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Foreword
on-timber forest products were until recently considered only a by-product from the
forests. However, they now catch up with or even surpass traditional timber
production in tropical forests world-wide. They thus increasingly becoming a critical factor
for the development of rural areas. Bamboo and rattan, possibly two of the most significant
non-timber forest products in terms of their ecological impact, feasible economic profit and
social benefit, have always played an important role among the rural poor.

N

This is particularly true for nature reserves and their environment, such as in China’s most
southern Provinces,especially in Hainan and Yunnan. Nature conservation and forest
protection can only succeed in these situations by means of development through
participatory collaboration with the local people. Local people have to be put in a position
to afford and, in this way, to accept any protection approach for their environment.
An International Workshop on Bamboo and Rattan was jointly carried out by the two
provinces in April 12-22, 2000 in Haikou (Hainan) and Kunming (Yunnan), the workshop
organizers, the German Agency for Technical Cooperation (GTZ) and the International
Network for Bamboo and Rattan (INBAR). It aimed at promoting bamboo and rattan in
both provinces, where its cultivation and processing, marketing and consumption seemed to
be lagging behind the development in general. Much better exemples can easily be
observed in the so-called Bamboo Provinces of China. This is puzzling because Hainan
Province especially, has rich potentials in terms of number of native species, sites for
cultivation and people familiar with the handling of both species. Yet these species seem for
some reasons to be under-used and even neglected., The workshop was therefore intended
to be a kick-off for a renaissance of bamboo and rattan and their many fields of cultivation
and utilization.
The workshop heard state of affairs reports from the two provinces involved, technical
papers from bamboo and rattan experts experts from China, India, Malaysia and the
Philippines, and engaged in group work as well as fieldtrips through both provinces.
Opportunities for exchange of ideas and meanings offered a wide range of know-how and
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informations to the participants, which included scientists, government officials, students
and farmers as well. The workshop’s cornerstones were joint agreements about follow-up
measures in both provinces, which already have started.
What remains is to thank all officials in charge for the preparation and implementation of
the workshop, from both provinces as well as from INBAR and GTZ, for their
committment and hard work which made his workshop a success.
The prospects to go new ways in the field of bamboo and rattan are favourable: the need for
further development of the rural areas in both provinces and beyond that, strong interest
from the rural population, a broad range of domestic and exotic species for every special
case and an increasing demand for bamboo and rattan products, worldwide!
It is only to unite and start! The success is inevitable!
Carl-Gustav von Hahn (PhD)
Technical Advisor, GTZ

Ian R. Hunter (PhD)
Director General, INBAR
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A Development Strategy for Bamboo
Resource and Industry in China
Lei Jiafu
(Director General, Reforestation Department, State Forestry Administration, China)

1 Development Trend of the World’s Bamboo Industry
and Status of the Bamboo Industry in China
1.1 Development trend of the world’s bamboo industry
There are 1 200 species and 70 genera of bamboo in the world, and these are
distributed mainly in the tropical and sub-tropical areas. Fast growth and strong
regeneration capability of bamboo helped draw focused attention in countries where the
plant grows, resulting in the building up of an industry based on bamboo. Through the
many years of its development, the bamboo industry has shown the following development
trends:
(1) Although forest areas in many countries have drastically decreased, area under
bamboo has progressively increased, by almost 3 folds each year. At present, the total
bamboo-growing areas of the world add up to 22 million hectares.
(2) The science and technology content in the bamboo industry is steadily increasing,
and breakthroughs have been achieved in bamboo cultivation, processing and utilization.
Bamboo cultivation technologies—such as bio-diversification of bamboo, laws governing
the heredity and heteromorphosis of bamboo, and fast reproduction and cultivation of
bamboo—have found extensive application. Technology for upgrading the low-yield moso
bamboo (Phyllostachys pubescens) has helped increase the yield of bamboo per unit area
by many folds. With regard to the processing and utilization of bamboo, the areas of
application are steadily widening. For example, papermaking technology using bamboo is
near perfection, the annual global output of bamboo pulp has exceeded 2 million tons, and
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over 100 kinds of artificial bamboo boards have been developed.
(3) A series of bamboo-shoot food and bamboo health food products have been
developed. These products are favored not only by the people of the bamboo-producing
countries, but also by the people in North American and West European countries. For
instance, the annual per capita consumption of bamboo-shoot products in Japan has
increased from 1.2 kg/person in the 1950s to 3 kg/person in the present.
(4) The environmental applications of bamboo are also increasing. As people now
have a better understanding of the ecological benefits of bamboo, they are actively
cultivating bamboo groves for conserving water, protecting soil against erosion, protecting
watersheds, guarding against natural disasters or promoting eco-tourism. There is also
awareness about the role of bamboo forests as the habitat of precious and endangered
animals such as the giant panda and golden monkey.

1.2 Status of the bamboo industry in China
With over 500 species in 40 genera, China has the richest bamboo resource in the
world in terms of number of species, area and reserve of bamboo, and has long been known
as the “Kingdom of Bamboo”. In the 50 years since the founding of the People’s Republic,
particularly in the last 20 years since China’s economic reforms, the bamboo industry has
witnessed rapid development. Currently, it is a major newly emerging sector that
incorporates resource cultivation, processing, utilization and export. Bamboo, floriculture,
eco-tourism and forest-based food industries jointly form the four “sunrise industries” in
the development of the Chinese forestry sector.

1.2.1 Notable achievements
(1) The area of bamboo forests is steadily increasing. Today, bamboo forests extend
to 4.2 million hectares, a 1.3-fold increase over the figure for the 1950s and 1 million ha
more than that in the 1970s. In the last 20 years, bamboo forest area has grown at the rate
of 50 000 ha/year. Fujian Province, which ranks first in terms of bamboo forest area, has
registered an increase from 14 000 ha in the 1950s to 820 000 ha at present—a 5-fold
increase.
(2) The quality of bamboo forests has been enhanced. With optimized structuring and
upgraded management levels, the quantity and quality of bamboo stocks is steadily
increasing. The average stock of moso bamboo forests has increased from less than 1 350
culms/ha in the 1970s to 2 070 culms/ha at present, and the yield has risen from less than
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79 million culms in the late 1970s to nearly 500 million culms at present. In Nanping
Municipality, the bamboo stock reserve has reached 750 million culms, an increase of 350
million culms over that of 1988, while the average culm diameter (at breast height) has
increased from 6 cm to 9.2 cm.
(3) Bamboo utilization has spread to more areas. In the old days, the use of bamboo
was traditionally confined to construction. Today, it is widely used in the fields of
construction, papermaking, food, furniture, packaging, transportation, medicine, health
food and tourism. The bamboo industry is now a newly emerging sector that incorporates
resource cultivation, processing, utilization, and foreign exchange earning through export.
For instance, Longyou County of Zhejiang Province, which used to produce only about ten
bamboo products earlier, now produces over 220 types of bamboo products in ten
categories. Many enterprises have been established in the county to produce bamboo culm
or shoot products such as building materials, food, ply boards, knit-ware, handicrafts, farm
tools and papermaking materials. Muchuan County of Sichuan Province has focused on
establishing bamboo-based pillar enterprises. The Yongfeng Paper Company of the County
is annually producing 35 000 tons of paper, and the profit and tax return to the government
have exceeded RMB 18 million yuan.
(4) Scientific and technological support for the industry has been further strengthened.
Since the 1980s, bamboo-based scientific research in China has won 21 awards, 6 of which
were at the national level and 15 at the provincial or ministerial level. All those research
projects were production-oriented, and had given active guidance to enterprises at the
grassroots level. The research results have been used in the second-season shooting of
Phyllostachys praecox, processing of bamboo ply boards and the development of bamboo
leaf flavone, to reap substantial economic benefits. the International Network for Bamboo
and Rattan (INBAR), an inter-governmental international body, was the very first among
the international organizations to set up its headquarter in China in 1997. The organization
currently has 21 member countries, and has been actively assisting the developing countries
to promote their bamboo and rattan industries. It is also helping China to fully develop
bamboo and rattan resources, thus providing the country’s bamboo and rattan industries
with new opportunities in international cooperation.
(5) The market for bamboo products has expanded. After years of development, the
bamboo shoot products have gained a considerable market share in south China, and are
gaining popularity in other parts of China as well as in other countries. Earlier, bamboo culm
and shoot products were sold mainly to Japan, Hong Kong and Macao. Today, market for the
products has expanded to over 30 countries in Southeast Asia, Europe and North America.
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1.2.2 Increased efficiency
(1) Substantial economic benefits have been realized. Statistics show that the annual
output value of China’s bamboo industry totals RMB 17 billion yuan, of which the
processing industry accounts for RMB 9 billion yuan and the foreign exchange earning
through export is US$ 500 million. These figures are three times those of the early 1990s.
The bamboo industry has shown rapid development. Since the early 1990s, Jian’ou City of
Fujian Province has taken the bamboo industry as the key project for upland development
and a new economic growth point. In 1998, the GDP of the city reached RMB 846 million
yuan, the foreign exchange earning through bamboo product export reached RMB 70.43
million yuan, and the profit and tax earning added up to RMB 469 million yuan. The gross
output value by the bamboo industry constitutes 55.05% of the gross agricultural output
value. The average per capita income from the bamboo industry of local farmers has risen
to RMB 1 455 yuan per year, which comprises 34.3% of their average per capita annual
income. The bamboo industry has become a pillar industry for strengthening the local
economy and the forestry industry, as well as to help the local farmers to get out of poverty.
(2) Significant social benefits have accrued. As the bamboo industry is
resource-dependent and labor-intensive, the bamboo culm and shoot processing yields
significant social benefits. In Longyou County of Zhejiang Province, bamboo processing
work has provided jobs to about 10 000 farmers. In Anji County, the development of
bamboo industry has provided about 15 000 jobs. The growth of the bamboo industry is
also expected to exert great influence on the development and application of the bamboo
culture. The tourism industry could develop strongly with the support of bamboo forests
and bamboo culture. The Hongshan “Bamboo Sea” in Taojiang County, the bamboo
seedling garden in Anji County, the “Bamboo Sea” national forest park in Chishui County
and the “Bamboo Sea” in Shunan County have all become major tourist attractions.
(3) The ecological environment has been greatly improved. Green bamboo covering
the mountain helps to protect the water resources, and bamboo forests help to conserve
water and soil. Bamboo forests also help to regulate the climate and improve the ecological
environment. In Jiang’an County of Sichuan Province, the bamboo forests have consisted
of about 50% of the total forest areas. Those bamboo forests have played a vitally
important role to maintain the ecological balance. In the 1990’s, natural disasters such as
floods and draughts in the County had been cut by 50% compared with those occurred in
the 1960’s or 1970’s. That had provided sure guarantee for bumper harvests and helped to
improve people’s living environment. Soil erosion in the County had been reduced to less
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than 1 500 tons/km2, whereas area of the seriously eroded lands had been reduced to less
than 20% of the County’s territory. Since the 1980’s, Dendrocalamus menbranaceus and
Bambusa textilis were extensively planted in Ganzhou and Yichun areas of Jiangxi
Province, and the projects have shown great significance to reduce soil erosion as well as to
beautify the environment.

1.2.3 Experiences accumulated in the development of bamboo industry
(1) Strengthening the leadership and making the bamboo industry an important
component of regional economic development. Bamboo industry in the key
bamboo-producing areas of south China has yielded notable ecological, economic and
social benefits. Entering the 1990s, government leaders at various levels in the
bamboo-producing areas included the bamboo industry in their agenda of important issues,
and this made it become an important component in the regional economic development.
Zhejiang Province has taken the bamboo industry as one of the eight key industries in the
overall agricultural development. It has listed the bamboo industry in the Long-term
Program for National Economic Development in the 9th Five Year Plan Period and the
Period up to 2010 for Zhejiang Province, thus establishing the status of the industry in the
national economy and social development. Guangxi Autonomous region has been using
bamboo as the key cash crop for evaluating the quality of reforestation and for restructuring
the tree species composition. The Province has become one of the 10 economic forest bases
of China in the 9th Five Year Plan Period. Guangxi Autonomous region is vigorously
developing the bamboo industry as one of its pillar forest industries, while Fujian Province
is utilizing it for developing the rural economy.
(2) Exercising flexible mechanisms to bring all social initiatives into full play in
developing the bamboo industry. After the “three determines” of the forestry industry in the
1980s, household-based responsibility system was exercised for most bamboo forests in
China’s bamboo-producing areas. Placing responsibility on individual households, however,
caused scattered operations and management inconveniences. Moreover, the system
effected unitary input mechanisms, short-run behaviors and difficulties in popularizing new
technologies. To rationalize the relationship between ownership, right of use and right of
operation, many areas are changing their traditional pattern of operation. By making
policies based on specific situations, reforms on the operation pattern of bamboo forests
were carried out, including shareholding, leasing, joint venture, subcontracting, mortgaging
and auction. Flexible policies were adopted to stabilize the ownership and revitalize the
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right of operation. In Hunan Province, the policy of “focusing on large bamboo forests
while giving a free hand to the small ones” was adopted, while focus was laid on running
well 13 key enterprises. The medium and small enterprises were re-adjusted in accordance
with the laws of market-oriented economy. Any pattern of operation was welcome if it was
in line with people’s will, favors the development of the bamboo industry, promotes the
development of new products and enhances efficiency. These measures motivated people to
participate in the development of the bamboo industry. Based on their experiences, the
Party Committee and government of Chongyi County of Jiangxi Province drafted the 10
Regulations for Reforming the Leasing of Operation Right of the Moso Bamboo Forests.
The collective bamboo forests were leased out to farmers’ households, based on the
principles of “determining rent for different mountain slopes, inviting open bidding,
keeping the pre-fixed rate of leasing unchanged regardless of increases or decreases of
bamboo output, and leasing the operation right for 20 years without changes”. These
measures greatly motivated the operators, and many farmers gave intensive care to the
mountain slopes just as they manage their paddy fields. The result was that many poorly
managed bamboo forests and bamboo forests with poor transportation facilities were
quickly rehabilitated.
(3) Strengthening science and technology input, and continuously upgrading the
management level. At the insistence of bamboo-growing areas, the contribution of science
and technology in the development of bamboo forests was continuously increased,
management level upgraded, economic efficiency boosted and service systems gradually
perfected. Starting 1990, Jiangxi Province popularized technologies to increase bamboo
yield. Large areas of low-yield moso bamboo forests were rehabilitated, while management
was strengthened to increase the number of bamboo culms. As a result, bamboo yield
reached 4 500 culms/ha. Lin’an County of Zhejiang Province actively popularized the
scientific research achievements. Between 1983 and 1990, the County made intensive
studies on high yield technologies for moso bamboo and bamboo grown for shoots. The
research results rapidly brought about increased productivity. In 1989, a breakthrough was
made in the cultivation of early-shooting Phyllostachys praecox. The technology was
released in 1991, and experiments were successfully carried out to cultivate P. praecox and
to advance and prolong shooting time by 100 days. This enhanced the economic efficiency
by 5 to 10 folds and the output value per hectare reached RMB 819 000 yuan. In Guangxi
Autonomous region, the forestry departments at different levels emphasized improvement
of the service systems. Efforts were made to cultivate strong and healthy seedlings, manage
bamboo forest efficiently, and prevent and treat bamboo diseases and pest infestations.
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Each year, the County provided the farmers with over 5 million high-yield and resistant
bamboo seedlings, and opened more than 60 training classes on bamboo cultivation
technology to benefit over 1 000 farmers. In Guangning County of Guangdong Province,
technologies such as cultivation using bamboo culms helped increase the bamboo survival
rate from 30% to over 90%. The technology to orient the bamboo groves for better growth
boosted bamboo yield by many folds.
(4) Focus on developing new products and processing refined bamboo products.
Guided by market demands, all the bamboo-producing areas laid emphasis on creating new
products and broadening the fields of bamboo utilization. By extending the links of the
bamboo industry, the economic efficiency was steadily enhanced. Starting with 500
products in 10 categories, Anji County focused on deep processing and developed a series
of high-quality building materials, medicines and food and health products (such as
bamboo floor boards, bamboo crystals, bamboo-leaf flavone, bamboo beer and beverage).
This enhanced the competitiveness and risk-combating capability of bamboo products. In
the 1980s, Taojiang County was producing mostly traditional bamboo products—such as
scaffold boards, mattresses and egg baskets—resulting in serious resource wastage, as only
30% of bamboo raw material was being utilized. Presently, the County focuses on deep
processing of bamboo materials by using “everything of the bamboo” including the
branches, scraps and leaves, and the output value has increased by 4 folds compared with
the previous figures. The new products add up to 100 types in five categories, and include
building materials, agricultural materials, decoration materials, food and handicrafts.
(5) Increasing input and establishing the pattern of multi-channel input. In recent years,
the bamboo-producing areas have gradually changed their previous practice of “excessive
cutting without sufficient input for renewal”. Greater input is now ensured to enhance the
output of the bamboo forests. Efforts have been made to establish bamboo production bases
through various types of joint ventures. The new pattern of multi-channel input is gradually
taking shape: the operators input the major portion, the government gives support, the
reforestation foundation gives subsidies, the credit organization provides some funds and
the entire society participates. In the past four years, the Fujian Provincial Financial Bureau
provided RMB 38.2 million yuan to help the province’s bamboo industry. From 1997 to
1999, RMB 32.2 million yuan was used to help 29 demonstration counties that cultivate
moso bamboo. Each year, the forestry departments invested RMB 20 million yuan for
cultivating the bamboo forests, apart from RMB 10 million yuan in low-interest loans and
RMB 24.174 million yuan in World Bank loans. In Lingchuan County of Guangxi
Autonomous region, the financial departments, forestry bureaus, forestry management
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organizations and the people jointly raised a sum of RMB 46 million yuan for the bamboo
industry.

1.2.4 Major problems that hinder the development of the bamboo
industry
Viewing from both macroscopic and microscopic points of view, the following
problems are seen to be hindering the development of the Chinese bamboo industry:
With regard to macroscopic management, the state-level administrative departments
have not fully understood the status and role of the bamboo industry, resulting in poor
professional management. For example, the funds invested are far from adequate, as the
state and local governments have not earmarked enough funds for the bamboo industry. The
heavy taxation on the bamboo industry is another impediment. As many as 13 items of
taxes are levied on bamboo products in many areas, and tax constitutes about 50% of the
price of bamboo culms. This has seriously discouraged bamboo farmers and, to a certain
extent, has negatively influenced bamboo and shoot processing industries. Uniform
planning and guidance are also lacking with regard to cultivation, conservation and
utilization of bamboo resources. A national plan for developing the bamboo industry has
not yet been promulgated, and no restriction has been enforced to regulate excessive and
similar bamboo processing enterprises. The function of bamboo associations has also not
been fully utilized.
Microscopically, the overall management of bamboo forests needs to be improved.
Over 60% of the moso bamboo forests are low-yield ones. Over 95% of the 1 million
hectares of bamboo groves are not well managed, or are even perishing. The existing
bamboo cultivation technology has not taken into consideration the ecological function of
bamboo forests. The bamboo and shoot processing industries still operate at relatively low
levels, as most of these enterprises are too small and are producing low-grade products. The
ratio of raw material utilization is still rather low, and primary products form a very large
proportion. Branded quality products have not yet been developed to win substantial market
shares, and the existing products do not show strong competitiveness in the markets.
In general, the potential productivity, value-added processing and ecological function
of bamboo forests have not yet been brought into full play.
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2 Importance of Understanding Functions of the Bamboo
Industry in the Development of National Economy and
Social Progress
China is lacking in forest resources, and has problems such as serious soil erosion,
weak ecological environment, shortage of timber supply, and underdeveloped economy in
the upland areas and poverty among the farmers in several such areas. The bamboo industry
is an important component in the construction of the forestry industry. Vigorous
development of the bamboo industry is vitally important for enriching forest resources,
curbing soil erosion, improving the ecological environment, easing timber shortages,
increasing export for foreign exchange earnings, strengthening economy of the upland areas,
helping farmers in the upland areas out of poverty, optimizing people’s food structure and
advocating social ethics. The bamboo culture of China has a long-standing history of over
5 000 years, and nearly every aspect of the people’s life is closely linked with bamboo. The
Dream of the Red Chambers—which is one of the four immortal classics of
China—mentions bamboo in over 150 chapters in relation with art, food and drinks,
transportation, architecture, gardening, poems, paintings and music. Historically, people
have attached high values and important functions to bamboo. Along with social progress
and scientific and technological advancements, bamboo, by virtue of its unique natural
qualities, will certainly attain increasing importance and wider functions.

2.1 Accelerating bamboo forest cultivation to curb soil erosion
and improve the ecological environment
Soil erosion ranks first among the environmental problems of China. To date, areas
associated with soil erosion have added up to 3.67 million km2, constituting 38.2% of the
Chinese territory. On average, the areas suffering soil erosion increase each year by 10 000
km2. Along the Yangzi River reaches, soil erosion affects 562 000 km2, and 2.24 billion
tons of soil is washed away each year. The reservoirs built along the Yangzi River reaches
are losing 1.2 billion m3 of capacity annually because of soil sediments: equivalent to
abandoning 12 large reservoirs, each with a capacity of 100 million m3. The Yangzi River is
now becoming another huge “hanging river” next to the Yellow River. Riverbed of the
Jingjiang segment of the Yangzi in Hubei Province is now more than 10 m higher than the
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ground. The riverbanks have to be reinforced and made higher each year and large amounts
of materials and efforts have to be spent to fight the floods. Besides increasing the financial
burden on the government, these measures are also causing the river to become more and
more dangerous owing to the steadily increasing height of the banks. The river segment has
thus become a great impending peril haunting socio-economic development.
The evergreen bamboo, with its well-developed root and rhizome systems, is ideal for
retaining rainwater and conserving water resources. The plant is thus ideal for shelter
forests, as each hectare of bamboo forest can retain about 1 000 tons of water. In the
summer, the bamboo forest will increase the relative humidity of air by 5%-10% and reduce
the temperature by 3-5°C. Permeability of bamboo forest is twice that of grassland, and the
average rate of water retention can reach 11%. Because of this, bamboo forests are mostly
planted on the uplands along both sides of rivers. It is evident that active development of
bamboo forests will help control soil erosion and improve the ecological environment, two
important conditions for sustainable development.

2.2 Development of bamboo/rattan materials and bamboo pulp
to ease timber shortage
In August 1999, the State Council of China decided to strengthen the ecological
reconstruction efforts at the middle and upper reaches of the Yangzi and Yellow Rivers.
Consequently, substantial amendments were made to the already started plan for conserving
natural shelter forests. According to the plan, overall protection is accorded to the natural
and artificial forests in the river reaches starting from the origins of the rivers to the Three
Gorge Reservoir on the Yangzi River and Xiaolangdi Reservoir on the Yellow River. Tree
felling is completely banned in these areas, while efforts are being made to reforest the
barren mountains, and farmlands on mountain slopes are being planted with trees or grasses.
The projects have covered over 800 counties in 13 provinces, autonomous regions or
municipalities.
With the commencement of the above-said projects, timber shortage is becoming more
and more serious. Presently, the annual commercial timber deficit in China is 38 million m3.
By 2010, the annual timber shortage for building applications is expected to touch 43
million m3. In recent years, China has been using large sums in foreign exchange to import
raw timber or timber products. In the 1995-1998 period, the country’s annual timber
products import were equivalent to 45.8 million m3 of raw timber. In 1996 alone, US$ 5.3
billion was spent for the purpose. After 2000, the international communities are expected to
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extensively exercise certification system for exporting timber or timber products from their
countries, and the adjustable volume of timber in the international timber market may
further decrease. The cost for importing timber will therefore skyrocket, and China would
face problems in balancing her foreign exchange earnings and expenditure. Therefore, it
would be important to ease the timber shortage by vigorously constructing bamboo (and
rattan) production bases and ensuring deep processing and comprehensive utilization of
bamboo.
Compared with trees, bamboo is fast growing and gives higher yields. Generally, 3-5
year old bamboo is ready for use, and properly managed bamboo forests will be productive
for many years once they are planted. The growth cycle of bamboo is only about 1/3 that of
the ordinary fast-growing trees, while the yield (per unit area) is twice that of the
fast-growing trees. In building materials, 60 bamboo culms can substitute 1 m3 of timber. In
the bamboo-growing areas, people use bamboo for a vast number of items of everyday use,
such as baskets, chopsticks, fans, chairs, beds and mattresses. Bamboo boards have
extensive use in truck compartments, formwork, packaging and flooring. It is estimated that
the demand for steel-framed bamboo ply boards may reach 40 million m2 in the next 10
years, but China is presently producing only 15-20 million m2 of such boards, which can
hardly meet the market demand. Bamboo boards are now becoming a kind of high-grade
flooring material, as they not only have the texture of marble slabs and the elegance of
wood boards but also are hard, durable, smooth, clean, anti-skidding and moisture-resistant.
In line with the booming real estate industry in China, the demand for flooring materials
has picked up, and bamboo floorboards will find extensive use in this sector. Bamboo,
which has fine and long fibers, is also a top-quality material for making different types of
writing, printing, plotting, typing and packaging paper products. Generally, 5 mu∗ of
bamboo forests can provide the material for 1 ton of pulp. Rattan produces soft, strong and
highly tensile cane, which is ideal for making knit-wares and furniture.

2.3 Development of food-oriented bamboo to enrich the diet
and quality of life of people
It is estimated that China’s population will reach 1.6 billion by 2030. The CPC Central
Committee and the State Council of China have put in their top agenda issues related to
securing food for the 1.6 billion people in the 21st century. Apart from relying on enhancing
∗

1mu=1/15ha
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the per-unit-area yields of the farmlands, the only way out is to make better use of the land
and water resources for overall development in agriculture, forestry, animal husbandry and
fishery so as to open up more channels to get enough food. Since ancient times, the Chinese
people have favored bamboo shoots, 500 g of which contain about 15 g of protein—twice
the concentration in potatoes—and 18 kinds of amino acids. The fiber-rich bamboo shoots
are also good for health and will help prolong life. Bamboo juice is possibly the best drink
among the “green beverages” because it contains several of micronutrients. The bamboo
mushroom, a by-product of bamboo forests, is acclaimed as the “king of mountain-based
foods” for its rich nutrient content and delicious taste. Rattan fruits and sprouts are also rich
in nutrients and are among top-quality tropical fruits and forest-origin vegetables. With
steadily improving living standards, people are also showing increasing awareness of their
health and look for health benefits when selecting food. Therefore, the vigorous
development of the food-use bamboo industry is important for optimizing people’s diet
structure, increasing effective market supply of foods and ensuring food security for the 1.6
billion Chinese people in the 21st century.

2.4 Development of bamboo handicrafts industry for vitalizing
ethnic culture and enriching tourist-oriented products
Bamboo handicraft items are traditional products of China, and include bamboo
carvings, knit-ware and musical instruments. Bamboo knit-ware and carvings have refined
workmanship and are praised as the “pearl of oriental arts”. Bamboo carving, calligraphy
and paintings are ideal indoor decorations, and add to the beauty of interior decoration.
Bamboo handicrafts are steeped in cultural traditions and may command very high prices,
even a hundred times higher than ordinary bamboo products. They are important items for
earning foreign exchanges and occupy a prime place among tourist-oriented products. With
its cylindrical shape and excellent physical qualities, bamboo is the most important material
for making musical instruments. The bamboo music has always been an important
component of the Chinese civilization, and bamboo musical instruments play a vital role in
people’s cultural life.
Bamboo groves, with myriad shapes and pleasing appearance, have a high ornamental
value and a unique place in bamboo culture. Species such as Phyllostachys aurea, P.
bambusoides and Bambusa multiplex var. riviereorum are precious ornamental plants ideal
not only for household courtyards but also for public gardens. Some other species such as S.
kumasasa and P. aurea are valuable for bonsai landscape. In a number of localities, bamboo
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forests have been opened for eco-tourism, and this has brought about considerable
economic benefits and promoted the development of the tertiary industry.

2.5 Development of the bamboo industry for strengthening the
economy and alleviating poverty in upland areas
China is a mountainous country, with the 6.64 million km2 of mountainous or hilly
lands constituting 69% of her territory. All these upland areas show underdeveloped
economy owing to poor infrastructure facilities, limited access to information, lower
awareness of commodity economy, and underdeveloped science, technology and education.
Most of the 42 million Chinese people, who still do not have enough food and clothing, live
in the mountainous areas. Dynamic development of the bamboo industry will strengthen the
economy of upland areas and help alleviate poverty in those areas.
Over 90% of the bamboo forests in China are located in upland or hilly areas
(inhabited by ethnic minorities), frontier areas or poor areas. Over 10 million farmers are
directly involved in bamboo production work, while millions of them process bamboo
materials or bamboo shoots. Experience in the past show that bamboo can form a pillar
industry, which may help provide farmers with better life and job opportunities. Apart from
the existing model Counties, such as Anji and Lin’an Counties of Zhejiang Province, a
number of new model Counties have in recent years alleviated poverty by developing the
bamboo industry. In Chongyi County of Jiangxi Province, for example, the bamboo
industry has become one of the three pillar industries. The county presently has 585 000 mu
of bamboo forest. In 1998, it processed 1 million bamboo culms and 2 000 tons of bamboo
shoots; the bamboo industry generated a gross output value of RMB 280 million, which
was 36.3% of the gross output value of the county; the profit and tax returns to the
government amounted to RMB 23.09 million, which was 36.5% of the county’s total
income of profits and taxes; and the net per capita income of farmers in that year reached
RMB 1 244 yuan, which was 60.2% of the farmers total net per capita income in that year.
In Xinyi County of Guangdong Province and Anji County of Zhejiang Province, export of
bamboo products in 1998 earned foreign exchanges amounting to US$ 70 million and US$
25 million, respectively.
To summarize, bamboo is a plant species that incorporates several economic,
ecological and social benefits. By developing the bamboo industry, many areas have
embarked on the road to prosperity. Well-developed bamboo industry is also an indication
of social civilization. All the forestry administration departments must gain a full
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understanding of the important status and function of the bamboo industry in the national
economy and social progress, so as to strengthen the management and adopt all necessary
measures to bring about a rapid development of the bamboo industry.

3

Considerations and Measures for Developing the

Bamboo Industry in China in the 21st Century
Entering the 21st century, the guidelines for developing China’s bamboo industry can
be summarized as follows:
“Exercising overall planning and striving for rational distribution; operating based on
different categories and trying to enhance efficiency; promoting development with certain
dimensions and strengthening the management; developing the resources and upgrading
utilization; gaining greater market shares and enhancing the efficiency; and relying on
science and technology and invigorating the bamboo industry”.
During the development the industry, focus need to be on economic benefits while
incorporating the other two benefits. In terms of the pattern of resource enhancement,
efforts must be made to tap the potential productivity and boost technological innovation,
while also taking into consideration related aspects. In terms of processing and utilization,
focus must be laid on producing better products, while the production scale and bamboo
utilization must be upgraded. In terms of support by science and technology, modern
biological technologies must be explored to develop new products and workmanship so as
to accelerate transformation of the existing research achievements. In terms of development
mechanisms, material benefits must be stressed so as to make people better motivated. In
terms of exterior environment, better policy supports and macroscopic guidance must be
given so as to induce greater vitality for developing the bamboo industry.
The task and objectives for developing the bamboo industry in China in the next 15
years are:
• To protect the existing bamboo forest resources, efforts will be made to renovate
or newly plant 4 million ha of bamboo forests (3 million ha renovated and 1
million ha will be newly planted).
• By 2005, 2 million ha of bamboo forests will be renovated or newly planted (1.5
million ha renovated and 0.5 million ha newly planted).
• Steps will be adopted to boost the gross output value of the bamboo industry to
RMB 24 billion yuan and the foreign exchange earning to US$ 800 million.
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• By 2015, 2 million ha of bamboo forests will again be renovated or newly planted
(1.5 million ha renovated and 0.5 million ha newly planted.).
• It is expected that the gross output value of the bamboo industry by then will be
boosted to RMB 30 billion yuan and the annual foreign exchange earning to US$ 1
billion.

3.1 Reinforcing macroscopic adjustment and control, and
stre-ngthening bamboo industry administration
The management system of the bamboo industry, summarized below, will be strictly
adhered to:
“Placing the bamboo industry under the administration of forestry departments;
opening multi-channel business operations; and requesting the enterprises to run their own
bamboo production bases”.
Functions of the forestry departments will be brought into full play in the production,
planning, management, guidance and services. The bamboo producers’ associations, both at
the national and local levels, will be asked to draft specifications for different categories of
processed products. The aim is to strengthen quality control over relevant enterprises and
upgrade the product quality, and to reinforce macroscopic adjustment and coordinated
management. With these measures, the production, processing and circulation of bamboo
products will show orderly and coordinated development. The State Forestry Bureau has
always attached great importance to the development of bamboo industry. Its efforts are
directed at the following:
(1) Bamboo sector management will be standardized. There are plans to exercise
quota for bamboo cutting and to ban bamboo transportation without certificates. The
State Forestry Bureau will also participate in managing the markets in which bamboo
products and shoots are sold. The Plan for Bamboo Industry Development from 2001 to
2015 will be drafted to offer nation-wide macroscopic guidance for the development of
the bamboo industry.
(2) The pace will be quickened to set up the All-China Bamboo Trades Association.
Through consultations with the executive council members of the All-China Bamboo
Trades Association, part of the Association leaders will be re-elected, new council
members elected and some new members admitted.
(3) Efforts have been made to support the development of the “Bamboo Homelands
of China” and the bases of high-yield bamboo forests, which will serve as “experimental
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plots” for learning how to develop the bamboo industry. These will receive increased
support in the future.
(4) A certain part of the low-interest loans will be set aside for developing the
bamboo industry.
(5) Efforts will be made to coordinate relevant ministries of China to reduce
over-taxation on bamboo production and products. Meanwhile, policies and laws will be
promulgated to cultivate a flexible exterior environment for the development of the
bamboo industry.

3.2
Deepening reform of bamboo forest development
mechan-ism, and continuously energizing farmers’ initiatives in
bamboo forests management
Local governments must boldly explore new systems to address the objective demands
made on production relations by the development of productivity in rural areas. Any system
could be tried out if it is favorable for developing regional economy, enhancing the
management level of the bamboo industry and increasing farmers’ income. People at the
grassroots levels have accumulated rich experience, and their creativeness must be
respected. Combined with the second-round contract on land use, the tenure of mountain
slopes needs to be further stabilized. The benefit system may be used to motivate the
farmers for developing the bamboo industry. The guiding principles of “the one who plants
owns the bamboo forests”, “bamboo forests jointly planted will be owned by the planters”
and “the ownership will remain unchanged for long periods” must be respected. By
adopting diversified patterns—such as cooperation, merging, leasing, contractual operation,
shareholding and selling—rationalized resource distribution, reasonable personnel flow and
optimized adjustment of the industrial structures can be promoted.

3.3
Energizing the bamboo industry using science and
technology
Science and technology may be used to energize the bamboo industry in the following
manner:
(1) Focus must be laid on establishing the enterprise-centered technological
renovation system. The renovation mechanism must be introduced into the bamboo
processing enterprises to make them the main vehicle of technological renovation. The
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aim is to comprehensively upgrade the enterprises’ technological renovation capability
and bring about breakthroughs in the quality of bamboo culm and shoot products.
(2) Establishment of research and development systems must be emphasized. It is
important to organize research work with the participation of all related scientific
disciplines and boost cooperative problem-solving endeavors with the participation of
bamboo research institutes and processing enterprises. Joint and coordinated studies must
be used to solve difficult and long-standing scientific and technological problems related
to bamboo industry development. Such problems include papermaking using bamboo
pulp, overall utilization of bamboo materials and enhancing bamboo utilization ratio.
(3) It is vital to establish systems for science and technology popularization and
services. Development of the bamboo industry involves several social sectors and active
participation by the people. Popularization of bamboo-related knowledge is all the more
important for upgrading the contribution to the bamboo industry using science and
technology, organizing and matching existing scientific and technological achievements.
Measures must be taken to encourage scientists and researchers to go to the masses and
open technological training classes. With such measures, the scientific and technological
level of the farmers would be brought to a higher level, and the farmers would get better
access to services in information, bamboo seedlings, technologies and processing.

3.4 Establishing leading bamboo industry enterprises, and
ado-pting conglomerate-style production
To develop and modernize the bamboo industry and to boost the competitiveness of
bamboo products, leading enterprises need to be established. Presently, most
bamboo-related enterprises in China are small and scattered, displaying low efficiency
because of their crude management. It is therefore important to strengthen the links and
cooperation between these enterprises, so that they could become intensive, large-scale and
even international companies and be competitive in the market. Economic and
benefit-related approaches based on sharing of profits and risks must be used to boost the
linkages and cooperation among enterprises. By organizing industrial conglomerates that
form the production-processing-marketing chain, trading, industrial production and forestry
management functions could be streamlined and optimized. These conglomerates would be
closely linked with the markets. Gradually, the objective to standardize technological
specifications, quality and product brands could be realized.
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3.5 Adopting measures that fit local conditions, and giving
cate-gory-specific guidance to the bamboo industry
The ideology of sustainable development must be realized in the development of the
bamboo industry, while the concept of making bamboo a big industry should be moved
forward. The economic and social benefits of bamboo forests should be brought into full
play, and the function of bamboo forests for protecting the environment must be
emphasized so that construction of ecological bamboo forests could be prioritized.
Management of bamboo forests should be exercised in accordance with different local
conditions and different bamboo species. Different measures must be taken for scattered or
large patches, bamboo for culm or for shoot, local species or exotic species. Intensive
management, involving high input and high output, should be adopted for low-gradient
slope lands, emphasizing the commercial aspect of bamboo forests. Natural management
should be adopted for steep and mountainous lands on which bamboo may be intercropped.
Here intensive cultivation is not required, as bamboo forests such areas are mainly for
water and soil conservation. Bamboo forests should be cultivated on both sides of tourist
routes or highways for landscape purposes, and around the villages or farmlands as shelter
forests or cash crop.
Accelerating the cultivation of bamboo and developing the bamboo industry have been
important components of the policy to construct the two big systems of Chinese forest
industry. The directives formulated by the CPC Central Committee and the State Council
for constructing the ecological environment need to be carried forward. China must seize
the opportunity and take actions in tune with the current favorable situations to open up
new aspects of the bamboo industry. Marching into the new century, let us all strive to
make greater contributions for making China a “Land of Beautiful Landscape”, as proposed
by the Party General Secretary Jiang Zemin.

The Status and Prospects of Bamboo
and Rattan Industries in Hainan
Province
Han Jianzhun
(Hainan Provincial Forestry Bureau, Hainan, P.R. of China)

ainan Province, situated at the southern end of China, is a tropical island with an area
of 33 900 km2, stretching in latitude from 18°10′to 20º10′N and in longitude from
108º37′to 111º03′E, with a surrounding coastal line of 1 528 km. The topography of
Hainan Island ranges from the central high land to the surrounding low areas, inclining from
the north to the south. From the Wuzhi Mountain and Yingeling mountain ranges, the
landform descends irregularly to the surrounding areas. The mountainous areas rising to 500
m or more above the sea level take up 25.4% of the total area of the island, hilly areas
ranging in elevation from 100 m to 500 m occupy 13.3%, and platform and plain areas at
less than 100 m elevation cover 61.3%. The Litianling-Yingeling-Mihouling Mountain
ranges are on the north side of the rift valley zone from Hongmao to Fanyang, and the
Wuzhi Mountain-Qingchunling-Mazhuiling Mountain ranges are on the south side. Both
these great ranges are mainly composed of granite rocks. Scattered large pieces of tableland
and sparse volcanic hills feature in the coastal areas and the north part of the island.
Hainan Island takes up 65% of the total tropical area of China, with warm and humid
weather, an annual mean temperature of 22-26ºC and an annual mean precipitation of 1 500
mm to 2 000 mm. The summer season ranging from March to November lasts eight or nine
months. Hainan is frequently visited by typhoons, with destructive ones occurring eight or
nine times a year in the east part of the island.
The forest cover across the island is about 50.5%, including 614 800 ha of natural
forest, 255 600 ha of bush land and 845 900 ha of planted forest. The natural and bush
forests are mainly distributed in the southern mountainous area of middle or high elevation,
while planted forests are in the coastal tableland and flatlands and in the canyons or valleys

H
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of mountainous areas. The population of Hainan province is 7.5 million, including the Li
and Miao farming community of 1.2 million. The minority communities live mainly in the
eight southern counties or cities. The development and use of bamboo and rattans, as a
time-honored craft, are intertwined with the people’s livelihood and everyday life. The use
of bamboo and rattan can be seen in houses, bridges, weaving tools, furniture, etc.

1 Bamboo and Rattan Resources
1.1 Bamboo resources
According to rough estimates, bamboo is distributed over 4 160 ha of land in the island,
as shown in table 1:
Table 1 Distribution of Bamboo in Hainan Province
County or City
Qiongshan
wenchang
Wanning
Danzhou
Baisha

Area of Bamboo (ha)
800
533
300
553
367

County or City
Qiongzhong
Tongshi
Sanya
Dingan
Chengmai and others

Area of Bamboo (ha)
593
213
153
147
<0.67

There are 79 species of bamboo in the island, including 38 indigenous species and 41
introduced ones 46 species were introduced, but five of them were already distributed in the
island (see tables 2 and 3). The List of Flora in Hainan and Other Islands Adjacent to the
Cantonese Coastal Line records only 46 species, 82.6% of which are distributed in Hainan.
The southern islands have 20 species, accounting for 43.5%, including 10 dominant
Bambusa species and three dominant Dinochloa species. The natural bamboo stands are to
be found mainly in the natural forests of the central-southern mountainous regions and in
the hilly tablelands. Bamboos growing in the sparse mountainous forests include
Ampelocalamus actinotrichus, Lingnania fimbriligulata and Schizostachyum pseudolima.
Dendrocalamopsis beecheyana, Bambusa mutabilis and Dinochloa puberula are found
growing in dense woods. In addition, scattered over the mountainous valleys and villages of
the plain across the island are several planted or natural clumping bamboos. Among these,
the following species are economically valuable: Bambusa textilis, B. chungii, B.
piscaporum, B. fecunda, B. mutabilis, B. vulgaris cv. vittata, Dendrocalamopsis beecheyana,
D. beecheyana var. pubescens, D. latiflorus, D. stenoaurita and Lingnania fimbriligulata.
The main planted species are D. beecheyana, D. beecheyana var. pubescens and D.
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stenoaurita. At present, the main products of bamboo are fresh shoots and pickled shoots,
which are directly marketed. Canned shoots from Fudonghai Food Processing
Confectionery of Danzhou City are mainly exported to Japan. Bamboos such as B. textilis,
Lingnania chungii and B. mutabilis are used as materials for weaving, building and crafting.
Table 2 Bamboo Resources of Hainan Province
No. of listed
species
1
5
23
1
3
1
2
1
2
1
4
1
1
46

Genus
Ampelocalamus
Arundinaria
Bambusa
Dendrocalamus
Dinochloa
Fargesia
Indocalamus
Monocladus
Phyllostachys
Sasa
Schizostachyum
Semiarundinaria
Sinobambusa
Total

No. of naturally distributed
species
1
4
20
1
3
1
1
1
1
1
3
1
38

No. of native
species
1
1
10
2
1
1
1
1
1
1
20

Note: Data from the List of Flora in Hainan and Other Islands Adjacent to Cantonese Coastal Line.
Table 3 Introduced Bamboo Species in Hainan Province
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.

Bambusa longiflora
B. dissemulator
B. eutuldordes
B. fecunda
B. gibba
B. gibba cf. glabrescens
B. gibboides
B. glabra vagina
B. multiplex
B. mutabilis
B. nana var. gracilima
B. pervariabilis
B. piscaporum
B. rigida
B. textilis
B. textilis var. glabra
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(continue)
17. B. textilis cv. maculata
18. B. tulda
19. B. tuldoides
20. B. tuldoides cv. swolleninternode
21. B. ventricosa
22. B. vulgaris
23. B. vulgaris cv. vittata
24. Bambusa pervariabilis × Dendrocalamopsis latiflorus No. 1*
25. Dendrocalamopsis beecheyana
26. D. bicicatricata
27. D. latiflorus
28. D. minor
29. D. oldhami
30. D. vario-striata
31. Dendrocalamus latiflorus
32. D. brandisii
33. D. sinicus
34. D. strictus
35. Dinochloa puberula
36. Gigantochloa levis
37. Lingnania chungii
38. L. fimbriligulata
39. L. remotiflora
40. Melocanna humilis
41. Pseudosasa amabilis
42. Pseudostachyum polymorphum
43. Schizostachyum pseudolima
44. Sinocalamus affinis
45. Thyrsostachys siamensis
Notes:* Place of introduction – Fengmu Experiment Forestry Center. Data from Chinese Bamboo
Cultivation.

1.2 Rattan resources
Some rattan species have a high economic value as they are much sought after for
making high-quality furniture. Hainan Island is abundant in rattan species, among which 13
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species and 1 variant species within 3 genera are naturally distributed (table 4).
Table 4 Natural Distribution of Rattans in Hainan Island
Species

1

2

Calamus tetradactylus
C. tetradactyloides

√
√

√
-

C. egregius
C. feberii

√
√

C. gracilis
C. multispicatus

√
√

√
√
-

C. puichellus
C. rhabdocladus

√
√

C. rhabdocladus var. globulosus
C. simplicifolius

Place of distribution
3
4
5
√
-

6

Elevation (m)

√
-

√
-

√
-

<600
600-1 000

-

-

400-1 000
400-1 000

-

-

600-1 000
400-800

-

-

√

√
-

√
-

√
√

-

-

-

-

100-500
<1 100

√
√

√
√

-

-

-

-

<1 100
500-1 100

C. bonianus
C. walkerii

√
-

√
-

-

√

-

-

300-800
<150

Daemonorops margaritae
Plectocomia microstachys

√
√

-

√
-

√
-

-

-

<1 000
400-1 000

Notes: Places of distribution: 1. Wuzhishan mountain ranges; 2. Tropical evergreen monsoon forest and
its secondary forest in the southeast; 3. Secondary forest in the hilly tablelands of the southwest; 4.
Secondary forest in the northeastern tablelands; and 5. Sparsely wooded grassland in the southwest; and 6.
Half-deciduous monsoon forest in the southwest.

Rattans are dependent on tropical rain forest for survival. As the area of tropical rain
forest in the island is dramatically diminishing, especially as the rattans there have long
been over-harvested, the area of rattans is correspondingly dwindling. Consequently, some
superior species—such as Calamus gracilis and C. egregius—are on the brink of extinction.
The remaining rattan resources are mainly distributed in the central mountainous area.
Rattans are the main plant in tropical mountainous rain forest, tropical evergreen monsoon
forest and evergreen broad-leaf forest. For instance, in the tropical rain forest of
Jianfengling Mountain there are seven species—such as C. egregious, C. tetradactyloides
and Daemonorops margaritae—within three genera are distributed, with a density of 5 690
individuals (clumps) per hectare. In the tropical evergreen monsoon forest, six species of
three genera are distributed at a density of 2 380 individuals (clumps) per hectare. In the
tropical half-deciduous monsoon forest, only Calamus tetradactylus has been found
distributed, with a density of 800 individuals (clumps) per hectare.
Ever since the 1960s, rattan species from abroad have been constantly introduced into
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the island to enrich its resources. Four introduced species have flowered and yielded seeds.
Calamus dioicus Lour has already been disseminated in cultivation. Some superior species
originally growing in the island (such as C. simplicifolius and C. egregius) have also been
successfully spread out of the island to other provinces. Based on reproduction and
cultivation experiments, seven species including Daemonorops margaritae and Calamus
tetradactylus have been selected for dissemination.

2 Resource Development and Utilization
2.1 Use of bamboo resources
Bamboo rattan resources in the island consist of both planted and natural forests. The
main use of the planted bamboo stands are for harvesting shoots for food, timber for
construction and weaving materials, and plants for beautifying home gardens and
village/town environments and for establishing shelters. In a sense, bamboo is indispensable
to the people in the island, especially to those in the central and southern mountainous
regions. For instance, bamboos such as Bambusa mutabilis and B. textilis are favored for
constructing houses, weaving baskets, and making beds, hats, tools and utensils. During the
shooting season, people harvest bamboo shoots for their own food or for sale. Rice cooked
in bamboo culm is one of the most delicious traditional foods of the Li community. Bamboo
poles are an essential part of some popular folk dances. Bamboo is also used to make many
musical instruments.
The traditional method of cultivating bamboo is by planting rhizome offsets. The
commonly cultivated species are B. textilis, B. mutabilis, B. piscaporum and Lingnania
chungii. In the 1950s, the technique of cultivating bamboo seedlings raised from buried
bamboo culms was initiated and widely employed in the 1960s in establishing bamboo
plantations. However, the area of such plantations was not large. By 1988, when Hainan
was authorized to have provincial identity, the area under bamboo cultivation was just 3 413
ha. In the 1990s, planting bamboo for shoots spread rapidly. In places such as Chengmai
Dala, Danzhou Changyang and Fengmu Experiment Forestry Center, bamboo nurseries and
plantation bases were established. Consequently, the area of shoot producing bamboo
plantation expanded to 4 160 hectares by 1994. The dominant cultivated species
Dendrocalamopsis beecheyana, D. beecheyana var. pubescens and D. latiflorus. In tandem
with the development of bamboo plantations, a large canned bamboo shoot industry was
established in Danzhou, jointly funded by Danzhou and Japan. More importantly, the
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reproduction of D. latiflorus using tissue culture technique was successfully accomplished
at the Hainan Academy of Forestry Science.
At present, the popular techniques for bamboo cultivation include the use of seedlings
raised by burying culm sections, lead branch cuttings, lead branch layering, etc. The
technique of tissue culture to raise seedlings is under test.

2.2 Use of rattan resources
In Hainan Island, use of rattans has long been an important means of livelihood and
employment in the mountainous regions, where rattan is second only wood in importance.
Most rattan species in the island have been put to effective use, and the ones that are widely
used for producing a large variety of articles include Daemonorops margaritae, Calamus
tetradactylus and C. rhabdocladus. The elite rattan species include C. simplicifolius and C.
gracilis. At present, marketable rattan items are raw rattan, semi-processed rattan and
furniture and utensils made of rattan. Some rattan stems may serve as edible vegetable,
while the fruits of rattans such as C. simplicifolius are identified as delicious wild tropical
fruits. According to the records of local companies, the annual yield of raw rattan is about
8 000 tons. During the 1960s and the 1970s, the annual raw rattan procurement in the island
was between 4 500 to 6 500 tons, accounting for 80%-85% of the national procurement.
Since the 1960s, the area under rattan and the yield of raw rattan have decreased
because of land reclamation and agriculture in the natural forest regions. Currently, the
output of raw rattans is estimated to be between 3 000 to 4 000 tons; barely adequate to
satisfy the need of small industries in the island. Some industries are forced to import raw
rattan to make up for the insufficiency.
The South China Flora Institute and the Kunming Flora Institute of the Chinese
Academy of Sciences, Zhongshan University and other research organizations have
collected and classified specimens of rattan plants. In comparison with the study of
commercial wood species, research on rattans and their cultivation is young. Ever since its
establishment, the Institute of Tropical Forestry of the Chinese Academy of Forestry
Sciences has treated the study of rattans as one of its most important research programs. In
1960s, researchers of this institute had devoted efforts to inventory the natural resources in
the island, and to habituate and propagate wild D. margaritae and C. tetradactylus. The
researches first aimed at acquiring the techniques for propagating and cultivating C.
tetradactylus through a series of experiments raising wild rattan saplings by means of
transplanting offshoots. At the same time, seed propagation was also tested. The acquired
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techniques have been popularized across the island and to South China. Later, with the
cooperation of Canadian International Development Research Center (IDRC), researchers
inventoried rattan species distribution. They also carried out a comprehensive study of the
ecological and biological characters of rattan species—collecting and storing germplasm
resources—and the techniques of their propagation and cultivation. Thanks to the
achievements of the above researches, the number of cultivated rattan saplings in the island
today runs into millions, and the plantations established spread to over 1 000 ha. However,
the development and use of rattans in the island is still dependent on natural resources, with
low production and meager economic benefits characterizing the scattered and mostly
single-species plantations. Therefore, there is an urgent need for establishing large
plantations to raise the production and quality of raw rattans.

3 Industry Development Prospects and Strategies
The development of bamboo and rattan industries in Hainan Island has excellent
prospects owing to abundant species resources, ideal soil resources, agreeable climate, and
rich experience and practical knowledge. Moreover, it is in perfect harmony with the
policies of constructing an eco-province and establishing high-return tropical agriculture in
the island. As it is also economically promising, development strategies for bamboo and
rattan industries should be drawn up.
The development principle to be employed is unified programming in general and
separate programming in specific areas. For making optimum use of local soil resources,
some high-yielding tropical species should be introduced into the island. In the northern
hilly tablelands and the villages in the plain, large bamboo plantations should be established
to facilitate the forming of large industries. In the valley regions of the south and central
areas, bamboo forests should be established in a large scale for producing timber and edible
shoots, conserving water, and protecting or sheltering banks and slopes. As for the rattans,
measures such as intercropping of rubber plant and rattan, supplementing stock in sparse
forests, planting rattans in natural forests should be selectively adopted to develop rattan
resources in a big way. Particularly, the existing 390 000 ha of rubber plantations, large
areas of natural secondary forest, and bushy lands should be considered for use.
High-quality species are usually grown in nurseries; hence, it is suggested that bamboo
nurseries be established in Qiongshan City in the north and Tongshi City in the central
region. Attention should be paid to introducing species, breeding high-quality species,
conserving species resources, and promoting cultivation techniques to market massive

The Status and Prospects of Bamboo and Rattan Industries in Hainan Province ·27·

quantities of quality propagation saplings. In Jianfengling Mountain, bamboo and rattan
plantations should be established to preserve the parent bamboo and rattan resources for the
purpose of establishing the seed orchards of high-quality bamboo and rattans. In the forest
areas all over the province, management measures—such as division management,
controlled nursing, integrating regeneration and felling, and convertible husbandry—should
be adopted. Rational development oriented to resources conservation should be advocated.
Industries and farmer households should unite to find a way to intercrop rattans in rubber
plantations. As for bamboo planting, the model that integrates planting, processing and
selling into one industry should be established and promoted. Modern biological
technologies should be employed to improve seed species, reform cultivation and expand
processing methods.
Preferential policies should be fine-tuned to the development of bamboo and rattan to
attract funding. The bamboo and rattan processing industries in the island are not large,
although there is a great development potential. Therefore, administrative support and
financial aid should be made available to them. Considering the geographical peculiarity of
the places where bamboo and rattan are planted, where the dominant habitants are minority
communities and mountain dwellers living in poverty, the author proposes that the projects
aimed at comprehensive development of mountainous areas and the fund for helping the
poor be in favor of bamboo and rattan planting and processing industries. For instance, the
government at all levels may confer priority to bamboo and rattan industries in development
activities, and may waive tax. Preferential policies should be drawn up and a specialized
organization may be founded to facilitate the industrialization of bamboo and rattan
enterprises.

Sustainable Rattan and Bamboo
Development of Yunnan in the 21st
Century
Hui Chaomao, Yang Yuming, Du Fan, Xue Jiarong and Wang Kanglin
(

Department of Resources, Southwest Forestry College, P. R. of China;
Kunming Institute of Botany)

unnan, a border Province with a complex geography and special climatic conditions, is
located in southwest part of China. Situated between 21°08' to 29°15' N and 97°39' to
106°11' E, the Province has a total area of 3 830 000 km2, neighboring Guizhou and
Guangxi in the east, Sichuan in the north and Tibet in the northwest. It abuts Myanmar in
the west and southwest and Laos and Vietnam in south and southeast.
Owing to its special geographical position and diverse environmental factors, the
Province is extremely rich in bamboo resources. These widely distributed resources make
the province one of the few places in the world with the most species composition,
ecological types and natural bamboo forests. Being in the junction area and transit zone of
three different geographic regions in Asia, Yunnan adjoins the semi-humid tropics of the
East Asian monsoon region in the east, while it links with the Asian tropical monsoon
region of the South Asian subcontinent and middle south peninsula in the south and west. In
the northwest, the Province is connected with the Qin-Zang (Qinghai-Tibetan) Plateau. This
geographical location makes it an excellent site for convergence of bamboo and rattan
species, while the numerous mountains and rivers provide good conditions for species
differentiation and diffusion. These plentiful resources have laid unique material
foundations for the development of bamboo and rattan industry.

Y

1 Bamboo and Rattan Resources
1.1 Bamboo resources
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Systematic surveys on bamboo resources in Yunnan started in the 1970s and Mr. Xue
Jiru, the late prestigious bamboo expert, had made particular contribution in this respect.
After more than 50 years of endless efforts, the researchers have obtained a clear inventory
of the bamboo resources in the Province, uncovering four new genera and 100 new species.
Another eight genera have been newly recorded. More than 100 academic papers and 6
monographs on bamboos have been produced.

1.1.1 Bamboo species
Yunnan is extremely rich in bamboo species, with more than 220 species from 28
genera recorded, as listed below: 4 species from Ampelocalamus, 19 from Bambusa, 1 from
Bashania, 6 from Cephalostachyum, 9 from Chimonobambusa, 9 from Chimonocalamus,
27 from Dendrocalamus, 2 from Dinochloa, 53 from Fargesia, 2 from Ferrocalamus, 6
from Gigantochloa, 1 from Gaoligongshania, 2 from Indocalamus, 9 from Indosasa, 1 from
Leptocanna, 1 from Neomicrocalamus, 4 from Melocalamus, 3 from Neosinocalamus, 3
from Pleioblastus, 1 from Pseudostachyum, 15 from Phyllostachys, 2 from Qiongzhuea, 6
from Schizostachyum, 2 from Sinobambusa, 1 from Teinostachyum, 1 from Thamnocalamus,
2 from Thyrsostachys, 30 from Yushania.

