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J. J. N. Campbell*: Sino-Himalayan Bamboos: 
Towards a Synthesis of Western and Eastern Knowledge 

Abstract 

This paper summarizes knowledge about Sino-Himalayan bamboos, based primarily 
on material in western herbaria, gardens and literature. In addition, an attempt is made to 
incorporate recent eastern literature and the experiences of some brief trips by the author to 
China and India. The eastern limit of this region is not well-defined, as far as bamboo 
biogeography is concerned. However, within temperate zones, there is a gradual shift from 
bamboos with pachymorph (mostly clumping) rhizomes in the Western Himalayas to those 
with leptomorph (mostly running) rhizomes in the Far East. This paper deals mostly with 
the pachymorph group (including Drepanostachyum, Chimonocalamus, Yushania, Sinarun
dinaria, Fargesia and Thamnocalamus), and a few leptomorph bamboos that extend as far 
west as the Eastern Himalayas (species of Chimonobambusa and Arundinaria). Many new 
genera have been proposed in recent eastern literature, some of which are accepted here, but 
in earlier literature most temperate species were described in the genus Arundinaria. A pro
visional treatment of genera and species is outlined here, suggesting a middle ground 
between extreme lumping and splitting, but it is largely dependent on inflorescence charac
ters, and most species with unknown inflorescences cannot be reliably incorporated. Much 
more work with living plants is desirable for better taxonomic understanding. Also dis
cussed is the potential for further international work, with exchange of collections for her
baria and gardens. 

Introduction 

The purpose of this paper is to summarize my current knowledge of native bamboo 
species in the Sino-Himalayan region, and to examine the potential for further exploration 
and introductions. i refer only to species of montane zones, generally with temperate cit
mate (broadly defined), including transitions to subalpine or subtropical. Species of sub 
tropical to tropical zones mostly belong in different taxonomic groups, through there Is 

often a broad transition between 1000 and 2000 m (above sea level) The study of these 
montane bamboos is beset with serious problems: the inaccessibility of native ranges tor 
collections; the many collections in herbaria that lack important parts (rhizomes, culn: 
sheaths, weli-developed branches or inflorescences), especially outside of China and India: 
the rare tlowering and fruiting oi all species: the many taxonomic descriptions based on 
incomplete non-fiowering material; and the great differences between earlv western taxu 
nomic treatments and the more extreme splitting ot some recent eastern literature. Despite 
these problems, much information can be gleaned from herbarium collections and cultivated 
plants in the west. together with western published descriptions (mostly I X6X- I 940) an<! 
translated nart~ of Chinese descriptions (mostly after 1950). wh1ch include many tme illu~
tratwns. Notes on the taxonomy, vernacular names, native ranges, habitat~. uses and 
flowering records of individual species, with keys, maps and a complete bibliography, are 
being distributed as a long appendix to this paper. 

*School of Biological Sciences, University of Kentucky, Lexington, Kentucky, U.S.A. 40506 
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A companion paper (in preparation) tackles the complex problems of generic con
cepts among bamboos throughout North Temperate Regions, together with their phylo
genetic and biogeographic relationships. It is impossible to avoid some taxonomic prob
lems here, but I have tried to minimize name changes. In general, modem treatments by 
East Asian taxonomists have tended to split the genera used by earlier western treatments, 
in which most montane species were placed in the genus Arundinaria. In order to accom
modate the many taxa recently described in these segregate genera, I am provisionally 
accepting some of them, together with the general tribal arrangement of P. C. Keng (1987), 
but I have reservations and differences in several cases, as noted below. Much more taxo
nomic research, with further collections, is needed to produce a reasonably stable system. 

The geographic and taxonomic limits of this paper are well-defined in the main 
Himalayan region. There, almost all montane bamboos belong to genera of Keng's super
tribe Arundinariatae, mostly subtribe Thamnocalaminae (including his Chinese 
"Chusqueeae"). Species of his supertribe Bambusatae are largely subtropical to tropical, 
though some are mixed with Arundinariatae at transitional altitudes. A few species of Bam
busatae (in my interpretation) are typical of warm temperate zones in the Eastern 
Himalayas, including some which have been classified by other authors with Arundinaria
tae, i.e., in Racemohamhos (Neomicrocalamus) and Chimonohamhusa (sensu Jato), and 
these are listed below. 

From the Eastern Himalayas through northern Yunnan to the region around the 
Sichuan Basin, there is a partial transition within the Arundinariatae from Thamnocalam
inae to Arundinariinae, with representatives of the latter subtribe mostly referred to Arundi
naria (including Bashania) and lndocalamus. Also in these eastern regions, species of Chi
monohamhusa (including Oreocalamus and Qionxzhuea), are concentrated in warmer mon
tane zones. All of this large transitional eastern area is included here. My only notes on 
bamboos further east concern the few Thamnocalaminae that occur in disjunct montane 
regions, as far as Taiwan and Indonesia (excepting the unusual, apparently primitive. 
species of subtropical SE China that are placed in Ampelocalamus and Monocladus). Thus, 
this paper deals with almost all of the well-known Thamnocalaminae in East Asia, plus a 
few other intermixed groups. 

The Course of Study 

Although I have attempted to review most of the relevant material available in 
western herbaria and libraries, the knowledge of different species summarized here still 
reflects my direct experiences and biases to a considerable extent. Therefore, it is important 
to trace my own limited route through the large and complex world of these bamboos. 

In 1982, I visited China with the World Wildlife Fund Giant Panda Project in order to 
work on the biology of bamboos in the Wolong Reserve, Sichuan (Campbell & Qin 1983, 
Campbell 1984 ). I spent eight months there, mostly in the forest, but also with visits to the 
herbarium of Sichuan University m Chengdu under the direction of Fang Wen-Pei (who 
died in 1983, together with his namesake - Arundinaria fan{?iana), and to the herbarium of 
the Sichuan School of Forestry in Guan Xian, under the direction of Yi Tong- Pei. 

