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F omstry is an essential component 
oí CMnas rural ecoiiomy, for 
both farmers and industry. The 

agricultural reforms initiated in 1979 
led tú a parallel reform of the forest sec
tor. The most important measures af-
fectieg forestiy have been yarious land 
reforms and changes m industry, in-
Yestmeati and «port policies that have 
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created both opportunities and incen
tives for expansión and intensificación 
of high-value forest crops. These re-
forms took place in four stages (Li 
1996; Ruiz-Pérez et al. 1996): 

^ 1979-84: The principies of the 
Household Responsibility System 
(HRS), giving prívate management 
rights to farm families through land 
contracts, were applied to forest áreas, 
with individual iForest management 
contracts established throughout the 
country. 

® 1985-91: The resource allocation 
system was changed, removing restric-
tions imposed by the planned economy 
on forest management, particularly the 
practice of monopolized purchasing by 
State companies. 

® 1992—98: Market mechanisms 
were increasingly used to improve gen
eral macroeconomic conditions. Given 
the long cycles of forestry activities, 
forest contracts that were coming to an 
end were extended to between 30 and 
50 years, and new forms of foresdand 
allocation were explored, including 
auctioning management rights for re
mote áreas or bare or waste lands with 
forestry potential. 

® 1998-present: Chínese forestry 
authorities have begun to pay more at-
tention to quality and management of 
stocks and to environinentaí functions, 

The bamboo sector in China is a 
fascinating microcosm of the general 
situation in the country, and it pro
vides a valuable window on the forestry 
sector. By focusing on a fast-growing 
and valuable forest species, we are able 
to trace the dynamics of change over a 
fairly short period. 

ábmit Bamlit© 
With between 300 and 500 species 

(depending on taxonomic criteria 
used), China has the largest bamboo 
resource in the world (Zhu et al. 
1994b). Bamboo occurs naturally in 
most of the country except in the very 
high mountains and the driest áreas, al-
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t h o t ^ most species occur south of 40° 
N. Because of its availability and versa-
tility, bamboo is deeply rooted in Chí
nese culture, having been cultivated 
since Neolithie times» Dense bamboo 
áreas occupy 4 million hectares distrib-
uted among 17 provinces, of which 
1.25 millioñ hectares are managed as 
plantations and 2.75 million hectares^ 
are dense, natural bamboo forests 
(Ministry of Forestry 2000). In addi-
tion, an estimated 3 million hectares of 
sparse bamboo grows in mixed forests 
and small bamboo with low economic 
valué grows in high mountain áreas. 

Half of Chinas bamboo species 
have a dumping habit, with a cluster of 
closely spaced rhizomes. These are 
known as sympodialhzmhoos and their 
distribution is restricted to the tropi-
cal-subtropical áreas south of 30° N. 
The rest of species have a longitudinal 
type of rhizome {monopodial bamboos) 
or, less frequendy, a mix of cluster and 
longitudinal rhizome {amphipodial 
bamboos). Monopodial bamboos are 

more versatile and therefore more 
widely planted. 

Bamboo has two clearly differenti-
ated uses. Bamboo culms (the large, 
l%mfi©d stems) have special properties, 
some of them similar to those of tim-
ber, and are used in construction scaf-
fotding, mats, handcrafts, furniture, 
and other forest products (i.e., bamboo 
particle board and plybamboo, bam
boo flooring, and pulp and paper). 
Bamboo shooís (the apical part of the 
young, new sproüts) are a classical edi-
ble vegetable considered a superior 
commodity. 

The most common species, moso 
bamboo (Phyllostachys heterocycla), 
grows on more than 2.8 million 
hectares. This versatile monopodial 
species is good for both culm and edi-
ble shoot production. However, the re
cent demand for new products, espe-
cially for bamboo shoots, has stimu-
lated a trend toward diversification. Al-
though moso bamboo is still domi-
nant, other species increasingly are 
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being cultivated, especially for bamboo 
shoots. Overall, more than 100 species 
of bamboo are currently used in China. 