1.1.2 Distribution
The bamboo of Yunnan is classified into according to the following principles:
(1) The environmental selection and adaptation of different bamboo species developed
from different origins, flora components and ecological types.
(2) The relative conformity between the geographical distribution of the existing
bamboo species and the bioclimatic zone and the physical location.
(3) A combination of scientific, integrated and practical aspects.
Based on the above rationale, the bamboo plants in Yunnan are grouped into seven
geographic distribution areas: Large-sized tropical sympodial bamboo area in southern
Yunnan; Mid-sized tropical and warm sympodial bamboo area in southwest Yunnan; Hot
and warm large and mid-sized sympodial and monopodial bamboo area in southeast Yunnan;
Warm mid-sized sympodial and monopodial bamboo area in central Yunnan; Warm and
temperate small to mid-sized sympodial and monopodial bamboo area in west Yunnan; Cold
and temperate small-sized sympodial and monopodial bamboo area northwest Yunnan; and
Temperate small to mid-sized monopodial bamboo area in northeast Yunnan.
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1.1.3 Flora characteristics
(1) Rich species composition (table 1).
Table 1 A Comparison of the Bamboo Resources in Yunnan, China and the World
Item

Yunnan

China

World

Yunnan’s share in
China’s total

Yunnan’s share in
World’s total

No. of genera

28

37

70

75%

40%

No. of species

250

500

1 000

50%

25%

(2) Diverse morphology (see chart below).
Culm
Clumped

erect:

Chimonocalamus,

Thamn-ocalamus
Dependant: Gaoligongshania

Sympodal

Climbing: Ampelocalamus
Loose clumps: Fargesia

True

Scattered: Yushania

inflorescence
Monopodial: Pleioblastus, Bashania, Ferrocalamus
Mixed: Indocalamus
Culms
Bamboo
Soidaceae

Clump

in Yunnan
Sympodial

erect:

Dendrocalamus,

Neosino-calamus,

Thyrsostachys,

Semi-climbers: Cephalostachyum,
Leptocanna, Schizostachyum
Climbers: Melocalamus, Dinochloa,
Teinostachyum, Neomicrocalamus

False
inflorescence

Scattered: Pseudostachyum
Monopodial: Phyllostachys, Indosasa, Sinobambusa
Mixed: Chimonobambusa, Qiongzhuea
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(3) Diverse flora components: types of distribution areas (table 2).
Table 2 Types of Distribution Areas of Bambusoideae in Yunnan
Type of distribution area
Tropic Asia (India, Malaysia)
Tropic India-south China (Yunnan)
Myanmar, Thailand and Southwest China
Vietnam, South China
Tropical Asia, Africa and South American
Tropical Asia, Tropical Oceania
Tropical Asia, Tropical Africa
South China, Southwest China to India
and Tropical Africa
Eastern Asia
China, Himalayas
China, Japan
China endemic
Yunnan endemic
Yunnan-centered distribution

No. of genera
3
5
1
1
1
1
3

Percent
10.7
17.8
3.6
3.6
3.6
3.6
10.7

1

3.6

2
2
1
6
2
15

7.1
7.1
3.6
21.4
7.1
53.6

(4) Concentrated primary groups. Among the 28 bamboo genera found in Yunnan,
more than half are primary genera of ancient origin and about 15 of them have Yunnan as
their distribution center. This high concentration of primary species in one province is not
found in any other place in the world. Based on the primary features of the bamboo plants,
their distribution and ecological environment, it can be safely said that Yunnan is the
original place for bamboo species of Asia as well as the world.

1.1.4 Bamboo forests
Yunnan has a total bamboo forest area of 331 000 hectares. This is surpassed by the
bamboo areas of Fujian, Guangdong, Zhejiang, Jiangxi and Hunan, but most of the bamboo
forests in those Provinces are plantations. Plantations of Phyllostachys heterocycla var.
pubescens account for 80% of the total bamboo area in those Provinces, with the exception
of Guangdong, while the majority of bamboo forests in Yunnan are of natural origin and
the Province ranks first in the country in terms of the area of natural bamboo forests.
In terms of distribution, the western and southern parts of Yunnan have most of the
bamboo area, followed by northwest and northeast, and central Yunnan has the least. The
total amount of growing stock of large and middle-sized natural bamboo forests is
estimated to be 17-19 million tons (green weight) (table 3). The average culm weight per
hectare is about 90-100 tons and as much as 4 240 000 to 4 700 000 tons of bamboo timber
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can be harvested each year. Adding another 72-84 tons of bamboo timber production from
plantations, the Province can produce 4.96 to 5.54 million tons of bamboo timber.
Table 3 The Area and Growing Stock Bamboo in Yunnan
Bamboo stand type
Total area of natural
bamboo stands
Plantations
Total area

Area (ha)

Growing stock (million tons)

Percentage in total

299 000

23.8

90.30

32 000
331 000

3.85
27.65

9.76
100.00

1.2 Rattan resources
Rattan resources are distributed in the mountains of the tropical and subtropical areas of
southern and western China, especially Hainan and the South Yunnan, the two major rattan
suppliers. More than 60 rattan species from 3 genera are found in the two Provinces, and 36
species or varieties are in Yunnan, as listed below: Calamus bonianus; C. erectus; C.
erectus var. birmanicus; C. flagellum; C. flagellum var. farvifurfuraceus; C. giganteus var.
robustus; C. gracilis; C. henryanus; C. karinensis; P. kerrana; C. marcorrhynohus; C.
nambariensis var. yingjiangensis; C. nambariensis var. xishuangbannaensis; C.
nambariensis var. alpinus; C. nambariensis var. furfuraceus; C. nambariensis var.
menglongensis; C. obovoideus; C. palustris; C. palustris var. cochinchinensis; C. palustris
var. longistachys; C. platyacanthus; C. platyacanthus var. mediostachys; C. rhabdocladus;
C. rhabdocladus var. globulosus; C. tetradactylus; C. viminalis; C. viminalis var.
fasciculatus; C. wailong; C. walkerii; C. yunnanensis; C. yunnanensis var. intermedius; C.
yunnanensis var. densiflorus; Daemonorops margaritae; Plectocomia assamica; P.
himalayana;
Rattans have a high economic value and great potential for exploitation. The stems
(cane) of rattans have very good processing quality and are excellent material for furniture,
rattan-ware and handicrafts. Their fruits, seeds and tender branches can be used for food or
for medicinal purposes. Thus, it can be said that rattans are forest products that are next
only to trees and bamboos in importance.
In spite of Yunnan being one of the rattan producers, the raw materials currently used
for processing rattan products are imported mainly from Myanmar. This is because the
rattan resources of the Province have been seriously damaged owing to the lack of
scientific management. Great quantities of imported rattan are transported also to
Guangdong and Hainan Provinces via Yunnan.
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2 Current Status of Bamboo and Rattan Industries
2.1 Late beginning
The different ethnic groups in Yunnan have a long tradition in developing and utilizing
bamboo resources, and their daily lives (including their clothing, eating and travelling) are
closely associated with bamboo. However, Yunnan was late in developing bamboo and
rattan industries, despite this tradition and its agreeable ecological conditions, abundant
germplasm resources and advanced science and technology.

2.2 Comparative lead in bamboo science and technology
Bamboo and rattan research has been given great attention and assistance by Yunnan’s
Science and Technology Provincial Committee, which has already sponsored more than 10
bamboo-related research programs. The results of these programs have been applied in
practice, promoting the rational exploration of bamboo resources and guaranteeing the
healthy development of the bamboo industry. The researchers have been attaching great
importance to the integration of scientific studies, production technology and economy,
product design and market development.

2.3 Underdeveloped production
The value of bamboo resources was not duly recognized in Yunnan for a long time,
resulting in a relatively underdeveloped bamboo industry. In recent years, however, the
Provincial Department of Forestry of Yunnan has been paying increasing attention to the
development of the bamboo industry. This is highlighted by the establishment of the
“Provincial Leading Group of Bamboo Industry” and the “Administration Office for
Bamboo Industry”. Although the setting up of these two organizations signifies a great step
forward for the industry, more work needs to be done if any practical results are to be
expected.

2.4 Unprecedented enthusiasm
With the diminishing of exploitable forest resources and the implementation of the
national ban on timber harvesting from natural forests, people at all levels have come to
realize the advantages of bamboo forests. This has led to an unprecedented enthusiasm in
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the development of bamboo resources and bamboo industry, with dozens of counties listing
it at the top of their economic agenda. Several thousand hectares of plantations or improved
natural bamboo forests has been planned for implementation in the near future.

3 Development Strategies for Bamboo and Rattan Industries
3.1 Incorporate bamboo and rattan industry development in
governmental planning
The bamboo and rattan industries of Yunnan are of great importance in the new century
and they have bright prospects. The industry will benefit the Province in the following four
aspects: Both the ecological and the living environment in Yunnan will be better conserved
and beautified; Existing forest resources will be conserved and the natural forest
conservation project will be implemented more easily; Mountains can be developed using
an integrated approach to improve the lives of the poverty stricken population; and The rise
of “green economy” will form another area of economic benefits.
Thus, bamboo (and rattan) industry development project is a trinity of “poverty
alleviation project”, “ecological program” and “modern forestry project”. The provincial
government should take the opportunities offered by the national “program on western
development” and “natural forest conservation project” to integrate bamboo (and rattan)
industry into Provincial planning in building up the Province into an economic power based
on biological resources and put the “2166 Project” into quick implementation.
The “2166 Project” is a short name for the “General Plan for Bamboo Industry
Development in Yunnan Province”, which aims at poverty alleviation through the bamboo
industry. This plan has been approved by the related expert panel and submitted for
governmental ratification. It is recommended that the plan be evaluated without delay and
once ratified, be integrated into the provincial economic development plan for
implementation.

3.2 Strengthen coordinated management
This mainly includes: Setting up of the “Administration Office for Bamboo Industry
(AOMI)” within the Provincial Department of Forestry; Strengthening the “Yunnan
Association of Bamboo and Rattan Industry (YABRI)”; and Establishing the “Center for
Research and Development of Bamboo and Rattan Industry of Yunnan (CRDBRI)”.
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AOMI should be established within the Provincial Department of Forestry as a special
agency with adequate starting funds and full-time staff. This agency will provide
macro-management and general guidance for bamboo and rattan development in the
Province.
YABRI, whose main role will be to provide guidance, coordination and supervision to
the bamboo and rattan industries, should establish its divisions in bamboo-producing areas
to strengthen cooperation and exchange between different sectors of the industries and act
as linkages between government agencies and the producers.
CRDBRI should be established as a special body for research and technology extension,
and it will also be a partner of the International Network for Bamboo and Rattan (INBAR)
in working with bamboo-producing countries in Southeast Asia.
With the situation being conducive to the vigorous development of bamboo and rattan
industries and the implementation of the provincial plan for bamboo industrialization,
Yunnan—as the host of the richest bamboo and rattan resources in the world—is in urgent
need of such organizations that can develop and extend bamboo-related science and
technology.

3.3 Strengthen the bamboo industry through science and technology
Yunnan Province should seize the opportunity offered by the provincial efforts for
demonstrating hi-tech industrialization and implement the “Project on the Industrialization
of Large-sized Sympodial Bamboos” (this project is listed in the “Provincial Guidance to
Projects”).
This project should be technically supported by the Bamboo Research Institute of
Southwest Forestry College and YABRI, and used as a leading demonstration project for
extending bamboo-related science and technology. Major researches in bamboo include:
The current status and utilization of bamboo resources in Yunnan; Studies on timber quality
and rapid propagation techniques of major culm-producing bamboo species in Yunnan;
Studies on quality shoot-producing bamboo resources and their industrialization; Studies on
the establishment of the garden of rare and endemic bamboo species in Yunnan; Extension
of bamboo-related seedling growing and silvicultural techniques; Studies on damages to
bamboo from borers and decaying disease and their integrated prevention; and General plan
for bamboo industry development in Yunnan.
The research results are also reflected in the following monographs on bamboos:
Bamboo Resources in Yunnan and their Utilization (by Xue Jiru, Yang Yuming and Hui
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Chaomao); Bamboo Cultivation and Utilization (by Hui Chaomao, Du Fan and Yang
Yuming) Industrial Utilization of Culm-producing Bamboos (by Hui Chaomao, Yang
Yuming et al.) Industrial Exploitation of Quality Shoot-producing Bamboos (by Yang
Yuming, Hui Chaomao et al.)

3.4 Make continuous efforts in scientific research
The following programs should be conscientiously carried out so as to keep the
advantage that Yunnan has in research on sympodial bamboos: Research on the techniques
for directed cultivation of quality bamboo species; Research on the ecological and
biological characters of Dendrocalamus giganteus; Strengthening cooperation and
exchanges with outside world and introducing advanced techniques and programs.
High-level technicians shall also be fostered to improve the level of Yunnan in bamboo
science and technology, as well as retain and develop Yunnan’s existing characteristics in
bamboo research; Editing and publishing The Reports of Science and Technology in
Bamboo and Rattan, a periodical affiliated to YABRI and aimed at information
dissemination, experience exchanges and techniques extension.

3.5 Conserve germplasm resources
The abundant bamboo and rattan resources are the material basis to develop bamboo
and rattan industries of Yunnan. The value of these resources is represented by the
diversities in the following aspects: Germplasm resources; Natural bamboo forests; Ethnic
cultures related to bamboo and rattan; and Tropical bamboo forest landscapes.
Whether or not these diversities can be conserved will dictate the sustainability of
bamboo and rattan industries in Yunnan Province. Specific conservation measures must
include the following:
(1) Ex-situ conservation. This should be integrated into the project on “Wildlife
Germplasm Preservation”. Input should be made to establish the “Garden of Rare Southeast
Asian Bamboo and Rattan Species”, and the plan for the “Garden of Rare Himalayan
Bamboo Species” should be formulated at the earliest. Quality germplasm of bamboos and
rattans should be collected wide and far for preservation, and efforts should be made to
increase the investment in the reproduction and extended planting of the rare species.
(2) In-situ conservation. Five national nature reserves and 105 provincial and local
nature reserves have been established in Yunnan Province. These nature reserves have
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almost all the rare germplasm resources and natural communities of bamboo and rattan, and
have laid excellent conditions for in-situ conservation of these plants.
(3) Expanded exploitation. Opportunities offered by the success of the 1999 World
Horticultural Exposition and the effect the Bamboo Garden aroused at home and abroad
should be seized to explore the ethnic bamboo cultures of Yunnan and promote
bamboo-based tourism. Sufficient attention should also be directed to the introduction,
acclimatization, cultivation and extension of quality ornamental bamboo species so as to
open up a new development area with Yunnan’s distinct characteristics.

4 Measures for Bamboo Industry Development
4.1 The “2166 project”
(1) Two million mu of bamboo bases for timber and shoot production. The project
intends to establish 2 million mu (133 000 ha) of quality, efficient and fast-growing
bamboo forests for both timber and shoot production by making use of the programs for the
restructuring of the economy of mountain areas, poverty alleviation, ecological
reconstruction and natural forest conservation. These bamboo forests will be planted in
poverty-stricken areas, mainly mountains areas inhabited by minorities, and other suitable
sites through joint efforts of the government, the communities and the farmers (who can
invest in labor).
(2) One million mu of bamboo forests for ecological purposes. This project aims at
building 1 million mu (67 000 ha) of bamboo forests for ecological purposes. The
construction of these forests will be incorporated into the national efforts for afforestation
along the watersheds of the Middle and Upper Stream of Yangtze River and the upper
stream of Pearl River, and the ecology rehabilitation and erosion control of the Lancang
River and Nujiang River.
(3) Six bases for quality seedlings. Six bases will be established at appropriate sites for
seedling growing and industrialized seedling cultivation techniques and process will be
adopted to produce and provide quality seedlings for setting up bamboo plantations.
(4) Six demonstration areas for bamboo processing and marketing. These include the
processing of products like bamboo construction materials, bamboo foods, bamboo-based
paper, bamboo utility articles and bamboo-related tourism products and the marketing of
these products. The integrated development of bamboo products should be based on the
availability of resources and be guided by the market demand.
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With the implementation of the 2 166 project, it is expected that the total output value
from bamboo industry would exceed RMB 5 billion yuan by 2010, ten times that of the
present level. Moreover, with the implementation of the project, the bamboo industry of
Yunnan will achieve “four uniformities”—uniform technical procedures, uniform standards
of product quality, uniform trademarks and uniform market development. Efforts will be
made to realize intensive bamboo-based construction, mass production of bamboo products,
scientific management of bamboo industry and internationally oriented market
development.

4.2 The “12345 principles”
To materialize the aforesaid goals, efforts must be made to adhere to the “one
guideline”, assist in the construction of two types of bases, set up “three supporting
systems”, strengthen “four fundamental measures” and carry out “5 basic principles”.
(1) One guideline – The one guideline is “to promote the industrial development of
bamboo resources, accelerate the ecology construction and economic development of
mountain areas and help the people in the bamboo-producing areas to get out of poverty
and become rich”.
(2) Two types of bases – To help develop demonstration bases for high-yield bamboo
cultivation as well as bases for processing and utilization.
(3) Three supporting systems – To set up supporting systems in: political framework
and fund-raising; talented people and technology; and resources and environment.
(4) Four fundamental measures – These four measures are: sticking to intensive
management and cultivating quality resources; taking products as the lead to realize the
goals set in the last paragraph of the previous section of this paper; extending the results
from researches and prospering the bamboo industry through science and technology; and
intensifying the management of bamboo industry and formulating sound planning.
(5) Five basic principles – These principles comprise: combining unified planning and
differentiated guidance; combining large areas of continuous plantations and small-scale
home-run bamboo forests; combining exploitation and conservation; prospering bamboo
industry through science and technology and strengthening management level; and
exercising integrated management and raising the efficiency of bamboo industry.

5 Further Reading
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Bamboo Breeding and Rapid
Propagation of Superior Varieties
Zhang Guangchu
(Guangdong Provincial Academy of Forestry, Guangdong, P.R. of China)

amboo breeding is a weak field of research with few researchers, as unlike tree species
the flowering and seeding in bamboo are not frequent enough to carry out
improvement of genetic characteristics from generation to generation. Since 1972, the
Institute of the Guangdong Provincial Academy of Forestry has been engaged in the
selection and breeding of sympodial bamboo. Some other institutes—such as the Liu Zhou
Prefecture Forestry Academy of Guangxi and the Forestry Academy of Jiangxi—have also
done some work on bamboo hybridization. These researches may be made use of for
bamboo breeding and the selection of superior varieties. This paper briefly introduces
major successful experiments in bamboo genetic improvement, and suggests measures for
the development of sympodial bamboo in Yunnan and Hainan Provinces.

B

1 The Status of Genetic Improvement of Sympodial Bamboo
1.1 Sexual hybridization
A number of superior bamboo varieties have been obtained through sexual
hybridization. The parent material collected from bamboo flower can generate the first
generation through genus-crossing and family-hybridization. Cloning method can then be
applied to obtain several good-quality clones. Some examples are cited below.
(1) Bambusa pervariabilis × Dendrocalamus latiflorus No.1 – This hybrid has a
straight culm and good timber, the mechanical strength of which has been tested and found
to be higher than that of Dendrocalamus latiflorus, lower than that of Phyllostachys
heterocycla and near to Chenghaozhu variety. Its timber does not easily break when be
used as scaffold or pillar. The fresh shoot of this hybrid is edible and dry shoot is delicious.
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Because of the green-yellow stripes on the bamboo culm wall, it can be planted in the
garden for ornamental purposes.
(2) Bambusa pervariabilis × D. latiflorus No. 7 – It is notable for the quality of shoots,
which has 21.57 g of amino acids per 100 g (dry weight) with 7.05 g of amino acids
essential for human body. This is much more the amino acid content in the shoots of
Dendrocalamus latiflorus (16.07 g and 5.62 g) and Dendrocalamopsis beecheyana (16.87 g
and 6.23 g), two species commonly cultivated for shoots. The shoots can be eaten fresh, dry
or canned. The timber of this bamboo is suitable for papermaking. If cultivated for culm
and shoot, the annual production per hectare will be 6-15 tons of fresh shoots and 2 000
culms (diameter 6-8 cm).
(3) Bambusa textilis × D.latiflorus No.11 – It has high branches, straight culm and
beautiful shape, making it a good ornamental species. On the other hand, it is also good for
papermaking and weaving, as its fiber length is 2.3 mm, fiber tissue proportion 44.8% and
pulling force in grain direction 3 198 kg/cm2. Apart from these qualities, the variety also
displays good tolerance to cold weather, with no freeze injury appearing even under –3°C.
(4) Dendrocalamus latiflorus × D. hamiltonit No.1 – The taste of its shoots is better
than that of its mother species Dendrocalamus latiflorus, while the shoot generation
capacity is higher than its father species D. hamiltonii, which provides the best fresh
bamboo shoots. The color of the shoot falls between that of sweet and bitter shoot varieties,
and is better than that of Tianlong bamboo and Boshi Tianlong bamboo but lesser than that
of D. latiflorus. This hybrid is suitable for cultivation in wet site conditions.
(5) Bambusa pervariabilis × Dendrocalamopsis oldhami – The variety has culms that
grow to 10-25 m height and 8-10 cm diameter. The bamboo has straight culms with hard
timber, and edible shoots. It grows well in southern Sichuan.
All the hybrids mentioned above have great vitality, good clone propagation and wide
adaptability. The areas of their cultivation extend from Guangdong and Guangxi to Fujian,
Sichuan, Hainan and Zhejiang, covering over 666 ha. The earliest hybrid, which was
cultivated more than 20 years ago, is still stable and retains all the desirable characteristics.
This proves that sexual hybridization is an effective method for carrying out genetic
improvement in bamboos.

1.2 In vitro rapid propagation
For the propagation of good hybrid varieties of sympodial bamboos, the in vitro rapid
propagation method has been researched. The process—from selection of cultivar to
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sterilization, inducement of bud, proliferation, rooting and transplantation—can be applied
for large-scale production of seedlings. So far, five species—Dendrocalamus latiflorus, D.
brandisii, D. asper, Dendrocalamopsis oldhamii and Bambusa pervariabilis × D. latiflorus
No.7—have been propagated using in vitro technique, achieving 2-5 times more bud
propagation, rooting of 90.3% and survival rate after transplantation of 70%-90%.
Combination of tissue culturing and conventional breeding can solve problems of
propagation and dissemination for hybrids. First, tissue culture is used for the rapid
expansion of seed and seedling bases. Then, conventional breeding is used to allow local
people to propagate and cultivate.
In connection with the utilization and exploitation of existing resources, tissue culturing
of mature bamboo has been researched during the last three years at the Guangdong
Forestry Academy. The tissue culturing of adult bamboo is more difficult than young
bamboo, especially in the case of induced buds. The seedlings growing from the induced
buds are weak and a lot of them die during the rooting period. This is because physiological
activity of cell is weak when mature. By means of regulating cell division materials BA and
KT of culture medium, the technique for tissue culture of adult bamboo could be solved.
The results of this experiment can become a point of reference when pursuing tissue
culturing of mature bamboo of other species.

1.3 Flowering of seedlings raised in test tube
The largest obstacle to the genetic improvement of bamboo is its scarce flowering and
seeding cycle, which makes it difficult to get parent materials for hybrids. Flowering of test
tube-raised seedling has been observed in the process of in vitro propagation, indicating
that induced flowering of in vitro seedlings can be a way to get parent materials for hybrid.
Some successful experiments have been conducted in recent years to develop the practical
application for this. Many clones of Dendrocalamus latiflorus flower in vitro and can be
used repeatedly for experiments.
In vitro flowering of seedlings is a phenomenon that results when abnormal nutrition
growth changes to reproduction growth. While bud is in over-reproduction mode and
nutrition is insufficient, flower buds will appear. To induce flowering, the seedling may be
cultivated in a high concentration BA tissue base. After 0.5-3 years, almost all clones of D.
latiflorus tested flowered. The flowering time and the propagation capacity are related; the
earlier the flowering the higher the reproduction capacity of the clone, and the later the
flowering the lower the reproduction capacity. The quality of flower induced by this
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method is not good enough for pollination. The flower bud is to be cultivated in rich
nutrition tissue base, by decreasing the amount of BA in the tissue base and increasing KT,
NAA and coconut milk. This would help improve the quality of flower.
The principles of bamboo flowering are not yet clearly understood. However, the
preliminary research on the flowering of in vitro seedling has given hope regarding
artificial control of bamboo flowering, so that the difficulties associated with it can be
solved in the future. If this problem can be solved, bamboo breeding will be a tremendous
success.
Apart from the research mentioned above, the characteristics of many sympodial
bamboo species have also been evaluated. For example, the fibers of more 60 bamboo
species have been subjected to morphologic studies, the nutrition components and amino
acid contents in the shoots of more than 20 species have been analysed, the cyanide content
in the shoots of 7 species have been measured, and the clones of D. latiflorus have been
hybridized. Through such basic research, the understanding of the genetic features of
sympodial bamboos has been enhanced to support further research in selection and
breeding. For instance, it was found that the Chenghao bamboo has not only straight culms,
but also hard timber. Furthermore, the contents of amino acid and amino acids essential for
human body in its shoots have been found to be the highest in measured species. D.
latiflorus has been found to be a good species for parent materials for hybridization with
timber-producing bamboos to improve the culm and timber quality and to hybridize with
shoot-producing bamboo to raise the nutrition value of the shoot.
Because of such successful research results, it is expected that the genetic breeding of
bamboo would receive more attention from researchers and that biological techniques
would play an important role in bamboo breeding in the 21st century. Once the problem of
bamboo flowering ceases to be an obstacle in bamboo breeding, the development of
commercially important bamboo species would become selection-oriented and
breeding-oriented. When many good hybrid varieties are produced, the economic value of
bamboo would become much higher than it is at present.

2 Development of Sympodial Bamboos
This section presents some suggestions for developing sympodial bamboo species in
Hainan and Yunnan Provinces.
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2.1 Top priority for selection of good native varieties
Native varieties that have been “selected” by nature and humans over many years in the
past would be the ones most suitable for local environment and climatic conditions. For this
reason, such varieties would be the natural choice as plantation species because of the
security and insurance associated with them. Yunnan is known as the “Kingdom of
Bamboo” with several species, some of which have high economic value that needs to be
developed.
Good exotic varieties also can be considered for introduction. However, before
introduction, their biological features and environments appropriate to them have to be
clearly understood. For example, the natural distribution of Dendrocalamus latiflorus is in
places to the south of 25° N, below 500 m elevation and with no frost. D. latiflorus cannot
endure low temperatures; at 0°C, the part of bamboo nearer to the ground will suffer frost
injuries. At -3°C, the underground part of bamboo will begin to die of frost. If these factors
are neglected and the species introduced at high-latitude, high-elevation and
low-temperature areas, then the effort is bound to fail.

2.2 Consider multiple varieties for plantation
If only one variety is used for large-scale plantation, any natural catastrophe affecting
the species would lead to huge economic loss, as the following example clearly indicates.
In Qingyuan County of Guangdong, D. latiflorus is abundant and there is a large
export-oriented dry shoot industry. Development of D. latiflorus was taken as the main
economic activity in the county, with rural farmers also considering this bamboo as the
main source of revenue for the family. In December 1999, an exceptional cold wave struck.
The temperature fell to -6°C and most of the D. latiflorus crop perished in the freezing
environs. The resulting economic loss to the farmers was quite substantial. If the county
had considered multiple varieties for plantation, the losses from this catastrophe would not
have been so huge.
When abnormal climatic conditions arise, a bamboo species cannot avoid the
impact—such as from very cold temperature—even in its natural distribution areas. This is
another lesson learnt from Qingyuan County’s experience. Hence, when planting
sympodial bamboo in relatively warmer climates, care should be taken to select some
cold-resistant varieties. In last December, for instance, Guangdong Province faced a long
stretch of very low temperatures (-3°C to -6°C at night), something that had not happened
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for several decades. Many bamboo species suffered frost injury, and the researchers were
able to assess the cold resistance of some sympodial bamboos.
The most seriously affected were Phyllostachys heterocycla, Dendrocalamus latiflorus
and D. minor, with the culm part nearer to the ground getting frozen almost fully. The
leaves withered and fell and new culms were too dried up to survive. Less affected species
were Bambusa ventricosa, B. vulgaris cv. vittata, D. brandisii, D. giganteus and D. asper;
only the top end of the culms was frozen while the base part kept green without any major
harm. The species that suffered very little injury were D. Bambusoides, Thyrsostachys
oliveri, T. siamensis, Chengma No. 1, Chengma No. 7 and Banna No. 1, with only the
leaves and tender twigs getting frozen. The species that did not show any sign to frost
injury were B. textilis, B. pervariabilis, D. minor var. amoenus, Neosinocalamus affinis and
Qingma No. 11.
Recent years have seen widespread development in many places of bamboos with
sweet shoots, mainly the delicious taste of such shoots give it a high economic value. Sweet
shoots must be processed (dried or canned) soon after cutting to prevent decay. The dried
sweet shoot, however, develops a little blackish color while the canned shoot loses taste. In
the case of bitter shoots, some nutrition and fresh components will be lost while being
processed to remove the bitter taste. Bitter shoots are not so good as fresh food. However,
when dried the shoot attains a golden color and the white color of canned shoots gives them
a better appearance than sweet bamboo shoots. Therefore, sweet bamboo shoots are
suitable as fresh food, while bitter shoots are better as processed food.
The period of shoot growth for sympodial bamboos is often from July to September,
when the temperature is relatively higher. As fresh shoots will not keep for long periods,
they need to be processed for longer-term marketing. Therefore, it is more advisable to
grow both sweet and bitter shoot bamboos at the same time. Over-emphasizing the
development of one type of bamboo (sweet or bitter) would create marketing difficulties.

2.3 Development of Malaysian sweet bamboo
Malaysian sweet bamboo (D. asper) has been researched widely and is considered one
of the best bamboos in the world. There is natural distribution of this species in Dehong
Prefecture. According to the records available in India, Thailand and Indonesia—three
other countries that grow this bamboo—their D. asper stock came from China; but the
species failed to receive any attention in China.
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D. asper is a woody bamboo with a large culm: 20-30 m in height, 10-20 cm in
diameter and 3-4 cm in wall thickness. Usually, the diameter of a mature bamboo clump
reaches 3 m. D. asper is suitable for growing in places with an annual average temperature
of 20-25°C. The lowest temperature should not fall below -3°C, and the annual rainfall
must be more than 1 400 mm. This bamboo has been cultivated in the Malay Peninsula
from low land to 1 500 m elevation, but it can be grown well in places below 500 m
elevation to sea level if the temperature is ideal and there is adequate rainfall. The soil
should be acidic, clay, heavy clay or sandy soil; swampy places are not suitable for D.
asper.
The reasons for suggesting the development of D. asper are given below:
(1) D. asper has a high economic value. This bamboo is considered the best
construction material for rural buildings and other simple structures. The bamboo timber
can be processed into flooring material, plywood, formwork, furniture, and many articles
and tools for daily use. Its fiber can be used to make paper; the rate of pulping from fiber is
41.3%-48.8%. Tear tests have shown that the fiber has adequate quality to produce Kraft
paper, typing paper, chart paper and drawing paper. The shoot has good edible quality, and
is considered in the Malay Peninsula as the most delicious bamboo shoot. Thailand is the
major producer of shoot products from D. asper.
By the end of 1994, Thailand had planted 55 000 ha of D. asper bamboo, to produce
68 000 tons shoot annually, of which 40 000 tons were for export. Owing to the high
economic value for this bamboo, many countries followed suit by introducing this species
in bamboo plantations. In the last century, this bamboo had been introduced to the Mayagu
Tropical Botanical Garden in the US, and it soon became to the most prominent bamboo
there. In recent years, The Bamboo World of Australia has started to develop large-scale D.
asper stands to make use of the seasonal difference between the south and north
hemispheres for exporting fresh bamboo shoots to Asia during off-season. The southwest
and south of Yunnan and tropical area of Hainan, where monsoon brings plenty of rains, is
suitable for growing D. asper. If this high-yield plant can be extended to this area, the
income of local farmers would be enhanced and would serve to reduce or end their poverty.
(2) D. asper yields notable ecological benefits. This bamboo—which has large culms,
dense leaf canopy, high branches and a clump diameter of up to 3 m—provides a beautiful
sight. Its canopy is so large that 200-280 culms (density 7m×7m or 6m×6 m) can cover 1 ha
of land. Every year a large quantity of litter returns to the forestland, which can improve the
environment.

Bamboo Breeding and Rapid Propagation of Superior Varieties ·47·

(3) This bamboo can been developed as regenerating energy bamboo species. D. asper
grows very fast and is fully mature for harvest in five years after planting. Western
scientists think that bamboo is a type of regenerating energy species from whose wood
“bamboo oil”, which is similar to gasoline (petrol), can be obtained. This is one of the
reasons why the International Tropic Timber Organization (ITTO) and some western
countries supported the planting of this bamboo in some Asian counties. D. asper also
produces a high volume of biomass, which too can be converted for energy purposes.
The late bamboo expert Mr. Wen Taihui, after visiting an experiment station for
tropical botany in the US in the 1980s, suggested that China introduce D. asper and
Guadua trinii. The Guangdong Provincial Academy of Forestry received both bamboo
species by way of exchange with Australia. After two years of observation, G. trinii
appears unsuitable to Guangdong’s climate. However, D. asper has grown well in
Guangzhou Municipality, with new shoots reaching a diameter of 6-8 cm. Most test
tube-raised seedlings, which were planted in May 1999, grew to 3-5 m height by December,
which was 0.5-1 m taller than tissue-cultured seedling of D. latiflorus planted on the same
land two months earlier. In December 1999, many tropical plants—such as banana, litchi
and D. latiflorus—froze to death during the cold wave, but D. asper suffered little harm. In
the following spring, it sprouted new leaves.
Owing to the reasons mentioned above, the authors think that D. asper can be
introduced to the southern areas of 23°N as part of extension activities in the near future.

Techniques of Cultivation and
Integrated Development of
Sympodial Bamboo Species
Yang Yuming, Hui Chaomao, Xue Jiarong and Du Fan
(Department of Resources, Southwest Forestry College, P.R. of China)

esearchers in China have already made considerable efforts in cultivating and
developing monopodial bamboo species, but clumping species have received less
attention than they should have. Clumping species and monopodial species differ
enormously in terms of bio-ecological traits, propagation means, seedling growing,
silvicultural techniques, processing and utilization. Among bamboo species belonging to
Bambusoideae, large-sized species have the best qualities and possess the greatest potential
for extended planting and exploration. Their major characteristics include:
(1) Tall culms. The species have higher timber volume per culm and more culms per
clump. The yield per unit area is much higher than that of monopodial species. Most
species can be explored for both shoots and timber with remarkable economic efficiency.
(2) They grow in clumps and can be cultivated around village houses, along riverbanks
and field sides and on landslide sites; farmlands are not required for their cultivation.
(3) Their culms have greater diameter and longer internodes, which make processing
easier. Because of this, the bamboos of sympodial species can be better and more widely
utilized. They grow fast and can produce bamboo timber within 3-4 years.
(4) Sympodial bamboo species have well-developed rhizome and fibrous root system,
and can be used for shelter forests for their good soil fixing and water holding capacities.
They can also be planted for ornamental purposes because of their beautiful appearance.
(5) They are easy to propagate. They can be propagated through buried culms and
internodes, cuttings as well as other clonal approaches.
In most of the bamboo producing countries, especially those in Southeast Asia,
sympodial bamboo species are developed as the major species, and techniques and
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experiences in cultivating and managing these species in these countries are of importance
to other bamboo-growing countries.

1 Propagation and Seedling Growing
Studies on bamboo propagation are focused mainly on species with high economic
value. Sympodial bamboo can be propagated through both reproductive and vegetative
approaches. In many cases, if successful transplanting is to be expected, the propagules
must be made to develop fibrous roots so that the shoots can grow from the rhizomes.
Reproductive propagation here refers to developing new individuals through seeds. The
disadvantage of this approach is that bamboos seldom flower and even when they do flower,
most of the seeds are not fully developed and only a few of them can bear fertile seeds.
Even these fertile seeds have weak viability, as most seeds lose their vitality after one or
two months, and most bamboos die after flowering. On the other hand, the vegetative
growth of the adult bamboo is considerably weakened during flowering period and only a
few bamboo species can bear viable seeds. Of course, when such viable seeds are available,
they can be collected and used for bamboo reproduction. Bamboo can also be reproduced
vegetatively through divisions, culm cuttings, aerial induced roots, branch cuttings and
tissue culture.

1.1 Propagation through divisions
In this method, a part of the rhizome and the attached stem is separated from the main
podium and used as the propagule. It is often used to propagate monopodial species and the
species with compound podium whose culms do not cluster. It can also be applied to
sympodial species with loose above-ground clumps, such as Schizostachyum spp. Bamboo
species (such as species from Phyllostachys, Melocanna and Schizostachyum) that cannot
be successfully reproduced through culm cuttings and branch cuttings can also be
propagated by this method. But for tropical sympodial species, which usually have short
rhizomes and densely clustered above-ground stems, this method is not very practical
because their propagules can be readily injured apart from the high cost incurred by
transportation.

1.2 Propagation through culm cuttings
This method can be divided into two types: direct method and nursery method.
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1.2.1 Direct method
In the direct method, culms that are one or two years old with live buds or leaves are
cut into segments and planted in situ as propagules. Technically mature nursing and
transplanting methods have been developed and applied for the propagation of most of the
sympodial bamboo species, such as those belonging to the genera Dendrocalamus,
Bambusa, Gigantochloa and Schizostachyum. If the distance between the propagule
suppliers and the planting site is not great, the propagules can be transported directly to the
site after being cut into sections. Although this method has been used successfully with
satisfactory survival rate, its application limited by factors such as the number of available
bamboo clumps and the number of culms that could be used as propagules. Furthermore,
the distance between the propagules and the planting site must be short enough to be
economically and practically feasible. The propagules must be planted soon after cutting,
and adequate site preparation must be conducted in advance to ensure timely planting.
Hence, when planting large areas, it is more efficient to use seedlings developed in
nurseries.

1.2.2 Nursery method
In this method, the propagules (here the culm cuttings) are first cultivated in nurseries
for some time before they are transplanted on the field. Compared with direct planting, the
propagules are more vigorous and can grow better because they have already received
better tending and management and have already been graded. During the transplanting
period, the managers can select propagules suitable to the site conditions. For large-area
plantations, nursery method can reduce preparation and transportation efforts. The
plantations created by this method have a greater survival rate and a higher stand quality.
The age of the stands will also be more uniform and the cost per unit area low. According
to the parental stocks and the nursing conditions, propagules with one, two or more nodes
can be used.

1.3 Aerial root inducement
Aerial root inducement is similar to the culm cutting method; the only difference is that
before preparing the cuttings, the branch roots are induced through aerial layering. This
method is suitable to situations when the bamboos are too small to be propagated through
culm cuttings. It involves more labor and material consumption, but has a greater chance to
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succeed. About 15 days will be needed for root inducement and once the roots are induced,
the survival will be ensured and the growth accelerated.
Aerial root inducement involves the following steps: ① Cut the sides of the open end
of a plastic bag so that it takes the shape of an inversed “T”. ② Fill in the bag with
water-holding materials such as peat or moss. ③ Select a 1or 2-year-old healthy culm and
trim it so that only the leading branch is left. ④ Fill the bag with water and wrap it around
the basal part of the branch, with the water-holding material in direct contact with the
branch. ⑤ After 15 days of aerial layering, roots will come out from the basal part of the
branch and grow into the peat or moss filled in the bag.
At this stage, the culm can be cut down for making cuttings, which can then be planted
in nurseries or used for direct planting on the field.

1.4 Propagation through branch cutting
For most clumping bamboo species, a dominant main branch is found in every node,
and clustered around the base of the main branches are the secondary or lateral branches.
Both the main and secondary branches have adventitious buds that can develop into roots.
Because of this, the branches can also be cut and used to cultivate seedlings for plantations.
Researchers in the Philippines have made several successful experiments in this respect.
This method has a number of advantages over other methods: it does not require culms with
commercial value and the branches used can easily be obtained from 2 to 3-year-old
bamboos; the techniques involved are easy to master; it provides the same survival rate and
growth as culm cutting method; and it involves less investment than culm cutting method.
Branch cuttings should be made during raining season. Leading branches with root
primordial and well-developed adventitious buds are selected and cut from 2 to 3-year-old
bamboos. The branches are cut in such a way that each cutting has 2 or 3 internodes. Thus,
each segment is cut at a point 2 or 3 cm above the third internode, and the leaves of the top
node are retained for photosynthesis. All the lateral branches are pruned at the base of the
leading branch, except for one lateral branch with good growth on the second node. The
branch sheath, if any, should be removed so as to expose the buds. The branch cuttings,
once prepared, should be placed immediately in containers (bags or pots) or seedbed.

1.4.1 Nursery stock
Trenches of 15cm × 15 cm are prepared in the seedbed and the cut branches are buried
in the trenches in a slanting manner (30°-40°). The bottom nodes are buried 3-6 cm under
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the soil, with the middle node at the same level as the ground surface and the third (top)
internode exposed above the ground. After that, the seedbed is mulched or sheltered and
regularly watered. In about three months, these branches will have grown into seedlings.
Aerial inducement has a high survival rate and the seedlings cultivated in this manner show
better growth. Branch cuttings that cannot be wrapped up soon after cutting or placed in the
seedbed should be kept in running water or under cool shade. During transportation, they
must be wrapped in wet grasses or large leaves to maintain both ventilation and moisture.
Cultivating seedlings on sandy seedbed is similar to developing stocks in nurseries. The
only difference is that the base material used in sandy seedbed is moist fine sand and the
bed is often covered with transparent films to maintain adequate temperature and moisture.
After 20-30 days, roots will emerge from the basal part of the leading branches and at this
stage the seedlings are placed in separate containers for further cultivation.
Lateral branches can also be used for this purpose when the availability of leading
branches is limited. However, the following factors must be considered: ① The lateral
branches chosen should be sturdy enough with short internodes; ② The buds of the first
three nodes should be large and ready to sprout; ③ Root primordial must be visible; ④
The sheathes must be loose or off and the top leaves have begun to emerge; ⑤ The
branches have become woody with yellow-green or yellowish color; and ⑥ Slim branches
that are either too young or too old are avoided.

1.4.2 Tissue culture
Laboratory studies and field practice performed in recent years indicate that tissue
culture techniques have a very promising future in bamboo propagation. Several reportedly
successful methods use: seeds and embryo cells; buds, inflorescence, leaves and internodes;
nodes; or bacteria-free seedlings.
In many cases, seed supply is a factor limiting afforestation activities. Researchers have
already found out ways for cultivating large quantities of seedlings through tissue culture
using seeds and embryo cells. As tissue culture needs only a few seeds to produce large
quantities of seedlings/propagules, it has brought about a sharp reduction in seedling price.
In 1988, Indian researchers successfully developed more than 14 000 seedlings of
Dendrocalamus strictus through this method. D. strictus is highly drought-resistant and is
especially suitable for afforestation purpose in hot and arid areas. Researchers in the
Philippines have developed tissue culture methods using embryo cells. Tissue culture using
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vegetative organs—such as shoot tips, branch buds and tender internodes—has also been
researched with success.
Although bamboo propagation through tissue culture techniques is still at experimental
or small-scale production stage, it is developing rapidly with remarkable success.
Compared with other methods, the method is poised to gain wider application and has the
greatest potential in large-scale bamboo propagation.

2 Silvicultural Activities
2.1 Site selection
Bamboos have a relatively wide tolerance of site conditions. Although bamboos grow
best in well-drained sandy to clay loam (especially on soil from alluvium), most species
(especially those with high economic and ecological values) can grow well in various site
conditions as long as the sites are neither too acidic nor too alkaline. Most bamboo species
prefer moist soil conditions and some species can also grow well on dry sites. Bamboos
prefer soil with a pH value of 5 to 6.5, but grow poorly on saline-sodic and coastal
solonchak soil conditions.

2.2 Site preparation
Site preparation is dictated by the original vegetation on the land and the goal of
plantation. If the purpose is to develop commercial bamboo stands, then the original shrubs
and herbaceous plants need to be removed, leaving only the trees. If the stands are
developed for ecological purposes, clearance of 0.5 m to 1.0 m width along the contour line
or circular clearance of 1.0 m diameter will be enough. If the plantation is made along
riverbanks, roads, dikes of rice fields or forest margin, spot preparation is usually more
suitable to minimize environmental disturbance.
If planting is done in pits, the size of the pits must be large enough for the seedlings.
Depending on the size of the propagules, the length and width of the pits can range from 30
cm to 50cm and the depth—which is also determined by the propagating material
used—should allow for 2 cm of soil cover above the original soil layer. Shoot sprouting
will be affected if the propagules are planted too deep. Before digging pits, efforts should
be made to loosen the surface soil, clear the remaining roots or rhizomes of the original
vegetation and remove the stones for guaranteeing the survival rate of newly planted
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seedlings. In the process of digging, the original topsoil and the newly dugout raw soil
should not be mixed together. Planting should adopt the following steps: ① Put the topsoil
at the bottom of the pits; ② Place the propagules or seedlings in the pits; ③ Cover the pits
with the newly dugout raw soil; and ④ Tamp the soil to make it compact.
In developing bamboo stands for ecological purposes along riverbanks or mountain
edges, the density and layout of the stands should be in accordance with the specific
micro-topography. Bamboo plantations should be carefully planned, with densities suitable
to the species selected. The preferable spacing is 4m × 5m or 5m × 5m. But for bamboo
species with tall culms and dense clumps, the pits can be spaced at 7m × 7 m or even 10m
× 10 m.

2.3 Transportation and establishment of seedlings
Seedlings can be transported using any appropriate means, considering the distance
from the nursery and site access. The seedlings must be handled carefully to avoid injuries
to them. Propagules should be wrapped in wet gunny bags or grass mats before
transportation so as to retain moisture and avoid direct sunlight. Once lifted from the
nurseries, the propagules should be planted on the fields as soon as possible. The root tips
of seedlings should be cut immediately after lifting and wrapped in water-holding materials.
The containerized seedlings may be transported with their boxes or baskets to facilitate
loading and unloading ant to protect the seedlings from injuries. It is better to transport
these containers using manual labor, to prevent damage from the shaking and jolting that
are common when vehicle transportation is used.
Culm cuttings should be buried in ditches dug along the contour line and the seedlings
should be planted in pits. The seedlings should be positioned as they were in the nurseries
and care should be taken to ensure that the root system is not crowded and has enough
space for extension.
For containerized seedlings, watering should stop two days before field planting. When
removing the containers or bags, care should be taken not to loosen the soil mass that goes
with the seedling. Some time after field planting, organic fertilizers can be applied within
15 cm around the holes to promote growth. The planted seedlings should be covered with
grass or other such material (bamboo leaves, if available, are preferable because of their
high silica content that favors bamboo growth) to reduce moisture loss from evaporation
and prevent topsoil compactness.
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2.4 Management of young stands
2.4.1 Tending
In the early stage, measures such as weeding and soil loosening are needed only if the
specific situation warrants. The major concern is to control climbers.

2.4.2 Fertilizing
Fertilizing may be done some time after planting, if the situation requires. Inorganic
fertilizers will be more suitable for the vegetative growth of bamboo seedlings. The
following prescription is recommended for every hectare of bamboo stand: ① Nitrogen
fertilizer: 20-30 kg; ② Phosphate fertilizer: 10-15 kg; ③ Potassium fertilizer: 10-15 kg;
④ Silicon: 20-30 kg.
The best time for the first fertilizer application can be one month after planting, when
the transplanted seedlings have their growth restored. The second fertilizing may be
performed 4 months later, and organic fertilizers can be added 6 months later. Fertilizer
application may be advanced or postponed according to the growth state of the bamboo
plants.
As organic fertilizers tend to be costly, manures, mixed compost and the like can also
be applied to effectively stimulate the development of bamboos. Bamboos have a higher
demand for silicon element; therefore, fertilizers with adequate silicon content should be
applied to bamboo stands for better growth. The most convenient way is to apply fermented
bamboo leaves collected from the old bamboo stands. The bamboo leaves are usually rich
in silicon, which will be easily absorbed and utilized by growing plants when the leaves
decompose.

2.4.3 Fire control
Bamboo forests usually have a greater tolerance to fires than other forests. When the
organs above ground are removed by forest fires, the underground rhizome can easily
sprout and shoots will emerge in the following year to form a new stand. Nevertheless,
efforts should be made to prevent fires, as these are very destructive to bamboo forests and
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the burnt stands can easily be infected by pests and diseases. Besides, burning will also
stimulate bamboo flowering, which will cause the death of large areas of forest stands.
Special attention should be paid to newly generated bamboo stands.
The litter in and around bamboo stands—such as fallen leaves, dry twigs, dead
shoots—are all highly inflammable and often makes the bamboo stand an area susceptible
to fire hazard. Firebreaks and greenbelts are possible preventive measures in bamboo stands.
Besides fire prevention, the greenbelt can also act as a windbreak. Site-specific firebreaks
or green belts should be designed at the planning stage.

2.4.4 Guarding
Grazing should be prohibited in bamboo stands. Cattle will destroy the bamboo shoots
and new leaves. Rodents have the tendency to feed on bamboo shoots, make holes at the
basal part of the bamboo stem and eat the roots and the rhizomes. Ineffective rodent control
frequently leads to degradation and even destruction of bamboo stands. In forests with
serious rodent damage, poison should be used (one way of doing this is to put the poison
into a bamboo section with only one node and place it in the bamboo forest). In the long
run, however, biological control measures should be adopted. The natural enemies of the
rodents—such as eagles, weasels and viverrine animals—should be protected and even
introduced.

2.4.5 Control of bamboo shoot collection
Shoots of most bamboo species have delicious taste and thus are often collected by
people to use as a vegetable. But in the first few years after plantation, shoots collection
should be strictly controlled to ensure the normal growth of the stands and the collection
should be limited to underdeveloped, disease-infected or degraded bamboo shoots.

3 Management Techniques
3.1 Management of bamboo plantations
3.1.1 Thinning of culms
In well-managed stands, shoots will be rampant within 3-4 years. Excessive
development of bamboo shoots frequently leads to stand overstocking or overcrowded
clumps, hindering shoot emergence, affecting bamboo quality and making harvesting
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difficult. Therefore, when the clump canopy closes, adequate thinning operations should be
done to remove a certain proportion the old bamboos (over 3-4 years old), especially those
that crowd each other and those with defective growth. The thinning intensity depends on
the size of the culms and the density. Thinning should be designed to result in a more
rational spatial structure of the stands so that the clumps can have a free horizontal
expansion. After thinning both the shoots and the bamboo canopy will have more space for
development, which is beneficial for shoot development and culm growth. Thinning can
also be used to make the age structure of the stands more desirable. Retention of the 1 or
2-year-old bamboos, partial removal of the 3-year-old culms and total removal of the
4-year-old culms will help keep the stand productivity at a high level.

3.1.2 Thinning of shoots
Because of the biological features of bamboo species, the effect of environmental
factors and the infestation of pests and diseases, not all shoots develop into culms. Some of
the shoots will die after a certain time, a process called shoot degradation. These degraded
shoots, if detected early, can be culled and used for food. The timely removal of degraded
shoots will also prompt stand growth. Generally, shoot degradation is more likely at the
beginning as well as the end of the shoot-producing season. Shoots from 2-year-old culms,
overstocked clumps, culms with defective growth or culms infected by pests show a high
percentage of degradation.
If the shoots are too dense, efforts should be made to remove some of the normally
developed shoots (at either the beginning or the end of the shoot-producing season) to
ensure the stand quality.

3.1.3 Harvest of bamboo timber
Harvesting of bamboo timber should be carefully managed in terms of stand age,
intensity and timing. Fully developed (3 to 5 years) bamboo culms have tight texture,
maximum accumulation of both organic and inorganic materials, high fiber content and
stable physical and chemical properties. They are highly lignified with the greatest
mechanical strength. Besides, their durability and pest resistance are also at their best. After
this stage, the physiological process of bamboo growth will slow down gradually till the
death of bamboo culms. Therefore, 3 to 5 years after planting will be the optimal time for
bamboo culm harvest. Generally, bamboos older than 3-5 years will stop yielding shoots
and at this stage, their consumption begins to exceed their accumulation. The development
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of shoots and the growth of young culms will both be affected by a high percentage of
over-mature culms, causing lower productivity and gradual degradation of stands. Thus, if
the stands are mainly for shoots, timely removal of all culms older than 4 years and some of
the 3-year-old culms will not have detrimental effect on shoot production. Instead, it will
promote stand regeneration, which often results in a more rational age structure, a higher
productivity and more vigorous stand growth. For commercial stands, the appropriate time
for the first harvesting is 5 years after planting.
For newly created plantations, the intensity of the first felling operation should be
relatively low, while the felling intensity of other plantations depends on the species and
stand density. Studies on large-sized clumping bamboo species indicate that for most of
bamboo plantations, the proper harvesting intensity is realized by retaining all the 1 to
2-year-old culms and most of the 3-year-old culms, culling some of the 3 to 4-year-old
culms and removing all the culms older than 4 years.
For clumping bamboo species, harvesting can be made during dry season when the
clumps do not produce shoots and the physiological process is weak. Harvesting at this
time will not result in serious damages to the remaining bamboos. At this time, the contents
of sugar and other soluble organic substances in the culms are relatively low and the
harvested bamboo is less likely to be attacked by pests. Furthermore, because of the low
water content, bamboos harvested during dry season do not get affected by mold or contract
easily, and thus have superior processing quality.
To minimize waste in the course of harvesting, the culms should be cut at the point as
close as possible to the basal part. For bamboo species with thorny bases, harvesting can be
exercised at two times. In the first time, the culms can be cut at the point 2-3 meters above
the base and the rest can be harvested half a year later. The basal section is usually stronger
and can be used for furniture.

3.2 Improvement of natural stands: selective thinning
Efforts should be made to transform natural stands or poorly managed over-mature
stands into plantations. As most natural stands or over-mature stands mainly comprise old
culms and, in some cases, it is hard to tell the stand age, artificial measures must be adopted
to improve the stand quality. Currently, the main technique for this is selective thinning.

3.2.1 Principles
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Thinning cannot be completed in one operation and must be implemented by stages. It
will usually take 3-5 years (one or two thinning operations each year) to improve the
quality of natural bamboo stands through selective thinning. In each operation, the
harvested volume should be low. The resultant stands will usually have a more rational
structure.

3.2.2 Timing
The ideal time for thinning is the dry season. In the tropical region of South China, this
season is from December to March, during which period the physiological activities of
bamboo are weak and the culms have higher contents of sugar and other organic substances,
favoring bamboo utilization. During this season, the effect of thinning operation on the
remaining stand will also be minimized. Thinning, however, should not be planned for the
rainy season when the stands are producing shoots. The objective of natural stand
improvement is to cull the overstocked old culms, stimulate shoot sprouting and promote
the growth of young culms so as to result in a rational age distribution and spatial structure
of the stands.
In the beginning, it is not easy to tell the age of the culms and one can find out the
oldest bamboos (usually more than 6 years of age) only through applying some rule of
thumb. The first operation should start with these oldest culms. After 3 years of continuous
thinning, the oldest remaining bamboo culms will be 3-4 years old, and at this time it is
possible to have a precise description of the age distribution of the concerned stand. With
the help of this description, the managers can take appropriate measures to make the stand’s
age structure more rational.

3.2.3 Intensity and approaches
Although the removal of old culms will promote stand regeneration, excessive
harvesting will have negative impact on bamboo clumps. Therefore, the intensity of the
first thinning operation should strictly be moderate. If the number of culms older than 4
years is taken as the basis, the intensity of the first thinning should be limited to 25%-50%.
In case of small and loose clumps, culling 25% of the culms older than 4 years will be
appropriate and for large and dense clumps, 50% will be the upper limit.

3.2.4 Procedures
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Generally, old and young culms are not evenly distributed in the clumps. Culms
younger than 3 years old often cluster at part (such as the center or one side) of the clump.
If the newly developed culms are mostly found at the center of the clump, then the thinning
should start from the side with most number of old culms. If the newly formed culms
mainly concentrate on one side of the clump, thinning operation should start from the
opposite side so as to draw the new culms towards the opening left by thinning. During
thinning activities, culms older than 5 years, and those with defective growth or affected by
pests or diseases should be culled out first. Then through successive thinning, culms older
than 4 years, dead culms and culms with pests and diseases should be eliminated.
From the first thinning operation, the newly sprouted shoots should be marked year by
year and the age distribution of each clump carefully recorded. From the fourth year of
thinning, all the unmarked bamboos should be removed and marking of new shoots
continued. Beginning from the fifth year, the age distribution of the clumps will have been
clearly understood, and this can be used to guide future thinning operations, which should
concentrate only on culms older than 3 years. Depending on the specific situation, stands
should be thinned at different frequencies.

3.3 Establishment of bamboo bases
Establishing artificial bamboo bases undoubtedly involves enormous investment. This
is especially true if the seedlings have to be purchased from commercial nurseries. When
the nurseries are too far from the planting site, the cost of seedling transport, loading and
unloading will also add to the cost. Compared with tree plantations, however, the
investment for establishing bamboo bases is lower owing to the following reasons: ①
Bamboo is usually spaced at 7m × 7 m or 10m × 10 m, while the spacing for tree seedlings
is 2m × 2 m or 3m × 3 m on average. Because of this, the seedling cost per unit area of
bamboo plantation is lower than that of tree plantations. ② Bamboo has strong vegetative
propagation ability. Once planted, they keep regenerating and can be harvested for a long
time. ③ Economically, bamboo stands can generate profits at an earlier time than tree
plantations. Plantations designed for shoot production will begin to generate income from
the third year after stand establishment, while plantations for culm timber will begin to give
returns after 4-5 years. ④ Bamboo plantations do not need complicated tending and
management measures, and thus the management cost of mature stands is relatively low. ⑤
Bamboos are more adaptive than most tree species. Besides, clump bamboos do not
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necessarily need large and continuous site and can be planted wherever the spatial
conditions allow.
Thus, bamboo plantations require relatively low initial investment and management
cost but give high economic return. The ratio of input to output is much greater than that of
tree plantations. This is one of the reasons why bamboos are praised as “the timber of the
poor people” in many Asian countries.

4 Integrated Development and Utilization
4.1 Establishing high-yield bamboo bases and cultivating
high-quality bamboo
Yunnan and Hainan Provinces, where most of China’s clump bamboos are distributed,
should make intensive efforts to establish high-yield bamboo plantations and upgrade
natural bamboo stands through establishing demonstration sites or model stands. Efforts
should also be made to enlarge bamboo plantation area, to upgrade both the quantity and
quality bamboo forests, and to develop high-yield bamboo resources so as to lay a solid
foundation for further development of the bamboo industry.
Plans for clump bamboo development should be formulated based on the integrated
analysis of resource availability, existing industrial basis, current bamboo production status,
development potential and the general layout of forestry in the concerned area. In species
selection, sufficient consideration should be given to ecological adaptability, economic
value, shoot productivity and seedling supply of the species. In this respect, large-sized
clump bamboos—such as Dendrocalamus giganteus, D. latiflorus, D. hamiltonii and
Chimonocalamus delicates—can be used as the major species. At the same time, creation
of new plantations and improvement of natural stands must be organically integrated.
Typical areas can be selected for establishment as bases for supplying quality seedlings.

4.2 Demonstration site for bamboo processing to develop
bam-boo products
In areas with concentrated bamboo resources, demonstration sites for bamboo
processing can be established with fresh bamboo shoots and building materials as the
leading products. Six categories of bamboo products can be produced this way.
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4.2.1 Construction materials
Construction materials from bamboo mainly include artificial boards and timber. With
bamboo plywood as the major product, affiliated workshops may be established to process
chipboards, to make integrated utilization of leftover materials. The main workshops should
be built as close to the communities as possible so that the local people can actually
participate in the primary bamboo processing activities and use the bamboo industry to get
rid of poverty. Yunnan Province boasts a variety of large clumping bamboo species, which
can be processed using modern techniques for application in architecture, decoration and
landscaping in tourist sites, holiday resorts and gardens.

4.2.2 Foods and beverages
Bamboo foods and beverages consist mainly of bamboo shoot products and drinks
made from bamboo juice. Development of quality bamboo shoot products in Yunnan has
the greatest potential and prospect and should be given top priority. Currently, three types
of bamboo foods are developed: fresh bamboo shoots, spiced bamboo shoots and dried
bamboo shoots. These products need low initial investment and the production scale can be
quite flexible. Species for this purpose include D. brandisii and D. latiflorus. Beverages
include drinks made from bamboo juice, drinks made from bamboo leaf extracts, and wine
or beer made from bamboo.

4.2.3 Paper and paper products
Bamboos offer quality raw material for papermaking. Developing bamboo plantations
for papermaking is an effective approach to integrated bamboo utilization. Currently, most
paper mills—such as the Simao Paper Mill (a mill under construction with a designed
annual capacity of 50 000 tons) and the paper mills in Shuangjiang, Changning, Ninglang
and Zhongdian—are all facing raw material shortages owing to the national ban on tree
felling in natural forests. One option for these enterprises is to modify the processing
techniques to increase bamboo intake.