Subsequently, I undertook a more general study of Sino-Himalayan bamboos. Much 
of this work was based on collections, unpublished notes and bibliographic materials assem
bled by F. A. McClure and his successor, T. R. Soderstrom, at the Botany Department, 
Smithsonian Institution, Washington D.C. Despite the untimely death of McClure in 1970, 
and Soderstrom in I 987, an archival effort is underway at the Smithsonian to make their 
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material available for research. I also visited the herbaria at Kew and the British Museum 
in London, England, which have large collections of bamboos. Other herbaria with bamboo 
collections that I examined, mostly on loan, are at the New York Botanical Garden, Harvard 
University (Arnold Arboretum), University of Cambridge, Edinburgh Royal Botanical Gar
den, Vienna (Wien) University, and University of Uppsala. I also studied live collections at 
Kew and some other gardens in England. 

In 1986, I spent a month in Northern India in order to make contacts for further 
research, with support from the Smithsonian Institution. I visited the Central National Her
barium in Calcutta, meeting R. Majumber, and the Forestry Research Institute in Dehra 
Dun, meeting H. B. Naithani, and the Botanical Survey of India (Northern Circle), also in 
Dehra Dun. In addition, I made a brief trip into the mountains of Uttar Pradesh to see all 
four native species of montane bamboo (' 'ringal' ') there. 

My synthesis of information from these experiences does not follow any particular 
taxonomic method other that of successive approximation. In the drafting of keys to genera 
and species, which attempt to show probable phylogenetic relationships, I have tried to con
sider all possible characters, with an objective balance. These keys have been through 
several trials and revisions, but they should still be viewed as experimental, offered for 
further development by people working with bamboos. In particular, they need more incor
poration of data from living plants to be reliable for widespread use in identification. The 
keys, distributions, flowering patterns (Campbell 1985, 1987), and other features presented 
in the individual species accounts are merely best-estimates based on the fragmentary 
material available. In general, I have given little or no attention to species with unknown 
inflorescences, except for brief notes on some of the better known ones, since it is often 
difficult to judge whether such species really are new, and even what genus they belong in. 

The Known Species and their Distributions 

As a summary of individual species accounts, Table 1 lists the better known Sino
Himalayan species that have been described, indicating their native ranges and the extent of 
material available in the west. The listing shows how genera might be delimited in a 
broader sense than in most modem Chinese literature, with a total of only seven, but it also 
indicates subgroups that may be natural, often approximating the narrower segregate gen
era. A major problem is how to treat the Thamnocalamus group, including Yushania, 
Sinarundinaria, Fargesia and other genera described in China, a question which remains 
highly controversial. Details of such taxonomic problems are dealt with in the individual 
species treatments and in the general paper on generic concepts (in preparation). 

This list includes about 80 species, excluding several names that may be synonyms 
(shown in parenthesis) and others too poorly known (without flowers). With a more conser
vative taxonomic treatment, only half this number might be recognized, combining many as 
subspecies, e.g., in the Drepanostachyum falcatum, Yushania niitakayamensis and Arundi
naria racemosa groups. About 11 of the species listed in largely Sino-Himalayan genera 
occur in mountains further east and south, as far as southern Burma and Borneo, and others 
have been described here without inflorescences (mostly Yushania spp. in the low moun
tains of southeast China). In southwest China, there are about 14 centered in Yunnan, and 
about 30 around the Sichuan Basin (including adjacent Guangxi, Hubei, Shaanxi and 
Gansu). Only about 15 of the listed species are centered in the main Himalayan region 
(including southeast Tibet), and about 9 in the Indo-Burmese borderland (including 
Meghalaya). 
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There is some general biogeographic zonation of genera. In the disjunct southeastern 
mountains (including south Yunnan), species of Chimonobambusa, Drepanostachyum and 
Chimonocalamus occur mostly at 1000-2000 m, while species of Yushania occur mostly at 
I500-3000 m. In southwest China, with some extensions to the eastern Himalayas, Chi
monobambusa (sensu lato) and some Arundinariatae (lndocalamus and Arundinariafargesii 
group) occur mostly in subtropical to warm temperate zones, at 1000-2500 m, while the 
Yushania-Sinarundinaria-Fargesia group and the Arundinaria racemosa group occur 
mostly in cool temperate to subalpine zones, at 2000-3500 m. In the main Himalayan 
region, Drepanostachyum (including Himalayacalamus) occurs mostly in subtropical to 
warm temperate zones, at 1000-2500 m, while the Yushania- Sinarundinaria
Thamnocalamus group occurs mostly in cool temperate to subalpine zones, at 2000-3500 m. 

Bamboos of the main Himalayan region are much better known to western science 
than those further east. Most of these Himalayan species have at least 30-70 collections 
available in various herbaria, and at least nine are cultivated in Europe and elsewhere. 
Further east, most species have fewer than I 0 known collections in herbaria, and only two 
are widely cultivated in the west, i.e., Sinarundinaria nitida and Fargesia spathacea (= 
Arundinaria murielae). However, attempts have been made recently to get more living col
lections. Other species in western China that are relatively well-known, with I 0-40 collec
tions, include some species of Chimonobambusa (sensu lato), others in the Fargesia spatha
cea group, Yushania chungii, Arundinariafargesii and A. fangiana. These species occur in 
fairly accessible areas around the Sichuan Basin. 

