished houses with bamboo frame and foundation and walls covered with earth or cement survive for a much longer period. Bamboo’s image as the poor man’s timber still restricts its wider usage. Fighting against this mental block some architects have designed modern bamboo houses. Such houses owing to their high cost are not within the reach of majority of peoples. Nevertheless, these efforts have succeeded in removing the prejudice of public mind against bamboo as a construction material of the poor. Approval of bamboo as the building material of choice by the upper class is expected to boost its use in other classes of the society also. An increase in demand for bamboo houses will then bring about technological upgrading, which will in turn boost the demand further. 

The use of bamboo for trusses has been elaborated by Janssen (1981). Trusses with a free span of 8 m or more could be built to support roofs of galvanized or fibre cement corrugated sheets. Different types of joints have been designed for the trusses. Bamboo is widely used for scaffolding of high buildings. In several countries, attempts have been made to use bamboo in reinforcement concrete in place of steel. Bamboo Crete is especially suitable for non-load bearing structures like wall panels. The estimated saving in cost in making a concrete slab reinforced with bamboo rather than steel was 30% in India (Purushotham, 1963; Masani et al., 1977).

To realize the potential of bamboo in constructional applications, works need to be done to further examine the technical properties of several important species of bamboo and to identify which species merit further development. New industrial and building products that can be made with bamboo should also be searched out, particularly as a substitute for products that traditionally used timber. Bamboos used for constructing low-cost houses are hardly treated for preservation. Bamboo that goes in to higher income houses gets a chemical treatment, usually using environmentally hazardous chemicals such as pentachlorophenol. The growing environmental concerns have spurred research into eco-friendly preservation methods. It is due to the reason that bamboo has also started to figure in projects aimed at environmental conservation and land reclamation. Bamboo advocates in the world hope that the movement will catch on and provide enough raw material to spark off a bamboo revolution that will change forever the way the society views this wonder plant.

BAMBOO PANEL BOARDS

Bamboo has emerged to stake a claim for timber substitute. Bamboo panels have proved their merit as ideal replacement for wood in several applications. Bamboo culms cut into strips of same size and after dried and milled, they are arranged horizontally or vertically and hot pressed. The processing of the hot pressed boards into final product is the same as with wood floorboards. The products that can be made from laminated bamboo strips include; flooring boards, wallboards, dowels and moldings. These products have the advantage that they are harder wearing than many hardwoods, softwood and particleboard alternatives in the market. Of these products, flooring boards are becoming very popular worldwide, and growing markets have already been established in Japan, Europe and North America. In China alone, there are more than one hundred manufacturers of bamboo flooring boards, with a total output of approximately 10 million square meters. Bamboo flooring provides a unique and sensible solution for interiors- from homes to offices and even basketball courts. Besides the pleasing luster and trademark grain of the bamboo culm, bamboo flooring is resistant to moisture, pressure and damage. It is also flexible, acts as sound insulation, lasts longer than wood and is less expensive.

BAMBOO FIBRE-CEMENT PANELS

There is a keen interest in utilization of bamboo as raw material in industrial production. Bamboo-fibre cement panel is one such product made by combining bamboo fibres and cement to form panels that take advantage of the strength, adhesiveness and anti-corrosiveness of bamboos have proved to be an excellent construction material and partly fulfills its responsibility for protecting the global environment. After five years of research and trial in Java and Indonesia, Ask Corporation have developed the basic technology and the firm is now producing and exporting Ask boards. Japan is currently importing these boards where it is mainly used as a roofing material. Anticipating further demand in Asia, Ask Corp. has been set up in Thailand also to manufacture these panels. While Gigantochloa apus is employed in Indonesia, Dandrocalamus asper is being tried in Thailand with suitable modifications to the manufacturing process It has been estimated that a plantation of 1500-2000 ha will be needed to meet the raw material demand of 40 tons per day for a bamboo fibre-cement plant.

BAMBOO VINEGAR GENERATOR

Bamboo has been suitable for fabrication of vinegar generator for large scale manufacture of vinegar. In the production of desiccated coconut, one of the main waste products is coconut water that can be converted into marketable value added products, such as coconut vinegar through integrated processes. With the use of a vinegar generator made of bamboo culms and using a blend of coconut toddy and coconut water, Ceylon Institute of Scientific and Industrial Research (CISIR), Sri Lanka has successfully produced coconut vinegar. 

BAMBOO AS FOOD

Traditionally, edible bamboos have formed a part of the human diet particularly of the tribal people in the northeastern parts of India. Tender shoots of Dendrocalamus giganteus, D. hamiltonii, D. membranaceus and D. strictus are consumed as vegetable or pickles. In Manipur, Bambusa bambos and D. giganteus are the two main species whose young shoots are used as vegetables. Bamboo shoots are an important daily food for many people in Asian countries especially in China, Japan, Thailand and northeastern India. The tender shoots of B. bambos are pickled and steeped in oil for direct consumption or made into curries. B. polymorpha shoot, with its distinct sweet taste, is considered to be the best in the world for producing quality edible shoots. Crooked tender shoots of B. balcooa are eaten, or preserved through fermentation and drying for later consumption. Bamboo seeds are pickled and used for making beer. The leaves of a number of bamboo species are much valued as fodder, particularly during scarcity. Young bamboo leaves and twigs are the favorite fodder of elephants. Fruits of Melocanna baccifera are devoured by cattle, elephants, pigs, etc. Seeds of B. Bambos, Cephalostachyum pergracile, D. strictus and M. baccifera are extensively consumed by tribal and poor people during famine.

Healthy shoots of bamboo, stunted or even crooked, are used for the preparation of edible products. The outer sheaths are removed and the tender partions are cut into rings or pieces of suitable sizes. Bamboo shoots contain cyanogenic glucoside, which on endogenic hydrolysis yields hydrocyanic acid. Hydrocyanic acid can be removed by steaming the pieces of bamboo shoots. Another toxic constituent, taxiphylin has been reported in the shoots of Guadua sp., B. vulgaris, B. arundinacea, D. giganteus and D. hamiltonii. The toxin can be removed during cooking, by changing the water several times. Soaking thin pieces of shoots in different changes of 2% salt water for several hours will also remove the toxicity. Bamboo shoots are used for the preparation of many edible products like candy, chutney, curry and vinegar, lime and oil pickles.

The nutritive value of bamboo shoots has also been studied by various workers. The average values for various species from different regions for various species are Carbohydrate, 4.5%; protein, 2.6%; fat, 0.3% and ash 0.9% (Young, 1984). Shoots are also a good source of thiamine and a fair source of niacin, two members of vitamin B complex. Analysis of 100 g of edible portion of B. bambos yielded moisture, 88.8 g; protein, 3.9 g; fat, 0.5 g; carbohydrates, 5.7 g and minerals, 1.1 g. Studies have been done on edible shoots and seeds of B. vulgaris and M. baccifera and seeds of B. arundinacea, B. nutans and D. strictus from the point of view of human consumption. In addition, the leaves and shoots of B. arundinacea, B. polymorpha, D. longispathus and M. baccifera were analyzed for supplementing animal feed. The results showed substantial contents of vitamin C and protein. The mineral content sodium, potassium, calcium, magnesium and phosphorous – was also appreciable. The protein content of seeds of B. bambos growing in Orissa was found comparable with wheat, although they were similar to rice in quality. If promoted extensively, edible bamboo may help solve nutritional deficiency of the rural poor.

BAMBOOS AS MEDICINE

Bamboos find various medicinal applications in traditional system of medicines. Extraction of an important drug named Talbashir or Banslochan from the substance accumulated at the hollow internodes of bamboo is well known. Banslochan is reported to have many medicinal properties (Shukla and Das, 1981). It is valued as a stimulant and febrifuge and is said to be useful as a cooling tonic and as an aphrodisiac. It can also be used for the treatment of asthma, cough, paralytic complaints and other debilitating diseases. In China, a decoction of the leaves is fermented and used to treat fevers. When taken with congee (a rice preparation) it is thirst relieving and purifies blood. An extract of leaves is capable of controlling halitosis. Fresh leaves are given to cattle for post-natal cleansing of uterus.  A powder, produced on the surface of young stems of a Chinese bamboo is used for the isolation of a crystalline compound, similar to the female sex hormones. An aqueous extract from bamboo shoots has been found to be superior to conventional media for the culture of certain pathogenic bacteria (Yoshida and Ikejiri, 1950). The extract, when added to tuberculin (a solution of T.B. germs), increases the intensity of responses of the skin test. From mosochiku bamboo, quinone derivatives having antibacterial and hair growth promoting activities have been isolated. They do not have acute toxicity or mutagenic activities (Absuyshi, 1990). The sugar silica from the culms is used as a cooling tonic and an aphrodisiac.

Stems and leaves of Bambusa arundinacea are used in Ayurvedic system of medicine as blood-purifier, in leucoderma and inflammatory conditions. An infusion of the leaves is used as eyewash. It is also given internally for bronchitis, gonorrhoea and fever. The dealcoholized extract of leaves has shown anti-bacterial activity. Its brunt roots are applied to ringworm, bleeding gums, and to painful joints. The black soot deposited on the culms, mixed with lime or even finely powdered coke is applied to cuts and wounds. The bark is used as a cure for eruptions. Tender shoots of Bambusa arundinacea are pickled or steeped in oil for direct consumption or made into curries that are reported to promote the appetite and help in digestion. Buds of the species are reported to show estrogenic activity. Extracts of bud has shown antifertility activity in rats (Menachery and Chandran, 1984; Sethi et al., 1989). In North Lakhimpur forest division of Assam, very soft shoots are used for birth control. A poultice of the young shoots is applied to ulcer for the dislodgement of worms. Leaves are emmenagogue, anthelmintic, astringent and febrifuge. They are mixed with black pepper and common salt and used to check diarrhoea in cattle. They are also given to horses as a remedy for cough and cold. The leaf bud of Bambusa spinosa is used in leprosy, fever and haemoptysis. A decoction of its root is administered in cases of anuria. The sap of Bambusa vulgaris is given as a remedy for phthisis in the Philippines. The astringent bark is used in haemorrhage, nausea and vomiting. The shoots and roots possess diuretic, diaphoretic and emollient properties. Fresh roots mixed with equal parts of tobacco and betel-leaves is macerated in oil and applied to hard tumours. On account of their wide therapeutic properties, various species of bamboos are used in pharmaceutical industries.

BAMBOO ACTIVATED CARBON

Bamboo charcoal is generally used by goldsmiths. Being superior to other charcoals from other sources, it is used in batteries. In Japan, bamboo charcoal is used in gardening, as it is believed to preserve the moisture available to plants. Carbonized filaments made from bamboo can be used as light-giving source for certain purposes (Varmah and Bahadur, 1980). In order to make charcoal out of over matured bamboo and bamboo of low quality, a portable oven was designed (Inoue, 1988). 

Activated carbon from bamboo carbon is a new product developed in recent years. It possesses high absorptive capacity due to its special micro-porous structure. Bamboo carbon has an iodine absorption value of 1160 mg/g and the decolorizing capacity for methylene blue as high as 250 mg/g as indicated in various tests.  For these properties activated bamboo carbon is widely used in foods, medicine, chemical, and metallurgical industries. Bamboo carbon can absorb pigment and foreign substances from solutions and can be used as catalyst, catalyst carrier or directly applied as medicines. Application of activated bamboo carbon in hi-technology areas needs special attention and adequate efforts. 

MISCELLANEOUS USES

Besides the major applications, bamboo has found manifold utilizations in the daily life of mankind for a long time. A list published in Japan in 1903 includes 1048 articles of practical use. Some of the common uses include fences, props for fruit trees, laundry poles, tent poles, electricity poles, flag staffs, oyster raising sticks, ladders, traps for fish and crabs, fishing rods, sport articles, weapons, bows and arrows, umbrella handles, ladies bag, woven cases for lacquer ware, spoons, forks, brooms, sieves, fire-blowing tubes, brushes, water pipes, water buckets, fans, toys, cloth pins, gramophone needles, serving trays, chopsticks, cordage, hair clips, buttons, lampshades, musical instruments, highly prized artistic handicrafts, etc. Bamboo jewellery such as earrings, bracelets or necklaces has a fresh, glistening appearance. Bamboo nails have a good holding power, the round form being superior to the square form and can replace steel fasteners in wooden constructions. Sometimes the culms are bleached to make them more pleasant and ornamental. Certain bamboo articles are almost indispensable to all kinds of farm works, such as irrigation wheels, tool handles, rakes, flails, pumps, threshing boards, etc. Sticks from bamboo are used for carrying heavy goods and their swaying eases the weight on the shoulders. Bowls made out of bamboo culms are used for storing liquors for a special taste. In Japan and China, hoofs made out of bamboo are used for large wooden tubes intended for picking and food processing industries. Bamboo leaves serve as fodder and thatch material. Dried mature leaves are used for deodorizing fish oil. A bamboo powder suitable for use as a deodourizer was prepared by Hirosuke (1990) by dry distilling powdered bamboo of about 12 mesh size and drying the powder of the resultant product in a current of hot air. It has been shown that chips of Phyllostachys pubescens can be converted to a straw substitute, suitable for use as fodder by steaming the chips at a temperature of 1840C at a pressure of 10 kg/sq. cm for 20 minutes (Mizobuchi, 1987).

BAMBOO DEVELOPMENT PROGRAMME IN INDIA

In India, the area under bamboo plantation is reducing gradually, according to the Ministry of Environment. Also, the use of bamboo has declined over the years and the government is concerned that the traditional skills of making bamboo handicrafts may also die out if not encouraged now. Bamboo has already been losing its popularity in parts of Uttar Pradesh, Northeast and Western Ghats. The government has convened a meeting with some industrial houses to build on bamboo’s potential as a major export item. A Bangalore based research organization, the Indian Plywood Research and Training Institute (IPRTI) has shown that building materials can be developed from bamboo. One such building material, the bamboo mat board has been found to be strong and durable. As a part of its attempt to popularize bamboo products, the government has also taken up the membership of INBAR. The Government of the state of Mizoram entered into an agreement with INBAR in March 2000 to advise and provide technical assistance to help develop an integrated bamboo processing industry in the State. With a bamboo resource base with a current productive potential of 3.2 million tons per annum, a small population of only 0.85 million, here are very significant social, economic and environmental benefits that can be realized from the development and utilization of the bamboo resource base in Mizoram.

On the World Environment Day in June 1999, the Prime Minister of India announced a major initiative, committing the Government of India to a comprehensive and integrated programme to develop the bamboo sector in the country. It involves a number of national government ministries and individual state governments and aims to give a major boost to the sector for economic development, income and employment, particularly in the Northeast, where the plentiful natural bamboo resources can be an important vehicle for substantial and widespread economic development. Indeed, the governments of Northeast have greatest interest in developing the sector. Not only do they have the natural capital on which to base such development, but also they have the cultural and traditional associations with the material and crucially, a limited number of alternative options for regional development.

The International Network for Bamboo and Rattan (INBAR), a non-profit international organization established in 1997 by treaty with twenty one sovereign countries as members was recently contracted to provide expert assistance on the UNDP/UNIDO-funded Cane and Bamboo Technological Upgradation and Networking Project in Northeastern India. This large-scale project is being executed by the Department of Science and Technology and aims to provide support for developing and enlarging sustainable handicrafts industries in the Northeastern States by enhancing the access of craftspeople to improved technology and knowledge, employment and income generation opportunities. 

CONCLUSION

Bamboo has great potential as wood substitute and can contribute to reducing the pressure on forest. The long history of the multiple uses of bamboo tends to give the impression that further research effort is needed. In spite of the large amount of processing and utilization information, a number of research areas require attention. To date, much of the processing of bamboo has followed traditional techniques, with little modification and improvement. With new demands and modern end-uses for products, there is now a need to improve the quality and quantity of outputs. One of the most pressing problems affecting the use of bamboo is the post harvest damage, which greatly reduced the sale value of the processed material and limits their application to many end-uses. Research and testings are needed to develop better hand tools for primary processing, as currently there are few tools specifically tailored for bamboo. Despite the emphasis on modernity, there is also a need to examine traditional technologies to identify and revitalize those that have economic potential to enhance livelihood opportunities in rural areas. 

The future of bamboo lies in their development for sale in urban and international markets. However, these markets have requirements for new designs with increased aesthetic and/or utility value. As the urban market develops, there will be an increasing competition between bamboo building and furniture products, other consumer goods and synthetic substitutes. To ensure the long-term viability of the sector and to increase profitability, there is a need to promote innovation and quality control at the micro-enterprise level. In particular, areas that need to be addressed include developing grading standards at various levels of production and processing, documenting and cataloging existing and traditional designs and developing novel designs that use bamboo. Because most bamboo products are hand crafted, there is a strong need to establish and maintain uniform production norms, especially at high production volumes. Hence, implementable strategies should be evolved and in this context following points need immediate attention :

· Designing of marketable product lines keeping in view the demand and trend of global market.

· Technological innovations for production of such items efficiently at the market-friendly price.

· Selling of bamboo products to sustain the production.

· Assuring sustained supply of good quality raw material through improved raw material management. 

· Provisions of round the year transportation system.

· Better integration of pre-processing, processing and ultimate use.

· Manufacturing of higher-end furniture, house-ware and gift items at industrial and village craft centers.

· A workforce capability development and infrastructural support.

The revolution of bamboo products as a substitute for wood is an area of great strategic importance and potential since this will open up the huge wood market to bamboo. Special attention should be paid to the use of bamboo in developing low-cost and quality products, which can play a significant role in the livelihoods and economic development of rural populations and the nation as a whole. At the same time, emphasis on high-end applications is critical, since experience has shown that this plays a major role in changing the social perception of the material and increases its acceptance.
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UTILIZATION OF HARVESTED FLOWERED BAMBOO: SOME OPPORTUNITIES AND CHALLENGES

K. Satyanarayana Rao

Institute of Wood Science and Technology, Bangalore

O

ptimal utilization of harvested flowered bamboo that is expected to be abundantly available in the coming years requires strategic planning and action. The promise, potential and opportunity for bamboo product sector can be realized only through enhancement of the technological base, capacity and absorption. Although bamboo has several uses, much of it is used by the unorganized, informal sector of the Indian economy. Most of the uses (in this sector) are traditional and are of low value. To fully realize the latent skills and vast traditional knowledge (of processes and products) of bamboo, special efforts will have to be made to improve bamboo tools and enhance technology adoption at all stages. Improved technologies produce greater product diversity and improved quality. The vast handicraft sector in China, has today diversified to produce reportedly over 7000 items for home and export markets. Also the full potential of the resource in the North Eastern region cannot be realized unless attention is paid to development of high value industrial products in a focused way. Value added product development is essential to remain competitive, especially with the opening up of the economy and the fast changing market demands that take into account both present demands (market-led) as well as future requirement (market-created activity – i.e. creation of demand for new products with potential).

Some aspects those require immediate consideration are

· Developing/updating information on properties linked to usage (species-wise) for recommending appropriate bamboo for specific end uses

· Developing a mechanism for providing to an interested entrepreneur, information on the location/quantum/raw/graded/pretreated period of availability of such material, the markets, skills, technologies, needed for downstream products

· Carrying out studies on chemical changes in flowered bamboo (useful especially for pulp industry)

· Creating awareness of the benefits of pre-treatment (Prophylactic) especially during transit and storage to avoid material losses (that can be up to 40%) and regular treatments for use in constructional, manufacturing activities. This activity needs to be facilitated by providing a better operational regime

· Encouraging establishment of intermediate processing units (at or in the vicinity of bulk availability) such as a mini mechanical pulping unit, portable chipper, splitting unit, small scale mat units etc., for easier and economic transportation

· Strengthening linkages between research, development and training Institutes, potential entrepreneurs, craft groups, financial Institutions, product designing experts, civil engineers, and other key personnel like contractors, carpenters, handloom weavers etc.

· Diversification of products and introduction of new uses



It is widely acknowledged that the Indian bamboo sector has a great potential for value added industrial products/new uses, which is not realized. Adoption of established technologies, providing ‘catching up’ technologies that may even need to be imported and where necessary technology – leap frogging have been advocated to facilitate the same. Many bamboo based new products/technologies have not reached industrial scale production. Commercialization is not commensurate with the variety of products that ;have been developed. For instance, of the more than 30 panel products developed only a few are currently being marketed. In India, just over 2000 m3 of BMB (Bamboo Mat Board) is industrially produced (compare this with China’s production of over 1,000,000 m3 of panels of various types).

A need, therefore, exists to focus on a few products rather than dissipate energies on a wide variety, taking into consideration the trade and export opportunities and domestic needs. In addition to the Bamboo Mat based boards and products, useful in construction, furniture, making roofing, tremendous scope exists for Research/Development and adoption in manufacture of

· Activated bamboo charcoal (for applications in health, pharmaceutical industries)

· Paraquet for flooring

· Bamboo reinforced plastics

· Bamboo wood – plastic composites

· Bamboo – shoot processing

Technologies in respect of the above that are in various stages of experimentation/refinement/development need to be given an urgent thrust. In the small-scale sector, items like

· Bamboo tooth pricks

· Bamboo match/chop sticks have great potential for immediate application

· Development of uniform standards

· Encouraging paper mills to source bamboo from farm sector

· Strengthening technology transfer efforts and creating an enabling atmosphere for enhancing technology absorption 

· Strengthening market research on problems and opportunities for products, processes and buyers

· Sharing information/knowledge through institutional net working.

The situation that emerged for instance, in Rudrapur, Haryana in the Panel Product sector where strong linkages are forged between cultivators (of poplar), buyers of raw material – processors – manufacturers (producers) – buyers of finished products (end-users) for mutual benefits could prove to be a good model for bamboo sector also.
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BAMBOO UTILIZATION PLAN FOR N.C.HILLS PRECEEDING TO GREGARIOUS FLOWERING
B.C. Langthasa

Assam Forest Department, N. C. Hills Division, Halflong.

G

regarious bamboo flowering in the Northeastern region has been viewed as a periodic natural curse. Preceding the last gregarious bamboo flowering of 1958-1961 a severe drought was noticed. The drought conditions, which began since 1954,resulted in severe food shortage soon after .In the year 1957 the poor villagers were given loans in N.C. Hills by the State Government. This food scarcity continued up to 1970, though with reduced intensity.
It has been observed that after the last gregarious bamboo flowering, the culms of bamboo did not regain the earlier vigour. The main reason for such reduction of size of bamboo culm was biotic interference. Other reasons like edaphic factors, degradation of habitat and reduction in rain intensity as well as distribution may also have affected the growth of bamboo. Due to reduction of jhum cycles in many areas, bamboos do not get time to grow. Such stage of affairs can be seen near Harangajao, Mahur, and Maibang area along the roadside where the bamboos have now turned into the size of reeds. In many places bamboos could not regenerate after the last gregarious bamboo flowering because of buffalo grazing, as because wherever the buffalo moves, its hooves cause damage to the seedlings, which eventually die. Further when the buffalo eats up the shoot of young bamboos it pulls up the whole plant and kills it. Thus in the buffalo grazing area, especially muli bamboos cannot regenerate. Hence, the buffalo numbers must be reduced in the event of bamboo flowering for which enforcement of law may be required for the greater interest of environmental protection. During the previous gregarious bamboo flowering, rat menace was also noticed and drinking water became scare in the region. 

To avoid the difficulties faced during the last bamboo flowering, planning with accurate implementation is awaited. Therefore, the proposal of the “Rain Forest Research Institute” is timely, welcome and praise worthy.

This is an up hill task no doubt, where public participation and involvement is a must. Public awareness and education to enable their active participation in the various schemes being envisaged will ensure the programme executers and managers to achieve the goals set out to mitigate the effects of gregarious bamboo flowering.

PLANNING FOR CLEAR FELLING OF BAMBOOS

For huge quantity of bamboo felling and transportation, involvement of large number of people is required. The people of North Cachar Hills participate in all Government programmes of development but they do not devote their full energy to wards such government programmes. Even an agency like IFAD (International Fund For Agricultural Development), which is working in this area through the local NGOs, has not been able to achieve any positive results so far.


It would be best to plan to train up the local people from now about the bamboo felling and educated them about the consequences of bamboo flowering.

TRAINING PROGRAMME

The training should be organized through the Mauzadars. First of all the Mauzadars and the prominent Gaoburas should be called at one place at a time and be informed about the detailed programmes in their respective Mauzas. This training should be for one day only.

The Detailed Programmes in Respective Mauzas

This training programme may be for two days.

Training Programme for 1st Day 
a) Training on social, cultural and religious issue (i.e. sentiment issue)

b) Imparting education on the consequences of past bamboo flowering

c) Steps to be taken to avoid such consequences.

d) Education about the co-operative movement and its benefit.

e) System of labour organization.

Training Programme for 2nd Day 
a) Training on felling, sectioning, bundling and stacking of bamboo.

b) Measurement, recording and transportation to the transit depot including feeder road construction.

c) Fire protection measures and cleaning of felled bamboo site.

d) Mode of payment for harvested bamboos and other works.

e) Education on economy, utilization of earned money and saving of money through banks. A certificate should be issued to the trainees as an incentive.

LAYING OUT TRANSIT DEPOT

The transit depot should be laid out at the mill yard or at points well communicated by roads. The transit depot should have sufficient space i.e. not less than 5 ha. for bamboo storing. It must be well drained so that no water stagnation takes place at the depot site. Transportation of harvested bamboos should be done by employing local vehicles and local people. They should be given loan through industry department for purchasing vehicles for such purposes.

INSTALLATION OF BAMBOO CHIPPERS AND PULP INDUSTRIES

In N. C. Hills there should be only 6 (six) units of bamboo chippers with 50 tons chipping capacity per each unit. The 6 units should be installed in the following areas.

a.) Langting, b) Maibang, c) Hatikhali, d) Nablaidisa, e) Dehangi and f) Longkhu area.

The pulping factories should be set up at a) Diyungmukh, b) Manderdisa and c) Dittackcherra.

For mat-making and other bamboo works, there should be such units as cottage industries at Lanka, Lumding etc. All the labourers engaged in this extensive bamboo works should be registered in Zonal Registration Office under the N. C. Hills Autonomous Council. Zonal offices should be set up at 1. Diyungmukh, 2) Maibang and 3) Harangajao, under the respective Mauzas.

MANAGEMENT FOR BAMBOO GROWING AREA

The existing management plan has been prepared to get sustained yield on long-term basis to feed the surrounding paper mills and to earn forest revenue by the Government. However, this is insufficient for local economic growth and to maintain the ecological balance. Hence, revision of bamboo management plan is felt necessary.

BAMBOO REGENERATION SCHEME

· The bamboo regeneration of the indigenous spp is a must. The bamboo seeds should be collected from ideal mother plants. The seeds should to be dried up and kept in dry and well-ventilated place in transit. The seeds should be broadcasted in the field after cleaning and light burning in the field. The seeds will germinate within a week if it rains in the field at the time of broadcasting.

· Then the seedlings should be kept free from root shoot competition. Weeding in the bamboo regeneration should be carried out to ensure fast growth of seedlings.

· Introduction of exotic bamboo species should be done. The selected species should be better in quality in comparison to the local species.

· Timber species may also be planted in the bamboo growing area. This may be done either by planting associate trees of bamboo or by replacing with new species.

· The entire forest area of N.C. Hills should be grown with forestry crops and cash crops; horticultural and agricultural crops should be grown in small patches where it is profitable to grow such crops. 
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REGENERATION STRATEGIES FOLLOWING GREGARIOUS FLOWERING OF BAMBOO IN NORTHEAST INDIA

S. Trivedi
, S.Pattanaik, K.C. Pathak P. K. Khatri and K.G. Prasad

Rain Forest Research Institute, Jorhat 

INTRODUCTION

The impending gregarious flowering of Melocanna baccifera in large tracts of the northeast India, estimated to spread over 18 thousand sq. km., has presented a unique opportunity for trying something different. Though gregarious flowering of this species has been a regular phenomenon and the flowering cycle is well documented, in the past the situation was accepted as of natural consequence and the resources were allowed to go waste without any economic consideration and the flowering areas allowed to regenerate with the same germplasm resulting in repetition of the problem after every 48+2 years. The present exercise is aimed at planning for the future with thrust on bringing about a change in the character of the dominant Melocanna baccifera areas to ensure better economic returns and at the same time mitigate the unfavourable consequences of gregarious flowering in the future.

STRATEGY FOR REGENERATION

A two-pronged strategy is suggested for the regeneration of the bamboo areas after flowering(
1) 
Natural regeneration (in steep and inaccessible areas)

2) 
Composite regeneration (in accessible areas)

a) Regulated natural regeneration

b) Bamboo value added regeneration

c) Tree plantation

Natural Regeneration
`
Melocanna baccifera has a vigorous underground rhizome net system, which binds the soil and thus controls and reduces the soil erosion. The great ecological role played by this species will be allowed to continue by encouraging natural regeneration of the species in the steep hill slopes and other inaccessible areas. These areas will not be harvested and the flowered and dead bamboos will be allowed to decompose in the site itself and the natural process of regeneration will be allowed to proceed without any external manipulation.

Composite Regeneration
Under this, it is proposed to cover 50% of the accessible areas through regulated natural regeneration, 30% area through bamboo value added regeneration and the balance 20% area by tree plantation.

Regulated Natural Regeneration
The seeds of Melocanna baccifera are heavy, weighing about 50 grams each, and each culm is capable of yielding unto 5 - 7 kg. seeds. Considering the recorded figure of 70% germination with a viability of 35 days, leaving 50 to 70 clumps per hectare at the time of harvest can ensure adequate stocking. Here, regulated harvest and minimum cultural operations are envisaged to be taken up. 

Bamboo Value Added Regeneration
The productivity (in terms of money) of the Melocanna baccifera bearing flat areas and gentle slopes can be improved by way of introduction of more valuable bamboo species depending on the site and climatic conditions. Following the gregarious flowering, not withstanding the natural regeneration of Melocanna baccifera, a vast tract of land is going to be devoid of any vegetation cover thereby providing an opportunity for species introduction. Besides the improved productivity, the mixed species plantation will break the intensity of Melocanna baccifera flowering in the next cycle.

Tree Plantation

Besides bamboo, it is also proposed to take up tree plantation by selection of tree species as per the agro climatic requirement, in these areas to ensure diversity of vegetation and ensure higher economic returns. Emphasis of selection will be on indigenous species and to a limited extent on promising exotics with proven track record.

SPECIES SELECTION

Selection and introduction of a species always depends on its utility and the edaphic and climatic conditions of the area in which it is to be introduced. The differences among the bamboo species are well documented and their uses are known to the growers. Adequate care needs to be taken for matching the species with its site conditions. Based on their productivity and suitability for various end uses following few species are suggested for introduction (Table-1).

 Table 1: Bamboo Species-Site Matching

	Species
	Altitudinal Requirement

(MSL)
	Edaphic Requirement

	
	
	

	Bambusa balcooa (Bholuka)
	Up to 600 m
	Heavy textured soil with good drainage.

	Bambusa bambos (Katoha)
	Up to 1000 m 
	Flat alluvial soil

	Bambusa nutans (Mokal)
	Up to 1500 m
	Hill slopes, well drained sandy loam to clayey loam soil

	Bambusa polymorpha
	Up to 600 m
	Well drained loamy and riverain alluvial soil

	Bambusa tulda (Jati)
	Up to 1500 m
	Hill slopes and alluvial flat lands

	Bambusa vulgaris
	Up to 1200 m
	Foot hills, tolerates frost and salt

	Dendrocalamus brandisii
	Up to 1300 m
	Calcareous rocks

	Dendrocalamus giganteus
	Up to 1200 m
	Moist hill slopes and flat lands with rich loamy soil.

	Dendrocalamus hamiltonii (Kako)
	Up to 1500 m
	Foot hills, sloping land with fine textured soil

	Guadua spp.
	800-1800 m
	

	Phyllostachys bambusoides

(Apatani)
	More than 2500 m 
	Cool climate with well drained sandy soil

	Phyllostachys pubescens (Moso)
	More than 2500 m
	

	Schizostachyzum polymorphum

(Hill Jati)
	Up to 1000 m
	Moist valleys with cool climate


SOURCE OF PROPAGULES

Excepting the exotics Phyllostachys pubescens and Guadua spp, all other listed species are available in northeast India. Seeds and vegetative propagules will be collected from different provenances and cohorts, not only from northeast India but also from other parts of the country. For introduction of exotics, a collaborative mechanism needs to be evolved involving the key players INBAR, CBTC, RFRI and SFDs.

PREPARATION OF PLANTING STOCK

Raising Nursery from Seeds

This is by far the best method of producing large quantity of seedlings within a very short span of time. Bamboo seeds are very convenient from propagation and transportation point of view. Although gregarious flowering results in the production of a large number of seeds, propagation by seeds is not always practical because of the unusually long flowering cycles of monocarpic bamboos. This is commonly the major limitation. Although sporadic flowering, or off-cycle flowering occurs almost every year, the quantity of seed production is less. However, due to the relatively large number of flowering cohorts, some seeds are always available. This kind of situation is noticed for Bambusa nutans, Bambusa tulda, Bambusa bambos, Dendrocalamus strictus and Dendrocalamus hamiltonii. 

Seed collection will be given utmost priority by establishing on the ground a network of collectors, informants, foresters and researchers. Seeds need to be collected as and when they mature, both from natural forests and homesteads. Generally, bamboo seeds loose their viability within 2-3 months of the harvest. Hence, they should be immediately transported to the designated nurseries of the forest department and immediately sown either directly in polybags or in germination beds. The seed source information should be carefully maintained, as this will give an idea about the productive age of the plantation developed from it and the next probable year of gregarious flowering. Also, this will help in species mixing and cohort mixing within the same species.

Raising Nursery from Vegetative Propagules

Vegetatively, bamboos are propagated through clump divisions, rhizomes, offsets, layering, marcotting, culm cutting, branch cutting and macroproliferation. In general, it has been observed that there is increasing difficulty in producing bamboo propagules as one goes from the rhizome to the culm and to the branch. At the same time, the number of ‘cuttings’ or potential propagules increases (Rao, 1994). For raising large quantity of seedlings within a short span of time, ‘Macroproliferation Technique’ is probably the best method. The technique has been described by Adarsh Kumar (1991, 1992); Adarsh Kumar et al. (1991).