Pr®diicti®ii 
The importance of bamboo to Chí

nese forestry is highlighted by die fact 
that, aldioughbamboo representsonly 
3 percent of Chinas total forest área, it 
contributes to some 25 percent of total 
forest exports. In 1999, the valué of 
bamboo production amounted to 
$1.47 billion and the valué of the bam
boo industry sector was $1.32 billion, 
with total exports of $272 million in 
1999 (Ministry of Forestry 2000). Ap-
proximately 5.6 million people work 
part- or íidl-time in the bamboo sector 
in China, of whom 4.5 million are 
farmers and 1.1 million work in the 
bamboo processing industry (M. 
Zhong 2000, pers. commun.). Chinas 
Forestry Action Plan estimated an in-
crease of 1.2 million hectares of bam
boo plantations and an "improvement" 
(normally meaning intensification) of 
0.73 million hectares by the year 2010, 
doubling the bamboo culm production 
of the mid-1990s (Ministry of Forestry 
1995; Li and Xu 1998). Sénior officers 
at the State Forestry Administration 
(formerly the Ministry of Forestry) 
forecast that the bamboo sector could 
be the dominant forestry industry in 

China by 2050 (Li and Xu 1998). 
Under planned industrial develop-

ment, most bamboo was processed in 
special industrial zones, normally in 
urban áreas. Litde of the valué added in 
processing was captured in the bam-
boo-producing áreas. As a result of the 
shift to a market system and more flex
ible rules governing enterprise estab-
lishment, die bamboo sector has expe-
rienced rapid growth. Many new enter-
prises have hetn set up in raw mater-
ial-productn^ t ^ons , leadin^ the way 
for the expansión of bamboo planta
tions (Gu 1992). This expansión (fig, 1) 
has occurred mainly on bare or "waste" 
land (a vague official term that indi-
cates áreas of low vegetation cover and 
litde economic use); on formerly culti
vated land on steep slopes; and on oíd 
tree plantations, mainly Chínese fir 
(Cunninghamia lanceolata) and pine. 

While secure management rights 
and economic incentives paved the way 
for a gradual intensification and expan
sión of bamboo plantations, fertiliza-
tion, pest control, and silvicultural 
measures have allowed for significandy 
increased productivity (measured as 
production per hectare at harvest) 
while maintaining higher stock densi-
ties (fig. 1). One-third of the total in-
crease in bamboo output is due to in
creased área, whereas two-thirds is due 

to more intensive management. The 
total bamboo standing culms increased 
from 63.5 million metric tons in 1980 
to 112.5 million metric tons in 1999, a 
yearly increase of 3.2 percent. The av-
erage stock density, measured in metric 
tons per hectare, increased frbm 20.1 
in 1980 to 26.3 in 1999. 

From 1980 to the early 1990s, bam
boo prices rose at a rate consistently 
higher than the general retail inflation 
rate. In 1994-95, however, prices of 
culms and shoots stagnated and in 
some cases declined sharply. This is an 
indication of a market glut that can be 
traced back to the explosive and fre-
quently chaotic expansión of the in
dustry. Once the original demand gap 
was fiUed, substantial overcapacity led 
to fierce competition among enter-
prises in the processing industry. They 
responded by cutting prices to sell 
stocks, and transferred the price cuts to 
farmers. The Asian economic crisis, 
with reduced demand from the tradi-
tional Chínese bamboo export market 
and more competitive prices from 
other bamboo-producing countries 
such as Thailand and Indonesia, also 
contributed to the decline in prices. 

Eipcirts 
Exports are an important part of the 

bamboo market in China. Their evolu-
tion in the past two decades shows 
three distinct trends (fig 2): 

® From 1980 to 1987 esports were 
minimal, concentrating on bamboo 
culms and low-quality manufactured 
products for the Asian market. 

® In 1987, trade and foreign invest-
ment liberalization reforms allowed for 
foreign joint ventures with an export 
focus. The cumbersome procedures to 
export t h r o i ^ state-controlled bodies 
were simplified, which allowed large 
enterprises to conduct direct exports. 
This had a clear efFect in the bamboo 
sector, which responded with a marked 
increase in exports between 1987 ánd 
1994. Two sharp depreciations of the 
yuan in 1989 and 1993 caused exports 
to soar. Bamboo shoots became in-
creasingly important, representing be
tween 35 and 45 percent of total bam
boo exports after 1991. 

®Since 1995 exports have dechned 
due to the combined efFect of a strong 
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currency and the Asían economic cri
sis. This trend has been partially offset 
by the continuous itíCrease in exports 
of bamboo shoots (which accounted 
for half of total bamboo exports in 
1999) and by increased attention on 
quality exports and ón nontraditional 
markets in North America and Europe. 