Species that occur at the highest altitudes, which may prove particularly hardy in 
western cultivation, include several listed under Sinarundinaria: violascens (to 3800 m), 
pantlingii (to 3800 m), melanostachys (to 4200 m), macclureana (to 3800 m), emaculata (to 
3800 m) and nitida (to 4100 m). Only the latter species has been introduced, from a single 
accession of seed, and it has indeed proven to be a particularly useful, hardy, ornamental 
bamboo. Some of these high-altitude species occur at the edge of dry interior zones, and 
may also be relatively drought-tolerant. The two species of Thamnocalamus (sensu stricto) 
also occur at the highest altitudes (up to 3700-4000 m), but plants cultivated in the west 
have proven only moderately hardy (Lawson I968). The Arundinaria racemosa group also 
occurs at relatively high altitude (up to 3400-3600 m or more), but has not been introduced 
to cultivation. Except for this racemosa group, all species of subalpine zones have pachy
morph rhizomes, mostly forming clumps and not running widely. As already shown by 
nitida and murielae, this controlled clumping habit is particularly useful in many horticul
tural situations. 

The distribution of Phyllostachys in the Sino-Himalayan region is of special interest, 
considering the importance of this genus for bamboo products, and as an ornamental intro
duced elsewhere in the world. Many species of this genus are relatively hardy, capable of 
cultivation in most temperate regions. In the Sino-Himalayan region, cultivation has been 
as high as 3700 m, for P. nigra in Lhasa, Tibet (Yi 1983). However, records ot native 
species in this region are largely restricted to subtropical zones or the transition to warm 
temperate, at 500-1500 m, averaging somewhat lower than the related genus Chimonobam
busa. The highest record of apparent native status is for P. assamica in Arunachal Pradesh 
at 1800 m (H. B. Naithani, pers. comm.). Due to this concentration of Phyllostachys in 
warmer zones, and the special taxonomic problems in this large genus, I am omitting details 
here. Further east in China, native stands may occur in cooler regions, but the long history 
of plantation makes it difficult to estimate original ranges. 
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Prospects for Further Work 

Continuing uncertainties about the taxonomy and distribution of these bamboos, 
together with the general lack of knowledge about their biology, can be reduced by good 
international cooperation. Most of the early work on Himalayan bamboos was done by 
British botanists based in India, especially Munro (1968) and Gamble (1896), who produced 
important monographic works. Several Indian botanists have continued the work on bam
boos, but more eastern regions around Assam remain poorly known, and there has been no 
general revision of Gamble's work. On the Chinese side, several Europeans made sporadic 
collections in the Sino-Himalayan borderland during 1880-1920. During 1920-40, there 
was more intensive research by a few resident Europeans, especially F. A. McClure, but this 
was largely limited to the southeastern coastal regions. Research by Chinese botanists 
began in 1930-50, leading to the first comprehensive treatment of known Chinese species 
and genera by Y. L. Keng (1965) and his son, P. C. Keng (1987). Also, T. P. Yi (1983, 
1985, 1987) and others have done much recent work in the Sino-Himalayan borderland. A 
serious problem for the Chinese has been the poor representation of early European type 
collections in their herbaria, and a general lack of information about bamboo research else
where. However, communication is improving. In addition to western scientific interest, 
there is much horticultural interest, and the prospects for cooperative projects are good. 

Ideally, long-term plans for international work should include the following provi-
s10ns: 

(1) Exchange of herbarium collections, especially type material. In the west, the relatively 
large amounts of material at the U. S. National Herbarium (Smithsonian Institution), Kew 
(Royal Botanical Garden), Wien (Vienna University), Calcutta (Central National Herbarium 
of India) and elsewhere could be carefully organized for donating a comprehensive selec
tion of specimens to major herbaria in China. In return, these western herbaria could 
receive material of the many new species recently described in China. 

(2) Exchange of living plants, for research and horticulture. In addition to western interest 
in further accessions from China, as indicated above, the Chinese may be interested in bam
boos from the New World. Living collections are invaluable for proper description of 
species, since herbarium specimens often do not exhibit many characters, especially those 
related to the development of shoots, branches and inflorescences. Long- term records of 
flowering by well-planned collections established in different continents will help under
stand flowering history and the influence of genetic versus environmental factors. 

(3) Further exploration of less accessible montane regions. The western Himalayas are rela
tively accessible, at least in parts of Northern India, and more material of the species here, 
though well-known already, could easily be obtained, especially in cooperation with the 
Forestry Research Institute at Dehra Dun. Work in the Himalayas east of Sikkim would be 
more difficult, particularly in the borderland between India, Tibet, Burma, Yunnan and 
Sichuan. However, this region remains most unexplored, and returning here to the famous 
collecting areas of F. K. Ward should remain a long-term goal for western botanists, despite 
the political problems. On the Chinese side, improved communications are making it 
increasingly possible for foreigners to visit the area for collection and collaborative work, at 
least in central regions of Yunnan and China. 

(4) Development of conservation, economic uses and cultivation techniques. The ancient 
association of Chinese and Indian cultures with bamboos is unparalleled elsewhere in the 
world, and there is much to learn from them. However, clearance of native forests and 
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exhaustion of bamboo resources have become serious problems in some areas, so that new 
management techniques are needed, which can be fostered by international efforts. A spe
cial problem in this context is the monocarpic life-cycle of many species, leading to 
periodic declines in production. To understand this phenomenon, we need a combination of 
historical, ecological and physiological approaches (Campbell 1985). 

(5) Establishment of a stable funding source for long-term projects. 