4.2.4 Small bamboo articles
Bamboos are also used to make small articles for daily use, or products with local
flavor or ethnic characteristics. These products are closely related to people’s daily life and
are thus referred to as “necessities”. Bamboo handicrafts, which have international demand,
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are a traditional earner of foreign currency for the country. At the moment, however,
provinces like Yunnan are not poised to develop high-level bamboo handicrafts in a large
scale (hence, the categorization of ethnic handicrafts as “small articles”).

4.2.5 Tourism based on bamboo culture
Yunnan is reputed to be the “bamboo hometown of the world”, and it is important to
help and encourage tourism departments in the province and elsewhere to develop
bamboo-related tourism activities. Currently, the following projects are identified for
priority development: ① The bamboo garden within the 1999 World Horticultural
Exposition Garden. This bamboo garden was designed and constructed by experts from
Southwest Forestry College. ② The colorful ethnic bamboo culture of Xishuangbana and
Dehong Prefectures, such as the bamboo landscape along the tropical valleys and bottom
lands, the bamboo houses of the Dai people and their method of cooking rice in bamboo
tubes, and the harvest and use of bamboo shoots of D. hamiltonii. ③ The spectacular
landscape formed by stands of D. sinicus chia et J.L. Sun, the world’s largest bamboo
species, and the bamboo culture of the Awa people in Nangunhe Nature Reserve. ④ The
wonderful scene formed by the communities of Cephalosatachyum scandens and the
climbing bamboo Melcalamus arrectus in Gaoligong Nature Reserve. ⑤ The Alpine
bamboo community and the bamboo culture of the Tibetans in Zhongdian County. ⑥ The
“Southeast Asian Garden of Rare Bamboo Species” and the “Exposition Center for Ethnic
Bamboo Culture” in Kaiyuan City of Honghe Prefecture. ⑦ The 10 000 mu of rare
bamboo species in Dongerhe of Puer County. ⑧ The Garden for Himalayan rare bamboo
species in Lijiang Prefecture.

4.2.6 Marketing and social service system
In recent years, governmental departments at various levels of Yunnan Province have
been making constant efforts in developing bamboo products. In economic terms, however,
these efforts have not paid off well, mainly because of weak market development. To
change this situation, it is necessary to develop some leading enterprises so that they may
act as the bridge between the market and the bamboo producing bases or the farmers. The
chain of producers and consumers can in this way be extended and the bamboo products of
Yunnan will find their way into the world market gradually.
Whether the bamboo industry can become another growth point of the forestry-based
economy of Yunnan depends on market development and the establishment of an
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international marketing system. It is necessary to enlarge the size of the bamboo industry of
Yunnan so as to explore the effects of scale, raise the efficiency of management and
enhance the risk-taking capacity of the industry. Under ripe conditions, technology, market,
resources and processing can be used as links to set up corporations and centers for
management and sale of bamboo products. The Yunnan Bamboo Association could play a
leading role in establishing the social service system.
To strengthen publicity and market development efforts, it is suggested that an
international symposium on the development of Yunnan bamboo industry be held every
alternate year. Once in every two years, a fair may also be organized to exhibit Yunnan’s
bamboo products as well as to exchange technologies and experiences in bamboo industry
development.

5 Problems and Recommendations
During the initial stage, the following measures should be adopted:

5.1 Establish quality seedlings bases to ensure seedling supply
According to the general plan for the development of Yunnan’s bamboo industry as
well as its existing capacity, 6 bases are planned to be established in Xinpin, Puer,
Shuangjiang and Jingping Counties, and Kunming and Mangshi Cities to develop quality
seedlings. Modern techniques will be employed to develop quality seedlings in a large scale
for the establishment of bamboo bases.
More than 100 million seedlings would be needed if 200 000 ha of bamboo plantations
are to be developed. Hence, it is urgent to develop and employ rapid propagation
techniques.

5.2 Establish models of high-yield plantations and strengthen
intensive management
To set up model areas and extend their experiences, 10 townships (forest farms) can be
selected from 10 counties (one from each) to develop bamboo forests for both shoots and
timber. Besides the awareness of local leaders about issues concerning bamboo
development, the area selected should have favorable physical conditions for bamboo
industry and the farmers should have adequate experience and enthusiasm in bamboo
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planting. The leaders of the forestry departments of the selected areas should take the
initiative in the endeavor. The model areas should be constructed with intensified financial
investment, increased technological content, and strengthened administration so as to pave
the way for the establishment of the 200 000 ha bamboo plantations.

5.3 Explore local advantages in bamboo resources and develop
characteristic products
While developing bamboo products mentioned earlier, special attention should be given
to the characteristics and advantages of the local bamboo species. The major advantage of
the local bamboo species in Yunnan Province is their size. Local bamboo species, often
characterized by their tall culms with large diameters, must be fully explored to take
initiative in the marketing process. Based on this, efforts should be focused on the
following bamboo products: ① architectural and construction materials from bamboos
larger than 20 cm in diameter; and ② special handicraft items manufactured from
large-sized clumping bamboos.

5.4 Integrated utilization of bamboo resources
In bamboo development, efforts should be made to take advantage of favorable
opportunities to popularize science and technology, explore existing scientific
achievements and tackle key technical problems.
Technological advancements and scientific achievements must be explored in the
process of identifying techniques for intensive management, integrated utilization and
raising the utilization rate of bamboo resources. All bamboo products explored up to the
present focus on using one part of the bamboo, with the rate of resource utilization ranging
from 10% to 30%. Integrated development of bamboo resources through industrial means
will not only result in high-level products targeted for international market but also upgrade
the utilization rate of bamboo resources.
To realize integrated development of bamboo resources, the key task is to develop
bamboo products with high technical content and added value, and this means a shift from
extensive management to intensive management.
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Biodiversity and Resources
Exploitation of Bamboo in China
Ma Naixun
(Institute of Subtropical Forestry, Chinese Academy of Forestry, Zhejiang, P.R. of China)

A

s one of the significant natural resources, bamboo forests enjoy a distribution mainly
in Asia (the monsoon areas in Southeast Asia are identified as the distribution center
of bamboo), Africa and Latin America, covering over 20 million hectares or about 1% of
the total forest area in the world. Benefiting from its geographical position in the bamboo
distribution center of the world, China, a nation noted for the management and exploitation
of bamboo resources, ranks first in the world in terms of bamboo yield. Specifically, with
the implementation of reform and open policies adopted in recent years, the Chinese
bamboo industry is booming in harmony with economic prosperity of the nation. The rapid
growth of the Chinese bamboo industry can be attributed to the effective utilization of the
useful qualities of bamboo, especially its unrivalled properties such as evergreen quality,
rapid growth, high yields, and scope for annual harvest and wide application. In this sense,
it is important for the sustainable development of the bamboo industry that the biodiversity
of bamboo be studied in detail for scientific exploitation.

1 Biodiversity of Chinese Bamboos
1.1 Biodiversity of the species
Bamboo germplasm enjoys a wide diversity in China, which ranks first among the
bamboo growing countries. This diversity is rooted in geographically and climatically
complex features. The vast territory—with its various geographical environs that differ
greatly in terms of elevation and topography, and climatic zones that range from frigid to
temperate, subtropical and tropical—acts as a haven for a large number of bamboo species.
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According to the systematic study of the world bamboo resources by the late Prof.
Geng Bojie of the Nanjing University, the bamboo on the globe entails 107 genera with
more than 1 300 species. Among these, xylophyta account for 1 200 or more species within
79 genera and herbaceous species number more than 180 within 28 genera. In The
Illustrated Book of Bamboo in China (1994) and The Chinese Flora (1996, Vol. 9, Book 1),
there are more than 500 bamboo species listed within 39 genera, including 15 new genera
and 4 newly identified genera (table 1).
Table 1 Species Resources of Chinese Bamboos
Genera

Type of

New genus (Ng) or new

No. of species in genus

rhizome

distribution (Nd)

(including variants)
I*

Ampelocalamus

Clumped

Bambusa

sympodial

Ng

II**

2

2

61 (23)

63 (21)

Nd

4

4

Chimonocalamus

Ng

9

9

Dendrocalamopsis

Ng

8

9

29 (8)

30 (9)

Cephalostachyum

rhizome

Dendrocalamus
Drepanostachyum

Ng

6

5

Gigantochloa

Nd

5

8

Melocalamus

Nd

2

5

Monocladus

Ng

3 (1)

3 (1)
1

Neohouzeaua
Neomicrocalamus

Ng

2

2

Neosinocalamus

Ng

2 (4)

2 (4)

Schizostachyum

9

9

Thyrsostachys

2

2

Fargesia

Scattered

76 (1) +4

77 (1)

Melocanna

sympodial

1

1

1

1

Thamnocalamus

1

1

Yushania

57 (1)

55 (1)

Pseudostachyum

rhizome

Nd
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(continue)
Genera

Type of

New genus (Ng) or new

No. of species in genus

rhizome

distribution (Nd)

(including variants)
I*

Scattered

Ng

II**

5

8

1 (1)

1 (1)

1

1

13 (1) +2

13 (1)

2

2

Phyllostachys

50 (33) +2

48 (32)

Semiarundinaria

1

1

20 (1)

19 (1)

13 (1) +2

13 (1)

20 (5)

21 (5)

Ng

4

4

Ng

9

9

22(6)

21(5)

Acidosasa
Brachystachyum
Ferrocalamus

monopodial
rhizome

Ng

Indosasa
Ng

Metasasa

Chimonobambusa
Oligostachyum

Monopodial or
sympodial

Ng

Pleioblastus
Bashania
Gelidocalamus

Sympodial

Indocalamus
Monstruocalamus

Ng

1
23 (5)

18 (5)

8 (1)

8 (1)

Sasa

10 (1) +2

12 (1)

Shibataea

7 (4) +1

7 (4)

Sinobambusa

13 (3)

13 (2)

Total

502 (100) +13

509 (96)

Pseudosasa
Qiongzhuea

Ng

Notes: * As in The Chinese Flora; ** As in The Illustrated Book of Bamboo in China.

According to the morphological characteristics, bamboos can be classified into
sympodial and monopodial. Research on the evolution of the conducting vessels, rhizome,
inflorescence and quality stability of bamboos has shown that the primitive form of bamboo
generally belonged to the sympodial rhizome group, while the monopodial rhizome group
was evolutionary. Of the 39 genera of Chinese bamboos, 20 genera belong to the sympodial
rhizome group and 19 genera to the monopodial rhizome group.
Among the abundant resources of Chinese bamboo germplasm, especially among the
monopodial bamboos, there are 12 rare and endangered native Chinese species (A Report of
the Chinese Biodiversity, 1998, Chinese Environmental Science Press), as listed below:
Acidosasa chinensis; Ampelocalamus actinotrichus; Bashania spanostachya;
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Chimonobam-busa marmorea; Chimonobambusa quadrangularis; Ferrocalamus strictus;
Leptocanna chinensis; Monocladus amplexicaulis; Monocladus saxtilis (name corrected by
the author) ; Qiongzhuea tumidinoda; Sasa qingyuanensis; Yushania baishanzuensis;
Among the 243 native Chinese angiosperms, 11 are bamboo species: Acidosasa
chinensis; Ampelocalamus actinotrichus; Bashania fargesi; Ferrocalamus strictus;
Gaoligongshania megathyrsa; Gelidocalamus stellatus; Leptocanna chinensis; Metasasa
carinata; Monocladus saxitilis; Oligostachyum sulcatum; Qiongzhuea tumidinoda.
In terms of the biodiversity of Chinese bamboo species, the above-mentioned reports
are evidently rough estimates that do not reflect the reality; a more accurate number of rare
and endangered native bamboo species would be about 100. For instance, the entire genus
of Phyllostachys is basically of Chinese origin. In The Chinese Flora, 50 species and 33
variant species are listed under this genus. In recent years, 26 new species and 24 new
variant species—which have been identified as unique to China—were added to this genus.
Some among these new species have high ornamental value: Phyllostachys vivax f.
huanvenzhn, P. vivax f. aureocaulis, P. preaecox f. viridisulcata, P. aureosulcata, P.
sulphurea, etc. Some others are of great value for useful timber or delicious bamboo shoots:
P. nuda f. loxali, P. acuta, P. parvifolia, P. glauca f. yuozhu, P. robustiramea, P.
yunhoensis, etc., all of which have extremely limited distributions and are endangered
species. One particular example is the native bamboo Indosasa shibataeoides, originally
distributed as a prototypical species in Luofu Mountain in Guangdong Province and often
mistaken for Indosasa levigata, which is on the brink of extinction owing to the housing
project in that area. The species now thrives only in the Anji Bamboo Garden, where it was
introduced. However, as such ex situ conservation of threatened species are rather limited at
the present, there is an urgent need for protecting the bamboo species resources in China.

1.2 Distribution diversity of Chinese bamboos
Of the total forest area of 133.7 million ha (1999) in China, around 5 million ha belong
to bamboo forest, accounting for 4% of the country’s forest area. Monopodial bamboos
dominate the bamboo forests. Specifically, bamboo forests consisting of Phyllostachys
heterocycla var. pubescens cover two-thirds of the total bamboo forest area. This dominant
property of Chinese bamboo forest can be attributed to certain characteristics of
monopodial bamboo species, such as their evolutionary traits, adaptability and good
resistance to bad weather and inferior environment. Owing to these features, monopodial
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bamboos enjoy the widest distribution in China; they are available in all the
bamboo-growing areas, whereas sympodial bamboos are limited to the southern provinces.
In general, the latitudinal distribution line of bamboo reaches up to 40°N, particularly
to Liaodong Peninsula and Beijing. The longitudinal distribution stretches from the east to
the west via Xuanhua of Beijing, Taiyuan of Shanxi, Yanan of Shaanxi, Guyuan of Ningxia,
Lanzhou of Gansu, and the mountainous region of Zheku of Qinghai Province. Near the
meeting point of the Provinces of Sichuan, Shaanxi and Gansu, where the bamboo forest
area amounts to 526 800 ha, is the habitat of panda. This area is by far the largest area of
natural sub-alpine bamboo forest in China. Within the Chinese territory, only four
Provinces or autonomous regions—namely Heilongjiang, Jilin, the Inner Mongolia and
Xinjiang—do not have bamboo. table 2 shows the resources of China’s bamboo-growing
Provinces or autonomous regions.
Table 2 Bamboo Resources of Various Provinces and Autonomous Regions
Province/auton-

Total area of bamboo

Area of P. heterocycla

No. of

No. of

omous district

(ha)

var. pubescens (ha)

genera

species

Fujian

680 000

633 000

16

110

Jiangxi

669 900

625 000

20

100

Zhejiang

650 000

528 300

19

130

Hunan

580 000

560 400

20

60-100

Sichuan

340 000

20 000

18

150

Yunnan

331 000

18 000

26

220

Guangdong

320 000

113 000

24

150

Guangxi

240 100

86 400

10

80-100

Anhui

203 300

160 000

9

50

Taiwan

184 500

3 300

18

70

Hubei

73 300

62 200

7

30

Guizhou

60 900

20 000

20

80

Gansu

60 800

7

16

Hainan

51 800

9

46

Jiangsu

40 000

10

56

Henan

33 400

7

40

Shaanxi

31 400

8

26

Shandong
Total

20 000

1 600
4 552 000

2 849 600
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As shown in table 2, Yunnan Province has the most abundant natural bamboo resources,
accounting for 200 or more species within 26 genera. In Southeast China, the coastal or
island provinces such as Guangdong, Zhejiang, Fujian and Taiwan have relatively rich
bamboo resources. In the inland, Sichuan, Jiangxi, Hunan, Guangxi and Guizhou have the
most bamboo resources.
The range of vertical distribution extends from the coastal areas to an altitude of 4 000
m or more. The altitude of vertical distribution rises gradually from the east to the west. For
instance, the highest altitude of P. heterocycla var. pubescens in the east coastal regions is
not more than 1 200 m, while it usually reaches 1 500 to 1 700 m in Sichuan and Guizhou
Provinces. In the west sub-alpine regions of Sichuan Province, most of the five species
native to Sichuan—namely Fargesia ferax, F. jiulongrnsis, F. emaculata, F. adpressa and
F. canaliculata—have a vertical distribution that reaches an altitude of 2 000 to 3 200 m. It
is notable that the F. emaculata is distributed at altitudes up to 3 800 m. In the interior area
of Hengduan Mountain ranges with an altitude of more than 2 500 m, particularly in the
northwest alpine and sub-alpine regions of Yunnan Province, Fargesia bamboos take up
large stretches of land totalling 60 000 ha. The vertical distribution line of some species
reaches even above the snow line, establishing the highest record of 4 500 m. This is the
highest area of bamboo distribution in the world.
Bamboo resources in China have been increasing for decades at an annual rate of 1.8%,
with the total area of bamboo forests expanding from 2 million ha in the early 1950s to 2.63
million ha in 1965, to 3.67million ha in 1980 and to 5 million ha at present.

1.3 Diversity of bamboo forest types
The diversity of Chinese bamboo forest types has derived from the interaction between
factors such as diversified bamboo species, wide distribution, manifold bamboo habitats
and multi-value management. In the work The Chinese Vegetation (1980, Science Press),
Prof. Wu Zhengyi has classified Chinese bamboo forests into 36 population types based on
the main species of the pure bamboo stands constituted by a single dominant species.
However, the types of Chinese bamboo forests are more than thirty-six because each of the
500 or more species is observed as capable of constituting a pure stand forest. By a
comprehensive consideration of such factors as bamboo distribution, forest type and
management style, the Chinese bamboo forests may be classified as mentioned below.
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1.3.1 Irrigated bamboo forest in the north
The irrigated bamboo forest enjoys a distribution range in the area of Huanghe River
valley and the regions to the north of the river, extending from the north line of bamboo
distribution or planting down to the area along Huaihe River. Because the amount of
precipitation in this area is usually less than 1 000 mm, the bamboos here are dependent
upon irrigation for growing. The components of the bamboo forest in this area are the
monopodial bamboos with scattered or mixed stocks. The representative forest of this type
can be found at Bo'ai in Henan Province for its Phyllostachys bambusoides f. lacrimadeae
forest, Loning for its P. glauca forest, Liaodong Peninsula for its Phyllostachys forest,
Beijing for its P. aureosulcata f. spectabilis forest, Shandong Province for its P. glauca
forest, and Huaxian County of Shaanxi and Ruicheng of Shanxi for their P. glauca and
Pleioblastus amarus forest.

1.3.2 Bamboo plantations in the hilly and basin areas of Changjiang River
Valley
The typical southeast monsoon and subtropical climate in the areas of Changjiang
River valley—temperate and humid, with annual precipitation above 1 000 mm—is
desirable for growing bamboo, especially monopodial bamboos. In addition, thanks to the
dense population and the booming economy, there remains a great need for bamboo
products so that this valley has become the main area of bamboo growing in China. The
most typical bamboo growing here is Phyllostachys heterocycla var. pubescens, which
takes up two-thirds of the nation’s total bamboo area. Bamboo plantations in China are
located mainly in the areas of Changjiang river valley. By the size of bamboo forest area,
the four provinces of Fujian, Zhejiang, Jiangxi and Hunan together possess the largest area
of P. heterocycla var. pubescens, sharing 80% of the national forest or plantations of the
species. Second to P. heterocycla var. pubescens, the bamboos that have large and
economically valuable plantations include P. meyeri, Bambusa piscaporum famous for
‘Tianmu’ bamboo shoot, P. praecox that yields high economic benefits, P. prominens
capable of high shoot productivity, P. iridescens notable for good shoots and ideal timber,
and P. bambusoides and P. dulcis known for their delicious shoots.
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1.3.3 Plantations of clumping bamboos in the south
Clumping (sympodial) bamboos require relatively high temperature and humidity, and
hence are distributed or planted mainly in South China and Southwest China. Prominent
among the main bamboos, about 60 species, in the clumped bamboo plantations is the
bamboos of the genus of Bambusa such as: B. textilis, B. rigida, B. pervariabilis, B.
multiplex, B. chungii, B. vulgaris and B. spinosa. In Guangning of Guangdong Province,
the area of planted B. textilis reaches up to 70 000 ha, stretching continuously along the
both banks of Shuijiang river and winning fame as the “bamboo gallery with a length
beyond one’s foot covering”. Dendrocalamus is another large clumped bamboo genus
dominant in plantations. China has about 30 species in this genus, mainly in Yunnan
Province.
Among the tallest and largest bamboos are Bambusa vulgaris and Dendrocalamus
sinicus, reaching up to 30 m in height and 30 cm in diameter. In Yunnan Province, the most
common species in natural bamboo forests are B. textilis and Chimonocalamus delicatus,
while the common species in bamboo plantations (in Xishuangbanna) are D. hamiltonii and
D. giganteus.
There are large stretches of economically valuable bamboo plantations in the south,
particularly the plantations of Sinocalamus affinis and Bambusa fecunda in and around
Sichuan basin, the Dendrocalamopsis latiflorus and D. oldhami plantations in Fujian, the
Dendrocalamopsis beecheyana var. pubescens plantations in Guangdong and the
Dendrocalamopsis vario-striata plantations in Guangxi.
Forest characterized by monopodial bamboos can also be found in the south, such as
the bamboo forest of Chaganzhu in Huaiji County of Guangdong Province, the Pleioblastus
amarus forest in Jiajiang County of Sichuan Province, etc.

1.3.4 Natural bamboo forest in alpine and sub-alpine areas
In the west and southwest regions, in and to the south of Qingning Mountain ranges
(specifically in the alpine and sub-alpine areas of Qingning Mountainous areas, Sichuan
Province), the west area of Guizhou Province and the north part of Yunnan Province have
distribution of about 150 species of the bamboo genera Fargesia, Yushania, Qiongzhuea,
Bashania, Thamnocalamus and Chimonobambusa, covering an area of more than 1 million
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ha. In these nearly pristine areas of high elevation, the bamboo forest is purely natural in
reproduction and regeneration, providing food for panda, materials for papermaking and
edible shoot for humans. Most bamboos in the forest are bushy, with coniferous and
broadleaf trees or sparse woods forming the upper crown canopy. The species that are
found dominant in the forest in area are Qiongzhuea tumidinoda, which is native to China,
Chimonobambusa utilis, Fargesia fangiana, F. chungii and F. robusta.

1.4 Character diversity in Chinese bamboos
Bamboo displays character variation from species to species. The large character
variations seen among Chinese bamboos can be attributed to the rich diversity of the
bamboo germplasm. Among the various characters, the main and most relevant ones to
human activity are presented below.

1.4.1 Bamboo rhizome and forest type
Sympodial rhizome — Clumped bamboo forest
Monopodial rhizome — Scattered bamboo forest
Amphipodial rhizome — Clumped and scattered bamboo forest

1.4.2 Main features (see table 3)
Table 3 Main Features of Some Bamboos
Species name

Culm size

Species type

Height (m)

Diameter (cm)

30

30

D. sinicus

30

30

Phyllostachys heterocycla var. pubescens

20

10-20

0.6-1

0.2-0.3

Brachystachyum densiflorum

4-7

1-3

Gelidocalamus stellatus

1-3

0.5-1

Fargesia robusta

3-5

1-3

Yushania baishazuensis

1.5-2

0.5-0.8

Dendrocalamus giganteus

Shibataea chinensis

Arbor

Bushy
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Sasa pygmae

Cover

0.2-0.3

0.1-0.2

Nuomizhu, Xiaoyeteng & Dayeteng spp.

Climber

30-50 (length)

2-5

1.4.3 Shoot characteristics (see table 4)
Table 4 Main Shoot Characteristics of some Bamboos
Genera

Shooting season

Species (example)

Acidosasa, Ampelocalamus,

Spring and early

Phyllostachys praecox

Bashania, Brachystachyum,

summer

P. heterocycla var. pubescens

Ferrocalamus, Gelidocalamus,

P. prominens

Indocalamus, Indosasa,

Acidosasa edulis

Metasasa, Oligostachyum,

Pleioblastus amarus

Yield (t/ha)
30-40
39.5
60
15-20
5-7

Pleioblastus, Phyllostachys,
Pseudosasa, Qiongzhuea,
Sasa, Semiarundinaria,
Shibataea, Sinobambusa
Dendrocalamus latiflorus

70-80

Dendrocalamopsis,

Dendrocalamus hamiltonii

20-30

Dendrocalamus,

Dendrocalamopsis oldhami

15-23

Drepanostachyum, Fargesia,

D. beecheyana var. pubescens

20-27

Bambusa, Chimonocalamus,

Summer, autumn

Gigantochloa, Melocalamus,
Melocanna, Monocladus,
Neohouzeaua, Neosinocalamus,
Schizostachyum,
Thamnocalamus,
Thyrsostachys, Yushania
Chimonobambusa

Autumn

C. quadrangularis

Phyllostachys

Winter

P. heterocycla var. pubescens

5.0
7-10

1.4.4 Branching patterns
The branching habit of bamboos can be classified into the following patterns by the
criterion of the number of branch per internode: ① One branch: Indocalamus, Sasa,
Monocladus, Ferrocalamus; ② Two branches: Phyllostachys, Metasasa; ③ Three branches:
Acidosasa, Indosasa, Oligostachyum, Semiarundinaria; ④ Three to five (seven) branches:
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Pleioblastus, Shibataea, Yushania; ⑤ Five to seven or more branches: Ampelocalamus,
Bashania, Dendrocalamus, Dendrocalamopsis, Fargesia, Monstruocalamus.

1.4.5 Culm characteristics
The diversity among bamboos is also characterized by the color and shape of culms, as
follows:
(1) Green culms: The culms of the majority of the bamboos are green.
(2) Yellow or yellow-and-green culms: Bambusa multiplex cv. silverstripe, B. vulgaris
cv. vittata, Dendrocalamopsis minor var. amoenus, D. tsiangii f. virdistriatus,
Gigantochloa ligulata, G. pseudoarundinacea, G. rostata, Phyllostachys heterocycla cv.
tao, P. heterocycla cv. luteosulcata, P. arcana f. luteosulata, P. aureosulcata, P.
aureosulcata f. spectabilis, P. aureosulcata f. aureocaulis, P. bambusoides var. castillonis,
P. bambusoides f. mixta, P. praecox f. notata, P. praecox f. viridisulcata, P. sulphurea cv.
houzeau, P. sulphurea cv. Robert, P. vivax f. huanvenzhn, P. vivax f. aueocaulis.
(3) Purple culm bamboos: B. textilis cv. maculata, B. textilis cv. purpurascens,
Phyllostachys nigra.
(4) Bamboo with square-shaped culm: Chimonobambusa quadrangularis.
(5) Bamboos with unique node or internode: Bambusa vulgaris cv. wamin, B.
ventricosa, B. tuldoides cv. swolleninternode, D. latiflorus cv. aubconvex, C.
Szechuanensis var. flexuosa, Phyllostachys glauca f. yuozhu, P. heterocycla, P. aurea,
Qiongzhuea tumidinoda.
Bamboos with different culms exhibit different rates of culm production, as shown
below:
Bambusa chungii: 60-80 t/(ha·a); B. pervariabilis: 45-50 t/(ha·a); B. rigida: 45-50
t/(ha·a); Dendrocalamus membranaceus: 40-50 t/(ha·a); D. giganteus: 80-100 t/(ha·a);
Phyllostachys heterocycla var. pubescens: 30-40 t/(ha·a); Pleioblastus amarus : 20 t/(ha·a);
Pseudosasa amabilis : 15-20 t/(ha·a).

2 Exploitation and Utilization of Bamboo Resources
China is in the same critical situation as other countries—painfully accepting the
current threat caused by the acute shortage of natural resources, engendered by the
destruction and deterioration of its forests and ecological environment. The country’s total
forest area is 133.7 million ha, just 4% of the world’s total forest area. The percentage of
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forest cover is 13.92%, which is only half that of the world. Moreover, 70% of the natural
forest in the three main bases of coniferous trees—the forest regions of Daxinganling,
Changbaishan and the Hengduan Mountain ranges in Southwest China—has been felled.
Fortunately, bamboo forests outpace woods in growth with remarkably high yields,
providing bamboo materials year after year. Thus, at present, the exploitation and
utilization of bamboo resources are significant to China’s economic development as well as
forestry reconstruction. This is particularly so, considering that the nation has launched a
series of campaigns for conserving natural forests and establishing forests for soil and
water conservation in the middle and upper reaches of Changjiang River. Bamboos have a
vital role to play in these endeavors—providing an alterative to wood, as well as
augmenting the capability of forests to conserve soil and water. The following section
examines the exploitation of bamboo shoot and timber.

2.1 Bamboo board
According to an inventory made in 1995, China has more than 2 300 enterprises
processing bamboo materials. The annual production of bamboo board is approximately to
290 000 m3, accounting for 1.7% of the total board production; the annual production of
bamboo floor planks amounts to 300-400 m3, making up 3%-4% of the total output of
wooden floor planks. table 5 lists the processing techniques, board products and their uses.
Table 5 Bamboo Boards and Floor Planks
Process

Product

Use
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Plate processing

Glued bamboo board

Floorboard of automobiles,
passenger trains

Decorative glued bamboo

Floor plank

board
Strip processing

Glued bamboo woven board

Packing of machines

Bamboo layered pressboard

Floorboard of trains

Glued curtain board

Cabin board in cold storage ships

Glued molding board

Cement formwork, packing board

Bamboo shred board

Materials of cored structure

Bamboo shaving board

Cement formwork

Rotary clipping

Bamboo rotary clipped plate

Covering plates for furniture

Toughening

Toughened bamboo materials

Weaving shuttle, sports equipment,

Shred processing

furniture decoration
Reconfiguring

Reconfigured bamboo

Floor planks, furniture, timber in
mines

2.2 Bamboo shoot
2.2.1 Shoot-producing bamboos
There are more than 200 species of bamboos that produce edible shoots. China has
about 80 Phyllostachys species (including varieties and variants) and 20 Chimonobambusa
species. The following is a list of bamboos capable of yielding economically profitable and
high quality edible shoots:
(1) Monopodial bamboos: Acidosasa edulis; Chimonobambusa quadrangularis;
Phyllostachys heterocycla var. pubescens;P. praecox;P. dulcis;P. iridescens;P. makinoi; P.
nuda; P. prominens; P. sulphurea cv. viridis; P. vivax; Pleioblastus amarus; Qiongzhuea
tumidinoda.
(2) Sympodial bamboos: Bambusa rigida; B. pervariabilis; Dendrocalamus latiflorus;
D. asper; D. brandisii; D. hamiltonii; Dendrocalamopsis oldhami; D. beecheyana; D.
beecheyana var. pubescens; D. stenoaurita; D. vario-striata; Schizostachyum funghomii.

2.2.2 Shoot processing
The annual yield of fresh shoots in China is approximately 1.7 million tons, of which
200 000 tons is used as the raw material for canning and 120 000 tons in dry processing.
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The main products are those that preserve the freshness and flavor of shoots, such as
plain-juiced shoot, flavored shoot and salted shoot, and dried shoot products such as dried
shoot slices, salted dried shoot, Tianmu dried shoot and fermented dried shoot. The main
freshness-flavor preserved product is plain-juiced shoot, which ranks the first in output
accounting for 90% of the products of its kind. According to the species from which the
shoots are harvested, the plain-juiced shoot can be classified into winter shoot, Maosun
shoot, Masun shoot, Yulan shoot, Huangmasun shoot, etc.
With shoot products finding their way into the market both at home and abroad, the
shoot processing enterprises are experiencing a boom. The export of canned shoots reached
65 300 tons in 1992 and 77 800 tons in 1993. In 1996, the export of bamboo shoots
rocketed to 137 500 tons. Although the financial crisis in Southeast Asia in 1998 negatively
influenced the export, it is currently on the rise in tune with the economic recovery of
Southeast Asia.

2.3 Bamboo paper pulp
In 1997, the national output of paper and paperboard reached 27 330 000 tons, of which
paper from bamboo pulp accounted for 300 000 to 400 000 tons. The output of bamboo
pulp is increasingly promising, as a number of bamboo pulp paper making mills are either
under construction or in operation. These mills are, to name a few, Sichuan Leshan
Bamboo Pulp Mill (with an annual output of 30 000 to 50 000 tons), Sichuan Ya’an
Bamboo Pulp Mill (50 000 tons), Guangdong Guangning Bamboo Pulp Mill (51 000 tons)
and Yunnan Simao Paper Making Mill (50 000 tons).

2.3.1 Bamboo: the ideal material for paper
Data show that bamboo is capable of yielding high-quality fiber and that all current
paper commodities marketed domestically can be made from bamboo pulp. The table 6
gives a comparison of the characteristics and chemical composition of different fibers of
the main pulp making materials in use in the country.
Table 6 A Comparison of Fiber Characteristics and Chemical Composition
of Different Materials Used in Pulp Making
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Species used

Neosinocalamus affinis
Bambusa rigida
B. pervariabilis
B. textilis
B. chungii
Dendrocalamopsis oldhami
Schizostachyum funghomii
Phyllostachys pubescens
Pleioblastus amarus
Pinus massoniana
Larix spp.
Pinus elliottii
Populus tomentosa
Eucalyptus citriodora
Phragmites communis
Oryza sativa
Triticum aestivum

Fiber length
(mm)
2.71
2.06
2.34
3.04
2.90
2.48
3.53
2.25
2.18
3.61
3.41
2.93
0.82
0.94
1.12
0.92
1.32

Length to
width ratio
198.8
177.6
196.1
221.4
256.0
180.1
296.0
165.1
144.3
72.0
77.0
73.0
39.5
64.0
115.0
114.0
102.0

Chemical composition of fiber (%)
Cellulose

Lignocellulose

44.35
49.96
49.79
52.16
48.76
49.55
45.50
44.55
51.86
52.55
76.78*
78.85*
77.80*
43.55
36.20
40.40

31.28
22.83
24.83
24.03
27.73
23.00
30.67
25.33
28.42
27.44
28.34
23.75
27.45
25.40
14.05
22.34

Ash
1.20
2.91
4.53
2.16
4.06
1.78
1.10
1.51
0.33
0.36
0.84
0.29
2.96
5.50
6.04

Note: *content of compound cellulose.

2.3.2 Selection of suitable bamboo species for pulp making
The pulp making materials must meet a total of 17 criteria, such as a high rate of pulp
output, desirable fiber pattern, good fiber length, ideal tenacity, optimum cellulose content,
and optimum length-to-width ratio. Following these criteria, 31 out of 102 candidate
species have been selected for pulp making. Most of the selected species are clumping
bamboos, with only two species belonging to running bamboos. The species that were
found best suited for the purpose include: Bambusa papillata, B. textilis, Neosinocalamus
affinis, N. affinis cv. flavidorivens and Dendrocalamopsis minor var. amoenus. These were
followed by species such as: Dendrocalamopsis daii, Phyllostachys meyeri, P.
gozadakensis and Bambusa ventricosa.

2.3.3 Profit analysis of bamboo pulp making
Economically, paper making with bamboo pulp is more profitable than with wood pulp.
It is generally agreed that sympodial bamboos can serve as the ideal material for
papermaking. The table 7 presents the economic aspects of papermaking using
Phyllostachys heterocycla var. pubescens.
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Table 7 Key Economic Aspects of Papermaking (1996 data)
Paper mill

Fuzhou paper mill

Annual output (ton)

34 000

Paper type

Wrapping paper, Grade B*

Yichun paper mill
34 000
Book paper
3

Cost of raw material (yuan)

Bamboo 417 yuan/ton; pine 450yuan/m

Bamboo 450-500yuan/ton

Cost of per ton of pulp (yuan)

2 074.80

3 045.30

Cost of per ton of paper (yuan)

3 094.30

5 020.00

Selling price (yuan)

4 199.0

N.A.

Profit per ton of paper (yuan)

1 104.80

N.A.

Profit rate (%)

35.7

N.A.

Note: * Grade B wrapping paper has 27% wood pulp and 73% bamboo pulp, the highest selling price is
5 600 yuan/ton.

2.4 Bamboo charcoal
Bamboo charcoal is capable of resisting acids and alkalis, absorbs moisture,
automatically adjusts air humidity and absorbs harmful gases. It is a new product with
multiple uses in health care and house environment. In the last two or three years, the
export of bamboo charcoal to Japan has fetched several hundred millions of RMB yuan.
The bamboo charcoal products include wainscot, tile, flooring, ceiling, mural decoration,
basin coat, kneecaps, cups and clothing articles. Bamboo charcoal in cigarette filter absorbs
95% of the nicotine.
With the starting of projects for the protection of natural forests, wood charcoal
production has been gradually stopped. There is thus a bright prospect for increased
bamboo charcoal production.

2.5 Chemicals from bamboo
Many nutritious and active materials—such as vitamins, amino acids, flavone, phenol
and steroid—can be extracted from bamboo culm, shoot or leaf. These are valuable in
health care and can be processed into beverage, medicines, additives or health food. At the
present, quite a few products have found their way into markets:
(1) Bamboo leaf contains 2%-5% flavone and phenolic compound that have the power
to remove active oxy-free-radicals, stopping sub-nitrification and abating blood fat.
Flavone beverage and beer have been widely accepted because of their value in health care.
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(2) Some materials extracted from bamboo can be used in fresh flavor preservation or
food storage applications.
(3) Some additives obtained from bamboo are used in foods such as bamboo-juice
beverage, bamboo-flavored rice, etc.
It is certain that the products of bamboo will be increasingly appreciated in the world as
long as the bamboo enterprises develop further.

Developing Bamboo Industry to
Facilitate Economic Take-off
——An Overview of Bamboo Industry Development
in Fujian Province

Zheng Yushan
(Department of Resources and Environment, Fujian Forestry College, Fujian, P.R. of China)

he vigorous growth of the modern industry and the steady rise in the living standards
of the population pose increasingly high demands on the quantity and quality of forest
resources. Simultaneously, these demands have been severely destructing the primary
forests, leading to the drastic shrinkage of tropical and subtropical forest resources. This has,
in turn, led to erosion, climatic anomalies, air pollution and drastic deterioration of the
human living environment, making improvement of the ecological environment a critical
public concern.
Bamboo is an important resource of the tropical and subtropical regions. It constitutes
pure stands, or stands mixed with broadleaf and conifer trees, often forming compound
under-crown stories. In the presence of major forest species, bamboo stands are often
neglected. However, when the major forest species are destroyed, the bamboo stands
rapidly form and dominate secondary forests as a result of their vigorous propagation, fast
growth and easy regeneration capacity. Many bamboo species have high economic value
and extensive uses. Farmer households specialized in bamboo growing have been
cultivating them in large quantities on low-productivity lands in mountainous and other
areas, as well as in homesteads.
Planned improvement of low-yield forests and mixed bamboo forests has created
bamboo plantations in large continuous areas or intermittent patches. Monopodial bamboos
spread out rapidly and the bamboo forests are greatly expanding in area. Development of
the bamboo industry is also contributing to increasing and stabilizing crop yields, providing
employment to the surplus labor in rural areas, alleviating poverty and augmenting market

T
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supplies in mountainous areas, and helping the export-oriented economy to increase foreign
exchange earnings. Fujian Province has developed a multi-sectional bamboo industry that
ranges from resources cultivation to processing, and a healthy development trend is
emerging.

1 Present Status of Bamboo Development
Fujian is one of the key bamboo forest areas in southern China and a major bamboo
production center. Abundant in bamboo resources, this region has above 200 bamboo
species belonging to 21 genera, of which 123 species in 15 genera have high economic
value. Taxonomically, 29 species in 4 genera are sympodial, while 94 species in 11 genera
are monopodial. With a bamboo area of 750 000 ha, the province accounts for 10% of the
national total and ranks as the first among all provinces. Phyllostachys heterocycla var.
pubescens is the major bamboo species on which Fujian Province has been focusing for the
development of its bamboo industry. Other species include Acidosasa longiligula, A. edulis
Dendrocalamopsis oldhami, D. beecheyana var. pubescens, Dendrocalamus latiflorus,
Phyllostachys makinoi, P. nuda, Pleioblastus amarus and Oligostachyum spp.
Economically valuable bamboo species occupy a forest area of 135 600 ha, of which
sympodial species take up 32 300 ha (23.79% of the total area) while monopodial species
spread over 103 300 ha (76.21%). Six of these species—A. longiligula, D. oldhami, D.
latiflorus, P. amarus, O. sulcatum and P. makinoi—occupy more than 6 000 ha each. Two
species—A. edulis and P. nuda—occupy an area between 3 000 to 6 000 ha, and 17 species
spread over an area of 600 to 3 000 ha. D. latiflorus occupies the largest area: about 17 000
ha, accounting for 52.6% of the sympodial bamboo species coverage. Other less important
species include Chimonobambusa quadrangularis, Indocalamus tessellates, Pseudosasa
amabilis var. convexa, P. heteroclada, Shibataea kumasasa and Yushania sp.

1.1 Bamboo resources and quality
In recent years, the bamboo areas in Fujian Province have been constantly expanding
through reforestation and planting activities. New bamboo forest areas increased by 60 000
ha in the past three years and a net annual increase of 70 million culms has been achieved.
Bamboo industry has been gradually shifting from “extensive” to “intensive” management.
The total bamboo area rehabilitated and tended has reached 400 000 ha, of which 200 000
ha involved the improvement of low-yield bamboo stands and 100 000 ha was planted with
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various high-yield bamboo species. These measures have contributed to the steady increase
in standing bamboo stock volume. In recent years, the significant efforts made in Fujian
Province to utilize the elite indigenous bamboo species and introduce high-quality exotic
bamboo species has helped to intensively restructure the species composition. New
plantations of Dendrocalamopsis oldhami and Oligostachyum sulcatum extend to nearly
30 000 ha. The large-scale and extensive introduction and cultivation activities of bamboo
species such as Acidosasa edulis, A. longiligula, O. sulcatum, Phyllostachys makinoi, P.
propinqua, P. incarnata, Pleioblastus amarus, etc. cover at present an area of 50 000 ha.

1.2 Bamboo technology
The extensive application of high-yield bamboo cultivation technology has
significantly raised the conversion ratio of research results to production activity. In recent
years, Fujian Forestry College has emphasized the dissemination of technical aspects of
bamboo development and has widely established collaborative ties with several counties
and townships. Each year, large groups of teachers and researchers from the college are sent
to bamboo-growing areas to provide technical services. In 1996 alone, 150 short-term
training courses were organized for 165 townships in ten counties and cities in Fujian
Province, providing 11 558 person of training. Medium and long-term training courses
provided 400 person of training in 7 counties and cities.
Besides training, various experiments have been conducted and growth regulator
compounds and special compound fertilizers for bamboos invented. The college’s research
achievements have received more than ten provincial and ministerial awards for technical
advancements. The college also established a 10 000 mu (667 ha) high-yield bamboo
demonstration base in Fangdao of Jianou County and received the Silver Medal of the
National Star Technical Program for this initiative. Research results have been extended
throughout the province and the annual revenue increase from bamboo reached about RMB
300 million yuan. Many prefectures have also carried out research with the help of various
research and education institutes, including the Institute of Sub-tropical Forestry of the
Chinese Academy of Forestry and the Nanjing Forestry University, to utilize their research
achievements in extension activities.
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1.3 Bamboo economy
The income and profits from the bamboo economy have been increasing yearly. The
gross production of Fujian bamboo industry, which was just about 400 million yuan in the
beginning of the 1990s, rose to around 4 billion yuan in 1999. Nanping City claimed the
fastest growth in the industry’s gross production, reaching 2 billion yuan in 1999 (tripling
the production of 1991), of which 1.3 billion yuan was from the bamboo stands and the
remaining from bamboo shoot processing; revenue from exports reached 230 million yuan
in the same period. About half of the per capita net income in the bamboo areas comes from
the bamboo industry, which has become the primary industry in the economy of northern
Fujian.
Among the regions in northern Fujian, Jian’ou is most notable for the efficiency of its
bamboo economy. The total production value of the bamboo industry in Jian’ou in 1989
was 30 million yuan (averaging 435 yuan per mu), which rose to 700 million yuan in 1999
with the average bamboo timber and shoots production value of 8 256 yuan per ha (25 times
that of 1989), while the overall production value per ha reached 11 175 yuan (30 times that
of 1989). The average annual per capita income of the farmers reached 345 yuan. The
prosperity in the development of bamboo industry has significantly contributed to poverty
alleviation and economic development in the uplands. In Naping City along, there are 10
townships with bamboo production values exceeding 50 million yuan (1999 data) and 65
administrative villages with bamboo production values over 5 million yuan, and the annual
income of 6 073 households in the bamboo uplands exceed 10 000 yuan.

2 Industrialization of Bamboo in Fujian Province: an Overview
2.1 Bamboo timber and shoots industries
Bamboo timber and shoots processing capacity in Fujian Province has seen a steady
increase in recent times. The variety of panel products—such as bamboo plywood and
bamboo flooring—has also been increasing, laying a solid basis for the modernization of
bamboo timber processing. Detailed studies on the dynamics and demands of bamboo
shoots and timber markets have been conducted in all regions in Fujian, and foreign
investment and technology were introduced into the province to develop processing
enterprises. In 1998, the number of bamboo processing enterprises in Fujian reached 7 891,
of which 715 were specialized in bamboo shoot processing and the remaining in bamboo
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timber processing. The total output value in the same year reached 2 billion yuan, of which
65.91 million yuan was generated from exports. The main bamboo products are fresh shoot,
mattress, floor panel, bamboo plywood panel, paper, chopstick, incense stick core, knit
ware, handicraft, toothpick, furniture and dehydrated bamboo shoot.
Throughout the province, a great number of leading enterprises, specialized villages
and dedicated markets for bamboo shoots and timber processing have emerged. Currently,
there are 71 processing enterprises with a turnover above 2 million yuan and the total
output value from these amounts to 418 million yuan. There are 13 townships and 18
villages specialized in the processing of bamboo products, producing a total output valued
at 685 million yuan (34.3% of the total GDP of the province).
In Mingxi County, Japanese proprietorship has been introduced to produce bamboo
fast-food plates, and every year 3.60 million culms of bamboo are processed to a total
output value of 180 million yuan. The products are exported to Japan, but the supply is still
too low to cater to the market demand. As part of the modernization of bamboo timber
processing, the Forestry Development Committee of Jian’ou City constructed a bamboo
chipboard plant with an annual production capacity of 10 000 m3, and a composite board
plant for container flooring with an annual production capacity of 20 000 m3. Najing
County introduced forest investment in the integrated management of resources cultivation,
processing and marketing to foster the development of shoot processing based on
Dendrocalamus latiflorus. A canned fresh-water bamboo shoot factory with an annual
production capacity of 5 000 tons has been constructed. There are presently 12 sizable
enterprises producing 38 000 tons of bamboo shoot products yearly.
The demand for raw materials have also boosted the development growing D. latiflorus,
which has served to increase the annual per capita income among the country’s 30 000 poor
people by 550–650 yuan. Suchan, Liancheng and other regions utilized the existing
Pleioblastus amarus resources and attracted investments from Taiwan businesspeople to
engage in the production of canned P. amarus shoots. The product is now selling well in
Southeast Asia and in Guangdong Province. The processing of bamboo shoot products have
developed from the traditional boiled bamboo shoots and dried shoots to a series of
value-added bamboo foods such as preserved, soft-packaged and flavored bamboo shoots
and bamboo shoot chips.
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2.2 Main products from shoot-producing bamboo species
There are 12 main categories of bamboo products made from major shoot-producing
bamboo species such as Phyllostachys heterocycla var. pubescens, Dendrocalamus
latiflorus and Pleioblastus amarus.
(1) Rinsed bamboo shoots: This category includes cooked and canned bamboo shoots,
soft-packaged bamboo shoots and fresh bamboo shoots. Based on the source of the main
raw material (bamboo species), these products are classified into different categories. In
1998, there were a total of 388 shoots processing enterprises with a total output value of
293 million yuan, with exports accounting for 78.7% of the amount. The total output value
and export value of these enterprises account for 27.3% and 56.6%, respectively, of the
total values of bamboo shoot processing in the province.
(2) Bamboo mattresses: This category covers Mahjong mattresses, machine-knit
mattresses and bamboo strip mattresses of various specifications. In 1988, there were 1 068
processing enterprises, with a total turnover of 459 million yuan and accounting for 31.9%
of the total output value of the province. Shaxian County and Hua’an County had the most
number of processing enterprises.
(3) Bamboo floor panel: There were 17 processing enterprises of bamboo-based floor
panels in 1998, generating a turnover of 56.856 million yuan, including US$ 5.18 million
(approximately 42.87 million yuan) from exports or an export ratio of 75.4%. The
processing industries are mainly distributed in the cities of Nanping, Sanming, Qunazhou
and Longyan.
(4) Bamboo plywood: This type of product covers mainly laminated plywood, carriage
plywood, construction formwork, refurbishment plywood, chip board and composite boards.
In 1998, 11 plywood manufacturing enterprises were producing a revenue of 4.74 million
yuan.
(5) Bamboo paper: Paper made using bamboo pulp include handmade paper, paper
used in rituals and toilet paper. Bamboo papermaking enterprises, located mainly in
Longyan and Sanming cities, numbered 1 135 in 1998. Together, these enterprises had an
output value of 54.688 million yuan.
(6) Bamboo chopsticks: The main products in this category are disposable chopsticks,
cylindrical chopsticks and flower-engraved chopsticks. The number of processing
enterprises in 1998 totaled 193, with a total turnover of 71.099 million yuan. These
enterprises are mainly in Nanping and Putian Cities.

·90· Sustainable Development of the Bamboo and Rattan Sectors in Tropical China

(7) Bamboo core of incense sticks: The number of enterprises that were making incense
stick cores in 1998 was 294 and the total turnover was 114 million yuan, accounting for
7.9% of the gross turnover from bamboo timber and shoots processing activities. Quanzhou
City has the highest gross income from the production of incense stick cores.
(8) Bamboo knit ware: Bamboo knit ware production is a traditional labor-intensive
industry that employs the largest labor force. In 1998, there were 3 167 enterprises
producing knit ware worth 64.546 million yuan, with exports bringing in US$ 2.536 million
(approximately 20.9 million yuan). The number of enterprises engaged in this field makes
up 40.1% of all bamboo timber and shoot processing enterprises.
(9) Bamboo handicrafts: There were 401 handicrafts production centers in 1998,
registering a total output value of 112 million yuan. Hanwei Village of Bantou Township in
Xianyou County earns a gross income of 80 million yuan from bamboo handicrafts,
accounting for 71.4% of the province’s total income from bamboo handicrafts.
(10) Bamboo toothpicks and skewer: In 1998, the enterprises that produce bamboo
toothpicks numbered 32 and the total production value was 19.83 million yuan.
(11) Bamboo furniture: Stairways, chairs, tables, deck beds, bamboo utensils, bamboo
curtains, etc. come under this category. There are 9 bamboo furnituremaking firms in 1998
with a total turnover of 13.85 million yuan.
(12) Dried bamboo shoots: In 1998, there were 327 enterprises engaged in dried
bamboo shoots processing and their total output value was 16.1 million yuan.

2.3 Progress in bamboo and shoot processing
Bamboo timber and shoot processing as well as innovations are now geared towards
diversifying product base. Besides conventional bamboo products—such as dried shoots,
handmade paper, chopsticks and knit ware—products with high technical input—such as
plywood, floor panels, fast-food plates and mattresses—have also been developing rapidly.
A series of bamboo shoot products have been developed to meet different specifications and
diverse market demands—from the original 18-liter packing of fresh-water bamboo shoots
to cylindrical cans of bamboo shoots, soft-packaged bamboo shoot threads, chips, slices,
strips and bamboo shoot tips, as well as ready-to-eat bamboo shoots such as shoots with
pickled vegetable taste, hot-and-sour shoots and bamboo sauce. In addition to Phyllostachys
heterocycla var. pubescens, bamboo shoot products of other bamboo species—such as
Dendrocalamus latiflorus, Pleioblastus amarus and Phyllostachys nuda—have also
captured market share.
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Bamboo timber and shoot products are increasing their presence also in international
markets. The value of exported products has grown currently to US$ 65.91 million, with
38% of the products reaching export markets. In 1998, for example, bamboo timber and
shoot products have been exported to several countries, including Japan, the United States,
Russia, France, Spain, Singapore, Thailand, Indonesia, Korea and South Africa.
Simultaneously, domestic markets are also being developed. In Fujian province, four
general bamboo markets and two large-scale wholesale markets for bamboo shoot products
and bamboo mattresses have been established.
Along with improvements in external mechanisms, the internal management of the
enterprises is being strengthened, and recognition of branded products and awareness on
their benefits are being promoted. Wanmulin Green Food Development Corp. and Zhaowu
City Commerce and Trade Associated Canned Food Factory have obtained approval to use
the Green Food Certification logo. Shaxian County, relying on a group company, unified
and standardized packaging, pricing, labeling and marketing for all bamboo mattress
products. Two well-known brands—Qingzhu (Dark Green Bamboo) and Tianhe (Heavenly
River)—have been established. In 1998, when the market competition was high, both
production and marketing of bamboo products continued to flourish: 1.1 million bamboo
mattresses were produced and marketed, earning a turnover of 142 million yuan.
Bamboo timber and shoot producing enterprises have been expanding towards group
companies and large-scale development. In recent years, these enterprises have gradually
developed from dispersed and small-scale management to unified, professional, large-scale
and group industrialization. Consequently, the turnover from 17 processing enterprises
exceeded 5 million yuan in 1998. The number of villages specialized in bamboo timber and
shoot processing has continued to rise, and several group companies have been established.
For instance, in Shaxian County, Qingzhou, Mingfeng and Xiafeng industrial groups have
been founded for bamboo mattress production and marketing. The emerging group
companies and specialized villages have laid a solid foundation for the overall
industrialization of the bamboo sector in Fujian.

3 Cultivation of Sympodial Bamboo
3.1 An overview of sympodial bamboo resources
The new plantation of Dendrocalamopsis oldhami and Dendrocalamus latiflorus
established in Fujian Province stretches to nearly 30 000 ha. Lanping City formulated the
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“Nanping City Green Bamboo Project” under which large quantities of D. oldhami were
planted along the banks of the Minjiang River and its tributaries and wherever the site
condition is adaptable. The project has helped establish a green bamboo production base of
about 13 000 ha. The shoot yield of D. oldhami reached 60 000 tons, of which 18 000 tons
were processed, and the annual output value reached 120 million yuan.
Zhangzhou City has taken painstaking efforts to establish D. latiflorus plantations:
farmers are planting large quantities of the bamboo in the corners of their farmlands and
along riverbanks, while government officials are renting forest land for planting the same
species. Inventories show that most families of government officials have earned an annual
income not less than 50 000 yuan from planting of D. latiflorus, while the income of some
families has exceeded even 100 000 yuan.
Fu'an City of Ningde Prefecture has been actively establishing D. oldhami plantations
along riverbanks since the 1980s, and the planted area has currently reached 900 ha. Along
the banks of Saijiang River, a corridor of green bamboo has been established covering an
area of 800 ha. The annual production of bamboo shoots reached 4 000 tons and bamboo
timber 32 000 tons, bringing about a revenue of 30 million yuan.
The counties affiliated to Fuzhou Municipality have adopted extensive measures to
plant Phyllostachys heterocycla var. pubescens and D. latiflorus. This move not only met
the demands of the local farmers for bamboo timber and shoots for daily use, but also
created a green environment. Many farmer households have become wealthy from planting
P. heterocycla var. pubescens and D. oldhami. In recent years, large quantities of dried D.
latiflorus shoots were exported to Japan.

3.2 Sustainable cultivation and propagation
3.2.1 Propagation through branch cuttings
Select sites with fertile soil and good drainage—slightly acidic sandy loam soil with
underground water level below 1 m—as nursery for cutting propagation. Branch cuttings
should be placed in early spring or end of winter when the bamboo shoots start to awaken
from dormancy. Special attention should be paid to the five steps of the seedling
propagation techniques—selection of mother cuttings, selecting side branches, cutting and
layering, tending, and transplanting.
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3.2.2 Transplanting techniques
Select forestland with ample sunlight, thick and loose topsoil with good irrigation, and
humid conditions as the planting site. Before transplanting, site preparation should be
carried out as follows. Prepare the planting pits of size 50cm×50 cm or 70cm×70 cm and
45cm depth. Row spacing may be done at an average 5m×5 m for about 450-600 groves per
hectare. Where conditions allow, base fertilizer should be applied at the bottom of the
planting pit. February and March are, in general, the best seasons for transplanting, which
can be done using rhizome, culm or branch cutting transplants.

3.3 High-yield tending and management techniques
(1) Protection of young bamboo: Care should be taken not to shake the mother culms
(stems or seedlings) till the roots have struck and survival guaranteed. Damages from
human and livestock activities should be strictly prevented.
(2) Mid-term weeding: Every year during the rainy period (2nd solar term, middle of
February), loosen the canopy of the bamboo groves to allow ample sunlight to the young
plants and to raise soil temperature, and loosen soil to stimulate and facilitate the sprouting
of bamboo buds.
(3) Fertilizer application: Apply fertilizer 2-3 times yearly. The first fertilizer
application should be in April or one-and-half months after transplanting. Each grove can
receive 30-50 kg of manure fertilizer. The second and third fertilization applications should
be done during the shoot sprouting and full seasoning of the bamboo (from June to August).
Dig small trenches slightly away from the end of the root system. Apply each time 20-30
kg of manure fertilizer to each grove.
(4) Mulching: Before the middle of May, when the temperature has risen to 15-20°C,
mulch the bamboo shoots with 12-16 cm of damp soil.
(5) Prevention and control of bamboo pests and diseases: Pests and diseases detrimental
to Dendrocalamopsis oldhami and Dendrocalamus latiflorus include bamboo leaf-rolling
pyralids, bamboo shoot weevil (Cyrtotrachelus longimanus), bamboo aphids (Oregma
bamsisicola), bamboo cicadas and black mold. The prevention and control of these pests
and diseases must be closely integrated with the tending and management of bamboo stands
to enhance the resistance to pests and diseases, and finally to reduce the outbreaks of pests
and diseases.
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4

Recommendations for the Development of Bamboo

Indu-stry and Utilization of Bamboo Stands in Hainan and
Yunnan Provinces
4.1 Exploitation and utilization of bamboo timber and shoot
4.1.1 Bamboo timber products
Bamboo industry should be vigorously developed based on the present available
bamboo resources by establishing bamboo enterprises that take into account trans-regional,
sectional and economic mechanisms. The goals of these mega-enterprises should be
externally linked to global and domestic markets, and internally linked to farmer
households in the resources production bases. The industrial chain should be constantly
extended to form entities with common interests and benefits. A bamboo processing system
characterized by “establishing resources bases in the mountains, processing in the lowlands
and seeking market potentials beyond the mountains/regions” is needed to boost the overall
development of the bamboo industry.
The products that can be processed from bamboo timber include: paper pulp, plywood
(including mat plywood and woven plywood) cross-section board, parquet, composite
board, fiber board, chipboard, bamboo sheath plywood, glued board, veneer decoration
board, moldboard, mosaic board and ceiling boards. Further, bamboo timber can also be
used to make furniture and weavings. Integrated utilization of the timber may involve
bamboo sculpture, bamboo-cement moldboard, bamboo-plastic-cement moldboard,
bamboo activated carbon, livestock fodder, soft drinks, medicines, chemicals, as well as
special processing and uses of bamboo leaf, root balls, rhizomes and branches.