This temporary glut in the interna! 
and foreign markets, however, has not 
stopped the expansión and intensifica-
tion of bamboo plantations. The in-
dustry is responding by shifting to 
other types of bamboo products, inno-
vating, and improving quaiity. County-
level bamboo associations have been 
established to regúlate different aspects 
of the sector. Moreover, bamboo prod
ucts like bamboo paeel-board, bamboo 
flooring, and even mixed timber-bam-
boo paper can replace some conven-
tíonal timber products (Zhu et al. 
1994a; Zhu 1996). To promote this 
substitution, the Ninth Five-Year Plan 
and 2010 Long-Term Plan for the De-
velopment of Forest Science and Tech
nology includes a key research project 
to improve technology for processing 
bamboo culms, especially for the pro-
duction of plybamboo and bamboo-
based particle boards. By the year 2010 
it is expected that bamboo wili substi-
tute for 29 million cubic meters of 
wood (China Forestry Information 
Center 1999). 

The widespread loggifíg ban and re-
strictions impiemented ia 1998 may 
fiírther stimuiate tkc substítiitioe of 
wood-based products widí bamboo-
based alternatives -(Li» 1999). After 
four years of stagnation, bamboo culm 
production has increased 30 percent 
since the logging ban was decreed. 
Prices increased 5 to 10 percent in 
1999, and new bamboo plantations in
creased 16.7 percent that year, making 
them the second most rapidly expand-
ing new forest plantations in recent 
times (Ministry of Forestry 2000). 

Ei¥ir®imeital Pr®W@iis 
Chinese forest authorities are begin-

ning to recognize that the success and 
tremendous growth of Chinas bamboo 
sector has had both positive and nega-
tive results. For example, bamboo has 
replaced unsustainable agricultural 
production activities on steep slopes in 

counties like Muchuan 
and Chagning (Sichuan), 
reducing erosión, reservoir 
siltation, and flood risks. 
Highly productive bam
boo shoots plantations 
have taken over irrigated 
land in counties like 
Linan (Zhejiang), Planta
tions in bare or annuai 
arable land can contribute 
to carbón sequestration. 
Current average standing 
biomass in bamboo plan
tations is 26,1 metric tons 
per hectare, but intense 
moso bamboo plantations 
have between 50 and 60 
tons per hectare, produc -
ing up to 10 metric tons 
of fresh bamboo culms per 
hectare per year. Tropical 
sympodial bamboo can 
produce up to 33 metric 
tons of fresh bamboo 
culms per hectare per year 
(FuandBanikl996). 

More recently, however, 
bamboo expansión has 
come at the expense of 
natural forests, shrubs, and 
low-yield mixed planta
tions, as in the case of 
Pingjiang and Taojiang 
(Hunan), or Longyou and 
Anji (Zhejiang. It is coin-
mon pracdce m cut down 
existing trees and replace 
them with bamboo. As 
forestiands tend to be in 
hílíy and mountainous áreas v/ith steep 
slopes, clearcutting has resulteci in an 
increase in erosión un til the bamboo 
becomes fiílly established, which lypi-
cally takes two years. NaüLira.1 forests i. a 
the vicinity of bamboo plaotadcns have 
sometimes given way to bamboo as a 
result of delibérate efforts to replace 
them or because of the vigoi-ous natural 
expansión of bamboo io logged-over 
forests. This process has aiso had a neg-
ative impact on biodiversity, 

At the same time, the intensive 
management practices employed in-
volve manual or chemicai weeding and 
periodic tilling of the land to keep the 
soil clear of undergrowth. These prac
tices increase erosión and resu 
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single-species plantation over vast 
áreas, with all of the attendant biodi-
versiry costs and economic and ecológ
ica! lisks. The intensive use of chemi-
cals (pesticides, weed killers, and fertil-
izers) also afFects die environment, al-
though in general the authoirities seem 
to be less aware of or concerned about 
this than about the erosión problems. 
Forestry authorities also are aware of 
the pest risks associated with large áreas 
of btmbo© monocuiíiires, like the 
bamboo locust (Cemcris kian^) that 
devtstated one-fourth of thebamboo 
plantations in Taojiang Countj 
(Hunan) in the mid-1980s and that 
also affected, although less dramati-
cally, Pingjiang County (Hunan) in 
1995-^96. 

These íypes of problems are not ex
clusive ío the bamboo sector, having 
being identified for the whole forest 
sector (e.g., Harkness 1998). However, 
the stn^ng trend towards intensification 
of the bamboo sector makes it particu-
larly important as a benchmark to 
study pn>blems and alternatives in cur-
rent Chínese forestry. 

The intensity of the problems and 
the a\v;irciiess about them varies from 
región to región, as does the priority 
given to dcvelopment and conservation 
objecrives. resulting in a varied set of 

policies at the provincial and county 
levéis. An innovative approach is being 
foUowed in Anji County (Zhejiang), 
which produces some 5 percent of the 
total moso bamboo culms of China 
and is considered a model for other 
bamboo áreas in the country. 