Such projects should be encouraged further by introductory exchanges and meetings 
like the International Bamboo Conferences. There is need for further visits to the west by 
Asians working with bamboos, and reciprocating visits by westerners. Such visits, and 
exchange of collections, will help build the cooperation needed to tackle the larger prob
lems of the whole Sino-Himalayan region. Bamboos are a special feature of this region, 
being more extensive in humid montane zones here than anywhere else in the world, and it 
is appropriate that they should be a major focus of international interest. 
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Table 1. Montane Bamboos of the Sino-Himalayan Region 
(and some related species in mountains further east and south) 

Species8 Regionb Alt.c #Cd lntro.8 

SUBTRIBE BAMBUSINAE 
RACEMOBAMBOS 
(NEOMICROCALAMUS) 

mannii? ( + clarkei) Indo-Burma 4-20? 5 
microphyllus SE Tibet 12-27? 5 
prainii S Assam 11-24 9 
yunnanesnsis S Yunnan ? 
(others occur in SE Asia) 

SUBTRIBE SHIBATEAE 
CHIMONOBAMBUSA (sensu lato) 

callosa group 
armata(+ microfloscula) Indo-China 16-17 3 
callosa ( = metuonensis) E Himalaya 15-24 33 

marmorea group 
pachystachys S Sichuan+ 10-20 8 
purpurea C Sichuan+ 5-15 23 
sichuanensis W Sichuan 4-12 8 
szechuanensis S Sichuan 12-30 5 1981? 

uti/is group 
rigidula ( + opienensis) S Sichuan 13-19 9 
tumidinoda S Sichuan+ 12-22 12 1987 
uti/is ( + communis) SE Sichuan+ 14-20 18 

(other species occur in SE China 
but with inflorescences unknown) 

SUBTRIBE THAMNOCALAMINAE 
DREPANOSTACHYUM (sensu Jato) 

falcatum group 
falcatum WHimalaya 15-27 71 <1830 
intermedium (= polystachya) E Himalaya 9-24 68 <1899? 
khasianum Indo-Burma 9-21 44 <1902? 

falconeri C Himalaya 18-30 70 1844 
hookerianum E Himalaya 12-21 39 1895 
jainianum (= gambleyi) E Himalaya 6-14 3 
kurzii? S Burma (low) 
melicoideum SE Sichuan (low) 
naibunensis Taiwan 10 5 
scandens? Guizhou+ 5 
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Species8 Regionb Alt.c #Cd lntro.e 

CHIMONOCALAMUS 
delicatus ( + pall ens) S Yunnan 14-20 4 
dumosus SE Yunnan 16 2 
fimbriatus ( + montanus) W Yunnan ? 5 
gallatlyi ( + longispiculata) S Burma 10-18 4 
griffithianus ( = tortuosus) Indo-Burma 9-22 20 1987 
longiuscalus ( makuanensis) SE Yunnan 15-19 3 

THAMNOCALAMUS (sensu 1ato) 
hirsuta group (cf. Yushania) 

hirsuta Indo-Burma 15-30 17 
mabianensis (and others) S Sichuan 14-19 4 
megalothyrsa? NWYunnan+ 18-26 4 
rolloana Indo-Burma 15-21 5 
wardii Indo-Burma 21-30 4 
wilsoni? W Hubei 24-31 
(others occur to Sand E) 

Yushania 
anceps (= jaunsarensis) W Himalaya 18-29 21 1860s 
brevipaniculata ( + maculata) SW Sichuan 22-38 6 1982 
chungii ( + lineolata) W Sichuan 18-32 13 
confusa Hubei+ 18-29 3 
elegans Indo-Burma 11-24 13 
niitakayamensis group 

andropogonoides E Yunnan 21 2 
baviensis N Vietnam 13-15 2 
levigata SW Yunnan 23-30 3 
mairei ( + parvijlora) C Yunnan? 34 3 
niitakayamensis Taiwan 10-30 9 
oiwakensis Philippine 21-29 6 
tessellata Borneo 18-20 5 
vic ina C Yunnan? 20? 2 
(others occur in Yunnan, etc.) 

S inarundinaria 
nitida group 

ferax ( + angustissima, rufa) NW Sichuan 12-28 5 1981? 
fractijlexa ( + jiulongensis) SW Sichuan 14-34 22 
macclureana (= setosa) SE Tibet 27-38 10 
nitida ( + emaculata) NW Sichuan+ 24-41 20 1886 
qinlingensis S Shaanxi 10-25 4 
scabrida ( + aurita) N Sichuan+ 13-20 8 
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Species8 Regionb Alt.c #Cd lntro.e 

pantlingii group 
brevipes S Yunnan+? 20? 2 
forrestii ( + farcticaulis) NWYunnan 19-33 8 
fungosa NE Yunnan+ 18-27 8 
longiuscula ( + bojieiana) S Yunnan 21-28 1 
maling ( + grossa) E Himalaya 16-32 46 <1896 
melanostachys ( + acutissima) NWYunnan+ 30-42 5 
pantlingii (= glabrifolia) E Himalaya 28-38 28 
violascens N Yunnan 23-38 4 

Fargesia (sensu stricto) 
cuspidata( + edulis, hsuehiana) Guangxi 13-20 
hainanensis Hainan 15-18 
spathacea group 

denudata ( + obliqua) N Sichuan 23-34 13 
robusta ( + adpressa) W Sichuan 12-28 13 
spathacea ( = murielae) E Sichuan 24-30 6 1913 

Thamnocalamus (sensu stricto) 
aristatus E Himalaya 24-40 69 <1889 
spathifiorus W Himalaya 18-37 57 1882 

SUBTRIBE ARUNDINARIINAE 
INDOCALAMUS 
(western species only) 

longiauritus ( + omeiensis) Guangxi+ 9-15 10 1930s 
rigidulus E Sichuan ? 
victoria/is SE Sichuan ? 1 
wuxiensis( + hispidus) E Sichuan 16-24 5 