4.1.2 Bamboo shoot products
Owing to active research and development efforts in the bamboo shoots processing
industry, in particular the successes in canned fresh-water and flavored bamboo shoots,
today there is a growing population in the world that favor the use of bamboo shoots. In
China too, the sales volume of bamboo shoots has been steadily increasing. In Hanzhou
area, the price of Lei bamboo shoots is 1-6 times higher than that of pork during the
traditional Chinese Spring Festival. Bamboo shoots can be processed into canned flavored
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shoots, which increases the product value 3-8 times. Bamboo shoot products are now being
increasingly regarded domestically and internationally as an ideal vegetable with high
protein and nutrient contents, low fat content and abundant edible fiber. Bamboo shoot can
be processed into a number of value added products such as picked shoots, shoot sauce,
fresh sour bamboo shoots, fresh or dried sweet-and-sour bamboo shoots, salted and dried
bamboo shoots, dried tips of bamboo shoots, dried and flavored bamboo shoots, etc.

4.2 Management measures
4.2.1 High attention at the leadership levels and enhanced management
The development of bamboo industry as a dominant factor in rural economic
development needs to be based on a consensus among the leaders at various levels of
government. A Master Plan, which is adaptable to and adequate for the development of the
bamboo industry in each area, should be formulated to help the industry become a
dominant factor in rural economic development.
The management of the bamboo industry as a whole should be strengthened. In major
bamboo production regions, full-time and professional management institutions for the
industry should be set up to take charge of the organization, coordination, guidance and
supervision in providing technical assistance, and professional and management training to
ensure systematic production, following the rules and regulations that administer the
bamboo industry, and to expand marketing channels for bamboo products. Establishment of
the association of bamboo industry at various government levels will certainly play a
positive and constructive role in helping the industry to play a major role in local economic
development.

4.2.2 Implementation of the production responsibility mechanism
In order to fully motivate the people in bamboo-growing areas to work towards better
bamboo management and production, the implementation of the bamboo production and
management mechanism should be improved and perfected. A mechanism of “collective
ownership, long-term concession, clear mandates and tasks as well as adequate and
reasonable benefit sharing” should be extended as a contracted production responsibility
mechanism for bamboo stands. In this regard: ① The lease contracts for bamboo stands
should remain unchanged for 30 years; ② Adjustment in bamboo stand area should be
made in the case of households, which have contracted an area too large for effective
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operation and are facing strong complaints from others; ③ The legal rights and benefits of
the farmers must be guaranteed to mobilize their initiatives for bamboo cultivation; and ④
A management mechanism of open bidding for the land lease must be set up as an
experiment of establishing stock companies for managing bamboo stands and resources.

4.3 Increasing technical input
4.3.1 Establishment of pilot sites
Guidance with more technical and scientific input should be made available to the
farmers for achieving prosperity of bamboo industry. It is proposed that the forestry
department at the province level should establish its network for technical extension at the
county level, and some pilot sites/bases of high-yield bamboo species should be set up. The
success of these demonstration sites and bases will help encourage the farmers to mobilize
more technical inputs into the production of bamboo resources and products.

4.3.2 Strengthening training of practical techniques
It is advisable to organize long, medium and short-term training courses to provide
young farmers working in frontier areas, to facilitate the extension of production research
achievements.

4.3.3 Categorized management
Categorized management should be applied also to bamboo stands in various regions
and elevation zones to address climatic and ecological constraints, such as differences in
elevation and regional landscape, in order to maximize the benefit with minimal input and
investment. The principles of bamboo shoot protection and adequate logging should be
strictly observed. The scientific management adopted for bamboo stands must be adaptable
so that it can cater to the specific needs of the site and species; it is not advisable to rely on
one fixed model or set of experiences. The key to high bamboo yields lies in the
restructuring of bamboo stands composition. Maximum economic benefits can be achieved
with minimal input only when the principles of ecological economics are observed.
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4.4 Construction of the operational mechanism for bamboo
economics
Technological advancements have pushed forward bamboo utilization from traditional
to commercialized level. This situation calls for two measures to enhance the economic
vitality of the sector: ① efforts should be made to cultivate more resource; and ②
exploitation and utilization aspects should be explored to increase both the yield and output
value. This, however, necessitates financial and material inputs. Development funds should
be set up to ensure the funds derived from the bamboo industry and bamboo-based
activities are invested back for bamboo development. In addition to the existing fund for
silvicultural operations, a certain percentage of the revenue from bamboo timber and shoot
products should ploughed back for bamboo cultivation so that it can be used to maintain the
resources increase and consumption at a level adequate to the stands structure. All these
measures will contribute to the establishment and functioning of an efficient operational
mechanism for bamboo economics.
Fundraising from different channels is needed to increase the income of the bamboo
industry. Investment in the financial and forestry sectors at various levels of government
should involve development support funds. In the case of Fujian Province, about 20 million
yuan from forestry funds and more than 10 million yuan in interest-free loans are invested
each year, apart from 25 million yuan from World Bank loans, for the overall development
of the bamboo industry. A decision was made by the finance and forestry departments of
Fujian to support each county in the province to establish high-yield bamboo pilot bases of
34-67 ha. During the establishment these pilot sites, 16 million yuan was invested in
Jianyang, Zhenghe, Shuichan and Wuyishan Counties within just two years.
Starting from 1996, Fuzhou Municipal Government is investing 1 million yuan every
year specifically to support the development of bamboo industry. An effective rewarding
mechanism has been set up in various regions to encourage bamboo farmers to raise funds
to invest in bamboo-growing mountainous areas. For example, Shaxian County has made
an appropriation of 300 000 yuan to set up an awards fund. At the end of each year, the
households that are best and most capable in bamboo growing will be selected and will be
allowed to make international study tours free of charge. Those villages and townships that
have accomplished the production tasks will be awarded 30 000 to 50 000 yuan each.
In recent years, some government sectors and enterprises have also started raising funds
to establish joint bamboo resource bases or start concession management of bamboo areas

·98· Sustainable Development of the Bamboo and Rattan Sectors in Tropical China

to engage in the bamboo industry. For instance, the government sectors and the enterprises
have together invested more than 10 million yuan and established about 10 000 ha of
bamboo stands. A multidirectional and multiform investment strategy is being formulated
for bamboo development.

4.5 Management of ecological bamboo stands
4.5.1 Sound management
The bamboo cultivation must take into account the stability of the stands in terms of
ecology and biodiversity. The area of bamboo stands have more than doubled since the
liberation (1949); yet the standing bamboo culms have not yet increased even by one fold,
while the diameter at breast height (DBH) and stem height have decreased and the
productivity of the stands is going down. Earlier, although the management capability and
skill were rather low, the production capacity of the bamboo stands remained high as they
were largely mixed stands of bamboo and trees with adaptable climatic environment.
However, from the 1970s this type of stable and harmonious ecological systems has
suffered disturbances and damages to various extents, owing to excessive logging of
broad-leaf tree resources and rapid expansion of bamboo stands. The thoughtless extension
of bamboo monoculture and low density and coarse stand management by farmers have
caused most bamboo stands to become extensively degraded or fall in productivity with
“small, old, dwarf, yellowish and scattered stands”. When addressing attention to scientific
bamboo cultivation, the causes of low productivity of bamboo stands and their
characteristics must be taken into account to adopt corrective measures for stands
improvement and advocate ecological bamboo cultivation.

4.5.2 Inter-cropping of bamboo and agricultural crops
Because of the low planting intensity of pure bamboo stands in the early years after the
establishment, many stands remain exposed and barren with dry, hardened soil and
flourishing weeds. In such cases, it is advisable that agricultural crops (such as soybean,
peanut, melon and other fruits as well as some medicinal plants) be inter-cropped with
bamboo. Alley cropping in forest is one of the most typical approaches of ecological
cultivation, and can be achieved in a number of ways. In the low-value secondary forests,
the forest openings and clearings can be chosen to carry out site preparation in blocks. Up
to three seedlings may be planted in one grove and the tending areas can be gradually
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increased year by year to make the bamboo groves extend to the surrounding areas. After
thinning and selective cutting, about 1 000 culms per hectare should be kept (for ensuring
large DBH timber). Under the stands, 15-20 bamboo seedlings may be planted in bands
along the contours. Compared with the reforestation using pure bamboo stands in
clear-felled areas, this measure can significantly shorten the harvest time. Inter-cropping
bamboo under forests can attain the canopy closure in 3-5 years compared with
reforestation in barren lands. In many types of forests, intercropping of medicinal plants
and under-forest grazing can also be practiced.

4.5.3 Ecological environment protection
Studies show that in 1 m3 of soil, rhizome and roots of bamboo take up 38%-46%, with
a soil fixing capability that is 1.5 times that of Masson pine (Pinus massoniana). The
retention capacity of rainfall is 1.3 times of spruce and water conservation capacity is
30%-45% higher than that of spruce. The integrated water conservation capability is higher
than both spruce and pine. In watersheds and protected forests—in particular, the
shelterbelt forest system along the great rivers (the upper and mid-reaches of the Yangtze
River and Pearl River) and the watersheds of large and small reservoirs—adequate bamboo
forests should be established. It is better to establish mixed stands of bamboo and trees, as
its protection function is much more effective than that of pure stands. A one-time planting
of bamboo can produce profits from annual harvests for several years, and felling of
bamboo does not create forest openings, which is quite favorable for sustaining ecology. In
short, bamboo should become one of the main components in the protection of forests to
give full expression to its multiple functions and uses.

The Current Status and Development
Trend of Bamboo Processing in
China
Tang Yongyu
(China National Bamboo Research Center)

amboo processing and utilization is an important part of efficient and sustainable
exploration of forest resources in China. Since the country’s opening to the outside
world, significant achievements have been made in the industrial exploration of bamboo
resources.
Bamboo processing industry can be defined as the processing of bamboo timber or
bamboo-based materials through mechanical or chemical treatments into products needed
for the development of national economy and the daily lives of people. Bamboo—with
features such as fast growth, high yield and multiple uses—is highly renewable and has
useful economic, social and ecological functions.
Bamboo timber is characterized by its high toughness and hardness and is ideal for
structural engineering purposes. Since the 1970s, China has made great progress in the
industrial exploitation of bamboo timber and many advanced art items, technologies and
products have been developed. These, which increased the value of the bamboo, have in
turn served to further promote the industrial exploitation and utilization of bamboo
resources of the country. Up to the present, the focus of bamboo processing has mainly
been on artificial boards, articles for daily use, arts and handicrafts, and chemical products.

B

1 Bamboo Boards
Bamboo boards are boards developed from bamboo-based materials through a series of
mechanical and chemical processes (including the application of adhesives) and pressed at
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certain temperature and pressure. They have excellent rigidity and negligible contraction,
and their structure and size can be easily adjusted to suit any engineering need.
Woven plywood, plywood, particleboard, strip boards, and composite boards of
bamboo and tree timber have been successfully developed in China, but the products with
wide application and economic efficiency are shaping boards and floor boards.

1.1 Bamboo shuttering board
Bamboo shuttering board is a high-strength material used in construction. It is
processed using the following steps: The bamboo material, usually Phyllostachys
heterocycla var. pubescens, is mechanically processed into strips of varying thickness; The
strips are stringed together into mats, which are then immersed, dried and made into rough
board of a certain thickness; The mats are then hot-pressed into shuttering board.
To raise the surface quality, improve the chemical and physical properties, and
facilitate preparation for engineering applications, the surfaces of the board are overlaid
with a layer of Kraft paper treated in synthetic resin. The adhesion between the treated
paper and the bamboo mats is realized by one-time hot pressing or two-time surfacing. This
new product has a large size, low contractibility, and good resistance to abrasion and
corrosion. Major indices of the physical and mechanical properties of the bamboo-based
shuttering board—such as bending strength, modulus of elasticity and moisture
resistance—are all greater than those of plywood made from tree timber (table 1).
Table 1 Major Physical and Mechanical Characteristics of Bamboo Shuttering Board
Indicators
Absolute moisture
Bending strength

Modulus of elasticity

Dry

Longitudinal
Horizontal

Wet

Longitudinal
Horizontal

Dry

Longitudinal
Horizontal
Longitudinal
Horizontal

Wet
Water absorption
Thickness swelling
Surface abrasion(Abrasion value)
Surface cracking

Unit
%

Value
5-14

MPa

≥80
≥55
≥65
≥45

MPa

≥6.5×103
≥4.5×103
≥5.0×103
≥3.5×103

%
mg/100 t
-

≤5
≤80
class 0-1
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With the increasing popularity of instant concrete pouring techniques (no prefabrication
needed) in construction, shaping (formwork) engineering is attracting increasing attention and
wider application. In the construction process using instant concrete pouring techniques,
shuttering boards are the main component that shapes the concrete. The cost of shuttering
boards usually accounts for one-third the cost of the total concrete structure and formwork
claims more than half the total concrete construction time. The quality of board used has a
direct impact on construction quality. The use of bamboo in the boards used for formwork has
opened a new area for the industrial utilization of bamboo resources, and has also promoted
the progress of shuttering board processing techniques. The smooth surfaces of the bamboo
shuttering boards allow easy drawing of patterns and render the concrete surfaces smooth.
The board has a long service life and can be used repeatedly, which often results in low costs
and increased construction efficiency. Years of application indicate that shuttering boards
made from bamboo are quite suitable for concrete construction.

1.2 Floorboard
Bamboo floorboards are decorative flooring materials which are manufactured through
more than 20 processing steps such as cutting, splitting, preliminary planing, chemical
treatment, drying, fine planing, sorting, glue spreading, forming, binding and pressing.
Based on the surface structure, bamboo floorboards are classified as tangential boards or
radial boards. Bamboo floorboards are known for their strength, hardness, abrasion
resistance, luster, appearance and structure. Besides their durability and aesthetic appeal,
these boards are also environment-friendly. For these reasons, bamboo floorboards are
expected have high marketability. table 2 gives their salient properties.
Table 2 Physical and Chemical Properties of Bamboo-based Floorboards
Indicators

Value
8.0%-13.0 %

Moisture content
Bending strength

Thickness ≤15mm
Thickness >15mm

Peeling after impregnation

Peeling length
layer≤25mm
≥0.90 MPa

Adhesive strength

≥50.0 MPa

Hardness
Abrasion resistance of
surface paint

≥98.0 MPa
≥90.0 MPa

Abrasion rotations
Surface observation
Abrasion value

400 r
50% paint remains
≤0.08
9/100r

of

any
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(continue)
Indicators
Pollution resistance of

Value
No pollution

surface paint
Adhesion of surface paint
Luster of the surface paint

No peeling off at scraping
Highlight
Low-light
Dull

Formaldehyde release

≥85 %
80%-40 %
10%-30 %
≤30 mg/100 g

Bamboo floorboards are divided into natural color board and carbonized board
depending on the treatment of the bamboo strips. Natural color board takes on the natural
luster of bamboo, while the color of the carbonized floorboard, which is treated under high
temperature and pressure, is darker and more uniform.
China has accelerated its efforts in the protection of natural forests, resulting in a
substantial reduction in timber harvest in ecologically important areas. Consequently, there
will be an acute shortage of raw materials for wood-based floorboards, and this has created
opportunities for the development of bamboo-based floorboards, which is rapidly claiming
greater market share.

1.3 Laminated boards
Laminated bamboo board is processed using the following steps: Dried bamboo chips
are directly impregnated with adhesive and dried at a low temperature to specific moisture
content; The chips are then formed into mats of predetermined width and thickness; The
mats are hot-pressed into boards.
Laminated bamboo board has a high utilization rate of raw materials: bamboo strips of
2 mm thickness and 10-12 mm width with varied lengths. The process and equipment
involved are simple. The major disadvantage with laminated board is that its manufacture
requires a high consumption of glue and requires a high pressure. This type of board is
mainly used as the floor of trucks and train cars.

1.4 Bamboo-based composite boards
Although bamboo boards are highly recommended for their strength, hardness and
beautiful grains, the scope of their use is also limited by the small diameter and hollow
structure of bamboo. Composite boards with bamboo as the major material would offer a
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way out, if processing could be tailored in such a way that the final product—composite
board—retains the desirable qualities of all the components. One such example is the
bamboo-wood board— a composite of bamboo and Masson pine (Pinus
massoniana)—used widely as matting material in containers. Bamboo is used as the surface
material for its mechanical strength and resistance to abrasion, while the rotary-peeled
veneers of pine are used as the core layer. This type of composite board, processed using
hot pressing with phenol resin as the adhesive, is strong and rigid with good processing
accuracy and beautiful appearance. The structure of composite boards varies greatly with
the components. The properties of these boards are dictated by the properties of the
component materials, the interface between these materials, the processing steps, as well as
the board structure. The combining of bamboo and other materials to make composite
boards can improve product properties, increase the utilization rate of raw materials,
facilitate processing and reduce production cost. For this reason, studies and development
of bamboo-based composites are attracting increasing attention.
The development of bamboo-based boards has not only made possible the large-scale
industrial uses of bamboo timber but also eased the conflict between the higher demand and
lower supply of tree timber. The progress in technology will surely promote the
development of new and more competitive products in the near future.

2 Articles of Daily Use
History of human utilization of bamboo extends to several thousands of years, and the
utilization of bamboo for making articles of daily use has one of the longest histories and is
still being developed in considerable scale. In Chinese characters, the names of many of the
articles of everyday use have bamboo as their radical. Currently, industrially produced
bamboo articles include, among others, sleeping mats, sticks, chopsticks and furniture.

2.1 Sleeping mats
Sleeping mats of woven split bamboo are one of the major bamboo articles in China,
and are produced in all the southern provinces. Yiyang of Hunan Province and Shucheng of
Anhui Province are the earliest in this business. The Shuizhu sleeping mats made in Yiyang
and the Shu sleeping mats produced in Shucheng are the best of their kind. Both types are
made from Shuizhu bamboo (Phyllostachys congesta), which is known for is cool and soft
texture, flat nodes, uniform color and luster, and fine fibers. Owing to its softness,
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smoothness and cooling effect, Shuizhu sleeping mat has been widely used since the Ming
Dynasty (1368-1644). The mats are woven so finely that 16 or even 32 rows of bamboo
strips are arranged, sometimes with beautiful designs, within 3 cm of length. The fineness
in their crafting and the smoothness and elegance of their appearance have raised these
mats to the level of art. While these products were always popular among the consumers,
they were difficult items to be produced industrially. However, with the recent
advancements in technology, industrial-scale mechanized production of sleeping mats have
started.
The technological process employed for the mechanized of sleeping mats can be
summarized as follows: Bamboo harvesting → cutting into sections → splitting removal of
nodes → forming of strips → bleaching → drying → polishing → weaving → heating and
pressing → cutting into specified size → edging → checking → storage.
There are two types of bamboo strips, green strips and yellow strips (strips with the
green outer skin removed), used for making sleeping mats and the ones made of green
strips are of better quality. The machine-made mat can be cut to different sizes for used as
sleeping mats, pillow mats, cushion mats, etc., which gives the product a good
marketability. This type of products has seen rapid development in South China, and
several hundreds of manufacturers are at present engaged in this business.
Another product is the tailored mat made of bamboo blocks, each block measuring
40mm×18mm×7 mm in size. The mats are also called Mahjiang mats because of their
shape. The technological process is as follows: Bamboo harvesting → cutting into sections
→ splitting preliminary planing → cutting into blocks → drilling holes → polishing →
bleaching → drying fine → polishing → stringing → quality check → packing → storage.
The threads used to string the blocks into mats are nylon lines with a diameter larger
than 0.6 mm and the pulling force is greater than 60 N. The side linings are of PVC resin
strips with the pulling force on a strip being not less than 80 N. The Mahjiang mat, with
various specifications, can be produced with simple equipment on an adjustable scale,
which has made it possible to establish mat-producing factories in the economically
backward mountainous areas.

2.2 Chopsticks
As an important part of the culinary culture of the eastern countries, chopsticks possess
great market potential and are being produced with various specifications. In terms of
structure, chopsticks are divided into singles and doubles (two chopsticks jointed at the top).
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The singles are further divided into round chopsticks and square ones according to the
shape of the holding end. The doubles are subdivided into Yuanlu, Tianxue and Lijiu
chopsticks.

2.3 Sticks
Toothpicks, barbecue sticks and weaving sticks are also bamboo articles of daily use.
Because of the similarity in their shape—all are thin and have one or two tapering
ends—they are processed using similar technology. A simplified of the process is: Bamboo
→ bisecting → splitting → making strips → making sticks → forming → drying →
polishing → quality check → packing storage.
Sticks of different thickness and length are obtained by using appropriate cutting tools.
For example, in processing toothpicks, the strips are made into sticks of 1.8 mm diameter
and are then cut into 65 mm-long sections, which will undergo several further tapering and
polishing treatments. Barbecue sticks (skewers and brochettes) are processed in the same
manner, but are thicker (usually 2.5 mm) and longer (170 to 250 mm).

2.4 Furniture
Bamboo furniture is light and cheap and has been in wide use in the southern provinces
of China for thousands of years. Bamboos traditionally employed in furniture making
include Phyllostachys heterocycla var. pubescens, P. viridis, P. congesta, Pseudosasa
amabilis and some species of Bambusa because of their tough timber. Furniture making
involves several steps such as node smoothening, scorching, bending, steaming, drilling,
grooving and assembling. Bamboo is used to make many traditional furniture items such as
tables, chairs, beds, cupboards, tea tables, many of which are now in demand for use in
places such as hotels and restaurants. Bamboo is also used by many for interior decoration
to add a touch of naturalness and elegance. With the progress in processing technologies,
bamboos are now being made into linear or curved furniture parts, making it possible for
produce strong and durable modern furniture items.
There are a host of other bamboo articles that are very closely related to the everyday
life of Chinese people, and many more will be developed as the living standards rise. This,
hence, is another promising direction for the bamboo processing industry.
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3 Handicrafts
Bamboo handicrafts form a specialty of Chinese artistry that represents the essence of
ancient eastern culture. The innovations applied to this traditional craft that embodies the
cultural nuances passed down the generations have made bamboo handicrafts even more
colorful and attractive today.

3.1 Weavings
As a traditional art, bamboo weaving in China has a long history. The exquisite
artisanship developed over time has been sustained and improved upon from generation to
generation. The variety in bamboo handicrafts has extended from the traditional baskets,
plates, jugs and boxes to screens, animal and human figures, furniture and decorative
articles. Besides preserving the best of artistic traditions, bamboo handicrafts also earn a
significant amount of foreign exchange.
Among the handicrafts produced in China, those made in Zhejiang Province,
particularly in Chenzhou City, are reputed to be the best for their delicate weaving
techniques, beauty and variety. The more than 6 000 varieties of bamboo handicrafts
produced in Chenzhou are sold in over 80 countries and regions. Other major producers of
bamboo handicrafts in Zhejiang Province are the counties and cities such as Dongyang,
Xinchang, Pujiang, Leqing and Wuyi.
Bamboo handicrafts made in Fujian Province are known for their skillful combination
of elements of primitive simplicity and artistic elegance and of solemnity and gaiety. Major
producing areas include Quanzhou, Putian, Zhangzhou and Minhou.
Sichuan Province and Chongqing Municipality are another two major producers of
Chinese bamboo handicrafts. Handicrafts made in these regions are known for their
extremely delicate weaving, major counties or cities involved being Chengdu, Zigong,
Liangpin Qingshen and Kaixian.
Bamboo handicrafts made in Yunnan are simple but unique with distinct ethnic
characteristics and regional flavor. Typical examples include the bamboo houses of the
Dais, the bamboo baskets of the Zhuangs and the backpack-baskets of the Yis.
In addition to the aforesaid regions, Guangdong, Hunan, Anhui, Jiangxi, Hubei and
Guangxi Autonomous region also have long history in producing bamboo handicrafts of
their own styles.
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3.2 Carvings
People frequently bring their artistic talents into display by engraving on bamboo tubes,
strips or rhizomes representations of mountains, rivers, pavilions, platforms, houses, kiosks,
humans, flowers and birds. Such bamboo carvings form a distinct art of China. Exquisite
designs are carved by combining the natural forms of rhizomes and nodes with the
creativity of the artists. Examples of such work of this include the rhizome carvings of
Xiangshan, Zhejiang Province, and the bamboo carvings of Hendong, Hunan Province.
Other types of popular bamboo handicrafts include clothes and fans. All these products
are welcomed by the consumers for their novel designs, delicate processing techniques, and
substantial folk and regional characteristics. Prompted by the current bias to “return to the
nature”, bamboo handicrafts are expected to find a wider market.

4 Chemical Products
Development of chemical products from bamboo forms an important part in the
sustainable and efficient utilization of bamboo resources in China. From the chemistry
point of view, the chemical products from bamboo can be divided into two types: those that
utilize the cellulose, hemicellulose and lignin of bamboo (such as pulp, paper and activated
carbon) and those processed from the bamboo extracts (such as trace elements, phenolic
acid, flavone and polysaccharose (polysaccharide).

4.1 Pulp and paper
Records show that the Chinese began to use bamboo for papermaking as early as the
Jin Dynasty period (265-420 AD). Bamboo has high (40%-60%) fiber content, and the
fibers are usually 1.5-2.0 mm long (the longest being 5 mm) and 15-18 µm wide. Bamboo
fibers have the thickest walls among all non-wood papermaking raw materials. For example,
the average thickness of fibers of Phyllostachys heterocycla var. pubescens is 6.6 mm.
Bamboo also has a high semi-cellulose content, which contributes to various desirable
characteristics of bamboo paper, such as fine texture, good water resistance, ability to
absorb ink well and absence of fluff. Owing to these features, bamboo paper can be used
for offset printing as well as writing. Bamboo pulp is often used to make transparent papers
such as tracing paper because the fibers of bamboo pulp do not break easily in the process
of mixing and can be made into highly hydrated thick pulp.
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Paper and pulp making industry has been the mainstay of forestry economics and play
an important part in the national economy in many countries. As the third largest pulp
maker, China produces 20 million tons of paper pulp annually. However, owing to limited
forest resources, the country has to import large quantities of pulp and paper products every
year. The annual per capita consumption of paper and paperboards is 18-20, compared with
40 kg world average and 200 kg in developed countries. According to the predictions made
by the General Union of Chinese Light Industry, the annual output of paper and
paperboards in China will reach 40 million tons in 2010, which means that the
corresponding need of pulp will be 34 million tons. Developing bamboo pulp and paper
will be an effective solution to the conflict between the increasing demand for paper
products and the dwindling supplies of raw materials.

4.2 Activated carbon
Bamboo carbon is a fairly recent product. As bamboos possess a micro-porous structure,
the carbon formed by them is highly absorptive and the activated bamboo carbon has an
even greater absorption capacity. Tests indicate that the activated bamboo carbon has an
iodine absorption value of 1 160 mg/g and the decolorizing capacity for methylene blue is
as high as 250 mg/g. Because of these properties, activated bamboo carbon is widely used
in food, pharmaceutical, chemical, defense and metallurgical industries. Activated bamboo
carbon can absorb pigments and foreign substances from solutions as well as from gases
and vapor mixed in the air. It can also be used as a catalyst or catalyst carrier, or directly
applied in medicinal uses. Special efforts need to be made in the application of activated
bamboo carbon in hitechnology areas.

4.3 Bamboo extracts and their utilization
In recent years, studies on the effective constituents of bamboo leaves and their
functions have been drawing the attention of scientists working in the fields of food,
nutrition and medicine. Research indicates that the flavone, phenolic acid, polysaccharose
(polysaccharide), amino acids and trace elements in bamboo have anti-oxidation, anti-aging,
anti-bacterial and anti-viral functions.
Bamboo leaves are used in Chinese medicine and foods since ancient times, and have
been recently listed for use in both foods and medicine by the Ministry of Public Health.
Thanks to the progress in science and technology, especially the development of techniques
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such as spectroscopic analysis, our understanding of the natural compounds in bamboo has
widened. Global problems such as the pollution of air and water resources, the aging of
population and the increasing prevalence of old-age diseases have aroused unprecedented
interest in nutrition and health. With the increasing need for “returning to the nature”, there
is an increasing preference for products processed or extracted from plants. With their fast
growth, wide application and high renewability, bamboo resources are expecting great
development prospects in the 21st century. To promote the healthy development of bamboo
industry, efforts must be made to strengthen research and technological innovations tuned
to the changes in domestic and international markets. At the same time, the construction of
bamboo resource bases must be addressed so as to guarantee a continuous supply of quality
raw materials before bamboo industry can be developed in a sustainable way.

The Bamboo-based Board Industry
in China
Zhang Qisheng
(Nanjing Forestry University, Nanjing, P.R. of China)

1 Introduction
China is one among the many countries facing shortage of timber resource: be it in
terms of the total available quantity or the average per capita, timber resource in China is
far lower than that in countries such as the United States, Canada, Russia, Indonesia and
Brazil. However, China has an abundance of bamboo species, and ranks first in the world
in terms of both the area and the production volume.
Owing to the differences in its structure and physical properties, the industrialized
utilization of bamboo timber is far more difficult than that of wood timber. This is one
reason why bamboo timber has not been as extensively used as wood timber in the past.
The rapid economic development in China that has resulted from the economic reforms and
open door policies adopted 20 years ago has made high demands on timber. Efforts to
resolve the contradiction between the high demand and low supply have opened up
opportunities for the development of bamboo-based artificial board industry built on the
richness of the country’s bamboo resource and the cost-effectiveness of bamboo timber.
Technical advancements have overcome bamboo-specific problems—such as small
diameter, uneven strength, tendency to split and irregularities—to produce boards, with
properties similar to timber boards. High-strength bamboo boards, which are free from
warping and distortion, are now being produced in a wide array of sizes and thickness for a
variety of applications—such as carriage flooring and concrete formwork—in which they
have bettered timber or timber-based boards in terms of strength and durability. The
bamboo-based board industry in China has developed from zero to a considerable scale
within about 20 years. Presently there are several hundreds of processing plants throughout
the country with production capacity running into several million cubic meters.
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2 Bamboo-based Board Products
There are numerous categories of bamboo-based boards, but only a few dozens of them
are in common use. The following section introduces these main product categories, which
are classified according to their processing technology and uses.

2.1 Classification by processing technology
2.1.1 Stripping
In this technique, the entire thickness of the bamboo wall is used to produce rather
thick and flat bamboo strips, which will then be processed into plywood with three or more
layers. There are two processing techniques used in bamboo stripping: flattening and
planing. Some products produced using these techniques are discussed below.
(1) Bamboo strip plywood (flattening). Soften bamboo culm strips at an adequately
high temperature and flatten them to form wide bamboo strips of 60-120 cm length. These
are then assembled and a thermal setting adhesive is used to produce the bamboo strip
plywood. The flowchart for the initial processes is as follows: Bamboo culms → cutting
into sections → external node removal → splitting into strips → internal node removal →
softening → flattening → planing to fixed thickness → drying → edge milling. The
bamboo strips are assembled in longitudinal and transversal directions and reinforced with
a thermal adhesive (phenolic adhesive). The rest of the production process follows the steps
employed for wood-based plywood. This product can be used as floor panels in freight
lorries and passenger buses. It has become a favored material for engineering structures
because of the large sizes possible, high strength, minimal distortion, stable specifications
and good performance. As the bamboo strips thick, bamboo strip plywood is mostly
produced in three or five layers, using small quantities of adhesives (about 40 kg/m3). The
density is between 0.8-0.85 g/cm3, nearly equivalent to that of broad-leaf tree timber, and
the longitudinal modulus of rupture (MOR) is ≥90 MPa and the transversal MOR is ≥40
MPa. Bamboo strip plywood was used as carriage flooring panels in Nanjing Automobile
Manufacturing Plant, No. 1 and No. 2 Automobile Manufacturing Plants, as well as in
dozens of passenger bus manufacturing plants in China. The results achieved were
satisfactory. Presently there are more than 20 bamboo strip plywood enterprises in China,
located mainly in Jiangxi, Fujian, Zhejiang, Anhui, Hunan, Hubei, Jiangsu and Sichuan
Provinces. The annual production capacity is about 30 000 m3.
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(2) Bamboo strip plywood for paneling (planing). Although soft flattening at high
temperature has the advantages of being a simple technique and allowing high utilization
ratio of bamboo timber, it also creates defects during the flattening process. As these
defects are often visible, they create a negative impression regarding quality. The process
therefore is not suitable for high-quality panel products. Planing of the strips provides a
solution to this. The bamboo strips are fixed in the same axis and cut with two blades to
laths of even length. These are then planed on all four sides to get smooth laths of fixed
width and free from surface defects. These laths are then processed further into plywood.
Although the production efficiency and utilization ratio of bamboo timber is low in this
process, the plywood processed this way has a beautiful exterior, distinct wood texture and
sheen, making it suitable for use in furniture and high-quality panels. The main steps in the
process are as follows: bamboo culms → cutting into sections → splitting into strips →
coarse planing → steaming & boiling → drying → fine planing → adhesive application.
After the application of adhesive, the bamboo laths can be assembled and hot-pressed in
one side or, following the process for wood-based plywood, both sides to produce bamboo
plywood for paneling purpose.
(3) Bamboo floor panel (planing). Floor panels use thick bamboo strips, assembled in
one direction. After applying adhesive, the assembly is hot-pressed from both sides. The
process outline is: bamboo culms → cutting into section → splitting into strips → coarse
planing → steaming & boiling (treatment against borer attack, longitudinal splitting and
color fading) → drying → fine planing → adhesive application → assembling →
hot-pressing → lumbering → cross cutting (trimming) → four-side planing (including
fluting/grooving) → polishing → painting/finishing → grading → packaging → storage.
Bamboo floor panel is one of the products that have been developed in recent years, and its
technical requirements have to be very strictly complied with. The exterior of the products
must be smooth, with a good texture, sheen and color. This implies a high degree of
difficulty in processing and high requirement for bamboo timber (fresh bamboo timber
from species with large dbh). The timber utilization ratio of this product is rather low
(15%-20%), whereas the prices are rather high with a large margin of added value.
Presently, there are more than 100 floor panel factories in the bamboo production areas
throughout China with a total production volume of above 10 million m3.

2.1.2 Slivering
This method makes use of a special property of bamboo—that it is easily slit along the
direction of the fibers—to slit it into several layers of even thickness. These layers are thin
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bamboo slivers with rather small uniform width. The main products from these bamboo
slivers include:
(1) Bamboo mat board. Split bamboo culms are slit into slivers of 1-2 mm thickness.
The slivers are then woven into mats. An adhesive is applied after drying and 2-5 mats are
hot-pressed together to make a board. Most mat boards are thin boards. Ordinary bamboo
mat boards are mostly processed from rather thick and wide coarse bamboo mats. Thin
bamboo mat boards are used mainly as packaging material or for ceilings of railway vans,
while thick boards can be used as structure material for applications such as concrete
formwork and carriage flooring. The slitting and mat weaving in the production of bamboo
mat board can be decentralized as household industry in rural areas as no complex
machinery is necessary for the work. Small diameter culms of many bamboo species can be
utilized: in other words, the sources of raw material are rather many and diverse.
Production of bamboo mat board is most appropriate in areas that are economically
underdeveloped, and where bamboo species available are mostly of small diameter culm
types (such as Neosinocalamus affinis). There are quite a number of bamboo mat board
factories in Sichuan, Hubei and Zhejiang Provinces, particularly in Sichuan. The total
annual production is 20 000 to 30 000 m3.
(2) Bamboo laminated plywood (sliver laminated board). The process for this product
also involves slitting bamboo strips into slivers. There is no weaving involves, instead the
adhesive is directly applied onto dried slivers. Once the slivers are dried to a certain
moisture content, they are assembled and hot-pressed. Most of the slivers are assembled in
parallel arrays and phenolic resins are used as the adhesive. The products are mainly thick
boards for use as structural timber/material. All bamboo slivers used in bamboo laminated
plywood must be dipped in glue. During the hot-pressing stage, the pressure requirement is
high; the density of the products can therefore be above 1.0 g/cm3. As the slivers are
oriented transversally, the longitudinal MOR is equal or greater than 100 MPa, whereas the
MOR in the transverse direction is rather low.
Presently, laminated plywood is mainly used as floorboards of trucks, and as
floorboards and cowl plate in railway vans. The processing of bamboo slivers needed for
the laminated plywood is distributed among farmer households as a sideline cottage
industry. There are no specific requirements in terms of the diameter of the culms used.
Presently, there are several dozens of bamboo laminated plywood factories in Zhejiang,
Jiangxi, Sichuang, Hunan and Hubei Provinces, with an annual production capacity of
20 000 to 30 000 tons.
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(3) Bamboo curtain board. As a means to simplify the process of weaving, bamboo
slivers can be placed in parallel arrays and knitted into a curtain with strings. The sliver
curtains are then dried, adhesives applied—by either spreading or dipping—and
hot-pressed to get the strong and tough bamboo curtain board. When the sliver curtains are
finely knit and the product given a surface finish, the bamboo curtain board takes on a good
appearance. Depending on the requirements of specific uses, the thickness of bamboo
slivers can be increased or decreased, and the knitting pattern can vary. Thus the bamboo
curtain board can be produced to cater to different applications.
(4) Bamboo mat-and-curtain board. This type of board uses bamboo mats (spread with
glue) as the face and back layers and multi-layer bamboo curtain (also applied with glue) as
the core. These layers are assembled perpendicular to each other and hot-pressed. If
required, a face layer of melamine-impregnated paper can be overlaid to the bamboo mat
surface to get a plastic finish. Bamboo mat-and-curtain board is mainly used for concrete
formwork in construction. The production of bamboo mats and curtains can be a
home-based industry involving farmer households, as only simple tools are needed. There
are already several dozens of such factories, distributed mainly in Hunan, Hubei, Jiangxi,
Zhejiang and Jiangsu Provinces. Bamboo mat-and-curtain board, also called glued bamboo
moldboard, is the dominant product used for concrete formwork in China. The total annual
production is reported at about 300 000 m3.

2.1.3 Use of bamboo wastes
(1) Bamboo particleboard. To raise the utilization rate of bamboo timber, the
production principles of timber particleboards may be employed. Raw materials—such as
small-diameter bamboos, commercially unimportant bamboo species, culm sheaths of
Phyllostachys heterocycla var. pubescens and the residues from the processing of bamboo
products—are subjected to size reduction (roll-pressing, cutting and milling) and then dried.
The dried material is sprayed with adhesive and formed into mats. Pre-pressing,
hot-pressing and trimming completes particleboard production. Bamboo particleboards that
use phenolic adhesives possess high strength and MOR, and have minimal water absorption
and thickness swelling. As small culms, otherwise unused bamboo species and wastes from
bamboo logging and processing are utilized as the raw materials for the particleboard, the
raw material sources are extensive and the timber utilization ratio is very high. The
processing and production techniques for bamboo particleboard are similar to those of
wood particleboards. In most cases, 1 m3 of bamboo particleboard can be produced from
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1.3 tons of raw materials. These features make bamboo particleboard a product that could
be used to minimize wastage as well as increase the economic efficiency of enterprises
specialized in the production of bamboo products.
(2) Reinforced bamboo particleboard. If required, bamboo curtain or mat can be used as
reinforcements to produce particleboards to improve its physical properties so that they
meet specific end-use requirements. This enlarges the utilization prospects of bamboo
particleboards considerably.
(3) Laminated bamboo particleboard. To increase the surface polish and sheen of
bamboo particleboards and to further reduce the water absorption rate, a layer of Kraft
paper impregnated with melamine or phenolic adhesive can be overlaid on both surfaces to
laminate the product.

2.1.4 Compositing
China is the topmost bamboo-producing country and its annual bamboo yield is
equivalent to that of 6.5 million m3 of wood timber. In absolute terms, however, this figure
is still rather limited, as it forms just 6%-10% of the annual wood timber consumption in
China. The increasing industrialized utilization of bamboo timber is rapidly widening the
gap between the supply and demand of bamboo timber, driving up the prices sharply. Since
the beginning of 1980s the present prices of bamboo timber have gone up by 5 times. On
the other hand, the prices of steel and wood timber during the same period have declined,
posing questions on the market competitiveness of bamboo-based industrial products.
In structure materials in use, the surfaces of the materials carry the maximum external
forces. Thus, the material surfaces are the dominant determining factor of the product’s
performance and quality. Scientific on bamboo processing techniques and structures have
shown the desirability of composite structures of bamboo and wood replacing pure bamboo
structures. Based on this, some products—for example, bamboo-wood composite panels for
container flooring, bamboo-wood floor panels and bamboo-wood laminated boards—have
been developed.
(1) Bamboo-wood composite panel. These panels use phenol-impregnated paper,
bamboo mats and two bamboo curtains for face and back layers, and several wood veneers
as the core. These are formed into a mat and hot-pressed to produce bamboo-wood
composite panels, which are used for container flooring as they meet the specific
requirements in terms of durability, strength and rigidity. The density of this product is
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lower than 0.85 g/cm3, and longitudinal MOR is >80 MPa and transversal MOR is >1 000
MPa.
(2) Bamboo-wood laminated composite board. In this product, bamboo curtain boards
form the face and back layers, while several layers of sawn wood timber (each 10-15 mm
thick) form the core. This product is now being tested as floor panel on railway freight
carriages. With the strength and durability of bamboo timber, this product also possesses
high nail withdrawal strength, with the added advantage of having a low production cost.
(3) Bamboo-wood laminated hollow board. To reduce the weight of bamboo-wood
composite boards, while maintaining adequate strength and rigidity, bamboo-wood
laminated hollow board was introduced into production. Presently, the board is being tested
as construction scaffold boards.
(4) Bamboo-spruce composite floor panel. This panel product makes use of thin
bamboo chips for face and back layers and spruce mosaic boards for the core. After
mat-forming and application of adhesive, the composite panels produced by hot-pressing.
The panel has the exterior features of bamboo timber and the physical properties of wood.
(5) High-strength bamboo template. In this product, polished bamboo-wood plywood or
bamboo curtain plywood with fixed thickness is used as the core material, while wood
veneers and resin-impregnated paper are used as face and back layers. The materials are
assembled using adhesives and hot-pressed. The product’s high strength, smoothness and
surface sheen make it an elite template product in China.

2.2 Classification by use
2.2.1 Bamboo-wood boards for transport vehicles
Bamboo plywood used as floorboards on passenger buses and transport trucks;
Floorboard in rail cars; Floorboards for rail freight cars; Ceiling boards for rail cars; Cowl
plates for rail cars.

2.2.2 Bamboo board for concrete formwork
Bamboo mat-and-curtain composite templates; Bamboo mat-and-curtain template with
resin-impregnated paper surfacing; High-strength plastic bamboo plywood templates;
Bamboo particleboard templates; Plastic bamboo particleboard templates; Plastic stranded
bamboo particleboards.
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2.2.3 Bamboo plywood used in ships
Hollow board scaffolding; Bamboo plywood.

2.2.4 Bamboo-based floorboards
Pure bamboo floorboards; Bamboo-wood composite floorboards.

2.2.5 Bamboo plywood for containers
Bamboo floorboards for containers; Bamboo-wood composite floorboards for
containers.

3 Major Challenges for the Bamboo Timber Industry
In recent years, the prices of wood, steel and plastic products have been sluggish owing
to deflation. In this scenario, most bamboo-based industrial products are facing many new
challenges, which derive mainly from the following aspects:
(1) Product replacements and alternatives, shrinking markets and intensifying market
competition. Bamboo plywood and board products used in passenger buses and freight
trucks have been confronting challenges recently from plywood and steel panels. At present,
steel panels, plywood and flooring made of steel, wood and bamboo plywood are all vying
in the same field, and attempts at mutual replacement and competition among these
products have intensified.
(2) Low product prices. Most products that cater to mainstream industries are
experiencing intense pressures for price reduction. At present, the prices of both
floorboards and templates for rail cars, for example, are at the lowest level in the past
several years and the profits from these have dropped significantly.
(3) Enterprises are shouldering too heavy a burden. Most bamboo-processing
enterprises are located in counties and townships and they are the major sources of tax
income for the local governments. Although the prices of bamboo raw materials include a
number of forestry taxes and fees, the enterprises still have to pay other taxes such as the
one for special agriculture and forestry produces. When paying value added tax (VAT), the
taxation rate is 17%, whereas the discount for bamboo timber as the raw material is only
10%. Therefore, the actual taxation rate is higher than for the products from other sectors or
industries. The VAT on bamboo timber products has, in general, reached 10%-12% of the
total sales income—nearly double that of other products. Most enterprises have very small
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profit margins; some are even finding it difficult to survive and operate, let alone invest for
developing new products and expanding production.

4 Basic Requirements for New Bamboo-based Panel Programs
The wood-based panel industry in China has developed to a considerable scale, with
the output of plywood and medium density fiberboard (MDF) ranking second only to the
United States. Although there are differences among various regions and enterprises in
terms of technology, equipment and product quality, the state of the sector in general is
rather high. Once China joins the World Trade Organization (WTO), market
competition—both at home and abroad—will become increasingly intensified. In this
context, the discussion on the development of bamboo-based industry should no longer be
on whether the country does or does not have the products; rather, emphasis should be on
such issues as whether it has any advantage in terms of technology, products (quality and
performance), prices and markets. If there is no such advantage, the threat of bankruptcy
will be inherent with establishment of any new enterprise in the sector: this, above all,
should be the paramount issue for consideration. The author, therefore, concludes that the
following conditions are essential to the development of the bamboo-based industry.

4.1 Adequate resources and conditions for sustainable development
There must be a definite advantage in terms of resources; various types of products
must not be exploiting the same material resources. Currently, when new plants are being
established, planning and projections tend to be isolated to individual enterprises, and
overall planning is absent. Hence, when these plants go into operation, the individual
enterprises compete for the same set of resources, uncontrollably driving up the prices.

4.2 Selection/development of products with resource, technology
and marketing advantages as the mainstream products
The key to the success of an enterprise lies in identifying and developing products with
advantages in terms of resource, technology and/or market. The wood-based panel products
currently made in China are basically produced using mature technologies and
economically profitable quantities, and they have ready market acceptance. For
bamboo-based panels marked for development, comparisons must be made in terms of

·120· Sustainable Development of the Bamboo and Rattan Sectors in Tropical China

performance, costs and uses. The markets will accept only those products that have
comparatively low prices, good performance and quality, and ability to meet the
requirements of intended uses. It would be wishful thinking to expect the market to
consider only the ecological benefits while disregarding the economic benefits.

4.3 Advanced technologies and equipment, and products of
standard quality
The production of wood-based panels has already reached a high standard in China, and
market demand and supply have reached a balance. As further increase in market supply is
not foreseen, the market entry prospects new bamboo-based panels are rather high.
However, the entry of these products has to be with the support of advanced production
technologies and equipment, as well as high quality standards of the products.

4.4 Adequate investment flow, technology and equipment
In view of the high industrial standards set for wood-based panels in China, the
development of bamboo-based panels should also start at the same quality levels; small
factories with mainly manual labor will not suffice. High-quality bamboo-based panels can
be produced only with the application of mature technologies and modern equipment that
provide required processing precision. However, the difficulties in the transport and storage
of bamboo timber make the labor production efficiency to be on the lower side. It is,
therefore, advisable to peg the capacity of one production line in an enterprise to be from
3 000 to 5 000 m3.
In addition to specialized processing equipment, the equipment commonly used in
bamboo-based panel production includes those for drying, thermal pressing, cutting
(precision saws and cutters) and thicknessing (precision thinning and polishing
machinery)—all these requiring an investment of 4-6 million yuan. Usually, plywood panel
products need some manual labor, causing low streamlining level and consequently lower
investment. Particleboards and MDF require high automation and streamlining, and
therefore investments required are higher. Bamboo floor panels require high-precision
processing and high-quality surface finishing; the investment for equipment is 4-5 million
yuan for a production line with an annual capacity of 60 000 m2.
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5 Development of Panels Using Sympodial Bamboo
With the exception of Neosinocalamus affinis, which is used in Sichuan Province and
Chongqing Municipality for bamboo slivers to produce bamboo mat board, the monopodial
Phyllostachys heterocycla var. pubescens species is used for all other types of
bamboo-based panels. The predominance of Phyllostachys heterocycla var. pubescens is
such that one can call the panel industry as a single-bamboo industry.
China also has significant sympodial bamboo resources, distributed mainly in Hainan,
Yunnan, Guangdong, Guizhou, Fujian and Sichuan Provinces, Guangxi autonomous region,
and Chongqing Municipality. The most distinctive features of sympodial bamboo resources
in China are: Centralized distribution in continuous areas; Culms with large diameters; The
major production areas are in the hilly regions in Jiangxi, Fujian, Zhejiang, Hunan and
Hubei Provinces, where population density is high; and The major production areas are all
close to economically well-developed regions in China.
Sympodial bamboo species have short felling cycle and high biomass quantity. The
species abundance also means a wide variety of culm diameters and physical properties.
These aspects are in favor of promoting the utilization of sympodial bamboos. However,
their distribution is not as concentrated in large continuous area as that of Phyllostachys
heterocycla var. pubescens. Moreover, they are mainly found in hilly regions where
transport access is difficult. These regions are often distant from major urban areas, which
are the major consumer markets and not beneficial for utilization. In general, the strength of
sympodial bamboo species is slightly lower than that of Phyllostachys heterocycla var.
pubescens. Because of these reasons, sympodial bamboo species have been lagging behind
Phyllostachys heterocycla var. pubescens species in utilization. The following issues need
to be carefully considered while planning the harvest and utilization of sympodial bamboos:

5.1 Centralized development of sympodial bamboo resource
bases and focusing on the development of bamboo processing
industries, dominated by pulp making and supplemented by
production of bamboo-based panels
When comparing sympodial and monopodial bamboo species, some of the
characteristics that favoring sympodial bamboos are the large number of species, easy
cultivation (clonal propagation), high survival rate and short felling cycle short. Therefore,
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areas that are low in population but abundant in land resource can be chosen for
establishing plantations as resource bases for sympodial bamboos. The fiber qualities of
sympodial bamboo species, which have diverse culm diameters and physical properties, are
advantageous for papermaking. Therefore, areas with ample sympodial bamboo and water
resources should be considered for developing large-scale paper mills. Bamboo culms with
large diameters, straight stem and desirable physical properties could be chosen for
producing various types of bamboo-based panels. This will help exploit the properties of
various bamboo species available in the country and contribute to improved economic
efficiency in the bamboo-based industry.

5.2 Development of bamboo-based panel products using locally
available bamboos
As mentioned earlier, the wide variety of sympodial bamboo species imply the
availability of bamboos with different culm diameters and physical properties. For instance,
some bamboo species have small culms with good mechanical strength but poor splitting
property; these are not suitable for such bamboo-based panel products as bamboo mat
board. Some other bamboo species, such as Dendrocalamus giganteus, have extraordinary
culm diameter (up to 300 mm) though the overall yield is not very high; such bamboos
have sound prospects of use in interior and exterior decoration. In general, in product
development, those products that represent the advantages of bamboo, particularly
advantages that are not available with wood or metals, should be selected.

5.3
Development of bamboo-based panel products that
suppl-ement other local industries
This practice can help avoid cost escalations associated with long distance transport of
bamboo material and, simultaneously, use local resources to serve local agricultural and
industrial development. An example is the bamboo-based panels produced from
Phyllostachys heterocycla var. pubescens that have successfully replaced wood or
wood-based panels and have received wide social recognition. Priority should be given to
identifying such relevant industries, and to conducting application experiments on
bamboo-based panel alternatives made with sympodial bamboo species. Product
development experiments may be done in small scale first, and gradually extended to other
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sectors and industries. Based on patterns of local use and consumption, gradual expansion
to external markets can be further explored.

5.4 Using local resources to develop bamboo-based composite
boards with special functions
Sympodial bamboo resources in China are mainly distributed in Hainan and Yunnan
Provinces, where the climatic conditions are very distinctive. In these areas, where many
other wood species and other resources are also available, these special properties should
be made use of to develop bamboo-based composite boards with special uses. For example,
when there are fastgrowing, low-grade and low-cost timber, bamboo-wood based
composite materials with high physical and mechanical properties—such as floorboards for
containers and railway carriages—can be developed.

5.5 Research on scientific, adequate and economical processing
techniques, and on the structure and properties of sympodial
bamboo species
The structure of bamboo is different from that of timber; therefore, it is not at all
advisable to apply wood processing technology to the bamboo processing. The structure
and properties of sympodial bamboo species are also different from those of monopodial
species such as Phyllostachys heterocycla var. pubescens. Applying the processing
techniques developed for Phyllostachys heterocycla var. pubescens to sympodial bamboo
species may not achieve the ideal results. Therefore, research should be undertaken to
develop scientific, adequate and economic processing technologies based on the structure
and properties specific to sympodial bamboo species.

Rethinking Bamboo in 21st Century
M.P. Ranjan
(Faculty of Industrial Design, National Institute of Design, Ahmedabad, India)

1 Introduction
This paper is divided in two parts. The first is speculative and reflects on the emerging
roles of bamboo that can be reinforced and expanded upon in the spheres of utilization that
have come to our recent attention. The second part focuses on the status of bamboo
research in India and on the utilization of the plant in a wide variety of sectors, with
particular reference to the eastern and northeastern regions of the country where bamboo is
abundantly grown and utilized over several years.
This paper calls for a re-assessment of the use of bamboo in a wide variety of areas
some of which have been areas of focus in the past and some which would certainly form a
major part of our attention in the near future. Sustainable development practices are called
for in the massive exploitation of the world’s bamboo resources and several new
breakthrough applications are anticipated owing to the increased research expenditure on
bamboo-related research. This too needs to be regulated and directed so that the promises
that bamboo holds for the future are realized in a manner that is benign to the environment
and beneficial to the people who have nurtured this resource in all its biodiversity over the
past millennium. Bamboo has had a glorious past and this can be seen and appreciated in
the refined utilization patterns of the people of the traditional bamboo-growing areas of
Asia. Bamboo is also a future material and needs to be handled with great care and
sensitivity to provide humankind with a truly sustainable natural resource that can be used
for a vast number of hitherto unidentified applications.

2 Bamboo: the Emerging Global Scenario
Bamboo is one of the fastest growing plant species. It is extremely versatile and has
been traditionally put to a large number of uses. In a recent re-assessment, over 1 500
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distinct uses have been recorded and this number is growing rapidly with new development
initiatives taking place around the world. Major new initiatives seen in recent times are the
housing projects in Costa Rica and other parts of Latin America, industrially produced
bamboo flooring from China and bamboo mat boards from India. Both China and India
have evinced considerable interest at government level in the importance of bamboo as an
economic and ecologically sustainable resource. Such interest is now spreading to other
parts of the world at very a rapid pace.
Traditional uses of bamboo include housing and building of fences, agricultural
products, tools, baskets and structures that are used for cattle management and fishing.
Various parts of bamboo are used traditionally also for a variety of interesting applications.
Use of the mature culm and splits for structural applications, the tender shoots for food, the
leaves as fodder, and various other parts (such as branches and rhizomes) for a variety of
valuable applications show the broad areas of utilization that are traditional and well
established in many bamboo cultures of Asia.
Industrial utilization of bamboo includes the use of culm for the production of paper
pulp and viscose fiber, and for laminated splits in the production of composite boards and
related products. Lamination of hand-woven mats into multi-ply boards combines craft and
industrial processes to provide employment to a large number of craftspersons in India.
These new boards provide a sustainable substitute for natural wood and plywood products
at reasonable economic and ecological costs.
Recent research in China has produced an excellent alcoholic beer from bamboo leaves.
This is a significant new discovery and the market for the new product is growing very
rapidly. New initiatives in Japan show that bamboo-based charcoal may be a major source
for new chemical substances for very valuable applications. Bamboo charcoal compares
very favorably with natural coal and lignite for energy applications, but without negative
environmental impacts since bamboo charcoal is reported to be a much better source of
cooking fuel when compared with wood fuel used by the economically weaker sections of
the populations in Asia and Africa.
Notwithstanding the centuries-long traditions in many Asian societies in putting
bamboo to a great number of uses, there is a need to seriously re-evaluate such uses and to
look for the deeper significance of the sustainable application of bamboo know-how by
these societies in the still thriving “bamboo culture” regions. The author had previously
called for a systematic re-examination of the traditional societies of the bamboo culture
economy of Asia in order to develop a pattern of new understanding of the correlation
between the vast number of bamboo species and the equally bewildering range of
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applications that have been invented or discovered by these societies. In the paper titled
“Green design and bamboo handicrafts: a scenario for research and action in the Asian
region” presented at the 1995 Bali International Bamboo Workshop and Congress, the
author had outlined the need for a coordinated strategy for research and listed the possible
outcomes of such research in furthering our understanding of the bamboo plant and its very
significant value in the future. It is heartening to see that since then there has been a
growing interest in bamboo on many fronts and this research is taking place with the efforts
of many committed people who are sharing their findings through a growing network on
the Internet. Such a systematic and sustained examination would reveal the deep-seated
understanding of special properties and significant features of individual species of bamboo
that have been exemplified in particular applications seen in various traditions.
This idea is taking strong roots in the active current research—mainly in the field of
traditional medicine—owing to the economic importance perceived for such traditional
knowledge in the light of a new realization of the intellectual property rights issues
associated with the globalization of such ideas. Traditional bamboo applications in various
parts of the world must be studied to discover the plant’s significant properties that are
known, in a tacit manner, only to the traditional communities that use them every day.
The idea of such new discoveries, which may be expected in the near future with
sustained investments in a systematic process of discovery and research, raises many new
questions and concerns that should be addressed, particularly in the context of the emerging
globalization of knowledge resources and the associated intellectual property issues. What
is being seen today is perhaps a veritable gold rush towards the systematic exploitation of
bamboo, in numerous ways and at a scale that are unprecedented.
Numerous organizations around the world are making massive investments in bamboo
research, in both the social and the commercial sectors of the economy. The International
Network for Bamboo and Rattan (INBAR) is among the world’s leaders in making
investments in bamboo-related research. Several societies of interested professionals and
bamboo lovers have formed national and international networks that have grown quite
significantly in recent years and their presence is now clearly seen on the Internet.
Governments in such Asian countries as India and China, as well as in several Latin
American countries, are looking at bamboo as a sustainable raw materials source for
housing and industry.
Both forest-based resources and farm-based initiatives have been set in motion in
recent years across a very wide distribution of ecological and cultural regions, each driven
by several pressing local needs or economic opportunities and each supported by economic
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and political leadership. Numerous such initiatives, wherein bamboo plays a major role in
shaping the development strategies, are evolving around the world. The Costa Rican
housing project and the laminated bamboo board industry of China are some recent success
stories. The paper and rayon industries in India have established practices for the
exploitation of bamboo on a massive scale in close collaboration with local forest
administrators. However, while the traditional local users of bamboo resources have
embedded good practices of utilization into their models of resource maximization, the
same cannot be said of the large industrial producers who have exploited the material on a
large scale. There are several instances of unsustainable exploitation, both in the industrial
and in the traditional sectors, which teach us lessons that must be the guiding norm for the
future.
The burgeoning interest in bamboo as a future material for social and economic
development must be tempered with these lessons and those that have been gleaned from
the experiences of other agricultural and forest resources to ensure that bamboo, as a truly
renewable material, that can be put to the service of humanity. The prospects for the
development of such a sustainable pattern is very high. It is, however, dependent on our
ability to garner all the knowledge resources that are presently available and follow it up
with a sustained and well-directed research program that dovetail into a wholesome
multi-sectoral and cross-regional program of action.
Bamboo is many things to many people: something akin to the ancient Indian parable
of the “Blind men and the Elephant”. The man holding the trunk believes the elephant to be
a huge snake and the one touching the legs as a huge tree trunk. The ears seem to be a big
fan and the body a great wall and the tail a slender rope. Each part or attribute evokes a
different image and response. All of these are true, but they are only individual parts of the
whole picture. Similarly, the role of bamboo is perceived in different ways, depending on
the need of the user. These perceptions lead to conflicts of interest and, in some cases,
hardened positions. This is demonstrated by the conflict between the traditional users and
the large paper mills in India, as well as in the wastage of resources by one sector, which is
not aware of the value of that waste that forms the basic raw material of another industry.
Bamboo is indeed many things to many people. This is particularly true in the lack of
appreciation that bamboo is a diverse group of plants available in over 70 genera and in as
many as 1 200 different species. The physical, mechanical, structural, chemical and other
characteristics of each of these species vary to a great extent, and these variations need to
be taken into consideration while planning particular applications. Care should also be
taken that the more popular species are not developed at the cost of less popular species
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since biodiversity is a desirable principle and that new applications in the future may justify
the nurturing of the latter as well. Besides the species diversity, one needs to consider the
utility of the bamboo plant as a whole as well as of the various parts of the plant and the
range of applications possible for each part. As priorities will vary between user groups, a
regulatory process of collaboration between user groups—which can be effectively
established in this Internet-enabled world, provided a network is established for the
purpose—will be needed. This process will also promote a better awareness about the
issues at stake.
Development of good practices in the cultivation and exploitation of bamboo resources
is a requirement, particularly for large-scale uses such as the industrial applications of
paper, rayon, ply-boards, fiber boards, charcoal and food items (such as bamboo shoots and
bamboo beer). Large monocultures of one single species are fraught with danger since
bamboo has an anomalous flowering behavior that can disrupt an entire eco-system if
adequate care is not taken in maintaining the biodiversity of a region. New research into
bamboo will surely reveal many more fascinating aspects of this wonder grass. It is, hence,
all the more critical that good practices of cultivation and propagation are clearly
understood and strictly followed on a wide scale. Ever since genetic manipulation
techniques succeeded in growing bamboo in test tubes, it has been possible to
systematically produce millions of bamboo plants with a great deal of control on the
selection of the desirable characteristics. There is, however, a need to be sensitive to the
principles of natural sustainability that applies to all of agriculture and forestry practices.
Bamboo-based papermaking is one application that has invited protests from a number
of constituents. The early enthusiasm for industrial utilization of bamboo in South India
through paper production resulted in the regions’ bamboo being overexploited. This led to
great losses for the local population and a denudation of the eco-system of the region,
which is now an extremely fragile disaster zone in need of special care and attention. The
overexploitation was compounded by neglect from the local inhabitants since they did not
see a stake for themselves in an operation managed by government authorities. New paper
mills have increasingly shifted from timber and bamboo resources to agricultural residues
and recycled paper for their fiber needs, a move that has drawn support from consumer
groups and eco-activists. New mills are being set up to use these resources from urban
centers in India.
Similar problems can be anticipated where bamboo is being used on a massive scale for
other industrial applications. The stress on natural bamboo resources caused by the
runaway demand in international markets will place several eco-systems under threat of
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degradation if adequate steps are not taken to sustainably manage them. It will also cause
problems for the local population dependent on bamboo for livelihood or extra income.
Hence, there is a need to rethink the models of industrial extraction for all high-volume
applications. Linking people in bamboo-growing areas to a cultivation-based bamboo
resource base is not only possible but also a desirable alternative to the contractor model
for forest resources exploitation that is practiced in many places. While speculating on the
future uses of bamboo resources, one needs to go beyond just timber substitution and see
bamboo as an effective substitute for a number of other mineral and chemical resources as
well. Some day, even mined materials may be replaced by processed materials based on a
sustainable natural resource such as bamboo. Bamboo will then bring about a new
realization on the value of nature and our dependence on it for sustenance.