The limitation of this method is its initial dependence on seedlings raised from either seeds or any other vegetative means. The other practical method of mass multiplication is through culm cutting technique. Depending on species, single noded or two noded cuttings taken from 2 year old culms, suitably treated with root inducing hormones, when planted in the month of Feb-May gives reasonably good result. The limitations include (i) large space requirement (ii) fear of flowering and death of plantation in case source materials are taken from old clumps. Hence, vegetative propagation of the same stocks should not be continued for a long period of time and adequate care should be taken while selecting mother clumps. 

Tree Plantation

The rich forest wealth of the northeast offers a broad spectrum of choice for selecting suitable indigenous tree species for the regeneration of selected bamboo flowered areas. Promising exotics can also be tried depending on the economic potential and growth characteristics. The choice will vary from place to place and state to state. A selected list of tree species is as follows

Table –2: List of Tree Species

Amoora rohituka
Anthocephalus cadamba

Dipterocarpus spp.

Duabanga grandiflora

Michelia champaca

Morus laevigata

Phoebe attenuata

Terminalia bellerica

Terminalia chebula

Terminalia myriocarpa

Toona ciliata  

Gmelina arborea

Tectona grandis 
SITE PREPARATION

Closure to Grazing

Bamboo leaves and young bamboo shoots are very palatable to wild herbivores and domestic cattle. Browsing during the initial stage sets back the plant growth and in some cases they are killed. Though the underground rhizome system produces shoot every year, regular and continuous browsing does not allow the plants to take off the ground. Closure to grazing for a period of 3-4 years allows the plants sufficient time to get established. Severe difficulty is faced in establishing plantations in areas infested with wild boars and wild elephants. 

Protection Against Fire

Fire is a common phenomenon during the gregarious flowering of bamboos. This is brought about by the huge accumulation of fire load and the dry & hot conditions prevailing during such times. In one way it is beneficial considering the fact that it clears the land of all debris and provides a clear ground for the natural recruits to come up. However, it destroys most of the seeds dispersed around the flowering clump. Recurring fires in the subsequent years destroys the plants and delays the establishment period. Harvesting of clumps, excepting the seed bearers, prior to flowering and maintenance of fire lines are recommended.

CONCLUSION


The ensuing Bamboo flowering is being taken as a challenge to plan and initiate action in such a way that with minimum manipulation of the habitat, a qualitative and quantitative change is brought about which will ensure sustained economic returns and mitigate the consequences of large scale gregarious flowering by breaking the intensity of flowering in the days to come
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COST OF PRODUCTION

Table 3: Bamboo Nursery for 1 Lakh Seedlings (Vegetative)

	Sl. No. 
	Head
	Cost (in lakh Rs)

	1. 
	Collection of soil, sand, FYM & nursery bed preparation
	3.00

	2. 
	Cost of fertilizer, fungicides, insecticide & hormones
	0.85

	3. 
	Preparation of potting media including polybag cost and filling
	0.60

	4. 
	Purchase of vegetative propagules
	0.25

	5. 
	Planting of propagules in beds 
	0.10

	6. 
	Weeding, irrigation & fertilization 
	0.10

	7. 
	Transfer to polybags 
	0.20

	8. 
	Transportation
	0.20

	
	TOTAL
	6.30

	
	Cost of individual seedling
	Rs. 6.30


Table 4: Cost of Raising 1 Lakh Bamboo Seedling (From Seed and Through Macroproliferation)

	Sl. No.
	Head
	Cost ( in lakh Rs.)

	1
	Collection of soil, sand, FYM & nursery bed preparation
	!.50

	2
	Preparation of potting media including 
	0.20

	3
	Polybag cost 
	0.25

	4
	Filling of Polybags
	0.30

	5
	Cost of seed materials 
	0.10

	6
	Seed planting and macroproliferation
	0.15

	7
	Cost of fertilizer pesticide and fungicide
	0.10

	8
	Irrigation, fertilizer and pesticide spray
	0.15

	9
	Weeding, shifting and grading
	0.15

	
	TOTAL
	2.90

	
	Cost of individual seedling
	Rs.2.90


Table – 5: Root Trainer* Based Tree Nursery for 1 Lakh Seedling

	Sl. No.
	Head
	Cost ( in lakh Rs.)

	1
	Collection of sand, soil and FYM
	1.25

	2
	Cost of fertilizer, fungicides, insecticide 
	0.87

	3
	Sand –soil work
	0.09

	4
	Preparation of potting media
	1.25

	5
	Filling of potting media
	0.11

	6
	Seed purchase and treatment
	0.09

	7
	Weeding, fertilizer application
	0.09

	8
	Seed sowing
	0.06

	9
	Watering
	0.10

	10
	Grading including culling
	0.19

	11
	Transport of seedling
	0.15

	
	TOTAL
	3.13

	
	Cost of individual seedling
	Rs. 3.13


*The cost of root trainers will amount to Rs. 10.80 lakhs for one-lakh seedlings and the cost is recoverable when used for raising 10 lakh seedlings.

Table 6: Cost of Raising Plantation (Per Ha.)

(400 Trees/Ha: Spacement - 5 M X 5 M:  Wages - Rs.70/-Dl)

	Sl. No.
	Head
	0 Year

(In Rs.)
	Ist Year

(In Rs.)
	II year

(In Rs.)

	1. 
	Site clearance
	 + 4200
	
	

	2. 
	Alignment and stacking
	350
	
	

	3. 
	Pit digging
	1400
	
	

	4. 
	Planting & replacement
	700
	100
	

	5. 
	Weeding & soil working
	2100
	2100
	2100

	6. 
	Fertilizer application
	350
	
	

	7. 
	Spray of Insecticide
	350
	
	

	8. 
	Temporary fencing where required
	3500
	
	

	9. 
	Soil & water conservation
	3500
	
	

	10. 
	Material supply (Fertilizer, chemicals)
	3000
	
	

	11. 
	Fire line
	2800
	1400
	1050

	12. 
	Sub Total
	22,250
	3,600
	3,150

	13
	Seedling Cost

I-Bamboo 

i)Vegetative (500x 6.30)

                  ii) Seed        (500x 2.9)

                  II-Tree sp     (500x 3.13)
	3150

1450

1565
	
	

	
	Plantation cost /ha

a) Bamboo (vegetative)

b) Bamboo (seed)

c) Tree sp
	32150

30450

30565
	
	

	
	Regulated natural regeneration

Weeding and soil working

Fire line

Fertilizer and insecticide application

Material supply

TOTAL

GRAND TOTAL
	2100

2800

  700

3000

8600

12100
	2100

1400

3500
	


	Tentative estimate for one unit (100 ha) of Composite Regeneration

1. 50 ha regulated natural regeneration
6,05,000 

2. 30 ha bamboo value added regeneration:


a. Vegetative 10 ha.


3,21,500

b. Seed and macroproliferation 20 ha
6,09,000


3. 20 ha tree plantation.


6,11,300




           TOTAL( (Rs.) 21,46,800


Figure 1: Strategy Flowchart














                               



(((
BAMBOO REGENERATION AFTER GREGARIOUS FLOWERING 

Alind Rastogi
 & K. S. Sethi

Tripura Forest Department

INTRODUCTION

Bamboo flowering is a peculiar phenomenon. In the majority of the bamboos, flowering is not an annual phenomenon, unlike other plants. This flowering may be either periodic or annual. Further, bamboo flowering may be gregarious or sporadic or it may even be of both types. In the case of sporadic flowering, flowering may occur in scattered clumps. It may occur on all the culms of the clump or only annual some culms. The clumps do not die after sporadic flowering. However, in case of Gregarious flowering of bamboo, all the clumps of an area flower and all the culms of the clump also flower. Subsequently all the clumps die. Gregarious flowering generally progresses from one end of the Forest to another in waves .In 2 to 3 years, the entire Forest area would have flowered and all the bamboo clumps would be dead. 

It may be mentioned that offsets/rhizomes taken from a clump would also flower at the same time as that of the parent clump even if it were planted at a long distance away from the parent clump. The life of individual culms has been stated to be not more than 7 years and the average age for attaining maximum maturity for the culms is about 5 to 6 years. 

Inspite of investigations into the physiology of bamboo flowering in different countries, this phenomenon is not yet fully understood. As stated above, a portion of the rhizome planted far away from the parent clump still maintained the physiological cycle of the parent clump. Obviously, some kind of biological clock seems to be operative, but its mechanism remains unknown. Therefore, manipulation of this important biological phenomenon does not seem possible at the present. However, it is possible to overcome the sudden stoppage in supplies due to this natural phenomenon. This involves evolving a strategy wherein bamboos of different origins and different regions with different flowering cycles may be introduced. This would ensure that during gregarious flowering of a particular bamboo in any area, other bamboos from different flowering cycles, which are currently in vegetative state, would always be available. 

It is because of this peculiar flowering habit, that it has drawn the attention of natural resource managers, since it affects regular supplies of this strategic natural resource.

The majority of bamboo species flower after long intervals and require careful management for its proper regeneration e.g. Melocanna baccifera (Muli bamboo) is estimated to flower every 40-45 years. The last recorded Muli bamboo gregarious flowering in Tripura took place in the years 1958 and 1959.

Currently gregarious flower of Muli bamboo is occurring in Tripura. Last year there has been large scale flowering of Muli bamboo in Sabroom area of Bagafa Forest Division, Kumarghat in Kailashahar Forest Division and Dhamcherra, Dasda, Laljhuri, Jampui in Kanchanpur Forest Division in North Tripura. This year too, flowering is reported from parts of West Tripura and North Tripura. 

Since Muli bamboo covers the maximum area in Tripura, flowering and subsequent death of such large bamboo areas pose a major concern for the Tripura Forest Department. Muli bamboo plays an extremely important role, both in the rural as well as the urban economy of the State. It is an important raw material both for construction and for handicrafts and generates large-scale employment for the Tribal poor living in Forest villages as well as for traders and artisans who are dependent on the utilization of this important natural resource. Since gregarious flowering will greatly affect the continuous supply of this important resource, it is important to initiate appropriate measures for successful regeneration both through natural and artificial means.

THE APPROACH

(A) Protection of Natural Regeneration

Profuse natural regeneration of bamboos occurs soon after gregarious flowering. The area in the vicinity of the flowered clump is full of young seedlings. Under natural conditions establishment of bamboo may take up to 6 to 9 years. During this period protection against grazing and fire is absolutely essential. Therefore, watchers may be engaged in vulnerable areas at least for the first 3 years to protect against fire and grazing. 

(B) Minimizing the Fire Hazard

After flowering the bamboo clumps die .In the dry season, these are highly inflammable. In case of accidental fire, the natural regeneration is likely to be damaged heavily. Therefore, it is important that at least 60% to70% of the crop should be harvested immediately .The balance 30% to 40% of the crop has to be left to provide a light shade for the natural regeneration (seedlings), which is helpful to protect them from drought and frost. 

(C) Taking up Artificial Regeneration

Since bamboo is an important natural resource, bamboo flowering also provides the rare opportunity of taking up large-scale plantation programmes to augment the supplies of this natural resource. Muli bamboo seed is the size of a small apple with a pointed tip like a top. Fresh seed usually gives very good germination. Since the germinating embryo has access to large amount of reserve food material, the young plant establishes quickly in plantations and success is very good provided the area is kept free from grazing by cattle. Therefore, fencing becomes an important input in such bamboo plantations. 

MANAGEMENT OF NATURAL REGENERATION

As already mentioned, profuse natural regeneration comes up after gregarious flowering. However, the young seedlings are very susceptible to damage by grazing and fire. Therefore, it is recommended that in such areas of natural regeneration, fencing must be provided to keep the cattle out. Firewatchers must also be engaged specially during the dry season when these areas become susceptible to fire damage. The fire hazard is compounded by the fact that the bamboo clumps die after flowering. These dry bamboos are highly inflammable and in case of fire, natural regeneration is likely to be damaged. However, at the same time, the young seedlings require some overhead shade to prevent them from desiccation. Therefore there has to be a trade off between the dried bamboo culms that should be removed immediately after flowering and those that are left behind to provide some over head shade .It has been proposed that 60-70% of the crop should be harvested immediately, and the balance 30% - 40% should be left to provide a light overhead shade for the young seedlings. 

During the gregarious flowering, it is expected that the rodent population would explode. An inter departmental meeting chaired by the Chief Secretary was held in Tripura and it was decided that the Agriculture Department would keep a close watch on the rodent population and also undertake measures for killing rats so that these rats do not eat away the crops etc. The ICAT Department of Tripura Government has also been requested for awareness generation amongst the people through its extension and publicity wing. 

ARTIFICIAL REGENERATION

(A) Through Muli Bamboo Seed

Artificial regeneration of Muli bamboo is to be done through seed. Our experience shows that artificial regeneration of this species through see is very successful. Previous efforts to go in for Muli bamboo artificial regeneration through planting rhizomes have not been very successful on a large-scale. This is because the rhizome generally gets damaged during collection, transportation and planting stages. The result is poor survival and establishment. Rhizomes plantations on large-scale are also much more expensive. Therefore availability of Muli bamboo seed provides a very good opportunity for increasing Muli bamboo area through artificial regeneration. The following steps may be followed for raising Muli Bamboo plantations:

1. Regarding collection of Muli bamboo seed, it is advised to ensure minimum time lapse between seed collection and seed sowing, as Muli bamboo seed does not store well and starts rotting early under storage conditions. A maximum time lapse of about a month between collection and sowing is recommended .The concerned DFOs in whose jurisdiction Muli bamboo has flowered, should keep a close watch on maturation of Muli bamboo seed to ensure timely collection before the seeds starts sprouting. When Muli bamboo seeds mature, the seed may turn grayish or brownish from green or reddish. Once sprouting starts, collection and transportations will damage the emerging roots and shoots, making it unfit for plantation. Therefore timely collection is essential. 

During transportation care should be taken during handling to ensure that the seed is not bruised or damaged as this will invite fungal infection and seed will deteriorate. During storage, if possible seed may be spread out and allowed good ventilation, as this will ensure seed health and viability. 

2. Since Muli bamboo flowering is expected to occur next year also, DFOs may not like to raise any nursery of Muli bamboo for this propose as sufficient seed is expected to be available in the state in the coming year also. Besides carrying of seedlings is much costlier than that of seeds. 

3. Regarding spacing and pit size, the recommended pit size is 30cm X 30cm X 30cm at spacing of 2m X 2m with 2500 pits per ha. Two mature seeds of muli bamboo may be sown in each pit in a horizontal position. They should be covered with 1” – 3” inches of soil. The pits should be filled making a small mound (so that on onset of rain it becomes level with the ground) to avoid any water stagnation as this will result in rotting of the seeds. Care should be taken to ensure that the seeds sown are mature seeds.

4. Since the Muli bamboo seedlings are susceptible to grazing necessary arrangements should be made to provide protection such as fencing etc.
(B) Through Node Cuttings

An effort has is also been made in Tripura for undertaking plantations of Bari Bamboo (Bambusa polymorpha) through node cuttings. This species is one of the big bamboos and in great demand in our State especially for posts etc. It can also be easily propagated through node cuttings. This bamboo is usually grown in homesteads in Tripura, and each culm may cost anywhere between Rs. 30/- to Rs. 40/-. For vegetative propagation, single node cuttings are taken from one-year-old culms and sown in mother beds. The buds from this node sprout and developed into rhizomes. These young plantlets are then lifted from the mother beds and planted into polybags from where they are then out planted into the plantations. This work has recently been taken up and we need to assess the large-scale success of this practice in the coming years. However, it may be pointed out that available literature clearly suggests this to be a practical artificial regeneration strategy.

The Tripura Forest Department is also introducing Bambusa bamboos and Dendrocalamus strictus in a limited way. Bambusa bambos is a giant bamboo and it is expected to meet the demand for bamboo posts. However, its drawback is that its thorny. Dendrocalamus strictus though grows in the drier parts of the country, but few clumps previously planted in our State are doing well and this bamboo is being utilize for posts and for making Agarbati sticks .It being a solid bamboo, it is suited for both these uses. 

RESEARCH & DOCUMENTATION

The Research Division of Tripura Forest Department is collaborating up with RFRI, Jorhat and cohort mapping and documentation of bamboo flowering of different species is being undertaken. This will form the basis of planning for bamboo management in the coming years. Ex-situ conservation of germplasm of Muli bamboo flowering of different cohorts has been taken up in separate plots by the Tripura Forest Research Division. The year 2001 flowering cohort germplasm has been raised at a plot at Hatipara Research Station, Agartala. 

RFRI, Jorhat has undertaken bamboo improvement programme by selecting plus clumps of various species of bamboo and, in the coming year they shall be establishing a demonstration plot in Tripura. 
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ENERGY PLANTATION: A STRATEFGY SUBSEQUENT TO GREGARIOUS BAMBOO FLOWERING IN NORTHEAST INDIA

A. Chandra
, H. Mishra and P. Hazarika

Rain Forest Research Institute, P.O.Box-136, Jorhat.

INTRODUCTION

Bamboo is a boon for the people of northeast India. Apart from other uses such as papermaking, housing, fencing, handicrafts, etc., it contributes a substantial share to the total fuelwood consumption in the region. People mainly exploit fuelwood for cooking and heating, other purposes where it is used are community function and cremation. Owing to imbalance in the demand and supply of the fuel wood, forests and other plantations such bamboo stead is under great threat. According to FSI Report (1995), about 86 million tons of fuelwood is being removed from the forests and plantations of India every year in excess of what they are capable of producing on sustainable basis. Although bamboo is not considered preferred species for fuelwood, its share in the total fuelwood wood consumption is significantly high. In the Jorhat district bamboo contributes about 20 % of the total fuelwood consumption. 

It is well known that bamboo flowering takes place simultaneously in all the plantation of a particular species. This time it is estimated that Melocanna baccifera which could flower in 2004-2005 in an area of 18 thousand sq. km. If no adequate strategy is framed the whole biomass will be wasted and the cycle will repeat again and again. After flowering, about 7 years of time period is required to harvest first crop of bamboo. Question arise how sustainable supply of bamboo can be maintained and how excess available bamboo material can effectively be utilized? It is sure that scarcity of bamboo will affect extraction of other commercially important tree species.

The above situation can be mitigated through energy plantation of the suitable species in bamboo-cleared area and the excess material available after flowering can directly be used or can be converted into material which later be used as fuel energy. This paper seeks the possibility of energy plantation in the area subsequent to the bamboo flowering and how the available bamboo can be used.

AREA AVAILABLE FOLLOWING BAMBOO FLOWERING

The estimated forest area under bamboo in India is nearly 8.96 million hectares which counts 11.7% of the recorded forest area and 14.01 % of forest cover (Rai and Chauhan, 1998). In northeast India alone nearly 2.31 million hectares is under bamboo. It is estimated that the gregarious flowering of Melocanna baccifera (Muli) will occur in an area of 18,000 sq. km in the states of Mizoram, Manipur, Tripura, Assam and Meghalaya. It is also estimated that about 25.95 million tons of bamboo will flower and only 10 million tons of bamboo occur in the accessible areas (Tiwari, 1996). 

PRESENT REGENERATION METHOD

At present no strategy has been made for effective utilization of bamboo and regeneration of abandoned area. After flowering all the bamboo die. Out of this, some materials available in the vicinity of well-connected road are absorbed in paper, plywood and other small-scale domestic industries. However, in the remote hilly areas it is left in ground for decaying, in this way  huge bamboo resources are wasted. Area is usually left for the natural regeneration, which takes about 6-7 years to regenerate. In this period, it is difficult to sustain the supply of bamboo. 

RATIONALE FOR ENERGY PLANTATION 

As mentioned earlier that in the northeast India people relies on bamboo as a source of fuelwood. It is mainly because of the fact that they do not have suitable species of fuelwood. It is estimated that a total of 35 broad leaf species of fuelwood and 3 bamboo species (Bambusa tulda, B. nutans and B. balcooa) are being used by the people of Jorhat district. Bamboo contributes nearly 20 per cent of the total consumption of fuelwood in Jorhat district (Anonymous, 2001). It is therefore imperative that people raise suitable fuelwood species in their own area.  After the bamboo flowering a large area will be available which can also be utilized for raising energy plantation. In case of Melocanna baccifera (Muli), about 60 per cent of area is inaccessible. It is therefore proposed that about 10 % of the bamboo area should be demarcated for energy plantation.

ENERGY PLANTATION IN BAMBOO AREA 

1. Pure Energy Plantation

In the rural areas, fuelwood is the only source of energy. Villagers mainly exploit it from forest and community land hence putting tremendous pressure on it. Therefore, it is proposed that some of the bamboo area near to villages should be assigned for the pure energy plantation. People can easily fulfill their fuelwood demand from that. It will not only save premature harvesting of bamboo and other commercial tree species but also save villagers’ time and labour. 

2.
Composite Energy Plantation

In this case bamboo species can be raised with short rotation energy plantation crop. After flowering, it takes about 6-7 year to harvest first bamboo crop. During this period fuelwood can be collected from the area. After the establishment of plantation, fuel wood species can be removed. 

SPECIES SELECTION

In order to obtain sustained high yields of energy feedstock, it is necessary to concentrate on tree species with high growth rate. In 1973, Szego and Kemp calculated that with photosynthesis conversion efficiencies of 0.4 per cent and rotations of 5 to 15 years, energy production could be completive fuel costs. Criteria for selection of species is given hereunder

1. Fast growing and short rotation

2. Coppicing ability

3. Calorific value

4. Easy to grow and hardy

5. Indigenous 

It is utmost important that in energy plantation priority should be given to indigenous species. In case of exotic species the risk of their weediness is very high. Therefore as far as possible indigenous species should be tried (Anonymous, 1980). A number of fast growing species of tree and shrub should be identified for the different agroclimatic zones of the northeast. An evaluation trial involving 20 species conducted at the Naharoni Research Station of Rain Forest Research Institute, indicated the suitability of the following species on the basis of survival, growth and biomass for Upper Assam region (Chandra et al, 2002, Chandra et al, 2002a)

S. No. 
Local Name 

Scientific Name 

1.

Morallia


Mallotus albus
2. 

Kadam


Anthocephalus cadamba 

3. 

Medulla


Tephrosia candida

4. 

Ghora Neem

Melia azadarach

5. 

Sotiana


Alstonia scholaris

BAMBOO UTILIZATION AFTER FLOWERING

As mentioned earlier a huge quantity of bamboo will be available after flowering, if not used properly it will go waste. There are a number of industries where bamboo is utilized such as papermaking, plywood, handicraft, etc. Paper industry is the major consumer of muli bamboo, however, it cannot use the whole bamboo at a time. At present we do not have sufficient infrastructure to use the full potential of available material. It is difficult to save bamboo from decaying after 4 months in this part of India. It is also not possible to open new bamboo based industries, as initial cost is very high. Therefore, it is essential that feasibility of bamboo for other purposes should be sought. 

DIRECT COMBUSTION

Bamboo biomass can be used in direct combustion either for heating or cooking purpose. Apart from use in cooking, it can also be utilized for the generation of electricity in the rural area. By its nature direct combustion demands raw material with moisture content limited to no more than 15 % and hence drying is usually necessary.

PYROLYSIS

Harvested material cannot be stored for longer period, as the risk of decaying is very high. It is therefore important to convert the material to some other form so that it can be used for much longer duration, one such process is pyrolysis. It is the physical and chemical decomposition of organic matter brought about by heating in the absence of air. In practice many process involve some admission of air, which results in partial combustion to achieve the temperatures required. Pyrolysis takes place at temperature from 200oC to 1100oC, usually at atmospheric pressure but in some processes high pressures are also required. The products of pyrolysis are charcoal, liquid distillate containing oils and chemicals and a gaseous fraction containing hydrogen, carbon monoxide, carbon dioxide, hydrocarbons and nitrogen. Harvested bamboo can be converted into charcoal and it can be stored for longer period. It is well known material used in the northeast. Apart from heating, it is also used in purification of water. Setting of Charcoal unit in rural area is not difficult task. A number of charcoal units are running all over the northeast. Initial cost of installation is low and technical know-how is also available in the villages. The excess material can be transported to other part of the country. For rough calculation, it may be assumed that the typical yields of pyrolysis are around 30-35% charcoal, 20% organic liquids, 20% gas, with the following average yields from1000kg of dry wood with a calorific value of 20 GJ/t. (Giga Joule/ton)

CONCLUSION

Situation emerging out of bamboo flowering can be mitigated up to certain extent with a option of energy plantation. The main problem is the regeneration of the bamboo flowered area. Timely plantation of suitable energy plantation species in combination with bamboo can sustain supply of the fuelwood in some of the area. It is essential to identify suitable fuelwood species for different agro climatic zones of Northeast India. Harvested bamboo can be directly used for fuelwood purposes or can be converted into charcoal which can be used later or transported to other parts of the country. It would not only reduce the burden on other economically important species but also help in generation of  additional income to the villagers. 
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BAMBOO FLOWERING - STATUS OF INFORMATION AND FUTURE RESEARCH REQUIREMENTS

K. K. Seethalakshmi
 and V. P. Raveendran

Kerala Forest Research Institute, Peechi 680 653, Kerala

INTRODUCTION

The importance of bamboo as a valuable raw material has been emphasized and the need for development of bamboo resources are enlighten in many recent reports, conferences and workshops. There are extensive programmes initiated all over India for enhancement and sustainable utilization of bamboo resources to meet the requirement of bamboo raw material for various sectors like handicrafts, industries, construction, agricultural uses etc. Attempts are also made to popularise bamboo as a farm crop and promote bamboo planting in private and community lands in addition to the plantation programmes implemented under various schemes by State Forest Departments. One major hindering in the bamboo resource development is the non-availability of seeds for production of planting stock due to the peculiar nature of flowering of bamboos. 

FLOWERING OF BAMBOOS

As per the flowering behaviour three types viz - annual or continuous flowering, gregarious or periodic flowering and sporadic or irregular flowering have been reported among bamboos. Unfortunately most of the commercial bamboo species belong the periodic or gregarious flowering group. They grow for decades and reproduce vegetatively and at the end of a pre-determined definite period flowering starts synchronously in all the daughter clumps originated from one parent clump even if they are widely separated geographically. In majority of the bamboo species, the flowered clumps dry after seed set. The flowering interval of periodically flowering bamboos varies from three to one hundred and twenty years. Compilation of flowering cycles of some of the bamboo species has been done (Banik, 1995, Seethalakshmi and Kumar 1998). Information on flowering of important species of India is given in Table 1.

MECHANISM OF BAMBOO FLOWERING

The exact physiological mechanism of bamboo flowering is yet not known precisely. Different evolutionary hypothesis are put forward to explain bamboo flowering. They are 1. Parental competition hypothesis - Bamboos form extensive continuous stands with very little canopy gaps.  When flowering and seeding occurs competition from parent clumps will be very high for the development of seedling. Hence the evolutionary trend is the death of parent clumps giving space to the offspring. 2. Consumer satiation hypothesis - Very large numbers of seed predators are reported for bamboos and this hypothesis suggests that bamboo produces large quantity of seeds to satiate them. For the production of large quantity of seeds, storage of food reserves takes long time. 3. Climatic periodicity hypothesis - Bamboo flowering is associated with climatic factors like drought. These entire hypotheses remain controversial. But it is a fact that there is a periodicity for flowering which is species based.

PREDICTION AND CONTROL OF FLOWERING

Based on the experience of practicing foresters, some indications to predict the occurrence of flowering in D. strictus had been reported.  They are (1) the branches tend to be stunted and bushy (2) production of new shoots stops (3) colour of the stem becomes dull and all the freshness and vigour disappears giving a pale appearance (4) in several cases yellow/whitish vertical streaks develop on the stem (Quereishi, 1983, Negi 1986, Prasad, 1987). Regarding the production of new shoots the reports are controversial since new shoot production was reported prior to flowering from Orissa (Mohapatra, 1968). These need to be further investigated in multi-locations.
Scanty information is available on the efforts made for control of bamboo flowering. Most of it is on Dendrocalamus strictus, which exhibits a lot of  irregularities with regard to flowering like abnormal flowering of 1-2 year old seedlings and frequent sporadic flowering. These include cultural operations like tending, soil mounting, application of fertilizers etc. So far none of them are successful in regulating flowering. Inconsistent results without proper scientific basis is the out come of most of these studies and they remain unpublished. 

CHEMICAL CHANGES ASSOCIATED WITH FLOWERING

Chemical changes include the accumulation of starch in the rhizome or a large reserve of sugar or other such substances in the plant tissues. Flowering occurs soon after these changes have taken place. Once these changes had occurred physical damages like cutting of the culms is not able to stop it. In such cases the stool shoots produce flowers and fertile seeds (Deogun, 1940). An analysis of carbohydrate, reducing sugars, (-cellulose, hemi-cellulose, lignin profiles, ash and moisture contents were carried out recently using the samples from sporadic flowering from Maharashtra to follow the chemical changes that accompany flowering and death of bamboos (Garg et al, 1998). Total carbohydrates had marginally increased during flowering and reduced significantly thereafter. The outflow of carbohydrates into seeds could be accounted for the difference. A cent-per-cent increase in reducing sugars was found during flowering and the level was negligible after seed formation and there was not much outflow in to seeds. Perhaps reducing sugars might have contributed for the formation of starch in seeds. On the contrary the level of (-cellulose and hemi-cellulose reduced during flowering and death. Of the chemical changes followed changes in lignin profile was most interesting. There was no change during flowering but during post flowering period 40% increase was found with very little partition to seeds. The high lignin content has been suspected as one of the factor causing the death of flowered bamboo. The moisture content reduced by 33% during flowering and 90% after flowering and there was only negligible change in ash content. The change moisture content may possibly reflect as an osmotic shock.

MANAGEMENT OF FLOWERED AREAS

A two-way approach has been taken for management of flowered bamboo areas. During the past when bamboo was considered as a weed the flowered areas were converted to non-bamboo areas by planting other fire hardy species. Recently to retain it as bamboo areas management practices like protection of seedlings from fire, grazing and weeds have been done. Closure of the area for grazing had beneficial effect on regeneration and one report indicate that occurrence of fire had enhanced regeneration due to the damage to other fire sensitive species.

UTILIZATION OF FLOWERED BAMBOO

Flowered bamboos are suitable for making paper pulp even when they are cut a year or two after seed fall. D. strictus which had flowered 4 years previously was quite good for paper pulp and even gave better yield of paper per ton. The quality of paper was good as that from non-flowered culms, although comparatively longer digestion was necessary though the total quantity of culm used for digestion was the same (Bakshi et al, 1968).

RESEARCH REQUIREMENTS

Cohort Mapping for Prediction of Flowering

The information available on flowering is only on some of the species and there are gaps in the flowering records. When flowering occurs the exact area should be marked and a map using GIS should be generated. Currently most of the flowering cycles are arrived from the to consecutive flowering records from the same location. The locations should be restricted to small area. When the location is mentioned as a state, for eg. In Kerala there are at least five cohorts of the species B. bambos. The flowering interval can be miscalculated as the interval between flowerings of two cohorts.

Establishment of Seed Stores and Bamboo Nurseries

There is lot of misidentification and wrong supply of non-viable seeds of bamboos. Although storage methods are known for orthodox bamboo seeds it has not been practiced. Authentic seed stores and nurseries should be established in various locations with the help of forest departments and research institutes. These stores and nurseries in due course should be able to label cohort and flowering year of the seed/seedling stock they supply to customers.

Physiological, Biochemical and Molecular Aspects of Flowering

Detailed laboratory investigations need to be carried out with a time frame from seedling stage till the onset of flowering (can say from seed-seed) to follow the changes occurring prior to flowering. With the knowledge on these aspects regulation of flowering will be possible. 

Reproductive Biology

In many species scattered in small locations seed set is not observed while flowering. This may be due to various reasons like lack of proper development of the florets, dichogamy, lack of pollination or seed predation. Whatever is the reason some of the cohorts or even rare bamboo species is lost like this. The information on reproductive biology of bamboo is restricted to 4 - 5 species. Flowering without seed set is observed in many species like B. balcooa, B. vulgaris, Pseudoxytenanthera stoksii etc. Detailed investigation is required at least in priority species.

Identification of Rare Genotypes, Micro-Propagation and Hybridisation

It was observed that some clumps escape death after flowering without setting much seed. At one end the flowered clumps die and on the other end they produce new shoots and revert to vegetative phase. Such individuals are found in Dendrocalamus giganteus and Pseudoxytenanthera stocksii. These genotypes should be identified while flowering occurs and they should be multiplied vegetatively through macro or micro-propagation. Similarly when different species flower at the same time hybrids can also be developed.

Permanent Observation Plots

Sample areas should be earmarked as permanent observation plots for long-term studies. From these plots observations can be made on the duration of flowering, time taken for seed set and seed fall, reproductive biology of the species, pollinators, predators, quantity of seed produced, seed germination under natural conditions, time taken for formation of extractable bamboos, effect of weeds, grazing, and most important of all year of next flowering. 

Quality of Flowered Bamboo and Storage Methods

One report has indicated that flowered bamboo is usable for paper and the quality seems to be better. The chemical changes in flowered bamboo should be studies in detail and methods to store them should be developed. If preservative treatment could be developed for flowered bamboo they can be stocked for long term. 

Development of Bamboo Seed Food

Bamboo seed is rich in starch and proteins and are similar to wheat or paddy.  A variety of edible commodities consisting of bamboo seed powder can be produced from the enormous quantity of seeds available during gregarious flowering through the existing food processing units in the county. Collection centres and semi-processing units can be established in localities where flowering is expected. This will help to use large quantity of seeds produced and regulate the natural regeneration. 
Table 1: Years of Flowering of Important Indian Bamboos

	Species
	Locality
	Years

	Bambusa bambos
	Malabar
	1804, 1836, 1866, 1982*, 1992*, 1996*, 2001*

	
	Kanara
	1878, 1912, 2001* 

	
	Dehra Dun
	1836,1881,1936 

	
	Brazil (introduced)
	1836, 1868, 1899 

	Bambusa polymorpha
	Burma
	1860, 1940 

	Dendrocalamus giganteus
	Burma, Sri Lanka
	1831,1908 

	Dendrocalamus hamiltonii
	Assam
	1905, 1912, 1956 

	Dendrocalamus strictus
	Assam
	1879, 1922,1966 

	Melocanna bambusoides
	Mizo Hills, Assam
	1863, 1892, 1900 1933,1960, 2001*

	
	Lushai Hills, Assam
	1864, 1911 

	
	Chittagong, Pakistan
	1863, 1908, 1958 

	Ochlandra travancorica
	Travancore
	1875, 1882, 1982*, 1998-2001*. 2002*

	Thyrsostachys oliveri
	Burma
	1891, 1939 


* Based on information collected by KFRI
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ince the beginning of civilization, cultivation and utilization of bamboo are linked with mankind. At one time, when large tracts of natural forests were cleared for raising plantations, bamboos were considered as obnoxious weed, but now, even in the modern age of civilization, the demand of bamboos are increasing manifold. Due to its fast growth, easy propagation, soil binding property and short period for their maturity, bamboo is an ideal species for use in afforestation, soil conservation and social forestry programme.