ARUNDINARIA (BASHANIA) 
fargesii group 

fargesii ( = dumetosa/ scariosus) NE Sichuan+ 6-25 39 1982? 
qingchengshanensis W Sichuan 8-12 4 

pedal is SE Sichuan ? 
racemosa group 

faberi SE Sichuan 22-25? 2 
fangiana W Sichuan 23-36 15 1986? 
microphylla Indo-Burma 18-34 4 
paucifiora S Sichuan+ 26-40? 6 
racemosa E Himalaya 30-36 9 

a The taxonomic arrangement is tentative for several species, especially those shown by 
question marks. Several species with inflorescences unknown are excluded. Some rela-
tively certain synonyms("=") and possible synonyms or closely related species ("+") are 
shown in parentheses. 
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b Regions are broadly defined and somewhat overlapping. Most Indo-Burmese species 
overlap with some E Himalayan species in regions around Assam (including Meghalaya). 
Chinese provinces shown with "+" indicate that the species is centered in that province but 
occurs also in adjacent provinces. 

c In 100 m units. 

d Approximate numbers of collections known in herbaria (without duplicates), including 
tentative identifications. 

e Dates indicate first introduction to west (Europe, U.S.A., Australia, etc.). 
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Valade, I. & Z. Dahlan*: Approaching the Underground Development of a 
Bamboo with Leptomorph Rhizomes: Phyllostachys viridis (Young) McClure 

Introduction 

McClure first proposed the terms monopodia) and sympodial to characterize the 
branching habit of bamboo rhizomes. This terminology has been taken up by different 
authors (Takenouchi, 1926; Keng, 1948; Ueda, 1960; Wong, 1985; Wang & Shen, 1987) to 
describe the origin of culms associated with the two main types of rhizome. 

Later, McCiure(l966) refered to these two basic forms of rhizome as pachymorph 
and leptomorph (Fig. 1). 

Pachymorph rhizome 

LeptotaOrph rhizome 

Figure 1. The pachymorph rhizome is short and thick, never hollow and always transformed 
apically into a culm. Its internodes are broader than long and bilateral. The lateral buds on 
pachymorph rhizomes produce only rhizomes. 

In contrast, the leptomorph rhizome is long, typically hollow and more slender than 
the culms originating from it. The internodes are longer than broad. Lateral buds on lepto
morph rhizomes can produce either culms or other rhizomes. 

*Montpellier University, Laboratoire de Botanique Tropicale, 163 rue Auguste Broussonet, 34000 Montpellier, 
France. 
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The leptomorph rhizomes are typically found among bamboos of the genus Phyllosta
chys. These bamboo species originate mainly from Central China and Japan and they can 
tolerate low temperatures (generally down to -l6°C). They develop underground a wide 
rhizomatous network which can play an important role in protecting the soil from erosion 
and landslides (White & Childer, 1945; Ueda, 1960). In their native country, these bamboo 
species have many uses and are indispensable in daily life. They are also very important 
economically. 

The Phyllostachys species are widely propagated by rhizome cuttings, but their pat
terns of underground development remain little understood. 

Nevertheless, the rhizome is a very important organ in which nutrients are stored and 
through which they are translocated. Moreover, these bamboos favor strongly vegetative 
propagation versus sexual reproduction, and the rhizomes are the means for this propaga
tion. So it seems likely that the growth mechanism of rhizomatous systems must be studied 
for a better understanding of its functional success and for the profitable management of 
bamboo groves. 

The aim of our study is to find new elements which can improve the general 
knowledge of underground architecture of bamboos with leptomorph axes. 

Materials and Methods 

The species Phyllostachys viridis (sometimes known as Ph. mitis) was chosen to 
exemplify the group of leptomorph bamboos. This species is widely and successfully cul
tivated at the bamboo garden of Prafrance (Gard, France). 

At Prafrance, we have designed three plots planted with bamboo clones of different 
ages: 

-a plot in a very young plantation (rhizome cuttings buried in 1984) 
-a plot in a grove of middle age (about ten years old) 
-a plot in an old grove (more than fifty years old). 

The study of the subterranean growth of Phyllostachys viridis has been carried on for 8 
months. In the middle of December 1986, the rhizome apices were located and labelled in 
each plot. Then, in the following spring after the recovery of meristematic activity, weekly 
observations and measurements were done regularly until growth stopped. 

Our study has three main limitations: 

-a period consisting of only one vegetative cycle was observed 
-an incomplete excavation of rhizomes in the old grove 
-and lastly, the complete lack of information on Ph. viridis grown from seed. 

This study was conducted on bamboos developed from rhizome cuttings, and we cannot 
evaluate the possible differences with bamboos growing in natural conditions. 
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Observations and Results 

I) Insights on the morphology of feptomorph bamboos. 

The basic framework of a bamboo plant is a ramifying system of vegetative axes 
(rhizomes, culms, and culm-branches), characterized by a series of nodes and internodes 
(Fig. 2A). Each node of these axes bears a sheath which covers the developing internode, 
distal to its insertion. The basal portion of each axis consists of a succession of solid, very 
short segments, and is usually called the neck. 

A. 

0 

6: 

Figure 2. A: An illustration of a leptomorph rhizome system (from McClure, 1966). 
B: A drawing of a rhizome and the base of its culm (from Wang & Shen, 1987). 

The neck is obconical in shape and it is the expression of the ·'establishment 
growth'', a term coined by Tomlinson & Zimmermann ( 1966) to describe a process involv
ing peculiar mechanical and physiological restraints imposed on the developing axis of a 
plant without secondary tissues. The stacking-up of short but progressively broader inter
nodes allows the building up of an axis with a wide diameter from a narrow seedling axis 
(Fig. 2B). 