3 Status of Bamboo in India
The critical questions that arise when we think of bamboo in the 21st century are: What
should be the nature of a bamboo farm? Will there be new ways of cultivation that increase
yields and can produce materials that meet exacting specifications? What are the priorities
for these new application areas and how do local people participate in these initiatives?
Some of these questions are being raised in India over the past few months, and the status
of bamboo in India has been changed substantially as a result of several recent events. In
June 1999, on World Environment Day, The Prime Minister of India, Atal Bihari Vajpayee,
announced a major government initiative in the form of a comprehensive and integrated
program to promote and develop bamboo. The Union Ministries are currently in the process
of preparing plans and schematic interventions. State Governments have also been asked to
submit project proposals to the Planning Commission.
At the meeting convened in August 1999 by the Ministry of Environment and Forests,
in collaboration with the United Nations Industrial Development Organisation (UNIDO)
and INBAR in New Delhi, a multi-disciplinary task force called National Bamboo
Committee has been set up to review and advise on matters related to bamboo sector. The
other Ministries that will be looking at bamboo are the Ministry of Textiles (focusing on
handicrafts), the Ministry of Industry (industrial applications such as laminated boards and
paper), Ministry of Food Processing (the needs of the fledgling bamboo shoot industry) and
the Department of Science and Technology (the research and development needs through
the chain of laboratories in the bamboo growing areas particularly in the Northeastern
States). The Ministry of Commerce will oversee the export development, with focus on
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handicrafts, manufactured products and processed food. At the state level too a number of
initiatives are under way.
A number of leading institutions in India have been primed to participate in a
coordinated project framework for the development of design and technology resources for
the bamboo sector. These include the National Institute of Design, National Institute of
Fashion Technology, Indian Institute of Technology in Mumbai and Guwahati, Indian
Plywood Industries Research and Training Institute, and the Regional Research
Laboratories of the Council for Scientific and Industrial Research (CSIR) and the
Department of Science and Technology. Design and technology inputs are being
coordinated with the setting up of Common Facility Centers in the craft concentration
centers. In these centers, some degree of mechanization will be provided and demonstrated
as part of the National Bamboo Development Project—under the auspices of the United
Nations Development Programme (UNDP) and the Ministry of Textiles—that focuses on
the needs of the handicraft sector. This program is based on a multi-disciplinary framework
developed by the author in February 1999 that led to the articulation of a series of scenarios
based on the systematic cultivation and utilization of bamboo resources. The strategy
outlined in the report titled “From the Land to the People: Bamboo as a Sustainable Human
Development Resource for India” calls for an integrated development of knowledge
resources and the sharing of these through numerous structured initiatives with the active
participation of the people, experts and non-governmental organizations. The use of new
media and the Internet are anticipated for an active collaboration between distant partner
institutions and field-level participants.
Institutional support is being mobilized from leading forest research organizations in
the country for sustainable farm-based initiatives in the cultivation and establishment of
bamboo resources that are outside the tropical forest areas. Such homestead farms may be
the mainstay for the future of reliable and application-specific bamboo resources that can
respond to market needs and, at the same time, meet the need for adequate biodiversity
across various regions of India. The Ministry of Environment and Forests (MOEF) has a
group of agencies that can provide inputs needed for these initiatives. The required research
and extension work will be coordinated by MOEF. The supported institutes are the Indian
Council for Forestry Research and Education, the Forest Research Institute (Dehra Dun),
the Tropical Forest Research Institute and the Institute of Rain and Moist Deciduous Forest
Research. Besides these National level organizations, state-level organizations that have
been very active in bamboo research—such as the state Forest Research Institutes of
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Arunachal Pradesh, Assam and Kerala—are being actively involved in the planning and
execution of the research and extension plans.
The utilization of bamboo for the paper industry has been declining as a percentage of
the total paper production, although the total volume of bamboo used has expanded over
the past 60 years. In 1936, the consumption of bamboo by the paper industry had reached
50% of the total production. Till the mid-1950s, the utilization of bamboo continued to rise
in the face of wood supply constraints and reached a peak of 74% of total production. In
1970, over 95% of the paper used wood and bamboo, with bamboo accounting for 56% in
fiber weight.
Thereafter, there has been a steady decline owing to supply constraints of both wood
and bamboo, the development of non-wood based papers from agricultural residues and
changes in government policies. The utilization of bamboo was 29% of the total production
in 1980, 27% in 1990 and 22% in 1995. Recently set up paper mills all use recycled paper
and imported pulp for the entire quantity. This is in response to the pressure exerted by
consumer activists and environmentalist for a reduction in the harvesting of wood and
bamboo from the forests and to the corresponding changes in government policies in this
area.
There has been a very active debate in India about the need for good practices in the
extraction of forest resources and on the impact of such economic activities on local
peoples and on the forest eco-systems and the wild life dependent on it. Gadgil and Guha,
in their book “Ecology and equity: the use and abuse of nature in contemporary India”,
discuss these issues in depth and provide many lessons that can be guiding principles for
the future of bamboo utilization. The bamboo mat board industry in Kerala and Meghalaya,
on the other hand, is based on the premise that the industrial exploitation of bamboo
resources can provide direct employment to vast numbers of local craftspersons—many of
them women—and in the process contribute to the social and economic development of the
entire region in a balanced manner. Local craftspersons weave mats by hand and these are
then laminated into ply-boards at a local factory. This model can be replicated and new
products can be designed to create several such enclaves of activity where a locally grown
resource is converted to new and valuable products with local participation and value
addition. This needs imagination and research into a number of coordinated directions, and
this is what the current initiatives in India are hoping to achieve.
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An Overview on Rattan Research
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Abstract:

Rattan is widely found in the tropical monsoon forests of the Asia and Pacific regions. As

multifaceted resources, rattan plays an important role in biodiversity conservation, potential economic
contribution, ecological security and many other global concerns. Since the 1990’s, great advances have
been made in rattan-related research and development in some countries. But more efforts need to be made
and more attentions to be strengthened. This paper gives an overview on the status and prospects of
rattan-related research and development worldwide. The contents include the resources distribution,
propagation, cultivation, cane properties, utilization, and marketability of rattan. The key cultivation
techniques are presented and a prediction on rattan research and development is proposed.
Key words:

Rattan, Bio-ecology, Propagation, Cultivation, Cane properties, Product market

1 Introduction
Rattan, being taxonomically subordinate to family Palmae, plays an important role in
regional economic well-beings in the tropics and southern subtropics with its multiplicity of
utilization. Rattan cane has advantageous properties for processing and is a good choice of
raw material for furniture, utensil and art-ware making. Rattan fruit, seed and tender shoot
could be used for food, medicine and decoration. Since the 1960’s, the global rattan-related
trade has amounted to 1 billion US dollars. In China, the annual rattan production value
reaches up to several million RMB yuan and the annual foreign exchange near 100 million
US dollars. Therefore, rattan is in South China one of the most important non-wood forest
products (next only to bamboo) and has a great contribution to local economic
development.
In China, rattan grows naturally and widely in tropical and southern subtropical natural
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forests ranging from southeastern coasts and islands to southwestern mountains, in which
Hainan Island and Xishuangbanna are the two centers noted for richness in rattan resources
and large quantum in cane production. However, China is presently facing on such
worldwide problems as deterioration of tropical forests, reduction of wildlife resources,
shortage of rattan cane supply, and extinction of some rattan species. As conservation and
rational use of natural rattan resources and development of rattan-related industry are
concerned, the importance and urgency in introducing superior species/varieties and
expanding rattan plantations are increasingly recognized by the international society. Since
the mid-1970’s, many countries, such as Malaysia, Indonesia, the Philippines, Thailand and
India, have drawn rattan into their national scientific priority, some international
organizations given a lot of financial and technological supports in this field, and great
achievements been since made. In Malaysia, for example, rattan resources inventory has
been made, propagation techniques for Calamus manan, C. caesius and C. trachycoleus
have been successfully worked out. Since 1978 three workshops on rattan have been held
and Rattan Information Center (RIC) and International Network of Bamboo and Rattan
(INBAR) have been set up, which has provided a great impetus to rattan research and
development all over the world. In this paper sustainable utilization of rattan resources, key
techniques for rattan cultivation and processing, and the achievements, problems and
prospects in rattan research and development worldwide are summarized.

2 Rattan Resources and Utilization
2.1 Global rattan resources and utilization
It is estimated that there are over 600 rattan species in 13 genera around the world,
among which 10 genera originate in Southeast Asia and the adjacent areas, 4 genera
distribute in tropical West Africa (including 3 genera native to this area) (table 1). The
outer-layer of rattan cane is extensively used in weaving works and furniture making due to
its features of milk-like color, pliability, and toughness. The fruit and shoot of some rattan
species are edible and often used as fresh fruit or vegetable. Especially, Dragon Blood, a
traditional Chinese medicine, is made from the fruit of Daemonorops spp.. Rattan furniture,
with such advantages as beautiful and tasteful appearance and practical functions, is well
favored in international market. So it could be concluded that rattan has very high economic
value and is a kind of important non-wood resource worldwide (table 2). According to the
report of Economic and Social Committee of Asia-Pacific (ESCAP), there were 29 million
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hectares of natural rattan forest in Asia, and an annual cane harvest 0.32 million tons could
be made. If potential productivity is fully developed, the harvest could reach up to 0.44
million tons of cane annually, the outputs to 1.5 billion dollars, and available employment
opportunities to about one million persons. It is estimated that the global output value of
rattan-related industry would be high up to 1.5 billion dollars in 2000. However, the raw
materials of rattan industry is conventionally derived from natural forests, and great crises
ensue in raw material supply because of rapid declination of tropical forests due to heavy
exploitations. Thus, those countries rich in rattan resources begin to realize the vast
commercial profits of sustainable management of rattan resources and several laws have
been issued for resource conservation purposes since the later 1970’s. Meanwhile, many
countries have taken rattan into the prior consideration of research and development.

2.2 Rattan resources and utilization in China
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Figure 1 Rattan trade in China

China is rich in land resources, where three rattan genera distribute naturally in the
ropical and sub-tropical territory northern to latitude 24°N, including 40 species and 21
varieties (table 3). In mountainous areas in southern China, rattan plays a great role in
maintaining daily life and well-beings of local people. The rattan industry of China is rather
developed and have produced a large amount of refined make-ups which are warmly
welcomed worldwide and bring out export income of ten billions dollars as well as provide
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Table 2 Rattan Resources, Production and Import
Natural forest
Countries/
Regions
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Table 3 Natural Distribution of Rattan in some Provinces in China
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Table 4 Imports of Raw Rattan Poles into China, 1981-1998
Year
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1.258

1.304

0.920

Year

1990

1991

1992

1993

1994

1995

1996

1997

1998

24.0

25.7

34.3

40.8

33.1

42.4

45.1

27.8

34.7

17.02

13.78

18.48

22.24

15.72

18.52

20.32

14.47

14.67

0.708

0.536

0.538

0.545

0.476

0.437

0.451

0.520

0.423

Quantity (1 000 tons)
Values (Million USD)

Quantity (1 000 tons)
Values (Million USD)
Price (USD/kg)
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0.1 million people with employment opportunities. figure 1 shows the trade of rattan in
China. Similar to other countries, however, unlimited exploitation of natural rattan
resources and declination of tropical natural forests are serious in China, which resulted in
decreasing of annual production of raw cane from maximum ten thousand tons to five
thousand tons or below in the later 1990's (table 4). Since the 1970’s, some countries with
rich rattan resources, for example, Indonesia, have put a ban on exporting raw cane
materials. At present, the price of raw material has in China increased to 800 US dollars per
ton in average, with the superior class up to 1 500 US dollars per ton. To bridge the great
gap between demand and supply of rattan canes, China is making great efforts in both
tapping new supply sources from Papua New Guinea, Burma, Vietnam, West Africa and the
like countries and extending its own rattan plantations. Meanwhile, China is developing
integral processing technology to enhance productive potentiality for sustainable utilization
purposes.

3 Achievements of Rattan Research and Development
3.1 Rattan research in the Asia-Pacific region
As an important forest product just secondary to wood and bamboo, natural rattan
resources have declined in quantum and quality terms in the Asia-Pacific region due to
over-exploitation. For this reason, many countries have made great efforts in developing
plantations to alleviate the shortage of rattan supply. For example, Malaysia, Indonesia and
the Philippines have mapped out long term developmental programs, some of which have
been supported financially by several international organizations, such as UNDP, IDRC,
ITTO and INBAR. Research activities carried out in the regions are as follow: Survey and
conservation of bio-diversity of rattan; Interpretation of biological characteristics and
population dynamics of commercially important species; Breeding and propagation and
cultivation technologies for these important species; Analyses on rattan cane properties and
cane processing techniques; and, Evaluation on social and economic benefits of rattan
plantations.

3.2 Rattan research and development in China
Since the foundation of People’s Republic of China in 1949, Botanical Institute of
South China and Kunming Institute of Science Academy of China, Zhongshan University
and other departments have been stick to conduct rattan taxonomic studies and made great
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progresses. In the mid-1960’s, surveying on natural resources and introducing wild species
were implemented in Hainan Island. Rattan has been placed by Chinese Ministry of
Forestry into prior research category of projects. In addition, some collaborative projects
with international organizations, such as IDRC and ITTO, have been carried out.
Now several species have been introduced and planted in China, and the related
planting techniques studied and successfully summarized. In general, a series of researches
were conducted as follows: Floral characteristics of rattan population in China; Collection
and conservation of rattan genetic resource; Propagation technology for rattan;
Technology of fast-growing and high-yielding of superior rattan species; and, Anatomical,
chemical and mechanical properties of rattan canes.
Great achievements have been obtained in the above researches, such as: The
geographic distribution of rattan species and the characteristics of their flora in China were
clearly investigated, and a rattan herbarium established; The micro-structure, physical and
chemical properties of rattan cane, and the nutrient composition of shoots of each species
were systematically determined; Some rattan gene collection plots were established with
species introduced from home and abroad and the species suitable for plantation
development were screened out; The physiological requirements for planting of each
species were revealed, and the techniques for propagation and raising sound seedlings,
especially micro-propagation through tissue culture, were developed with a propagation
coefficient of 2×105; More than 105 hectares of trial plantations were established and
techniques for tree-rattan inter-cropping systems were summarized; The allocation of
bio-mass and nutrients in an individual plants and a plantation was studied; and The
economic benefits of management of high-yielding rattan plantations were evaluated.
The tropical and southern sub-tropical areas of China are considered suitable for rattan
planting and could be divided into four regional categories according to natural conditions
and planting suitability.
(1) Optimal region. Hainan Island except the southwest, southern Guangxi Province,
and southern Yunnan Province as well as Leizhou Peninsula,Gaozhou, and Yangjiang in
Guangdong Province are included in this category.
(2) Suitable region. Some counties in southern China could be classified as suitable
region, such as Enping, Yangchun, Xinyi, Meixian, Heyuan and Yingde counties in
Guangdong Province, Pobai, Shangsi, Pinxiang, Zhaoping, Liuzhou, Bama, and Tianyang
in Guangxi Province, Nanjing, Nan’an, and the coastal areas in Fujian Province, and the
whole Taiwan Island.
(3) Sub-suitable region. South-western Hainan Island where is of tropical savanna with
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arid climate is included.
(4) Partial suitable region. Only some parts of this kind of region could be extended to
rattan, such as the middle Fujian Province, the middle Yunnan Province, the southern
Guizhou Province, the western mountainous western Guangxi Province, the northern
Guangdong and the southern Hunan Province.
Nowadays, technology for rattan reproduction and cultivation has been extended in
succession in Hainan, Fujian, Guangdong and Guangxi Provinces that provided a good
basis for establishment of rattan plantation. As supposed, about six million rattan seedlings
have been planted in the country and the plantation area has been beyond five thousand
hectares before the mid-1990’s.

3.3 Future efforts to be made in rattan research
In recent twenty years, studies on rattan over the world have produced great fruitful
results and some have been applied successfully in practical production. However,
generally speaking, there are still some questions that are unsolved, such as research falling
behind the demand of production practices, lack of systematic selection and breeding in
rattan, unavailability of comprehensive techniques for rattan cultivation and management,
and so on. For example, Calamus caesius, a species planted largely in Malaysia, could be
harvested in nine years with a yield of cane 0.49 ton per hectare or in 12 years 1.45 tons per
hectare. However, C. tetradactylus, a species planted extensively in China, is with
productivity 0.17 ton per hectare in six years. This shows the great potential of selection of
species matched to a certain site. What is more, as the gap between supply and demand of
rattan cane in international market becomes increasingly sharp, more emphases should be
put to research and development of rattan in a global context, and some countries have
gone forward at this aspect. For instance, as reported, Indonesia mapped out a long-term
program for rattan development, in which 12.5 million hectares of rattan plantation would
be established with an expectation of an annual cane productivity 0.5 million tons. In
another case, the Forest Department of Sabal Province in Malaysia began to conduct such
researches on rattan breeding as selection of superior provenances and families and
hybridization in C. Manan, C. Caesius and C. Trachycoleus.
As China is concerned, the rattan products share 10% in volume of the total of the
international market, but about 80% raw materials have to be imported. In order to expand
the management scale and improve the benefit of the country's rattan industry, it is urgently
needed to select superior species/provenances/families of rattan and establish at least 0.1
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million hectares of rattan plantation. The following fields have thus to be addressed in the
country in future: Gene collection, conservation, and evaluation; Selection and breeding of
superior species; Technologies for rattan-tree-mixed plantation; and, Technologies for
comprehensive utilization of rattan cane.

4 Problems in and Strategies for Rattan Research and
Development
Problems existed in rattan research and development is as below: Research falling
behind the demand of development; Lack of systematic selection and breeding researches;
Disadvantages in cultivation and management practices; and Limited scale of plantations
being unable to meet the needs of rapid-developing industry.
In China, the following aspects on rattan research should be addressed in strategy
making in a long run: Collection, conservation and evaluation of gene resources on a
broader basis; Systematic selection and breeding of several superior species screened, such
as native species Calamus simplisfolius, C. egreqius, C. yunnanensis, C. tetradactylus, and
Daemonorops argaritae as well as exotic species C. caesius, C. manan, C. merrillii, C.
ornatus, and C. nambariensis; Optimizing techniques for intensive management of fast
growing and high yielding rattan forest; Technology for comprehensive utilization of rattan
resources; and Information service system for sustainable utilization of rattans.

5 Cultivation Technology for some Rattan Species
5.1 Biological characteristics of some species
Among the 600 or so rattan species, about 20 species have been planted commonly for
commercial purposes, including Daemonorops margaritae, Calamus simplicifolius, C.
egregius, C. nambariensis. var. xishuangbannaensis, C. platyacanthus, C. tetradactylus, C.
dioicus, C. caesius, C. trachycoleus, C. manan, C. Merrillii, and C. ornatus. The biological
characteristics of some species are introduced as below.
Daemonorops margaritae, or red rattan, 10-14 mm in diameter and 15-25 cm in length
between nodes, distributes naturally in China northern to latitude 23°30′N and has been
extensively planted in southern China because of strong sprouting ability and fast-growing
characteristics.
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Calamus simplicifolius and C. egregius, similar in biological characteristics and cane
processing quality, are named commercially as Li rattan, 12-15 mm in diameter and 25-35
cm in length between nodes. The two species distribute naturally in tropical mountainous
monsoon forest and ever-green forest within altitude 600-1 000 m in Hainan Island and are
two of the best planted in China.
C. nambariensis var. xishuangbannaensis and C. platyacanthus are found naturally in
southern Yunnan Province, and are similar in biological characteristics and cane quality.
Both species are named commercially as Dayu rattan, 12-15 mm in diameter and 40 cm in
length between nodes, with relative weaker sprouting ability.
C. tetradactylus, 5-8 mm in diameter and 10-15 cm in length between nodes,
distributes naturally in low-hills and terrace below altitude 600 m in Fujian, Guangdong
and Guangxi Autonomous region northern to latitude 23°30′N. The species has strong
sprouting ability and fast-growing characteristics.
C. dioicus, or Vietnamese white rattan, originates in south-eastern Asia. It was
introduced into China from Vietnam in the 1960’s. Its morphological features and
biological characteristics are similar with C. tetradactylus, 6-8 mm in diameter and 15-20
cm in length between nodes, with good processing quality.
Rattan could grow well in those sites with a rather high temperature, adequate water,
fertile soil and moderate sunshine. In detail, the sound environmental conditions for
rattan growth are as follows: mean annual temperature 19－ 25℃ , 15℃ -over heat
accumulation 5 800－8 500℃, mean annual precipitation 1 200－2 000 mm, relative
humidity beyond 78%, red or yellow soil, organic substance ratio in oil above 2.5%, soil
pH value 4.5－6.5, and crown coverage less than 0.7. Some species could be tolerant
with relatively low temperature, for example, Daemonorops margaritae with 2.6℃ or
below and Calamus simplicifolius and C. egregius with 3.0℃.

5.2 General practices in rattan plantation establishment
A series of techniques are required for establishment of rattan plantation, such as seed
treatment, seedling raising, and plantation management etc.

5.2.1 Seed harvest and treatment
Seeds of Calamus tetradactylus and C. dioicus are mature between May and June, and
other species between November and December. The mature seeds are susceptible of bird
to eat because of abundant water and sugar contents and should be collected and treated in
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time. The seeds have to be cleaned and wind dried free from strong sunshine.

5.2.2 Seedling raising
The cleaned seeds are sowed in sand bed for germinating, and seedling could be
transplanted into nutritional plastic container when the bud could be seen partly folded and
2 cm high. Seedlings could be planted in field when one-year old and 25cm above in height
with five to seven leaves.

5.2.3 Planting techniques
Species should be matched to the site when field planting. table 5 indicates the optimal
conditions for planting of several rattan species. Also, tree species mixed in rattan simplicifolius,
plantation should be compatible. For such sprouting-weak species as Calamus C. egregius,
Table 5 the Optimal Conditions for several Rattans
Monthly
Annual
>15oC
Min. mean
Monthly
Annual
mean
precipitation accumulated Temp. Temp. for precipita-tio Suitable soils
Species
temp
(oC) sprouting n (mm)
temp(oC)
(mm)
(oC)
(oC)
Lateritic soil, laterite
soil
and
D. margaritae
19-25 1 200-2 800 5 800-8 500 2.6
15
>180
mountain-ous yellow
soil
Lateritic red soil and
C. simplicifolius 20-25 1 300-2 800 6 500-9 000 3.0
16
>200
laterite soil
Lateritic red soil,
C. tetradactylus
20-25 1 200-2 000 6 000-9 000 1.5
18
>180
laterite soil, purple
soil and limy soil
Lateritic red soil,
C. yunnanensis
19-25 1 200-2 000 6 500-8 500 1.5
15
>150
laterite soil and
yellow brown soil
Lateritic red soil, laterite
C. dioicus
20-25 1 200-2 000 6 000-8 500 1.5
18
>150
soil and limy soil
Lateritic red soil,
laterite soil and
C. egregius
19-25 1 400-2 800 5 800-8 500 3.0
16
>200
mo-untainous yellow
br-own soil
Lateritic red soil,
C. flagellum
21-25 1 200-2 000 6 500-8 500 1.5
16
>200
laterite soil and
mo-untainous yellow
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br-own soil

C. nambariensis var. xishuangbannaensis and C. platyacanthus, two or three seedlings
could be planted together in a hole to improve the cane yield. The density could be varied
with site condition and management objective from 1 000 to 1 500 holes per hectare.

5.2.4 Management of rattan plantation
Tending is carried out in two or three years after planting when crown coverage
reaches 0.6 or 0.7. Canes of Calamus tetradactylus and C. dioicus could be harvested in 6-7
years and other species in 9-10 years. When harvesting the young tender canes should be
carefully protected. The rotation of harvest varied with species and site condition from 2-3
years in C. tetradactylus and C. dioicus to 4-5 years in Daemonorops margaritae and
Calamus simplicifolius. table 6 reveals the great benefit of rattan plantation management.
Table 6 Beneficial Evaluation of Rattan Plantation
Phase

Total input

Output

Net income

NPV

IRR

(year)

(yuan/ha)

(yuan/ha)

(yuan/ha)

(yuan/ha)

(%)

6

4 187.0

7 132.8

2 563.19

276.49

14.53

9

5 762.0

1 373.4

7 243.43

1 935.74

23.60

C.

12

7 337.0

17 653.2

9 384.11

2 466.46

24.82

tetra-da

15

8 912.0

21 576.0

11 524.78

2 844.22

25.42

ctylus

18

10 487.0

25 498.8

13 665.46

3 113.09

25.72

21

12 062.0

29 421.6

15 806.13

3 304.48

25.86

25

13 407.0

34 414.8

19 190.69

3 494.63

25.86

11

5 339.8

17 225.0

10 976.52

1 281.45

16.76

16

7 369.0

31 395.0

22 368.34

3 096.67

19.81

21

9 399.0

45 565.0

33 760.16

4 126.68

20.78

25

10 809.0

56 745.0

42 939.86

4 657.72

21.20

11

5 699.0

31 400.0

24 099.90

4 797.0

23.12

16

7 729.0

75 660.0

63 936.20

11 252.72

27.51

21

9 759.0

119 860.0

103 772.3

14 915.53

28.49

25

11 169.0

155 064.0

135 707.6

16 785.12

28.71

Species

C.
simp-lici
folius

D.
marg-ari
tae

T

B/C

NPVR

1.71

0.71

5.5

2.13

1.14

10.3

4.77

3.77

10.2

(years)

As rattan is usually mixed with trees, management practices of rattan plantation should
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be combined with the general objective. In case that wood-production is the major
objective, the cycle of rattan plantation would be about 25 years, in which six or seven
harvests could be made in C. tetradactylus and C. dioicus and three or five harvests in other
species. Generally, cane productivity is 15 tons per ha and output 50 000-60 000 yuan per
ha in a management cycle of rattan plantation, with an IIR (internal income rate) more than
20%, an income/cost ratio beyond 2.0, and duration of recovery of investment less than 10
years. So investment in rattan plantation could be returned in the first harvest.

6 Processing and Utilization of Raw Rattan Materials
6.1 Treatment of rattan cane
The canes are harvested when maturing and the leaves and outer sheath are got rid off.
After sunny drying and cutting nodes away, the canes are packed according to theirs length,
color and quality and then stored in an air-open storage-house for sale. The standardized
qualified cane is yellow-white in color without any flaw. In Indonesia the cane to be
exported would be cooked with gasoline and coconut oil at work site in order to decline
water content and increase resistance to pest and insect.

6.2 Processing of rattan product
The raw cane should be instantly utilized for furniture making after treatment, or for
weaving works and handicrafts after being cut into cane strips. To enhance utilization
efficiency, the remaining heart of cane could be divided into different grades and then
processed into thinner strips for comprehensive utilization.

6.3 Processing equipment
As there has been more than one century of rattan utilization in China, advanced
processing equipment and technology are available. In some large companies the whole or
part of processing procedure is complemented with equipment, such as dried kiln, steam
stove, chopper, splitter, bending machine, weaver, and so on. In some small rattan factories
only some simple appliances are used.
Rattan processing is very popular and has a long history in southern China. The
famous enterprises include Dongfeng Co., Nanhai Co. and Nanfang Co. etc. Those
factories, in large or moderate scale and operated by the state or foreign investors or jointly,
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are scattered over Nanhai, Jiangmen, Jieyang and Dongguan Cities. Due to shortage of
rattan raw materials, the domestic-produced raw canes are mainly used in small-scale
rattan factories, and about 90% raw canes consumed in large factories are imported from
foreign countries. However, some southeastern Asian countries, such as Indonesia and the
Philippines, have recently put a ban on raw cane exporting with aim to develop their own
rattan industry, and China is facing the reality of raw rattan cane shortage. Therefore it
should be prudent in considering establishment of new rattan-related factories as raw
material shortage and serious competition in international market are concerned.
The natural and recently planting resources of rattan in China are mainly distributed in
mountainous regions where the local economy is rather undeveloped. To increase output of
rattan product, it is necessary to improve the quality of canes after treating. Meantime,
small rattan factories should be carefully established to help the development of local
economy. These factories should mainly depend upon local resources and equipped with
simple machines. It is estimated that a rattan factory with an annual production 50-80 tons
would need an investment 300 000-500 000 yuan and produce annually 750 000-1 200 000
yuan. Thus small-scale rattan factory would be a beneficial way for developing
mountainous economy.

7 Market of Rattan Product
Rattan is a kind of non-timber resources with rather high economic values.
Rattan-related products from China are popular and well known in international market. In
recent twenty years China has successfully developed its market-oriented economy and the
life standard of most people has been improved steadily. Now rattan furniture and
handicrafts have come into common families. On the other hand, the big gap between need
and supply of rattan canes in international market is urgently to be bridged, which imply
the essentialness to develop rattan plantations in a large scale in China, especially of those
high-commercial-quality species.
There are merely 2.42 million hectares of tropical primary forest in China, plus 0.38
million hectares of tropical sparse woods and 2.73 million hectares of plantation, and the
forestlands suitable for rattan planting is at the most 2.0 million hectares. The Chinese
government is planning to carry out a project in forthcoming 10-15 years to establish
annually 5 000-10 000 hectares of rattan plantation in the south and southwest, where the
natural conditions are suitable for rattan growing. It is estimated that the annual production
of raw canes will reach to 50 000 tons per year when the project be accomplished. If so, the
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rattan industry of the country will rely much less on exporting raw materials and the
mountainous economy be developed in a practical way as well.
To maintain the competence of the country’s rattan industry, emphases should be
focused on how to develop advanced technology and qualified products to meet the needs
of international market as well as to improve the ability of self-supplying of rattan
resources. Therefore, the natural rattan resources should be strictly preserved and rattan
plantations are widely encouraged for developing. Meanwhile, more attentions should be
paid to comprehensive utilization of rattan resources and improvement of the quality of
rattan products.

Rattan Resources and Sustainable
Development in Yunnan Province
Wang Kanglin, Chen Sanyang, Xu Jianchu, Pu Yindong, Pei Shengji and Bao Qingzhong
( Kunming Institute of Botany, Chinese Academy of Sciences, P.R. of China;
Forest Bureau of Xishuangbanna, Jinghong, P.R. of China)

1 Introduction
Yunnan, especially the southern parts of Yunnan, is recognized as a very important
region for its rich rattan resources. The indigenous communities of the province have
abundant knowledge on rattan cultivation, utilization and conservation. The local
minority communities have a very close relation with rattan, which has generated a large
quantity of wealth for them. However, the rapid economic development has also caused
destruction of tropical forest and environment depravation. This has created problems for
the rattan industry: rattan resources have seen a drastic reduction to cause raw material
shortage, and some elite rattan species have become either scare or endangered. The
introduction, propagation and cultivation of the elite rattan species will help satisfy the
raw material need of the rattan industry, create new employment opportunities, increase
the income of rural communities, reduce the pressure on natural forests, promote
ecological sustainability and enrich the gene pool of elite rattan species.
This paper discusses the status of rattan resources, and their utilization and future
development strategy in Yunnan Province in southwestern China. The study has five
specific objectives: Summarize the status of rattan resources, distribution and utilization
in Yunnan; Present the technology and practice of rattan cultivation; Discuss the rattan
traditional conservation and development approaches; Evaluate the elite rattan species in
terms of different criteria; and Discuss development strategies and scenario-based models
for rattan in Yunnan and Hainan Provinces.
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2 Rattan Resources, Distribution and Utilization
Yunnan is an inland and remote province in China, located in the southwest part at
21 9'-29°15' N latitude and 97°30'-106°E longitude. It covers 39.4 million hectares, of
which 84% is mountainous area, 10% is plateau and 6% is basin area. The northern part
of the province is adjacent to the Xizang Tibet Autonomous Region and Sichuan
Province, and the eastern part to Guizhou Province and Guangxi Zhuang Autonomous
Region. Vietnam and Laos border the southern part, while Myanmar is to the west. The
province has a close relationship with these Southeast Asian countries in terms of politics,
economics and culture.
Yunnan Province represents a very complete region in terms of natural environment.
The elevation is low in the South but high in the North, rising from 76.4 m above sea
level in the South to 6 740 m in the North. Many large rivers in Asia—such as Jinx
(Upper Yangtze River), Nanpan (Upper Pearl River), Yuan (Red River), Lancing
(Mekong River), Nu (Salween River) and the Duolong-Daying (Irrawaddy River)—
originate from or pass through Yunnan. As Yunnan is located in the southwest of Eurasia,
it has a distinct monsoon climate. In the winter, a dry continental wind called “westerly
jet” prevails; but in the summer, the marine monsoon dominates. The resultant weather is
dry in the winter and moist in the summer. From south to north, it ranges from the
northern tropical dry-hot and humid climate to the sub-tropical temperate and highland
climate.
The vegetation includes rain forest and monsoon forest in the tropical areas,
evergreen broad-leaved forests and evergreen coniferous forests in the sub-tropical areas,
deciduous broad-leaved forest and coniferous forests in the temperate areas, as well as
Alpine brushes, meadows and desert. This complex and diverse ecological environment
supports an abundance of species. The biological resources are so plentiful that Yunnan
is known as “the kingdom of wild flora and fauna”. It is home to a vast number of plants
found in China: there are 17 000 high level plant species belonging to 274 families and
2 076 genera in Yunnan—nearly 63% of the total in China (27 000 species)—some of
which are endemic to the Province. Rattan is a very important plant among them.
°

2.1 Resources and distribution
There are about 38 species and varieties of rattan in Yunnan, accounting for 56.72%
of the total rattan species in China. Of these, 34 species and varieties belongs to the
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genus Calamus and the remaining to Plectocomia. These are distributed mainly in the
evergreen and semi-evergreen forests of the south tropical and subtropical areas of South,
Southwest and Southeast Yunnan (tables 1 and 2), with the exception of Calamus
yunnanensis, which is distributed in patches from the north tropical climatic zone
(Jinghong, Mengla and Yingjiang counties) to mid-north subtropical climatic zone
(Gongshan County). These rattan plants form important and prominent components of
some forest formations ranging from 240 m altitude in secondary vegetation to 1 800 m
altitude in mountainous mossy evergreen broad-leaved forest. Some recent studies
indicate the distribution types of the rattan species in Yunnan as follows:
Table 1 Genera, Species, Varieties and Distribution of Rattan Resources in China
Genera and species
Calamus
Daemonorops
Plectocomia
Sub-total

Endemic species in
provinces
Endemic species in
China

YN

GZ

GX

GD

HN

TW

Others

Total*

(%)

S

19

3

10

9

10

2

5

41

V

15

0

2

3

1

1

1

20

S

0

0

1

1

1

0

0

1

1.49
7.46

S

4

0

0

0

1

0

0

5

G

2

1

2

2

3

1

1

3

S

23

4

11

10

12

2

5

47

V

15

0

3

3

1

1

1

20

S

4

0

1

3

4

3

0

15

V

12

0

1

2

0

0

1

16

S

5

3

9

10

11

3

2

27

V

13

0

3

2

1

0

1

17

91.05

100

44.9
63.8

Notes: ① YN = Yunnan, GZ = Guizhou, GX = Guangxi, GD = Guangdong, HN = Hainan, TW =
Taiwan, Others = Include Zhejiang, Fujian, Jiangxi, Hunan and Xizang; ② G = Genera, S = Species, V =
Variety, including unidentified species; ③ * = One species counted only once even if it appears in
different Provinces.
Table 2 Resources, Distribution and Habitats of Rattan in Yunnan Province
Botanical Names
Calamus
balansaeanus
castaneolepis
C. erectus
erectus
C. erectus
birmanicus
C. flagellum
flagellum

W

Distribution
SW
S

var.
var.
var.
var.

+
+

SE

DF

Altitude
(meter)

Vegetation type
Ⅰ
Ⅱ

+

1 000

(Ⅲ)

+

270~500

(Ⅱ)

240~1 200

(Ⅱ)

770~915

(Ⅱ)

+
+

Habitats
SF
BG

+
+
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C. flagellum var.
furvifurfuranceus

+

+

+

580~920

(Ⅱ)
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(continue)
Botanical Names

W

C. giganteus var.
robustus

Distribution
SW
S

SE

+

+

Habitats
DF
SF
BG

700~800

+

240~1 500
690~1 400

+

1 300~1 800

(Ⅲ)

+

+

1 600

(Ⅲ)

+

+

1 550~1 600

(Ⅲ)

1 300~1 450

(Ⅲ)

1 600

(Ⅲ)

+

+

+

+

C. henryanus
C. karinensis
C.
nambariensis
var. alpinus
C.
nambariensis
var. menglongensis
C. nambariensis var.
xishuangbannaensis
C.
nambariensis
var. yingjiangensis
C. obovoideus
C. oxycarpus var.
angustifolius
C. palustris var.
palustris
C. palustris var.
cochinchinensis
C. palustris var.
longistachys
C. platyacanthus
var. platyacanthus
C. platyacanthus
var. mediostachys
C.
rhabdocladus
var. rhabdocladus
C.
rhabdocladus
var. globulosus
C. viminalis
C. wailong
C. yunnanensis
C. yunnanensis var.
densiflorus
C. yunnanessis var.
intermedius
C. aff. filiformis
C. aff. inermis
C. aff.multinervis
C. aff. pilosissimus
C. aff. rugosus
Calamus sp.

+

+
+

+

+

+

+

+

240~1 000
+

+

+
+

+
+

+

+

1 300~1 850

(Ⅰ)

(Ⅰ)

+

500~700

(Ⅱ)

+

800~1 510

(Ⅱ)
(Ⅲ)

+

800

(Ⅱ)

780~1 560

(Ⅱ)

+

600~700

(Ⅱ)

+

500~850

(Ⅱ)

+

+

600~850

(Ⅱ)

+
+
+

+
+

270~800
600~950
850~1 850

(Ⅱ)
(Ⅱ)
(Ⅱ)

+

+

1 600~1 800

(Ⅲ)

(Ⅱ)

1 600

(Ⅲ)

(Ⅰ)

720~900
1 200
780~950
400
800
2 300~2 400

(Ⅲ)
(Ⅲ)
(Ⅱ)
(Ⅱ)
(Ⅱ)

+

+

+
+

+

+
+

+

(Ⅱ)
(Ⅱ)
(Ⅲ)
(Ⅱ)
(Ⅱ)

C. gracilis

+

Altitude
(meter)

Vegetation type
Ⅰ
Ⅱ

+
+
+
+
+
+
+

+

+

+

+
+
+
+
+
+
+

+
+

(Ⅰ)

(Ⅱ)
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(continue)
Botanical Names
Calamus sp.
Plectocomia
assamica
Plectocomia
himalayana
Plectocomia
kerrana
Plectocomia
pierreana

W
+

Distribution
SW
S

Habitats
DF
SF
BG
+

Altitude
(meter)
1 000

Vegetation type
Ⅰ
Ⅱ
(Ⅱ)

+

+

820

(Ⅱ)

+

+

+
aff.

+

+

+

SE

+

+

1 600~1 800

(Ⅰ)

+

800~1 400

(Ⅰ)

+

400~800

(Ⅰ)

Notes: ① Distribution areas: W = West of Yunnan Province, including Yingjiang, Longchuan, Ruili,
Wanding, Luxi, Tengchong, Longling and Gongshan counties; SW = Southwestern Yunnan, including
Mengla, Jinghong, Menghai, Simao, Menglian, Lancang and Cangyuan counties; S = South of Yunnan,
including Hekou, Pingbian, Jinping, Honghe, Lüchun and Jiangcheng counties; SE = Southeastern Yunnan,
including Wenshan, Malipo, Xichou and Funing Counties; ② Habitats: DF = Dense forest; SF = Sparse
forest; BG = Beside gully; ③ Vegetation Types: I = Moist rain forest; I (II) = Seasonal rain forest; I (III)
= Montane rain forest; II (I) = Monsoon evergreen broad-leaved forest; II (II) = Mountainous mossy
evergreen broad-leaved forest (Based on Wang Kanglin, 1997).

(1)Widespread distributional type: including Calamus gracilis, C. henryanus, C.
palustris var. cochinchinensis, C. platyacanthus, C. rhabdocladus and C. yunnanensis.
(2)Lower to middle altitude distributional type (under 1 000 m alt.): C. erectus var.
erectus, C. erectus var. birmanicus, C. flagellum var. furvifurfuraceus, C. giganteus var.
robustus, C. platyacanthus var. mediostachys, C. viminalis var. fasciculatus, C. wailong,
C. filiformis, C. multinervis, Plectocomia assamica and P. pierreana.
(3) Middle to high altitude distributional type (including the species in 1 000m to 1
800 alt.): C. nambariensis var. alpinus, C. nambariensis var. menglongensis, C.
nambariensis var. xishuangbannaensis, C. nambariensis var. yingjiangensis, C.
obovoideus, C. oxycarpus var. angustifolius, C. yunnanensis var. yunnanensis, C.
yunnanensis var. densiflorus, C. yunnanensis var. intermedius, C. inermis and
Plectocomia himalayana.
Of these rattan species, some such as C. erectus, C. nambariensis var. yingjiangensis
and C. pilosissimus are narrow endemic types, found only in Tongbiguan of Yingjiang
County. C. flagellum, C. palustris, C. palustris var. longistachys, C. platyacanthus var.
mediostachys, C. rhabdocladus var. globulosus, C. multinervis, C. filiformis and
Plectocomia assamica are known only in three locations (Yaoqu, Xiangming and Bubeng)
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in Mengla County. C. wailong is recorded only in Yaoqu and Xiangming of Mengla
County, while C. multinervis is known only in Mengla County. C. obovoideus grows in
Mengsong of Jinghong County in mountainous rain forest at 1 600 m altitude, and C.
inermis is found only in Bulang Mountain of Menghai County. C. rugosus is recorded
only in Funing County, while Calamus sp. 1 and sp. 2 are found in Jingdong and
Longning Counties.

2.2 Utilization
Almost all rattan species available in Yunnan are used in many ways, particularly
among the minority communities, whose range of rattan use is enormous (table 3).
Table 3 Uses and Quality of the Rattan Species in Yunnan
Species
C. balansaeanus var. castaneolepis
C. erectus var. erectus
C. erectus var. birmanicus
C. flagellum var. flagellum
C. flagellum var. furvifurfuraceus
C. giganteus var. robustus
C. gracilis
C. henryanus
C. karinensis
C. nambariensis var. alpinus
C. nambariensis var. menglongensis
C. nambariensis var. xishuangbannaensis
C. nambariensis var. yingjiangensis
C. obovoideus
C. oxycarpus var. angustifolius
C. palustris var. palustris
C. palustris var. cochinchinensis
C. palustris var. longistachys
C. platyacanthus var. platyacanthus
C. platyacanthus var. mediostachys
C. rhabdocladus var. rhabdocladus
C. rhabdocladus var. globulosus
C. viminalis var. fasciculatus
C. wailong
C. yunnanensis var. yunnanensis
C. yunnanensis var. densiflorus
C. yunnanensis var. intermedius
C. filiformis
C. inermis
C. multinervis
Plectocomia assamica
P. himalayana

Utilization
Framework
Framework
Weaving
Weaving
Weaving
Weaving
Weaving, edible fruit
Weaving
Weaving
Weaving, edible fruit
Weaving
Weaving, edible fruit
Weaving, edible fruit
Weaving, edible fruit
Weaving
Weaving
Weaving
Weaving
Weaving
Weaving
Weaving, framework
Weaving, bowstring
Weaving
Weaving
Weaving, vegetable
Weaving, vegetable
Weaving, framework
Weaving
Weaving
Weaving
Weaving
Weaving, tying buffalo

Quality
Middle
Middle
Middle
Middle
Middle
Good
Good
Middle
Middle
Good
Middle
Good
Good
Good
Lower
Good
Middle
Middle
Middle
Middle
Middle
Middle
Middle
Good
Good
Good
Lower
Good
Middle
Excellent
Lower
Middle
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P. kerrana
P. pierreana

Weaving
Weaving

Lower
Lower

2.2.1 Weavings and furniture
Like in Southeast Asian communities, rattan canes are used for all type of weaving in
Yunnan, such as for making baskets, boxes, bags, stools, chairs, canteens, food baskets,
dining tables, dustpans, etc. In some bamboo instruments, the rattan cane is used to bind
the ends and sides.

2.2.2 Building and agricultural tools
Usually, rattan canes are used by indigenous communities for making cordage for
binding houses, fences, bridges and rafts. Cane ropes are used also for tethering buffaloes,
while whole cane is used for sun-drying clothes.

2.2.3 Food
Fruits of some rattans—such Calamus yunnanensis var. yunnanensis, C.
nambariensis var. xishuangbannaensis and C. obovoideus—are used as food by
indigenous communities. A few species—such as C. yunnanensis var. yunnanensis, C.
nambariensis var. xishuangbannaensis and C. karinensis—have edible young shoots
(cabbage), which are used by indigenous communities to prepare tasty baked food (the
shoots are baked and than mixed with other vegetables such as capsicum) or soup
(mashed shoots mixed with mashed rice for making a soup called “aneüqiemei”).

2.2.4 Ornaments and entertainment
Fruits or seeds of some rattans are now used to make Buddha-bead. Traditionally,
most minority communities of Yunnan—such as Dai, Hani, Jinuo, Achang, Lu, Bulang,
Benglong, Wa and Jingpo—use rattan to make headwear, bracelet and waistband (for
example, the cane twine girdles used by the Dai community and the Hani community).
Besides, during traditional festivals, ropes made of rattan cane are used for constructing
swings.

2.3 Current problems
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Although Yunnan provides good natural conditions for rattan growth and is rich in
rattan resources, incomplete statistics indicate that the procurement of rattan by
government agencies has been decreasing year by year in the past three decades (table 4).
This is especially true of elite species, which are more rapidly affected by resources
depletion and loss of genetic diversity. There are five reasons for this:
(1) Destruction of habitat: Change of land use pattern (large areas converted to
plantations of economic crops, such as rubber, banana and coffee) and unrestrained
shifting cultivation (owing to population pressure) made forests to diminish (forest cover
rate was 50% in 1950s, and 24.58% in 1992), and rattan habitats to be destroyed.
(2) Reducing resources owing to over-exploitation: Canes prices increase each year,
and over-harvesting make elite rattan species, especially single-stemmed rattans, lesser
and lesser. For example, 250-300 tons of rattan canes are harvested annually by
individual producers, apart from the quantity used by indigenous people.
(3) Long invest-return cycle and less planting: Compared with other economic plants
or crops (such as tea, bamboo, banana, coffee and fruits), rattan needs a longer time to
mature and provide financial returns.
(4) Weak natural regeneration capacity: Generally, the sarcotesta in rattan fruits
adheres closely to the seed and is difficult to separate (Dransfield and Manokaran 1993).
In natural conditions, seed with pericarp and sarcotesta have reduced germination rates.
Conditions of excess dryness and excess moisture reduce the germination capacity
further. Besides, animals and ants also damage the seeds.
(5) Unequal exploitation of rattan species: The canes of elite rattan species have been
exploited without any control, while the utilization of canes from non-elite species is
low.
Table 4 Purchase of Rattan Cane in Xishuangbanna and Yunnan (tons)
Area

1955-1969

1970-1979

1980-1989

Average

Xishuangbanna

50.2

220.2

114.4

112.9

Yunnan

166.1

717.3

666.9

387.7

Source: Chen Sanyang 1993.

3 Research and Propagation
Some scientists from Xishuangbanna Tropical Botanical Garden (XTBG) and
Kunming Institute of Botany (KIB), the Chinese Academy of Sciences (CAS)—who have
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been conducting resources survey, specimen collection, classification, identification and
nomenclature, and elite species introduction and cultivation experimentation since the
1960s—have developed a series of methods and technologies for rattan propagation and
cultivation. In the 1980s, a research study on rattan cultivation among indigenous
communities was made under the guidance and cooperation of XTBG, KIB and
Xishuangbanna government. A 60-ha rattan plantation was established in mountain areas
as part of this initiative. In addition, some rattan propagation and cultivation projects
have also been undertaken, with the support of Ford Foundation, McArthur Foundation
and Yunnan Government. Key aspects of these programs are given below.

3.1 Demonstration of rattan cultivation in Xishuangbanna
In 1988, under the technical coordination of Kunming Institute of Botany and
Xishuangbanna Tropical Botanical Garden, and with the approval of the Bureau of
Forestry of Menghai County, local farmers planted about 20 000 rattan plants in
secondary forest land of 20 ha. Many local households have benefited from this local
governmental policy, and have played an important role in the conservation and
sustainable use of rattan resources in the area.

3.2 Rattan species introduction
Some elite rattan species—such as Calamus bonianus, C. compsostachys, C.
simplicifolius, C. tetradactylus, C. balansaeanus var. castaneolepis, Daemonorops
jenkinsiana and D. margaritae—have been introduced from Guangdong and Hainan
Provinces. C. australis and C. peregrinus have been introduced from Myanmar and
Thailand, respectively, and cultivated in XTBG at Mengla county, and in Hekou and
Yingjiang Counties. In 1999, 21 species and 9 varieties of rattan belonging to 3 genera
have been introduced in XTBG, but only 15 species and 8 varieties have been maintained.
Of these, most species have shown good growth.

3.3
Ethno-botanical studies on rattan and bamboo in
Xishuang-banna (1989-1991)
This project was supported by the National Sciences Foundation of China. The
general objective of this project was to use ethno-botanic methodology to document the
indigenous knowledge on the utilization of rattan and bamboo resources among the
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different ethnic minorities in Xishuangbanna, identify the scientific foundation of such
knowledge and analyse its relation to local economic development, and propose
recommendations for the sustainable and rational use of rattan and bamboo resources.
The main research results were:
(1) Inventory of rattan resources and its folklore taxonomy – Based on field
collection and taxonomic identification, the rattan resources in Xishuangbanna were
recorded as 17 species and 12 varieties in 2 genera. The data places
Xishuangbanna—accounting for 90% of total species in Yunnan and 47% in China,
mainly distributed in Mengla and Jinghong Counties—as the region with the highest
rattan biodiversity in the country. The taxonomic knowledge on rattan in Dai folklore can
be considered the most comprehensive, and is quite similar to the binomial system (genus
and species) of Linnaeus. This project marked the first initiative in China on the
systematic inventory of rattan resources and documentation of related indigenous
knowledge.
(2) Synthesis of the indigenous rattan management systems and practices,
particularly the Mengsong Hani model—the community-protected rattan forest
“sangpabawa” and swidden (slash-and-burn) cultivation practice. “Sangpabawa”, a very
important finding by the research group, is unique management system for conservation
and sustainable use of rattan resources through customary institutions created by the
Hani. This well-protected forest (no cutting of rattan and trees) stretches to about 1 000
ha, representing a wide range from evergreen broadleaf forest to tropical mountain
rainforest vegetation types. A high diversity has been successfully maintained in this area,
with significant bearing on ecological, social and economic aspects. It is a successful
example of combination of national, collective and individual interests, and merits
extension to other areas.
(3) The traditional utilization of rattan was investigated, particularly in the Dai and
Hani communities. Rattan is commonly used for handicrafts (such as baskets, containers,
winnowing trays, chairs and tables), other articles of daily use and ropes. Some rattan
fruits and shoots are used as food. Rattan cane is used by the Hani people during festivals
for making swings.
(4) The study and evaluation resulted in the recommendation of 8 excellent rattan
species for extension in Xishuangbanna.
(5) Eight research papers or abstracts on rattan were published.
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The research findings highlight a good example of combining biodiversity
conservation and sustainable use of resources, which has attracted a wide attention both
at home and abroad.

3.4 Yunnan Upland Management (YUM) (1990-1996)
This project, supported by the Ford Foundation, aimed to contribute towards the
sustained well-being of people in poor areas through collaborative strategic and applied
research and related forest and agricultural systems, and through promoting the transfer
of appropriate new technologies and new methods. The indigenous knowledge and
experience on cultivation of rattan in the swidden-fallow and the natural forest
management of the Hani community in Mengsong have been successfully transferred to
another Hani community with similar biophysical and socio-cultural conditions in
Mingzishan, Jiangcheng District of Yunnan, through farmer-to-farmer exchange and
on-site training. About 25 764 elite rattan seedlings were planted in a 20ha area in the
secondary forests in Mingzishan under the technical coordination and guidance of
Kunming Institute of Botany.

3.5
Indigenous Innovation and Alternatives to Shifting
Cultiva-tion in Xishuangbanna (1997-2001)
The main objectives of this project, supported by the Ford Foundation, include:
indigenous improvement;
alternatives;
off-farm opportunities;
community
capacity development; and
improvement of community supporting system. Totally
15 000 rattan seedlings have been raised and over 10 000 seedlings have been cultivated
following different models.

3.6 Biodiversity Conservation and Communities Development
among China, Vietnam and Myanmar (1998-2001)
This project, supported by the McArthur Foundation, mainly studies:
environment
degradation;
biodiversity levels;
poverty;
land tenure conflicts;
illegal
poaching and trade; and ⑥ low management capacity. Under this project, farmers raised
60 000 rattan seedlings at two experimental sites (one in Hekou County of Honghe
Prefecture and the other in Yingjiang County of Dehong Prefecture). Plans include the
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planting of these seedlings in areas along the natural reserve to promote the
socio-economic and sustainable development of the local communities along with the
development of the natural reserve.

3.7 Demonstration and Extension of Rattan Cultivation in
Xi-shuangbanna (2000)
Yunnan Government supported this project that aimed at:
breeding of elite rattan
species;
establishment of a seed orchard;
demonstration of rattan cultivation;
technical training (including publishing a handbook on rattan cultivation techniques; and
development and extension among minority communities and in a national farm.
The above-mentioned research works have resulted in a complete set of technologies
on rattan breeding and cultivation. The main techniques are described below.

3.8 Seed collection, storage and transport
Rattan seeds normally have a short viability period and cannot be stored for a long
time. In most cases, the collection of fruits is followed by coating their fleshy layer with
a lotion to prevent moisture loss. The seeds are kept inside the closed bags during
transportation, as the seeds must not be allowed to dry.

3.9 Propagation
Propagation involves the following steps:
(1) Establishment of a proper nursery. The nursery is ideally located where water is
available and readily accessible—like along riverbanks, creeks and farmland
boundary—and needs sandy soil, or humus-rich forest topsoil mixed with sand.
(2) Treatment of seeds before sowing.
For shortening the germination time and
increasing germination rate, the fleshy sarcotesta is removed from the seeds. The
common method is to crush the ripe fruits (without damaging the seeds), soak them in a
bucket filled with water for about 1-2 days and then remove the fleshy layer.
The
seeds are soaked in water to increase germination rate.
The seeds are treated with a
fungicide to prevent any fungal infection.
To hasten germination the seeds are kept in
moist sawdust or sand for a period of 2 weeks to 1 month.
(3) Sowing. The germinated seeds are sowed 5-10 cm apart, by pushing each one just
below the soil surface (about 6 cm depth).
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(4) Management of nursery. It is very important that the nursery is partially shaded,
as the seeds or seedlings need moisture and direct sunlight will retard germination and
growth. For this, the seedbeds are partly shaded, or the seeds covered with leaves.
Watering is done once a day using a sprinkler so as not to disturb the soil or leaf
covering.
(5) Potting. When the seedlings are about one month old, the roots will be well
developed and the first leaves about 6-8 cm long. They are then transferred into
individual perforated polyethylene bags. Forest topsoil is used as the potting medium,
and the soil is kept moist but not water-logged. The seedlings are allowed to grow for
about one year before transplanting.

3.10 Cultivation
(1) Preparation of the land. The natural habitats of rattan are riverbanks and
secondary forests (logged-over area), where the floor always has good drainage, has a
thick humus-rich soil-layer and receives adequate sunlight. It is also important that
rattans are climbing palms and hence, need trees for support and shade.
(2) Transplanting. The best time to transplant the seedling is at the beginning of the
rainy season. Nursery-grown seedlings may be transplanted as soon as they attain a
height of 15 cm with at least 4-5 leaves. The plastic bag is removed before placing the
seedling in the hole. It is important not to break the molded soil around the roots so as to
avoid exposing the root system or breaking any rootlet. If the roots are damaged in
transplanting, some leaves are pruned off and the seedling is placed under full shade to
air recovery.
(3) Management. Rattans normally require less care and maintenance for the first 2-3
years. Occasional brushing and mulching of the soil around the clump, or adding humus
or loam will encourage the growth of the seedlings. Replanting may be necessary,
usually after the fourth harvest.