Bamboos are very unevenly distributed in the tropics, subtropics and mild temperate regions of the world, from sea level up to an elevation of 4000 m (Soderstrom and Calderon, 1979). Eastern and Southern Asia are the center of bamboo distribution. According to Sharma (1980) and Soderstrom and Ellis (1982) the total number of bamboo is represented by 75 genera and 1250 species. Almost all the species of bamboos are woody and fast growing. The herbaceous bamboos are mostly confined to the tropical and subtropical regions of South America. 

BAMBOO DIVERSITY IN INDIA


In bamboo production, India ranks next to China with a production of 323000 tons per year (Pathak, 1989). The diversity of genetic resources of bamboo is very rich in India. It has a wide range of distribution forming an understorey in several forest types. India has large reserves of bamboos, which covers about 12.8% of the total forest area of the country (Sharma, 1980). Sharma (1980) has reported nearly 136 species of bamboos under 20 genera. Varmah & Bahadur (1980) have reported about 100 species, of which 10 species are commercially exploited generating revenue worth Rs. 66776 million per annum. The estimated annual production of dried bamboos is 3.23 million tons, which is about one fifth of total wood production of the country.

BAMBOO RESOURCES IN NORTH EAST REGION OF INDIA

North Eastern Region of India is very rich in bamboo diversity. It includes as many as 63 species under 15 genera (Biswas 1988). Thomas et al. (1985) have reported 55 species under 15 genera. This shows that approximately 50% of the total bamboo species reported from India are from Northeastern region. 



In the natural forests, bamboo forms an understorey /mixture with other tree species and generally there are no pure natural bamboo stands. However, it develops as a pure crop (a successional species) as a result of clear felling of natural forests – either for regeneration purposes or in abandoned areas where shifting cultivation has been practiced. 



Assessment of bamboos, involving information on the extent of area over which bamboo species occur, their density, exact growing stock, total availability etc. have not been made till today. Only few data are available in this regard. Being an understorey in the natural forest, it is difficult to obtain a clear picture by aerial survey and the assessment is either done by ground or serial survey. Again, this assessment has been upset by subsequent gregarious flowering and death of bamboo clumps following seeding. Regeneration and establishment of seedlings take fairly long time and seedlings have to face various factors like grazing and fires during course of development.

BAMBOO FLOWERING


The flowering of bamboo is a strange phenomenon, which is not yet well understood. On the basis of their flowering behaviour, Brandis (1906) divided bamboos into three major groups. These are:

1.  Those that flower gregariously and periodically. 

2.  Those that flower annually or nearly so.

3.  Those that flower irregularly.


However, a species may exhibit more than one type of flowering behaviour (McClure, 1966). According to Kurz (1876) Malayan and Indian bamboos, belonging to genera - Bambusa and Dendrocalamus, flowers in a range of 25 to 35 years; whereas according to Ueda (1960), in case of non-clump forming bamboos the range is 60-120 years. However, most of the species flower gregariously between 15-60 years.

Variations in flowering periodicity have also been observed among the population and individual clumps within the same species. Again, in addition to the gregarious habit of flowering, Bambusa bambos, B. nutans, B. tulda, Dendrocalamus hamiltonii etc., showed sporadic flowering in isolated clumps or in small groups of clumps.



The period between two gregarious flowerings of the same area is believed to be constant for a species and thus establishing its life cycle. This period is called the physiological cycle and depending upon the seed origin, the physiological cycle varies. Clumps formed naturally following a particular flowering or plantations established from the seeds of those particular flowering forms a cohort. Clumps belonging to a cohort flower simultaneously depending on the physiological cycle of that species. 


When a bamboo starts flowering, it produces new flowers instead of leaves or only few fresh leaves are produced, growth is stunted and new culm production is less or totally stopped. Bamboos are typically anemophilous and are considered to be out breeders. However, Kondas et al. (1973) and Venkatesh (1984) have reported that some of the species may be self-compatible. Self-compatibility has some advantages particularly during sporadic flowering when pollen for cross-pollination is scarce or not available. The author has observed the flowering of the following species (Table 1).
STRATEGY FOR MANAGEMENT OF BAMBOO FLOWERING

Gregarious flowering in bamboo has tremendous impact on the management of bamboo forests. When bamboo flowers gregariously, it is a great concern for the forest managers since such flowering affects the sustained supply of this natural resource. But we should consider bamboo flowering as natural bamboo renewal process rather than loss of this natural resource. As this is a natural process, nature takes adequate care in the continuation of the species by the production of large quantities of seeds. Even after destruction of seeds by various factors, still there will be enough seeds on the forest floor for natural regeneration. If adequate care is taken in seed collection, harvesting etc. the output of bamboo clumps in the flowering year compensates the lean years that follows a flowering till the new crop reaches its maturity. On account of gregarious flowering, following steps are suggested for the management of bamboo resources.

Table 1: Observations of Bamboo Flowering by the Author. 

	Name of Species
	Nature of Flowering
	Year of flowering
	Area of flowering

	Bambusa bambos
	Sporadic
	1997-1998
	Nalbari (Assam)

	B. nutans
	Sporadic
	1997-1998
	Lakhimpur (Assam)

	B. balcooa
	Sporadic
	1996-1997

1998-1999
	Jorhat (Assam)



	Dendrocalamus hamiltonii
	Sporadic
	1997-1998
	Golaghat (Assam)

	D. hamiltonii
	Gregarious
	1996-1997
	Assam/Arunachal Pradesh border

	D. hamiltonii
	Gregarious
	1994-1995
	Nagaland/Assam border 

	D. hamiltonii
	Gregarious
	1997-1998
	N.C. Hills (Assam), Meghalaya.

	D. hamiltonii
	Gregarious
	2000-2001
	Deopahar (Numaligarh) Assam

	Melocanna baccifera
	Sporadic
	2000-2001
	Jorhat (Assam)

	*M. baccifera
	Gregarious
	2000-2001
	Tripura


* Source: Forest Department, Tripura 

SEED COLLECTION AND STORAGE
Usually there is great demand for bamboo seeds as it is very important both commercially and socially. It is therefore necessary to collect as much seeds as possible. Careful collection is necessary, otherwise they may be destructed by various factors such as predators (Chicken, ducks etc.) in the homestead and rats, wild boar etc. in the natural forests. Birds and squirrels also eat seeds while on the plant. Seeds can be collected both from the clumps and from the ground. Seeds of Melocanna baccifera exhibit viviparous germination hence it is necessary to collect such seeds at an early stage. 


As seeds from different cohorts are not available at the same time, to prevent simultaneous flowering of all clumps, seedlings or rhizome from different cohorts can be mixed together while taking up large-scale plantations. Thus the seedlings of a species having different flowering cycles can be maintained. 

The seeds should be stored by appropriate storage method to retain their viability. Wherever it is not feasible to store the seeds, they should be sown immediately in a nursery even when there is no immediate requirement of seedlings. For future use, these seedlings can be multiplied and maintained in small size by the process of macroproliferation (seedling multiplication). 

Harvesting of Clumps
After gregarious flowering all clumps die, hence it is necessary to harvest the flowered clumps as early as possible. Delay in harvesting may cause loss due to rotting and fire and it will affect natural regeneration. Again, when the sign of flowering appear, at least 70% of the clumps should be harvested and the balance 30% clumps (plus clumps) can be retained for production of seeds and to provide a light shade for successful natural regeneration after seed fall.  

The harvested clumps should immediately be transported to the nearest depot because leaving the clumps on the forest floor increases fire hazard. This needs additional support for transport, additional depots, arrangement for sale and additional supplies to paper mills etc. 

Protection of Regeneration of Bamboo Areas
Protection of regenerated bamboo seedlings in flowered area is most important for the future of the bamboo stand. Since abundant seed is available near the flowered clumps, sufficient regeneration usually occur in areas except where soil is deficient or soil surface is too hard. 

Grazing and fire are most detrimental to seedling regeneration. Therefore, the areas should be protected from grazing and fire. This can be done by involving local people. If required, additional people as grazing watchers and fire-watchers may be employed.

CONTROL OF FLOWERING


Since flowering in most of bamboo results in death of flowering clump, there may be tremendous loss to bamboo areas (both in plantation and in natural bamboo forests) Dajun and Shao-Jin (1987) suggested that whenever old culms show first sign of flowering, these should be immediately cut off and large quantities of nitrogen should be applied to the underground parts to circumvent flowering. In China, vigorous groves of bamboo, over 200 year old, have been maintained by carefully controlling their flowering behaviour (Dajun and Shao-Jin, l.c.) 

CREATION OF RHIZOME BANK AND ARTIFICIAL REGENERATION

Creation of rhizome bank and artificial regeneration is necessary in the areas where natural regeneration is lacking. Plantation of rhizomes of different cohorts of the species or even rhizomes of different species suitable for the area should be worked out. Rhizomes of Bambusa tulda, B. nutans, B. balcooa may be planted. Suggestions may be made for plantation of indigenous tree species. The suggested species for artificial regeneration are Michelia champaca, Dipterocarpus turbinatus, Amoora rohituka, A. wallichii, Phoebe attenuata, Ailanthus grandis, Duabanga grandiflora, Mesua ferrea etc. For plantation of these species 5x5 m spacing is suggested. Thus we may regenerate the gregarious flowered area both with naturally and artificially by following suitable management practices.
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INTRODUCTION

Bamboo is one of the most useful plants on earth. It is an important raw material of multipurpose use from rural to urban to industry. It is used from cradle to coffin. Bamboo is called as ‘poor man’s timber’. It is used for food, building materials, medicine, musical instruments, paper, clothing, transportation, and many other functions. 

The bamboo, a giant grass flower once in a lifetime with completion of its physiological maturity ranging from species wise in a gap of 20-75 years. In gregarious flowering it is seen that almost all the culms of a species start flowering at the same season regardless the locality, which may be due to origination from same rhizome. Flowering of bamboo associates with some local believes that ‘gregarious flowering invites famine to the area’, ‘flowering of bamboo increases the population of rodents’. But whatever may be the consequences of believes, when a species of bamboo flower gregariously, the whole culms die afterward resulting to an acute shortage of green bamboo of the said species for use.

There are long term impacts on environmental, social, economic and political situation of any country or region or state due to gregarious flowering. Even political setup of any state or region may be changed due gregarious flowering. This paper discusses some aspects of environmental, social, economic and political impacts due to gregarious bamboo flowering.

BAMBOO FLOWERING AND FAMINE

Flowering of bamboo is considered as bad omen in the society. It is believed that bamboo flowering is accompanied with wide spread famine. This bears some element of truth but the root cause is something different. When bamboo plants flower, they produce a large volume of seeds, which are a source of food for many predators, especially rats. As masses of flowering bamboo produce this natural bounty, rats are attracted to the area. Fortified by the protein-rich seeds, they multiply rapidly. But the supply of bamboo seeds is limited. When it is exhausted, armies of these marauding rodents turn their attention to standing crops, devouring acres of rice, potatoes, and sweet potatoes within a few days. As a result, local peasants, who are fully dependant on agriculture for their sustenance, are subject to famine. In India, the North Eastern states particularly Mizoram suffered from worst famine arising out of bamboo flowering in the past. Gregarious flowering in Mizoram in 1959 caused widespread damage from 1961 through 1965 covering an area of 21,000 square kilometers (12,482 square miles) and affecting a population of more than 700,000 (Bagla, 2001).

BAMBOO FLWERING AND POLITICS

It is hard to believe that bamboo flowering can also change the political scenario of a particular state or a region. Mizoram is the classic example of this. It was in 1959 that the bamboo bushes in the then Lushai Hills district of Assam suddenly started to bloom. The older and wiser Mizos said it was a bad omen and that famine was imminent. The local administration sent frantic reports about this to Shillong, the then capital of Assam. But there was simply no response. A cashier in the local district council office, named Laldenga, was then an energetic young man with undisputed leadership qualities. He organized some youths to help the tribals fight the famine. His group was soon christened the Mizo National Famine Front (MNFF), and a large number of volunteers joined its ranks to participate in relief work. The MNFF under Laldenga first carried out relief work, but after the famine had passed, it was converted into a political group. The failure of the government to respond favorably to the problems faced by Mizo hill men was the single factor that made it popular locally. Laldenga’s group soon took up arms. The name of the organization was changed to the Mizo National Front (MNF), and, in due course, it demanded secession from India. The rest is history, the MNF fought and armed struggle against the Indian government for nearly two decades until the Mizo Accord was signed in 1986.

BAMBOO FLOWERING AND WILDLIFE

Gregarious flowering of bamboo has definite bearing on the wildlife. There are sudden spurt in population of rats after flowering. This astronomical increase in number of rats leads to widespread famine. There are some animals, which depend partially or wholly on young leaves, twigs and stems of bamboos for their food habit. For example, young bamboo leaves and twigs are favorite fodder of elephant. Pigs also eat on young rhizomes and shoot of bamboo. The mountain gorilla of eastern Congo and Zaire depend largely on upon the tender stems particularly of Arundinaria sp (Anon. 1988). The giant panda of western China, which was adopted as symbol of World Wide Fund (WWF), feed almost exclusively on soft stem and foliage of species of Bambusa and Dendrocalamus (Anon. 1988a). Flowering of bamboo make scarcity of this food item and deprived of this animal from their share of natural food source. Unfortunately, periodic flowering of bamboo is one of the main reasons of declining giant panda population (Anon. 1988). Buffalo population also may reduce on the event of bamboo flowering. 

BAMBOO FLOWERING AND INDUSTRY

In India about 35% of bamboo is being consumed by paper and pulp industries while rest 65% is used by locals under cottage, construction, furniture, implement industries. Thousands of people are earning their livelihood directly or indirectly from bamboo industries - whether it is pulp and paper industries or handicraft industries. The flowering of bamboo will have devastating effect of those paper and pulp industries, which solely depend on bamboo as raw material. 

DAMAGE IN STORAGE

Generally after gregarious flowering bamboo culms die and it requires immediate harvesting. Delay in harvesting may result in loss due to damage by natural agencies. The large scale harvesting, which is inventible after gregarious flowering create an additional problem of disposal besides normal extraction.  Storage of huge quantity of bamboo for a long period results in heavy economic loss for damage caused by microorganisms mainly decay fungi (Dwivedi, 1988). 

Bamboos are generally found to be stored in outside localities in most of the pulp and paper industries for few weeks to about a year. During the storage these exposed to all the natural hazards. Bamboos on ground contact are rapidly colonized by large range of / varieties of microorganisms, mainly fungi.

Although bamboo is one of the strongest and structural raw materials available, it is easily susceptible to fungal decay and bio-deterioration during storage and the strength of bamboo deteriorates rapidly with the onset of fungal decay. The possibility of deterioration increases more in tropical humid areas. During the storage for up to 12 months about 20-25% damage of culms has been reported from India (Varma and Bahadur, 1980). Different types of fungi attack the bamboo where rotting fungi are responsible for large extent of damage in stored bamboo. Mainly three types of rot are found in bamboo- white rot, brown rot and soft rot, which damage the different component of bamboo culms. White rot and soft rot cause more serious damage than brown rot to bamboo. In white rot both lignin and cellulose are attacked. In brown rot cellulose and its associates, pentosans are attacked, while lignin remain unaffected. In soft rot, cellulose is removed like in brown rot but the mechanism of action on the cell wall is different.

Decay and deterioration has been considered a serious position in bamboo culms stored for making pulp. Decay fungi seriously affect the pulp yield (up to 25% loss over one year) and pulp strength is reduced by 15-40% (Guha and Chandra 1979; Bakshi et al 1960).

Some identified decay fungi recorded in different bamboo species are: Amaunoderma ragosum, Apiospora montagnei, Cribaria intricata, Cyathus limbatus, Daedalia flavida, F. hypoplastus, Flammula dilepsis, Fomes durux, Fomes lividas, Fomes pactinatus, Irpex flavus, Lacellina graminicola, Lenzites elegans, Merullus sp., P. grammocephalus, P. rhozomorph, P. tenuiculus, Phellinus gilrus, Pleurotus sp. Polyporus zonalis, Polystictus steinheilianus, Poria diversispora, S. lateritium, S. leptospermum, Schizophyllum commune, Sphaerostilbe bambusae, Sporidesmium nilgirense,Stilbum erythrocehalum, Tetraploa aristata, Thelophora palmata, Trametes corugata, Trametes persoonii, Tremella fuciformis , Valsaria bambusae etc.
MANAGEMENT DURING STORAGE

The damage in bamboo by microbial agents during outside open storage can be checked to a grate extent by adopting good management practice such as systematic storage on a ‘first on first off basis’ (Guha and Chandra, 1979). Culms should be stacked horizontally on high brick platform or stacked horizontally over raised wall with good water drainage and air circulation facility. However, the most effective method of protecting the bamboos against deterioration is by giving prophylactic treatment by spraying dilute preservative solution on bamboo stacks 2 to 3 times during a year.

The following chemicals were suggested for the prophylactic treatment of bamboo at the coverage of 24 liter per ton (Satish Kumar and Dobryal, (1988).

1. Sodium pentaclorophenate, 1% solution.

2. Boric acid + Borax (1:1), 2% solution.

3. Sodium pentaclorophenate + Boric acid + Borax (0.5:1:1), 2.5% solution.

A mixture of these compounds gives the best result. Spraying can be very easily carried out with fire tenders with fine spray nozzle. Even if spraying in pulp yield alone are considered cost benefit ration is over 1:30.

An economical treatment of bamboo was considered to be with 2.5% solution of Boric acid: Borax: Sodium pentaclorophenate (1:1: 0.5) where in both fungal and borer attack would be minimized (Satish Kumar and Dobryal, 1990).

CONCLUSION

Gregarious flowering of bamboo is natural process. Science has to date not been able to explain how the same message is passed to bamboo clumps separated by hundreds of kilometers to flower at the same time. This remains as a botanical enigma. But proper strategies must be adopted well in advance so that there is no outbreak of famine after bamboo flowering and there is proper management of huge resources that will be available after flowering. The policy makers should plan in such way that maximum amount of bamboo can be harvested and utilized. The industries must be prepared to withstand the shock of oversupply of raw materials within a limited period of time.

REFERENCES

Anonymous (1988). Endangered Species. The Image Bank, pp 20.

Anonymous (1988a). The Wealth of India. Raw Materials, 2:B, Council of Scientific and Industrial Research, New Delhi, pp 25.

Bagla, P. (2001). India girds for famine linked with flowering of bamboo. National Geographic News (Internet Edition), June 22, pp 4.

Bakshi, B. K., Guha, S. R. D., and S. Gupta (1960). Effect of fungal damage to bamboo in the yield and quality of pulp. Pulp Research and India, 5(2): 38-39.

Dwivedi, A. P. (1988). Gregarious flowering in Dendrocalamus strictus in Shahdol (Madhya Pradesh) - Some management consideration. Indian Forester, 114(9): 532-538.

Guha, S. R. D. and A. Chandra (1979). Studies on the decay of bamboo (Dendrocalamus strictus) during the outside storage – I. Effect of preservatives, II. Effect in pulping qualities. Indian Forester, 105(4): 293-300.

Jamaluddin, Khan, S. N. & R. K. Tiwari (1999). Fungi on bamboo from India. Journal of Tropical Forestry, 15:285-301.

Mohanon, C. (1997). Diseases of Bamboos in Asia – An Illustrated Manual. International Development Research Center, pp 288.

Satish Kumar & P. B. Dobryal (1988). Preservative treatment of bamboo for structural uses. In Proceedings of the International Bamboo Workshop, Nov. 14-18, pp 199-206.

Satish Kumar & P. B. Dobryal (1990). Management of biodegradation of timber logs and bamboos during storage. A review for Indian conditions. Journal of Timber Development Association (India), 36(3).

(((
BAMBOO RESOURCE IN NORTH EASTERN INDIA: STATUS, RESEARCH AND MANAGEMENT ISSUES

N.P. Melkania

Indian Grassland and Fodder Research Institute, Jhansi 284 003

ABSTRACT

Bamboo is a ligneous grass having both timber and non-timber utility. It inhabits both wild lands (forests) and domesticated lands (farmland, homesteads, etc.). The North Eastern region of India is the richest repository of bamboo resource, compared to any other part of the country. In this contribution, an attempt has been made to overview the status of bamboo in the North Eastern India. Nearly 80 per cent of the bamboo biomass is used locally by the indigenous people in the region for socio-economic and cultural needs. Some important research and management issues are outlined to facilitate bamboo-based economic development in this region.

INTRODUCTION

The North Eastern region of India, comprising the states Arunachal Pradesh, Assam, Manipur, Meghalaya, Mizoram, Nagaland, Sikkim, Tripura and Darjeeling district of West Bengal represents a complex biome inhabited by a large number of indigenous (tribal) communities with different linguistic, socio-economic and cultural background and practicing semi-nomadic to settled agrarian farming systems. The 255000 sq. km. area of the North Eastern region of India, which comprises just 7.7 per cent of India’s total area, is the home of more than 100 cultures of the indigenous people. The region enjoys a range of agro-climates varying between tropical rain forest type to alpine cold arid environ. Such a diverse anthropogenic and agro-climatic heterogeneity have played an important role in maintaining rich biodiversity of varied plant forms and animal categories besides unique microbes in the forest and rangeland ecosystems. Among the North Eastern states, Arunachal Pradesh alone constitutes 60 per cent of the total area of the region and has a strategic importance as well, as whole of the Northern side of this state is occupied by China, North Eastern side by Myanmar, South Western side by Bhutan and the Western side by Nagaland state of India. It has been identified as one of the hot spot of biodiversity globally. Bamboo contributes significantly in the floral biodiversity of the entire North Eastern region. In this paper, the status of bamboo diversity, its uses and research and managerial issues are discussed so as to boost the bamboo resource development in this unique and opportunity - rich region of the country.
DISTRIBUTION


Bamboo is a ligneous grass. It occupies a significant position and role in the socio-economy of the indigenous people in the North Eastern India and national economy as well (Tiwari 1992, Mohan Ram and Tandon 1997, Seethalakshmi and Kumar 1998). Use of bamboo varies from domestic non-timer and timber needs to the commercial purpose as raw material for cottage and pulp industries (Adkoli 1991). India stands second largest producer and richest in diversity of bamboo in the world, next to China (Bahadur and Jain 1981). In an estimate, about 50 per cent of the total bamboo resource of India is accounted for the North Eastern region (Adkoli 1996), about 4590 sq. km area is occupied by bamboo in Arunachal Pradesh alone - the major state for bamboo and cane in the North Eastern region. Most of the bamboo is available in the forests. Home gardens and backyard plantations under individual ownership and community bamboo groves and plantations also contribute significantly in meeting the domestic demand of the people. The indigenous communities meticulously protect and guard bamboo plantations from grazing, fire and thefts. In Brahmaputra Valley of Assam, bamboo groves are common in agricultural land, terrace risers or field bunds. In hills, bamboo generally colonizes faster in the lower hill slops than that of the higher hill regions.

Champion and Seth (1968) classified bamboo land as seral type secondary moist and dry brakes occurring in the interfered areas of evergreen and semi-evergreen forests. Bamboos are more usually present in the wet evergreen areas receiving rainfall 600-2000 m. annually. But continuous bamboo forests in a large area unlike Mizoram are scanty in Arunachal Pradesh. The estimated forest area under bamboo in India is nearly 8.96 million ha which comprises of 11.7 per cent of the recorded forest area and 14.01 per cent of forest cover (Rai and Chauhan 1998). The status of bamboo resource in the North Eastern region is enumerated in Table 1.

Table 1: Status of Bamboo Resource in North Eastern Region of India

	State
	Bamboo Growing Area

(Sq. km.)
	Bamboo Growing Stock

(Million tons)

	Mizoram
	9210
	10.89

	Assam
	8213
	13.41

	Arunachal Pradesh
	4590
	9.84

	Manipur
	3692
	11.47

	Meghalaya
	3102
	4.41

	Tripura
	939
	0.86

	Nagaland
	758
	3.66

	Total
	30504
	54.53


The recurrent jhum (shifting) cultivation, especially in the tropical wet evergreen and semi-evergreen forest areas in the region has facilitated secondary succession and thereby developed considerable bamboo land. It is estimated that recuperation cycle in such areas in more than 60 years and encompasses stages like weed (e.g., Imperata cylindrica) to bamboo (typically Melocanna baccifera) to shrubs and trees (Rao and Ramakrishnan 1987).  The privately – owned bamboo plantations are mainly comprised of highly demanding species, viz., Bambusa tulda, B. balcooa, Dendrocalamus hamiltonii, D. giganteus, Pseudostachyum polymorphum, Cephalostachyum pergracile and Phyllostachys bambusoides, etc. 

STATUS OF DIVERSITY


The status of bamboo diversity in North Eastern region in given in Tables 2 and 3. Of the 23 genera and 126 species available in India, 63 species (50%) of 20 genera (87%) are harboured by forests and degraded (forest) lands in the North Eastern region. State Arunachal Pradesh alone in the North Eastern Region, harbours 88 per cent generic and 59 per cent species diversity at the regional level, which in the highest in the entire North Eastern India (Table 4). Out of 34 species, 24 species are cultivated/planted by the indigenous people. Pleioblastus simonii and Arundinaria maling are endemic to Arunachal Pradesh. The diversity among prominent genera is recorded as: Bambusa (16 species), Arundinaria (12 species), Schizostachyum (10 species), Dendrocalamus (9 species) and Cephalostachyum (5 species). The most commonly available bamboo species at the regional level are Bambusa balcooa, B. nutans, B. pallida, B. tulda, Cephalostachyum capitatum, Dendrocalamus hamiltonii, D. hookeri, and Melocanna baccifera. Bambusa mastersii, Dendrocalamus sahnii, Pleioblastus simonii and Teinostachyum helferii are reported to be rare and endangered species. Bambusa tulda, B. pallida, B. nutans and B. balcooa are endemic to the North Eastern region and B. polymorpha and B. cacharensis are endemic only to Tripura and North Cachar district of Assam. B. khasiana is available exclusively in Arunachal Pradesh in wild with occasional frequency. The remaining species are non-native cultivated ones. D. hamiltonii and D. hookeri are abundant at different altitudes in the entire region. Semi-cultivated D. giganteus and semi-wild D. sikkimensis are available in low frequency. D. sahnii is a rare bamboo available at Zoram, Lower Subansiri district of Arunachal Pradesh. D. longispathus is a non-native cultivated species. Cephalostachyum is represented by C. fuschianum - a scandant wild hill bamboo available frequently in Siang, C. pergracile – a non-native cultivated bamboo and an unidentified species (Akashi Ganga local) from West Siang, Arunachal Pradesh. Chimonobambusa is represented by spiny bamboo (at nodes) earlier grouped under genus Arundinaria. C. griffithiana and C. callosa occur frequently as wild in the mid high elevational zone of Siang and Subansiri districts while Chimonobambusa armata is a rare bamboo along Ziro to Daporijo road in Lower Subansiri district of Arunachal Pradesh.

Table 2: Bamboo Diversity in the North Eastern Region.

	Genera

(No.)
	Species

(No.)
	Remarks
	Reference

	10
	48
	
	Gamble (1891)

	16
	58
	
	Varmah and Bahadur (1981)

	15
	54
	
	Shukla (1988)

	14
	40
	8 species different from Shukla (1986)
	Haridasan et al. (1986)

	1
	1
	Pleioblastus simonii - a rare species from Talle Valley of Arunachal Pradesh
	Naithani and Bahadur (1988)

	1
	4
	New record from Assam
	Barooah and Borthakur (2001)


References are identified in Kochhar et al. (1992).

Table 3: Generic Diversity of Bamboo in the Indian North Eastern Region.

	Genera
	Species No.

	Bambusa
	12 + 4 = 16

	Dendrocalamus
	6

	Cephalostachyum
	3

	Chimonobambusa
	2

	Arundinaria
	2

	Phyllostachys
	2

	Pseudostachyum
	1

	Teinostachyum
	1

	Unconfirmed Status

	Local Name
	Location
	Probable Taxa

	Khupri
	Medziphema, Nagaland
	Bambusa

	Muli Bah
	Karbi Anglong, Assam
	A biotype of B. pallida

	Akashi Ganga local 
	Basa, Assam
	Cephalostachyum


Source: Kochhar et al. 1992 and Baruah and Borthakur 2001

Table 4: Bamboo Diversity in Arunachal Pradesh, North Eastern India

	Region
	Genera
	Species
	Source

	Arunachal Pradesh
	14
	34
	Haridasan et al. (1987)

	North Eastern Region
	16
	58
	Bahadur and Jain (1981)

	India
	23
	125
	Varmah and Bahadur (1986)

	World
	75
	1250
	



Dendrocalamus giganteus (vern. Worra in Assam and Maroobob in Manipur) in frequently cultivated in Arunachal Pradesh, Assam, Manipur, Nagaland and West Bengal hills. It is proven to be a better raw material for pulp (Tewari 1994).

Arundinaria and Phyllostachys are represented by two species each. A. hirsuta is cultivated in Shillong for house construction and farm fences, and P. assamica is cultivated in lower Subansiri district (Zoram, Hapoli and Ziro areas) in Arunachal Pradesh for timber cane. A. mannii and P. mannii have ethno-religious significance in the lower hills of Arunachal Pradesh. Pseudostachyum polymorphum is wild and frequently available at lower elevations along with valleys in the entire region. It is widely used for making rope, fence and walking sticks. Teinostachyum helferii is rare bamboo available along the road to Pashighat in West Siang district of Arunachal Pradesh. Kochhar et al. (1992) have also reported some bamboos which are botanically unconfirmed (Khupri from Medziphema, Nagaland; Muli Bah from Karbi Along district, Assam). Melocanna baccifera (syn. M. bambusoides) is endemic to south part of North Eastern region. Oxytenanthera, a tropical bamboo of Western Ghats and Malabar hills, is also cultivated in frequency in the North Eastern region. Pleioblastus simonii, a rare bamboo, has been reported for the first time in India from Talle Valley of Lower Subansiri district in Arunachal Pradesh. A non-clump forming bamboo, Phyllostachys bambusoides, commonly known as Apatani bamboo, is a runner type with stolons, and available only in the Apatani Valley at Ziro in Arunachal Pradesh in the entire North Eastern region.

Lalramnghinglova (1999) reported 20 species of bamboo belonging to nine genera from Mizoram. Both monopodial (Bambusa khasiana, Melocanna baccifera, etc.) and sympodial (Dinochloa compactiflorus, etc.) bamboo are available in the state. Bambusa tulda and Dendrocalamus longispathus usually inter-clump in some forest areas. Melocanna baccifera is the predominant bamboo in this state.

In the Barak Valley of Assam, Melocanna baccifera is the predominant bamboo, followed by T. dollooa (occurrence 72.36 per cent and 13.21 per cent, respectively).  Recently, Barooah and Borthakur (2001) reported four new species of Bambusa from Assam, viz., Bambusa assamica commonly cultivated in lower Assam, B. barpatharica common in Lakhimpur district and cultivated sporadically in upper Assam, B. garuchokua cultivated sporadically all over Assam and B. rangaensis wild in range reserve forest of Lakhimpur district.

UTILIZATION 

Use of bamboo and cane by the indigenous communities generally go side by side in the entire North Eastern region.  It is the fastest growing plant in the world – some species grow by a meter a day. Bamboos are also highly renewable. Compared with tree timber, bamboo timber is characterized by its high toughness and hardness. Socio-economically, bamboos are used in almost all the household needs for construction, craft, fencing, firewood, utensils, food, fodder and rituals. Laha (2000) described uses of bamboo for housing by different tribes of North Eastern India. Evidently, the use of the same species also varies among tribes of different states. In a recent study on species diversity and utilization pattern of bamboo and cane, Upreti and Sundriyal (2001) recorded 18 bamboo species in use by Abor-Minyong community of Adi tribe in East Siang district of Arunachal Pradesh. A total of 62 bamboo and cane commodities have been recorded in use by these indigenous groups. The use of bamboo in building construction is in practice since time immemorial. It is used for the foundation, frame, floor, wall, partition, ceiling, door, window and roof. The tensile strength of bamboo is greater than the mild steel, therefore, it serves as the best engineering material for house construction and bridges. The species-specific use of bamboo depends upon its properties. Among crafts, production of baskets, household utensils, mats, ladle, mugs, containers and jars is very common. Bamboo containers are also used for storing water and local alcoholic drinks, and also supplying and drinking madua (Eleusine coracana) / rice beer in local festivals. The short and/or young culms of Bambusa arundinacea, B. spinosa, B. vulgaris and Dendrocalamus hamiltonii are eaten as boiled or cooked. The grains of Bambusa arundinacea (crude protein 8.3%) are collected and eaten cooked. Various timber and non-timber uses of bamboo for socio-economic necessities, local enterprises and national needs including industrial one, are enumerated in Table 5 and illustrated in Figs. 1 and 2. Because of its diverse uses, bamboo is called as “Green gold” or “Poor man’s timber”. Nearly 20 million tons of bamboo is harvested annually, of which 80 per cent is used locally by the indigenous people (Tiwari 1996).