The aerial parts conform to the architectural model of McClure defined by Halle, 
Oldeman & Tomlinson (1978). The culms, originating from lateral buds of the rhizome, are 
orthotropic, with determinate growth and distichous phyllotaxis (Fig. 3). The young shoot 
is characterized by a high rate of preformation and a rapid elongation after emergence from 
the ground. The branching occurs after the complete elongation of culms. 
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Figure 3. Plane of the general habit of Ph. viridis. 

The rhizome is typically leptomorph, subterranean, runner like, and spreads over a 
wide area. Each node supports a solitary flat bud in a furrow and a sub-verticil of roots of 
unequal length. The phyllotaxis is distichous. The rhizome shows a strong tendency to 
orient itself in such a way that the insertion of sheaths and buds is in a horizontal plane (Fig. 
4). 

The buds located near the rhizome apex can develop into rhizome-branches but never 
into culms. The older buds, located on a the rhizome portions of at least one-year's growth 
are the only ones which can develop into new culms. 

2) Ohsermtions on the vegetative growth of Ph. viridis. 

The rhizome progresses in the soil by the elongation of its individual internodes by 
means of the activity of intercalary meristems. The apical zone of a growing rhizome is 
protected by many imbricated sheaths forming a sharp point that helps to penetrate the sub
stratum (Photo. 1). Underground the rhizome grows in an undulating manner in a vertical 
plane and adventitious roots develop around each node (Fig. 4 ). 

Generally the rhizomes are located within a depth of lm. under the soil surface. 
Sometimes they may arise above ground, but then turn downwards back into the soil thus 
exposing a short section to the open air and forming an aerial arch (Photo. II). 
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Photo. I. Leptomorph rhizome apex (with and without sheaths). 

Photo. II. Aerial arching of a Jeptomorph rhizome. 
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front port of o rhizome. 
showing roots ot vorious stoges of development 

portion of o rhizome with roots 

Figure 4. Drawing of a leptomorph rhizome and its roots. 
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Successive branching of rhizomes forms a complex intermingled underground net
work (Photo. III). Thus, culms can grow every year from these rhizome portions of various 
ages, with a distribution remaining to be studied. 

The yearly extension of a rhizome varies from I to 2 meters at Prafrance. The 
rhizome growth starts in early June after the culm elongation is completed. and stops in 
early November. 

The main period of culm emergence occurs during the following spring, from the 
middle of April to the end of May (Photo. IV). The shoot diameter depends on its rhizome 
age and the young culm reaches its full length about 2 months after emergence. Thereafter, 
the culm never increases in diameter or height. 

The rhythmic growth and branching are clearly expressed in this bamboo species and 
these events are synchronous with the season. All meristems of each rhizome undergo a 
period of rest during winter. The following year, new axes can develop as culms in spring 
and rhizomes in summer; both of them originating from the previous units of growth. 
Therefore, it is obvious that the rhi::.ome. and the culms developing from it, grow alternately 
each year. 

3) First branching patternsfi·om rhi::.ome cutting. 

Some bamboo plants have been excavated completely in a young plantation and from 
observations on the architecture, we can relate the chronological order of branching (Fig. 5). 

~' 
~······ 

> <m 

Figure 5. Young rhizome systems of Ph. viridis. 
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Photo. III. Underground intermingled rhizomes in an old grove. 

Photo. IV. Spreading of leptomorph bamboos in a young plantation (culm size increases as 
the branching order of rhizomes increases). 
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-A rhizome portion of about 10 em long, with whole rooting system and three or four 
resting buds, was planted in autumn. 

-The following spring, one (or more) of these buds will develop into a leafy culm of 
about 80 em high and I em wide. This seems to be the minimum size of the aerial parts of 
the plant if propagation is done by cuttings. 

- During the same year, the first culm, once its elongation and aerial branching have 
been completed, will branch underground at the base, and develop new culms. The size of 
these axes increase with the branching order. 

- At the base of these second order culms, shoots can develop into mixed axes, first 
creeping underground some distance and then projecting through the soil surface, to become 
orthotropic culms. 

- The first leptomorph axes develop by sympodial branching from the top of the necks 
of the mixed axes. 

- The leptomorph rhizome keeps on growing underground and each winter will stop 
growing. This may be followed by the death of its apical meristem, but sooner or later it 
will die. While growing leptomorph rhizomes produce laterally orthotropic culms by mono
podia! branching. This branching is proleptic and diffuse. 

- As the rhizomatous system spreads under the ground, successive generations of 
lateral culms, developing from it, will manifest a gradual change in shape, dimension and 
texture of the constituent parts (Photo VI). The attainment of maximal size may require 
about I 0 years, depending on the environment. 

4) Changes in growth and branching patterns in relation to the age of rhizome systems. 

a) The death of apical meristems of leptomorph rhizomes and the development of 
subsequent rhizomes from subapical resting buds, have been found to be characteristic 
features of the growth patterns. 

In the plots sited in young plantations, this event has often been observed. The apical 
meristem of the rhizomes dies in winter, or in early spring after a short period of recovery. 
A few months later, in summer, many lateral buds near the apical zone develop and form 
new rhizomes (Fig. 6). 

In very young systems we have occasionally observed monopodia! branching into 
rhizomes. But in most cases, and particularly when the system is getting older, it seems that 
rhizome-branches can develop only if the apical meristem of the main rhizome dies (Photo. 
V). 

In plots sited in older plantations, we have observed a greater number of rhizomes 
carrying on a monopodia! growth for 2 or 3 years. In this case, the successive growth-units 
marked by zones having very short internodes (Fig. 7). 

In older systems, when the terminal meristem of a rhizome dies, there are not many 
rhizome branches afterwards, but generally only one or sometimes two. Then, relaying 
rhi-zomes appear in a part near the necrosis and extension persists in roughly the same direc
tion (Fig. 8). 
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Photo. V. Leptomorph rhizome branches in a young rhizomatous system (necrosis of the 
apex and sympodial branching). 