4 Traditional Practices and Conservation
Traditional utilization of rattan resources among the indigenous communities in
Yunnan can promote the conservation of this resource, as evident from “sangpabawa”,
which is an efficient model for rattan conservation.
In Hani language of Mengsong, Xishuangbanna of Yunnan, “sangpabawa” stands for
community-protected rattan forest. “Sangpa” means headman of the local community,
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“ba” means place or hill and “wa” means rattan; thus, “sangpabawa” is a protected rattan
forest that belongs to the whole community and supervised by the headman of the village
or community in terms of management. “Sangpabawa” was established almost one
hundred years ago, and the total forestland under it in 1950 was 333 ha. Although the
land belonged to the government, forest management—including extraction of rattan and
other minor products—was left to the decision of the headman who represented all
villages in the community.
Under the local practice of extraction from the forest, farmers selectively harvest
“dahong” rattan (large to medium-diameter rattan, such as Calamus nambariensis var.
xishuangbannaensis, C. nambariensis var. menglongensis, C. nambariensis var. alpinus and
C. obovoideus) once every 3 years, and “lei” rattan (small-diameter rattan, such as C.
yunnanensis, C. yunnanensis var. densiflorus and C. yunnanensis var. intermedius) once
every 5 years (Chen et al. 1993). Harvesting is usually done during dry season to prevent
rotting of the cut stump and drowning of new shoots that emerge after cutting. Each year,
about 10 tons of canes are harvested from almost one-third of the rattan clumps in the
forestland. Thus, in 3 years a harvesting cycle is completed. Selective harvesting helps avoid
damages to the clump such as cutting of immature canes and destruction of roots.
The system involves other stipulations related to forest management and protection: ①
Cutting of trees and heavy clearing are not allowed in the forest; the prevailing
management practices do not permit the natural forest vegetation to be disturbed to
increase rattan production. ② Each spring, one single cane would be given to each
household for making ploughing tools; ③ Several rattan stems will be provided each
year to each Hani village for making ropes for swings during “Yeku”, the traditional
festival that the Hani people observe in July; ④ When a new house is being constructed,
the household will be allowed to collect some canes (weighing as much as 25 kg) for the
purpose.
This management system both satisfies the needs of the villagers and efficiently protects
the forest in the following ways.
(1) Social sustainability. “Sangpabawa” is a system under which state-owned forest is
managed by local community as a community forest, with the local community using
their traditional guidelines to manage this resource. This management model is very
efficient as it prompts the local people to consider this resource as their own property to
be protected and used rationally.
(2) Economic sustainability. Firstly, rattan harvesting and output is stable because of
selective harvesting that does not disturb the roots system and hence, the emergence of
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new shoots from the old rootstock. The new shoots from the old rootstock produce
mature, harvestable cane faster than newly planted rattan. Secondly, the harvesting
practices prevent over-cutting. Even when high cane prices have led to over-exploitation
elsewhere, the protective role of “sangpabawa” and the supportive role of “dongya”
systems among the Hani community have maintained a balance between rattan harvesting
and marekt demand. In the “dongya” system, bamboo and rattan species are important
components and, with other crops (such as tea, fruit trees, vegetable and medicinal plants)
constitute a diverse and highly productive agro-ecosystem. According to data from
Indonesia (Godoy and Feaw 1991), rattan is about eight times more profitable than padi,
the most lucrative crop, and about 15 times more profitable than rubber. From the
management viewpoint of “maximization of resources”, the system satisfies market
demand to the maximum while sustainably using the resource. The mutually supportive
and complementary roles of “sangpabawa” and “dongya” systems provide for a stable,
sustainable and diversified agro-ecosystem. From the farmer’s viewpoint, they obtain
different produces from these two systems to satisfy their cash requirements (such as by
harvesting and selling the rattan, bamboo, fruit, etc.) and to meet the basic needs of life
(such as rice, medicinal plants and other crops).
(3) Ecological sustainability. Under the “sangpabawa” system, plant species are well
protected because of the selective rattan harvesting that ensures a stable environment to
growing plants.
There are some incidental effects of the system: ① Biodiversity conservation –
“Sangpabawa” system, not only protects bamboo and rattan resources, but also conserve
other plant resources, including some valuable plants species. For example, Calophyllum
polyanthum, listed in the Red Data Book of China, is well preserved in this forest. ②
Water source – “Sangpabawa” is very important means of conserving water resources in
the forest, which are also used for paddy field and drinking. ③ Landscape – From an
aesthetic point of view, this system maintains the forest to provide a good landscape.
Cultivation of rattan in swidden fields is a common traditional practice among Hani
villages in Mengsong. Each family plants from a few to hundreds of clumps in their
swidden fields under the “dongya” system. “Dongya” is a general term in Hani language
for swidden farming system, which consists of four subsystems based on the type of crop
system practiced: ① “Qeiya-Aneya” in Hani language refers to the system of
intercropping upland rice and rattan (rice + rattan agroforestry). ② “Qeiya-Apeya” refers
to the system of intercropping rice and bamboo (rice + bamboo agroforestry). ③
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“Aduya-Wunueya” refers to the system of corn and vegetables, and ④ “Leboya” refers to
tea planting system.
The “Qeiya-Aneya” upland rice-rattan swidden field is one of the major components
of the swidden farming system of this area. A rough estimate puts these rattan-rice
swidden fields at about 400 ha. According to a sampling survey of 31 households in the
community, each household has 28.5 clumps of rattan in the swidden field, which
indicates that about 14 478 clumps of rattan have been planted in the said fields. The
annual production of rattan cane from swidden fields during 1985-1989 was
approximately 10 tons—50% of the total production of canes by the community (Chen et
al. 1993).
Some experimental methods have been employed in the development of rattan.
(1) Site preparation: A “screen afforestation” method was used to plant rattans in
swidden fields. Slopes in fields along streams, boundaries of cultivated fields and field
patches with larger trees or tree stumps are suitable locations in swidden fields for planting
rattans. After land allocation, surface clearing is done in a small part of the land; the rest of
the field is completely cleared for upland rice growing.
(2) Planting: Seeds are collected from rattan forest or swidden fields and seedlings are
raised in the same swidden field. When seedlings reach about 20 cm in height (second year
after sowing), they are transplanted under trees or around big tree stumps. Transplanting is
usually done in May before the rainy season. Direct sowing of seeds is also practiced, 3-6
seeds in each planting hole. The distance between each rattan planting varies from 10 m to
20 m. Other propagation methods (such as cutting and layering) have also been attempted to
develop rattan forest.
(3) Maintenance: The rattan seedlings planted in the field are carefully protected from
cutting and burning operations that are carried out when planting crops.
(4) Harvesting: Harvesting is done from 6 to 10 years after planting, when the rattan
stem reaches 6-7 m in length. Normally, rattan canes are selectively harvested once every 3
or 5 years for small and large-diameter rattans, respectively.

5 Recommendations
Based on research, the authors recommend that the following local elite rattan species
should be accorded high priority for further development under different conditions in
Yunnan.
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5.1 Species for an altitude below 1 000 m
Calamus gracilis– A small-diameter rattan, distributed mainly in Mengla County of
Xishuangbanna, South Yunnan. The cane is flexible and of high quality, and is used for
weaving. Forest depletion and over-exploitation have driven this rattan species towards
an endangered situation. There are two types in the species: single-stemmed and
clump-forming; and clump-forming types are recommended for development.

5.1.1 Calamus multinervis
Another small-diameter rattan, distributed only in Mengla County. The cane, which
is flexible and has an excellent quality, is suitable for weaving, especially for making
high-quality furniture.

5.1.2 Calamus p1atyacanthus
A medium-diameter rattan, distributed mainly in Mengla County and Jinghong. The
good quality flexible cane of this species is used in weaving.

5.1.3 Calamus wailong
This species is a medium-diameter rattan, naturally distributed only in the
mountainous region of Mengla County. The canes are extensively used in weaving and
furniture making among local communities.

5.1.4 Calamus pa1ustris
This species and its varieties are distributed in limited areas of Mengla County. It
produces strong, good quality canes of medium to large diameters, suitable for making
furniture frames and crabstick.

5.1.5 Calamus rhabdocladus and Calamus rhabdocladus var. globulosus
5.1.6 Calamus tetradactylus and C. bonianus
These have been introduced from Hainan to Xishuangbanna in the 1960s; C.
tetradactylus died out but C. bonianus grew well. Both are densely clustering
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small-diameter rattans with good quality canes for making handicrafts, binding in
furniture and cordage.

5.1.7 C. simplicifolius
This medium-diameter rattan is found in Hainan Island, and has been introduced for
cultivation in Xishuangbanna Botanical Garden. C. simplicifolius is the best
medium-diameter cane in South China, with its creamy yellow color and highly glossy
surface giving it an excellent appearance. Its uniform texture facilitates splitting into
strips. Whole cane is used for furniture making. The seeds of the species are edible. It
displays optimum growth in sites moisture is in abundance and sunlight adequate. Young
leaves and new shoots may easily be damaged by temperatures below -2°C.

5.1.8 Daemonorops margaritae
D. margaritae, also called red rattan, is widespread in Hainan, Guangdong and
Guangxi, etc. In the 1960s, it was introduced from Hainan to Xishuangbanna, where it
has shown good growth. It is an important rattan species of medium-large diameter. The
cane is yellow with a glossy surface, and is used for weaving and basket ware. The seeds
are used for making necklaces, while fresh shoots are used as a vegetable.

5.2 Species for altitudes between 1 000 and 1 500 m
5.2.1 Calamus nambariensis var. xishuangbannaensis
This medium-diameter rattan, distributed mainly in Mengsong of Jinghong City of
Xishuangbanna, is also cultivated in Gelanhe, Nannuo Mountain and Bulang Mountain.
The cane is flexible and high-quality, suitable for weaving and furniture making. It is
also cultivated in lowland areas.

5.2.2 Calamus nambariensis var. yingjiangensis
This variety occurs only at an altitude of 1 300-1 450 m in the evergreen
broad-leaved forest of Tongbiguan in Yingjiang county of Western Yunnan. The cane has
medium to high quality, and is used in weaving work.

5.3 Species for altitudes between 1 500 and 1 800 m
5.3.1 Calamus yunnanensis and C. yunnanensis var. densiflora
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These are small-diameter rattans found in broad-leaved montane forests of Jinghong,
Mengla and Gongshan Counties. The medium to high quality of their cane makes them
suitable for weaving. They are cultivated in Mengsong of Jinghong, Gelanhe and Bulang
Mountain of Menghai County. As C. yunnanensis is a single-stemmed rattan, it needs to
be conserved.

5.3.2 Plectocomia himalayana
P. himalayana is a rattan of medium diameter. It is distributed naturally in limited
areas of Mengla County, and cultivated in Gelanhe and Bulang Mountain of Menghai
County. The medium-quality cane is used for basket ware and tethering buffalo.

6 Development Strategies
Currently, rattan research, utilization, exploitation and conservation have been
supported or co-sponsored by many international organizations, such as the International
Network for Bamboo and Rattan (INBAR), International Plant Genetic Resources
Institute (IPGRI), International Development Research Centre of Canada (IDRC) and
International Centre for Integrated Mountain Development (ICIMOD). Yunnan
Provincial Government also provides a number of financial supports for development of
the resources. The main problems, however, continue to be raw material shortage and
scarcity of elite species for future development. Hence, the key development strategies
must focus on:
introduction of elite rattan species;
breeding and cultivation of elite
rattans; and
demonstration and extension models.

6.1 Introduction of elite rattan species
Some elite rattan species (table 5) should be introduced from the Philippines,
Malaysia, Indonesia, Laos and Myanmar. The planting materials may be obtained
through rattan seed exchange and purchases. Studies may be organized to source
countries and training by foreign experts may be arranged.
Table 5 List of Elite Rattan Species Recommended for Introduction in Yunnan
Botanical name
Calamus
manan

Local name
rotan manau

Distribution
Malaysia,
Indonesia,
Thailand

Notes
Best quality rattan with single-stemmed cane
of 2-8 cm diameter; the cane is flexible, hard,
strong and durable; suitable for cultivation on
humid tropical areas at altitudes of 200-1 000
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C. caesius

ratan sega

Malaysia,
Indonesia,
Philippines,
Thailand

C. trachycoleus

rotan irit

Malaysia,
Indonesia

m, on well-drained sandy soil. It has been
introduced in Guangdong Province.
Densely clump-forming, small-diameter (7-12
cm) rattan; canes have a glossy, siliceous
surface and golden yellow color; ideal for
high-quality furniture; suitable for cultivation
in lowland (below 900 m) on alluvial soil, and
50% light/shade condition is ideal for its
growth. Recently introduced in Guangdong and
Yunnan.
A clustering, vigorously-growing (up to 7 m
per year), small-diameter (7-12 cm) rattan that
produces one of the best canes; canes are
strong and durable, and used for making
furniture and packing; grows best in lowland
on alluvial soils.

·172· Sustainable Development of the Bamboo and Rattan Sectors in Tropical China

(continue)
Botanical name
C. merrillii

Local name
palasan

C. ornatus

waai chaang (Thai.)
rotan kesup (Ind.)
limuran (Ph.)

C. tenuis

wai nyair (Laos)
Ta-ye-li-kyein

C. guruba

kyein-ni (Mya.)
sundi-bet (Ban.)

C. egregius

liteng

Daemonorops
mollis

ditaan

Distribution
Philippines

Notes
A clustering, fast-growing (up to 2-3 m a year)
rattan; canes are up to 4.5 cm in diameter; used
for making furniture and framework for
weaving; grows well mostly in lowland and
areas up to 1 200 m in altitude; 50%
light/shade condition is suitable for growing.
Clustering rattan of medium-large diameter;
Thailand,
canes are used for making weaving and
Indonesia,
Philippines, furnitrue frames; fruit is edible, and water from
shoots is said to cure stomachache and
Malaysia
diarrhoea. It grows as well in secondary
tropical rain forest at altitudes up to 1 000 m.
Clustering rattan with good quality canes of
Myanmar,
5-8 mm in diameter; mainly used is in
Laos,
weaving; shoot is edible; grows very fast in
Vietnam
low altitude areas with rich, deep and moist
soil.
Laos
Clustering rattan with good quality canes of
Myanmar,
1 cm diameter; canes are commonly used in
Bangladesh, weaving; grows well in lowland with moist,
Eastern India fertile soil.
Clustering, small diameter (10-15 mm cane)
China
rattan; high-quality canes are used for all types
(Hainan)
of binding and weaving in the furniture
industry; widely used for cordage and house
construction; new shoots can be eaten as a
vegetable; grows well in 600-1 000 m montane
rain forest with moist, fertile soil.
Clustering medium-large diameter rattan (cane
Philippines
dia. 2-5 cm); used in weaving and binding;
very common plant that grows in fertile soils in
montane forests at altitude up to 500 m.

6.2 Establishment of nursery and seed orchard
The government should strongly support establishment of nurseries and breeding
gardens in different climatic areas, such as Mengsong of Jinghong City, Puwen forest
farm in Jinghong City (a experimentation forest farm of Yunnan Academy of Forest
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Sciences), Yingjiang County of Dehong Prefecture and Hekou County of Honghe
Prefecture.

6.3 Planting models
Silvicultural types and management models are interrelated elements that directly
affect the development of rattan cultivation. Some planting models that can be chosen for
future rattan development include the following:
(1) Common teak + rattan – This is a good model, and is now under experimentation
in Xishuangbanna Tropical Botanic Garden.
(2) Rubber + rattan – In Indonesia, farmers profitably intercrop rattan and rubber
(Godoy and Feaw 1991), and in Malaysia the two plants are intercropped in about 1 050
ha (Anonymous 1993). Although the growth of rattan under rubber is commendable, this
model has some problems such as rattan negatively affecting the growth of rubber,
decrease in latex production and difficulty in harvesting rattan. It is recommended that
experiments on intercropping rubber and rattan be carried out in farms of Yunnan and
Hainan Provinces.
(3) Rattan + rare timber trees: Rattan could be intercropped with some rare timber
trees—such as Paramichelia bailloni—in the tropical areas of Yunnan.
(4) Bamboo + rattan + crops – In Mengsong, Hani people cultivate bamboo in
swidden lands, and plant rattan using the bamboo clumps for support. Tobacco is
intercropped among the bamboo clumps. Bamboo branches or culms are sometimes
burned and the ash used to fertilize tobacco (Wang Kanglin 1999). In Dai village, some
rattan species have been planted in bamboo garden.
(5) Rattan/swidden system – In Mengsong, the “Qeiya-Aneya” upland rice-rattan
swidden cultivation is one of the major components of the swidden farming system of this
area (mentioned earlier in the text).
(6) Home garden – Among some indigenous communities of Xishuangbanna, rattan is
planted as an important species in home gardens, for both cane and young shoot. This model
is also seen in Vietnam.

6.4 Demonstration and extension of cultivation of elite rattans
It is important that the rattan cultivation be based mainly in the natural distribution
areas. The areas suitable for rattan cultivation include all counties of Xishuangbanna,
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Dehong, Lincang and Simao prefectures, most counties of Honghe Prefecture (except
Luxi and Mile Counties), Funing, Malipo and Maguan counties of Wenshan Prefecture,
and Changning, Shidian and Longling of Baoshan Prefecture in Yunnan. In terms of
climate and altitude, rattan grows best in secondary or artificial forest in lowlands (under
1 800 m above sea level) with moist or semi-moist tropical and subtropical climates. The
development norms should be as follows:
(1) Rattan cultivation in indigenous communities – The government and international
agencies should support rattan cultivation in indigenous communities—such as Hani,
Bulang, Jinuo, Lahu, Jingpo and Zhuang communities—as it is very good for both
community-based development and poverty alleviation. The development norms could be:
training local people in rattan breeding, cultivation, management and harvesting; and
project design (community-based programming, cultivation in swidden field or in
secondary or collective forest).
(2) Rattan cultivation in farms – rattan + common teak, rattan + rubber and rattan +
timber trees intercropping should be tried in national farms. Short-term income could be
obtained from the sale of canes, while long-term profit could be from timber or latex.

6.5 Development format
Some rattan development experiences in the Philippines and Indonesia could be used
in Yunnan and Hainan. For example, rattan plantation has been established in the
Philippines as a cooperative venture of government and non-government organizations.
Some such ventures in the Philippines are discussed below.

6.5.1 Plantations initiated and assisted by government
(1) In 1977, the then Forest Research Institute (now Ecosystem Research and
Development Bureau – ERDB) introduced some commercial rattan species under various
canopies, such as residual forests, coconut plantations and agricultural pernnials. At
present, about 200 ha are planted in Pagbilao.
(2) The Department of Environment and Natural Resources (DENR) established plots
for demonstration planting of rattan in all 13 administrative regions. The project was
initiated in 1986, and a minimum of 5 ha was set up inside every experimental forest of
the research stations.
(3) Under the National Forestation Programme, as of December 1991, the National
Forestation Development Office (NFDO) recorded 4 982 ha planted with rattan in the 13
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regions of the country. A total of 3 122 ha of plantations were established in eight
regions by non-government organizations, people’s organizations and communities
through contracts but with financing from DENR.
(4) A rattan plantation of 2 000 ha was established by DENR in Ilocos with financial
assistance from the Asian Development Bank.

6.5.2 Plantations established by non-government agencies
(1) Since 1983, different individuals have carried out village-level, small-scale rattan
cultivation in about 700 ha in Lamnunao, Nabas, Capiz, Davao del Norte and Bukidnon.
(2) During 1984-1992, National Development Corporation (NDC) through the
Rattan Development Company (RDC) ventured into the first commercial and industrial
rattan plantation in Mindanao by cultivating 5 185 ha. Another private company
established a 50 ha rattan plantation in Mindoro Island and another 1 132 ha plantation
in Talacogon. In addition, a 5 ha rattan plantation was established in 1983 in Mt.
Makiling using 44 rattan taxa collected by ERDB (Lapis 1997).
In Malaysia, the Sabah Forestry Department Authority established a rattan plantation
of 18 000 ha—the largest artificial rattan plantation in the world—in Sabah and a series
of technologies (covering planting site selection, silvicultural methods and management)
have been developed (Bacilieri et al. 1997). A 4.5-ha nursery—with a capacity to raise
about six million rattan seedlings—was established at Luasong Forestry Center (LFC).
The main species being grown now are the large-diameter species Calamus subinermis
(rotan batu), C. ornatus, C. manan (rotan manau) and C. merrillii (rotan palasan), and the
small-diameter species C. caesius (rotan sega) and C. trachycoleus (rotan irit). The
large-diameter species normally require about 1 year in the nursery before transplanting
in the field, whereas only 6-8 months are needed for the small-diameter species.
Commercial planting of rattan began in this area in 1989. The total project area is 40 000
ha, of which 10 000 ha have been already planted, with the small-diameter cane C.
caesius covering about 70% of the planted area. Harvesting is expected in 8-10 years for
the small-diameter species and 12-15 years for the large-diameter ones.
Based on the specific conditions in Yunnan, a series of development formats should
be adopted. These are:
(1) Establishment of management office – Forest department can establish a rattan
management office for arranging funding and technology, and get the rattan development
projects listed in the national program on natural forest conservation and poverty
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alleviation. This office could be established as a large-scale rattan nursery with
cooperation from other research institutions.
(2) Rattan cultivation as priority development program – In some projects, such as
those with international support or community-based development project, rattan
cultivation should be made a priority program. The project could provide some financial
support for training and rattan breeding, and farmers could be enlisted to plant and
manage rattan.
(3) Encourage private companies to get involved in rattan planting – In cases where
private companies financially support and the farmers implement rattan cultivation, the
government should offer more policy incentives on land use, revenue and management.
(4) Improved utilization techniques – The harvesting and processing methods in
current practice are wasteful. Therefore, both Yunnan and Hainan need to introduce
advanced techniques on rattan processing (including method and design). Usually,
developing products with improved and more modern designs may help find new markets
and benefit the producer.

6.6 Management
“Sangpabawa”, a successful management model for traditional conservation and
utilization of montane forest, has significant ecological, ethno-botanical and economic
effects. This management model is very efficient, as it induces the local people to
consider forest resource as their own property and thus ensures protection and reasonable
utilization.

6.7 Policy
Property right, land tenure and financial support are important elements that directly
affect the reasonable use, efficient conservation and sustainable development of rattan
resources. A series of policies are needed in these areas:
(1) It is very important that there is a clear-cut agreement in terms of work and profit
to maintain collective rattan forests and private rattan gardens.
(2) Allocate some lands from collective forests, national secondary forests and buffer
zones of nature reserves to develop rattan planting. The plantation land will belong to the
government, but will be controlled and managed by the community under a suitable legal
arrangement. “Sangpabawa” is a successful example in this field.
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(3) The government should provide, under some program on natural forest
conservation and poverty alleviation, financial incentives to encourage rattan cultivation.
The policy formulated may include financial incentives to planters who develop elite
rattan species, reduced resources tax on rattan cultivations and awards to the rattan
cultivators.
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Some Considerations in Species
Selection and Rattan Cultivation for
Sustaining the Rattan Industry
Nur Supardi Md. Noor
(Biodiversity Division, Forest Research Institute Malaysia, Kuala Lumpur, Malaysia)

1 Introduction
Rattan is a non-timber forest produce of considerable economic value to the forestry
sector in some of the Asian countries. It not only supports the development and
well-being of the rural economy, but also shows great potential for being a significant
export earner. Sustaining the rattan-based industry requires proper resource planning.
Domestication of rattan is the alternative to relying on the forest for supplies. This paper
looks briefly at the rattan industry, considers various factors for species selection, and
examines examples and experiences in rattan cultivation that can be adapted in the effort
to sustain the rattan industry.

2 Rattan Industry Scenario
The rattan industry is a multibillion-dollar business. Furniture manufacturing for
export is the most profitable venture, as there are ready markets in the United States,
Japan and the European Union (EU). The major EU importers of rattan furniture are
Germany, the Netherlands, the United Kingdom and France (table 1). Indonesia, the
Philippines and China are the main exporters of rattan furniture (table 2). Their shares of
rattan furniture exports to the EU market are presented in table 3.
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Table 1 Import of Rattan Furniture by Country (million ECU)
Country

1991

1992

1993

Germany

52.5

53.3

57.3

26.2

The Netherlands

39.2

39.3

44.5

20.3

United Kingdom

30.3

35.6

33.6

15.3

France

37.0

29.6

30.9

14.1

Italy

15.3

15.7

14.9

6.8

Denmark

13.9

13.6

11.8

5.4

Belgium/Luxembourg

14.0

13.9

11.1

5.1

Spain

12.0

15.8

11.3

5.2

Others
Total

1993 (%)

5.6

10.1

3.5

1.6

219.8

226.9

218.9

100.0

Source: Loke et al. 1998
Table 2 Major Exporters of Rattan Furniture (US$ million, average for 1993-1994)
Value (million US$)

Market share (%)

Indonesia

Country or region

300

49

The Philippines

120

20

China

120

20

Malaysia

35-40

5

Thailand

20

3

Vietnam

5-10

1

Hong Kong China

5-10

1

Taiwan China
Total

5-10

1

610-630

100

Source: Loke et al. 1998
Table 3 Major Exporters of Rattan Furniture to the EU (million ECU)
Country or region
Indonesia
The Philippines
China
Malaysia
Thailand
Taiwan China
Others
Total
Source: Loke et al. 1998

1991

1992

1993

76.3
41.1
18.6
16.6
14.7
6.9
45.3
219.5

86.5
33.9
22.3
14.8
10.6
5.1
53.9
227.1

109.2
33.9
23.8
12.5
10.6
5.4
23.5
218.9

Market share in 1993 (%)
49.9
15.5
10.9
5.7
4.8
2.5
10.7
100.0
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Indonesia is the main producer of raw rattan or cane. Malaysia, though the second
largest producer of cane, lags behind in the production of rattan furniture. China and the
Philippines do not have large quantity of naturally grown high-quality rattan. However,
they are major exporters of rattan furniture and importers of cane. The industry in these
countries is well developed with many skilled workers, which is an essential element in
producing quality products.
The European market trend is towards higher quality and better design, and wicker
furniture. In Germany and the Netherlands, design and strict quality control are essential
elements to market expansion. Therefore, improvements are essential on the raw material
used and product design, range and finish.
Export of rattan products other than furniture—such as basketry, matting and
handicraft—has not yet reached significant volumes, though they have made some
inroads into the international market. There is a large market for rattan poles, cores and
peels. Changes in raw material availability and industrial policies adopted by some
producer countries have brought about an obvious shift in the sources of supply, as well
as in the product-mix offered by some of the rattan producers/exporters.
Many changes have occurred since Indonesia banned the export of unprocessed and
unconverted poles in 1986. The ban resulted in the rapid increase of rattan furniture
production in the country. It also had a significant effect on the importers of cane and
rattan furniture. For instance, there was a rapid expansion in the production of rattan
products in South China (in 1993), though a secure raw material base was lacking. In
Malaysia, there was a supply shortage in 1994-1995 that led to a sharp increase (about
60%-80%) in the price of raw rattan, and export of rattan products fell in these two years.
The Indonesian ban also saw the shift of production from high to low wage/cost areas as
from Taiwan China to Vietnam, Hong Kong China to South China and Singapore to
China. Indonesia has changed its export policy to cope with the economic turmoil in the
late 1990s. The export taxes on raw and semi-finished rattan products were reduced from
30% in 1998 to 10% in 2001. Indonesian canes are now flooding the world market. The
change it brought to the international market is to be analysed.
More than 90% of the supply of raw rattan is from the wild; only a small percentage
comes from plantations such as the traditional rattan plantations in Kalimantan,
Indonesia. The decrease in supply of naturally grown rattan is apparent in Malaysia. The
reason behind this is the shift in the collection of rattan from accessible forests to forests
that are less disturbed. More time is spent now to go deeper into these forests to collect
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rattan. Most forests that were once the collection areas for rattan have been converted to
agricultural or urban use.
Harnarinder Singh and Chin (1999) reported that there were some 32.7 million
clumps of six groups of rattan species in Peninsular Malaysia. However, the information
gathered from the 3rd Forest Inventory in 1991-1992 does not give estimates on the
production volume or the period for which the supply can sustain against local demand.
The present situation is such that the rattan stocks in natural forests will be exhausted in
the not distant future. Management of this natural resource, therefore, is an important
part of the development strategy for most rattan producing countries.
Planting of rattan is another important step to ensure a steady supply of rattan for
sustaining the industry. Domestication of rattan through planting is not a new concept.
Rattan plantation or garden has been established over a century ago in Borneo. A lot can
be learnt from traditional ways of rattan cultivation that fit the needs of the local market.
However, the present target of rattan cultivation should be geared towards the production
of cheap but high-quality cane to meet the global demand for quality rattan products.

3 Selection of Species
The following aspects need to be considered when selecting rattan species for
cultivation. Some of the factors given are inter-related.

3.1 Commercial considerations
Marketability is important in the selection of rattan species. Species already in the trade
has an advantage over lesser-known species because they are already established in the
market. Examples of such species are Calamus manan, C. caesius, C. trachycoleus, C.
merrillii, C. subinermis and a few other species, some of which are known only by the trade
name (the scientific names of lesser or inferior species are mostly unknown). An inferior
species may gain high value if there are new products that require properties specific to that
particular species.
Demand and price of different species differ among and between the local and foreign
markets. These differences depend on the market requirements, whether the product is
required in raw, semi-processed or finished form. Wicker furniture, a trademark of rattan as a
luxury material, has been in demand for a long time. Whole small-diameter canes or cores
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from small or larger-size rattan are used for wicker furniture. Species used must have strong
physical properties, yet be pliable.
Profitability of the planting venture is another important point to consider. This also
relates to the gestation period—the period before rattan can be harvested. Shorter maturity
period and multiple harvests (as in the case of C. caesius or C. trachycoleus) will make the
species more attractive for domestication.

3.2 Morphological considerations
Rattan can be categorized according to its diameter as either small or large. Most
commercial species are small-diameter species that grow in clusters. These species (such as C.
caesius and C. trachycoleus) are relatively fast growers. The clusters can be harvested
repeatedly. Clustering large-diameter rattans (such as C. scipionum and C. ornatus) are
generally slow growers. Solitary (single-stemmed) species of large diameter are fast-growing
but can only be harvested once (for example, C. manan). High density planting of such
species will increase the production per unit area.
The quality of the cane can be determined from its anatomy. Generally, high-quality canes
have an even distribution of vascular bundles throughout the stem and the degree of
lignification of the ground tissue (parenchyma) is even. Canes of some species have poor
appearance but their strong and non-fibrous inner layer make them suitable for use as cores.
The stems of some species of large rattan have large and close nodes (for example, C. ornatus
and C. peregrinus). Removal of the skin may change the appearance, making the stem
uniform, thus increasing the quality.
Commercial rattans are unlike most other crop in that they are climbers depending on
some support for normal elongation of the stem. The combinations of rattan’s climbing organs
(cirrus or flagellum), other components of the plant, and the stand structure and branching of
the supporting trees have an influence on the rattan ability to climb. Stems of rattans that
climb continuously during its lifespan have long internodes of even length. High-climbing
rattan species usually have long climbing organs. Pulling the whole stem down during
harvesting is a problem with these species.
A factor for the success of a plantation is the regular supply of the planting materials.
Rattan can be propagated by seeds, wildlings and suckers, or through tissue culture. Breeding
by seeds is the most practical. Species selected should be ones that flower frequently and
produce large number of seeds (such as C. manan, C. palustris and C. caesius).
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3.3 Ecological considerations and growth requirements
Species, such as C. caesius, that are found in a wide range of habitats can be planted
extensively. It is also an advantage to choose species that grow in a wide range of climatic
conditions, topography and is not limited to specific soil conditions. Such species tend to be
hardy in nature.
Sunlight is an essential factor in the success of a rattan plantation. Species with low light
requirement also have slow growth rates. They belong to the lower strata of the forest
(understorey) and seldom climb above 5 m above the ground. High-climbing rattan species
require about 50% relative light intensity during the seedling stage. Surrounding trees give
shade against direct sunlight. The branches of the nurse trees will support the rattans when
they produce stem and climb towards sunlight.
Most rattan species grow well on damp but well-drained soil, though a few species prefer
wet soils. If the planting site is already selected, then edaphic requirements of the species
should be considered when selecting species for planting.

3.4 Sufficient knowledge of silviculture
Information on the silviculture of rattan is available only for a few common rattan
species; however, it might be applicable to a few other species. It is recommended that
study and trial planting of the species be conducted if knowledge of a species is limited.
This will avoid failure when planting lesser-known species.

4 Cultivation Practices
The success of a rattan cultivation project is to be measured against the aim set; it is,
hence, important that conflicting factors do not upset this aim. When converting an area
for rattan production, the target should be a quantum of cane that would make the
plantation economically viable. Dense planting of rattan is therefore required in this area.
Introduction of other components, such as planting of trees either as support and/or for
timber, should be within the financial plan. Multiple land use concepts are applicable
only in a few cases, such as those that involve environmental issues (for instance,
conservation of biodiversity at landscape level) or socio-economic issues (for example,
poverty alleviation or livelihood creation for the local people). Rattan planting can be
divided into three major practices in accordance with the planting sites.
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4.1 Home garden
This traditional way of rattan farming has been practiced by the indigenous people of
Southeast Asia. They plant rattan in their backyard for their home requirements and to
supplement supply from the wild. Only clustering species that have been used
traditionally are planted. Rattan clumps are broadly spaced between other agro-forestry
crops. Such non-commercial ventures may well develop into success stories, as happened
in Kalimantan. The farmers along Barito River in Kalimantan planted rattan as a
supplementary crop. When the demand of rattan increased, more land was converted to
rattan gardens and soon rattan became an important crop. This can be repeated elsewhere
with proper planning and cooperation from the villagers, and if there is a secure market
for the products.

4.2 Planting under timber tree plantations
Planting under timber trees has been tried with several rattan species. Examples are:
Calamus manan
Acacia mangium, Pinus caribaea, P. insularis, Gmelina
arborea, Agathis bornensis, Araucaria cunninghamii
C. caesius
A. mangium
C. merrillii
Endospermum peltatum, Eucalyptus deglupta
C. palustris
Tectona grandis
C. tetradactylus
A. auriculiformis, A. senegalensis, G. arborea,
Manglieta hainensis, Michelia macclurei, T. grandis
Daemonorops margaritae
A. auriculiformis, A. senegalensis, G. arborea,
Manglieta hainensis, Michelia macclurei, T. grandis
These tree species are like any other found naturally growing in the forest. Rattans
will climb on them easily if they have lower branches, stay longer in the tree canopy if
the branches are strong, and spread in the area if their density is higher than that of the
trees.
Tree plantations have evenly distributed trees, hence allowing uniform light and
support to the rattans. If the light regime of the tree plantation is sufficient for the
planted rattans, their growth will be uniform and survival high. Some of the plantation
tree species are moderately tall and most have weak branches. They will not be able to
support robust rattans like Calamus manan (Manau). It is anticipated that harvesting of
mature stems of Manau in these plantations may not be as problematic as in natural
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forests, where there are trees with strong branches and above 30 m in height. Harvesting
is a problem for clustering, small-diameter rattans such as C. caesius (Sega) that climb
high. The stems of this species are observed to get entangled with one another and with
the tree branches.
Most examples mentioned above relate to trials. In reality, trees are not planted to
accommodate rattan planting; they are planted for their timber. Planting trees just for
rattan support is costly and hence unfeasible, unless the plantation is one that has been
abandoned for failure. Planting rattan at a low density may agree with tree plantation
management. This can also be learnt from the experience on Manau under rubber trees
(Hevea brasiliensis) in Peninsular Malaysia. Manau seedlings were planted in a single
row in between four rows of rubber trees of about 10 years old. Manau are to be
harvested after 15 years when the rubber trees are ready to be felled for replanting. An
appraisal showed that this venture would be economically viable; income from rubber
would be enhanced by a supplementary income from the sale of canes. However, most
rubber growers who picked up the idea planted rattan at a much higher density. This has
resulted in management problems. The growth and survival of rattans under rubber trees
is fantastic; however, a large number of rattan plants with large crowns will suppress the
growth of rubber trees, affecting latex production of rubber trees.

4.3 Planting in regenerating forests
Trials and pilot rattan plantations were first attempted in logged-over forests or
regenerating forests. Some of the projects failed because mortality was high (more than
50%), and growth was variable because of the non-uniformity of the forest. The dense
forest canopy forbade adequate light to rattan seedlings. Although canopy manipulation
was a theoretical solution, it was impractical, costly and damaging to forest. It was
recommended that the distance between planting rows be increased to more than 30 m
(Nur Supardi and Aminuddin 1992). All trees along 5-m width of the planting rows were
to be felled, and then rattan seedlings planted at a spacing of 3m × 3m: the idea was to
minimize the number of trees to be removed and, at the same, time plant enough rattan to
make the plantation viable. In newly logged forests where the light regime favor growth
of rattan seedlings, a normal planting distance of 6m × 3m was applied. The success of
such endeavors was moderate. High survival and growth were observed in marginal areas
(less number of tall trees) and near forest roads. This prompted the planting of rattan at a
distance of 1-2 m along forest roads. Preliminary results indicated good growth and
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survival of rattan. Moreover, the establishment and maintenance costs incurred were
much lower than with line planting in the forest.
Another option is to plant rattan at a high density (1 000 to 2 000 seedlings per hectare)
in newly logged forests that are poor in small trees, saplings and seedlings of commercial
timber species. This forest is to be managed solely for rattan. High-density planting has
also been tried in an almost open area in Gemencheh, Negeri Sembilan (Malaysia). Two or
three rows of Manau were grown close together in planting lines spaced at 9 or 13 m apart.
Tremendous growth and high survival of rattans were observed, which may also be
attributed to the organic fertilizer applied during planting. When five-year-old, the rattan
stems were still erect and supporting each other. The experiment implies that production of
large volume of cane is possible. However, open planting of rattan at high densities may be
successful only if the quality of the cane can be improved. Observations made show that
climbing stems are of superior quality compared to stems that are curling or stand erect
close to ground level.

5 Sustainable Production of Rattan
A lot has to be done to sustain the rattan industry. The trade and development
policies of rattan-producing countries should favor the expansion of its rattan industry.
At the same time, progressive efforts should also be made to ensure the sustainable
production of rattan raw material. Proper management of the natural resources, intensive
rattan cultivation and other related initiatives can achieve this. The remaining rattan
stock in the forests should be conserved, and properly managed for future needs. New or
sterner regulations and penalties need to be introduced for better control of the
exploitation of rattan growing wild in the forests. The attempt to sustainably manage the
resource should be parallel with efforts to educate rattan harvesters on proper harvesting
methods that do not damage the remaining rattan clumps and reduce wastage. More
information on the management of rattan can be gathered through integrated studies
made under sustainable forest management research projects or through the studies of
ethno-botany of rattan species.
Rattan cultivation requires investment for a relatively long gestation period of over
six years. Only large private companies with diversified activities or government-backed
organizations will be capable of venturing into large-scale rattan planting. To create
interest in rattan cultivation, incentives need to be given to private companies. Rattan
planting schemes should involve groups of people who are/were dependent on rattan.
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These groups should be educated on the present knowledge of rattan silviculture and
processing. Rattan planting should be presented to them as a profitable venture that could
give them above-average returns, and their interest may develop if they are also involved
in the trade and processing mechanisms.
It is essential that plans to develop rattan cultivation is carried out and implemented
by a committee consisting of a network of organizations (including rattan processing and
manufacturing companies) and individuals in different fields of expertise.
Representatives of potential rattan growers should also be part of the committee. Rattan
plantation establishment is less costly if conducted in a heavily logged forest, a marginal
forest or at the fringes of logging roads. These land areas ought to be planted solely for
rattan at a relatively high density. Use of fertilizers is necessary during planting.
Thereafter, the only task is to maintain the planting lines. Species selected for planting
must fit the criteria given earlier in this paper.
Research on improvement of rattan stems in the field and at the processing mills lies
at the core of producing quality rattan products. Studies on plant breeding should look at
ways of increasing the stem quality of rattans planted at high density and with little
support. Similarly, innovative efforts should be made to find techniques for strengthening
the properties of poor quality rattan stems that reach the market. There also a need to find
ways to reduce wastage in the fields and the processing mills. Developing new products
from or uses for discarded rattan stems and other parts of the rattan plants will also
contribute towards waste reduction. The success of such efforts will give more impetus to
attempts at sustainable rattan production.
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Rattan and Bamboo Furniture and
Handicrafts
Romualdo L. Sta. Ana
(Philippine Bamboo Foundation, Las Pinas City, The Philippines)

1 The World Market for Furniture
The total world furniture trade crossed US$50 billion in 1998. The top 20 importing
countries are as in table 1:
Table 1 World Furniture Imports in 1998 – Top 20 Countries (FOB, million US$)
No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

Country or region
United States
Germany
France
United Kingdom
Japan
Canada
Belgium
The Netherlands
Switzerland
Austria
Subtotal
Hong Kong China
Sweden
Italy
Norway
Spain
Denmark
Mexico
Australia
Singapore
Czech Republic
Subtotal
All others
Total

1998
14 117.30
6 672.30
3 350.40
2 764.30
2 724.20
2 448.40
3 133.60
1 698.90
1 650.0
1 381.10
38 840.50
1 071.70
846.90
799.40
757.20
702.30
699.50
650.90
454.40
363.30
308.00
6 653.60
5 238.90
50 833.00

Percent
27.8
13.2
6.6
5.5
5.2
4.8
4.2
3.4
3.3
2.7
76.6
2.1
1.7
1.6
1.5
1.4
1.4
1.3
0.9
0.7
0.6
13.1
10.3
100.0
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On a regional basis, the largest importing region is Europe, which accounts for more
than 50% of the total world imports, followed by North America with 32.7% (table 2).
North America, however, has the highest annual growth rate of 16.9% for the period
between 1994 and 1998.
Table 2 World Furniture Imports by Region in 1994 and 1998 (FOB, million US$)
Region
Africa
Eastern
Middle
Northern
Southern
Subtotal
Annual growth rate
Asia
Eastern
Southeast
Southern
Western (Middle East)
Subtotal
Annual growth rate
Europe
Eastern
Northern
Southern
Western
Subtotal
Annual growth rate
Latin America
Caribbean
Central
South
Subtotal
Annual growth rate
North America

1994

1998

Percent

23.60
8.60
32.90
48.80
113.80

51.70
14.90
59.70
89.80
216.10

0.10
0.03
0.12
0.18
0.43
22.50

2 857.50
1 663.50
22.40
989.40
5 532.80

5.63
3.28
0.04
1.95
10.90
2.30

655.40
3 487.70
1 257.80
13 900.00
19 300.90

1 600.30
5 620.00
2 058.60
16 686.40
21 165.30

3.20
11.10
4.10
33.30
51.60
8.90

113.40
630.10
321.00
1 064.50

151.90
780.30
738.50
1 670.70

0.30
1.54
1.46
3.30
14.20

9 913.20

16 599.90

32.70
16.90

372.00

548.30

35 883.10

50 733.10

1.10
11.80
100.00
10.40

2 870.60
1 474.10
12.40
711.60
5 068.70

Annual growth rate
Oceania
Annual growth rate
Total
Annual growth rate
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Italy, Germany, the United States and Canada topped among the top 20 exporting
countries (table 3).
Table 3 World Furniture Exports in 1998 – Top 20 Countries (FOB, million US$)
No.

Country or region

1998

Percent

1.

Italy

8 630.60

16.90

2.

Germany

4 529.40

8.80

3.

United States

4 408.10

8.60

4.

Canada

4 252.60

8.30

5.

China

2 821.40

5.50

6.

France

2 402.40

4.70

7.

Denmark

2 022.60

3.90

8.

Mexico

1 841.00

3.60

9.

Poland

1 774.80

3.50

10.

Taiwan China

1 770.00

3.50

Subtotal

34 452.90

67.26

11.

Belgium

1 616.50

3.20

12.

United Kingdom

1 595.20

3.10

13.

Spain

1 443.70

2.80

14.

Sweden

1 341.70

2.60

15.

Malaysia

1 115.20

2.20

16.

Austria

1 014.60

2.00

17.

The Netherlands

739.00

1.40

18.

Thailand

715.30

1.40

19.

Czech Republic

639.60

1.20

20.

Switzerland

580.20

1.10

10 801.00

21.09

5 966.00

11.65

51 219.90

100.00

Subtotal
All others
Total

2 Bamboo and Rattan Furniture Exports
Bamboo and rattan is only a small portion of the total world trade in furniture as can
be seen from table 4.

·194· Sustainable Development of the Bamboo and Rattan Sectors in Tropical China

Table 4 World Imports of Furniture (1993-1997) (million US$)
Type
Wooden
furniture
Metal furniture
Cane & bamboo
Plastic
Mattress
Others
Total

1993
16 664.20
5 659.70
373.00
1 216.20
1 956.20
4 184.30
30 053.60

1994
19 550.30
6 851.50
402.10
1 305.60
2 422.60
4 995.20
35 572.30

1995
22 160.60
7 795.80
416.40
1 510.5
2 568.10
6 344.80
40 796.10

1996
24 217.00
8 587.20
407.70
1 558.80
2 673.20
7 155.80
44 599.60

1997
22 952.20
8 751.00
365.60
1 389.10
2 403.50
7 612.20
43 473.60

3 Handicrafts
As the author has only limited data on the world market for handicrafts, the
discussion here will be restricted to the world market for baskets and the Philippine
exports of handicrafts.

3.1 Baskets
The estimated world demand for baskets in 1998 was US$ 327 million. The
established markets are the United States, Japan, the United Kingdom, Germany, Italy,
France, Spain, Australia, Canada and the Netherlands. The main suppliers are China, the
Philippines, Taiwan China, Indonesia, Vietnam and Hong Kong China with China being
the largest supplier, followed by the Philippines. Basket export growth recorded from
1986 to 1994 was an average of 9.4%.
Table 5 Philippine Exports of Gift and House-ware Items by Product Sub-sectors (FOB, million
US$)
Product sub-sector
Christmas decorations
Basketwork
Ceramics
Woodcraft
Items of textile materials
Toys and dolls
Brassware/metal items
Shell-craft
Paper items
Artificial flowers

1994
96.66
124.12
51.62
52.28
19.69
40.05
11.17
22.97
2.30
6.39

1995

1996

1997

1998

123.56
118.86
56.88
63.42
25.05
42.03
17.95
19.40
2.69
7.79

111.36
102.37
58.02
64.48
0.69
48.07
21.26
17.31
5.11
5.96

104.08
92.30
61.63
61.74
42.88
40.08
25.05
15.31
4.80
6.27

95.64
84.16
59.58
57.90
42.75
31.09
26.98
16.82
6.25
5.32

1999
(1-11)
89.36
73.62
47.48
49.36
45.05
24.97
26.17
15.69
7.13
4.19
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Items made of grass
Total

0.92
428.17

1.79
479.42

2.26
436.91

3.51
457.65

4.99
431.48

3.48
386.50

3.2 Philippine exports of handicrafts
Christmas decorations and baskets, which use bamboo and rattan as the major raw
materials, are the two largest handicraft exports of the Philippines (table 5). The top ten
markets for Philippine handicraft exports are the United States, Japan, Germany, the
United Kingdom, the Netherlands, Italy, France, Belgium, Canada and Australia.

4 Processing of Rattan
4.1 Treatment and preservation of rattan
Rattan is very susceptible to attack by insects, staining fungi and powder-post beetles.
If the canes are not properly treated, degradation and discoloration can occur very fast.
Hence, they should be removed immediately after cutting, treated, dried and transported
to the processing area. If the rattan poles are to be stored in the cutting area for some
time, they should be treated with the appropriate chemicals immediately after cutting.
This can be done by spraying or brushing preservative chemicals onto the canes or
dipping them in dipping vats containing a preservative solution.
Treatment must be repeated after rattan poles have undergone initial
processing—such as scraping, sizing and splitting—by dipping them in an appropriate
preservative solution. Rattan poles are susceptible to fungal attack if their moisture
content is high. Therefore, drying to moisture contents below 20% is recommended.
Air-drying to a moisture content of 15% may take 2-3 months, depending on the
conditions in the area. The poles are either stacked against a horizontal frame or in
wigwam style. Kiln drying is a more rapid alternative to air-drying. Kiln drier in an
enclosed chamber where temperature, humidity and air circulation are controlled, and
produces faster and better results. Poles can be dried from a moisture content of 145% to
10% in about 36 hours.

4.2 Bending/framing
Poles can be plasticized either by heating with a blowtorch or by steaming. Heating
with a blowtorch is not as effective as steaming because heating is not uniform and the

·196· Sustainable Development of the Bamboo and Rattan Sectors in Tropical China

rattan surface can sometimes get burnt. Once burnt, it requires a lot of scraping and
sanding to remove it, thereby increasing the production cost and adversely affecting the
quality.
The common method for bending rattan poles employs a mold/jig made of wood and
plywood. The shape of the piece is laid out in a piece of plywood and wood stoppers are
nailed to the plywood to retain the rattan pole in that shape. One end of the pole is
clamped onto one end of the mold/jig and then the pole is bent to the required shape. The
bent piece is then tied or nailed in place and then left to dry naturally for at least 3 hours.

4.3 Weaving and binding
Weaving of rattan core/wicker is carried out after making the framework. Binding of
the corners or joints with rattan splits or leather strips gives the furniture a better look
and durability. Leather is used for most rattan furniture exported from the Philippines.

4.4 Final assembly
Decors/attachments are either stapled or nailed to the frame to complete the
assembling process. Inspection is done with the use of inspection tables with bores.

4.5 Sanding and finishing
The furniture is sanded and inspected before they are given the final finish required
by the market. Finishes for the European and other markets require only a simple finish,
which can be done in a few steps. Finish for the North American markets, on the other
hand, require may require more than 20 steps or applications, including physical and
color de-stressing.

5 Processing of Bamboo
5.1 Treatment and preservation of bamboo
5.1.1 Traditional or non-chemical methods
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(1) Soaking: Freshly cut bamboo culms are submerged in running water for 2-3
months and then air-dried. This improves the resistance of bamboo against powder-post
beetles. However, it does not increase bamboo’s resistance against termite and fungi.
(2) Curing: This involves cutting of bamboo and leaving them standing with support
on the plantation for sometime with leaves and branches still intact.
(3) Smoking: Culms are cut to desired lengths, stringed and placed above a stove
until the smoke turns them black.
(4) White-washing: This involves painting round or split bamboo with cooked lime to
prevent the entry of moisture into the culms.
(5) Mud coating: This process involves coating the bamboo culms with mud, thereby
preventing the harborage of beetles.
(6) In construction: A method employed in construction to prolong the service life of
bamboo posts involves mounting the posts over a concrete foundation so that they are not
in direct contact with the ground.

5.1.2 Chemical methods
Chemical methods are generally more effective than traditional methods. However,
care must be taken when using chemical preservatives. Chemical treatment of bamboo
can be done by pressure or non-pressure methods.
(1) Non-pressure methods – Fumigation is a commonly employed non-pressure
method. The fumigants employed include methyl bromide, ethylene dibromide,
chloropicrine and sulfurous acid gas. Application is by spraying or brushing. Such
prophylactic treatments only have a temporary effect, as the preservatives thus applied
have a very low penetration because of bamboo’s tough outer skin.
Steeping or butt treatment consists of allowing freshly cut culms to stand to a depth
of 20-60 cm in a container holding the preservative solution. Hot and cold process is an
open-tank process, intended for dry bamboo, which involves alternate application of hot
and cold preservative solutions. Increasing the heating period from 1 to 6 hours increases
the absorption of preservatives up to 100%. In the Boucherie process, the force of gravity
is made use of to pass the preservative, kept in a container at a higher level, into bamboo
culms through tubes.
(2) Pressure methods – In one of the pressure process, bamboos are thoroughly dried
and placed inside a treatment cylinder. The preservative is forced through with
application of pressure.
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The full-cell process, used when the impregnating chemicals are to be forced through
the cell cavities, involves the following operations: (a) 30-minute vacuum; (b) filling the
cylinder with preservative solution; (c) building up pressure; (d) maintenance of pressure
for a certain period; and (e) final vacuum.
The empty-cell process can be done with what is known as the Reuping process. This
involves the following operations: (a) building up preliminary pressure; (b) maintenance
of pressure while preservative is introduced into the treatment cylinder; (c) increase of
pressure; (d) draining of the preservative; and (e) final vacuum.
The high-pressure sap displacement—also known as modified Boucherie
process—employs a pressure pump to force the preservative into bamboo culms. The sap
in freshly felled bamboo is forced out by a water-borne preservative solution introduced
under pressure through a cylinder cap-and-tube arrangement fitted over one end of the
culm. As the preservative enters the culm through one end, sap will flow out through the
other. The operation is continued until preservative starts emerging from the other end.
The Forest Products Research and Development Institute (FPRDI) of the Department
of Science and Technology in the Philippines has developed a manually operated,
multi-cap, high-pressure sap displacement (HSPD) treatment equipment for bamboo.
The HPSD system includes the following: Cylindrical pressure cap made from 3-mm
thick mild steel plate and eight sets of 30-cm long and 10-mm diameter bolts;
Accessories such as 5-mm thick rubber seal, check valve, elbow, reducer, nipples and
couplings; A manually operated piston pump; A pressure regulator of 1.4-14 kg/cm2
capacity; A spring balance; A hydrometer with 1.0-1.1 capacity; Two plastic containers
of 10 and 50 liters capacity; Tools such as two box wrenches, 300-mm long adjustable
wrench and two pipe wrenches (200 mm and 300 mm long).
The advantages of the system include the following: It is eminently mobile and can
be easily transported over any terrain either to the forest or to the construction site; It is
very easy to operate; The capital cost of the equipment is a fraction of that of a vacuum
pressure plant of similar production capacity. It can be fabricated using locally available
materials; Reduction in the time between harvesting and putting the treated culms into
service, as no pre-drying is required.

5.1.3 Chemicals commonly used for preserving bamboo and rattan
Some of the chemicals commonly used for the preservation of bamboo and rattan are:
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(1) Cislin is a synthetic pyrethroid insecticide, which is non-staining, easily miscible
with oil or water, effective against wood-boring insects and biodegradable. It is
recommended for the treatment of wood, wood products and non-wood forest products at
0.01% level. To obtain this level, 4 ml of Cislin is mixed with 996 ml of oil or water to
make one liter of 0.01% treatment solution.
(2) Farmay Plus is a broad-spectrum fungicide, which is effective against staining
and decaying fungi. It is less toxic to mammals, easier to handle, compatible with some
insecticides (such as Cislin) and recommended at 0.2% level. To obtain this level, 20 ml
of Farmay Plus is added to 980 ml of oil or water to make one liter of treatment solution.
(3) Timbor is a mixture of borax and boric acid (1:1) in powder form. It is non-toxic
to humans and has been found effective against wood boring insects at 5% level. To
obtain the treatment solution, 1 kg of Timbor is dissolved in 20 liters of water.

5.2 Processing of round bamboo poles
Round bamboo poles are first cut to length with a saw. Different types of saws are
available in the market. The next operation is to remove the outer nodes. Depending on
the design of the furniture or component that will be made, the poles then undergo
further machining operations, such as turning, mortising and sanding.

5.3 Processing bamboo splits
Splitting bamboo can be done manually with bolos (machetes) and hand-splitters, or
using a splitting machine. The bamboo splits are then cleared of the nodes and cut to
predetermined dimensions. Depending on the design of the furniture, the bamboo splits
then undergo various machining operations including planing, lamination to wider or
thicker boards, etc. Assembly is done using a jointing method suitable to the material and
end use. As in the case of rattans, joints of bamboo furniture could also be bound with
leather strips to enhance the appearance.

Regional Programs on Industrial
Utilization of Bamboo and Rattan in
Hainan and Yunnan Provinces of
China
Maxim Lobovikov
(Program Manager, Economic Development, International Network
for Bamboo and Rattan, Beijing, P.R. of China)

1 Background
Application of new industrial technologies for bamboo and rattan harvesting and
processing demands the development of long-term regional programs for sustainable use
of bamboo and rattan resources. These regional programs are to identify economically
accessible resources, needed investments and employment opportunities.
Calculation of economic accessibility provides a sound basis for other economic and
social indexes, indicators and criteria of the regional programs. The bamboo and rattan
resources are conditionally divided into three categories: actual physical resources (Qp),
technically accessible resources (Qt) and economically accessible resources (figure 1).
Actual physical resources (Qp) comprise the entire bamboo and rattan resources
available in the region. Unfortunately, the quality of bamboo statistics in Hainan and
Yunnan Provinces is not as good as that of agricultural or forestry statistics. Reliable data
on species composition, volumes, area, dynamics and trends of bamboo and rattan
resources are still absent. The reason for the lack of data is historic. Although bamboo
and rattan have always occupied an essential space in livelihood development of the rural
population, industrial development of these resources has emerged only recently with the
advent of new industrial technologies and equipment. Industrialization of bamboo and
rattan resources demands precise statistics that allow for the development and

Costs(C), Prices(S) and Revenues(R)
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Figure 1 Economic accessibility of bamboo and rattan resources
implementation of reliable strategies for the sustainable use, cultivation and reproduction
of these resources.
Technically accessible resources (Qt) are actual physical resources minus technically
inaccessible resources in steep slopes, remote areas without roads, and labor, ecological
preserves, parks, etc. On the one hand, technically inaccessible resources are continuously
shrinking as roads network and harvesting technique are advancing. On the other,
inaccessible resources are continuously growing because of the increment of ecological
reserves and preserves. The share of ecological reserves in technically inaccessible
resources shows a clear trend of growth and expansion.
Economically accessible resources are those volumes of raw materials, which may be
technically utilized with the proper economic effect. Thus, not all technically accessible
recourses are simultaneously economically accessible. Expansion of economically
accessible resources in this context depends on economy of scale, new technology, new
technique, favorable forestry policy and beneficial regional development programs.

2 Original Data
The following data are needed to determine economically accessible resources for
regional programs:
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① Technically accessible resources or allowable cuts (Qi) as a function of production
and natural conditions (Xj) can be expressed as Qi = f(Xj), Where Qi is allowable cuts in
area i; i is the forest area; and Xj is the natural and industrial factors characterizing certain
conditions of production, such as culm volume, species composition, landscape relief, soil
conditions, haulage distance, transportation distance to a consumer, etc. ② Total
allowable cut, Q = ΣQi. ③ Capital cost or capital investments, Ki = f(Xj). ④ Labor cost, Li
= f(Xj). ⑤ Material cost, Mi = f(Xj). ⑥ Cost of bamboo and rattan utilization calculated as
the sum of discounted capital cost (amortization cost), labor and material cost, Ci = f(Xj).
⑦ Stumpage price (price of growing bamboo and rattan), Si = f(Xj). ⑧ Revenues, Ri = Si –
Ci.
Part of these data is available through forestry bureaus and agricultural agencies, or
could be supplemented by these bodies: for instance allowable cuts, relief, and hauling
and transportation distances. The other part of data is to be collected in the course of the
project or modelled on the basis of actual statistics or normative materials (costs, market
prices, capital investments, profit rates, etc.).