Table 5: Major Timber and Non-Timber Uses of Bamboo in North Eastern India

	House construction
	Roofing, walls, scaffolding for building construction, mine pole, huts, roller-blinds for windows, floor, partition

	Household goods
	Walking stick, bamboo torch, cradle, furniture, comb, racks and brooms, bamboo (+toko) umbrella, filter, water carrying pots and water vessels

	Agricultural uses
	Bamboo stem support for agricultural field bunds and terraces and drainage; Tools, like yoke, food grain container, seed store, paddy storage bin; bamboo support for packaging the agri-produces, rope

	Human food 
	Bamboo shoots

	Animal husbandry
	Green fodder

	Fishery
	Fish traps

	Water sports goods
	Water conduits, boat masts, rafts

	Musical instruments
	Flute

	Aesthetic use
	Hedge, groove, flower (made up of fine-fibrous peelings developed from green shoots) 

	Burning material
	Firewood

	Defense instruments 
	Bow and arrow, Spade

	Community level uses
	Palisade around the village, hanging bridge, domestic animal enclosures, bamboo plantation fence (harvested bamboo), biofence (live bamboo), ladder

	Handicrafts
	Woven bamboo mats, winnowing fans, baskets,

	Religious
	In making God (alter) / Temple during local festivals like Mopin, Dree and Nyokum (Adi, Apatani and Nishing tribe festivals, respectively, in Arunachal Pradesh), Temple flag pole

	Industrial
	Pulp, bamboo dust for plywood, ice-cream sticks, match sticks, Agarbatti sticks,

	Environmental
	Soil and water conservation, carbon sink as major secondary plant species in abandoned jhum (shifting) cultivation areas


Housing, craft and fencing needs of bamboo are met from both private (individually -owned) and public (community -or clan-owned) plantations and forests. Over 90 per cent of bamboo shoot demand for food (fresh and fermented or dried one as well) is collected locally from the natural woodlands, bamboolands and forests. The industrial requirement of bamboo is totally met from the natural forests and to a minimal extent from private bamboolands. Nearly 45 per cent of bamboo produced in India is used by Paper and Rayon industries. These industries prefer bamboo over other raw materials because of its fibre quality in length and strength. Bamboo is emerging as a major source of raw material for industries like bamboo mat boards, bamboo mat veneer composites, bamboo mat corrugated sheets, etc. It is the high time that cultivation of bamboo is intensified through small and marginal farmers.

FLOWERING

Flowering in bamboo is unique phenomenon. Different species of bamboo have different flowering cycles ranging from few to many years. On the basis of flowering behaviour, bamboo have been classified into three groups: (i) those which flower annually or nearly so (continuous flowering), e.g., Arundinaria, Bambusa lineata, etc., (ii) those flower gregariously (masting) and periodically; and (iii) those which flower sporadically and irregularly. Dendrocalamus strictus (Male bamboo) is the typical example of gregarious flowering species, which also shows sporadic flowering. Flowering cycle of some Indian bamboo is given in Table 6. 

Table 6: Flowering Cycle of Some Indian Bamboo

	Species
	Flowering Cycle

(Yr.)

	Phyllostachys bambusoides
	60

	Bambusa copelandii, Melocanna baccifera and Pseudostachyum polymorphum
	48

	Thyrostachys oliveri
	47-48

	Chimonobambusa jaunsarensis
	45-55

	Bambusa bambos and Oxythenantera abyssinica
	40-45

	Bambusa polymorpha
	35-60

	Bambusa tulda
	30-60

	Dendrocalamus hamiltonii
	30-40

	Dendrocalamus giganteus
	30

	Chimonobambusa falcata and Thamnocalamus falconeri
	28-30

	Dendrocalamus strictus
	25-65

	Thamnocalamus spathiflorus
	16-17

	Oxythenantera travancorica
	7

	Indocalamus wightianus, Ochlandra rheedii, O. scriptoria and O. stridula
	1


Source: Sharma (1991)

The exact mechanism of flowering in bamboo is yet unknown precisely although different evolutionary hypotheses have been put forward to explain the bamboo flowering. Flowering of bamboo has been looked upon as an ill omen signifying drought, famine and hunger. Factors that stimulate flowering from vegetative state are not fully understood. The culms that flower often die after fruiting but other culms and rhizomes survive and promote stand formation. The flowering records are not area specific. There has been confusion in identification of species as well.
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Gregarious flowering starts in September – October, immediately after the rainy season. Gupta (1982) described bamboo flowering in North East India. Flowering of bamboo creates unprecedented problems for bamboo resource management also as it dies after flowering. At places after gregarious flowering, the boles of bamboo are unable to regain as it was before the flowering, mainly due to biotic interferences. Especially in buffalo grazing areas, the hoofs of buffaloes root out the young seedlings of bamboo. Also, when buffalo eats up the shoot of young bamboo (in muli bamboo), it pulls up the whole plant. 

 In Mizoram, gregarious flowering in 1959 caused widespread damage to the forests. The consequent increase in the rodent population, which first feed on flowers, followed by seed, food crops and grains in granaries, caused attended impacts on health and food security of the inhabitants. It is, therefore, necessary to play a proactive role in managing adverse effects of gregarious flowering on one hand and utilization of bamboo before flowering on the other. Creating awareness among masses about the problem of gregarious flowering should be the first step for gaining support of the indigenous people to overcome the flowering-led menace.

RESEARCH AND MANAGEMENT ISSUES


The economic development of the North Eastern region based on bamboo resource will depend on the people and processes supported by the technology. Mere presence of bamboo resource will not mean that the region is developed economically. A strong experience - based (indigenous knowledge and technology) and experiment – based (scientific investigations) technological backup supported by strong institutional framework is necessary for wise use of bamboo resources. The following issues need to be considered for ecologically viable and economically profitable bamboo resource management in the region.

(A) Research 

· Collection, characterization, documentation and conservation of bamboo diversity. Although, some descriptive exploratory attempts on the distribution of bamboo in the North Eastern region have been made (Biswas 1988, Haridasan et al. 1987) and available species have been compiled (Bhahadur 1979, Bahadur and Jain 1981, Kochhar et al. 1992, Seethalakshmi and Kumar 1998), but many more under explored and unexplored areas in the North Eastern region need systematic explorations by an integrated team comprising of taxonomist, social scientist, medical person and local human resource well versed with the area and area-specific indigenous knowledge. This is evident with the fact that many bamboo species which are in socio-economic use of indigenous people, are not identified taxonomically, e.g., Emmo, Tagir, Tatin, Tabum, Tangeng, Taok, Tape and Tabo used by Adi tribe (particularly Abor-Minyong community) in East Siang District of Arunachal Pradesh.

· Development of geographic information system for inventorization of bamboo resource and its regeneration.
· Recurrent use of selected bamboo species and habitat degradation due to biotic factors has led to threatening of bamboo diversity in some part of the region. Bamboo species, viz., Bambusa balcooa, B. cacharensis, B. khasiana, B. mastersii, B. nutans, B. pallida, B. polymorpha, B. tulda, Chimonobambusa armata, Dendrocalamus hamnei, D. sahnii, Pleioblastus simonii, Melocanna baccifera, Teinostachyum helferii have been now recorded under rare and endangered categories. Such species need specific conservation efforts and regeneration under captivity.

· Bamboo flowering is significant from academic as well as economic point of view, but our knowledge about flowering is fragmentary. Reproductive biology, especially the flowering behaviour, therefore, need be thoroughly studied and monitored closely species - wise.

· Breeding silica free cultivars or varieties with least silica content to obtain quality paper and board and also reduce pollution load.

· Establishment of seed stores and bamboo nurseries.

· Development of package of practices to control the fungal and insect – pests attacks on bamboo, especially for storage purpose.

· Management of grazing and fire in bamboo areas

(B) Management

· Timely extraction of bamboo from the forestlands so as to avoid loses due to fire and insect-pests.

· Extraction of bamboo by the organized sector, particularly by Forest Department, especially from wildlife reserves so as to balance the conservation and economic development needs.

· Extension of technologies for enhancing the productivity of bamboo, use of improved germplasm and scientific management technology to the farmers for bamboo growing and processing.

· Proper and competitive pricing policy.

· Establishment of high technology industries like bamboo shoot processing, flooring, etc., and market network for bamboo products.

· Development of suitable logging and transport systems, such as ropeways, cable logging, etc., especially for collection of bamboo from unapproachable areas.

· Adequate facilities for storage of bamboo.

· De-permitting of bamboo transport for privately (home) grown bamboo at regional level.

· Transit permit rules need to be relooked upon to facilitate timely harvest and transport of bamboo by the end-users.

· Legal and administrative support to bamboo workers from anti-social elements.

· Innovative techniques for value addition, such as bamboo carving, woven handicrafts, bamboo weaving, etc., 
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GENETIC IMPROVEMENT OF BAMBOOS FOR HIGHER PRODUCTIVITY

V. K. W.Bachpai

Rain Forest Research Institute, Jorhat
B

amboos are the most useful group of plants in the grass family.  Bamboos are also the most diverse group of plants, which are giant woody tree like having a long history as a versatile, and widely used renewable resource (Banik1997). Bamboos have woody culms a complex branching, robust rhizome system and infrequent flowering (Soderstorm & Calderon 1979).  It is therefore obvious that due to high commercial value, bamboo demand has been increasing substantially.  The supply has however not been commensurate with demand basically as the scientifically managed and cultivation is not promoted.  This has accelerated the depletion of natural stock and erodes the genetic base of bamboos (Rao 1992).  Conservation and maintenance of the genetic resources, simultaneous improvement of productivity and sustainable use need an attention of scientists and end users.  Though bamboos have wide natural variation, over exploitation for various commercial benefit, has been a cause of concern.  Genetic improvement programme of Bamboo assumes however in improving the productivity of various bamboos to meet ever increasing demand of the species.

SIGNIFICANCE OF TREE IMPROVEMENT PROGRAMME


When control of parentage is combined with other forest management activities such as site preparation or fertilization, to improve the overall yield and quality of products from forests lands such activities are called Tree Improvement programme. (Zobel and Talbert 1984).  Tree Improvement through genetics and breeding aim to get maximum returns and to improve the quality of the forest products when managed scientifically. (Subramainiam1993).  The ultimate goal will be to maximize returns through improvement in quality, productivity and adaptation.

Currently many commercially exploited tropical forests have annual growth rates as low as 1 to 2m3/ha per annum compared to yields of 5 to 10 m3/ha per annum from plantations established with existing routine low input technologies.  For example of improved technology has increased annual growth rates of Eucalyptus in Brazil to 75 to 100m3/ha with eucalyptus in short term rotations of 4 to 8 years for pulpwood production.  This outstanding accomplishment promises tremendous increase in return if tree improvement is practiced in addition to intense silvicultural operations (FAO, 1990).  For a successful Tree Improvement Programme the research components must therefore be initiated at an early stage.  The steps for such programme in bamboos are herewith given in detail.

STEPS IN TREE IMPROVEMENT

Exploration: When a species is found suitable for planting in an area, planting material should be obtained from different regions to induce maximum genetic variation in the populations.

Evaluation: The different provenances are tested in comparative replicated trial on different sites and assessed.  A species with a wide variation between populations and individuals within a population has the highest potential for improvement.


Multiplication: After selection of desirable individuals and field testing them, mass multiplication is carried out for reforestation purposes.

ROLE OF BAMBOO FLOWERING IN IMPROVEMENT PROGRAMME


Porterfield (1993) suggested that bamboos are those providential developments in nature, which like the horse, the cow, wheat and cotton indirectly responsible for man’s evolution.  Flowering and death of bamboo permits sudden widespread tree regeneration (Shidei 1974), which not only prevents bamboo from regrowing but also makes them vulnerable to fire damage and can cause considerable human impacts (Jeffrey 1995).  Soderstorm and Calderon (1979) summarized that flowering and subsequent death of the bamboo of Melocanna bambusoides around the Bay of Bengal caused not only death of the bamboo but also robs the population of its building material.   The excess of accumulation of bamboo fruits also increased in the rodent population substantially. The increased rodent population devours whatever food is available, destroying grain fields and stored food.  Such diseases as typhus, typhoid and bubonic plaque reach epidemic proportions with the rodent population expansion.  In spite of bringing many adverse effects on the ecosystem, the only beneficial result of the bamboo flowering will be the production of seeds with a broad genetic base, which can play a vital role in tree improvement programme.

In view of the expected flowering of different bamboo species in the northeast region a well planned programme has to be chalked out and followed by which different seed sources/seed lots can be utilized in screening out high performing genotypes.  The expected flowering will provide an opportunity to carry out systematic research work on bamboos such as provenance trials, seed studies, seedling traits, early growth and behaviour of seedlings and juvenile adult relationship studies.  

PROVENANCE TRIALS
Provenance testing sometimes referred as a part of forestry research with the following objectives:

· To select the best performing adapted seed source/provenance for further use in establishing large scale plantations.

· To use the best adapted and most productive base population in selection and further genetic improvement work.

Provenance denotes the original geographic area from which seeds of other propagules were obtained (Zobel & Talbert 1984).  Before raising commercial plantations the provenances suitable growing in selected locations need to be identified through carrying provenance trials.  The provenance trials have the following advantages.

· Identification of provenance suitable for growing in selected areas

· Identification of stable/provenances, which can perform better in a range of location.

· Understanding the magnitude of variation existing within and among provenances

· The provenance trial stand as ex-situ gene conservation resources.

SEED PROCUREMENT


Seed for provenance trials must be collected from, a sufficient number of trees properly representing of the population sampled.  The seeds of individual trees should be kept separately.  The exact location of the seed source must be recorded with other informations on the site and the population sampled. A literature search will provide some information on the extent of natural range of the species and the general pattern of its distribution, which should be plotted on maps. Patterns of variation within the species may help to distinguish different populations and thus to decide the location of collection sites.  For a first range-wide provenance test at least five or six collection sites will be needed in order to sample both the limits and center of the geographical range.  In case of continuous distribution the total area covered by the species roughly symmetrical, the sites might be locate on a grid pattern at regular intervals.  If it is a long, narrow band parallel to major environmental gradient such as latitude or rainfall, their sampling at interval of half a degree or up to two degrees of latitude might be undertaken (Vishnu Bhat 1993).  Equal quantities of seeds must be collected from each tree in a collection.  Seeds must be collected form identified and superior phenotypes.

SELECTION


The objective of selection programme is to obtain significant amount of genetic gain as quickly and inexpensively as possible.  Individual selection of phenotypically superior clumps from a large population is widely practiced and highly satisfactory method of selection, which is best for those characteristics that have a high degree of heretability.

Since bamboos are reported to be highly cross-pollinated species it gives enormous opportunity for selection of superior seedlings having desired combination characteristics after each gregarious/sporadic flowering (Venkatesh 1984).  Natural seedling population of bamboos with genotypic diversity may afford an opportunity for selecting as clones, individual plants that may be superior (McClure 1966) 

In bamboo species no systematic selection has been used so far to improve the planting stock to enhance the productivity.  Seedling selection methods carried out by Banik (1997) for the species Bambusa tulda and Bambusa polymorpha can be used to improve the different species of the northeast India.  Kondas et al (1973) and Banik (1980) reported that seedling segregation of characters into grassy, grassy erect and very erect types in bamboo Bambusa glaucescens.  The erect and very erect types have shown fast growth rates and more vigour with rapid culm production.  

Once the planting stock is raised in the nursery as superior stock, the selected superior seedlings may be used directly or multiplied vegetatively for establishing pilot plantations.  These superior seedlings in the pilot plantations have to be evaluated and screened for growth performance, culm production and other desired characters for identifying “elite clumps” t.  The elite clumps have then to be multiplied and used in the establishment of commercial plantation.

Thus proper planning and execution with a team of geneticist, seed technologist, and silviculturist and in collaboration with user agencies can definitely utilize the resources of flowering for improvement and enhancement of productivity of bamboo species in the northeast.  The state forest departments and bamboo-based industries in fact may play a very significant role
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INTERACTIVE DELIBERATIONS
Date:
24th April 2002

Time:
10.00 A.M. to 11.00 A.M.

Chief Guest:
Mr. R. P.S. Katwal, IFS, Director General, Indian Council of Forestry Research & Education (ICFRE)

Guest of Honour: Mr. Kamesh Salam, Project Coordinator, Cane and Bamboo Technology Center

Visitor:
Dr. K. S. Rao, Director, Institute of Wood Science & Technology, Bangalore

T

he deliberation started with the felicitation of the dignitaries and inauguration by Mr. R. P.S. Katwal, Director General, Indian Council of Forestry Research & Education (ICFRE). Dr. K.G. Prasad, Director, Rain Forest Research Institute (RFRI) formally welcomed the invited dignitaries and in his speech gave a brief account on the importance of bamboo in northeast India, contribution of RFRI in research on genetic improvement & mass multiplication of bamboos and extension programme to popularize bamboo and cane cultivation. He stressed on the need of a ‘bamboo based green revolution’ for sustainable development of the region. 

In his inaugural address Mr. R. P. S. Katwal briefed the audience regarding the imminent problems associated with the gregarious flowering of Muli bamboo spread over large areas of northeast India. He also referred the role of ICFRE Institutes in the development of new technologies and methodologies for the scientific management and utilization of the forest wealth including bamboo and cane. The protocol devised by Forest Research Institute, Dehra Dun for manufacturing paper using bamboo as raw material is being utilized by the industry that produces 1.67 million cubic meters of pulp for paper and 3.03 million cubic meters of paper and paperboard in India. He appreciated the host Institute’s contribution to bamboo research and its efforts in evolving a solution to the current problem. He assured the experts that the recommendations emanating from the deliberation would be taken up with the higher authorities of the respective departments of Government of India for necessary intervention.

Mr. Kamesh Salam, Project Coordinator, Cane and Bamboo Technology Center, Guwahati, in his key note address described the need for this consultation at this present juncture by giving a overall picture of bamboo, its productivity in northeast, the multipurpose use of bamboo, role of bamboo in rural economy and crisis faced due to gregarious flowering. He informed that besides local consumption, bamboos are mostly used by the pulp and paper industry (about 45%) and bamboo craft sectors. The raw stock of bamboo and cane in northeast is around 5000 crores, which can be increased up to 10,000crores by way of value additions. He stated that in 1959 gregarious flowering of bamboo caused massive damage to the growing stock of the dominant bamboo species in Mizoram and Tripura. Also the agricultural crop suffered a loss due to increase in rodent population. As the next outbreak of flowering is expected to occur in 2004-2005, necessary steps should be taken to mitigate the situation with the help of local people, policy makers/Governments, State Forest Departments, bamboo-based industries, research Institutes, autonomous bodies of the states. Finally he expressed that the recommendations emanating from this consultation will help in developing an appropriate action plan for better resource management. 

Technical Session I: Resource Survey and Mapping

Date: 
24th April 2002

Time: 
11.30 A.M. to 1.00 P.M.

Chairman: 
Mr. R. P. S. Katwal, IFS, Director General, Indian Council of Forestry Research and Education, Dehra Dun

Rapporteurs: Sh. A. Chandra

Dr (Mrs.) I. P. Bora

Mrs. T. R. Bora

Mr. R. P.S. Katwal, Director General, Indian Council of Forestry Research and Education, Dehra Dun chaired the session. The theme paper entitled “ Cohort Mapping in Bamboo Resource Management” was presented by Mr. S. Pattanaik, Scientist, Rain Forest Research Institute, Jorhat. He gave a brief account on flowering and mortality behaviour of different bamboo species, cohorts and their identification using the available tools i.e. ground, aerial and combination of aerial and ground survey, and the need for mapping cohorts for sustainable utilization of bamboo resources. Mr. Pattanaik proposed development of a ‘Bamboo-GIS’ in collaboration with the Forest Survey of India, National Remote Sensing Agency (NRSA), INBAR and State Forest Departments for the overall management of bamboo resources of northeast. The paper was then opened for discussion.

Sh. H. N. Baruah, Senior Manager H.P.C. Ltd., suggested that for the difficult terrain of northeast, aerial survey could be advantageous for estimation of bamboo resources. Dr. D.N. Borthakur also supported the importance of aerial survey in the hilly areas of Northeast. Dr. H.D. Kulkarni was interested in knowing the names of important bamboo species of northeast which need mapping. He informed that density mapping had been done in Kerala. Though the method is costly, it is one time investment. Dr. S. K. Sen informed that GIS and aerial survey of N.C. Hill and Barak Valley has already been done. The reports of these two areas are available with the Forest Department of Assam. It was suggested that further work could be started with the help of different resource agencies. Mr. R.P.S. Katwal supported it. He remarked that even 75% achievement following this method would be very helpful in cohort mapping. Dr. K.G. Prasad opined that all the available tools should be used to tackle this problem. He urged that every state should keep record of all the available information on flowering, which would be helpful in developing a database.

Dr. K. S. Rao stressed on the importance of economically valuable species. He was interested in knowing about the physico-chemical changes (parameter like pulping, fibre, etc) taking place in bamboos before and after flowering. Replying to this query Dr. H.D. Kulkarni said that studies conducted so far indicates no change in the properties of flowered bamboo and these features are difficult to assess by aerial survey. Some work has been done by NRS in cropping pattern using satellite imagery that requires certain inputs based on physiological criteria. Similar attempts have been made in France and Malaysia. Mr. Ashirwad Roy from Hindustan Paper Ltd. informed that certain physiological changes such as yellowing of culms, overlapping of leaves etc. are visible in plants before flowering 

In response to Mr. S. K. Chakorborty’s query about occurrence and mapping of bamboo flowering in other countries, Dr. Andrew Benton of INBAR, informed that sporadic flowering have been reported in some commercial bamboo species in China. According to him gregarious flowering was noticed in one species at South China in 1994, however, the species was not commercially important. Dr. Kulkarni informed that not much information was available regarding bamboo species in other parts of the globe.  Dr. Jawal said that bamboo is only used for food in Arunachal Pradesh therefore it does not have much commercial value. No record of flowering has been kept in the state.

Dr. Andrew Benton suggested that bamboo flowering could be delayed with help of bulky organic matters. However, Dr. Kulkarni informed that excess nitrogen sometimes leads to flowering. Members of the house agreed that there are some species like Apatani bamboo which do not flower in some areas and flowers in other areas, therefore all the data related with bamboo flowering should be collected thoroughly and precisely to form ‘bamboo flowering database’. Dr. Kulkarni informed that the species, which do not flower, is easy to regenerate vegetatively. Dr. Prasad remarked that flowering could be delayed for 1-2 years by appropriate management practices. He agreed with Dr. Kulkarni regarding vegetative propagation and informed the house that RFRI is gearing up in vegetative multiplication of bamboo and have got success in four of the six species they are presently working with. 

Technical Session II: Resource Extraction And Management

Date: 
24th April 2002

Time: 
1.00 P.M. to 2.00 P.M.

Chairman: 
Mr. Kamesh Salam, Project Coordinator, CBTC, Guwahati

Rapporteurs: Dr. A. N. Singh 

Dr. Arundhati Baruah 

Mrs. Amrit Kaur

Mr. B. Goala from RFRI, Jorhat, presented the theme paper entitled ‘Resource Extraction and Management of Melocanna baccifera Subsequent to Gregarious Flowering in North-east Region of India’. Sri Goala elaborated the geographic distribution of the species with trend in utilization pattern and employment. He stressed the need for (a) improved silvicultural practice in harvesting (b) development of related infrastructure to minimize the cost of transportation (c) exploration of export potential of processed bamboo items like high-density pulp and chips. He advocated setting up of mini pulping, dehydration and baling unit for value addition, storage and long distance transportation of harvested bamboo. To tackle the flowering problem in bamboos, participation by the NGOs and self-help groups is required. At the village level, the headman should involve all the villagers in collection of bamboos to the transit depots, established in various beat offices of the forest departments. The paper was then opened for discussion. 

Mr. Haque from NABARD wanted to know the quantity of M. baccifera available in northeast and whether farmers were growing it. Replying to this Mr. Goala informed that gregarious flowering of Melocanna baccifera would occur in an area of 18,000 sq. km. in the states of Assam, Mizoram, Manipur, Meghalaya and Tripura and approximately 25.95 million tons of flowered bamboo would be available, out of which only ten million tons occur in accessible areas.

In the same context, the chairman replied that this species is found growing in the forest areas and license is required for its extraction. Mr. Sen informed that M. baccifera comes up after jhum cultivation as a secondary species and provides a good habitat for elephants. Therefore, all the muli bamboos should not replaced/harvested from its natural habitat. Dr. D.N. Borthakur emphasized the need for preserving the valuable germplasm of the flowering bamboos so that they would be available for future utilization and improvement. According to him, micro propagation through tissue culture and culm cutting technique may be used for preserving the germplasm. He also asserted that, replanting of high-value bamboo species is difficult in inaccessible hilly areas and may be left for natural regeneration. Mr. Rosiausa Vanchhong informed that total production of muli bamboo in Mizoram is about 60 million tons and for better utilization, collaboration with the paper mills and improvements in transport facilities are urgently needed. Dr. Nath from IPIRTI suggested that detailed working plan need to be prepared for extraction of muli bamboo.

Technical Session III: Resource Utilization

Date: 
24th April 2002

Time: 
3.00 P.M. to 6.00 P.M.

Chairman: 
Mr. Andrew Benton, INBAR.

Rapporteurs: Mr. V. K. W. Bachpai

Mrs. Ellora Dutta Borah

Dr. H.D. Kulkarni presented the theme paper entitled ‘Gregarious Bamboo Flowering in Northeastern Zone of India: Strategies for Sustainable Utilization on Bamboo Resources’. Dr. Kulkarni discussed incidence of bamboo flowering in the states of J & K, Haryana (Dendrocalamus strictus), Maharashtra (Pseudoxytenanthera), Karnataka (Bambusa arundinacea) and gave an overview on utilization of bamboos by paper and other industries. He informed that 35% of the extracted bamboos are being consumed by the pulp and paper industry and rest 65% in cottage, furniture and implement industry. The current pulp wood requirement in terms of bamboos and wood is 5.7 million tons per annum. Currently the Indian paper mills are meeting only 8% of their requirement from Bamboo. The balance is being contributed by wood (30%), agriculture residue (36%) and waste paper (26%). Currently, consumption of bamboo has drastically reduced from 50-70% to 10 % due to the constraints faced in harvesting bamboo, as most of the bamboo growing areas fall in the biodiversity or wild life reserves. The legal issues and strict transit rules have also contributed to limited use of bamboo by pulp and paper industry. To elucidate his point Dr. Kulkarni informed that bamboo has flowered in Chandrapur, Maharashtra, but extraction has not been permitted. Dr Kulkarni proposed for a favourable transit rule and a uniform royalty, which should be taken up by the government so that the flowered bamboo of the northeast could be effectively used by the pulp and paper industry. To reduce the transit cost, he suggested opening up of water transport via Bangladesh to Andhra or Orissa coast. The paper was then opened for discussion.

Dr. Nath raised the question of reduction of transportation cost. The experts were of the opinion that the cost could be reduced if transportation through water means is tapped. Mr. R. P. S. Katwal suggested that government may be requested to change rules and regulations to make bamboo extraction and transportation easy and cost effective. He further suggested conversion of bamboos into unbleached pulp to reduce transportation cost.

Shri Kamesh Salam, Project Coordinator, CBTC, presented the paper titled ‘Utilization of Bamboo (Industrial & Crafts Based) –Lessons from Chinese Model’. He threw light on the importance of different species of bamboo, bamboo economy, market of bamboo, turn over of the bamboo markets both at the national and international level; use of bamboo in premium flooring & the cost and quantity involved thereof; need for marketing through local people, creation of awareness and dialogue with key stakeholders; need for developing technological capacity, codes, product standards for industrial use; need for the supply of quality planting material and introduction of commercial species of bamboo; the need for identification of special bamboo processing zones with logistic support; the need to undertake district adaptation projects whereby one district in each state of the northeast would be selected for all out development in bamboo sector. He informed the distinguished gathering that bamboo districts have already been identified in Tripura, Manipur, Mizoram, Arunachal Pradesh, Nagaland and yet to be identified in the state of Assam. He gave an outline on bamboo flowering management with regard to demand and supply, storage, institutional mechanism, rehabilitation packages, and support to indigenous machinery. He urged the experts to examine the pros and cons of declaring bamboo as a plantation crop and removal of transit permit for it. The paper was opened for deliberations. 

Dr. S. Rao appreciated the road map prepared by Shri. Salam. However, he felt that the journey is difficult and uphill. He opined that time has come to get down to specifics and workout how the resources available due to bamboo flowering could be used to the maximum in paper production and handicrafts. Mr. Kamesh Salam responded that there is an existing market for bamboo mats. Lack of storage facility, the distance between the producer in the rural area and manufacturing sector are some of the weak links 

Dr. Nath stated that Industry is not geared up for the transfer of technology to the primary producer. He cited the example of Kerala where the Forest Department gives bamboo to the farmers free of cost and bamboo mat board industry purchases these mats for industrial production. The same model may be implemented in the Northeast. He further stated that the Kerala model inspite of being implemented by a government enterprise is running without loss.

Dr. Kulkarni enquired about the commonly used bamboo species for Agarbatti sticks. Mr. Salam informed that all bamboo species could be used, however, presently Dendrocalamus strictus and D. hamiltonii are being used on a large scale due to their hardy nature. Easy availability of raw material and cheap labour in Tripura has attracted many entrepreneurs to this cottage industry. Dr. Kulkarni informed that one entrepreneur in Mysore imports 500 tons bamboo sticks from Tripura and he has started growing of Dendrocalamus strictus and D. hamiltonii under farm forestry in Mysore itself. 

Dr. Kulkarni made a query regarding the sustainability chopstick industry. Mr. Salam informed about a group of entrepreneurs from Assam who had started a collaborative business with an industry in Taiwan with buyback agreement but it had failed. Regarding the slicing of bamboo Dr. Nath informed that people form Taiwan had stated that Indian species are not suitable for use in their machines. In this context Shri R.P.S. Katwal opined that machines could be devised and fabricated as per our species at Coimbatore or Ludhiana and local entrepreneurs like TATA could be contacted. Mr. Andrew Benton emphasized the need of sustainable business and identification of market for it.

Mr. Mannan, General Manager, Hindustan Paper Corporation Ltd. Cachar, presented a paper titled ‘Some Informations about Hindustan Paper Corporation Ltd.’ describing in detail the impact of flowering on the ecosystem and industries. Mr. Mannan gave an account of bamboo requirement at different paper factories under HPC and suggested the option to shift to species, which are not going to flower in the near future. He offered consultancy to Rain Forest Research Institute, Jorhat for their farm forestry programme. He felt that there is a need for (a) State Forest Departments to allow HPC to extract maximum possible quantity. (b) Initiative from Government for making roads and formulating user-friendly rules for extraction and transportation of bamboo. (c) Initiative from Government for maintenance of the national and state highways (d) R & D activities to screen out fast growing varieties of bamboo. The paper was opened for deliberations

In response to the question from Mr. M.S. Haque, Mr. Mannan informed that the NGOs were supplied with seeds, polythene bags and money for establishment of nurseries for raising bamboo planting stock. Besides, HPC is also raising bamboo seedlings departmentally. Mr. Haque responded to the question from Dr. K.G.Prasad that if a fast growing species of bamboo is identified and its plantation raised, finance will not be a problem and NABARD will be there to sponsor the activity. 

Mr. Mannan advocated transportation of raw material in the form of pulp, which will reduce weight by 55%, to overcome the prohibitive transportation cost. Sri R. P. S. Katwal proposed for setting up small digesters at specific sites for mechanical pulping, the financing of which was questioned. Dr. Kulkarni opined that setting up the digesters require huge investment and may also be a source of pollution. Instead he suggested chippers, which require less investment. 

To a query from Mr. Andrew Benton, Mr. M. S. Haque informed that Agroforestry might be the only solution in areas where bamboo has flowered and NABARD funding is available for Agroforestry system by which farmers can have a steady income. 

Paper presented by Ashirbad Roy, H.P.C.L. Nagaon Paper mill emphasized the importance of forests, their distribution and of bamboos in particular. He gave an overview on the properties of bamboos, the availability of bamboos in the Northeast, classification of bamboo species, the demands of bamboo, classification of flowering in bamboos, history of past flowering, causes of flowering, effects of flowering, insect and pest manifestation during flowering, steps for overall management of bamboo resources, role of governments, Industries, people, NGOs and media. In order to mitigate problems due to bamboo flowering, Shri Roy suggested utilization of existing bamboo resource, their storage and distribution to different units at remunerative cost.

To a query by Mr. Khars-iing regarding the strategy to control the irreparable damages caused to the site by the contractors during harvesting, Mr. Ashirbad Roy replied that the contractors have been trained in silvicultural methods to be followed during harvesting time. However, Mr. Sen was of the opinion that the system of extraction by contractors is faulty as they take away bamboos leaving hazards on the site. He suggested that the Forest department should retain at least 10% of the bill till receiving field verification certificate from the concerned officials. Shri. R. P. S. Katwal supported the modification in the contract system to avoid damage to the resources and the environment.

Dr. S. S. Nath of IPIRTI presented a paper titled ‘Sustainable Utilization of Bamboo Resource – Technology Development’. He presented the works carried by IPIRTI on the manufacture of Bamboo Mat Board and Bamboo Mat Veneer Composites. He informed that technologies for Industrial use of bamboo are available with IPIRTI Bangalore, for sale/transfer. And research related to bamboo matchstick technology and bamboo based housing system are in progress.
Technical Session IV: Regeneration Of Logged Over Area

Date: 
25th April 2002

Time: 
9.30 A.M. to 10.30 A.M.

Chairman: 
Dr D.N. Borthakur, Ex-Vice Chancellor, AAU, Jorhat & Ex-Director, ICAR Research Complex for NEH Region, Umium, Shillong.

Rapporteurs: Mr. H P Singh 

Mr. D. Dutta 

Mr. H R Bora

Dr S. Trivedi of RFRI, Jorhat, presented the theme paper entitled ‘Regeneration Strategies Following Gregarious Flowering of Bamboos in Northeast’. He suggested a two-pronged strategy for the regeneration of bamboo areas after flowering viz., natural and composite regeneration. Natural regeneration will be allowed in the steep and inaccessible areas, by not disturbing the bamboos existing there. In accessible areas regeneration would be taken up through aided natural regeneration and bamboo & tree plantation. Cost of raising seedlings, plantation, maintenance up to 2 years, and harvesting etc were worked out by him. The paper was opened for discussion.

Dr. D.N. Borthakur mentioned that as bamboo rhizosphere allows other species to grow alongside, it could be cultivated with other species. Adding to this Mr. S.K. Sen was of the opinion that along with planting bamboos and tree species, medicinal plants may also be incorporated to meet the short-term cash requirement of the cultivators. And the program like joint forest management (JFM) may be utilized to reduce the cost of fencing by way of active participation of the people. In this context Mr. H. N. Baruah informed that bamboo plantation with other fuel wood species are being taken up by the farmers to save bamboo as cash crop. Dr K.G. Prasad remarked that there is marketing problem with medicinal plants and its cultivation may not be remunerative.