Photo. VI. Successive generations of laterial culms. 
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0 

<>: culms 

x: dead rhizome apex 

Figure 6. Map of rhizomatous systems excavated in the young plot. 
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In old groves, the death of apical meristem occurs more regularly every year on most 
of the rhizomes. Thus, the growth-unit corresponds to one segment of the sympodium bear
ing culms. 

b) Our first quantitative data show that the growth is weaker in the old groves than in 
the young ones (Fig. 9). 
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In the older plots the recovery of meristematic activity occurs earlier but the total 
growth period is shorter and the growth rate is slower, so that the annual extension is less 
(Fig. 9). 

In the young plot the growth starts later but the rhizome extension is longer and fas
ter. (The greatest lengthening of a rhizome measured in this plot was about two meters in 
eighteen weeks). 

These differences could be related to the age of axis systems. Nevertheless, the 
young plantation is wide open and its sandy soil is more friable. On the other hand, in older 
groves the soil is saturated by numerous culms having many intermingled roots. 

Discussion 

The aim of an architectural analysis is to identify the endogenous growth processes. 
Observations are based on some characteristics which determine the plant structure: 

-the type of growth (monopodia! or sympodial; rhythmic or continuous) 
- the branching patterns 
- the morphological differentiation of axes 

From our study, we have attempted to establish a table showing the architectural 
characteristics of each type of axis (Table 1 ). 

Leptomorph rhizome Culm Culm-branch 

Axis orientation Plagiotropic Orthotropic Plagiotropic 

Phyllotaxy Distichous Distichous Distichous 

Leaves Nonassimilating Nonassimilating Assimilating 

Growth Indefinite Definite Definite 
Rhythmic Continuous Rhythmic 

Branching Branching into Branching into 
culms aerial twigs 

Occurrence Proleptic Sylleptic 
Location At the base of the At the end of the 

previous growth unit single growth unit 
Pattern Monopodia! Monopodia! 
Rhythm Diffuse Continuous Rhythmic 

Branching into Branching into 
rhizomes culms or rhizomes 

(very young stage) 
Occurence Proleptic Sylleptic 
Location At the end of the At the base of the 

growth unit single growth unit 
Pattern Monopodia! (young stage) Sympodial 
Rhythm Diffuse Diffuse 

Sexuality Never ? ? 

Table 1. Summary of architectural characteristics. 
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Our observations together with those made by our predecessors allow us to distin
guish different stages of development (Fig. 10). 
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Figure 10. Diagrams of different stages. 
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- The first juvenile stage is characterized by a clump habit and short culms of small 
size. The ramification is basitonic and sympodial. 

- The second juvenile stat;e (a sort of "teen-age") is characterized by the under
ground differentiation of leptomorph rhizomes which can ramify widely into new ones and 
produce culms laterally. 

During this phase, the apex of the rhizome retains its potential to tum upwards and to 
produce assimilating organs if it cannot continue underground - although this is considered 
by Ueda (1960) and McClure (1966) as being an abnormal case. Moreover, the rhizome 
can ramify laterally into new ones even if its terminal meristem keeps functioning. These 
juvenile features will disappear afterwards. 

The two stages previously described, are characterized by a sympodial establishment 
growth, superimposed on the monopodia! establishment growth (already described). This 
sympodial establishment growth involves the development of progressively wider aerial 
axes until the permanent size is reached. 

In the first juvenile phase, this process takes place by successive sympodial 
ramification of mixed axes and it is similar to the branching patterns of pachymorph bam
boos. Afterwards, once leptomorph axes have been differentiated, the establishment-growth 
continues by means of a series of subterranean culms-bearing modules with progressively 
increasing sizes. 

- After several years, all culms generated from the rhizomatous system have the 
diameter and height corresponding to the maximum size of the species. This phase of 
development could be termed the 'adult stage', meaning the maturity of vegetative struc
tures. Sexual maturity, of course is not reached yet. 

Now the Ieptomorph rhizome is completely differentiated and it can no longer tum 
upwards into a culm. (If it projects and cannot return underground, then it will die). At this 
stage, the rhizome cannot be used for cuttings. 

It seems also that it can further ramify into new rhizomes only if its terminal bud dies. 
These rhizome-branches are less numerous than in the juvenile stage. During this phase the 
activity of the terminal meristem can persist for 2 or 3 years, carrying on a monopodia! 
growth. 

-During ageing, the apical necrosis of the main axis occurs more regularly every year 
during the cold season. This could be related to a general weakness of meristems and it 
seems probable that flowering might occur at this stage. The flowering stage has not yet 
been described for Ph. viridis, but in some other species of Phyllostachys, Ueda (1960) then 
Numata & al (1974) have reported that flowering can be announced by the emergence of 
short and small culms. In this case, the individual system may eventually continue growth 
and expansion indefinitely, by way of new rhizomes arising from the base of these small 
culms. 

From the stages outlined here, we attempted to sketch an overall scheme of the gen
eral architecture of a leptomorph bamboo (Fig. II). 

The bamboo culm is characterized by both a high degree of preformation and a deter
minate growth. It can then be considered either as a sort of very elaborate compound leaf, 
according to Halle, Oldeman & Tomlinson (1978) or as a kind of short twig, according to 
Edelin (pers. comm.). 
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Conclusion 

This study has permitted us to approach the morphogenetic progression of the plant 
as a whole. The development of this species involves deep transformation in architecture. 
At each stage. morphological features appear, while others are progressively masked. This 
is probably related to physiological change. 