T!i€ ^s@ ®í Anji Cttaiity 
Anji is a mountainous county in the 

north of the prosperous Zhejiang 
Province, eastern China. The county, 
with a total área of 1,887 square kilo-
meters, lies in the upper watershed of 
the-Xi Tiaoxi, a river that flows'into 
Taihu Lake, one of the largest natural 
lakes in China. Taihu Lake piays a 
major role in the hydrological cycle 
and flood control in key eastern áreas 
of the country, notably Shanghai. For-
ests cover 58.3 percent of Anji's área, 
and bamboo represents 57.6 percent of 
the forest área, or óne-third of the total 
área of the county. The dominant 
species is moso bamboo (Phyllostachys 
heterocycla), which has been cultivated 
in the región for centuries. The Anji 
County forest sector is clearly domi-
nated by bamboo, which represents 
about 70 percent of total forestry out-
put valué. An estimated 64 percent of 
farmers manage bamboo as part of 
their activities, representing 15 percent 

of the average total farmer s income in 
the coxxnty (Anji Forestry Bureau, sev-
eral years). 

Moso bamboo propagates mainly 
through rhizomes. Its silviculture in-
cludes planting offset (young stems 
with rhizome) and tending theñi until 
stands are closed after three or more 
years depending on the environmental 
conditions and management intensity. 
The species sprouts from the rhizome 
in altérnate years, known as "on-year." 
The new stems grow to íiill height in 
one year, but take about six years to 
reach optimum size and quality for 
bamboo culm (timber) production. 
The young sprouts can also be har-
vested as edible bamboo shoots, al
though other species have higher shoot 
quality than Phyllostachys heterocycla. 

The introduction of the Household 
Responsibility System in 1983 reinvig-
orated a stagnant sector. Culm and 
shoot production has increased 1.86 
times and 3.66 times, respectively, 
since ,1980. As in other counties, the 
increased production is the result of 
both an expansión of the bamboo área 
and increased productivity. However, 
unlike some other áreas, the opportu-
nity cost of land in Anji is high, and 
bamboo must compete with other 
valuable land uses. This has limited the 
expansión of bamboo plantations and 
encouraged greater productivity in-
creases during this period (fig, 3). With 
higher opportunity a>sts of land and a 
relatively prosperous economy near the 
large markets of Hangzhou and Shang
hai, the fkrmers have moved quickly 
along the intensification path, with 20 
percent of all bamboo áreas in Anji al-
ready under intensive management. It 
is estimated that,, on average, farmers 
annually use 200 kg of fertilizers (al-
most exclusively nitrogen) per hectare 
of bamboo plantations in this county. 
Most of the fertilizer is applied in 
preparation for the on-year. 

The bamboo industry in Anji is 
very well developed and includes most 
of the main bamboo products, with the 
exception of paper. The bamboo-pro-
cessing industry has expanded enor-
mously over the past 20 years, particu-
larly since the reform of the rural in
dustry and the establishment of prívate 
bamboo enterprises, growing at an av-
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erage annual rate of 34.5 percent from 
1980 to 1999. In 1999, 18,900 work-
ers were employed inthe bamboo in-
dustry, with a production valué of 
$164 million (Anji Forestry Bureau). 
Although collective enterprises stiil 
represent 33 percent of total bamboo 
industrial output in Anji (since 1997 
Anji no longer has state-owned enter
prises), most of this growth has come 
from private and foreign joint-venture 
enterprises. 

A significant portion of Anjis bam
boo production is exported, mainly to 
other countries in thé región. Most ex-
ports are now undertaken through 
direct arrangements between the pro-
ducing companies and customers in 
foreign countries. These exports 
amounted to $56.3 million in 1998, 
representing 64.2 percent of the 
county's total exports that year (Anji 
Forestry Bureau) and 17.6 percent of 
total Chinese bamboo exports. 

Realizing the impact of land-use 
changes and bamboo intensification, 
the water, forestry, and environmental 
authorities of Anji are acting jointly to 
address the problem, moving swiftly to 
try new policies that could reverse the 
situation and allow for a combination 
of economic and environmental objec-
tives to be balanced in the new visión 
of the county s forestry. Two major na-
tional policies are at the core of this ini-
tiative: (1) the 1993 central govern-
ment decree (implemented for the first 
time in 1998) estabiishing "ecological 
demonstration zones," which would 
help attract tourism and access the in-
cipient green market; and (2) the log-
ging ban that foUowed the disastrous 
floodsofl998. 

Three types of measures are beieg 
combined to meet economic and envi
ronmental objectíves. The first k to es-
tablish demonstration plots where 
mixed plantations are managed to 
achieve the new múltiple objectives 
and to study the effects of bamboo 
management practices on the environ-
ment. Three villages have been selected 
to test the approach and to demón
strate its potential to farmers. 