Mr. H. N. Baruah asked about the optimum harvesting period of bamboos. In response Mr. Pattanaik said that once the bamboo plant is established, which may vary from 4 to 7 years depending on the source of propagule, mature culms can be harvested yearly. However in case of large plantations, a felling cycle is advisable as it is difficult to cover the whole area every year. 

Mr. H. N. Baruah wanted to know whether RFRI had any ready stock available for taking up immediate plantation work. Replying to this, Dr K.G. Prasad informed that the stock would be available in near future for four bamboo species. Dr. H. D. Kulkarni suggested that after flowering, the task of seed collection should be taken up by RFRI for germplasm conservation. The germplasm may be further multiplied using macroproliferation technology for supply to other parts of the country. Dr K. G. Prasad informed that propagation through rhizome takes about 16 weeks for a seedling to be ready for plantation and further stated that mass multiplication could be done by the Institute following the protocol developed by itself, provided the intellectual property right (IPR) should be endorsed to RFRI. Dr H D Kulkarni, however, suggested that IPR might create some problem, so it may be considered under the patent right. 

Regarding the cost of plantation of bamboo as worked out by Dr Trivedi, Mr. Sen questioned about the funding agency. He pointed out that the foreign agencies are not interested in giving assistance for implementation of projects in northeast India, especially the projects to be implemented in the forest areas due to insurgency. Dr H. D. Kulkarni informed that banks also avoid such proposals and NABARD is not directly funding such work. In this context Dr. Haque informed that it is difficult for NABARD to finance if the state does not have corporate bodies for such work. Mr. H N Baruah said if World Bank and other foreign agencies are not coming forward, HPC alone could arrange some fund up to certain extent. Mr. S. K. Sen pointed out that government of India has little interest in pure plantation, so under such conditions encouragement for the plantation of bamboo as pure crops requires modification of the existing rules. 

Dr. K.G. Prasad wanted to know whether government of Mizoram would provide land to RFRI for cultivation of Melocanna baccifera. In his response Mr. Rosiausa Vanchhong informed that in Mizoram the right of the land belongs to community, so people may not provide land to any corporation or institution.

Technical Session V: Future Strategy

Date: 
25th April 2002

Time: 
10.30 A.M. to 1.30 A.M.

Chairman: 
Mr. A. Mannan, General Manager, HPC Ltd.

Rapporteurs: Dr. M. Kundu

Mrs. Amrit Kaur

Mrs. Ellora Dutta Borah

The chairman requested the representatives from northeastern states to present the status and the strategies prepared by them to counter the problem after flowering. The representative from Manipur State Forest Department, Th. Ibobi Singh, stated that total area in Manipur, existing under pure bamboo tracts is about 1593 sq km, bamboo in the understorey is 2099 sq km and the total amounting to 3692 sq km. From these total growing area about 114-lakh tons of bamboo is available, out of which 14% can be extracted. Bamboo recourses are high in the state, out of the 136 species in India, 54 species are found in Manipur. Sporadic flowering in Melocanna baccifera has been observed since last two years though there has been no gregarious flowering since early 50’s. The state has been facing constraints due to poor communication facilities. Bamboos are mostly found in the northwest and southwest part of the state. Areas located near roads are overexploited, whereas remote areas are left to nature. He remarked that shifting cultivation is another major problem and suggested following measures to counter gregarious flowering. Firstly, commercial exploitation of bamboo may be done leaving a few clumps for regeneration. Though most of the areas are inaccessible, even if 30% of total growing bamboos is extracted that amount would reach about 30 lakh tons. Harvesting of this quantity would require 3 lakh man-days thus providing lot of scope for employment. He expressed concerns for the constraints in marketing of the stock. Besides, a huge investment is required at the rate of Rs 50/MT for harvesting. Cottage industry can be developed using harvested bamboo if funds are available. Most of the bamboo growing areas belong to unclassified forests that are private property and government has no control over it.

Dr. Nath suggested that harvested material could be utilized in the mat making industry at Burnihat. Dr. D.N. Borthakur was of the opinion that since the bamboos belonged to the people the District Council should act as a collection and supplying agency. Mr. Mannan informed that half of the total amount could be taken up by the HPC. He also proposed to bear the cost of transport and labour. Mr. Rao suggested the use of machinery and ropeways might be used to reduce the cost of collection.

Mr. D. Brahma representing the Assam State Forest Department informed that Melocanna baccifera is mostly found in the Barak Valley and the N.C. Hills and those areas have already been leased out to HPC. Since the mills are using fifty percent of the total yield, there would be not much problem after flowering. Mr. Langthasa proposed to involve the local people in the unclassified forest area for harvesting, processing and supplying to the mill. Mr. Sen remarked that after the harvesting the District Council might mediate in the replanting operations. Mr. B. C. Borah from NEDFi suggested forming a tripartite forum involving HPC, RFRI and NEDFi to release fund from NEDFi for carrying out the whole operations.

The representative from Mizoram State Forest Department Mr. Rosiausa Vanchhong stated that following steps have already been taken in anticipation of bamboo flowering. (a) INBAR action Plan has recommended for processing centers at Bairabi and in the southern part of Mizoram, (b) bamboo development cell has been established, (c) bamboo development agency is also functioning, (d) bamboo Plywood-board industry has been set up, (e) vinyl plyboard industry and floor board has been set up, (f) charcoal production with the help of the Japanese collaboration is also coming up. He suggested that the existing Mahal system for collection of bamboos should be improved and for transport of the materials, the rail connection at Bairabi could be used. Apart from HPC, the raw material could be used by other paper mills of the country and could be exported to Bangladesh through waterways. He informed that they have already started the replanting programme and through the farm forestry programme, 203 families have planted 110 ha of land making use of seeds and rhizome.

Dr. Kulkarni remarked that if transport facility via Karimgang and Chittagong could be developed, ITC, Bhadrachalam paper mill could purchase the raw material. Dr. Nath suggested establishing small-scale industries to make bamboo mat board for housing and offered to provide the technology for permanent, durable and affordable products.

Mr. T. Amenba Yaden, representative of Nagaland State Forest department stated that no survey has been done on flowering of bamboo. According to FSI, 578 sq km of bamboo area exists in the state. All the areas belong to the people of the State and the government is dealing only with the royalty and transit permits. Dr. Nath stated that the closed plywood factory at Moon could be converted into bamboo plywood unit. Mr. Mannan proposed to make operational the defunct Tuli factory that could be used for pulp preparation.

Mr. V.K. Jawal, representative of the Arunachal Pradesh State Forest Department informed that 4000 sq km area is covered by bamboo species and there are some reports of flowering in this area. No strategy has yet been developed by the government to tackle the problem. But the local people generally clear fell the area before flowering. Dr. Nath suggested that the corporation factory near Tezpur could be approached to purchase the harvested stock. Dr. K. Haridasan, Scientist, SFRI, proposed that a study could be initiated by RFRI to assess the impact of flowering, the seed maturation indices, collection procedure and could be published in scientific newsletter or journal. In this context Dr. Prasad informed the house that any information on flowering could be reported trough the RFRI website www.rfri.org.

Mr. H. N. Baruah suggested that the Ministry of Environment & Forest might be requested for giving permission to the State Government of Assam for allocation of 15000 hectares of land for each of the two mills of HPC Ltd. Planning Commission could also be approached for allocation of additional fund to the district councils for development of the roads. He informed that HPC alone is capable to consuming about 10 lakhs MT of bamboo by increasing the production capacity.

Finally Dr. K. G. Prasad summarized the outcome of the deliberation.

In Technical Session I (Resource Survey and Mapping) a strong need was felt for development of GIS for all northeastern states. Necessary action needs to be initiated by the respective Forest Departments in collaboration with Forest Survey of India, National Remote Sensing Agency and INBAR. An integrated approach need be adopted for this and any information related to gregarious bamboo flowering is to be communicated to RFRI through its website (www.rfri.org) specifying species, location, total area, duration of flowering, date of commencement of flowering etc.

In Technical Session II (Resource Extraction and Management) it was felt that the deplorable condition of National Highways and other roads like State Highways, District Roads need to be improved immediately. The Autonomous District Councils of States are to be supported with fund through North Eastern Council for improvement of their road networks. It was decided that the feasibility of transporting bamboos by waterways and railways needs to be explored and workable transit rules and royalty need to be formulated on uniform basis for all the states. 

In Technical Session III (Resource Utilization) the need for formation of clusters comprising of nearby villages was emphasized and appropriate machinery need to be supplied to them for utilizing the available resources. In turn this would generate employment and reduce the cost of bamboo transportation. Besides paper, agarbatti and mat board should be promoted in the small-scale cottage industry sector.

In Technical Session IV (Regeneration of Logged Over Area) it was decided that financial agencies like NEDFi & NABARD etc. should extend financing/refinancing of the afforestation activities where peoples’ participation is ensured on community basis. Emphasis is to be given by RFRI and other Research Institutes to introduce improved planting stocks having shorter rotation period. Large-scale captive plantations in the degraded forests & wasteland should be initiated involving people in the operation and funds could be disbursed as micro credit through NGOs/other agencies.

The deliberation was concluded with vote of thanks by Dr. Ashok Kumar.

(((
RECOMMENDATIONS

F
aced with the daunting challenge of gregarious flowering of Melocanna baccifera, spread over an area of 18 thousand sq km in the states of Mizoram, Tripura, Manipur and parts of Assam & Meghalaya, experts from different fields of life had come together for a two days consultation to formulate strategies for managing such an event of gigantic proportion and look into the utilization aspects of 26 million tons of bamboo of which 10 million tons are available in accessible areas.

The consultation was held under four broad themes viz. Theme 1-Resource Survey and Mapping, Theme 2-Resource Extraction and Management, Theme 3-Resource Utilization, and Theme 4-Regeneration of Logged Over Area.

The experts have come out with the following recommendations.

Theme 1: Resource Survey and Mapping

1.1. The need for detailed resource survey and mapping of the bamboo resources of the northeastern states is emphasized. Immediate action need to be initiated for developing a ‘Bamboo-GIS’ of northeastern India in collaboration with INBAR, New Delhi; FSI, Dehra Dun; IIRS (NRSA), Dehra Dun; Forest Departments and RFRI, Jorhat. INBAR’s plan/initiative in this respect should be capitalized.

1.2. Identification and grading of all Muli (Melocanna baccifera) bearing areas for development interventions need to be done on priority basis.

1.3. For the areas already surveyed like North Cachar Hills and Barak Valley in Assam, cohorts need to be identified and incorporated in the ‘Bamboo-GIS’.

1.4. Past flowering records need to be pooled together as soon as possible which will ultimately be incorporated to the ‘Bamboo-GIS’. Rain Forest Research Institute needs to take up this job through its web site (www.rfri.org). All concerned are requested to lodge their bamboo flowering records at this web site.

Theme 2: Resource Extraction and Management
2.1. The deplorable condition of National Highways and other roads like State Highways, District Roads needs to be improved immediately.

2.2. The autonomous District Councils of States are to be supported with fund through the North Eastern Council for improvement of their road networks.

2.3. Introduction of improved tools, both mechanized and hand tools, for economic extraction of bamboos is recommended.

2.4. Development of ropeways in hills for easy extraction of bamboo is recommended. Paper mills in association with the respective forest departments to initiate the work.

2.5. The feasibility of transporting bamboos by waterways up to the ‘Farakka barrage’ and to Orissa & Andhra coasts through Bangladesh needs to be explored for making bamboo resources available at competitive rates for users at other parts of the country.

2.6. Transportation of bamboo by rail at preferential rate needs to be enforced by the Railway Ministry.

2.7. The present Mahal system for extraction of bamboos needs to be modified and local communities to be directly involved in all activities. Effective and workable transit rules need to be formulated on uniform basis for all the states. The TP (Transit Permit) system needs to be waived in selected priority areas to facilitate harvesting and transportation prior to flowering.

2.8. A regional ‘Bamboo Board’ needs to be constituted to act as a nodal agency to deal with the entire gamut of activities associated with the gregarious flowering in Muli bamboo. The ‘Board’ needs to coordinate with the state level ‘Bamboo Cells’ and the district level ‘Task Forces’ to smoothly carry out various activities starting from felling, extraction, marketing to different parts of the country, export to neighboring countries to the final restocking of the areas. The ‘Board’ should identify / establish marketing centers (mandis) at various places of the region for effective marketing of bamboo poles, semi finished and finished products.

2.9. The Forest Departments of the affected states need to be supported by infusing adequate funds through the ‘Bamboo Board’ to take up the ground level activities of felling, extraction and regeneration involving local communities. Soft loans should be made available to these Forest Departments taking the gravity of the situation into consideration.

2.10. The necessity of a ‘gateway’ in the form of a government / private body to coordinate the procurement of Muli bamboos for users in different parts of the country is emphasized. The HPC ltd. has proposed to act as the gateway.

2.11. The law and order situation for working in the forest areas should be improved by the respective State Governments.

Theme 3: Resource Utilization

3.1. Cottage industries requiring minimum investment like Agarbati Stick, Tooth Pick, Bamboo Mats etc. need to be promoted by forming clusters comprising 5-10 nearby villages and providing them with know-how, hand tools, machine tools and the marketing avenues. The work initiated by CBTC, Guwahati and UNIDO need to be expanded and more such clusters need to be established for local utilization of Muli bamboo.

3.2. The Hindustan Paper Corporation Limited and paper mills located at other parts of the country should be persuaded to first consume the stocks of Muli bamboo of the northeastern region by suspending consumption of other species during the period of flowering. A temporary ban needs to be imposed on extraction of bamboos other than Muli throughout the country.

3.3. The feasibility of establishing mini mechanical pulping and chipping mills at strategic locations & compressing pulp/chip into high-density sheets/blocks in the small-scale industrial sector need to be explored for long term storage & economic transportation by Roadways/Railways/Waterways.

3.4.
The export potential for the processed bamboo items like high-density pulp, mats, chips etc, to other parts of country and to neighboring countries need to be explored immediately.

3.5.
The technology for high value products like laminated board, composite board, corrugated sheets etc developed by FRI, Dehra Dun and IPIRTI, Bangalore need to be tested for their suitability in Muli bamboo.

3.6.
The possibility of using the Muli bamboo fruit/seed that is rich in protein content for animal feed and oil extraction need to be explored immediately.

Theme 4: Regeneration of Logged Over Area

4.1. The steep & inaccessible areas are to be left to regenerate naturally. Of the accessible areas it is recommended that 50% should be taken up for regulated natural regeneration by retaining 50-70 clumps/ha as seed bearers and clear felling rest of the clumps; 30% for mixed bamboo (site specific species) plantation having different flowering cycle & the balance 20% for mixed tree plantation in the clear felled areas.

4.2. The clear felled areas need to be restocked quickly by increasing investments in better and more valuable bamboo and tree species, genetically improved planting material & silvicultural practices. The Planning Commission through MoEF, as a special case, should allocate adequate funds to the forest departments of the affected states to carry out this gigantic task of restocking the flowered areas involving the local communities.

4.3. The ground agencies (Forest Departments and NGOs) need to start producing bamboo seedlings through ‘Community Nurseries’ by providing the local communities with training, improved propagules and other inputs.

4.4. Emphasis is to be given by Rain Forest Research Institute, Jorhat, State Forest Research Institute, Itanagar and other research institutes to introduce improved planting stocks having shorter extraction period.

4.5. Hindustan Paper Corporations Ltd. should take up large-scale captive plantation in the degraded forestlands and wastelands. Ministry of Environment and Forests should give clearance to the respective Forest Departments to allot degraded forestlands to Hindustan Paper Corporation Ltd. on long term lease basis, as has been done by the Karnataka Forest Department to Mysore Paper Mills.

4.6. Besides the captive plantations, the Hindustan Paper Corporations Ltd. should enter into agreement with individual farmers for raising bamboo plantations under agro-forestry/farm-forestry systems. The success of WIMCO Ltd. in poplar species should be emulated in bamboos. NEDFi, NABARD and other banks should be approached to refinance such industry-farmer nexus projects.
(((
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INTRODUCTION

With the gradual disappearance of timber species in the last few decades, there has been sincere effort to search for a non-timber forest produce to substitute wood. During later part of the last century, bamboo and cane have emerged as a major wood substitute and have gained importance because of the important role in ecological, economic and social upliftment, and the ability to grow in the wasteland, amazing growth rate, high yield and multiple uses. They are now considered as world’s greatest natural and renewable vegetable resources, which may be considered as cash crop to generate income for the rural communities. Some of the most prominent uses of bamboo and cane are in housing, agricultural, horticultural pursuits, fishing industries, fuel, basket making, transport system, handicrafts, substitute of pipeline to supply water, edible shoots, paper & pulp and food for wild animals (elephant).

Bamboo is a versatile multipurpose forest produce. In India, it is an article of daily use for both urban, rural and industry, which is largely dependant upon bamboo for raw material. India has 403.41 thousand ha. bamboo plantation, which constitutes only 8% among the species wise plantation raised by the forest department (State Forest Report 1999).

Bamboo represents one of the world’s great natural and renewable resources. Relatively limited amount of basic research has been done on bamboos especially on their importance to tropical, subtropical and even temperate economics. Information from basic research is considered fundamental to improved capability, planning and decision-making. Major limitations to bamboo production have been overcome by asexual propagation methods. Tissue culture is a potential tool in realizing this objective of mass bamboo production to meet the growing demand.

1. IDENTIFICATION OF PETENTIAL BAMBOO SPECIES FOR PLANTATION IN DIFFERENT AGRO-CLIMATIC REGIONS

India is endowed with a large number of bamboo species and has the world’s largest reserves of bamboos. Northeastern region of India comprising states of Arunachal Pradesh, Assam, Nagaland, Mizoram, Manipur, Meghalaya and Tripura has over half of bamboo species reported from India. Potential bamboo species for different Agro-ecological regions of India have been identified and listed in Table 10.

To explore the possibility of growing bamboo under arid conditions DBT supported MTP-TERI, New Delhi is to carry out a small demonstration trial of tissue cultured plants of Dendrocalamus strictus in collaboration with AFRI, ICFRE.

2. IDENTIFICATION OF TECHNOLOGY FOR PRODUCTION OF QUALITY PLANTING MATERIAL OF BAMBOO

Bamboo is a critical resource, which has not easily lent itself to modern methods of macro-propagation and genetic improvement owing to its long vegetative phase and monocarpic flowering behaviour. Conventional breeding is difficult because of the near impossibility of getting two desirable parents to flower simultaneously. Thus for meeting the raw material demand scientific management of bamboo forests is sine qua non. Bamboo propagation is by and large through seeds, offsets and culm cuttings. The in vitro methods offer an attractive complement to conventional methods for mass propagation of bamboos, which are difficult to propagate conventionally.

Bamboo plantations can be raised by several methods:

i) Direct sowing of seeds.

ii) By clump division.

iii) By rhizome.

iv) By offset planting.

v) By the culm cutting.

vi) By branch cutting.

vii) By macroproliferation.

viii) By tissue culture.

Depending on the availability of seeds, technical feasibility of propagation by conventional vegetative propagation techniques and suitability of micropropagation protocols for large-scale multiplication, the bamboo species under consideration can be propagated either by conventional methods or through tissue culture.

Conventionally bamboo is propagated by seeds or vegetatively. Since in most of the commercially important bamboo species the flowering cycle is very long (30-60 years), availability of seeds would be a major constraint and it would be difficult to multiply them on a large-scale through seeds alone. Therefore, in order to sustain large supply of planting material year after year the focus should be towards producing planting material by vegetative methods and tissue culture.

Tissue culture can provide rapid and reliable means of mass propagation of bamboo. On account of higher cost of production it should be used judiciously only in those bamboos which are difficult to propagate conventionally. But as of today barring few species such as D. strictus, B. bambos etc. micro-propagation protocols are available for very few species. Also, in most of these micro-propagation protocols seeds were used as the explant. This has two major drawbacks: a) Seeds are rarely available and there are occasions when the procedures for in vitro regeneration are available but there are no seeds available to initiate fresh cultures b) When seeds are used as the explant then one can be certain of only quantitative gains (large number of plants being produced from a single seed), the qualitative gains may or may not be there (there are no morphological or molecular markers available by which the superiority of a plant could be established at the seed or seedling stage).

To ensure the production of good quality planting material the explant must be drawn from a bamboo clump whose superiority has been established in the field. However, micro-propagation of bamboo with adult tissue is extremely difficult and barring 1-2 species hardly any micro-propagation protocols are available using adult tissue for commercially important bamboo species that could be applied on a mass scale. Different researchers have reviewed the difficulties encountered with tissue culture of bamboo. Also, it is important to note that the bamboo plants raised by tissue culture may retain their ontogenic age and show early flowering, which may not be in the larger interest of the growers.

The limitations/constraints associated with both conventional methods and tissue culture of bamboos as described above clearly suggest that regeneration of bamboos is not an easy task and therefore, we should look for all possible ways and means to regenerate bamboos. How ever difficult it may be, research on in vitro studies of bamboos must be undertaken because bamboo is a very important natural resource of India that can’t be ignored.

Because of its past experience in the field of bamboo propagation, identified institutes can undertake research on developing protocols for both micro and macro-propagation of following bamboo species: Bambusa bamboos, B. tulda, B. balcooa and D. hamiltonii.

Approach to Mass Production of Bamboo

A two-way approach is advocated for production of bamboo planting material for afforestation/reforestation purposes as described below:







First approach aims at the bulk production of seedlings from seed origin. The abundance of seeds, in some species, during gregarious flowering and the scanty supply of seeds during the infrequent sporadic flowerings is made use for production of base population (seedlings). This base population is further multiplied using the technique of macro-proliferation. This approach by passes the dangers associated with clonal propagation. Therefore, cannot be ignored as a mean for production of bulk planting stock.

The second approach aims at producing quality planting stock, by utilizing the natural variation existing in bamboos, through selection and clonal propagation. Only the best performers are selected, based on certain morphological yardsticks, by following the selection index method. The selected germplasm are established in a centralized germplasm bank cum vegetative multiplication garden. The base population (seedlings) is produced through clonal propagation using two nodded culm cuttings/tissue culture, which is further multiplied using the technique of macro-proliferation. The rate of multiplication increases depending on species with each cycle of macro-proliferation till it reaches an optimum rate (4-5 fold). However, this multiplication cycle is not continued indefinitely as it reduces the productive life of the plantations developed from it. Table 1 depicts a comparative chart for different methods of clonal propagation in bamboo.


The best approach (as given in the Road Map) (Fig 5) would be to produce the clonal base population, which requires higher input, at a centralized nursery & tissue culture laboratory. And further mass multiplication of this base population are taken up through clusters of ‘Kissan Nursery’ located at strategic places. At each of the macro-proliferation cycle, certain percentage of plants is diverted for field planting and rest used for further proliferation. The process is continued for a period of 4-5 years. Thereafter, it is replaced with base population of new genotypes from the centralized nursery and a whole new phase begins afresh. Table 2 depicts the planting stock position in a cluster (5 Kissan Nurseries) at the end of each year. Thus by identifying 100 clusters of Kissan Nursery by motivating farmers/NGO’s, it is possible to produce 50 lakh bamboo seedlings per year. 

The advantage of following road map is that the clusters are created near the planting sites so that transportation cost is minimum.

Table 1: Clonal Propagation Of Bamboo - A Comparative Chart

	Sl
No.
	Particulars
	Clonal Propagation Technique

	
	
	Macroproliferation
	Branch Cutting
	Culm Cutting
	Rhizome / Offset

	1. 
	Dependence On Flowering
	Yes, Initial dependence
	No
	No
	No

	2. 
	Size Of Propagule
	Small
	Medium
	Large
	Very large

	3. 
	Space Required For Propagation
	Small
	Small
	Large
	Very large

	4. 
	Time Required
	4 months
	6-8 months
	6-8 months
	6-8 months

	5. 
	Number Of Times Can Be Done/Year
	3 times
	2 times
	2 times
	Once

	6. 
	Favourable Time Of Year
	Round the year in humid climate
	March-April, & Sept.-Oct.
	March-April, & Sept.-Oct.
	March-April, & Sept.-Oct.

	7. 
	Whether Can Be Combined With Macroproliferation
	-
	Yes
	Yes
	No

	8. 
	Success Rate
	>90 %
	40-60 %
	60-80 %
	60-80 %

	9. 
	Unit Cost Of Production
	Rs. 3.80/-
	Rs. 3.80/-
	Rs. 6.30/-
	Rs. 20-25/-


Table-2: Year Wise Planting Stock Position In One Cluster

	Sl. No.
	Year
	Stock For Further Multiplication 

(At End Of The Year)
	Percentage Diversion For Field Planting
	Stock For Field Plantation

	1
	First Year
	28,350
	50 %
	19,950

	2
	Second Year
	32,823
	65 %
	58,095

	3
	Third Year
	13,851
	75 %
	56,928

	4
	Fourth Year
	46,746
	50 %
	32,894

	5
	Fifth Year
	0
	75-100%
	87,652

	Grand Total (In Five Years)
	2,55,519


3. IDENTIFICATION OF 100 NGO/OTHER ORGANIZATIONS CAPABLE OF PRODUCINF ABOUT 50 LAKH QUALITY SEEDLING (EACH PER YEAR FOR DISTRIBUTION TO BENEFICIARIES.

This exercise has been conducted by CAPART. 

4. TECHNOLOGY FOR PLANTATION OF BAMBOO UNDER JFM, SOCIAL FORESTRY, WASTELAND DEVELOPMENT AND AFFORESTATION OF DEGRADED LANDS

One of the important commercial aspects of growing bamboo is to secure higher yields, which is strongly influenced by the quality of planting material and the management practices (planting, watering, felling cycles, etc.) adopted. The latter in turn is governed by the climatic conditions in which the plantation is raised. In other words to obtain maximum yield the plantation technology will have to be worked out for each agro-ecological conditions.

An integrated technology package needs to be adopted with emphasis on the following

· Networking for cost effective technology and information.

· Establishment of database and publication of bamboo literature.

· Establishment of model nurseries and development of protocols for mass production of planting stock.

· Identification of suitable commercial cultivars and their mass multiplication in different agro ecological conditions for artisans and industrial use.

· Capacity building by training.

· Establishing bamboo genetic resource center.

· Systematic dissemination and promotion campaign to reach the end user with the recent findings and packages developed.

· Developing seed technology for prolonging seed viability and induction of early flowering.

· Use of bio-fertilizer in bamboo based agro forestry systems.

· Integrated pest management.

· Training programme to develop entrepreneurs for taking up small-scale industries.

· Establishing kissan nursery in clusters.

· Development of improved pulp and paper technology.

· Development of bamboo composite and laminates.

· Exploration of bamboo utilization market.

5. PRIMARY AND SECONDARY PROCESSING OF BAMBOO FOR VALUE ADDITION EMPLOYMENT GENERATION AND POVERTY ALLEVIATION

Bamboo provides the base for a broad range of rural and semi-urban cottage industries that provide livelihoods for the rural poor, particularly home-based workers in the unorganized sector. Historically, bamboo based industries have been small-scale labour intensive ranging from cottage to small enterprises, generally in handicraft sectors. Apart from its use as industrial raw material for pulp and paper, its most extensive utilization is for construction purposes as posts, rafter, frame, participation, floor, roofs etc. It is also being used in arts and crafts, medicines, musical instruments and erosion control. Bamboo culms are used in the round or split forms and as woven mats.

The multiple use of bamboo integrates a number of socio-economic sectors of the society in Bamboo economy. Some of these sectors include; bamboo collectors who collect bamboo from forests and/or grow it on homesteads and carry out primary processing; craft persons who use bamboo for making value added handicrafts products, mats, furniture etc.; traders or intermediary who facilitate transfer of primary processed bamboo material and products to larger markets or industries; and industrial manufacturers converting bamboo into utility products such as paper panels etc.

Development of new designs, product diversification, improved technological processes are considered as continuous exercise to meet the present day’s needs of handicrafts, consumers both domestic as well as foreign. Development of appropriate application techniques is essential for converting a new material/existing product into a very useful product and thereby enhancing its utilization potential and market acceptance.

Bamboo-based post-harvest production and processing operations are a source of remunerative employment to poor women and other disadvantaged members of the rural society. They also lend support to the domestic economy as well as the export sector of developing countries.

By providing off-farm income generation options, these bamboo-based livelihood systems frequently absorb surplus agricultural workers – mainly the rural poor who do not have regular on-farm employment. For e.g. In India, the Agarbatti industry is estimated to provide income to 0.5 million people, most of whom are contract or sub-contract labourers employed by small-scale processing enterprises. A large number of opportunities and constraints are associated with this bamboo-based industry, which is profitable and promises to remain so in the future.

The traditional home based enterprises have also been simultaneously experiencing steady growth, primarily because of the influence of market forces and also because of multiplier effects. Cottage industries have slowly changed to rural cottage or semi-urban micro-enterprises with limited assistance from government. It has responded well to increased demand for its products both in rural and urban areas, mainly because of the continued availability of cheap labour force dominated by women and children. At the same time, greater advertising costs and quality improvement have pushed up the prices.

For value addition small micro-enterprise units of common facility centers of bamboo treatment, bamboo fine slicing, bamboo splitting, bamboo tick making are required to be developed which will have forwarded linkages with existing clusters of artisans.

Use of bamboo in housing, agriculture, horticulture, fishing, basket making, transport system both on land and water, handicrafts and production of edible shoots are very common. In fact, in North-Eastern States of India, bamboo is an important material for craft persons and artisan, majority of whom are woven for making baskets, utensils, toys, furniture etc.

The level of value addition being done in bamboo is at present very low. Any improvement in this sector would directly lead to the improvement of the social indices and the sector. The very low levels of value addition prevalent at the moment, opens a very potential area for up gradation. Introducing new products and processing as well as improving the quality of existing products can strengthen capabilities of income enhancement and employment generation in this sector. This would also lead to a sustainable process of rural industrialization.

Employment generation in the farm and non-farm sectors could be ensured through bamboo cultivation, propagation and conservation through systematic and scientific collections, preservation and multiplication. Human resource development and skill up gradation through a network of training initiatives, in another area where maximum result can be available. Through a systematic application of industrial design, skills and technology resources, designed development of large number of new products with emphasis for export, can play a vital role in supporting a vibrant local industry based on bamboo. With this product design and designed diversification, specially giving focus for use in the housing and agriculture sectors where timber resources is scarce, it can substitute by bamboo laminated boards, new designed development initiatives can become a substitute for commercial plywood. Such initiative could strengthen the local industry and encourage investment in the sector.

It is estimated that annual trade of bamboo product such as toys, wall panels, decorative items, agarbatti sticks, umbrella sticks, fishing rods, bamboo mats is about 8 Crores, which is decreasing over years. At this stage, it is essential to support value addition to increase the trade and to boost the income generation of the artisans and craftsman associated with bamboo. Despite superior designs, craftsmanship and fitness in traditional bamboo handicrafts activities, the quality of product and income of the artisans are greatly effected due to lack of appropriate technologies standardization, durability due to lack of treatment, low level production and manual processing. The value addition and processing methods should be broadened and modernized in order to make the products capable of competing in the foreign markets with methods like up gradation of existing, silvering process, use of eco-friendly resins etc. Product diversification should also be emphasized upon.

6. ECONOMY OF BAMBOO PLANTATION

Bamboo is used nearly in every aspect of daily life. The annual output of bamboo in India is about 4.6 million tons, there is about 1.9 million tons used by pulp industries. The yield of bamboo per hectare varies between 0.2 and 0.4 tons with an average of 0.33 tons per hectare, depending upon the intensity of stocking and biotic interferences. The economic impact of the agro forestry based bamboo system may influence general economic development considerably.

On an average 250 air dry culms weigh one ton. Price per ton of dry bamboo is Rs. 1000 (auction rate). Under ideal conditions, bamboo planted at a spacing of 5 x 5 m i.e. 400 culms per hectare produces on an average 2000 culms per ha/year from the 5th year onwards. Nearly 50 percent of these culms are fit for marketing as construction bamboos on per piece basis while the remaining 50 percent are fit for bulk sale to paper mills. The present average retail rate of full-length bamboo in market is Rs. 15.00. Considering the profits of wholesaler and retailers, transport cost and harvesting cost, a bamboo in situ may be worth Rs. 8.00 (As per 1999 rate).

A production of nearly 4 ton of dry bamboos for pulp and 4 ton for construction can safely be maintained with intensive cultural practices. On flowering at about 30 years of age, an out turn of 15 ton ha of bamboo, amounting to Rs. 25,000.00 can be obtained. The rate for pulping (1999 rate) material is about Rs. 1000.00 per ton. Thus 1000 culms may weigh about 4 ton to give a return of Rs. 12,000.00 per ha/year from 5th year onwards from an established plantation. This small provide a B/C ration of 2.065 at a discount rate of 10 percent and 1.068 at a discount rate of 15 per cent. If 50% of the degraded lands are brought under bamboo plantations in a period of 10 years, the annual planting will be 650,000 ha which can give an annual increment of about two million ton of bamboo, at a conservative estimate of 250 million man days of employment per ha. Such plantations will generate rural employment of 162.5 million man days per annum which is nearly 2 man days per capita of countries total population. The additional ecological benefits in terms of soil and water conservation will be immeasurable and infinite. Similarly afforestation ravine lands, on an average if few culms are produced per clump, a total of 270-300 productive clumps can be produced per hectare per year. Thus from these plantations an average yield would be 3 ton/ha/year. The best approach for success of technology for bamboo plantation would be JFM, agro forestry, social forestry, wasteland development and afforestation in degraded lands.

The economics for raising bamboo plantations varies from location to location. The economics of growing bamboo will depend on the yield as well as the market conditions. While the yield is influenced by the prevailing agro-climatic conditions, the profitability is affected by the availability of various end-users such as paper mills, etc in the vicinity of the plantation. This poses a complex situation and calls for a detailed study. It is suggested that a detailed report may be prepared on the subject. Dr. R. K. Pachauri, Director General, TERI, New Delhi may be requested to head this study with INBAR and ICFRE. Report may to be submitted in 3 months.