3 Economically Accessible Resources
Accumulating cost, price and revenue curves are to be considered to determine
economically accessible resources of bamboo and rattan. For these purposes the entire
volume of bamboo and rattan in a province are to be allocated along the resources axis
(Q), in the order of cost increase, while production moves naturally from better
conditions to less favorable—from more efficient to less efficient set of conditions.
Supply curve is defined as a sum of products of unit cost and cutting volumes (C =
ΣQiCi). The supply (cost) curve should also include normal profit of an operator for his
labor and capital investments. Demand (price) curve is sum of products of prices and
corresponding cutting volumes (S=ΣQiSi). Intersection point of the demand and supply
curves for harvested bamboo and rattan shows limits of economically accessible
resources of bamboo and rattan (Q0–Q1).
Sufficiently small amounts of industrially consumed raw material in a province (Q0)
will be economically inaccessible owing to the economy of scale effect. Road
construction and maintenance, amortization of machinery and equipment, and other fixed
costs—which are relatively independent of the production volumes—demand essential
investments and could be covered only with sufficient production volumes.
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With the low volumes of industrial consumption (<Q0) fixed cost is not covered by
income from the sold bamboo and entails profit loss. That is why government should
support private firms with investments and favorable tax policies right at the initial stage
of industrial exploitation of bamboo and rattan resources to establish a critical mass of
production capacities, which would stimulate their future self-reliant economic growth.
Economy of scale effect is sufficient economic justification for governmental
intervention and investments in bamboo and rattan sectors at the initial stage of their
establishment and development. Regional government might be a partner and investor in
the joint venture capital for harvesting and processing of bamboo and rattan resources.
Only with sufficient processing volumes (Q0–Q1), production bamboo and rattan
starts to be a profitable business. While the production moves from better to worse,
production revenue margin goes through three phases: loss (when Q<Q0), revenue
(Q0–Q1) and loss again (Q>Q1). Excessive production (forest rent R= S–C) emerges when
income starts to exceed harvesting cost, including the normative profits of the forest
operator. The forest rent goes through three phases: increment, climax and decline. The
rent peaks when marginal income equals marginal cost, and declines thereafter. Parity of
average cost and income marks limits of economically accessible resources, Q1. Beyond
this point, harvesting brings only economic loss.
The area between the cost and income curves within the interval Q0–Q1 is
economically interpreted as the full amount of forestry rent (R). According to economic
theory, the rent should belong to the forest owner. The sole landowner in China is
government, which leases it to the leaseholders. Thus, the forest rent should belong to the
government and is to be collected from leaseholders and processing industries by means
of taxes. Leaseholders should get fair profit for their labor and capital investments in the
leased forests. Rent is to be accumulated in government budget and used for societal
needs and regional development, including forestry development. Part of the rent should
be left at the disposal of forestry organizations for stimulating sustainable production of
regional bamboo and rattan resources.
The rent might be used either for the regeneration of bamboo and rattan resources or
for the improvement and development of industrial production capacities, for products
such as bamboo flooring, furniture, handicrafts, paper, cardboard, medicines, canned
bamboo shoots, etc. In the first case, additional investments in regeneration will
inevitably bring about a cost reduction in forest harvesting. The cost curve (C1) will shift
down followed by extension of economically accessible recourses to Q2 volume. Under
the alternative scenario, investments might be made in bamboo and rattan processing.
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Unit cost of processing will fall and income curve (S1) will shift up. Rise of contractual
logging prices means extension of economic accessibility of bamboo and rattan resources,
Q3. Simultaneous investments in bamboo forestry and forest-related industry will bring
about a synergetic effect and broaden economically accessible resources to maximum
volumes Q4.

4 Expected Results
Regional programs for the sustainable development of bamboo and rattan should be
designed 5-15 years ahead. Government, business, scientific organizations and NGOs
must be made part of the planning process. The expected results include:
(1) Precision and clarification of bamboo and rattan statistics: areas, volumes,
composition, quality, and trends and perspectives of growth.
(2) Establishing a unique economic data bank on bamboo and rattan, covering
advanced and prospective technologies for growing, harvesting and processing, their
costs, incomes and profits, needed investments, jobs, etc.
(3) Development of a methodology for long-term holistic programs applicable in
other Chinese provinces and countries.
(4) Development of regional governmental investments programs for bamboo and
rattan resources on the basis of 5-6 possible scenarios.
(5) Predicting and projecting demanded investments and outputs—increment in the
wealth of provinces, employment generation and budgets.

5 Conclusion
Development of regional projects on the sustainable use and growth of bamboo and
rattan resources suggests a multi-scenario and multi-disciplinary approach. Economists,
ecologists, biologists, technologists, policy-makers and citizens should participate in the
projects. Such modern projects will undoubtedly be supported by international scientific
and financial institutions interested in global trade cooperation and ecologically
sustainable development.

The Bamboo Industry in Anji County:
Development Conditions and
Problems
Chen Jianyin and Wu Zhiyong
(Anji County Forestry Bureau, Zhejiang Province, P.R. of China)

1 Introduction
Anji County is located in the northwest of Zhejiang Province, covering ten urban
township and nine rural townships. The total population in the county is 450 000 and the
total area is 1 886 km2. Anji County is 72 km from Hangzhou City, 68 km from Huzhou
City and 229 km from Shanghai. According to the forest resources inventory carried out
in 1998, the forestland in Anji county spreads to 131 937.6 ha, of which forested area
covers 109 875.2 ha. In this, bamboo forests account for 63 338 ha—57.65% of the total
forested area and 33.57% of the total land area. The forest cover in Anji County is 69.4%
(table 1). The total output value of the bamboo industry in the county reached 2.086
billion yuan in 1999. Bamboo is the pillar industry in the economy of Anji County.
Table 1 Statistics of Land Use in Anji County (unit: ha)
Item
Terrestrial land area
- Forest land use
- Forested land area
- Total
- Timber forest
- Protected forest
- Special use forest
- Firewood forest
- Bamboo forest
- Economic forest
- Shrubs
- Open forest
- Unstocked
- Nursery
- Forestry cover (%)

Total area
188 645.5
131 937.6

Area under
state tenure
4 472.3
4 134.6

109 875.2
24 179.3
7 228.3
1 084.0
1 161.7
63 338.3
8 883.7
18 566.4
37.9
33 563.0
24.1
69.4

3 131.5
1 178.5
253.9
707.1
883.7
108.2
952.7
375.0
23.5
91.4

Area under
collective tenure
184 173.2
127 803.0
106 743.7
27 000.7
6 974.3
376.9
1 161.7
62 454.7
8 775.5
17 616.7
37.9
33 188.0
0.6
68.9
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2 Development Conditions
2.1 Bamboo resources
The statistics of bamboo species in Anji County as at the end of 1988 are presented
in table 2.
Table 2 Bamboo resources in Anji County (1988)
Bamboo species
Phyllostachys heterocycla
P. iridescens
P. glauca
P. sulphurea cv. viridis
P. angusta
P. praecox
P. nidularia
P. bambusoides
P. nuda
P. heteroclada
Pleioblastus amarus
Other species
Total

Area covered (ha)
49 912.0
4 259.1
1 185.2
470.7
1 190.5
811.5
325.0
6.3
4 657.1
1.6
154.8
365.0
63 338.3

Percentage covered
78.8
6.6
1.9
0.7
1.9
1.3
0.5
0.1
7.3
0.1
0.2
0.6
100.0

Table 3 provides the statistics of the bamboo area and culms in terms of tenure and
origin in Anji County.
Table 3 Bamboo Area and Culms Categorized by Tenure and Origin in Anji County
Bamboo area
Tenure
State

Collective

Total

Origin

(ha)

Phyllostachys heterocycla var. pubescens
Area
(ha)

Total

Stands

Small diam-

Monop-

eter bamboo

odial

area (ha)

Natural

729.466 7

696.6

1 449.467

1 449.467

Plantation

151.866 7

112.4

128.8

128.8

Sub-total

881.333 3

809

1 578.267

1 578.267

-

72.333 33

Natural

57 207.73

48 405.33

85 178.93

85 176.07

645

8 802.4

Plantation

5 249.267

697.8

737.733 3

732.066 7

1 275

4 551.467

Sub-total

62 457.0

49 103.13

85 916.67

85 908.13

1 920

13 353.87

Natural

-

32.86 667
39.46 667

57 937.2

49 101.93

86 628.4

86 625.53

645

8 835.267

Plantation

5 401.133

810.2

866.533 3

860.866 7

1 275

4 590.933

Sub-total

63 338.33

49 912.13

87 494.93

87 486.4

1 920

13 426.2
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Table 4 provides information on bamboo stands by management categories in terms
of area and percent.
Table 4 Bamboo Stands by Management Categories in Anji County
Total bamboo area
Item

Timber

Shoots &

P. heterocycla var. pubescens

Shoots

Timber

timber
Area (ha)
Percent

Shoots &

Shoots

Medium & small bamboo
Timber

timber

Shoots &

Shoots

timber

50 326.1

11 016.7

2 009.5

43 822.1

6 055.8

48.3

6 504.0

4 960.0

1 961.3

79.5

17.4

3.1

87.8

12.1

0.1

48.5

36.9

14.6

Bamboo forests can be categorized according to the level of management. Bamboo
forests, particularly those managed for their shoots, can be categorized according to
whether the shoot production is in the odd and even year: that is, whether the “on year”
of the shoot production falls in an odd year or an even year. A survey revealed that
24 186.3 ha (48.5% of the total) produces shoots in the odd year, while 25 667.5 ha
(51.4%) produces shoots in the even year. In the remaining 58.1 ha (0.1%), shoots are
produced in both odd and even years.
A review of bamboo development in recent years showed that compared with that of
1983, there was an increase of 7 841.9 ha in bamboo area by 1989 (figure 1). Of this,
5 893.1 ha was Phyllostachys heterocycla var. pubescens stands and 1 948.8 ha medium
and small-diameter bamboo. Compared with that of 1983, the bamboo area increased by
9 316.9 ha in 1998, of which 6 301.2 ha was P. heterocycla var. pubescens and 3 015.7
ha medium and small-diameter bamboos. The key means of expanding the bamboo forest
were establishment of plantations, reforestation to expand bamboo forest areas, rhizome
planting in mixed forests.
70,000
60,000
50,000
40,000
30,000
20,000
10,000
0

Small & medium-sized
bamboo species
Phyllostachys pubescens
Grand total

1983

1989

1998

Figure 1 Increases in Bamboo Areas
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Table 5 shows the increase in the stock volume of P. heterocycla var. pubescens
forests, while table 6 gives the statistics of high-yielding and fast-growing bamboo
forests in Anji County.
Table 5 Stock Volume Dynamics of Phyllostachys heterocycla var. pubescens Stands
in Anji County
Year

Item

Total

Stems in different classes

(No.)
1983

Stock

1989

Stock

1 108 671

Percent

Stock

II

III

427 506

402 843

278 322

Average DBH

per ha

(cm)

2 535

7.7

100

38.6

36.3

25.5

-

-

1 122 630

453 104

465 248

204 277

2 550

8.0

100

40.4

41.1

18.2

-

-

1 312 424

318 275

515 804

468 385

2 625

8.3

100

24.3

39.3

36.4

-

-

Percent
1998

I

Standing stems

Percent

Table 6 Expansion of High-yielding and Fast-growing Bamboo Forests in Anji County (unit: ha)
P. heterocycla var. pubescens
Year
1983

Timber

Timber &
Shoots

526.0

Shoots

Medium and small-diameter bamboo
Timber&

Subtotal

Timber
-

-

20.0

13.3

559.3

Shoots

Shoots

Subtotal

-

Total

-

559.3

1989

876.7

2 422.3

16.7

3 315.7

206.7

180.0

370.7

757.3

4 073.0

1998

2 191.1

6 055.8

48.3

8 295.2

1 300.8

992.2

1 961.3

4 254.3

12 549.5

Note: High-yielding and fast-growing bamboo forests = a production capacity of 22 t/ ha/year or more
and an output (bamboo shoots & timber) value of 22 500 yuan/ha or more.

In the period 1983-1989, significant increases were realized in the output value of the
bamboo stands (table 7).
Table 7 Increase of the Output Value of the Bamboo Stands

Year

Annual
P.pubescens
production

Bamboo
timber
/small
(1 000
tons)

Fresh
bamboo
sho-ots (1 000 tons)

By-products (1 000 tons)

Moso
bamboo

Moso
bamboo

Output
value (in
million
yuan)

1 000
culms

1 000
tons

1983

9 540

159

15

10

2

25

5

102

1989

13 500

225

30

15

5

30

8

150

1998

18 000

300

60

25

10

60

12

306

Others

others

Note: The basis for the output value calculation is: P. heterocycla var. pubescens timber – 400 yuan/ton,
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spring shoots of P. heterocycla var. pubescens – 1 000 yuan/ton, price of the by-products – calculated at a
quarter of the bamboo timber; small bamboo timber – 600 yuan/ton, winter shoots of P. heterocycla var.
pubescens – 10 000 yuan/ton.

2.2 Present situation of bamboo shoots and timber processing
industry
The bamboo shoots and timber processing industry in Anji County is participating in
the domestic and international markets with a host of products. The Moso bamboo (P.
heterocycla var. pubescens) product marketed in Anji County used to be mostly fresh
shoots. After significant investments in the forestry sector in 1979, several boiled shoots
processing factories were commissioned, and they number more than 40 at present.
Among them, 15 factories can produce more than 200 tons of boiled shoots annually. The
quantity of boiled shoots produced in 1997 was 25 000 tons, of which 12 000 tons were
exported, bringing in a foreign currency revenue of more than US$ 10 million. Although
the fluctuations in the international markets reduced the quantity processed in 1998, it is
expected to reach about 15 000 tons in 1999. Besides Moso bamboo, boiled shoots are
being processed from Phyllostachys iridescens.
In recent years, the shoots processing enterprises are producing a series of
soft-packaged and small-volume shoot products, including canned shoots. More than 10
brands are available in the market at present, and some of them have won the top awards
in the 1999 International Bamboo Exposition. According to a survey of bamboo shoots
processing enterprises conducted by the Anji County Forestry Bureau in November 1999,
the output value for shoots processing had already increased to 122 million yuan. Besides
Moso bamboo, Phyllostachys nuda and other small-sized bamboo shoots were also being
used to process ‘Tianmu’ dried shoots. The current annual production is about 200 tons.
In 1998, traditional processing and modern packaging methods were employed to
develop various products such as flavored dried shoots with vacuum packing, dried shoot
snacks, etc.
The shift from rough to fine processing of bamboo timber is continuing and
developing to cover more products. Currently, there are 1 571 large and small-sized
bamboo timber processing enterprises in the county, employing a regular staff of more
than 20 000. Together, these enterprises have the machinery and capacity to produce
5 million bamboo mats and 130 000 m2 bamboo plywood annually. There are more than
10 series, 500 types and 1 000 specific products catering to the industry, agriculture,
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construction, education, household and sanitation sectors. There are more than 10
villages specializing in producing bamboo mats, handcrafted fans, brooms, weavings and
rhizome products. The output value from bamboo timber processing in eight towns and
villages is more than 100 million yuan. Eight enterprises exported bamboo mats, bamboo
plywood and a series of medium and small-sized bamboo products, earning more than 1
million yuan. The total export value was 430 million yuan, accounting for 50% of the
total national export in the year.
Initiation of fine processing of bamboo timber now cover a wide variety of products,
including high-quality bamboo floor panels, bamboo-ply walls, bamboo juice and
bamboo leaf flavones for medicinal use (tonics such as Zhukangning tablets, bamboo
beer and other types of juices), etc. In 1998, a production line with the capacity of
100 000 tons per annum was constructed. It earned a foreign exchange revenue of
US$ 420 000, and tax revenue amounted to 1.46 million yuan.
tables 8 and 9 present the results of the survey conducted by Anji County Forestry
Bureau in November 1999 among 541 bamboo shoot processing enterprises.
Table 8 Production Scale of the Bamboo Shoot Processing Enterprises in Anji County
Scale based on annual

Number of

Output value

production capacity

enterprises

(in 1 000 yuan)

About 10 million yuan

17

340 000.0

Between 5 & 10 million yuan

24

166 100.0

Between 1 & 5 million yuan

112

214 340.0

Between 200 000 & 1 million yuan

248

105 575.0

200 000 yuan and below

133

1 4 177.5

7

-

541

840 192.5

Others
Total

Table 9 Output Value of the Bamboo Shoot and Timber Processing Enterprises in Anji County
Bamboo timber types
Shoots
products

Bamboo
machinery

Fine
processing

Number

32

12

%

5.6

Output
(in 1 000
yuan)

12 2165

Item

Total

Raw
materials

handicrafts

Furniture
& utensils

Panels

Mats

2

14

45

36

11

421

541

2.1

0.3

2.4

7.9

6.3

1.9

7.5

100

14 130

65 650

32 460

88 160

54 618.5

64
880

397 920

840
192
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%

14.5

1.7

7.8

3.9

10.5

6.5

7.7

47.7

100

The survey and statistics showed that the shoots and timber processing output value
for the entire county reached 1.7 billion yuan. There are enterprise groups—such as
Jian’an, Shengshi, Chunhui, Datong, Dongguang and Chengda—each of which record a
turnover value of more than 10 million yuan. They can lead the efforts to induce the
farmers in neighboring towns and villages to start bamboo shoots and timber processing
enterprises. According to 1999 statistics on 573 large, medium and small-sized
enterprises, the number of workers employed by these firms is 17 180, and the export
turnover US$ 426.5 million. Shoots and timber processing industry has actively
contributed to the increase in the GDP of Anji County.

2.3 The bamboo industry as a tertiary industry
Anji County has dense forests and elegant forested areas, added to the advantage of
being located at only short distance from Shanghai, enabling Anji County to develop
bamboo-based eco-tourism. In recent years, the county’s party committee and the
government have restructured their strategies for overall economic development within a
specified timeframe and have established as the goals the development of Anji County as
the National Ecological Demonstration County, a bamboo industrial power and a mega
tourist destination. Active and substantial efforts have been made to nurture the green
industry and develop eco-tourism based on the unique scenery of the bamboo town. In
the last two years, Anji bamboo seed garden was extended, with the high-yielding
Dendrocalamus latiflorus high-yield base as the core, built up the “Chinese grand
bamboo sea”, “Searching the origin of Huangpu River” in the mountain of Dragon King
and “ Lingfeng Mountain Forestry Park”, and held activities such as the 1999
Eco-tourism Festival in Bamboo Town. More than 800 000 tourists visited the Bamboo
Town in Anji County and the revenue from tourism touched 1.01 million yuan in 1999.
Bamboo products, bamboo handicrafts and nurseries for ornamental bamboo species
related to the tourism industry have also been developed.
The total output value from the bamboo sector was 2.086 billion yuan in the year
1999, as shown below: 306 million yuan from bamboo shoot, timber and other products;
1.7 billion yuan from shoots and timber processing industry, of which 150 million yuan
was generated from shoots processing and 1.55 billion yuan from bamboo timber
processing; and 80 million yuan from the tertiary industry.

·212· Sustainable Development of the Bamboo and Rattan Sectors in Tropical China

The output value from the bamboo industry was 17.4% of the county’s total output
value from industry and agriculture. The bamboo sector earned 500 million yuan income
for the forest farmers in the mountainous areas and brought in about 6 000 yuan for each
household in the towns and villages in the bamboo production areas. The development of
bamboo sector also fostered the development of related industries, generating more than
20 000 employment opportunities in those industries. The development of the bamboo
industry is an important factor in the economic development of Anji County.

3 Important Lessons Learned
3.1 Common understanding and effective policy measures
Only by depending on bamboo can the farmers get rich. Speeding up the
development of the bamboo resources was taken as an important task by the county’s
party committee and government. The aim of building a county, which has a powerful
bamboo industry and is a major tourism destination, was established and a common
understanding was created among the leaders and the public of the county.
The strategies adopted were manifold, but covering specifically the following aspects:
① As the first contract period for the household-based responsibility contract system had
ended, a longer-term contract for prolonging and improving bamboo production was
established to motivate the farmers. In 1996, 65 000 bamboo farmer households entered
this system. ② Bamboo resources development plan was formulated and distributed
among the towns and villages, together with inspection and control mechanisms. ③
Activities in developing bamboo resources were mobilized by improving public
awareness and demonstrating with typical examples. ④ A series of measures for the
accelerated development of bamboo resources was formulated by the county government.
⑤ Funds were mobilized at various levels—such as county, township and village
levels—mainly from bamboo farmers. The annual investment requirement for nurturing
bamboo resources in the whole county was about 15 million yuan, while the financial
appropriation from the county and forestry units for the extension of the bamboo seed
garden, Lingfeng mountain bamboo forest park and the construction of the Dragon King
Mountain Nature Reserve was about 14.5 million yuan. In addition to these investments,
the funds for ecological environment and green engineering from the government
agencies, townships and villages totalled about 20 million yuan.
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3.2 Introduction of foreign investment and infrastructure
imp-rovement
Formulation and improvement of preferential policies and strategies for attracting
foreign businesspeople and absorbing foreign investment. Encouraging the foreign
businesspeople to establish bamboo shoots processing factories by building up forest
investment enterprises or joint ventures to improve the processing technology and
management conditions. Introducing foreign businesspeople and foreign investment to
bamboo products processing to obtain foreign exchange that would lead the development
of domestic bamboo products enterprises and bamboo timber machinery manufacturing
industry. Improving the communication, transportation, education, living environment
and other infrastructure facilities by investing more than 500 million yuan over the last
five years. The investment conditions have been greatly improved by now.

3.3 Market penetration and improvement of the market
compe-titiveness of products
Traditionally, Anji’s fresh bamboo shoots production had focused mainly on boiled
shoots. In the recent two years, owing to market stagnation and overstocking of the
products, a series of development programs were launched to develop winter shoots of
Moso bamboo, rhizome shoots of Phyllostachys propinqua and other fresh shoots. Before
the shoots harvesting season began, the leaders took part in a series of press conferences
on bamboo shoots held in Shanghai, Hangzhou and other cities. This helped open up
markets and improved the economic benefits from bamboo forests.
The production volume is less than before, but shoot products in many different
flavors and packagings (soft-packaged, canned and vacuum-packaged) have appeared.
Bamboo mats production has taken on a competitive level. In order to gain more market
share, greater attention has been paid to the color and appearance of the products and the
factories are using improved technologies to make products with better quality. Bamboo
mats had a good market in 1999, and the sales income touched 1 billion yuan.
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3.4 Improving the quality of development based on science and
technology
To improve the quality of development based on science and technology, Anji
County has worked to strengthen the network for popularizing science and technology
achievements. There is an existing bamboo research institute at county level. Other
institutions created include the setting up of a bamboo industry station under the County
Forestry Bureau, the Anji Bamboo Seed Garden with more than 300 bamboo species and
the national first bamboo museum in Anji County, as well as combining production with
science research and tourism. There are forestry stations in most towns and villages and
liaison officers and foresters spreading information on science and technology.
Anji has also laid emphasis on the introduction of technology. A series of
preferential policies were promulgated to mobilize the support and cooperation of
science research and education institutes. Experts and professors from the Institute of
Sub-tropical Forestry of the Chinese Academy of Forestry Sciences, Provincial Academy
of Forestry Sciences, Nanjing Institute of Botany, Nanjing Forestry University, Zhejiang
University and Zhejiang Forestry College were invited to Anji County to carry out
surveys, research and extension of new techniques.
Attention has been paid also to the extension of research achievements. Sixty
percent of practical research achievements—such as the techniques on high-yield Moso
bamboo forests, techniques on shoots thinning in Moso bamboo forests, techniques on
developing Moso bamboo winter shoots and rhizome shoots, techniques on integrated
control of bamboo pests, and techniques on the rehabilitation of low-yield bamboo
stands—were widely applied. From 1975 to 1998, Anji County won two state level prizes,
16 ministerial or provincial levels prizes and 24 department, city and county level prizes
for its achievements.
Another notable step was the establishment of demonstration bamboo stands and
high-yield science and technology demonstration samples. Nine demonstration stands,
covering an area of 1 200 ha in the important towns and villages in the bamboo areas,
were built by leaders from the provincial party committee and provincial government,
director-general of the provincial forestry bureau, etc. Following years of efforts, the
county forest bureau has established many demonstration stands with an annual
production capacity of above 45 000 kg/ha of bamboo timber and an annual output value
of 45 000 yuan/ha from bamboo shoots.
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4 Key Issues and Prospects
Although bamboo resources development has achieved a lot in Anji, many issues and
gap still exist when considering the requirements of a “Forestry Power County” and
when compared with other model cities and counties in China.
(1) Bamboo resources cannot meet the demands of economic development yet;
timber and shoots production does not have a close relation with the market.
• The increases in bamboo timber and shoots resources are uneven. About 13 333.3
ha of bamboo forest has a yield value of just about 9 000 yuan per ha. There is
great potential for development in this regard.
• Large-sized bamboos (Moso bamboo with a diameter above 9 cm) and high-quality,
economically important bamboo species (Phyllostachys glauca, P. iridescens, P.
angusta, P. nigra, etc.) have low yields. The available resources cannot meet the
needs of the processing industry. Anji County needs to purchase 300 million culms
of large-size Moso bamboo and several thousand tons of other economically
important bamboo species every year.
• The annual production of about 20 000 tons of spring shoots is mainly used as the
raw material for producing boiled shoots. As a result of market stagnation,
marketing of these products are sluggish, whereas the market demands for Moso
bamboo winter shoots, rhizome shoots and early and off-season shoots with high
quality is much higher than the supplies.
(2) The bamboo processing industry is not growing, as the use rate and value addition
are very low. The product mix is not well thought out, lead enterprises are very few and
the general production quality is inadequate. Also, the science and technology and
management contents in the products are low, and there is no competition among the
products.
(3) Owing to a lack of knowledge of the functions of bamboo forests in terms of
environment conservation, categorized management has fallen behind the development
demands. Although bamboo forests are considered an important long-term economic
resource for the county, the understanding among the public about their ecological
functions—such as improved environmental quality, erosion control and water
conservation—has been insufficient. In reforestation and silviculture practices of bamboo
species, large-area planting operations and monoculture have brought about symptoms of
soil erosion and degradation.
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5 Conclusion
The 21st century offers great prospects and prosperity for the bamboo industry in
China. As one of the ten Chinese Bamboo Hometowns and one of the national high-yield
bamboo forestry demonstration bases, Anji County is committed to restructure the
development of bamboo industry, and to strengthen sustained cooperation and exchange
with the outside world. The county will emphasize inputs of science and technological
innovations in the bamboo industry to ensure a harmonious development of the economy,
ecology and society. During the 10th five-year plan, 20 000 ha of ecological bamboo
forests will be established for public welfare. The management capacity of commercial
bamboo forests will be improved and the area for high-yield bamboo forest will be
extended—6 666.7 ha of high-yield bamboo forests with a minimum annual output value
of 15 000 yuan/ha will be developed. Five villages, which achieve prosperity by
specializing in producing bamboo using science and technology inputs, will be
established as models, and two modern bamboo garden zones will be set up. The main
goals are: (1) to earn an output value of 3 billion yuan from the primary, secondary and
tertiary bamboo industries at the end of the year 2001; and (2) to build Anji County as
the national model not only for intensive bamboo management but also for ecological
bamboo gardens.
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(Forestry Bureau of Lin’an Municipality, Zhejiang Province, P.R. of China)
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Lin’an Municipality is located in the Tianmu Mountains in the northwest of Zhejiang
Province at 118°51'-119°59' East longitude and 29°56'-30°26' North latitude. The
Municipality has a total area of 3 126 km2 and a population of 500 000. With a forest
cover of 71.3%, the total forestland area in the Municipality adds up to 260 000 ha, of
which bamboo forests take up 52 000 ha. The Municipality is reputed as a “Bamboo
Homeland of China”. The annual per capita income of the farmers in 1988 was 4 199
yuan. Since the 1980s, the Municipality started planting bamboo on the hill and mountain
slopes, and focus was laid on planting the “three bamboo species”—vegetable bamboo,
Moso bamboo (Phyllostachys heterocycla var. pubescens) and shoot bamboo—as well as
on joint development of the “three industries”. These measures helped Lin’an to increase
its bamboo forest cover from 29 000 ha to 52 000 ha. As a result, the gross yield of
bamboo shoots grew from 2 000 tons to 80 000 tons, and the bamboo-generated gross
output value increased from 20 million yuan to 650 million yuan. Bamboo has become
the primary industry of the rural areas of Lin’an Municipality as well as the “goose that
lays golden eggs”, contributing significantly to rural poverty alleviation.
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1.1 Bamboo resources of Lin’an Municipality
There are 63 bamboo species belonging to 11 genera in Lin’an Municipality. Areas
and distribution of the bamboo species are described below.

1.1.1 Moso bamboo
The area of Moso bamboo forests in Lin’an Municipality is about 20 000 ha, on
which 40.4 million culms of bamboo are grown, yielding an annual production of 10 000
tons of fresh bamboo shoots. This bamboo species is mostly distributed on the low
mountains, where 4 000 ha of high-yield bamboos are planted to produce bamboo timber
and shoots.

1.1.2 Vegetable bamboo
“Vegetable bamboo” is the general title for Phyllostachys praecox and Ph. vivax
species that produce edible bamboo shoots. Vegetable bamboo forests in Lin’an total
14 000 ha, and are mostly planted on the low hills and gentle mountain slopes, especially
in the dry farmlands around the farmhouses. The annual yield of vegetable bamboo is
76 540 tons. With the extensive application of the early-shooting and high-yield
technology for Phyllostachys praecox, the annual output value reached up to 270 million
yuan, the unit production up to 46.5 tons/ha and the unit output value per up to 825 000
yuan/ha. In 1997, the average annual income from bamboo of the 6 500 farmer
households in Lin’an was over 10 000 yuan, among which 70 households earned over
50 000 yuan and 4 households earned as high as 100 000 yuan.

1.1.3 Shoot bamboo
“Shoot bamboo” is the general term employed for small-diameter bamboo species
such as P. nuda, P. iridescens, P. yiamuensis and P. acuta. These species spread over an
area of 15 000 ha in the municipality, mainly on steep mountain slopes at an elevation of
about 600 m above sea level, particularly in the remote mountainous areas. Annual yield
adds up to 17 380 tons, which can be processed to produce 1 738 tons of dried shoots.

1.2 Development of bamboo processing
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In Lin’an Municipality, there are 130 000 farmer households, 60% of which are
directly engaged in bamboo growing. They have built 46 shoot-processing factories and
over 100 bamboo timber factories. The bamboo timber factories are now producing 508
bamboo products in 10 types, including panels, threads, mattresses, knit-ware, chopsticks,
meat skewers, toothpicks, toys and scaffold plates. The annual production of bamboo
plywood panel has now reached 500 000 m2. About 100 mattress production lines are
producing over 5.4 million m2 of bamboo mattresses every year. The total annual
material use is up to 4 million raw bamboo culms.

1.3 Development of markets for bamboo products
In the 1990s, 11 large markets for selling the bamboo shoot products were built in
Gaohong and Hengtang townships of the municipality, where over 5 000 people—mostly
farmers—market their bamboo shoot and timber products. In the Pudong District of
Shanghai Municipality, the Hengda-Tianmushan Bamboo Shoot Market was established,
from where part of the products are exported to the international markets.

1.4 Establishment of service networks
Lin’an Municipality has developed a strong scientific and technological foundation
for developing the bamboo industry as well as service networks. Service stations and
sub-stations have been established in Lin’an, and service posts have been set up in 39
townships. The Bamboo Shoot Research Institute and Bamboo Shoot Development and
Research Institute have been set up. These institutes are staffed with 300 scientists and
technicians. The Municipal Bamboo Trade Association, an association of the bamboo
shoot processing enterprises, has been established in the Municipality and bamboo
associations have been set up in 11 townships. These service networks provide
consultation services to the Party Committees and local government, and provide
services to the bamboo industry in matters related to pre-production, production and
post-production.

2 Bamboo Shoot Processing and Utilization
2.1 An analysis of the current situation
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Bamboo shoots produced in Lin’an are mostly processed into three categories of
products: boiled shoots (canned), dried shoots and preserved shoots.

2.1.1 Boiled shoots
Raw materials used for this product include Moso bamboo shoots and Ph. vivax
bamboo shoots. As Phyllostachys praecox shoots fetch a high price, they are sold as
un-processed fresh shoots. However, in the last two years when the price of P. praecox
shoots dropped below 1.4 yuan/kg, some factories started processing the shoots into
boiled products. Lin’an was among the municipalities and counties in China that first
processed canned boiled shoots. The first bamboo shoot processing factory was built in
1979 and put into operation in 1980. In the same year, 113 tons of canned bamboo shoots
(packed with their juice) were produced. Export of the product had brought in a foreign
exchange revenue of US$ 66 600.
The technical process for producing boiled shoots is as follows: raw material
cleaning → boiling → cooling → sorting → rinsing → canning → adding juice → can
sealing → sterilizing → cooling → storage. By 1988, there were 9 factories in Lin’an
Municipality, including the Lin’an Canned Food Factory that produced canned products
using Moso bamboo shoots. The gross output of these factories added up to 5 221.66 tons,
and the foreign exchange earnings amounted to US$ 16.956 million. By 1998, the
producers of canned boiled shoots increased to 46 factories, and the production reached
690 000 cans (12 500 tons). Among the products, 546 000 cans were made using Moso
bamboo shoots and 152 000 cans by using Ph. vivax bamboo shoots. The export volume
reached 9 000 tons, bringing about foreign exchange earnings of US$ 45 million. Earlier,
mostly locally grown Moso bamboo shoots were used for processing. At present, raw
materials are largely purchased from outside the Municipality. In 1998, 80% of the raw
Moso bamboo shoots processed in Lin’an came from Fujian and Jiangxi Provinces.
With the expansion of vegetable bamboo grove area in Lin’an, fine processing of Ph.
vivax bamboo shoots also developed rapidly. After some surveys in 1994, Mr. Zhang
Fengchao from Taiwan established the first boiled bamboo shoot processing factory in
Yangling township of Lin’an, which focused on production using Ph. vivax bamboo
shoots. The factory produced a series of soft-packaged shoot products that found favor
with customers. By continuously introducing new equipment and up-to-date technology,
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more new shoot products were developed, and the bamboo shoot processing in Lin’an
reached a new level. Led by this initiative, the number of enterprises manufacturing
boiled shoot products increased from 4 in 1994 to 26 in 1998. The gross processing
capacity of these enterprises amounted to 220 000 tons, and the net value of their fixed
assets increased from 1 million yuan in 1994 to 43 million yuan in 1998. The annual
processing capacity also increased from 1 300 tons in 1994 to 11 730 tons in 1998, the
sales income reaching 52.15 million yuan. In the field of boiled shoot processing, 22
enterprises produced Ph. vivax 4 783 tons of products, netting a sales income of 17.5
million yuan. Nine enterprises switched over from rough processing to fine processing,
and developed over 10 series of delicious shoot products. The products were packed in
small packages, soft packages or cans, which boosted their value by 1.5 to 2 folds. The
technological process (fine processing) now adopted for making boiled shoot products is
as follows: boiling shoots → rinsing → chopping → compress dewatering → flavoring
→ weighing → packing → selecting → adding edible oil → vacuum sealing →
pressurized sterilization → drying → quality control → exterior packing → sealing →
storage. The refined processing technology provided by Mr. Zhang Fengchao not only
ensured preservation of the freshness of raw materials, but also tackled the problems of
producing packed shoots and ready-to-eat shredded shoots. The technology has covered
the complete process of production, from handling of raw shoots and preservation of
freshness of the shoots to producing small packaged shoots and ready-to-eat shredded
shoots without using any preservatives and anti-oxidation chemicals. The technology is
ideal for fine processing and thus effectively enhances the product quality.

2.1.2 Dried bamboo shoots
‘Tianmu’ dried bamboo shoot is the special product of Lin’an Municipality. It is
produced using the small-diameter shoots picked from bamboos such as the
Phyllostachys nuda, P. iridescens, P. yiamuensis and P. acuta. According to the Annals
of Lin’an County, Tianmu bamboo shoots were favored by people of South China in the
Zhengde and Jiajing years of the Ming Dynasty. The Tianmu dried bamboo shoots have a
delicious taste and contain rich nutrients. The product is therefore widely used as an
appetizer (The Economic Herald of Hongkong once praised Tianmu dried bamboo shoots
as “the number one delicious food in the world”). The best of Tianmu shoot is the tender
shoot sprouts. The sprouts produced in Limu and Yangling, in particular, are dried using
a very refined technology, and are also the earliest to appear in the market. The “Top
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Tianmu sprouts” produced in Sankou and Shanggan areas are picked and processed when
the sprouts are extremely tender, and are probably the most delicious among the shoot
products.
In 1997, 3 000 tons of dried bamboo shoots were produced in Lin’an Municipality, of
which 1 738 tons were processed using local shoots. The gross output value amounted to
26.07 million yuan, which was 1.9 times that of 1993. The Xitianmu Township produced
1 100 tons of dried shoots in 1997, at an output value of 8.16 million yuan. In Lin’an,
most farmers in the bamboo shoot-producing areas are good at making traditional shoot
products. However, there are only 12 large processing enterprises in the entire
municipality, and these are producing traditional brands such as the Beixi, Feiting,
Tuting, Zhijian, Xiaoting and Tongting. Recently, another brand called Tianmu Zhijian
was developed by the Lin’an Tianmushan Green Food Co. Ltd. The company used a
refined technology to process the dried shoots and developed a tasty ready-to-eat dried
shoot product, multi-flavor dried shoots and local-flavor dried shoots. Key steps of the
technological process for producing such items are given below: peeling of shoots →
rinsing → boiling → dehydration → sterilization → compress dewatering → bake
dewatering → squeeze dewatering → re-bake dewatering → semi-product storage →
sorting → packing → marketing. An alternative route after “re-bake dewatering” is: fine
cutting → flavoring → baking → storage → sorting → packing → marketing.
With the development of the dried shoot processing industry, besides purchasing raw
shoots and producing dried shoots within Lin’an, the shoot-processing farmers and
factories began to preliminarily process or purchase raw bamboo shoots in other areas of
Zhejiang and in the neighboring provinces such as Hunan, Hubei, Anhui, Jiangxi, Fujian,
Sichuan, Guizhou and Shaanxi. According to Lin’an farmers: “Where there is bamboo,
there are Lin’an folks”. Many farmers in the shoot-producing areas did not know that
small-diameter bamboo shoots are edible and their processing can earn money. Most of
these farmers live in areas such as Shennongjia of Hubei Province and the Hanshui River
watershed, which are poverty-stricken areas though shoot bamboos are extensively
grown there. With assistance from the Lin’an shoot-processing farmers, the local farmers
increased their income. They began to realize that tapping the shoot resources is an ideal
way for poverty alleviation. In 1997, Lin’an became China’s largest market for trading
dried bamboo shoot products. At the same time, over 1 000 people, the majority of whom
were farmers, were engaged in bamboo shoot trading activities, and their bamboo shoot
products dominated markets in Jiangxi, Zhejiang and Shanghai. Only in Xitianmu
Township, each of the 100-plus bamboo shoot traders was annually marketing over 5
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tons of dried bamboo shoot products, and three of them were each selling over 50 tons of
dried bamboo shoot products.

2.1.3 Preserved bamboo shoots
Preserved shoot is one of the primary bamboo shoot products. The processing method
is low cost. After rinsing, the preserved shoots are even more delicious than the canned
shoots, and form an excellent raw material for producing snack foods that sell well in the
markets. Because the technology is good for factory production, it is widely applied in
the primary processing of bamboo shoots. The technology is also welcomed by the
farmer households, as shoots can be easily preserved for future use when they cannot be
sold on time or the price is too low. In 1997, over 200 tons of shoots were preserved in
Lin’an. The technology for processing preserved bamboo shoots is as follows: peeling of
shoots → rinsing → boiling → dehydration → sterilization → loading into containers →
addition of salt between shoot layers → compressing → sealing.
After rinsing, preserved bamboo shoots can be fine-processed or directly marketed.
As long as the seal is intact and the containers do not leak, the product will retain its
good quality for more than one year.

2.2 Experiences in the development of the bamboo shoot
proces-sing industry
(1) Persistence in democratic decision-making and emphasis on processing. To bring
about a better life to farmers living in the mountainous areas and to find a breakthrough
for developing the rural economy, after thorough discussions and scientific and
technological verifications, the Party Committee and People’s Government of Lin’an
Municipality concluded that felling trees for selling timber would cause fatal harm to the
economy of the mountainous areas. They also realized that Lin’an has eight outstanding
advantages—including climatic conditions conducive to growing bamboo, plentiful land
resources and excellent geographical location—and that bamboo industry would bring
about remarkable economic, ecological and social well-being. Based on this line of
thinking, the municipal leaders decided to focus on developing the bamboo industry as
the tool for developing the rural economy. By joining forces from all social sectors,
Lin’an began in 1996 to newly plant 660 ha of bamboo each year, while the output of
bamboo shoots also substantially increased each year. Because of the increasing bamboo
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plantations, the output of bamboo shoots increased rapidly. The harvesting of most
bamboo shoots in April-May created marketing difficulties. To counter this, the
municipal Party Committee and government drafted the strategy of “prioritizing bamboo
production, making efforts to speed up product circulation, focusing on processing, and
seeking coordinated development”, and the strategy of “building bamboo production
bases on the mountains, constructing factories down the mountains, and exploring
markets outside the mountains”. The new guideline of “optimizing the primary industry,
deepening the secondary industry, strengthening the tertiary industry and industrializing
the bamboo industry” was also promulgated. Preferential policies were formulated and
implemented to help develop the bamboo processing industry, and efforts were made to
establish bamboo shoot processing as the lead industry.
(2) Setting up of Association of Bamboo Shoot Processing Enterprises and promoting
the healthy development of shoot processing enterprises. The Association of Bamboo
Shoot Processing Enterprises is a trade association formed through the voluntary
participation of shoot processing enterprises. In the two years since its establishment, the
Association followed the principle of “strengthening the enterprises and prioritizing
services”, and made its goal to boost the overall strength of the membership enterprises.
Through good coordination and services, the Association has endeavored to build up
links between the processing enterprises, served as the bridge between the enterprises
and the government, and vigorously promoted competition among the enterprises and the
healthy development of the bamboo shoot processing industry. In the last two years, the
Association has provided all-round services to the enterprises in the following six areas:
Offering coordination to promote cooperation; Information access to boost development;
Helping marketing to promote product circulation; Carrying out inspections to enhance
management; Publicizing investigations to upgrade services; and Organizing study tours
to facilitate the improvement of work performance.
Through improved services in the last two years, the Association has helped bring
about new prospects to the bamboo shoot processing industry in Lin’an Municipality,
while maintaining order in the industry. Unequal competition among enterprises has been
effectively curbed and fair competition nurtured. These measures have greatly promoted
the healthy development of the bamboo shoot processing industry in Lin’an
Municipality.
(3) Taking markets as the guide and science and technology as the support, and
upgrading the level of enterprise management and product quality. To ensure success of
the bamboo shoot industry of Lin’an Municipality, it was essential to gain recognition of
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the customers and boost the competitiveness of the products. To achieve these goals,
both the municipal leaders and the processing enterprises have gained a full
understanding that production must be guided by market demands, and that the science
and technology input in the products deserves the highest priority. Since 1992, when Mr.
Zhang Fengchao established the Yihua Company, Luo Chunying, Director of the Bamboo
shoot Development Institute of Lin’an Municipality, insisted on developing new shoot
products and upgrading the product quality. Up to the present, Mr. Luo has developed 12
new shoot products, among which 7 has become patented products of China and won in
1994 the gold medal for new products awarded by the State Commission of Science and
Technology and the Award for Developing New Products issued by the People’s
Government of Lin’an Municipality. In 1995, these products were nominated as the
“Consumers’ Trustworthy Products of China” and “Provincial Quality Products”. In the
same year, the Chinese Gourmet and Nutrition Committee listed the products as the first
group of “Recommended Products”, while Zhejiang Province has named the products as
“designated tourist products”.
To upgrade the quality of bamboo shoot products and to enhance the management
level, the Association invited experts and technicians from the Municipal Technology
Supervision Bureau and Public Health and Disease Prevention Center to teach the
members about specifications for food products and regulations for food hygiene. Some
factories have developed cooperation with the Food Department of Zhejiang University
and Zhejiang Academy of Agricultural Sciences, and invited experts and professors from
these institutions to serve as technical advisors.
Based on market demands, Lin’an Canned Food Co. Ltd. of Hangzhou City
introduced modern Japanese equipment, such as thread-cutting, slicing and
vacuum-packing machines. Such measures have significantly upgraded the product
quality. The Lin’an Tianmushan Green Food Co. Ltd. and Simake Food Co. Ltd. of
Hangzhou City produce top-quality products, which have won gold medals at the
International Bamboo Exposition (sponsored by the 1999 China International Bamboo
Culture Festival), and the products were nominated as the “designated products” at the
1999 China Agriculture Exposition.

2.3 Current problems in the bamboo shoot processing industry
Most bamboo shoot processing enterprises are small-scale, and the competition is
largely price-based. In Lin’an Municipality, most bamboo shoot processing enterprises

·226· Sustainable Development of the Bamboo and Rattan Sectors in Tropical China

are small and use simple equipment. Among them, 41 can process only 200 tons on the
average. Owing to their small scale, low capitalization, shortage of cash flow and
inadequate scientific and technical staff, such enterprises base competition on product
prices. They compete against each other by cutting prices and buying raw materials at
reduced prices. In other words, these enterprises fail to compete by upgrading quality of
the products and creating quality brands.
Technology for retaining the freshness of bamboo shoots is lacking. Development of
the market-oriented economy calls for higher quality products, and the customers
demand that preserved shoot products retain, as much as possible, the juiciness and taste.
Regretfully, the enterprises have not yet fully mastered freshness-retaining technology,
and a considerable gap still exists between the processed products and customer demands.
Large cities like Shanghai have formulated strict regulations to restrict bamboo shoots
with skins entering the cities, thus necessitating that the shoots be preserved by other
means. Enterprises in Lin’an are still employing out-dated technology adopted in 1995
by the Yihua Company for producing boiled shoot products. Owing to lack of
technological breakthroughs, products made using the old technology can hardly meet
the requirements of the customers.
Markets are to be expanded for selling the shoot products. Yield of the vegetable
bamboo shoots has increased from 1 400 tons in 1983 to 76 000 tons at present, a 50-fold
increase. As the bamboo shoot trade brings about considerable profits, many neighboring
counties and municipalities are also vigorously developing shoot processing industry.
The shoot products of Lin’an are mostly sold at domestic markets in Jiangsu, Hangzhou
and Shanghai areas, and exported only to Japan. The small-sized market can hardly
accommodate the drastically increasing production capacity, resulting in serious glut of
shoot products.
Inadequate information leads to blind production. As mentioned earlier, most shoot
producing enterprises are small ones, and employ out-dated means and equipment for
information access. This has led to poor information dissemination, and many enterprises
expect the customers to be aware of the products by themselves. Many shoot producing
farmers do not show market-oriented awareness, and produce their products in a blind
way. In 1998, a few farmers made good profits by producing preserved shoots. That led
to a big rush of preserved shoot production in the following year, resulting in serious
over-production and market glut. Consequently, many farmers had to sell their products
at reduced prices.
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3 Main Considerations for Developing Shoot Processing
Industry
3.1 Strategic objectives
It is planned to grow 1 million mu (approximately 15 mu equals 1 ha) of bamboo
forests and raise the gross output value generated by the bamboo industry to 1.5 billion
yuan by 2010. By 2005, it is expected that five enterprises will be established, each
having an output value of 10 million yuan from shoot processing, while the gross output
value of the shoot processing industry would be boosted to 200 million yuan. By 2010, it
is expected to that the strategic objective of increasing the gross output value of the shoot
processing industry to RMB 400 million would be achieved and shoot-producing group
companies formed.

3.2 Major measures needed
Nurturing the leading enterprises of shoot producing industry. The leading
enterprises play a vital role in the industrialization of the shoot producing industry.
Presently, the shoot producing enterprises are mostly small ones. Although a number of
leading enterprises in the shoot processing industry have established branded quality
products, they should be further developed to help them adapt to the development trends
of the existing shoot production bases and to meet Lin’an’s rural economy development
objectives. Governments at different levels must prioritize their support for promoting
the industrialization of bamboo shoot processing, as well as the nurturing of the leading
shoot-processing enterprises. New and improved policies may be adopted to provide
these enterprises high-quality services in funding, credit, taxation and land use, and to
establish an insurance cover for them. The leading enterprises must be guided to sign
production and sales contracts with the farmers or production bases to gradually forge
closer ties and integrate them into the system to share profits and losses. The leading
enterprises must also be guided to create quality brand products, and those enterprises
that create famous brands should be rewarded, paving the way for market expansion and
technology upgrading.
Strengthening trade management, and promoting healthy competition among the
shoot-processing enterprises. Ordered and equitable trade competition is the fundamental
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requirement of a market-oriented economy. To reach this goal, the bamboo shoot
processing trade must have its own intermediary organization, such as the trade union.
As mentioned earlier, the Lin’an Municipality established the Association of Bamboo
Shoot Processing Enterprises to address the chaotic competition among the
shoot-processing enterprises that seriously hindered healthy development of the
shoot-processing industry. After its establishment, the Association has repeatedly called
meetings to coordinate the activities of the enterprises to curb unhealthy competition and
to promote ordered competition under a contract. One of the important clauses of the
contract sets forth support prices for products of the same grade. Although some
preliminary achievements have been made by Lin’an Municipality in strengthening the
trade management, a lot has to be done in the future. The regulations need to be further
improved and perfected to strengthen the supervision on implementation of the trade
codes and regulations. It is advisable that relevant state departments cooperate and
establish the All-China Association of the Bamboo Shoot Processing Enterprises, which
would take the responsibility of managing the shoot processing trade. By promoting
ordered and reasonable competition, the credibility and export volume of Chinese
bamboo shoot products in the international markets could be enhanced and the
industrialization of the bamboo shoot processing promoted.
Continuing to introduce and train personnel for the food processing industry, and
stepping up the development of new technologies and new products. It is suggested that
forestry research institutes, universities and colleges at respective levels step up their
efforts in studying the bamboo shoot processing technologies, and upgrade the level of
bamboo shoot processing through innovations. Meanwhile, selected forest industry
personnel must be sent to food departments of relevant universities or colleges for further
training. With these measures, the forestry technicians would be able to master shoot
processing technologies. Apart from introducing talented personnel, the enterprises must
also vigorously train their existing workers. They must establish quality brands making
use of scientific and technological advancements. Moreover, the products should have
better packaging with distinctive features and printed with standardized language to
attract the consumers.
The channels for selling bamboo shoot products need to be further increased.
Presently, Chinese bamboo shoot products are exported mostly to Japan. It is important
to diversify the export markets by penetrating the European and American countries. The
shoot producing enterprises must step up their refined processing, and develop products
that would sell well in the European and American markets. According to the national
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plan for forest industry development, the yield of bamboo shoot products would reach
4.0464 million tons by 2010 owing to the rapid development of the bamboo shoot
production bases. It would be logical to sell much of the bamboo shoot products at the
domestic markets. Unfortunately, people of many Chinese provinces or regions are not
used to eating bamboo shoots, and many are not even aware of the different shoot
products. Therefore, it is necessary to aggressively publicize the different shoot products.
The shoot processing enterprises must also improve their marketing methods. For
example, they should not only sell products but also teach the customers how to cook the
shoot products. Such measures would go a long way in establishing a healthy bamboo
shoot processing industry.

Flourishing Bamboo Industry in
Muchuan County, the Homeland of
Neosinocalamus affinis
The Government of Muchuan County, Sichuan Province, P.R. of China

1 Introduction
1.1 Physical profile
Muchuan County is located at the northeast foot of the Wuzhishan Mountains, which
are the end of the Xiaoliangshan Mountains, at longitudes between 103°32'45" and
104°07'47" E and latitudes between 28°45'57" and 29°15'54" N. Mountainous terrains
account for 65% of the county’s total land areas and hilly lands and flat area claim 34%
and 1%, respectively. The county, with its altitude rising from 306 m to 1 900 m, belongs
to the Minjiang River watershed.
Characterized by subtropical monsoon climate, Muchuan is warm and humid with
adequate rainfall, clear division of seasons and distinct vertical variation of climatic
factors. The county has a mean annual precipitation of 1 332 mm and an average yearly
temperature of 17.3ºC. The average sunshine hours are 968.3 per year with a relative
humidity of 84%.
Yellow loam constitutes the zonal soil of the county and the major soil types of its
forestry land are composed of purplish earth, mountainous yellow loam and mountainous
yellow-brown earth. Various plant species are found in the county.

1.2 Socio-economic background
With an area of 1 405 km2, the county is populated by some 255 000 people (222 000
of them farmers) living in its 196 administrative villages or 23 townships. In 1999, the
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county’s GDP was 890.6 million yuan, 293 million yuan of which was from the bamboo
industry. In the same year, the average income of the farmers was 1 756 yuan per capita,
of which 300 yuan was generated through bamboo-related activities.

2 Achievements in Bamboo Development
Since 1981, based on the specific conditions of the county, the local government and
the Communist Party Committee of Muchuan County have established the guideline of
“developing and prospering the county through forestry”. For nearly 20 years, the county
has followed with determination the road of “taking forestry as the lead, developing both
trees and bamboos, combining bamboo stands and papermaking, and coordinated
development of all concerned sectors”. Bamboo industry has now become the county’s
most important pillar industry. A model for bamboo industrialization—which links the
enterprises, raw material bases and the farmers—has been established. Within this model,
bamboo processors and raw material suppliers have built up a relationship of mutual
promotion and common development. In resources exploration, the county has paid equal
attention to both bamboo shoot production and papermaking. Efforts are focused on
developing products with high technological content and added value. Bamboo
production has now become an industry of the county with an optimal combination of
ecological, social and economic efficiencies.
Major bamboo species in the county include Neosinocalamus affinis (Cizhu),
Phyllostachys heterocycla var. pubescens (Moso), Phyllostachys heteroclada, P. bissetii,
Pleioblastus amarus and Bambusa rigida. Currently, 29 333 ha of bamboo stands are
distributed over the county. Of these, Cizhu dominates the 25 000 ha of bamboo timber
stands, Moso and other hybrid variants take up 2 667 ha of shoot and timber production
stands, and Pleioblastus amarus dominates the 2 000 ha of shoot stands. The rich
bamboo resources in the county have laid a solid foundation for bamboo timber and
shoot processing industry and bamboo-based papermaking industry. In 1999, 180 000
tons of bamboo timber, 5 000 tons of bamboo shoot products and 35 000 tons of paper
were produced in the county, creating output values of 63 million yuan, 50 million yuan
and 180 million yuan, respectively. It is expected that, with the completion of the Phase
V project of Yongfeng Paper Mill and the operation of the Wuzhishan Paper Mill, the
annual capacity of the county in papermaking will exceed 100 000 tons.
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3 Main Measures and Development Models
3.1 Formulation of decisions based on the county’s specific
situation
Based on the characteristics of bamboo plantations such as short rotation and low
initial investment, the county has put forward the policy of “strengthening the county
through forestry and enriching the county through bamboo industry”. In this way, the
position of bamboos in the overall development scheme has been established. To develop
bamboo industry in the county, a special leading group was constituted and the following
decisions were made: Bamboo development will be set as the indicator for assessing the
performance of the leaders at county and township levels; Bamboo industry will be
developed as the pillar industry of the county; The enterprises shall promote the
cultivation of bamboo resources through exploration; and The efficiency of bamboo
industry will be increased with the support science and technology.

3.2
Promotion of the shift of management style from
“extensive” to “intensive” using science and technology
In recent years, Muchuan County has increased the investment in science and
technology in bamboo development. Various measures—such as readjusting forest types,
introducing quality germplasm, experimenting on new fertilizer formulas, improving
low-yield stands, and controlling pests and diseases—have been adopted to raise the
stand quality and augment yield. With the implementation of these measures, the culm
density and mean DBH have increased by 1 500/ha and 1.5 cm, respectively. The yield
has also increased by 7 500 kg/ha, with an average increase of 2 250 yuan in income.
Various specific efforts were undertaken to achieve these results, and the major ones are
described below.
(1) Increase the seedling survival rate through technical extension. To achieve
integrated planning and implementation of bamboo development in the county, a special
group of technicians was established. This group disseminated knowledge and techniques
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in bamboo cultivation among the villagers through field guidance, demonstration
meetings, training courses and setting up model stands. Technical literature—such as Key
techniques in cultivating Neosinocalamus affinis and Cultivation of shoot producing
forests of Pleioblastus amarus—were distributed among the farmers to equip them with
bamboo cultivation knowledge. These activities ensured the quality of the bamboo stands
in the county and raised the survival rate of planted bamboo to over 90%.
(2) Augment the bamboo yield through wider use of improved varieties. Screening of
improved bamboo varieties in Muchuan county began in 1995 with assistance from the
Sichuan Academy of Forestry Science. By analysing the physical and chemical properties
of the fibers of the major bamboo species in Sichuan Province and introducing new
species from other provinces, researchers successfully developed their first hybrid
variety “Bamboo Hybrid No. 3”. Consequently, a 67ha breeding site and 660 ha of
demonstrative stands of the new hybrid have been established.
(3) Increase the yield and the efficiency of bamboo development through wider use
of special fertilizers. Since 1998, technicians have been engaged in widening the use of
fertilizers specifically developed for bamboo stands. Up to the present, more than 10 000
mu of bamboo forests have been treated, and investigations indicate that the treated
stands have shown remarkable increases in terms of shoot production, shoot diameter and
per-unit-area yield.
(4) Strengthen the control of bamboo shoot weevils and reduce damages caused by
pests and diseases. For years, bamboo shoot weevil has been the major pest affecting
bamboo growth in the county, causing of bamboo shoot degradation as high as 35%. To
address this, a project was jointly undertaken in 1996 by Muchuan County, Sichuan
Academy of Forestry Science, General Station for Forest Pest Control (under Sichuan
Department of Forestry), Sichuan Agriculture University and the Leshan Station for
Forest Pest Control. Under this project, researchers have been studying and
experimenting on techniques for integrated control of bamboo shoot weevils. Techniques
and experiences developed from the project have been extended to the whole county with
satisfactory results.
(5) Readjust forest types. To meet the papermaking industry’s need for raw material,
the county has accorded priority to the development of quality bamboo timber forests (as
well as shoot producing stands). This has, in turn, resulted in a restructuring of forest
types by the farmers and promoted the development of bases for bamboo timber.
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3.3 Actively search for and experiment with models for
bamboo development
Bamboo industry, as a cornerstone of the county’s economy, has always been listed
on the county’s top agenda. The county government and the county’s Communist Party
Committee hold that developing leading enterprises and constructing bamboo bases
should go in tandem to realize effective development and utilization of bamboo resources.
The main models followed to achieve this are discussed below.
(1) Develop bamboo production bases by incorporating bamboo industry into the
forestry engineering projects of the county. Owing to its cost-effectiveness and short
rotation, bamboo planting in Muchuan County has been made a part of national and
provincial-level afforestation projects since 1985. Such projects include: the Project on
Developing Fast-growing Timber Forests (1985-1990); the National Project on
Afforestation financed by the World Bank (1991-1995); the Project on Developing
Commercial Forests (1996-1998); the National Project on Natural Forest Conservation
(1998-); and the National Drive for Conceding Farmlands to Forests (1999-).
(2) Establish bamboo bases with funds from papermaking enterprises. Since 1985,
more than 5 million yuan has been invested by three papermaking factories of the county
in the development of 3 334 ha of bamboo forests.
(3) Develop shared bamboo farms. A series of preferential policies has been
formulated and promulgated by the government and the Communist Party Committee of
the county to attract external investors and encourage the investment by the private
sectors of the county, so that the construction of bamboo bases could be speeded up.
External developers, investors from the county and the farmers can work singly or under
a shared system in developing bamboo farms. The farmers can participate in the
development by investing in land or labor, or both.
(4) Establish corporations with limited liabilities on tree and bamboo development.
In order to protect the interest of farmers and promote the development of enterprises, a
corporation on tree and bamboo development was established. It is jointly run by the
county’s Forestry Bureau, the Supply and Marketing Cooperative, the Land Resources
Bureau and Yongfeng Papermaking Co. Ltd. The corporation is intended to ensure that
the farmers can sell their bamboo at a reasonable price and, at the same time, guarantee
adequate raw material supply to the enterprises. Each year, a certain percentage of the
profit from the corporation is used to help the farmers develop bamboo bases.