The second measure is promotion 
of bamboo-based tourism in these 
demonstration áreas. A campaign is di-
rected to the large number of tourists 
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that come to Anji to visit its massive 
bamboo plantations. This measure is 
supported by the positive experience of 
the Anji Bamboo Arboretum, the 
largest of its kind in China; established 
in 1989, the arboretum attracts 
300,000 visitors per year. 

The third and most important mea
sure is establishment of environmental 
regulations linked to the management 
responsibilities that the farmers have 
under the Household Responsibility 
Management Contraa. These inciude: 

®Prohibition of cultivatíon on 
slopes greater than 25 percent. 

® Requirement to maintain a míni
mum stocking density of bamboo, en-
forced through controls in harvesting 
permits. 

® Reducing intensity of manage
ment practices by stópping soü loosen-
ing and complete clearance of under-
growth and reducing the use of fertiliz-
ers and pesticides. 

® Promotion of mixed agroforestry 
Systems that will increase soil coverage 
and improve runoff control. 

® Ban on treecutting (mainly for fu-
elwood) in natural-broadleaf forests, 
and strict logging controls in planta
tions. Bamboo or other tree plantations 
can no longer replace natural forests. 

In support of this last regulation, 

farmers are eligible for subsidies to 
compénsate for potential benefits that 
they could have derived from the use 
of their land. This is a new develop-
ment in the bamboo sector in China, 
and its results are potentially impor
tant given the weight of the bamboo 
sector in the country. Current yeariy 
subsidies ámount to $5.50 per hectare 
per year, although the provincial gov-
ernment target is set at $12.70 per 
hectare per year. This new policy has 
afFected some 70,000 farmers and 
more than 35,000 hectares of (mainly) 
b^unboo plantations in 1999-2000 
(Anji Forestry Bureau). 

To implement the policy, Anji for
estry authorities are signing environ
mental contracts with farmers for the 
allocation of new Household Respon
sibility System forestland (mainly from 
collective land) or auctioned forest
land, as well as incorporating environ
mental clauses in the current forest 
management contracts. The environ
mental management contracts are 
being extended for an initial period of 
five years. However, the Forest Bureau 
admits that its objective is to maintain 
them for at least 15 years, and that the 
reduced initial period is meant to 
check the viability of the new scheme 
and to test the effects of the economic 
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Policy in the 1990's 
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P a ^ A ^ ^ Processes of 
ForesmOTdscapes in Ontario 
Ajith mrera, Dave Euler, Ion 
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e "big picture" of 
ecological pattems and pro
cesses through a case study of 
the vast managed forest región 
in Ontario. This is the first 
book to describe the landscape 
ecology of a continuously 
forested landscape in a compre-
hensive manner. 

incentives and the length for which 
they are needed. 

Preliminary results of ongoing re-
search by the Chínese Academy of 
Forestry and the Center for Interna
tional Forestry Research (CIFOR) in
dícate that the measures have encoun-
tered some reslstance, for the foUow-
Ing reasons: 

® Farmers must forgo benefits, such 
as access to fiíelwood. Thls sacrlfice Is 
small In general terms, glven the in-
creaslng wealth of most farmers and the 
consequent shlft to other fiiels. How-
ever, It may be a hardshlp for some par-
ticiilarly disadvantaged groups. 

® The envlronmental contracts frús
trate plans farmers may have had to 
apply for permisslon to change to more 
profitable land uses (llke bamboo, tea, 
or chestnuts). 

®The new restrlctlons genérate a 
feeling of insecurity about land rights. 

At the same time, the compensatlon 
glven to ellglble farmers, albeit small, 
has sent a positlve slgnal, and Its for-
mallzatlon under a contraer agreement 
has glven farmers some reassurance 
that they are not stepplng backward In 
thelr acqulred land rights. This, to-
gether wlth the memories of recent 
floods, the fact that many farmers have 
dlrect experience wlth erosión prob-
lems and have seen quick results wlth 
the new policy, and an interest in at-
tracting ecotourism to the county, 
seem to bé working in favor of a vol-
untary adoption of the policy. 

In Anji County, for the first time 
environmental objectives are being in-
corporated in the.thrivlng bamboo sec
tor in China, and farmers are being of-
fered some economlc l^icentives to 
move to an enlarged visión of die role 
of bamboo plantations that includes 
environmental protection. This signáis 
a si^ificant change in forest manage-
ment approaches in the country, and 
may ofFer a previev^ of things to come. 
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