IMPLEMENTATION MECHANISMS
For successful implementation of this programme the following strategy has been suggested:

i)
Bamboo resource utilization should be linked with the availability. It is suggested that a Germplasm Centre for in situ and ex situ conservation of Bamboo diversity may be set up jointly by DBT and ICFRE preferably at the newly set up Institute for Bioresources and Sustainable Development, Manipur and RFRI, Jorhat.

ii)
The technology development programmes to be implemented by the following institutes, with ICFRE having the nodal responsibility.

a) ICFRE Institutes
FRI, DehraDun; AFRI, Jodhpur; IFGTB, Coimbatore; HFRI, Shimla; TFRI, Jabalpur; IWST, Bangalore; RFRI, Jorhat; IFP, Ranchi;


b) ICAR Institutes
UAS, Dharwad; Konkan Krishi Vidyapeeth Agri.




University, Dapoli; TNAU, Coimbatore; KAU,




Thrissur; NEH Complex, Barapani; JNKW, 




Jabalpur; GAU, Navsari


c) DBT-MPTs
TERI, New Delhi; NCL, Pune


d) KFRI, Peechi


e) SFRI, Itanagar

These Institutes would be responsible for technology development and training. Other Institutes/Universities having the required expertise/infrastructure can also be identified.

iii)
CAPART will identify the required number of NGOs – minimum of 40 (2 in each Agro-climatic zone). Each NGO will then be responsible for the plantation along with the identified network of farmers. CAPART will arrange for the necessary training.

iv)
The funding for all the NGO related activities for training, plantation etc. may be provided by CAPART. The funds for the Tissue Culture activities and technology development may be provided by DBT. The funds for Agro technology, raising of nurseries, conservation center etc. may be provided by MOEF/ICFRE. Requirement for producing 50 lakh seedlings per year for the 10th plan period would be approx. Rs. 160 Crores. (Annexure-II).

v)
A Monitoring Committee may be constituted with representatives of the various agencies and 2-3 senior experts.

vi)
Implementation schedule

The activities to be taken up, the responsible agencies and the time frame are depicted in the Temporal Framework (Fig 6). The required budget is depicted in Table 3, to Table 9 and Fig 1 to Fig 4.

Table 3: Budget Requirements (Rs In Crores) for Planting 50 Lakh Seedling per Year for Five Years Through NGOs and Farmers

	Sl.

No.
	Particulars
	Per Nursery

	Per Cluster
	For 100 Clusters
	Implementing Agency


	A
	Technology Development
	
	
	
	

	1
	Selection of species for different agro-climatic regions
	 
	 
	Rs 1.50 
	MOEF

	2
	Cohart mapping and identification of superior clumps
	 
	 
	Rs 1.50 
	MOEF

	3
	Ex situ conservation of Germplasm
	 
	 
	Rs 5.00 
	DBT

	4
	Establishment of Tissue culture laboratories
	 
	 
	Rs 15.00 
	DBT

	5
	Establishment of Central Nursery for multiplication of Base population
	 
	 
	Rs 2.50 
	MOEF

	6
	Raising of base population of superior culm
	 
	 
	Rs 2.50 
	MOEF

	 
	Total Technology Development Cost
	 
	 
	Rs 28.00 
	

	B
	Technology Transfer For Production, Plantation And Management For Five Years

	1
	Sensitization to the NGOs
	 
	 
	 
	

	 
	National Workshop (Three)
	 
	 
	Rs 0.20 
	CAPART

	 
	Regional Workshop (10 workshops)
	 
	 
	Rs 0.30 
	CAPART

	 
	Training and assistance to 50 VOs
	 
	 
	Rs 7.50 
	CAPART

	2
	Training to the Farmers for establishment of Kissan Nursery
	 
	 
	Rs 3.00 
	CAPART

	3
	Training to the farmers for plantation and maintenance of Bamboo
	 
	 
	Rs 3.00 
	CAPART

	4
	Supply of breeders planting material
	 
	 
	Rs 5.00 
	MOEF

	5
	Quarantine and certification
	 
	 
	Rs 5.00 
	MOEF

	 
	Total Technology Transfer Cost
	 
	 
	Rs 24.00 
	

	C
	Production Of 50 Lakh Seedling Per Year For Five Years
	
	

	1
	Selection and sensitization of NGO's
	 
	 
	Rs 0.50 
	CAPART

	2
	Setting up of Kissan Nursery
	Rs 0.005
	Rs 0.03
	Rs 2.50 
	Incentive

	3
	Production of Seedlings (Rs 6/- per seedling)
	Rs 0.03
	Rs 0.15
	Rs 15.00 
	Incentive

	 
	Total Seedling Production Cost
	Rs 0.0350
	Rs 0.18
	Rs 18.00 
	

	D
	Plantation Of 50 Lakh Seedling Per Year For Five Years
	
	

	1
	Pre plantation operations (Rs 6/- per seedling)
	Rs 0.03
	Rs 0.15
	Rs 15.00 
	Farmers

	2
	Planting operations (Rs 6/- per seedling)
	Rs 0.03
	Rs 0.15
	Rs 15.00 
	Incentive

	3
	Post plantation operations (Rs 12/- per seedling)
	Rs 0.06
	Rs 0.30
	Rs 30.00 
	Farmers

	4
	After care for 5 years (Rs 12/- per seedling)
	Rs 0.06
	Rs 0.30
	Rs 30.00 
	Farmers

	 
	Total Plantation Cost
	Rs 0.18
	Rs 0.90
	Rs 90.00 
	

	 
	Total Project Cost
	 
	 
	Rs 160.00
	


Table 4: Summary of Budget Requirements (Rs in Crores) and Agencies Involved

	Particulars
	Expenditure 

	
	Technology Development
	Technology Transfer
	Seedling Production
	Seedling Plantation 
	Total

	Ministry of Environment and Forests
	Rs 8.00
	Rs 10.00
	
	
	Rs 18.00

	Department of Biotechnology
	Rs 20.00
	
	
	
	Rs 20.00

	Council for Advancement of Peoples Action and Rural Technology
	
	Rs 14.50
	
	
	Rs 14.50

	Incentive given to the Peoples Action Groups
	
	
	Rs 17.50
	Rs 15.00
	Rs 32.50

	Expenditure met by the growers
	
	
	
	Rs 75.00
	Rs 75.00

	Total Budget Requirement
	Rs 28.00
	Rs 24.50
	Rs 17.50
	Rs 90.00
	Rs 160.00


Table 5: Summary of Expenditure for Production and Plantation of 50-Lakh Seedlings per Year for Five Years

	Sl.No.
	Particulars
	Expenditure 

	
	
	Per Seedling
	Per Hectare
	62,500 ha


	1
	Ministry of Environment and Forests
	Rs 7.20
	Rs 2,880
	Rs 18.00

	2
	Department of Biotechnology
	Rs 8.00
	Rs 3,200
	Rs 20.00

	3
	Council for Advancement of Peoples Action and Rural Technology
	Rs 5.80
	Rs 2,320
	Rs 14.50

	4
	Incentive given to the Peoples Action Groups
	Rs 13.00
	Rs 5,200
	Rs 32.50

	5
	Expenditure met by the growers
	Rs 30.00
	Rs 12,000
	Rs 75.00

	 
	Total Expenditure
	Rs 64.00
	Rs 25,600
	Rs 160.00


Table 6: Budget Summary for Production and Plantation of 50-Lakh Seedlings per Year for Five Years
	Sl.

No
	Particulars
	Expenditure 

	
	
	Per Seedling
	Per Hectare
	62,500 ha

	1
	Total Technology Development cost
	Rs 11.20
	Rs 4,480
	Rs 28.00

	2
	Total Technology Transfer cost
	Rs 9.60
	Rs 3,840
	Rs 24.00

	3
	Total Seedling Production cost
	Rs 7.20
	Rs 2,880
	Rs 18.00

	4
	Total Plantation cost
	Rs  36.00 
	 Rs 14,400 
	 Rs 90.00 

	 
	Project Cost
	Rs 64.00 
	 Rs 25,600 
	Rs 160.00 


Table 7: Average Cost and Benefit Estimates per Seedling

	Sl.

No.
	Particulars
	 Rs / ha 
	Per clump

	
	
	
	Per year
	For 25 yrs

	a.
	Ministry of Environment and Forests
	Rs  2,880 
	 
	 

	b.
	Department of Biotechnology
	Rs  3,200 
	 
	 

	c.
	Council for Advancement of Peoples Action and Rural Technology
	Rs  2,320 
	 
	 

	1
	Technology Cost to the Nation
	Rs  8,400 
	 
	 

	2
	Incentive Cost to the Nation
	Rs  5,200 
	 
	 

	3
	Growers Input
	 Rs 12,000 
	 
	 

	A.
	Total Input Cost / ha (5 yrs)
	 Rs 25,600 
	 
	 Rs 64.00 

	B.
	Annual Maintenance Cost / ha (25 yrs)
	 Rs 1,000 
	Rs 2.50 
	 Rs 62.50 

	C.
	Land Rent /ha (30 yrs)
	 Rs 1,000 
	Rs 2.50 
	 Rs 75.00 

	 
	Total Expenditure for 30 yrs
	 
	 
	 Rs 201.50 

	 
	Average Production / year from 6th year (6 culm)
	Rs  10.00 
	Rs 60.00 
	 Rs 1,500.00 

	 
	Average Return
	 
	Rs 51.94 
	 Rs 1,298.50 


	
	Average Annual Return per ha = Rs 20,776


Table 8: Cost Estimate for Raising Bamboo Seedling
	Item
	Particulars
	Man Days
	Expenditure

	
	
	
	Per ha
	Per Plant

	A
	
	Material & Supply (for 500 bags(()
	 
	 
	 

	
	1
	Poly Bags
	 
	500
	1.25

	
	2
	Soil & Sand
	 
	500
	1.25

	
	3
	Manure & Fertilizer
	 
	200
	0.50

	
	
	Sub Total Material & Supply
	0
	1200
	3.00

	B
	
	Nursery Operations
	
	 
	 

	
	4
	Sieving & Mixing Potting Media
	5
	300
	0.75

	
	5
	Filling & Arranging Poly bags
	4
	240
	0.6

	
	6
	Separating & transplanting rhizomes
	5
	300
	0.75

	
	
	Sub Total Planting Operations
	14
	840
	2.1

	C
	
	After Care for 12 weeks
	
	 
	 

	
	7
	Irrigation
	2
	120
	0.3

	
	8
	Interculture
	2
	120
	0.3

	
	9
	Protection
	2
	120
	0.3

	
	
	Sub Total After Care
	6
	360
	0.9

	
	
	Grand Total
	20
	2400
	6


Table 9: Cost Estimate for Bamboo Plantation

	Item
	Particulars
	Man Days
	Expenditure

	
	
	
	Per ha
	Per Plant

	A
	
	Pre Plantation Operations
	 
	 
	 

	
	1
	Demarcation of area
	5
	300
	0.75

	
	2
	Jungle cutting
	20
	1200
	3

	
	3
	Ranging & clearance of line
	5
	300
	0.75

	
	4
	Stacking
	4
	240
	0.6

	
	5
	Seedling Transport
	6
	360
	0.9

	
	
	Sub Total Pre Plantation Operations
	40
	2400
	6

	B
	
	Planting Operations
	
	 
	 

	
	6
	Pitting
	20
	1200
	3

	
	7
	Manure & Fertilizer
	
	600
	1.5

	
	8
	Soil-Manure Mixing & Pit Filling
	5
	300
	0.75

	
	9
	Seedling Transplanting
	5
	300
	0.75

	
	
	Sub Total Planting Operations
	30
	2400
	6

	C
	
	Post Plantation Operations
	
	 
	 

	
	10
	Protection
	
	4000
	10

	
	11
	Two Irrigation(
	4
	240
	0.6

	
	12
	Soil working (2 number)
	10
	600
	1.5

	
	
	Sub Total Post Plantation Operations
	14
	4840
	12.1

	D
	
	After Care for 5 years
	
	 
	 

	
	13
	Intercultural Operations
	40
	2400
	6

	
	14
	Organic & inorganic manure
	
	400
	1

	
	15
	Protection
	
	2000
	5

	
	
	Sub Total After care
	40
	4800
	12

	
	
	Grand Total
	124
	14440
	36.1
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Fig 5: ROAD MAP FOR QUALITY PLANTING STOCK PRODUCTION IN BAMBOO

                                                                      N (= 4 - 5 years)




                                                                   (4 months)
                                                                                              







        (4 months)

                                                          
                                  (6-8 months)







                (4 months)

    (0 months)                                                 

                                                                  (6 months)

                                                (5 Kissan Nursery)


TABLE 10: POTENTIAL BAMBOO SPECIES FOR DIFFERENT AGRO-CLIMATIC REGIONS OF INDIA
	Agro-Eco-region
	Description
	Location & Extent
	Climate
	Soil
	Suitable Bamboo Species for Cultivation.

	Agro-Eco-region 1
	Cold Arid Eco-region with Shallow Skeletal Soils
	Northwest Himalayas covering Ladakh and Gilgit districts.Extent-15.2 m ha.
	Mild summer and severe winters. Mean annual temperature less than 8 οC. Mean annual rainfall less than 150 mm. Length of growing period less than 90 days.
	Skeletal and calcareous soils which are alkaline in reaction and low to medium o.m. content.
	-

	Agro-Eco-region 2
	Hot Arid Eco-region with Desert And Saline Soils
	Southwestern parts of Punjab and Haryana, western parts of Rajasthan, Kutch peninsula and northern part of Kathiawar peninsula in Gujarat state. Extent- 31.9 m ha
	Hot summer and cool winter. Mean annual precipitation <400 mm. Mean annual temperature > 38 οC and length of growing period <90 days
	Sandy, moderately calcareous and alkaline in reaction.
	-

	Agro-Eco-region 3
	Hot Arid Eco-region with Red And Black Soils
	Part of the Deccan Plateau covering Bellary, Bijapur, Raichur of Karnataka and Anantapur of Andhra Pradesh. Extent- 4.9 m ha.
	Hot and dry summer & mild winter. Rainfall erratic ranging 400-500 mm, Mean annual temperature >30 οC. Length of growing period <90 days.
	Medium red loamy soil to clayey black soil.
	Bambusa bamboos, Dendrocalamus strictus

	Agro-Eco-region 4
	Hot Semi Arid Eco-region with Alluvium-Derived Soils
	Parts of Gujarat, northern plains and central highlands. Extent-2.2 m ha.
	Hot and dry summers and cool winters. Annual precipitation ranges from 500-1000 mm. Length of growing period 90-150 days.
	Soils vary from sandy, fine loamy to highly sodic.
	Bambusa bamboos, Dendrocalamus membranaceus, Dendrocalamus strictus

	Agro-Eco-region 5 
	Hot Semi-Arid Eco-region with Medium And Deep Black Soils
	Covers central highlands, Gujarat plains and Kathiawar peninsula. Extent- 17.6 m ha.
	Hot & wet summers and dry winters. Annual precipitation ranges from 500-1000 mm. Length of growing period ranges from 90 to 150 days.
	Deep loamy to clayey soils. The soils of Malwa plateau are clayey, slightly alkaline, calcareous and show characteristic swell-shrink properties.
	Bambusa bamboos, Dendrocalamus strictus

	Agro-Eco-region 6 
	Hot Semi Arid Eco-region with Shallow And Medium Black Soils.
	Deccan plateau comprising western parts of Maharashtra, northern parts of Karnataka and western parts of Andhra Pradesh.


	Hot & humid summers and mild & dry winters. Mean annual precipitation ranges between 600-1000 mm. Growing period ranges from 90 to 150 days.
	Soils range from shallow, loamy skeletal and highly calcareous in nature to clayey, calcareous and moderately alkaline.
	Bambusa bamboos, Dendrocalamus strictus

	Agro-Eco-region 7
	Hot Semi-Arid Eco-region with Red And Black Soils
	Covers part of Deccan plateau (Telangana) and major parts of eastern Ghats of Andhra Pradesh. Extent-16.5 m ha.
	Hot & moist summers and mild & dry winters. Mean annual rainfall ranges from 600-1100 mm.  Length of growing period ranges from 90 to 150 days.
	Soils range from clayey, calcareous and strongly alkaline black soils to non-calcareous and neutral red soil.
	Bambusa bamboos, Dendrocalamus strictus

	Agro-Eco-region 8
	Hot Semi-Arid Eco-region with Red Loamy Soils.
	Covers eastern Ghats, southern parts of Deccan plateau, Tamil Nadu uplands and western parts of Karnataka
	Hot & dry summers and mild winters. Annual rainfall ranges from 600-1000 mm. Length of growing period ranges from 90-150 days.
	Soils range from non-calcareous & slightly acidic to calcareous and moderately alkaline in reaction.
	Bambusa bamboos, Bambusa polymorpha, Dendrocalamus strictus

	Agro-Eco-region 9 
	Hot Sub humid Eco-region with Alluvium- Derived Soils.
	Covers a part of the northern Indo-Gangetic plain including Piedmont Plain of western Himalayas. Extent- 12.1 m ha.
	Region is characterized by hot summers and cool winters. Mean annual rainfall ranges from 1000-1200 mm. Mean annual temperatures > 22 οC. Length of growing period ranges from 150-180 days.
	Deep loamy, alluvium, neutral in reaction and low organic carbon content.
	Bambusa balcooa, Bambusa polymorpha Dendrocalamus strictus, Dendrocalamus membranaceus

	Agro-Eco-region 10
	Hot Sub humid Eco-region with Red And Black Soils
	Covers part of Malwa plateau, Baghelkhand plateau, Narmada valley, Vindhyan scarplands and northern fringe of Maharastra plateau. Extent- 22.3 m ha.
	Region is characterized by hot summers and mild winters Mean annual rainfall ranges from 1000-1500 mm. Mean annual soil temperature >22 οC Length of growing period ranges from 180-210 days.
	Medium and deep black soils interspersed in patches of red soils. 
	Bambusa polymorpha, Bambusa vulgaris, Cephalostachyum pergracile, Dendrocalamus strictus

	Agro-Eco-region 11
	Hot Sub humid Eco-region with Red And Yellow Soils.
	Comprises eastern plateau covering Chhatisgarh and southwest highlands of Jharkhand. Extent-14.1 m ha.
	Climate of the area is characterized by hot summers and cool winters. Annual rainfall ranges from1200 to 1600 mm. Mean annual soil temperature >22 οC. Length of growing period ranges between 150-180 days.
	Deep loamy non-calcareous and neutral to slightly acidic in reaction.
	Bambusa balcooa, Bambusa nutans, Bambusa polymorpha, Bambusa tulda, Bambusa vulgaris, Dendrocalamus giganteus, Dendrocalamus longispathus. , Dendrocalamus strictus

	Agro-Eco-region 12
	Hot Sub humid Eco-region with Red And Lateritic Soils.
	The region constitutes Chhotanagpur plateau of Bihar, western parts of West Bengal, eastern Ghats of Orissa and Bastar region of Chhatisgarh. Extent-26.8 m ha.
	Climate of the region is characterized by hot summers and cool winters. Annual rainfall ranges from 1000-1600 mm. Mean annual soil temperature >22 οC. Length of growing period varies from 150-210 days 
	Soils are fine loamy to clayey, non-calcareous, slightly to moderately acidic and have relatively low cation exchange capacity
	Bambusa nutans, Bambusa polymorpha, Bambusa tulda, Bambusa vulgaris, Dendrocalamus longispathus, Dendrocalamus strictus

	Agro-Eco-region 13
	Hot Sub humid (Moist) Eco-region with Alluvium Derived Soils.
	The region comprises northeastern Uttar Pradesh and northern Bihar including foothills of Central Himalayas.
	Climate of the region is characterized by hot, wet summers and cool, dry winters. Annual rainfall ranges from 1400-1600 mm. Mean annual soil temperature >22 οC. Length of growing period ranges from 180 to 210 days. 
	Soils are deep loamy and high in organic matter content.
	Bambusa balcooa, Bambusa nutans

Bambusa polymorpha, Bambusa tulda, Bambusa vulgaris, Cephalostachyum pergracile, Dendrocalamus giganteus, Dendrocalamus hamiltonii, Dendrocalamus longispathus, Oxytenanthera parviflora

	Agro-Eco-region 14
	Warm Sub humid To Humid With Inclusion Of Per humid Eco-region with Brown Forest And Podzolic Soils
	The region comprises western Himalayas covering Jammu and Kashmir, Himachal Pradesh and northwestern hilly areas of Uttar Pradesh.
	Climate of the region is characterized by mild summers and cool winters. Mean annual rainfall varies from 1000-2000 mm. Annual soil temperature ranges from 12-20 οC 
	Soils of the Tarai belt are deep, loamy, neutral to mildly alkaline in reaction.
	Arundinaria spp, Dendrocalamus giganteus, Dendrocalamus hamiltonii, Dendrocalamus hookeri.

	Agro-Eco-region 15
	Hot Sub humid (Moist) To Humid Eco-region with Alluvium Derived Soils.
	The region comprises the plains of Brahmaputra and the Ganga rivers covering states of Assam and West Bengal including southern pockets of Assam.
	Hot summers and mild to moderately cool winters characterize climate of the region. Mean annual rainfall ranges from 1400-2000 mm. The length of growing period is more than 210 days.
	Common soil-scapes of the area are represented by level to very gently sloping Haplaquepts, Haplaqualfs, Dystrochrepts, Eutrochrepts, Fluvaquents and Hapludalfs.
	Bambusa balcooa, Bambusa nutans, Bambusa pallida, Bambusa polymorpha, Bambusa tulda, Bambusa vulgaris, Dendrocalamus giganteus, Dendrocalamus hamiltonii, Dendrocalamus longispathus, Dendrocalamus membranaceus

	Agro-Eco-region 16
	Warm Per humid Eco-region with Brown And Red Hill Soils
	The region comprises of northern hill parts of West Bengal, northern parts of Assam, Arunachal Pradesh and Sikkim state. Extent- 9.6 m ha.
	Climate is characterized by warm summers and cool winters. Mean annual precipitation exceeds 2000 mm. Length of growing period is more than 270 days.
	Soils in the region vary from shallow to moderately shallow, loamy, brown forest soils to deep o.m. rich soils with moderate to low base status.
	Arundinaria spp., Bambusa balcooa, Bambusa nutans, Bambusa pallida, Bambusa vulgaris, Dendrocalamus hamiltonii, Dendrocalamus hookeri, Phyllostachys bambusoides, Phyllostachys pubescens

	Agro-Eco-region 17
	Warm Per humid Eco-region with Red And Lateritic Soils.
	The region comprises hilly states of Nagaland, Meghalaya, Manipur, Mizoram and southern Tripura. Extent-10.6 m ha.
	Climate of the region is characterized by warm summers and cool winters. Mean annual precipitation varies from 2000-3000 mm. Length of growing period exceeds 270 days.
	Major soil formations in the area include shallow to very deep loamy, red and Lateritic, and red and yellow soils.
	Arundinaria spp, Bambusa balcooa, Bambusa nutans, Bambusa polymorpha, Bambusa tulda, Bambusa vulgaris, Dendrocalamus giganteus, Dendrocalamus hamiltonii, Dendrocalamus longispathus, Oxytenanthera parviflora

	Agro-Eco-region 18
	Hot Sub humid To Semi-Arid Eco-region with Coastal Alluvium- Derived Soils.
	The region comprises southeastern coastal plain, extending from Kanyakumari to Gangetic Delta. Extent-8.5 m ha.
	The region experiences wide climatic variations. Climatic conditions vary from Sub humid to semiarid type. The areas showing semiarid climate receives mean annual rainfall ranging from 900-1100 mm. The length of growing period being 90-150 days. The region showing Sub humid climate receives a mean annual rainfall of 1200-1600 mm. Length of growing period being 150-210 days.
	The soil-scapes representing the area are level to very gently sloping Haplaquents, Haplaquepts, Ustifluvents, Pellusterts and Ustropepts. 
	Bambusa bamboos, Bambusa nutans, Dendrocalamus strictus

	Agro-Eco-region 19
	Hot Humid Per humid Eco-region with Red, Lateritic And Alluvium-Derived Soils
	The region comprises the Western Ghats and Coastal Plains of Sahyadris, Maharashtra, Karnataka and Kerala states including Nilgiri hills of Tamil Nadu.
	The region experiences hot and humid summers and warm winters. Mean annual temperature varies from 25 οC to 28 οC. Mean annual rainfall exceeds 2000 mm. Length of growing period ranges between 150-210 days.
	The major soils of the region include Red and Lateritic soils along the leeward flank of Sahyadris and alluvium-derived soils in the coastal plains
	Bambusa balcooa, Bambusa bamboos var.gigantea, Bambusa nutans, Bambusa polymorpha, Bambusa tulda, Bambusa vulgaris, Dendrocalamus brandisii, Dendrocalamus giganteus, Dendrocalamus hamiltonii, Dendrocalamus longispathus, Dendrocalamus membranaceus

	Agro-Eco-region 20
	Hot Humid/Per humid Island Eco-region with Red Loamy And Sandy Soils.
	The region comprises the group of islands of Andaman and Nicobar in the east and that of Lakshadweep in the west.
	The agro-climate is typified by tropical conditions with little difference between mean summer and mean winter temperatures. Annual rainfall ranges from 1600 to 3000 mm. Length of growing period is more than 210 days.
	The soils of the Andaman and Nicobar islands are deep red loamy in nature. The soils of Lakshadweep Group of Islands, on the other hand, are highly calcareous and sandy in nature.
	Bambusa balcooa, Bambusa nutans

Bambusa polymorpha, Bambusa tulda, Bambusa vulgaris, Dendrocalamus giganteus, Dendrocalamus hamiltonii, Oxytenanthera parviflora


Fig 6: TEMPORAL FRAMEWORK FOR QUALITY PLANTING STOCK PRODUCTION AND CULTIVATION OF BAMBOO

























APPENDIX 2

BAMBOO IN THE TENTH FIVE-YEAR PLAN

The Planning Commission, Government of India, in it’s draft approach paper to ‘The Tenth Five Year Plan’ has proposed several reform measures in the bamboo sector of the country. They are

· Classification of bamboo as NTFP thereby providing rights to the tribal population and other forest dwellers over this resource. 

· Review of harvesting policy of bamboos and streamlining of procedure by way of lifting ban on felling of green bamboos so that they become available directly to the artisans. 

· Gradual denationalization NTFPs to reduce monopoly of Government, traders and mills in the marketing of NTFPs and to encourage healthy competition so that retail sale of fuel wood and bamboo can easily be done in the open market. 

· Setting up processing units within the tribal areas with the Forest Department acting as a facilitator for creation of such facilities. 

· Review of its import policy to allow cheap and duty free import of pulp with a view to give a boost to farmers practicing farm forestry.

· Review of the pattern of subsidy to forest based industries and wiping out that subsidy in a time-bound manner so as to improve valuation of forests and giving a boost to farm forestry.

· Formulation of an emergency plan to face the calamity arising out of the gregarious bamboo flowering in the northeast expected from 2003 onward.

(((
APPENDIX 3

THE BAMBOO POLICY OF MIZORAM 2002

ENVIRONMENT & FOREST DEPARTMENT

GOVERNMENT OF MIZORAM

AIZWAL

GOVERNMENT OF MIZORAM

ENVIRONMENT & FORESTS DEPARTMENT

NOTIFICATION

Dated Aizawl the 5th July 2002

No. B. 11012/40/2002-FST: The Governor of Mizoram is pleased to notify the Bamboo Policy of Mizoram 2002 as appended herewith for the general information.

The Policy shall come into force with effect from the date of publication in the Mizoram Gazette.

Sd/-

(LALMALSAWMA)

Secretary

Environment & Forests Department

BAMBOO POLICY OF MIZORAM – 2002

1. PREAMBLE

1.1. Bamboo represents a vast untapped major resource of Mizoram State whose full ecological and economic potentials remain underutilized; it needs to be recognized, developed and promoted in a manner ensuring ecological security for all round sustainable development of the State and well being of its people.

1.2. Bamboo is an essential component of forest eco-system, which is a dominant feature of state’s landscape. Traditional living and lifestyle of Mizo society, to a large extent, is dependent on bamboo for its variety of uses and bamboo has much to offer by way of contributing to socio-economic advancement of modern Mizo society. The ecofriendly Bamboo crop has immense potential in improving rural economy, industrial development and a sound economic base for the state on sustained basis.

1.3. Bamboo-sector development is a high priority thrust area of the State Government and Government of India. Thus there is a need to promote bamboo development for the benefit of rural sector.

1.4. The change over from traditional use to a modern use tracking a high potential growth path in an eco-friendly manner needs a clear vision, an appropriate policy framework and a road map. Hence the necessity of drafting a Bamboo Policy.

2.  SOCIO-ECONOMIC STATUS

2.1. The economy of the State is primarily agrarian with majority of the people practicing jhum cultivation. There are no major industries in the State to provide regular source of income to the people. About 50,000 persons alone are employed in various Government and Semi-Government undertakings, which reckons to 6% of the total population. There are 4334 nos. of SSI units as on 1.4.1998. Besides, people practice poultry, piggery, pisciculture and dairy in the homestead. Per capita income of the State in 1996-97 is Rs. 13,360. People are also engaged in sericulture, weaving, knitting and tailoring, bakery, workshops, trade and in various cottage industries. Although literacy level in the State is 88.84% (2001 Census provisional figures), second in the country, lack of infrastructure development, remote location, poor market linkages, inadequate power supply has resulted in slow pace of industrial development in the state. Difficult topography and limited flat terrain (just around 3%) has also attributed to economic backwardness.

2.2. Jhum cultivation has become unproductive owing to frequent exposure of soil 

as is evident from the reduction of jhum cycle from 20-25 years to 4-5 years. Soil, moisture, vegetation, and bio-diversity loss has rendered large area refractory and unsuitable for jhumming. Presently jhum cultivation is practiced by burning standing Bamboo that in itself is a great loss in term of revenue.

3. RESOURCE SCENARIO OF BAMBOO

3.1. Tropical moist deciduous forests and bamboo forests are the commonest type of vegetation in Mizoram. Bamboo occurs in the lower storey of Tropical Evergreen and Moist Deciduous Forests along the banks of rivers in the riverine forests and in the valleys with humid conditions. Bamboo is found from 40 metres to 1500 metres elevation but is rare in the eastern region of the State, particularly in Champhai, due to high altitude open tracts of bamboo are scarce in east and southeast. Bamboo brakes cover about 6446 sq.km., about 31 % of geographical area of the State. Bamboo brakes are entirely of secondary origin; clear felling of primary forests results in establishment of bamboo especially Melocanna baccifera which dominates the species composition.

3.2. There are more than 20 species of Bamboo covering 9 genera, occurring in the State. Non-clump forming bamboo Melocanna baccifera (Mautak) is abundantly found contributing about 95 % of the growing stock of Bamboo while other important species are Dendrocalamus hamiltonii (Phulrua), Dendrocalamus longispathus (Rawnal), D. species (Rawpui), Bambusa tulda (Rawthing), B. longispiculata (Rawthing chi) and Arundinaria callosa (Phar). Barring Mautak, other species are found in small proportion, yet are commercially important for value added products.

3.3. Amongst the edible bamboos, Melocanna baccifera (Mautak) is most favoured followed by Bambusa tulda (Rawthing), Dendrocalamus hamiltonii (Phulrua), D. longispathus (Rawnal) and D. sikkimensis (Rawmi).

3.4. No reliable data are available to authenticate volume of growing stock, annual growth, available bamboo yield, consumption and use due to annual burning operation of Bamboo during jhum season. But as per the Forest Survey of India’s inventory carried out in 1988-89 the Bamboo stock in Mizoram is assessed at 12,950.75 (000) million tons and the annual yield being 3237.689(000) million tons while the annual consumption of Bamboo for domestic purpose was estimated at 28.315(000) million tons thus leaving an annual surplus of 3209.374(000) million tons for industrial and trade purpose. Thus Mizoram alone contributes 14 % of the country’s growing stock of bamboo with about 9210 sq.km. (49.10%) of the geographical area of 21018 Sq.km. of the state.

3.5. Bamboos are annually worked under Mahal system since District Council Period. Mahal system is operated for Riverine Reserve and Inner line Reserve Forests only, covering 20-23 rivers & tributaries. Most of the Bamboo harvested by the Mahaldars is supplied to Hindustan Paper Corporation at Panchgram in Karimganj District of Assam. Rivers are preferably used for bamboo transportation to HPC through Barak River. Substantial quantity of Bamboo is available outside the Government Forest in revenue land where it is used as burning material during jhum operation and is not harvested.

3.6. Bamboo flowering occurs at a periodic interval of 48-50 years in Mizoram. From past experience Bamboo flowering follows famine, which is known as ‘ Mautam’ after the flowering of Melocanna baccifera (Mautak) and Thingtam after Bambusa tulda (Rawthing). As per record Mautak flowered in 1815, 1863, 1911 and 1959 while the next expected flowering cycle is in 2007. As for Rawthing, flowering was observed in 1739, 1785, 1833,1881, 1929 and 1977 and the next flowering is expected in 2025. Gregarious flowering and seeding of bamboo causes an increase in rat population. The massive rat population feeds on standing agricultural crop, causing its destruction and results in acute food scarcity.

4. NEED FOR BAMBOO POLICY

4.1 .Bamboo being a multipurpose, eco-friendly crop abundantly available, yet an underutilized natural resource needs to be managed and exploited for sustainable use. Bamboo is conceived as a thrust area in the Industrial Development of Mizoram for the economic and ecological security of the people. This precious resource needs to be fully tapped as an Industrial raw material, as substitute for wood in rural / urban housing, engineering works, handicrafts, furnitures and value addition through export. Undoubtedly Bamboo can revolutionize the economy of the State ensuring employment opportunities to a large number of people. Extension and awareness about bamboo sector development will be given a renewed thrust.

5. AIMS AND OBJECTIVES

Considering the Ecological significance and vast economic potential of Bamboo in the State, aims and objectives of the Bamboo Policy shall be as under

5.1 Protection and preservation of mountain ecology; protecting the mountain slopes by affording protection to bamboo forests and bamboo regrowth areas for sustained productivity and environmental security for the people.

5.2. Protection, conservation of rich bio-diversity associated with bamboo forests and regrowth areas and their future development.

5.3. Sustainable development and utilization of Bamboo resources through scientific management.

5.4. Promotion of private bamboo plantation (Individual and community owned) as the key thrust area for future economy of the State

5.5. Promotion of bamboo cultivation in the homestead as a cash crop and an essential component of agro-forestry to generate income and to meet the contingent need of rural households in the State.