Flourishing Bamboo Industry in Muchuan County, the Homeland of Neosinocalamus affinis·235·

3.4 Actively develop key enterprises and promote resources
cultivation
The abundant bamboo resources in the county have laid a solid foundation for the
development of papermaking and bamboo shoot processing industries in the county.
While enterprises are developed on the basis of the availability of resources, the
development of enterprises has also promoted the growth of resources. Bamboo has a
great potential for fine processing and integrated utilization. To increase the efficiency of
the bamboo industry, it is necessary to develop key papermaking enterprises and bamboo
shoot processors. Currently, the annual papermaking capacity of the county is 35 000
tons, generating an output value of 180 million yuan. Each year, the county produces
5 000 tons of bamboo shoots with an additional output value of 50 million yuan. In 2000,
the Phase V Project of the Yongfeng Paper Mill is going to be completed, and when the
mill goes into operation, the total annual capacity of the county will be 90 000 tons.

4 Major Accomplishments
In recent years, more and more bamboo stands have begun to return profits, besides
providing an enlarged forest area, increased forest coverage and improved ecological
environment. These bamboo stands have bestowed obvious social and economic benefits
and have laid a solid foundation for the county to get out of poverty. The role of bamboo
in developing the county’s economy is highlighted in the following section.

4.1 Alleviation of poverty among the farmers
In 1999, the per capita bamboo availability of the farmers in the county was 10 tons.
The farmers provided 180 000 tons of bamboo to the local paper mills, generating an
income of 63 million yuan (300 yuan per capita, or 20% of the farmers total income).
With the development of bamboo industry, several townships, villages and households
specialized in bamboo growing have emerged.
One typical village which is becoming rich by virtue of bamboo planting is the
Yongfu Township, located in the south of the county. With a total area of 126 km2,
Yongfu has a population of 16 350 distributed in 104 production teams in its 11
administrative villages. In 1999, the total output value of the township from agriculture
and forestry was 49.79 million yuan, with the net income of the farmers being 2 100 yuan
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per capita. Over the years, the township has planted 5 340 ha of bamboo forests,
producing over 40 000 tons of bamboo timber each year. More than 500 family-run
workshops and two mechanized paper mills are operating in the township. The net
average income of the villagers from bamboo industry exceeds 600 yuan per capita and
70% of the families have become rich through of bamboo production.
Zhou Yingnong, a villager from the 2nd production team of the Xinhua Village, is a
typical example of one who has benefited by developing forestry. He was the first in his
village to contract the uncultivated lands of the village for bamboo planting. He
contracted 53 ha of village lands for bamboo planting in 1986 and another 47 ha in 1998.
Each year, he sold 2 000 tons of bamboos to the local paper mills, which earned him
200 000 yuan of net income, turning him into a very rich man. He is often quoted saying
that “the bamboos are my bank, providing inexhaustible and endless income for me”.

4.2 Making the county economically strong
Bamboo development has promoted Muchuan County’s economy and increased its
revenue. Each year, 180 000 tons of bamboo timber and 5 000 tons of bamboo shoots are
produced in the county, generating a total 4.82 million (4.32 million yuan from bamboo
timber and 0.5 million yuan from bamboo shoots) yuan by way of tax revenue. Besides,
paper mills led by Yongfeng Paper Mill, registers an annual turnover of more than 180
million yuan (accounting for 53% of the county’s total industrial output value), which
generates another 13.40 million yuan in taxes. Thus, the revenue of the county from the
bamboo industry is 18.22 million yuan or 37.1% of the county’s total revenue. With the
commissioning of the Wuzhishan Paper Mill run by Sichuan Province and the conclusion
of the technological upgrading project of the Yongfeng Paper Mill, the total turnover
from papermaking will exceed 500 million yuan, with tax revenues of 40 million yuan,
which will bring about a fundamental change of the financial state of the county.

4.3 Enrichment of the forestry sector
Statistics indicate that 60% of the county’s fund for forest cultivation is contributed
by the bamboo industry. This ever-increasing fund, which is derived from the bamboo
sector, is again invested to promote bamboo planting activities. This large investment has
also stimulated the enthusiasm of the forestry workers.
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4.4 Spreading the county’s fame
In recent years, bamboo-based papermaking has become the mainstay of the county’s
economy, offering a typical example for counties with similar backgrounds. The
achievement of the county in bamboo development has been much appreciated by the
country’s leaders, and the county has become the demonstration site for industrialized
bamboo development. The Yongfeng Paper Mill Co. Ltd. is now listed as one of China’s
leading enterprises in agricultural industrialization demonstration. In June of 1997,
experts from the International Center for Forestry Research and the Subtropical Forestry
Research Institute under the Chinese Academy of Forestry Science visited Muchuan
twice to study the county’s bamboo economy.

4.5 Boosting tertiary industry
The increase in resource volume has stimulated exploration activities. To turn the
county’s advantages in resources into economic dominance, the villagers are actively
investing in labor for road construction. Up to the present, more than 300 km of forest
roads has been built, greatly improving accessibility. The development of bamboo
industry has also created job opportunities for the surplus labor force of the county; each
year, about 20 000 people are engaged in bamboo cultivation, harvesting and
transportation. Bamboo development has also increased the scale of papermaking, which
has helped to create employment. Besides, the rapid growth of bamboo industry has
boosted the development of the county’s transportation, catering and other sectors, which
generates 5 million yuan in annual revenues for the county.

4.6 Improving the county’s ecological conditions
Bamboo has a strong water-retention capacity because of its abundant and evergreen
leaves, dense twigs, well-developed root system and interlaced rhizomes. As a very
important part of the county’s forests, the vast bamboo stands have effectively helped
reduce soil erosion, improve the county’s ecological environment and promoted the
stable development of agriculture.

5 Development Planning for the Next Five Years
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It is planned that in the next 5 years Muchuan County will develop another 10 667 ha
of quality bamboo plantations, including 6 677 ha of timber forests composed mainly of
quality hybrid varieties and 4 000 ha of bamboo stands for shoot production with
Pleioblastus amarus as the main species. By 2004, the bamboo plantations in the county
will have exceeded 40 000 ha and the county will be capable of producing 50 000 tons of
paper and 20 000 tons of bamboo shoot products, taking the total turnover from bamboo
sector to 800 million yuan.

Cultivation and Utilization of
Bambusa textilis in
Guangning County
Guangning Forestry Bureau, Guangdong Province, P.R. of China

1 Introduction
Bambusa textilis McClure is a species with pachymorph rhizomes and dense,
clumped culms that are green, tall, erect and graceful. A major species suitable for
ecological rehabilitation and timber production, B. textilis grows fast, matures early and
provides high yields. Guangning County is located in the northwest of Guangdong
Province, the northernmost part of the Tropic of Cancer. The county sees an annual mean
temperature of 20.7ºC and an average yearly precipitation of 1 732 mm. The deep and
fertile soil of the county is mostly developed from granite and shell parent material, and
favors bamboo growth. The county is thus a “Bamboo Producing Hub of China”. This is
especially true of the area along the Shuijiang River, where the most abundant bamboo
stands are seen towering to the skies and forming a spectacular “bamboo corridor”
through which “the skies are invisible for a hundred miles”.

2 Resources Cultivation
Guangning County has a history of more than 2 000 years in bamboo cultivation.
Currently, the county has over 69 300 ha of bamboo forests (36.1% of the county’s total
forested area), with B. textilis species accounting for 55 700 ha (80.3% of the total),
producing 255 000 tons of bamboo materials annually. Over the years, people in
Guangning County have gathered a rich experience in the cultivation and management of
B. textilis, as described below.
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2.1 Appropriate site selection
For bamboo plantation, the optimal sites are riparian banks, tableland, and the lower
part of the hillside where the soil is fertile and moist.

2.2 Timely planting
Local proverbs say that “January is the optimal time for planting pines, February
favors fir tree planting and March is the time for bamboos” and “plant pines in rainy days
but bamboos in fine weather”. The suitable time for planting B. textilis is cloudy or clear
days in middle or late March.

2.3 Planting method
One-year-old bamboos, with a culm diameter of 1.2-1.5 cm, are chosen and the root
balls dug out. The roots are removed and the culms cut to leave two nodes from the
bottom. These are the planting material. If planting cannot be done on the same day, the
planting stocks (or divisions) are kept in sand bed along a watercourse. For long-distance
transport, the divisions are tied in bundles of 100, with the tops wrapped in nylon bags to
retain moisture. Shallow trenches are dug and the divisions are planted in them. The tip
of the root ball should be properly buried in the trench soil before refilling. Planting can
also be done using culm cuttings.

2.4 Tending measures
Annual weeding should be carried out and soil-loosening activities once every two
years. For low-yielding plantations resulting from poor management, improvement
efforts should include: Overall weeding of the stands; Thinning; Removing the scattered,
suppressed and weak individual plants, as well as the ones growing at the lower side (on
slopes) of the clumps, and preserving the healthier and stronger ones; and Loosening the
soil on the upper side (on slopes) of the clump and covering it with grasses to induce
shooting from the upper side.
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2.5 Rational harvesting
Harvesting should be implemented appropriately in terms of timing, intensity and
approach. It is carried out during the winter season to avoid shooting period. For the
quality of both the harvested timber and the stand, only the bamboos older than 3 years
are cut. The culms are cut as close to the ground as possible in a slanting manner and the
stumps broken to promote rotting.

2.6 Pest and disease control
The major pests that attack B. textilis are bamboo shoot weevils (such as
Cyrtotrachelus longimanus and C. buqueti) and bamboo locusts (Ceracris kiangsu). The
extent of damage caused by weevils is normally 30%-40% but in extreme cases, it can be
as high as 90%. Traditional weevil control methods include catching adult pests, scraping
off pest eggs or larvae with knives, or covering the shoots with nylon bags or bamboo
hoods. These methods, however, are neither very effective nor efficient. In a joint
research program by Guangning Forestry Bureau and the Insect Research Institute of
Guangdong Province, cassava paste containing the Chinese strain (85001) of Seinernema
is painted at the mouth of the tunnel bored by bamboo shoot weevil. According to a
technical appraisal by Guangdong Academy of Science, the technology is in an advanced
stage.
The first step in controlling bamboo locusts is to ascertain the hatching time. Once
this is known, pesticides can be applied at a stage when a large quantity of larvae can be
killed at the hatching spot. Through years of research, it has been discovered that the late
stage of the embryonic development of bamboo locusts is very sensitive to the ambient
temperature. The temperature of the day when the locusts incubate should be above
23.5ºC. Remarkably higher or lower temperatures on five consecutive days before the
expected date will shift the incubation date by 1-2 days. If the average daily temperature
on the 16 days from March 21 to April 5 varies by 1º compared with the same period of
the previous year, the incubation date will be 2.6 ± 2 days earlier or later than that of the
previous year. Observations and application of this rule has proved that the error is less
than 2 days.
In 1990, to overcome environmental pollution caused by pesticides in controlling
bamboo locusts, technicians from Guangning Forestry Bureau proposed to experiment on
non-polluting agents to control bamboo locusts. With the cooperation of the Guangdong
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Academy of Forestry Science, they have succeeded in controlling locusts with growth
regulators such as Mieyouniao No. 3, with a success rate as high as 98%. More than
20 000 ha of bamboo plantations had been treated by this method from 1996 to 1999 and
the damages caused by the bamboo have been controlled. In an appraisal conducted by
the Guangdong Committee of Science and Technology, this method of bamboo locust
control is viewed as having attained an advanced stage.
Under intensive management, the yield of B. textilis can be as high as 15 000 kg/ha
in hilly areas and 45 000 kg/ha in flat areas or on alluvial sites along river valleys.

3 Processing and Utilization
People in Guangning County have a long history of bamboo processing and
utilization. Traditional bamboo products, such as Xizhu and Huizhi, have been sold well
for centuries to more than 20 countries or regions in Europe, Americas and Southeast
Asia. In recent years, owing to advances in science and technology, bamboo processing
has focused on products that save raw material, use refined techniques and create high
added value. Currently, B. textilis resources are utilized mainly in processing the
following products.

3.1 Lizhu
Bamboo culms are made into segments of the same length to be used for trellises and
hedges, which are mostly exported as a traditional product to UK, the Netherlands, Japan,
Korea and Southeast Asian countries. Each year, approximately one million bundles of
Lizhu are exported, earning more than 2 million yuan worth in foreign currency.

3.2 Bamboo skins
The fiber of B. textilis is tough and strong, and a local saying has it that “one bamboo
skin strip can lift a thousand kilograms”. Bamboo skin strips, which are called
“Zhengjiang bamboo skins” by the customers, are renowned in Southeast Asian countries
and Hongkong and Taiwan regions. Normally, the annual output is around 3 million tong
(a Chinese unit), creating a value of about 10 million yuan. Owing to the expanded use of
plastic strips, the production of bamboo skin strips in recent years has seen a sharp
decline to less than 400 000 tong, with a value below 1 million yuan.
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3.3 Xizhu
Xizhu, also called the bone of incense by local people, is a raw material for incense
sticks. Incense sticks made with Xizhu processed from B. textilis leave white instead of
black ashes when burning and are hence favored by customers in Southeast Asian
countries, Hongkong China, Macao and Taiwan China. Guangning County produces
about 11 000 tons of Xizhu every year with an output value of 68 million yuan, of which
7 500 tons are exported, earning 45 million yuan worth in foreign currency. Xizhu is
processed mainly by hands and making Xizhu is usually a leisure time activity of the
people in the bamboo-growing areas. For a family, one or two kilograms of Xizhu will
provide enough income for a day’s expenditure. Therefore, it can be safely said that
Xizhu production is an important source of income for people living in mountainous
areas. This year, a few private enterprises are beginning to produce Xizhu in large
quantities, using machines.

3.4 Bamboo weaving
Because of its straight culms, long and smooth internodes and tough fiber, B. textilis
is often used to make furniture, farm implements and handicrafts, which are quite durable
and sell well. In 1999, the county turned out 21 million yuan worth of bamboo furniture
and handicrafts, earning 12 million yuan in foreign exchange.

3.5 Chopsticks and toothpicks
Besides the traditional bamboo toothpicks, in recent years, disposable bamboo
chopsticks have been gaining popularity. Because of their lower cost compared with
wood chopsticks, bamboo chopsticks have better market prospects. The annual output
value of bamboo chopsticks in Guangning County is about 8 million yuan.

3.6 Paper
B. textilis has a fiber length of 2 mm, which is shorter than that of the conifers but
longer than that of the broadleaved trees, bagasse and grasses. With a pulping rate of
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about 45%, B. textilis is very good raw material for making paper of moderate to high
quality, because the pulp made from B. textilis is light-colored and easily bleachable. The
county has been producing low-quality paper for a long time; with the establishment of
the People’s Paper Mill, however, the county started producing high-quality paper, such
as the double-side offset paper and enamelled paper. The Paper Mill directly purchases
bamboos from the farmers and helps the farmers develop bamboo plantations. It even
provides the farmers with subsidies, which are paid back years later in the form of
bamboos at market price. In 1999, the Mill purchased 56 000 tons of bamboos from the
farmers and imported 4 000 tons of pulp, which were used to produce 18 000 tons of
double-side offset paper, writing paper and offset publication paper, and 10 000 tons of
enamelled paper. The total output value was 150 million yuan and the tax revenues 9.35
million yuan. Another paper mill with a pulp-making capacity of 51 000 tons is under
construction (owing to financial constraints, this mill has not yet started operation),
which will create an annual demand for 180 000 tons of bamboos. Bamboo papermaking
is becoming a major economic activity in the county.
Currently, 59 bamboo article factories, 7 bamboo weaving workshops, 2 paper mills,
72 factories producing local style paper, 18 chopstick producers and 5 Xizhu producers
are engaged in bamboo processing in the county. These activities, along with the
spare-time bamboo processing activities of the local people, are turning out 350 million
yuan worth of bamboo products annually, accounting for 48.6% of the county’s total
forestry output value. Each year, more than 95 million yuan worth of foreign currency is
earned by the bamboo industry.

4 Prospects of Bamboo Exploration and Utilization
B. textilis resources in Guangning County will have brighter prospects if efforts are
focused on exploring the special qualities of the species while avoiding its disadvantages.

4.1 Ecological forests
B. textilis is highly adaptive and lends itself to sustainable use. Its stands close in
early, creating good landscapes. It possesses a great capacity for water conservation and
soil fixing. Because of these characteristics, B. textilis can be used as a priority species
for planting in ecological forests in the southern provinces of China.
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4.2 Bamboo implements, articles and handicrafts
With increases in both population and its living standards, the problems of resources
shortage and environmental pollution are also becoming increasingly serious. The
production of aluminium alloy construction materials, stainless steel furniture and other
metal-based items is expected to be affected by raw material shortages. On the other
hand, bamboo-based articles, which have guaranteed supply of raw materials, are being
increasingly favored by people. Bamboo articles are usually cheap, beautiful and
pollution-free. The skin strips of B. textilis—which are smooth, tough and strong—are
especially suitable for weaving. During the 1999 Bamboo Culture Festival held in
Yiyang city, Hunan Province, two products woven from B. textilis by Changrong
Bamboo & Wood Product Company in Guangning County were awarded the Gold Medal.
This is an indication of the good prospects for such exploration of bamboo resources.

4.3 Bamboo plywood
Its long fibers and high yield make B. textilis suitable for processing into plywood, to
be used as wood substitute in furniture making and house building. Experiments indicate
that only 1.5 tons of bamboos (including culms and branches) are needed to make 1 m3 of
plywood, with a value increase of several folds.

4.4 Other products
There are several other products that can be made from or using bamboo. For
growing mushroom on bamboo substrate, the culms of B. textilis are broken into pieces,
mixed with the appropriate mushroom hypha and buried in the soil around bamboo stands.
The bamboo culms can also be used for vermiculture, and for making medicinal products
such as zhuhuang (bamboo with its green skin removed).

5 Discussion
5.1 Planning of raw material bases for papermaking
China has quite limited forest resources, with the average standing stock per capita
being only 13% of that of the world. Hence, it is important to develop bamboo
plantations as a substitute for wood in papermaking. In India, paper made from bamboos
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accounts for more than 60% of its total paper production while it is less than 2% in China.
One of the disadvantages of using bamboos in papermaking is that the bamboos have a
low fiber content in terms of volume owing to the hollow culms. This increases the
transport cost per unit volume. According to the experience of the People’s Paper Mill, to
produce 1 ton of publication paper, 4.5 tons of bamboos are needed. The same quantity
of paper can be produced with only 1.5-1.8 tons of pine. Therefore, while planning,
bamboo plantations and tree plantations should be developed together to ensure
economic efficiency and adequate raw material. A paper mill with 10 000 tons annual
capacity will need 0.5 or 0.6 ha of raw material base, of which 60% can be bamboo
plantations.

5.2 Proper planning of paper mill capacity
The lessons learnt from one paper mill in Guangning will be sufficient to indicate the
importance of proper planning of production capacity. In the beginning, this mill had a
capacity of only 10 000 tons. In the late 1980s, with a projected investment of 120
million yuan, the production capacity was planned to be expanded to 34 000 tons. During
the process of construction, this was scaled down to 51 000 tons. However, as the
planned investment was not fully realized in time, the mill could not go into operation.
Although it is more than 10 years since the initiation of the expansion project, the mill
has not started production up to the present and, with more than 700 million yuan in bank
loans, has become a burden to the county’s economy.

6 Further Reading
(1) Anonymous. 1991. Annuals of Guangning bamboo. The Government of Guangning
County, Guangdong People’s Press, Guangdong, China
(2) Huang Huanhua, et al. 1998. Studies on the techniques of bamboo locust control by
Mieyouniao No. 3. The Natural Enemies of Insects, 14(1). 48-52
(3) Liu Nanxin, et al. 1990. Studies on the application of the Chinese strain (85001) of
Seinernema in bamboo shoot weevil control and its mixture with pesticides. The Natural
Enemies of Insects, 12(3). 142-148
(4) Zheng Liansheng. 1992. Studies on the prediction of the incubation period and
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Summary of the GTZ/INBAR Workshop on
Bamboo and Rattan 2000∗
Zhu Zhaohua
(International Network for Bamboo and Rattan, Beijing, P.R. of China)

1 Introduction
In an effort to promote the development and sustainable management of bamboo and
rattan (B&R) sectors in south and southwest China, in particular, in the provinces of
Hainan and Yunnan, the GTZ/INBAR Workshop on Bamboo and Rattan 2000, sponsored
by GTZ and coordinated by INBAR, was held between fro 12 to 21 April 2000 in Hainan
and Yunnan Provinces. Present at the workshop were provincial governors from Yunnan
and Hainan Provinces, farmer representatives from involved counties and townships,
representatives
from
GTZ,
INBAR,
Guangdong,
Sichuan
and
Fujian
Provinces/municipalities, as well as representatives from Anji County and Lin'an City of
Zhejian Province, Guangnin County of Guangdong Province and Muchuan County of
Sichuan Province. The Workshop Organizing Committee specially invited internationally
renowned experts from China, India, Malaysia and the Philippines. The workshop also had
the honor to have Mr. Li Yucai, the Vice Minister of the State Forestry Administration
(SFA), Mr. Lei Jiafu, Director General, Department of Silviculture in the SFA, Mr. Li
Dongsheng, Vice Governor of Hainan Province and Mr. Chen Xunru, Vice Governor of
Yunnan Province present at the workshop to give information on their policy guidance.
The workshop, commencing in Haikou of Hainan Province on April 13 and
concluding in Kunming of Yunnan Province on April 21, adopted such approaches as
plenary discussions, group discussions and field visits. To cope with a series of focal issues
in strategies and policies for sustainable development, management models, species
selection, silvicultural techniques, product innovations and processing technology, all
participants actively contributed to constructive discussions in the course of the workshop.
∗ Based on the discussion of representatives and experts of the workshop.
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The participants were of the opinion that the expert presentations, exchange of
experiences and field visits that characterized the workshop will contribute substantially to
promote the future sustainable development of B&R sectors, ecological construction and
increasing the income of local population in the two provinces and the southern subtropical
and tropical areas of China. The representatives, in particular, expressed their sincere
appreciation of the financial assistance and coordination provided by GTZ and INBAR for
making the workshop a success.

2 Significant Potential of B&R Development
2.1 Favorable natural conditions for B&R cultivation in
Yun-nan and Hainan Provinces
Yunnan—located at the transition point of three natural geographical regions with
their distinctive features—features several climatic conditions, nurturing abundant
biological resources and is renowned as the “Kingdom of Plants”. Yunnan ranks first in
China in terms of richness of B&R species. Various alpine, subtropical and tropical
bamboo species, totaling 220 species in 28 genera, are found in the province. Of these, 15
genera have their distribution centered in Yunnan and more than 50 species are endemic to
the province. Available information shows that Yunnan has 38 rattan species (varieties) in
2 genera.
Both Hainan and Yunnan (the south and southwest regions) are most favorable for
rattan and sympodial bamboo, and are the main production centers of rattan in China. The
prospects of exploitation of sympodial bamboo and rattan in China lie in the provinces of
Hainan and Yunnan.

2.2 Long-standing history of B&R use in both provinces
The local population in both provinces has built up very rich experiences in the
cultivation and use of B&R, which, through history, have been closely associated to the
cultural evolution and economic vicissitudes of all local ethnic groups. Examples include
the Dai community’s bamboo houses, and the Li community’s use of bamboo containers
for cooking rice and brewing wine. One can also find among the ethnic groups in both
provinces cultural use of bamboo, such as bamboo stick dances, diverse bamboo musical
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instruments, etc. Many of the ethnic groups also use rattan and its fruits to make headwear
and waist ornaments, articles of daily use and even food.
The long-standing practical traditions of these ethnic groups contain rich experiences
in the cultivation and management of bamboo and rattan. For instance, the “community
rattan conservation forests” of the Hani community in Mengsong of Xishuangbanna is a
unique initiative in the conservation and rational use of rattan resources. Both Hainan
and Yunnan—built on unique climatic conditions, abundant germplasm resources, and
rich traditions and cultures evolved through the history of multitudinous ethnic
groups—can develop their B&R sectors with distinctive features from those of other
provinces in the subtropical regions in China.

2.3 Solid foundation for B&R sectors in both provinces
Yunnan Province has developed six major categories of bamboo products, including
tourism, and the total annual output value of the bamboo industry amounts to 500 million
yuan. Since the beginning of the 1990s, Hainan Province paid significant attention to the
establishment of bamboo plantations for bamboo shoots and/or for both timber and
shoots, and these plantations are bringing in considerable profits. By 1994, bamboo
plantation had reached 4 160 ha. The rattan processing enterprises in both provinces have
also developed to a moderate extent, using imported canes when local supplies are
inadequate.
Solid foundations have also been laid in the scientific research and study of bamboo
in both provinces. This is particularly true in the case of Yunnan, where a proficient
scientific research team has been formed, and a number of research achievements in the
fields of species resources, cultivation techniques, processing and utilization are readily
available for application in practical production. The above accounts shows that, in both
Yunnan and Hainan, there are quite favorable and unique conditions for bamboo and
rattan exploitation.

3

B&R for Ecological Construction and Economic

Development
3.1
B&R development for ecological construction and
economic development
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Both Yunnan and Hainan Provinces are confronting destruction of forest resources
and serious soil erosion problems. As most of the limited tropical forests in China are
also distributed in these two provinces, urgent conservation actions are called for. Both
provinces have formulated “building well-developed, economically powerful ‘green’
(ecological) and tourism provinces” as strategic goals for sustainable development. In
recent years, the Chinese government has launched a series of ecological programs such
as natural forest conservation program. Owing to the special properties of bamboo and
rattan, such as fast growth and easy regeneration, they have become ideal plants for
sustainable development. Both rattan and bamboo are strong in water and soil retention
capacity—the soil fixation capacity of bamboo forests is 1.5 times that of Masson pine
(Pinus massoniana) forests and 1.3 times that of spruce forests. Rattan is advantageous
for sustainable economic development not only because of its extensive use and high
economic value, but also because it brings in perennial benefits after planting. It also
plays a vital role in conserving existing forest resources.
Development of B&R sectors also helps in raising the income of local villagers and
absorbing large quantities of labor surplus, justifying the efforts for B&R development
for poverty alleviation and economic growth among the massive population in both
provinces, as well as for the ecological reconstruction of these provinces. The
development of B&R sectors should mainly focus on Yunnan and Hainan Provinces, and
these provinces should play a major role in the development of tropical sympodial
bamboo industry. Past research and studies on bamboo have been biased towards
monopodial species, Phyllostachys heterocycla var. pubescens in particular. The studies
on and exploitation of sympodial bamboo species and rattan have lagged behind. Rattan
resources of the world are largely distributed in the tropical areas, and are many bamboo
production areas. Therefore, studies on and exploitation of bamboo and rattan in these
two provinces are imperative for the development of the B&R sectors in China, if the
country is to meet the international criteria in these two product groups and penetrate
international markets.

3.2 Upgrading of B&R cultivation capacity
Both provinces are rather rich in bamboo resources. Yunnan Province alone has
about 331 000 ha of bamboo resources, with a standing stock volume of 27.65 million
tons and an annual bamboo production volume of 4.92-5.54 million tons. In the case of
Hainan Province, bamboo strands underwent substantial increase since 1993, from 3 413
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ha in 1988 to 11 500 ha, of which the shoot-production stands account for 4 160 ha. In
recent years, both provinces have focused attention on the establishment of
shoot-producing bamboo stands, and management of the stands has shown improvements.
However, the management of large-scale natural bamboo forests and bamboo plantations
is still to catch up, and overall benefits derived from these large forests/plantations are
rather low.
Because of the destruction of natural forests and irrational harvesting, the raw rattan
production in both provinces has drastically diminished from above 10 000 tons in the
1950s to the present volume of less than 4 000 tons (accounting for 90% of the national
total). Rattan resources are now confronting a status of severe depletion. Presently, the
national rattan production can meet just 10%-15% of the demand of the processing sector,
which relies heavily on imports—nearly 30 000 - 40 000 tons per annum.
Rattan production in some major rattan-producing countries, such as Indonesia and
Malaysia, has also been declining as a result of overexploitation of resources. Since the
1970s, these countries have been promulgating policies banning the export of raw rattan.
Consequently, the prices of raw rattan in international markets have been constantly on
the rise, from the initial US$ 300 per ton to the present US$ 800 per ton (even up to US$
1 500 per ton for high-quality rattan). Consequently, the rattan industry in China, which
has been confronting acute shortage of raw materials, is now faced also with sharply
increased import expenses. The only way out is to actively establish rattan plantations to
improve the raw material supply situation and conserve the existing rattan resources. The
major rattan producers—Indonesia, Malaysia and the Philippines—have initiated the
setting up of plantations in large areas, and considerable progresses have been
made—40 000 ha each in Indonesia and Malaysia and 20 000 ha in the Philippines.
Therefore, the main task for the development of rattan industry in Yunnan and Hainan
provinces is the expansion of rattan resources, and the thrust should be to establish
artificial plantations aimed at conserving natural rattan resources.

3.3 Further development of B&R sectors
Despite the favorable conditions for bamboo and rattan growth in the two provinces,
the development of B&R sectors is lagging behind. For example, Yunnan Province
currently has about 331 000 ha of bamboo stands and the total production value amounts
to about 500 million yuan, whereas Zhejiang Province has 667 000 ha of bamboo stands
(double that of Yunnan) with a production value of 5.5 billion yuan (nearly 11 times that
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of Yunnan). Anji County, with its 64 000 ha of bamboo stands forming merely 19.3% of
the total in Yunnan, generate a total production value of 2.1 billion yuan, which is more
than times that of Yunnan. Though bamboo sector in Hainan has had a sound kick-off,
there is still a large gaps/discrepancies in its integrated operational system.
In the case of rattan sector, when compared with Guangdong, Fujian and Zhejiang
Provinces, rattan processing has fallen behind in term of scale and processing technology.
In 1995, when the national export of rattan products totalled US$ 118 million, the rattan
products from Hainan and Yunnan accounted for only a very small portion because of
outdated processing techniques and lack of products with high quality and added value.

4 Recommendations and Suggestions for B&R Utilization
Considering the situation of B&R sectors in Yunnan and Hainan Provinces, the
workshop participants and experts made several recommendations and suggestions for
the sustainable rattan and bamboo development in these provinces. The discussions on
the utilization of bamboo species were focused more on tropical bamboo forests;
however, this did not imply a lesser importance of alpine and subtropical bamboo forests.
Both these types are present in Yunnan Province, and the diversity of such bamboo
resources and their traditional uses form the most significant advantages of Yunnan
Province. Of particular interest is the virgin alpine bamboo forests that await exploitation,
and due attention must be paid to this.

4.1 Extensive awareness building on B&R utilization
Through various activities—such as information dissemination through news media,
organizing training courses, on-site discussions and expositions, organizing exchange
visits of government officials and farmer stakeholders—a consensus can be reached on
the strategic goals of bamboo and rattan utilization in the context of sustainable
development, ecological construction, poverty alleviation and integrated economic
development in the mountain areas in the 21st century. Only when such a consensus is
reached, can concerted efforts be launched with the cooperation and collaboration of all
involved sectors.

4.2 Practical and operational development planning
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It is critical for the healthy development of B&R sectors to formulate, based on the
natural and socio-economic conditions of diverse regions, a practical master plan for
bamboo and rattan utilization guaranteed by operational measures. This master plan
should clearly define direct, mid-term and long-term goals, and corresponding measures
for policy and technical support. A matching research, training, demonstration, extension
and technical service system must be established. It is equally important to streamline
production, processing and marketing, with active participation from the local population.
The development plan for B&R sectors must be fully integrated with the long-term
regional development planning exercise and incorporated into that plan.

4.3 Selection of suitable species
The experts made very concrete recommendations on bamboo and rattan species
adaptable to the conditions in each province. It is imperative that different regions select,
after careful consideration, the main species and elite seedlings that are adaptable to the
practical conditions and available experiences in each region. It is also necessary that
strategies on the specific and multiple uses of individual species be developed. In the
selection of species, in addition to the local natural conditions, consideration must also
be given to future product composition and continuity of existing products. Product
composition should ensure adequate ratio of different products. Pilot cultivation in small
areas must be tried for all introduced species. Extension to large areas can be planned
only when the pilot cultivation proves successful. Once the quality species for bamboo
and rattan cultivation are identified, propagation sites/bases should be established for
seeds and seedlings so that the supply of high-quality planting materials in sufficient
quantities can be assured.

4.4 Integrated development of prominent products
The workshop also focused on the issue of planning and designing bamboo products
with broad market prospects and distinctive features. The following aspects were
highlighted.

4.4.1 Rattan products
Preferences in rattan products should be given to rattan furniture and rattan
handicrafts. Presently, the disturbing issues related to rattan products in China are that:
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(1) the processing enterprises are largely small-scale, dominated with manual processing;
and (2) the products are old-fashioned and have obsolete designs, use outdated
processing technology, and the proportion of top-grade products with high added value is
minimal. Most rattan and bamboo enterprises should focus more efforts on innovative
product design and improved processing techniques, as well as on the production of
high-quality, high-added value products that cater to the taste of international markets.

4.4.2 Exploitation and use of tropical bamboo species
Efforts should be made to produce superior products geared towards making the best
use of the distinctive features and physical properties of bamboo species, as well as
meeting market demands. Such an approach would help avoid marketing conflicts with
existing products such as those based on the species Phyllostachys heterocycla var.
pubescens.
There is a need to further enhance the exploitation of traditional products of sympodial
bamboo species, which may include bamboo handicraft items such as bamboo-knitted
articles, sculptures, carvings and ethnic tourism products, and articles of daily use (mattress,
chopsticks, toothpick, fans and brooms). As both provinces consume large quantities of
packing materials for off-season vegetables, fruits and flowers, the use of bamboo
materials for the purpose should be explored. The above-mentioned products can be
processed by households, which can motivate extensive participation of the local people,
while not causing any disruption to routine processing and farming activities. This
measure would suit the conditions in the rural areas. For large quantity demands for
bamboo and rattan products, gradual efforts should be made towards standardization of
criteria, models and jigs. At the workshop, Guangnin County (Guangdong Province) and
Anji County (Zhejiang Province) introduced their rich experiences in these fields.

4.4.3 Industrial-scale processing and utilization of sympodial bamboo
species
Regarding issues related to the industrial-scale processing and utilization of
sympodial bamboo species, the workshop participants proposed the following fields for
development.
(1) Pulp and paper. Pulp making is one of the industries in which sympodial bamboo
species can be gainfully used. This has also become imperative in view of the shortage in
timber supply and the need for natural forest conservation. Every year, China spends a huge
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amount of foreign currency to import paper and pulp. For example, in 1998, pulp import in
China reached 9.886 million tons, costing US$ 4.7 billion. Together with the import of
timber and other forest products (logs, pulp, veneer board, wood-based panel and sawn
timber), the total import value amounted to US$ 6.3 billion. These categories of imports
have shown a tendency of increase along with the rising living standards of the people,
rising from the fourth largest import volume to the first in China. The experiences in many
paper mills in India, as well as in Guangdong, Sichuan and Yunnan Provinces have shown
that bamboo pulp paper has its special qualities—such as fine and compact texture,
excellent ink absorption and good water resistance—and that bamboo pulp can produce
high-quality paper that can effectively compete on the market.
Muchuan County of Sichuan Province presented its experiences in developing
Neosinocalamus affinis, pulp making for rural poverty alleviation, which attracted the
attention of the workshop participants. In 1999, this county produced 180 000 tons of
bamboo timber and 35 000 tons of paper, with a total production value of 180 million yuan.
The production value from bamboo sectors account for 33% of the county’s GDP. Bamboo
timber alone raised the per capita annual income by 300 yuan, or 20% of the net income of
the local farmers. Bamboo industry contributes 18.22 million yuan to the county’s finances,
accounting for 37.1% of the total in the county.
(2) Construction. The utilization of sympodial bamboos in the construction industry
has received special attention internationally. For instance, bamboo components are widely
used in the Latin American countries in the construction of first-class, medium-class and
basic housing, and gas stations and other infrastructure facilities. INBAR has placed special
focus on this field of bamboo utilization and has organized thematic symposiums to discuss
issues in the standardization bamboo construction, and is preparing to construct
demonstration housing in African countries. Although China has a long history of bamboo
housing construction—for example, the houses of Dai ethnic community—most bamboo
houses have eventually been replaced with cement structures owing to lack of advanced
construction technology and, consequently, poor durability. At present, use of bamboo in
construction is mainly for scaffolding of low added value. In recent years, bamboo jigs
have been extensively used in construction in China. Use of bamboo in the construction
industry is expected to be an important aspect of bamboo utilization.
(3) Furniture and decoration items. With the rising living standards of people, rattan
and bamboo furniture and ornaments have aroused increasing interest at home and abroad
as representing a style of “returning to nature”. In view of this trend, the market
prospects for bamboo and rattan furniture and ornaments are expected to become bright
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in China and in other countries—specifically in Europe, North America, Japan and
Southeast Asia. At present, some enterprises in other countries (such as Thailand, the
Philippines and Latin American countries) have put in substantial efforts in the
development of bamboo furniture, and the exports of bamboo products with high added
value are exported to European and American markets are bringing good profits.
The most crucial improvements need to be in the processing techniques, styles and
designs. Some bamboo handicraft factories in Hunan Province have made substantial
profits from developing bamboo furniture, and interior decoration materials for hotels,
restaurants and homes. Making furniture with laminated bamboo boards also holds a
great potential. It is believed that, through sustained efforts, bamboo furniture and
refurbishment materials can be developed into a key bamboo industrial sector.
(4) Foods and beverages. The bamboo shoots industry in China is of considerable
size, and the market for this purely “green” food is growing day by day. The total
production value of the bamboo industry of Lin’an City in Zhejiang Province is 650
million yuan, of which bamboo shoots alone accounts for 460 million yuan (70.77%),
which shows the tremendous business potential of bamboo shoots. Currently, both
Hainan and Yunnan are energetically establishing production bases for bamboo shoots.
As sympodial bamboos and monopodial bamboos grow shoots in different seasons,
bamboo shoots produced in the southern regions can be transported north and those
produced in the west to the eastern regions. At the same time, products from bitter
bamboo shoots—the favorite foods of the Southeast Asian people—can be produced to
cater to specialized markets. The best bamboo shoot species should be selected for each
of the different food needs. Besides bamboo shoots, products such as bamboo-based
beverages and bamboo rice also have good market potential. On the one hand, awareness
about the advantages of bamboo food should be promoted and on the other, research
should be carried out on post-processing and in-depth processing of bamboo shoots and
on new bamboo shoot products. There are reports from other countries on the use of
bamboo as fodder; experiments can be initiated to explore this possibility.
(5) Panel products. China has made notable progress on several innovative
bamboo-based panel products—especially using Phyllostachys heterocycla var.
pubescens—that replace timber with bamboo. Commercial-scale production has been
initiated in most cases, and many panel products are currently competing in international
markets.
In the field of bamboo-based panels, India, the Philippines and China all have had
successful experiences in the processing of bamboo-mat plywood. However, research and
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studies on this domain are still lagging behind those on panel products that use P.
heterocycla var. pubescens; this needs to be corrected. There is a need to develop new
products that take advantage of the specific properties of sympodial bamboo species and
incorporate experiences gained in their processing. The experts recommended that a
selection of innovative products with broad market prospects—such as laminated
bamboo board, designer products that fit the needs of specialized sectors, and composite
board with special functions—be made, taking into account locally available sympodial
bamboo species. In general, explorations should be aimed to identify adequate and
cost-effective means of processing that are based on the physical properties of sympodial
bamboo species.
(6) Charcoal and chemical products. In recent years, some research institutes in Japan
and China have been focusing their attention bamboo charcoal and chemical products,
and some encouraging results and findings have been achieved. Bamboo has a
microporous structure and develops a strong absorption capacity after carbonization.
Bamboo activated carbon can be widely used in such industrial sectors as food
processing, pharmaceuticals, chemicals, metallurgy and defense production. It is
expected to receive increasing attention as a material for advanced technology. The
production of bamboo charcoal also generates bamboo tar, which has been identified by
preliminary studies as having a very high application potential in the chemical industry
(industrial chemicals, agricultural chemicals and cosmetics). It is, however, important
that industrialized production of bamboo charcoal avoid indiscriminate felling and
burning of bamboo, as well as low production at high consumption of raw materials.
China has a long tradition in the use of bamboo medicines. A recent advance in the
field is the extraction of useful elements from bamboo leaves, which are rich in flavone
and phenolic acid and other elements. This has drawn the interest of food processing,
nutrition and pharmaceutical sectors. The bamboo rice that is on the markets currently
involves a practical application of extracts from bamboo leaves.
(7) Ornamental and environmental uses. An ancient Chinese saying has that “Foods
without meat I can do with, but never living without bamboo”. In China, the roles bamboo
plays in environmental greening and cultural activities are irreplaceable. Even in the
industrialized countries in Europe and North America as well as in Japan, people have
developed and nurtured a keen interest in using bamboo as a garden plant. These
countries import large quantities of seeds and seedlings of ornamental bamboo species. It
is, hence, possible to develop ornamental bamboos into a large-scale industry, similar to
that of other grasses used for lawns and pastures, with broad market prospects at home
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and abroad. As no large-scale propagation bases or products of ornamental bamboo
species exist at present, the development of this sub-sector requires focused attention in
the near future.
In practical exploitation, a comprehensive consideration should be given to the
different bamboo products listed above, with emphasis on their efficiency of use and
economic gains. Demonstration areas and processing bases should be established for
integrated utilization, effective ecological applications and cost-effective production.

4.5 Establishment of ecological bamboo and rattan stands and
tourism promotion
The special characteristics of bamboo—strong erosion control capacity, ease of
propagation, fast regeneration, and rapid and perennial economic returns—and rattan call
for the establishment of ecological forests dominated by or intercropped with bamboo
and rattan. Suitable bamboo and rattan species with high ecological benefits should be
selected based on the characteristics of the ecological problems and site conditions. The
two plants should also be integrated into the species composition in afforestation models
in regional ecological programs.
Bamboo forests provide beautiful landscapes and pleasing atmosphere. Concerted
promotion of bamboo-related tourism attractions and products will not only promote
bamboo culture but also create a friendly environment. Bamboo-based tourism should
become an integral component of B&R sectors. Attractions that could be used for the
purpose include the Bamboo Garden in the Kunming International Horticultural
Exposition Garden, bamboo seed gardens, bamboo museum, fast-growing and high-yield
bamboo forests, as well as bamboo banquets in Anji County. In 1999, visitors to the
“bamboo hometown” reached 800 000, and the Bamboo Sea in southern Sichuan and in
the Taojiang County in Hunan, and the restaurants built with bamboo in Luxi City in
Yunnan attract large numbers of tourists each year.

4.6 Bamboo and rattan cultivation and silvicultural models
Proper conservation and management of the existing natural forests and creation of
additional resources are the basis for the cultivation of bamboo and rattan resources in both
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provinces. Presently, the large areas of low-yield bamboo forests in these two provinces
require adequate technical measures for rehabilitation and increased productivity. The
cultivation of a series of bamboo and rattan bases with high yield, quality and scale needs
to be planned. Appropriate silvicultural models should be selected, based on the local
natural and socio-economic conditions. These can be for small patches planted by local
farmers or large continuous areas. There are a number of silvicultural models in China and
abroad for rattan plantations: enrichment planting in low-value secondary forests; teak (or
rubber or mixed tree species) + rattan; bamboo + rattan + cash crops; rattan furrow system;
homestead cultivation; and planting near nature reserves, riverbanks, etc. In Vietnam, many
households plant rattan as fences to surround homesteads, and each household harvests
around 200 kg of rattan each year.

4.7 Management models for B&R sectors
In the views of the participants at the workshop, the establishment of an industrialized
management model in the context of socialist market economy is the decisive key element
for the success and effectiveness of B&R sectors. Some participants from Fujian Province,
Anji County, and the cities of Lin’an and Muchuan introduced some successful experiences
and models, listed below: ① Pushing forward the establishment of bamboo resources
bases, taking the opportunities offered by national forestry programs; ② Adopting
Enterprises + farmer household model, wherein headed by the enterprises, thousands of
farmer households are motivated to develop raw material or semi-processed product bases
and also pushing forward poverty alleviation; ③ Enterprises investing to establish raw
material supply bases with labor contribution from local farmers, or establishing stock
share forest farms with land contribution; ④ Setting up bamboo forest development
cooperation companies, with the joint contribution of enterprises, the local forestry bureaus
and involved townships. With government intervention, support prices for bamboo products
are effected to secure the interests of local farmers; ⑤ Establishing B&R industrial
associations with farmers as the main entity and adopting the model of ‘Enterprise +
Farmer households + Experts services’ to build up a service system for pre-production,
in-production and post-production. Such services will be integrated and include technical
inputs, information sharing and access, processing, and fundraising.
It is clear that, to ensure success, the selection of any of the above models must be
based on the local socio-economic conditions to benefit all stakeholders, in particular,
the mass population.
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4.8 Market operations and marketing networks
The establishment of professional markets and marketing networks—taking local
farmers as the main component and with adequate support from the government—for
bamboo industry and market development for bamboo and rattan products has become an
urgent issue to be tackled. Market development for bamboo timber in Anji and bamboo
shoot in Lin’an has achieved some success. The Bamboo Industrial Association of Fujiang
Province has designed its own Internet webpages for bamboo industry in the province. As
these measures have provided welcome results and promoted product sales, they can be
valuable models for Yunnan and Hainan Provinces. The establishment of marketing
network, however, is still weak and has become one of the main constraints in the
development of the bamboo industry.

4.9 Policy support
It was suggested that, to facilitate the development of B&R sectors, government
agencies adopt policies such as: Reduction of or exemption from taxes and fees, or
providing relief in the duties of enterprises and local farmers; Further clarification and
stabilization of the tenure of bamboo and rattan forests, and a contractual mechanism to
revert to the situation in some areas of regarding bamboo and rattan as non-forest resources
that can be freely collected without any conservation measures; and Preferential policies for
supportive measures in financial assistance and fundraising, transfer of technical know-how
and introduction of advanced technical staff, particularly to attract technical human
resources and investments from those regions where B&R sectors are well developed.

4.10 Technical extension and basic research
The existing research achievements and findings should be extended to production
activities, establishing a series of bamboo and rattan demonstration forests specialized in
the propagation of elite species, as well as fast-growing and high-yielding stands. Special
support measures—such as demonstration of cultivation, processing and marketing
techniques—should be provided to some farmer households involved with demonstration
forests. Training and education of various types of human resources should be accelerated,
focusing on the training of groups of farmer-technicians and sales representatives, and
extensive service network systems for research, demonstration and extension need to be
established.
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Gaps still remain in many fields in the basic research on key bamboo and rattan
species. Several important questions have been raised by production circles, covering
various aspects such as: the ecological adaptability and functions of bamboo and rattan
species; timber and processing properties of different species; rules of breaking and
molding various species; the biomass quantities of different species; composition of
extracts and their utilization feasibility; the biodiversity, and in-situ and ex-situ
conservation of various species; and the propagation properties, and reproduction and
flowering cycles. Basic research is required to answer these questions.
Research on applied technologies also needs to be strengthened. Examples include:
selection of germplasm and introduction of elite bamboo species; large-scale propagation
technology; control of flowering of bamboo species; properties and applications of bamboo
fiber; development of new bamboo and rattan products and processing; projections on local
and international market prospects of bamboo and rattan products; quality standards for
bamboo and rattan products; analysis of the inputs and cost-effectiveness of products; and
socio-economic issues in the course of bamboo and rattan production. In general, emphasis
on scientific research and increasing technical input are the impetus required for bamboo
and rattan development and utilization.

5 Impact and Output of the Workshop
5.1 Proposals by experts and actions to be taken
On the morning of 20 April, before the closing of the Workshop, all domestic and
international experts, the four representatives of the China Bamboo Homelands, and
representatives from Sichuan, Guangdong and Fujian Provinces, as well as the GTZ and
INBAR officers gave remarks on and discussed the bamboo and rattan development
proposal for the two provinces. Before this meeting, development proposals for Hainan
and Yunnan (Dehong) were discussed at the request of the local governments. These
proposals have been mentioned in the previous part of this summary. These proposals
drew the undivided attention of the Provincial Governments of Hainan and Yunnan, and
they decided to take the actions mentioned below.

5.2 Actions by Yunnan Province
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(1) The Yunnan Bamboo and Rattan Society (BRSY) was established along the lines
of the Yunnan Bamboo Industry Society. The Founding Ceremony of BRSY was held
together with the closing ceremony of the Workshop. Some of the experts who attended
Workshop were invited to give presentations on the BRSY Founding Ceremony. BRSY is
a NGO that will coordinate bamboo and rattan development planning, technical service,
marketing and the establishment of demonstration sites in Yunnan Province. It will
receive support from the provincial government.
(2) The Provincial Government of Yunnan decided to work out a bamboo and rattan
development plan based on the original plan for bamboo sector. The Forestry Department
of the Provincial Government will provide preferential policies and funds to initiate the
B&R sectors of the province. Bamboo and rattan development will also be included in
the provincial forestry strategy plan.
(3) It is planned that the largest bamboo and rattan garden of China will be
constructed in Yunnan. The Kunming Bamboo Species Collection Garden (25 ha),
Kaiyuan Tropical Bamboo and Rattan Garden (135 ha) and the Shiping Bamboo and
Rattan Propagation Base (50 ha) will together constitute the garden. The State Ministry
of Planning and Development will invest 31.79 million Yuan and appeal for investment
from related enterprises in support of the construction of the garden. The garden will
collect 500 bamboo species and 50 rattan species in 3 years.
(4) Representatives of different autonomous prefectures, counties and townships of
the Yunnan Province decided to take actions to develop bamboo and rattan locally. They
plan to organize study delegations to visit the advanced provinces, work out local
development strategy, and appeal for investment from non-local enterprises and bamboo
and rattan experts. They are also preparing to establish a number of demonstration bases.

5.3 Actions by Hainan Province
(1) The Provincial Government is planning to include bamboo and rattan
development in its “Tenth Five-Year Launch” (State Development Plan), and take
specific measures to develop local B&R sectors in the light of local conditions.
(2) Through the Workshop, contacts have been made with national and international
experts in order to obtain technical support in formulating provincial bamboo and rattan
development strategy.
(3) Bamboo and rattan resource survey is to be carried out as early as possible to
prevent uninformed actions.
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(4) Provincial, city and county level societies of B&R sectors are to be established to:
(a) coordinate the relationship between provincial and local governments, enterprises,
scientists and technicians, and farmers; (b) provide information related to bamboo and
rattan to farmers and enterprises; and (c) carry out personnel training and market
exploration, and organize product distribution.
(5) The Bamboo and Rattan Society of Danzhou City, Hainan, plans to organize a
study delegation of bamboo and rattan farmers and enterprises to tour places in Fujian
and Zhejiang Provinces that have well developed B&R sectors.
(6) Bamboo and rattan seed orchards and propagation bases are to be set up.
(7) Wuzhishan, where GTZ programs are carried out, plans to develop bamboo and
rattan around the conservation area.

5.4 Experts’ interest in bamboo and rattan development in
Hainan and Yunnan
All national and international experts expressed their readiness to provide technical
support for the two provinces whenever necessary. Mr. Romualdo L. Sta. Ana from the
Philippines expressed his willingness to provide training opportunities in rattan
processing for the two provinces. Dr M.P. Ranjan from India would like to help improve
the designs of bamboo and rattan products of the two provinces so that the products
would meet the international market requirements. Dr Nur Supardi Noor from Malaysia
would like to assist in rattan species introduction and cultivation. Besides technical
support, some Chinese experts promised to invite enterprises from the bamboo sector of
Zhejiang Province to invest in the two provinces. Representatives from the
well-developed regions extended invitations to study delegations from the two provinces.
They would also encourage their local farmers and enterprises to participate in the
bamboo and rattan development in the two provinces. Some experts reached technical
support Intentions or Agreements with representatives from the two provinces.

6 Recommendations and Suggestions for GTZ and INBAR
All participants expressed their gratitude to GTZ and INBAR for organizing a
successful workshop, which was of great importance to the two provinces. They also put
forward the following recommendations and suggestions.
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(1) This kind of Workshop should be held every two or three years to follow up on
the progress of bamboo and rattan in the two provinces, and to explore solutions for new
problems that might arise. Entrepreneurs, farmers and grassroots leaders from
well-developed areas and the two provinces should be invited to share their experiences.
(2) Actions shall be carried out as soon as possible to prepare the establishment of
the Bamboo and Rattan Society of Hainan.
(3) More training and technology transfer opportunities should be provided for
bamboo and rattan enterprises and farmers of the two provinces.
(4) It is suggested that GTZ fund the bamboo and rattan demonstration project of the
two provinces.
(5) More opportunities should be provided for exchange and cooperation between the
well-developed areas in East China and the two provinces.
(6) INBAR is urged to set up the INBARIS, especially for providing market
information, and strengthen its support for local projects.
(7) GTZ and INBAR are requested to submit a Bamboo and Rattan Development
Proposal for the two provinces to their respective provincial governments to enhance
official support.
(8) Seminars should be organized to specially deal with major technical and policy
matters.
(9) BRSY suggested that INBAR provide technical support for the establishment of
the Yunnan Bamboo and Rattan Garden, especially the introduction of bamboo and rattan
species from other countries. BRSY expressed its strong desire for establishing a
partnership with INBAR and if agreed, BRSY will become an experimental
demonstration base and training base of INBAR.
(10) It is suggested that INBAR establish the INBAR-China Network, which will
connect government, enterprises, scientists, NGOs and producers. The Network will: (a)
realize resource sharing by networking the international market and the production bases,
and enterprises and rural households; (b) provide codes for cultivation and processing
techniques; (c) strengthen software research on topics such as regional development
strategy, market forecast, and economic and social effect analysis; and (d) demonstrate
the significance of bamboo and rattan to the world, solicit international attention,
enhance international support, as well as work to boost interest in bamboo and rattan
products.
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(11) GTZ and INBAR are expected to collaborate in supporting international bamboo
and rattan projects, especially those dedicated to alleviate poverty in Asia and Africa,
which will be carried out through South-South Cooperation.
(12) Anji representatives proposed that, as the most developed bamboo county of the
nation, Anji plans to advance to a even higher level where it could play a leading role in
the bamboo development of the nation or even in the international community. It is
expected that GTZ and INBAR provide more technical and information support to Anji.

7 Evaluation of the Workshop
At the last session of the workshop, each participant gave a secret evaluation of the
workshop. Eight questions were asked, and four levels of scores were provided for each
question: Excellent (9-10), Good (7-8), Satisfactory (6), and Fairly Satisfactory (5 or
below). The following is a summary of the evaluation by the participants.

7.1 Does the content of the Workshop have close relationship
with your present work?
A substantial number of the participants agreed that the content of the Workshop is
very close with their present work, with 35 participants (85.4%) rating it as ‘Excellent’
and 6 (14.6%) rating it as ‘Good’. This response showed that the right participants were
selected, as their work and the content of the workshop coincided.

7.2 Does the Workshop help or improve bamboo and rattan
development and research in your district or institution?
An overwhelming majority of 38 (92.7%) gave a rating of 9-10, indicating that the
workshop was very helpful, while the remaining 3 (7.3%) gave 7-8 for helpful. The
overall rating thus showed that all participants thought the workshop beneficial in
improving bamboo and rattan research and development; therefore, the object of the
Workshop was achieved.

7.3 Are you satisfied with the Agenda of the Workshop?
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Twenty-nine participants (78.4%) thought that the Agenda of the Workshop was just
right, while 8 (21.6%) thought it was too long. Most participants were of the opinion that
the duration of the workshop was fine—the 10 days were well-packed, joyful and fruitful.
A small number of participants—possibly experts and/or government officials—thought
that the duration was too long. In the future, the durations for different types of
participants will be different, so that there will be savings on experts’ time.

7.4 Are you satisfied with the presentation of the experts?
Slightly less than half the respondents (18, or 48.6%) rated experts’ presentations at
9-10, 16 (43.2%) rated them at 7-8 and 3 (8.1%) gave the rating of 6. In other words, an
overwhelming 91.9% of the participants rated experts’ presentations as ‘Excellent’ or
‘Good’. Some participants suggested that economists and social scientists should be
invited to give presentation on the economic and social effects of different bamboo and
rattan products, and the kind of policy that should be provided for bamboo and rattan.
Some other participants suggested that pioneering entrepreneurs and farmers should be
invited to present their experiences. Both suggestions were received well.

7.5 Are you satisfied with the content and sites of the field
visit?
More than three-fourths (78.3%) of the respondents thought the field visits were
‘Excellent’—18 (48.6%) respondents giving a rating of 9-10—or ‘Good’—11 (29.7%)
giving a rating of 7-8—in terms of choice of sites and content. Seven (18.9%) were
satisfied, while one was fairly satisfied. Some participants put forward suggestions such
as selecting sites that show high economic and social impacts of bamboo and rattan.

7.6 Are you satisfied with the services provided at the
work-shop—food, accommodation, transportation, meeting
facilities, interpreters, workshop materials, attitude of service
personnel?
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A greater part of the participants was satisfied. The responses are tabulated below:
Service

Excellent

Good

Satisfied

Fairly satisfied

Food

16 (43.2%)

18 (48.6%)

3 (8.1%)

0 (0.0%)

Accommodation

27 (73.0%)

10 (27.0%)

0 (0.0%)

0 (0.0%)

Transportation

24 (64.9%)

13 (35.1%)

0 (0.0%)

0 (0.0%)

Meeting facilities

20 (54.0%)

16 (43.2%)

1 (2.7%)

0 (0.0%)

Interpreters

19 (51.4%)

16 (43.2%)

2 (5.4%)

0 (0.0%)

Workshop materials

20 (54.0%)

13 (35.1%)

3 (8.1%)

0 (0.0%)

Attitude of service staff

25 (67.6%)

11 (29.7%)

0 (0.0%)

1 (2.7%)

It can be concluded from the above that the satisfaction rate is above 90% (more than
7 in rating), with accommodation and transportation topping with 100%. The participants
were mostly satisfied with the services of the workshop staff. Some aspects of support
services need to be improved. For instance, the interpreters were not very familiar with
technical terms used in experts’ presentations, and guides for field visits were not
distributed in time. It was unanimously agreed that the workshop schedule was tightly
packed, fully utilizing the limited time for a larger effect, and that the workshop had fast
pace, high efficiency and clear aim.

7.7 What are your expectations and requirements of GTZ and
INBAR?
The responses to this question have been summed
“Recommendations and Suggestions for INMBAR and GTZ.

up

in

the

section

7.8 What actions are you going to take to develop B&R in your
area or what kinds of support will you provide?
The responses to this question have been summarized in the section “Impact and
Output of the Workshop”.