5.6. Improvement of bamboo productivity in farm and forestry sector by use of biotechnology and improved management practices thus making bamboo plantation a profitable and attractive economic enterprise for securing adequate return on investment.

5.7. Promotion of bamboo based industries at cottage level, small scale, medium and large scale for utilizing the available resources at a sustainable level for generating assured income.

5.8. Revitalization and promotion of local traditional Bamboo craft and art with improved technology, design and market linked trade for value added items for export through industrialized mode of production.

5.9. Promotion of bamboo sector development as an essential component of rural development strategy linked with forestry and agri-business sector in the State promoting rural employment.

5.10. Promotion of bamboo as an essential wood substitute by increasing bamboo production.  Promotion of enterprises manufacturing bamboo based products and wood substitutes thereby reducing pressure on forests and reducing wood deficiency in the State.

5.11. Promotion of awareness and understanding of bamboo as “Green Gold” among farmers, traders, industry men in the State with a view to utilizing its full potential and to galvanize the rural and industrial sector in the State.

5.12. Effective exploitation of the economic potential of bamboo before the impending MAUTAM i.e. gregarious flowering in 2006-07.

6. APPROACHES TO BAMBOO SECTOR DEVELOPMENT

6.1. Conservation of bamboo-diversity, bamboo germplasm and preservation of mountain ecology.

6.2. Use of Bamboo forests and bamboo regrowth areas for affording protection in critical watersheds, human habitations, civil engineering structures like national and state highways, rural roads and hydropower projects etc.

6.3. Regulating bamboo-exploitation in jhum regrowth and jhum areas by involving Village Councils/ Village Forest Development Committees (VFDCs) and facilitating gradual change over to agro-forestry management and practices.

6.4. Sustainable management and use of dedicated bamboo forests and bamboo regrowth areas for providing essential bamboo materials for traditional use and commercial use in bamboo based industries, enterprises, handicraft sector and for bamboo trade and commerce.

6.5. Promoting bamboo cultivation in homestead, agro-forestry sector as a cash crop using improved high yielding bamboo species for income generation and supporting bamboo based enterprises and bamboo trade.

6.6. Promoting private bamboo plantation as key thrust area for achieving the objectives enshrined in the policy. The focus will be on developing the sector as market driven and people oriented.

6.7. Providing supportive administrative, institutional framework to facilitate all round bamboo sector development by evolving a framework of incentives, subsidy, technical and professional support in regard to planting material, improved plantation technology, processing facilities and support services like training, credit, marketing, export facilitation etc.

6.8. Identification of bamboo species for plantation raising and providing raw-materials to selected industries like bamboo mat board, flooring and edible shoots having high demand in domestic and export market and adoption of improved technology and market & export linkages and supportive investments to promote such plantation & processing enterprises in the State.

7. THE STRATEGY

7.1. Protection of Mountain Ecology and Environment

7.1.1. Mountain environment and ecology shall be protected and preserved and existing imbalance due to inappropriate land use, over exploitation of natural resources beyond carrying capacity shall be checked and prevented. The detailed action plan/ guidelines will be formulated by September 2002.

7.1.2. Bamboo forests and regrowth areas in critical mountain slopes and around village habitations shall be afforded protection to ensure environmental security (protection of catchment, regulation of water flow, recharge of water table, conservation of flora and fauna etc. and protection of developmental infrastructure like roads, bridges, hydel projects, human settlements, habitations, etc.).

7.1.3. All variety of native bamboo species, ecotypes shall be protected and germplasm preserved. Efforts shall be made to conserve germplasm in in-situ and ex-situ. Bamboo Resource Development Wing will be co-coordinating agency with technological inputs from Department of Biotechnology, National Institute of Bamboo and Rattan, ICFRE and other Scientific Institutes within and outside the State.

7.2.
Bamboo Resource Assessment

7.2.1. Mapping / Inventorisation

Database in regard to bamboo is poor. Bamboo resource assessment i.e. mapping and inventorisation of bamboo shall be accorded highest priority and shall be completed in 2 to 3 years. Available expertise of Forest Survey of India (FSI), National Remote Sensing Agency (NRSA) and services of State Remote Sensing Application Centre and Department of Environment & Forest shall be utilized to carry out the mapping and inventory for which required fund support shall be provided.

7.3.
Dedicated Land Use for Bamboo Development

7.3.1. Bamboo rich areas having bamboo development potential and having economic and Ecological significance must be identified, surveyed, demarcated and dedicated to permanent bamboo growing (in Government, Community, Private Sector). The identification of such areas would be completed by September 2002.

7.4.
Management of Bamboo Resource in the State

7.4.1. Bamboo occurs as a lower storey in Evergreen, Semi-evergreen forests along riverbanks and grows profusely in abandoned jhum lands. It occurs pure in bamboo –brakes. The existing bamboo resources within the notified forests and outside in government lands, and jhumland and Village council areas shall be managed on scientific lines, keeping in view the end use, socio-economic need of local people and industrial need.

7.4.2. Bamboo within notified forests shall be managed as per approved management plan keeping in view sustainable forest management principles in association with local village communities (under Joint Forest Management concept). Present system of bamboo harvesting by mahals shall be replaced in a phased manner. The existing bamboo shall be harvested and utilized employing improved and modern harvesting and utilization technology.

7.4.3. Bamboos outside government notified forests and in jhum land shall be managed i.e. conserved, protected and harvested (from dedicated bamboo areas under government / community control) on scientific lines. Appropriate guidelines shall be evolved in consultation with the Village Councils, Environment & Forest, Local Administration Department (LAD), Revenue, Agriculture and other development departments.  Harvesting would be done by Village Councils/ VFDCs through labour cooperative societies or family lease system. Detailed guidelines will be notified by September 2002.

7.4.4. As an incentive and to wholly involve the Village Council / VFDC in conservation, protection and sustainable management of Bamboo Resources in the respective village areas, bamboo management shall vest with village Council / VFDC. Village Council/ VFDCs shall be empowered to manage the Bamboo Resources for which Act/ Rules shall be enacted. Representative of Environment & Forest Department, Rural Department, LAD, Revenue shall be represented in Village Council / VFDCs to ensure management of bamboo resources is in conformity with Bamboo Management Regulations for each village. Thus Bamboo Resource Management will be a community enterprise with delegated powers/ vested interest created to conserve, protect, harvest bamboo resource in the Village Council area involving willing families in bamboo production, management, harvesting and supporting bamboo craft, bamboo industries in the rural sector. Detailed guidelines will be formulated and notified by September 2002.

7.5. Protection from Fire

Bamboo resources inside notified forests and in Village Council areas shall be protected from spread of fire. Every year a forest fire prevention strategy and measures shall be adopted and implemented by making joint efforts by various government departments, Village Councils and social organizations. Required fund support shall be made available from government sources and Village Council fund (Bamboo Revenue).

7.6.
Regulation of Bamboo Harvest

7.6.1. Bamboo, at present, is collected in an unregulated manner by villagers to meet their bonafide domestic need free or on payment of royalty. Bamboo from Government Notified Forests is sold by Mahal system. With a view to manage the bamboo resources in a sustainable manner and to ensure a support base to increasing bamboo yield to meet the local need and export of bamboo and improved bamboo produce, annual bamboo harvest and yield need to be predetermined through silvicultural availability, felling regulation, seasonal requirement, market need and in consultation with all concerned and regulated so that bamboo resources are optimally harvested and used.

7.6.2. Where market need exists, limited bamboo shall be harvested from Jhum areas by the respective Village Council / VFDC to meet the local bamboo need and industrial need.

7.6.3. In place of current system of harvesting of bamboo from forests by Mahaldars, alternate means for harvesting on long-term lease to individuals, community enterprise needs to be explored. A better, effective management system with greater involvement of local communities will be evolved.

7.7.
Bamboo Regeneration in Natural Bamboo stands

7.7.1. Bamboo regrowth and regeneration is not a problem in bamboo brake and open areas, however appropriate management methods shall be evolved and employed to ensure quality bamboo yield, keeping in view the end use, need etc.

7.7.2. Natural bamboo stands shall receive the technical support of Forest and Agriculture Department and available incentives to improve productivity and regeneration of Bamboo.

7.7.3. Of the 20 odd species of bamboo found in the State, about 5 species are found to be commercially significant i.e. Mautak (Melocanna baccifera), Phulrua (Dendrocalamus hamiltonii) Rawnal (D. longispathus) and Rawthing (Bambusa tulda). For edible bamboo shoots, Rawthing, Mautak, Phulrua, Rawnal, Rawmi (Dendrocalamus sikkimmensis) are preferred. However, management and regeneration strategy of natural bamboo stand shall focus on preferred species keeping in view the end use requirement.

7.8.
Bamboo Plantation Development

7.8.1. Approximately 25000 ha. of Bamboo plantation will be concurrently created in next 6-7 years essentially to replenish the bamboo resource, which will be steeply depleted during gregarious flowering in 2006-7.

7.8.2. Bamboo Plantation raising shall be encouraged and promoted due to their high value, productivity, uniformity of crop, choice of species linked to peoples need and industrial need. Such plantations of selected species shall be raised in private, community and Government sector. The required technical and scientific support and guidance shall be provided by the Forest, Agriculture Departments. Financial incentives shall also be given to willing beneficiary families interested in raising bamboo plantations from the State Agriculture, Horticulture, Environment & Forest, Rural Development, Soil Conservation Department through funds from beneficiary oriented schemes. Such willing farmers shall also be granted lease land on specific terms and conditions for raising bamboo plantations in government lands outside Notified Forests.

7.8.3. Bamboo nurseries shall be established in the Rural Development Blocks with selected species of bamboo and quality seedlings of clonal origin shall be raised for meeting the requirement of bamboo plantations in the region. A central nursery shall cater to the need of several blocks. Modern nursery and plantation technology shall be adopted and technical support and guidance provided to the Bamboo Plantation Programmes in the districts. Expert advice from National Level Institute like ICFRE, Agriculture Universities, State Forest Research Institute etc. shall be obtained for adoption, dissemination of improved nursery, plantation technology in the state.

7.8.4. Linkages between Bamboo Plantation Growers and Bamboo Enterprise, Industry and Craft Centres shall be established so that Bamboo Plantations support bamboo trade, bamboo industries and marketing of bamboo produce and products within and outside the State.

7.8.5. Accessibility and market linkages should be the guiding factors for site selection of bamboo plantations.

7.8.6. The guidelines and modalities for raising and maintenance of plantations shall be worked out by Environment and Forest Department and would be notified by July 2002.

7.9. Bamboo Flowering and Strategy to Utilize Surplus Bamboo Before Mautam

7.9.1. Fullest possible utilization of bamboo before the Mautam in 2006-2007 shall be encouraged and promoted. Scientific harvesting of bamboo inside and outside the Government Forests, Jhum lands shall be encouraged, by granting concessional rates of royalty so that bamboo is harvested and utilized locally for traditional uses including house construction etc. Subject to fulfillment of local need, surplus raw/ treated bamboo would be permitted for export under stipulated guidelines till the gregarious flowering in 2006-2007.

7.9.2. Bamboo harvest and establishment of Bamboo Enterprise, Craft Centres and Bamboo Industries in small and medium industry sector shall be encouraged through incentive frame work as per New Industrial Policy of Mizoram, 2000.

7.9.3. Improved design for house construction, increasing use of improved products from bamboo for infrastructure development works like constructions, road laying, retaining walls, Jhum terracing, water harvesting structures and gabions shall be encouraged. Improved design and technology shall be obtained from National and International Institute to support and maintain such initiatives.

7.9.4. Bamboo Plantation in private, Joint Sector shall be encouraged with a view to establish a resource base at the district level to provide raw materials for the established industries in the state so that after the Mautam, the established industries do not suffer from want of sufficient quantity of bamboo.

7.9.5. A state level rodent control committee has been constituted for evolving a suitable strategy for combating the potential threats posed by the abnormal increase in rat population during Mautam. The Committee will evolve suitable logistical linkages in terms of striking an adequate balance between preventive techniques and damage control exercises.

7.10.
Bamboo Trade

With the policy reform in regard to management, harvesting, utilization of natural bamboo resources in the State and promoting bamboo plantation development, it is expected that bamboo trade shall receive a fillip. With increased bamboo harvesting before the Mautam and establishment of bamboo industries and with support incentive framework, trade in bamboo and bamboo products within and outside the State shall grow. It shall be the endeavor of the State to promote trade in Bamboo and bamboo products among the Mizo people. The bamboo traders shall be organized into trade associations with linkages with bamboo growers and the bamboo processing industries and bamboo exporters to rationalize the bamboo trade practices. Export will be promoted through establishment of Export Promotion Zones as envisaged in the Industrial Policy of Mizoram, 2000.

7.11. Bamboo Industries

7.11.1. The Bamboo policy framework shall be encouraged to promote establishment of bamboo enterprises and industries in cottage, small and medium industries sectors linked to the need of bamboo produce/ products within and outside the State. In the initial stage, many of these industries shall be established based on the Mautak bamboo, which will be the major bamboo resource of the State suitable for manufacturing bamboo mat board, chop sticks, bamboo shoots, agarbatti sticks and other handicraft products. The new industrial policy of Mizoram 2000 with its thrust on bamboo industries development and associated incentives and subsidy framework shall encourage establishment of such industries and enterprises. Conjunctively, the bamboo policy shall lay emphasis on adopting and using proven technology suitable for manufacturing improved quality products catering to very specific needs and markets and establishing linkages within and outside the State. While simple technologies and manufacturing processes can be adapted by cottage and handicrafts sectors, import of technology shall also be encouraged and adopted in small and medium sector industries to produce quality products for sale within and outside the State and for export purposes. Bamboo mat boards and bamboo ply boards can be promoted as wood substitute for the growing construction needs within and outside the State. This will not only result in a value addition to bamboo products but will also be a wood substitute reducing use of timber within the State. Use of bamboo and bamboo products shall be emphasized in Government constructions where such uses are feasible and incentives shall be given for use of bamboo products in private and community constructions. Standard housing designs for various constructional purposes shall be evolved taking help of national and international expertise available.

7.11.2. Other industrial use of bamboo is in manufacturing bamboo flooring, bamboo shoot industry and bamboo furniture in conjunction with timber and cane. These sectors need adoption of improved technology; standard/ improved designs and improved artisan skill, which will be actively promoted. Assistance of experts shall be taken in identifying suitable technology, product designs and in imparting training to artisans and craftsmen. Promotion of Bamboo industries would be undertaken by the State Industries Department.

7.11.3. High value products will necessitate effective and appropriate manufacturing process and market and export linkages. This policy shall encourage joint ventures with entrepreneurs outside the State including foreign enterprises with technology, finance and export linkages. This arrangement will channelise the resources through local traders and manufacturing industries into domestic and international markets earning handsome revenue for the State. Present export policy in Agro industry encourages such arrangements, which should also be adopted and encouraged for bamboo sector development in the State.

7.12.
Entrepreneurial Development

Entrepreneurship will be promoted through organized and voluntary participation of people. The Government shall facilitate the growth of entrepreneurship skills through several means such as education and training, promoting group formation, providing supports such as funding, credit, leases, tenurial security and consultation with peoples’ groups and involving them in management committees.

7.13.
Market Information Dissemination

Dissemination of information regarding existing markets within and outside the States to the growers, traders, bamboo enterprises, etc. would be done through brouchers, involvement of media, IT Network, etc.

7.14. Research and Development

7.14.1.
Research support for bamboo sector to improve quality, enhance productivity and value of products, sustainable management, conservation of germplasm and diversified products would be promoted through interactive involvement with the National Institute of Bamboo and Rattan Development.

7.14.2. An interface with research wing of the Mizoram University and technical institutes outside the State would be established for problem specific and site specific research regarding bamboo growing, bamboo, plantation development, management of natural bamboo stands, etc.

7.14.3. Appropriate Technology and Technology Transfer

Technology Park would be set up to facilitate effective lab to land transfer. Dissemination of technology shall also be through campaigns involving media, exhibitions, demonstration centres, etc.

7.15. Human Resource Development

Adequate pool of trained manpower needs to be created for bamboo resource development, propagation and supply of high yielding planting material to farmers, harvesting, management, industrial production, infrastructural uses, marketing and export. Due emphasis would be given to training of personnel within the State, Central Institutions and outside the country.

8. FUNDING SUPPORT

Funding support to implement the various policy initiatives enunciated shall be provided from the programme funds of the various development departments. While bamboo resource development within the Notified Forest area shall be supported by bamboo development project under CSS; development of bamboo plantation in agro forestry sector shall be supported from respective programme funds of Agriculture, Horticulture, Rural Development Department. Special programmes to finance bamboo plantation in farmer sector shall be prepared for support institutional finance by NABARD and NEDFi. Establishment of craft centers, training of artisans and craftsman and establishment of cottage and small and medium sector industries can be supported by government subsidies and institutional finance from industrial financing agencies and industrial investors and exporters. Support external funding shall be solicited from UNIDO, UNDP and other International funding agencies for supporting bamboo sector development including bamboo industries in the State.

9. INSTITUTIONAL ARRANGEMENT

9.1. State Level Bamboo Coordination Committee

The implementation of bamboo policy and bamboo development programmes in the State shall be implemented by a number of development departments. Hence, it is necessary to coordinate implementation strategy through an apex body under the Chairmanship of Chief Secretary, Mizoram. A State level bamboo development coordination committee shall be constituted with Commissioners, Secretaries and Head of Departments of line departments and representative from Trade, Commerce, Industries, Banks, NGOs and farmers with the primary function to review and coordinate implementation of bamboo development programmes in the State.

9.2. The State Bamboo Development Agency

While the sectoral fundings shall be utilized and implemented by various development departments to implement and facilitate the special funding arrangement for establishment of bamboo industries, craft sectors, training and HRD and bamboo plantations to support the industries. A special agency namely Bamboo Development Agency (BDA) shall be established in the State drawing multi-sectoral experts from various development departments. Bamboo Development Agencies (BDA) shall report to the State level bamboo Coordination Committee and shall be responsible for bamboo development works under their charge.

9.3. Screening Committee for Grant of Licenses for Bamboo Based Industries

An executive committee consisting of representatives of Departments of Environment & Forests. Industries, Finance, Trade & Commerce & Rural Development and Conservator of Forests Bamboo Resource Development Wing will scrutinize the applications from entrepreneurs and recommend grant of licenses for various categories of units for final decision by the Bamboo Development Agency. The Screening Committee will verify the availability of raw material, financial position, investment source and the entrepreneurial capability of the applicant and, on merit, recommend grant of Industrial licenses.

9.4. Bamboo Resource Development Wing

A permanent Bamboo Development Wing will be set up in the Environment & Forest Department in the State by July 2002. The primary function of the Wing would be resource development and providing technical expertise for conservation and management of bamboo plantation within Notified Forests and plantations outside. A Conservator of Forests will head the Bamboo Resource Development Wing.

9.5. Constitution of Task Force for Fast Track Implementation of Bamboo Development and Harvesting and Utilization before 2007(i.e. before Mautam) 

A Task Force will be constituted under the Chairmanship of Conservator of Forests of Bamboo Resource Development wing by July 2002. It will be dedicated exclusively for formulating a strategy for harvesting, and marketing for local industries and export before Mautam i.e. 2006-2007. The implementation plan for execution would be formulated by October 2002.

9.6. Bamboo and Rattan Development Institute

It is proposed to establish a Bamboo & Rattan development institute in the State with support funding by Government of India. The Bamboo Institute, which will cater to the research and development requirement of bamboo development in the State, shall be actively associated with implementation of bamboo development programme.

10. ACTS AND RULES

All the acts and rules promulgated in the State and Centre shall be applicable for Bamboo development sector in Mizoram.

11. ACTION PLAN

The policy shall be implemented through appropriate action plan packages and the implementation of programmes shall be monitored from time to time so that policy objectives are achieved.

12. POLICY REVIEW

The policy shall be reviewed periodically so that essential policy directives and imperatives are evolved from time to time.
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APPENDIX 4

BAMBOO ACTION PLAN OF MANIPUR
RESOURCE SURVEY AND MAPPING

1) There is a need for detailed survey of bamboo resources of the state (Manipur). The agencies to be involved are FSI, DehraDun and State Forest Department, Manipur. It may be desirable to use satellite imagery to save time and money with at least 1% ground verification/truthing for better accuracy. The survey of the resources may be completed within 2002 itself.

2) The Forest Survey of India report indicates the total growing stock and annual yield of bamboo for the state of Manipur. However, for better and effective management of the existing resources, particularly for sustainable utilization of bamboo resources subsequent to gregarious flowering, site-specific yield prediction of accessible areas may be done. This work may preferably be completed by March 2003 before flowering starts. The Forest Department, Manipur and FSI may be the Implementing Agency.

3) Cohort mapping is to be taken up as and when gregarious flowering of bamboo occurs. For this, aerial photographs may be used with at least 2% ground survey of the flowering area. This will enable all concerned authorities to have information about specific location, extent of area, date and year of flowering, duration of flowering, physical and ecological features of the area etc. for future reference and management by creating a database on bamboo flowering. The agencies to implement this particular task may be State Forest Department, FSI, RFRI, INBAR etc.

4) There is also a need to develop GIS for bamboo in the state.

RESOURCE EXTRACTION AND MANAGEMENT

1) It is desirable to prepare an action plan for systematic harvesting of the bamboo resources. Since harvesting is to be done before gregarious flowering, the time frame may be 2002 to 2004 and the implementing agency shall be the Forest Department, local NGO’s, clubs etc. For Manipur, at the moment HPCL and local bamboo and cane-based industries may be the main customers of the harvested bamboo. About Rs. 6.00 millions may be required for harvesting of about 3 m. tons of bamboo from accessible areas and adequate funding from industries and state plan would be required.

2) For resource transportation of the harvested bamboo, the Forest Department and other local contractors may be involved. The cost to be involved in transportation of 3 m. tons of bamboo will be about Rs. 6.00 millions. Development of roads, highways, waterways and a lenient transit rules are incentives needed.

3) About 240 hectares area shall be required for storage of the 3 m. tons of bamboo if not transported subsequent to harvesting. Better law and order situation and reducing fire hazards are the few incentives required.

4) In addition to supply of raw bamboo to HPCL, the conversion to chips, paper pulp etc. may be encouraged to facilitate long storage in intermediate form. Production of laminated board, composite board, handicrafts, and furnitures are some of the marketable form of alternate products. Loan from financial institutions like NABARD, NEDFi etc. are the incentives needed to local entrepreneurs and the Department for establishment of industries for the above items.

RESOURCE UTILIZATION

1) The HPCL can be one of the major firms for utilization of the raw culms. Possibilities for export of bamboo to neighbouring country like Bangladesh may be worked out.

2) Establishment of small mechanical pulping mills at convenient and strategic points and compressing the pulps to high density pulp sheets and blocks in small scale industry sectors for long term, space effective storage and cost effective transportation may be desirable. Possibilities for transportation in the form of chips and mats (processed bamboo) may also be explored.

3) Conversion of final products like laminated board, particle board, composite board etc. by developing suitable technology may also be explored.

REGENERATION OF LOGGED OVER AREA

1) Out of 1590 sq. kms of bamboo brake area in Manipur systematic and economical harvesting can be done in about 450 sq. kms (30% of the total area). For regeneration of the area, only about 150 sq. kms can be taken up under composite regeneration and in the remaining 300 sq. km area, it can be simply left for unaided natural regeneration with at least 50-70 culms retained per hectare.

2) The action plan for composite regeneration of 150 sq. kms can be as follows

1. Regulated natural regeneration
7500 ha

2. Bamboo value added regeneration
4500 ha

3. Tree plantation

-
3000 ha





--------------




Total
15,000 ha

The logistics for the action plan above are depicted in Table 1.

Table 1:

	Component
	Area 

(In ha)
	Implementing agency
	Time Frame
	Cost involved
	Incentive needed

	Regulated natural regeneration
	7500
	Forest Deptt., NGOs
	3 years from 2004 onwards
	Rs. 6.75 Crores
	Higher allocation of fund in Annual Plan, loans from financial institutions like NABARD, NEDFi and industries like HPCL, technical help from RFRI and other Research Institutions for improved planting stock of bamboo and trees.

	Bamboo value added regeneration
	4500
	Forest Deptt., RFRI, INBAR Industries
	3 years from 2004 onwards
	Rs. 10.00 Crores
	

	Tree plantation
	3000
	Forest Deptt.
	5 years from 2004 onwards
	Rs. 6.80 Crores
	


3) The suitable trees proposed to be planted are Gmelina arborea, Tectona grandis, Artocarpus chaplasha, Terminalia myriocarpa, Duabanga grandiflora, Parkia roxburghii, Toona ciliata, Terminalia chebula etc.
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APPENDIX 5

BAMBOO ECONOMICS – CACHAR PAPER MILL (HPC, PANCHGRAM) 

	Source of Raw Material
	Rs. Per Metric Ton Basis

	Royalty

	District Council Royalty
	108/-

	Govt. Of Assam Royalty
	62.50/-

	Amount Paid FOR Delivery At Panchgram

	Muli bamboo From Manipur
	1143/-  (Including Royalty)

	Muli Bamboo From Mizoram
	1442/-  (Including Royalty)

	Muli Bamboo From Barak Valley
	949/-    (From Lease Area)   (Including Royalty)

	
	1000/-  (From Private Land) (Including Royalty)

	Muli Bamboo From N.C.Hills
	1450/-  (From Lease Area)   (Excluding Royalty)

	
	1735/-  (From private Land)  (Including Royalty)

	Muli Bamboo From Tripura
	1660/-  (Including Royalty)

	Muli Bamboo From Meghalaya
	1641/-  (Including Royalty)

	Local Collection (Home Grown)
	905/-    (Including Royalty)

	Lower Assam
	2162/-  (Including Royalty)

	
	2591/-  (Including Royalty)

	Upper Assam (Diphu)
	2109/-  (Including Royalty)

	East Khasi Hills
	1717/-  (Including Royalty)
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BAMBOO ECONOMICS – ANDHRA PRADESH PAPER MILLS

	Industry
	Source
	Annual Quantity (MT)
	Type of Procurement
	Cost

	
	
	
	
	Royalty (Rs./MT)
	Operation Cost (Rs./MT)
	Logistic Cost (Rs./MT)
	Total Cost (Rs./MT)
	Total Cost

(Rs./BDMT)

	ITC Bhadrachalam
	APFD
	5000
	Lease From Govt.
	1430
	1000
	350
	2780
	3000

	
	APFDC
	5000
	Tender (Coupe Level)
	1600
	-
	300
	1900
	2600

	
	MP/Chatishgarh
	20000
	Tender (Depot Level)
	1625
	-
	900
	2525
	3100

	
	Orissa
	10000
	Direct Mill Delivery
	1300
	-
	900
	2200
	3600

	
	West Bengal
	5000
	Direct Mill Delivery
	1300
	-
	1150
	2450
	4000

	
	Assam
	2000
	Direct Mill Delivery
	1050
	-
	1600
	2650
	

	AP Paper Mills, Rajamundry
	APFD
	5000
	Lease From Govt.
	1430
	1100
	400
	2930
	3200

	
	APFDC
	5000
	Tender (Coupe Level)
	1600
	-
	400
	2000
	2750

	
	MP/Chatishgarh
	20000
	Tender (Depot Level)
	1625
	-
	1100
	2725
	3300

	
	Maharashtra
	10000
	Direct Mill Delivery
	1600
	-
	1100
	2700
	3300

	
	Orissa
	10000
	Direct Mill Delivery
	1300
	-
	700
	2000
	3350

	Sirpur Paper Mills
	APFD
	3000
	Lease From Govt.
	1430
	1050
	600
	3080
	3400

	
	APFDC
	2000
	Tender (Depot Level)
	1625
	-
	500
	2125
	3000

	
	Maharashtra/Chatishgarh
	3000
	Direct Mill Delivery
	2000
	-
	500
	2500
	3000

	
	Madhya Pradesh
	2000
	Tender (Depot Level)
	1600
	-
	1100
	2700
	3250


BDMT = Zero Moisture, Cost/BDMT Based On Receipt Moisture Content
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APPENDIX 7
LIST OF PARTICIPANTS

INTERNATIONAL

Sri Andrew Benton,
Assistant Programme Officer,
Integration Network for Bamboo and Rattan, Beijing, China.
NATIONAL

Sri R.P.S. Katwal, IFS

Director General,

Indian Council of Forestry Research and Education, P.O. New Forest, DehraDun – 248 006.

FOREST DEPARTMENT OF N.E. STATES

Sri Bharat Bhushan Dhar IFS
Conservator of Forests,
Karbi-Anglong Autonomous Council, Diphu.
Sri B. Brahma, IFS

Conservator of Forest,

EAC, Jorhat.

Sri Rosiausa Vanchhong, IFS

Conservator of Forests

Dept. of Environment of Forests

AIZAWL, Mizoram.

Sri Th. Ibobi Singh, IFS 
Conservator of Forests,
Forest Dept., Manipur, Imphal.
Sri S.K. Sen, IFS
Conservator of Forests (Retd.)
Puranbasti, Ali Ahmed Path,
8th mile- Narangi Road, P.O. Panjabari
Guwahati-781 037.

Sri Purnanada Bordoloi, IFS
Division Forest Officer, N.A. Division, Diphu, K.A. Autonomous Council, Diphu.
Sri M.N. Duarah,

Divisional Forest Officer, Jorhat Division, Jorhat

Sri V. K. Jawal, IFS 

DFO, Silviculture, State Forest Research Institute, Van Vihar, Itanagar.

Sri T. Amenba Yaden, IFS

Dy. C.F., Social Forestry Division,

Nagaland, Kohima.

Sri Brajamani Sharma, IFS

Dy. C.F., Manipur Forest Deptt.

Manipur.

Sri B.C. Langthasa, ACF
O/o Divisional Forest Officer.
N.C. HILLS. HAFLONG, ASSAM.

STATE FOREST RESEARCH INSTITUTE
Dr. K. Haridasan
Scientist –SE, State Forest Research Institute, Itanagar. 
Anupam Sharma
Research Scholar, State Forest Research Institute, Itanagar.
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APPENDIX 8

ACRONYMS USED IN THE PROCEEDING

CBTC:
Cane and Bamboo Technology Centre

FRI:
Forest Research Institute

FSI:
Forest Survey of India

GIS:
Geographic Information System

HPC:
Hindustan Paper Corporation (Limited)

IIRS:
Indian Institute of Remote Sensing

INBAR:
International Network for Bamboo and Rattans

IPIRTI:
Indian Plywood Industries Research & Training Institute

MoEF:
Ministry of Environment and Forests (Government of India)

NABARD: National Bank for Agriculture & Rural Development

NEDFi:
North Eastern Development Finance Corporation (Limited)

NRSA:
National Remote Sensing Agency

RFRI:
Rain Forest Research Institute

UNIDO:
United Nations Industrial Development Organization

WIMCO:
West India Match Company (Limited)
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Fig. 1: Household Uses of Bamboo for House Construction (Upper), Fence (Middle) and Agricultural Equipment (Lower).
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Fig. 2: Socio-religious Utilization of Bamboo by Indigenous Community in Arunachal Pradesh [Community alter (upper left), Community Festival (middle), Serving madua Beer During Festival (upper right) and Community Festival Decoration (lower)].
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� Technology, Government of India; Incentive = Incentive given to the Peoples Action Groups i.e. Kissan Nursery and Farmers; Farmers = Expenditure met by the farmers raising bamboo clump





� 	Rs in Crore. (To plant 50 lakh bamboo seedling per year for 5 years, 62,500 ha (or 625 sq km) is required)
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( One immediately after transplanting the seedling and second 20 days after transplanting the seedling I.e. during root crown initiation stage
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		Table 1. Budget requirements for Planting 50 lakh seedling per year for five years through NGO's and Farmers

														Rs in Crores

		SN				Particulars		Per Nursery (10,000 seedling per year)		Per Cluster (5 nurseries to produce 50,000 seedlings per year)		For 100 Clusters (to produce 50 lakh seedlings per year)		Agency for Implementation*

		A				Technology Development

				1		Selection of species for different agro-climatic regions						Rs    1.50		MOEF

				2		Cohart mapping and identification of superior clumps						Rs    1.50		MOEF

				3		Ex situ conservation of Germplasm						Rs    5.00		DBT

				4		Establishment of Tissue culture laboratories						Rs    15.00		DBT

				5		Establishment of Central Nursery for multiplication of Base population						Rs    2.50		MOEF

				6		Raising of base population of superior culm						Rs    2.50		MOEF

						Total Technology Development cost						Rs    28.00

		B				Technology Transfer for production, plantation and management for five years

				1		Sensitisation to the NGO,s

						National Workshop (Three)						Rs    0.20		CAPART

						Regional Workshop (10 workshops)						Rs    0.30		CAPART

						Training and assistance to 50 VO's						Rs    7.50		CAPART

				2		Training to the Farmers for establishment of Kissan Nursery						Rs    3.00		CAPART

				3		Training to the farmers for plantation and maintainance of Bamboo						Rs    3.00		CAPART

				4		Supply of breeders planting material						Rs    5.00		MOEF

				5		Quarantine and certification						Rs    5.00		MOEF

						Total Technology Transfer cost						Rs    24.00

		C				Production of 50 lakh seedling per year for five years

				1		Selection and sensitisation of NGO's						Rs    0.50		CAPART

				2		Setting up of Kissan Nursery		Rs 0.0050		Rs 0.03		Rs    2.50		Incentive

				3		Production of Seedlings (Rs 6/- per seedling)		Rs 0.0300		Rs 0.15		Rs    15.00		Incentive

						Total Seedling Production cost		Rs 0.0350		Rs 0.18		Rs    18.00

		D				Plantation of 50 lakh seedling per year for five years

				1		Pre plantation operations (Rs 6/- per seedling)		Rs 0.0300		Rs 0.15		Rs    15.00		Farmers

				2		Planting operations (Rs 6/- per seedling)		Rs 0.0300		Rs 0.15		Rs    15.00		Incentive

				3		Post plantation operations (Rs 12/- per seedling)		Rs 0.0600		Rs 0.30		Rs    30.00		Farmers

				4		After care for 5 years (Rs 12/- per seedling)		Rs 0.0600		Rs 0.30		Rs    30.00		Farmers

						Total Plantation cost		Rs 0.1800		Rs 0.9000		Rs    90.00

						Total Project Cost						Rs    160.00

		*		MOEF = Ministry of Environment and Forests, Government of India

				DBT = Department of Biotechnology, Ministry of Science and Technology, Government of India

				CAPART = Council for Advancement of Peoples Action and Rural Technology, Government of India

				Incentive = Incentive given to the Peoples Action Groups i.e. Kissan Nursery and Farmers

				Farmers = Expenditure met by the farmers raising bamboo clump

		Table 2. Summary of budget requirements and Agency involved

																Rs in Crores

				SN		Particulars		Expenditure

								Technology Development		Technology Transfer		Seedling Production		Seedling Plantation		Total

				1		Ministry of Environment and Forests		Rs    8.00		Rs    10.00						Rs    18.00

				2		Department of Biotechnology		Rs    20.00								Rs    20.00

				3		Council for Advancement of Peoples Action and Rural Technology				Rs    14.50						Rs    14.50

				4		Incentive given to the Peoples Action Groups						Rs    17.50		Rs    15.00		Rs    32.50

				5		Expenditure met by the growers								Rs    75.00		Rs    75.00

						Total Budget Requirement		Rs    28.00		Rs    24.50		Rs    17.50		Rs    90.00		Rs    160.00

				Table 3. Summary of expenditure for production and plantation of 50 lakh seedling per year for five years

				SN		Particulars		Expenditure

								Per Seedling		Per Hactare		62,500 ha*#

				1		Ministry of Environment and Forests		Rs    7.20		Rs    2,880		Rs    18.00

				2		Department of Biotechnology		Rs    8.00		Rs    3,200		Rs    20.00

				3		Council for Advancement of Peoples Action and Rural Technology		Rs    5.80		Rs    2,320		Rs    14.50

				4		Incentive given to the Peoples Action Groups		Rs    13.00		Rs    5,200		Rs    32.50

				5		Expenditure met by the growers		Rs    30.00		Rs    12,000		Rs    75.00

						Total Expenditure		Rs    64.00		Rs    25,600		Rs    160.00

				* 62,500 ha (or 625 sq km) is required to plant 50 lakh bamboo seedling per year for 5 years

				# Rs in Crore

				Table 4. Budget Summary for production and plantation of 50 lakh seedling per year for five years

				SN		Particulars		Expenditure

								Per Seedling		Per Hactare		62,500 ha*#

				1		Total Technology Development cost		Rs    11.20		Rs    4,480		Rs    28.00

				2		Total Technology Transfer cost		Rs    9.60		Rs    3,840		Rs    24.00

				3		Total Seedling Production cost		Rs    7.20		Rs    2,880		Rs    18.00

				4		Total Plantation cost		Rs    36.00		Rs    14,400		Rs    90.00

						Project Cost		Rs    64.00		Rs    25,600		Rs    160.00

				* 62,500 ha (or 625 sq km) is required to plant 50 lakh bamboo seedling per year for 5 years

				# Rs in Crore

				Table 5. Average Cost and Benefit Estimates per seedling

				SN		Particulars		Rs / ha		Per clump

										Per year		For 25 yrs

				a.		Ministry of Environment and Forests		Rs    2,880

				b.		Department of Biotechnology		Rs    3,200

				c.		Council for Advancement of Peoples Action and Rural Technology		Rs    2,320

				1		Technology Cost to the Nation		Rs    8,400

				2		Incentive Cost to the Nation		Rs    5,200

				3		Growers Input		Rs    12,000

				A.		Total Input Cost / ha (5 yrs)		Rs    25,600				Rs    64.00

				B.		Annual Maintainance Cost / ha (25 yrs)		Rs    1,000		Rs    2.50		Rs    62.50

				C.		Land Rent /ha (30 yrs)		Rs    1,000		Rs    2.50		Rs    75.00

						Total Expenditure for 30 yrs						Rs    201.50

						Average Production / year from 6th year (6 culm)		Rs    10.00		Rs    60.00		Rs    1,500.00

						Average Return				Rs    51.94		Rs    1,298.50

						Average Annual Return per ha =		Rs    20,776

														Appendix -1

				Cost Estimate for Raising Bamboo Seedling

		Item				Particulars		Man Days		Expenditure

										Per ha				Per plat

		A				Material & Supply (for 500 bags**)

				1		Poly Bags				500				1.25

				2		Soil & Sand				500				1.25

				3		Manure & Fertiiser				200				0.50

						Sub total Material & Supply		0		1200				3.00

		B				Nursery Operations

				4		Seiving & Mixing Potting Media		5		300				0.75

				5		Filling & Arranging Poly bags		4		240				0.6

				6		Separating & transplanting rhizomes		5		300				0.75

						Sub total Planting Operations		14		840				2.1

		C				After care for 12 weeks

				7		Irrigation		2		120				0.3

				8		Interculture		2		120				0.3

				9		Protection		2		120				0.3

						Sub total After care		6		360				0.9

						Grand Total		20		2400				6

				** 400+25% to take care of discarding inferior, deaseased and damaged seedlings

														Appendix -2

				Cost Estimate for Bamboo Plantation

		Item				Particulars		Man Days		Expenditure

										Per ha				Per plat

		A				Pre Plantation Operations

				1		Demarcation of area		5		300				0.75

				2		Jungle cutting		20		1200				3

				3		Ranging & clearence of line		5		300				0.75

				4		Stacking		4		240				0.6

				5		Seedling Transport		6		360				0.9

						Sub total Pre Plantation Operations		40		2400				6

		B				Planting Operations

				6		Pitting		20		1200				3

				7		Manure & Fertiliser				600				1.5

				8		Soil-Manure Mixing & Pit Filling		5		300				0.75

				9		Seedling Transplanting		5		300				0.75

						Sub total Planting Operations		30		2400				6

		C				Post Plantation Operations

				10		Protection				4000				10

				11		Two Irrigation*		4		240				0.6

				12		Soil working (2 number)		10		600				1.5

						Sub total Post Plantation Operations		14		4840				12.1

		D				After care for 5 years

				13		Intercultural Operations		40		2400				6

				14		Organic & inorganic manure				400				1

				15		Protection				2000				5

						Sub total After care		40		4800				12

						Grand Total		124		14440				36.1

		* One immediately after transplanting the seedling and second 20 days after transplanting the seedling I.e. during root crown initiation stage
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				Table 3. Summary of expenditure for production and plantation of 50 lakh seedling per year for five years

								Per Hactare

				1		MoEF		2880

				2		DBT		3200

				3		CAPART		2320

				4		INCENTIVE		5200

				5		GROWERS		12000

				Table 4. Budget Summary for production and plantation of 50 lakh seedling per year for five years

								Per Seedling

				1		Technology Development		11.2

				2		Technology Transfer		9.6

				3		Seedling Production		7.2

				4		Plantation		36

						Technology Development		Technology Transfer		Seedling Production		Seedling Plantation

		1		MoEF		8		10

		2		DBT		20

		3		CAPART				15

		4		INCENTIVE						18		15

		5		GROWERS								75

				Total Budget Requirement		Rs    28.00		Rs    24.50		Rs    17.50		Rs    90.00
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		Table 1. Budget requirements for Planting 50 lakh seedling per year for five years through NGO's and Farmers

														Rs in Crores

		SN				Particulars		Per Nursery (10,000 seedling per year)		Per Cluster (5 nurseries to produce 50,000 seedlings per year)		For 100 Clusters (to produce 50 lakh seedlings per year)		Agency for Implementation*

		A				Technology Development

				1		Selection of species for different agro-climatic regions						Rs    1.50		MOEF

				2		Cohart mapping and identification of superior clumps						Rs    1.50		MOEF

				3		Ex situ conservation of Germplasm						Rs    5.00		DBT

				4		Establishment of Tissue culture laboratories						Rs    15.00		DBT

				5		Establishment of Central Nursery for multiplication of Base population						Rs    2.50		MOEF

				6		Raising of base population of superior culm						Rs    2.50		MOEF

						Total Technology Development cost						Rs    28.00

		B				Technology Transfer for production, plantation and management for five years

				1		Sensitisation to the NGO,s

						National Workshop (Three)						Rs    0.20		CAPART

						Regional Workshop (10 workshops)						Rs    0.30		CAPART

						Training and assistance to 50 VO's						Rs    7.50		CAPART

				2		Training to the Farmers for establishment of Kissan Nursery						Rs    3.00		CAPART

				3		Training to the farmers for plantation and maintainance of Bamboo						Rs    3.00		CAPART

				4		Supply of breeders planting material						Rs    5.00		MOEF

				5		Quarantine and certification						Rs    5.00		MOEF

						Total Technology Transfer cost						Rs    24.00

		C				Production of 50 lakh seedling per year for five years

				1		Selection and sensitisation of NGO's						Rs    0.50		CAPART

				2		Setting up of Kissan Nursery		Rs 0.0050		Rs 0.03		Rs    2.50		Incentive

				3		Production of Seedlings (Rs 6/- per seedling)		Rs 0.0300		Rs 0.15		Rs    15.00		Incentive

						Total Seedling Production cost		Rs 0.0350		Rs 0.18		Rs    18.00

		D				Plantation of 50 lakh seedling per year for five years

				1		Pre plantation operations (Rs 6/- per seedling)		Rs 0.0300		Rs 0.15		Rs    15.00		Farmers

				2		Planting operations (Rs 6/- per seedling)		Rs 0.0300		Rs 0.15		Rs    15.00		Incentive

				3		Post plantation operations (Rs 12/- per seedling)		Rs 0.0600		Rs 0.30		Rs    30.00		Farmers

				4		After care for 5 years (Rs 12/- per seedling)		Rs 0.0600		Rs 0.30		Rs    30.00		Farmers

						Total Plantation cost		Rs 0.1800		Rs 0.9000		Rs    90.00

						Total Project Cost						Rs    160.00

		*		MOEF = Ministry of Environment and Forests, Government of India

				DBT = Department of Biotechnology, Ministry of Science and Technology, Government of India

				CAPART = Council for Advancement of Peoples Action and Rural Technology, Government of India

				Incentive = Incentive given to the Peoples Action Groups i.e. Kissan Nursery and Farmers

				Farmers = Expenditure met by the farmers raising bamboo clump

		Table 2. Summary of budget requirements and Agency involved

																Rs in Crores

				SN		Particulars		Expenditure

								Technology Development		Technology Transfer		Seedling Production		Seedling Plantation		Total

				1		Ministry of Environment and Forests		Rs    8.00		Rs    10.00						Rs    18.00

				2		Department of Biotechnology		Rs    20.00								Rs    20.00

				3		Council for Advancement of Peoples Action and Rural Technology				Rs    14.50						Rs    14.50

				4		Incentive given to the Peoples Action Groups						Rs    17.50		Rs    15.00		Rs    32.50

				5		Expenditure met by the growers								Rs    75.00		Rs    75.00

						Total Budget Requirement		Rs    28.00		Rs    24.50		Rs    17.50		Rs    90.00		Rs    160.00

				Table 3. Summary of expenditure for production and plantation of 50 lakh seedling per year for five years

				SN		Particulars		Expenditure

								Per Seedling		Per Hactare		62,500 ha*#

				1		Ministry of Environment and Forests		Rs    7.20		Rs    2,880		Rs    18.00

				2		Department of Biotechnology		Rs    8.00		Rs    3,200		Rs    20.00

				3		Council for Advancement of Peoples Action and Rural Technology		Rs    5.80		Rs    2,320		Rs    14.50

				4		Incentive given to the Peoples Action Groups		Rs    13.00		Rs    5,200		Rs    32.50

				5		Expenditure met by the growers		Rs    30.00		Rs    12,000		Rs    75.00

						Total Expenditure		Rs    64.00		Rs    25,600		Rs    160.00

				* 62,500 ha (or 625 sq km) is required to plant 50 lakh bamboo seedling per year for 5 years

				# Rs in Crore

				Table 4. Budget Summary for production and plantation of 50 lakh seedling per year for five years

				SN		Particulars		Expenditure

								Per Seedling		Per Hactare		62,500 ha*#

				1		Total Technology Development cost		Rs    11.20		Rs    4,480		Rs    28.00

				2		Total Technology Transfer cost		Rs    9.60		Rs    3,840		Rs    24.00

				3		Total Seedling Production cost		Rs    7.20		Rs    2,880		Rs    18.00

				4		Total Plantation cost		Rs    36.00		Rs    14,400		Rs    90.00

						Project Cost		Rs    64.00		Rs    25,600		Rs    160.00

				* 62,500 ha (or 625 sq km) is required to plant 50 lakh bamboo seedling per year for 5 years

				# Rs in Crore

				Table 5. Average Cost and Benefit Estimates per seedling

				SN		Particulars		Rs / ha		Per clump

										Per year		For 25 yrs

				a.		Ministry of Environment and Forests		Rs    2,880

				b.		Department of Biotechnology		Rs    3,200

				c.		Council for Advancement of Peoples Action and Rural Technology		Rs    2,320

				1		Technology Cost to the Nation		Rs    8,400

				2		Incentive Cost to the Nation		Rs    5,200

				3		Growers Input		Rs    12,000

				A.		Total Input Cost / ha (5 yrs)		Rs    25,600				Rs    64.00

				B.		Annual Maintainance Cost / ha (25 yrs)		Rs    1,000		Rs    2.50		Rs    62.50

				C.		Land Rent /ha (30 yrs)		Rs    1,000		Rs    2.50		Rs    75.00

						Total Expenditure for 30 yrs						Rs    201.50

						Average Production / year from 6th year (6 culm)		Rs    10.00		Rs    60.00		Rs    1,500.00

						Average Return				Rs    51.94		Rs    1,298.50

						Average Annual Return per ha =		Rs    20,776

														Appendix -1

				Cost Estimate for Raising Bamboo Seedling

		Item				Particulars		Man Days		Expenditure

										Per ha				Per plat

		A				Material & Supply (for 500 bags**)

				1		Poly Bags				500				1.25

				2		Soil & Sand				500				1.25

				3		Manure & Fertiiser				200				0.50

						Sub total Material & Supply		0		1200				3.00

		B				Nursery Operations

				4		Seiving & Mixing Potting Media		5		300				0.75

				5		Filling & Arranging Poly bags		4		240				0.6

				6		Separating & transplanting rhizomes		5		300				0.75

						Sub total Planting Operations		14		840				2.1

		C				After care for 12 weeks

				7		Irrigation		2		120				0.3

				8		Interculture		2		120				0.3

				9		Protection		2		120				0.3

						Sub total After care		6		360				0.9

						Grand Total		20		2400				6

				** 400+25% to take care of discarding inferior, deaseased and damaged seedlings

														Appendix -2

				Cost Estimate for Bamboo Plantation

		Item				Particulars		Man Days		Expenditure

										Per ha				Per plat

		A				Pre Plantation Operations

				1		Demarcation of area		5		300				0.75

				2		Jungle cutting		20		1200				3

				3		Ranging & clearence of line		5		300				0.75

				4		Stacking		4		240				0.6

				5		Seedling Transport		6		360				0.9

						Sub total Pre Plantation Operations		40		2400				6

		B				Planting Operations

				6		Pitting		20		1200				3

				7		Manure & Fertiliser				600				1.5

				8		Soil-Manure Mixing & Pit Filling		5		300				0.75

				9		Seedling Transplanting		5		300				0.75

						Sub total Planting Operations		30		2400				6

		C				Post Plantation Operations

				10		Protection				4000				10

				11		Two Irrigation*		4		240				0.6

				12		Soil working (2 number)		10		600				1.5

						Sub total Post Plantation Operations		14		4840				12.1

		D				After care for 5 years

				13		Intercultural Operations		40		2400				6

				14		Organic & inorganic manure				400				1

				15		Protection				2000				5

						Sub total After care		40		4800				12

						Grand Total		124		14440				36.1

		* One immediately after transplanting the seedling and second 20 days after transplanting the seedling I.e. during root crown initiation stage
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		Table 2. Summary of budget requirements and Agency involved

						MoEF		18

						DBT		20

						CAPART		14.5

						INCENTIVE		32.5

						GROWERS		75

				Table 3. Summary of expenditure for production and plantation of 50 lakh seedling per year for five years

								Per Hactare

				1		MoEF		2880

				2		DBT		3200

				3		CAPART		2320

				4		INCENTIVE		5200

				5		GROWERS		12000

				Table 4. Budget Summary for production and plantation of 50 lakh seedling per year for five years

								Per Seedling

				1		Technology Development		11.2

				2		Technology Transfer		9.6

				3		Seedling Production		7.2

				4		Plantation		36

						Technology Development		Technology Transfer		Seedling Production		Seedling Plantation

		1		MoEF		8		10

		2		DBT		20

		3		CAPART				15

		4		INCENTIVE						18		15

		5		GROWERS								75

				Total Budget Requirement		Rs    28.00		Rs    24.50		Rs    17.50		Rs    90.00
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		Table 1. Budget requirements for Planting 50 lakh seedling per year for five years through NGO's and Farmers

														Rs in Crores

		SN				Particulars		Per Nursery (10,000 seedling per year)		Per Cluster (5 nurseries to produce 50,000 seedlings per year)		For 100 Clusters (to produce 50 lakh seedlings per year)		Agency for Implementation*

		A				Technology Development

				1		Selection of species for different agro-climatic regions						Rs    1.50		MOEF

				2		Cohart mapping and identification of superior clumps						Rs    1.50		MOEF

				3		Ex situ conservation of Germplasm						Rs    5.00		DBT

				4		Establishment of Tissue culture laboratories						Rs    15.00		DBT

				5		Establishment of Central Nursery for multiplication of Base population						Rs    2.50		MOEF

				6		Raising of base population of superior culm						Rs    2.50		MOEF

						Total Technology Development cost						Rs    28.00

		B				Technology Transfer for production, plantation and management for five years

				1		Sensitisation to the NGO,s

						National Workshop (Three)						Rs    0.20		CAPART

						Regional Workshop (10 workshops)						Rs    0.30		CAPART

						Training and assistance to 50 VO's						Rs    7.50		CAPART

				2		Training to the Farmers for establishment of Kissan Nursery						Rs    3.00		CAPART

				3		Training to the farmers for plantation and maintainance of Bamboo						Rs    3.00		CAPART

				4		Supply of breeders planting material						Rs    5.00		MOEF

				5		Quarantine and certification						Rs    5.00		MOEF

						Total Technology Transfer cost						Rs    24.00

		C				Production of 50 lakh seedling per year for five years

				1		Selection and sensitisation of NGO's						Rs    0.50		CAPART

				2		Setting up of Kissan Nursery		Rs 0.0050		Rs 0.03		Rs    2.50		Incentive

				3		Production of Seedlings (Rs 6/- per seedling)		Rs 0.0300		Rs 0.15		Rs    15.00		Incentive

						Total Seedling Production cost		Rs 0.0350		Rs 0.18		Rs    18.00

		D				Plantation of 50 lakh seedling per year for five years

				1		Pre plantation operations (Rs 6/- per seedling)		Rs 0.0300		Rs 0.15		Rs    15.00		Farmers

				2		Planting operations (Rs 6/- per seedling)		Rs 0.0300		Rs 0.15		Rs    15.00		Incentive

				3		Post plantation operations (Rs 12/- per seedling)		Rs 0.0600		Rs 0.30		Rs    30.00		Farmers

				4		After care for 5 years (Rs 12/- per seedling)		Rs 0.0600		Rs 0.30		Rs    30.00		Farmers

						Total Plantation cost		Rs 0.1800		Rs 0.9000		Rs    90.00

						Total Project Cost						Rs    160.00

		*		MOEF = Ministry of Environment and Forests, Government of India

				DBT = Department of Biotechnology, Ministry of Science and Technology, Government of India

				CAPART = Council for Advancement of Peoples Action and Rural Technology, Government of India

				Incentive = Incentive given to the Peoples Action Groups i.e. Kissan Nursery and Farmers

				Farmers = Expenditure met by the farmers raising bamboo clump

		Table 2. Summary of budget requirements and Agency involved

																Rs in Crores

				SN		Particulars		Expenditure

								Technology Development		Technology Transfer		Seedling Production		Seedling Plantation		Total

				1		Ministry of Environment and Forests		Rs    8.00		Rs    10.00						Rs    18.00

				2		Department of Biotechnology		Rs    20.00								Rs    20.00

				3		Council for Advancement of Peoples Action and Rural Technology				Rs    14.50						Rs    14.50

				4		Incentive given to the Peoples Action Groups						Rs    17.50		Rs    15.00		Rs    32.50

				5		Expenditure met by the growers								Rs    75.00		Rs    75.00

						Total Budget Requirement		Rs    28.00		Rs    24.50		Rs    17.50		Rs    90.00		Rs    160.00

				Table 3. Summary of expenditure for production and plantation of 50 lakh seedling per year for five years

				SN		Particulars		Expenditure

								Per Seedling		Per Hactare		62,500 ha*#

				1		Ministry of Environment and Forests		Rs    7.20		Rs    2,880		Rs    18.00

				2		Department of Biotechnology		Rs    8.00		Rs    3,200		Rs    20.00

				3		Council for Advancement of Peoples Action and Rural Technology		Rs    5.80		Rs    2,320		Rs    14.50

				4		Incentive given to the Peoples Action Groups		Rs    13.00		Rs    5,200		Rs    32.50

				5		Expenditure met by the growers		Rs    30.00		Rs    12,000		Rs    75.00

						Total Expenditure		Rs    64.00		Rs    25,600		Rs    160.00

				* 62,500 ha (or 625 sq km) is required to plant 50 lakh bamboo seedling per year for 5 years

				# Rs in Crore

				Table 4. Budget Summary for production and plantation of 50 lakh seedling per year for five years

				SN		Particulars		Expenditure

								Per Seedling		Per Hactare		62,500 ha*#

				1		Total Technology Development cost		Rs    11.20		Rs    4,480		Rs    28.00

				2		Total Technology Transfer cost		Rs    9.60		Rs    3,840		Rs    24.00

				3		Total Seedling Production cost		Rs    7.20		Rs    2,880		Rs    18.00

				4		Total Plantation cost		Rs    36.00		Rs    14,400		Rs    90.00

						Project Cost		Rs    64.00		Rs    25,600		Rs    160.00

				* 62,500 ha (or 625 sq km) is required to plant 50 lakh bamboo seedling per year for 5 years

				# Rs in Crore

				Table 5. Average Cost and Benefit Estimates per seedling

				SN		Particulars		Rs / ha		Per clump

										Per year		For 25 yrs

				a.		Ministry of Environment and Forests		Rs    2,880

				b.		Department of Biotechnology		Rs    3,200

				c.		Council for Advancement of Peoples Action and Rural Technology		Rs    2,320

				1		Technology Cost to the Nation		Rs    8,400

				2		Incentive Cost to the Nation		Rs    5,200

				3		Growers Input		Rs    12,000

				A.		Total Input Cost / ha (5 yrs)		Rs    25,600				Rs    64.00

				B.		Annual Maintainance Cost / ha (25 yrs)		Rs    1,000		Rs    2.50		Rs    62.50

				C.		Land Rent /ha (30 yrs)		Rs    1,000		Rs    2.50		Rs    75.00

						Total Expenditure for 30 yrs						Rs    201.50

						Average Production / year from 6th year (6 culm)		Rs    10.00		Rs    60.00		Rs    1,500.00

						Average Return				Rs    51.94		Rs    1,298.50

						Average Annual Return per ha =		Rs    20,776

														Appendix -1

				Cost Estimate for Raising Bamboo Seedling

		Item				Particulars		Man Days		Expenditure

										Per ha				Per plat

		A				Material & Supply (for 500 bags**)

				1		Poly Bags				500				1.25

				2		Soil & Sand				500				1.25

				3		Manure & Fertiiser				200				0.50

						Sub total Material & Supply		0		1200				3.00

		B				Nursery Operations

				4		Seiving & Mixing Potting Media		5		300				0.75

				5		Filling & Arranging Poly bags		4		240				0.6

				6		Separating & transplanting rhizomes		5		300				0.75

						Sub total Planting Operations		14		840				2.1

		C				After care for 12 weeks

				7		Irrigation		2		120				0.3

				8		Interculture		2		120				0.3

				9		Protection		2		120				0.3

						Sub total After care		6		360				0.9

						Grand Total		20		2400				6

				** 400+25% to take care of discarding inferior, deaseased and damaged seedlings

														Appendix -2

				Cost Estimate for Bamboo Plantation

		Item				Particulars		Man Days		Expenditure

										Per ha				Per plat

		A				Pre Plantation Operations

				1		Demarcation of area		5		300				0.75

				2		Jungle cutting		20		1200				3

				3		Ranging & clearence of line		5		300				0.75

				4		Stacking		4		240				0.6

				5		Seedling Transport		6		360				0.9

						Sub total Pre Plantation Operations		40		2400				6

		B				Planting Operations

				6		Pitting		20		1200				3

				7		Manure & Fertiliser				600				1.5

				8		Soil-Manure Mixing & Pit Filling		5		300				0.75

				9		Seedling Transplanting		5		300				0.75

						Sub total Planting Operations		30		2400				6

		C				Post Plantation Operations

				10		Protection				4000				10

				11		Two Irrigation*		4		240				0.6

				12		Soil working (2 number)		10		600				1.5

						Sub total Post Plantation Operations		14		4840				12.1

		D				After care for 5 years

				13		Intercultural Operations		40		2400				6

				14		Organic & inorganic manure				400				1

				15		Protection				2000				5

						Sub total After care		40		4800				12

						Grand Total		124		14440				36.1

		* One immediately after transplanting the seedling and second 20 days after transplanting the seedling I.e. during root crown initiation stage
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		Table 1. Budget requirements for Planting 50 lakh seedling per year for five years through NGO's and Farmers

														Rs in Crores

		SN				Particulars		Per Nursery (10,000 seedling per year)		Per Cluster (5 nurseries to produce 50,000 seedlings per year)		For 100 Clusters (to produce 50 lakh seedlings per year)		Agency for Implementation*

		A				Technology Development

				1		Selection of species for different agro-climatic regions						Rs    1.50		MOEF

				2		Cohart mapping and identification of superior clumps						Rs    1.50		MOEF

				3		Ex situ conservation of Germplasm						Rs    5.00		DBT

				4		Establishment of Tissue culture laboratories						Rs    15.00		DBT

				5		Establishment of Central Nursery for multiplication of Base population						Rs    2.50		MOEF

				6		Raising of base population of superior culm						Rs    2.50		MOEF

						Total Technology Development cost						Rs    28.00

		B				Technology Transfer for production, plantation and management for five years

				1		Sensitisation to the NGO,s

						National Workshop (Three)						Rs    0.20		CAPART

						Regional Workshop (10 workshops)						Rs    0.30		CAPART

						Training and assistance to 50 VO's						Rs    7.50		CAPART

				2		Training to the Farmers for establishment of Kissan Nursery						Rs    3.00		CAPART

				3		Training to the farmers for plantation and maintainance of Bamboo						Rs    3.00		CAPART

				4		Supply of breeders planting material						Rs    5.00		MOEF

				5		Quarantine and certification						Rs    5.00		MOEF

						Total Technology Transfer cost						Rs    24.00

		C				Production of 50 lakh seedling per year for five years

				1		Selection and sensitisation of NGO's						Rs    0.50		CAPART

				2		Setting up of Kissan Nursery		Rs 0.0050		Rs 0.03		Rs    2.50		Incentive

				3		Production of Seedlings (Rs 6/- per seedling)		Rs 0.0300		Rs 0.15		Rs    15.00		Incentive

						Total Seedling Production cost		Rs 0.0350		Rs 0.18		Rs    18.00

		D				Plantation of 50 lakh seedling per year for five years

				1		Pre plantation operations (Rs 6/- per seedling)		Rs 0.0300		Rs 0.15		Rs    15.00		Farmers

				2		Planting operations (Rs 6/- per seedling)		Rs 0.0300		Rs 0.15		Rs    15.00		Incentive

				3		Post plantation operations (Rs 12/- per seedling)		Rs 0.0600		Rs 0.30		Rs    30.00		Farmers

				4		After care for 5 years (Rs 12/- per seedling)		Rs 0.0600		Rs 0.30		Rs    30.00		Farmers

						Total Plantation cost		Rs 0.1800		Rs 0.9000		Rs    90.00

						Total Project Cost						Rs    160.00

		*		MOEF = Ministry of Environment and Forests, Government of India

				DBT = Department of Biotechnology, Ministry of Science and Technology, Government of India

				CAPART = Council for Advancement of Peoples Action and Rural Technology, Government of India

				Incentive = Incentive given to the Peoples Action Groups i.e. Kissan Nursery and Farmers

				Farmers = Expenditure met by the farmers raising bamboo clump

		Table 2. Summary of budget requirements and Agency involved

																Rs in Crores

				SN		Particulars		Expenditure

								Technology Development		Technology Transfer		Seedling Production		Seedling Plantation		Total

				1		Ministry of Environment and Forests		Rs    8.00		Rs    10.00						Rs    18.00

				2		Department of Biotechnology		Rs    20.00								Rs    20.00

				3		Council for Advancement of Peoples Action and Rural Technology				Rs    14.50						Rs    14.50

				4		Incentive given to the Peoples Action Groups						Rs    17.50		Rs    15.00		Rs    32.50

				5		Expenditure met by the growers								Rs    75.00		Rs    75.00

						Total Budget Requirement		Rs    28.00		Rs    24.50		Rs    17.50		Rs    90.00		Rs    160.00

				Table 3. Summary of expenditure for production and plantation of 50 lakh seedling per year for five years

				SN		Particulars		Expenditure

								Per Seedling		Per Hactare		62,500 ha*#

				1		Ministry of Environment and Forests		Rs    7.20		Rs    2,880		Rs    18.00

				2		Department of Biotechnology		Rs    8.00		Rs    3,200		Rs    20.00

				3		Council for Advancement of Peoples Action and Rural Technology		Rs    5.80		Rs    2,320		Rs    14.50

				4		Incentive given to the Peoples Action Groups		Rs    13.00		Rs    5,200		Rs    32.50

				5		Expenditure met by the growers		Rs    30.00		Rs    12,000		Rs    75.00

						Total Expenditure		Rs    64.00		Rs    25,600		Rs    160.00

				* 62,500 ha (or 625 sq km) is required to plant 50 lakh bamboo seedling per year for 5 years

				# Rs in Crore

				Table 4. Budget Summary for production and plantation of 50 lakh seedling per year for five years

				SN		Particulars		Expenditure

								Per Seedling		Per Hactare		62,500 ha*#

				1		Total Technology Development cost		Rs    11.20		Rs    4,480		Rs    28.00

				2		Total Technology Transfer cost		Rs    9.60		Rs    3,840		Rs    24.00

				3		Total Seedling Production cost		Rs    7.20		Rs    2,880		Rs    18.00

				4		Total Plantation cost		Rs    36.00		Rs    14,400		Rs    90.00

						Project Cost		Rs    64.00		Rs    25,600		Rs    160.00

				* 62,500 ha (or 625 sq km) is required to plant 50 lakh bamboo seedling per year for 5 years

				# Rs in Crore

				Table 5. Average Cost and Benefit Estimates per seedling

				SN		Particulars		Rs / ha		Per clump

										Per year		For 25 yrs

				a.		Ministry of Environment and Forests		Rs    2,880

				b.		Department of Biotechnology		Rs    3,200

				c.		Council for Advancement of Peoples Action and Rural Technology		Rs    2,320

				1		Technology Cost to the Nation		Rs    8,400

				2		Incentive Cost to the Nation		Rs    5,200

				3		Growers Input		Rs    12,000

				A.		Total Input Cost / ha (5 yrs)		Rs    25,600				Rs    64.00

				B.		Annual Maintainance Cost / ha (25 yrs)		Rs    1,000		Rs    2.50		Rs    62.50

				C.		Land Rent /ha (30 yrs)		Rs    1,000		Rs    2.50		Rs    75.00

						Total Expenditure for 30 yrs						Rs    201.50

						Average Production / year from 6th year (6 culm)		Rs    10.00		Rs    60.00		Rs    1,500.00

						Average Return				Rs    51.94		Rs    1,298.50

						Average Annual Return per ha =		Rs    20,776

														Appendix -1

				Cost Estimate for Raising Bamboo Seedling

		Item				Particulars		Man Days		Expenditure

										Per ha				Per plat

		A				Material & Supply (for 500 bags**)

				1		Poly Bags				500				1.25

				2		Soil & Sand				500				1.25

				3		Manure & Fertiiser				200				0.50

						Sub total Material & Supply		0		1200				3.00

		B				Nursery Operations

				4		Seiving & Mixing Potting Media		5		300				0.75

				5		Filling & Arranging Poly bags		4		240				0.6

				6		Separating & transplanting rhizomes		5		300				0.75

						Sub total Planting Operations		14		840				2.1

		C				After care for 12 weeks

				7		Irrigation		2		120				0.3

				8		Interculture		2		120				0.3

				9		Protection		2		120				0.3

						Sub total After care		6		360				0.9

						Grand Total		20		2400				6

				** 400+25% to take care of discarding inferior, deaseased and damaged seedlings

														Appendix -2

				Cost Estimate for Bamboo Plantation

		Item				Particulars		Man Days		Expenditure

										Per ha				Per plat

		A				Pre Plantation Operations

				1		Demarcation of area		5		300				0.75

				2		Jungle cutting		20		1200				3

				3		Ranging & clearence of line		5		300				0.75

				4		Stacking		4		240				0.6

				5		Seedling Transport		6		360				0.9

						Sub total Pre Plantation Operations		40		2400				6

		B				Planting Operations

				6		Pitting		20		1200				3

				7		Manure & Fertiliser				600				1.5

				8		Soil-Manure Mixing & Pit Filling		5		300				0.75

				9		Seedling Transplanting		5		300				0.75

						Sub total Planting Operations		30		2400				6

		C				Post Plantation Operations

				10		Protection				4000				10

				11		Two Irrigation*		4		240				0.6

				12		Soil working (2 number)		10		600				1.5

						Sub total Post Plantation Operations		14		4840				12.1

		D				After care for 5 years

				13		Intercultural Operations		40		2400				6

				14		Organic & inorganic manure				400				1

				15		Protection				2000				5

						Sub total After care		40		4800				12

						Grand Total		124		14440				36.1

		* One immediately after transplanting the seedling and second 20 days after transplanting the seedling I.e. during root crown initiation stage
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