The power of natural vegetative propagation in these plant leads to some confusion 
between the individual and the clonal population. Structures remain attached to the parent 
plant and are "dispersed" by growth of a parent branch. So that an individual leptomorph 
bamboo is in fact a wide sympodial system of' modules. 

A linear system cannot make optimum use of resources, and, conversely a clumped 
system can hardly find new ones. A leptomorph rhizome system covers a wider surface of 
ground than a pachymorph rhizome system. However, the leptomorph rhizome system 
maintains some similarity with the ''phalanx·' (Harper, 1977) of the pachymorph rhizome 
system, through the intermingling of rhizome branches and roots, which excludes other 
plants from its clonal territory (Wong, this volume). 

So the growth strategy of Phyl/ostachys 1·iridis enables it to have a wide and effectire 
spread in open environment and to produce regularly a great number of culms as assimilat
ing organs. This corresponds to the "guerrilla strategy" as it was described by Lovett
Doust (1981 ), Harper (1985), Waller & Steigraeber (1985) in such a system, the density of 
culms could be regulated by both the enforced dormancy of buds and the great mortality of 
young shoots; so that intense competition between culms is avoided. 

In the first stages of development, intensive rhizome branching could perrnit both, the 
acquisition of the adult vegetative structures, and a wide multi-directional colonization of 
space. 

Afterwards, once the directions of spread have been fixed, the occurrence of monopo
dia! growth could allow a rapid exploration of the soil. 

Hence, the leptomorph rhizome is not chiefly a food storage or a resting organ, but 
rather a means whereby a single plant may cover a considerable area of ground, and may 
eventually propagate indefinitely. 
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Abstract 

43 

Several functional categories of growth architecture in tropical bamboos may be dis
cerned. Species with monopodia! rhizomes or long-necked sympodial rhizomes have a 
greater potential for increasing their clonal territory than do those with sympodial rhizomes. 
However. the reiterative ability of culm branches to replace the original culm (a hitherto lit
tle discussed phenomenon in bamboos) also has important implications for both the growth 
habit and potential invasiveness of the plant. Reiterative culm branches are advantageous 
to clambering bamboos in extending their above-ground portion. They are especially 
important to species that establish as part of an early successional phase of vegetation, such 
as in newly formed tree-fall gaps. Often, they seem also to be the basis for vegetative 
regeneration from culm branches, because such branches often produce roots at their base, 
where new rhizomes may also develop. Non-reiterative branches, on the other hand, may 
contribute towards the low relative potential invasiveness of a bamboo, but they may also 
be characteristic of bamboos which reproduce effectively by seed and are thus highly 
weedy. These growth habits and their influence on the relative invasiveness of the plant are 
discussed for different species of bamboo in Southeast Asia and Panama. In practical 
terms, we may in horticulture expect an inherent ease in propagating bamboos from reitera
tive branch cuttings, and in forestry discard the notion of eradicating weedy climbing bam
boos by slashing down their culms. 

Introduction 

The dispersal ecology of a bamboo may be understood through considering the dif
ferent factors affecting its reproduction by seed, its ability to spread vegetatively, and the 
environmental and biotic constraints upon its establishment and growth. There is more 
attention given to the flowering behavior of bamboos and their regeneration through seed 
(see Janzen 1976 for a long list of references, and Campbell 1985 for a recent discussion on 
flowering) and very few detailed studies on the ecology of vegetative spread, particularly 
for tropical bamboos (e.g., Watanabe 1972). Woody bamboos display a fascinating diver
sity of structural form and growth habit (McClure 1966, 1973; Soderstrom 1981 b; Wong 
1986). Whereas the consequences of rhizome construction and behavior for substrate 
exploration and clonal spread have been discussed by some authors (e.g., Halle, Oldeman & 
Tomlinson 1978; Bell & Tomlinson 1980; Doust & Doust 1982), we still understand little 
about the functional significance of differences in the growth pattern and structure of the 
culm system. 

It is understandable that in attempts to study strategies of vegetative spread in most 
rhizomatous plants, overwhelming attention has been given to the form and behavior of the 
rhizomes themselves. Bamboos, however, have a comparatively complex organization in 
their aboveground portions, particularly so with regard to the structure (McClure 1966, 
1973) and behavior (Wong 1986) of branches. In the present paper, variations in the archi
tecture of the bamboo plant body are reviewed in relation to consequences for growth habit 
and clonal spread, using tropical species as examples. 

*Forestry Department, Ban dar Seri Begawan 2067, Brunei Darussalam. 
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Functional Variations in Architecture 

Rhizome Morphology 

McClure (1966) has described in detail the many variations in the morphology of the 
rhizome system. In general though, the production of a new rhizome serves the primary 
function of increasing the number of meristems which continue modular growth of the plant 
body, and a secondary function of gaining new ground. The primary function is important 
because new units repeat the development of older ones which gradually die away, continu
ing the potential immortality of the individual. In a sympodial rhizome system, each 
rhizome is the beginning of a repeating unit of growth, or module; it bears buds along its 
sides and turns upwards to form a culm. In a strictly monopodia! rhizome system, each 
rhizome is similarly the basis of a module and bears lateral buds some of which develop 
directly into culms and others into further rhizomes. In a rhizome system of mixed condi
tion, such as in the Mexican Chusquea fendleri (McClure 1966, 1973), we find two types of 
repeating units, each of which can give rise to the other. Which is primary and which is 
secondary is arguable and will not be pursued here; but we can recognize basic repetitive 
units by including one type as a subset of the other (Fig. 1 ). 

Figure I. Repeating units within three types of rhizome systems: (1-r) sympodial, monopo
dia!, and mixed. 

The function of gaining new ground is realized more slowly with short subfusiform 
rhizomes than with long slender rhizomes. A clump of loosely packed culms, advancing 
outward in the fashion of a phalanx (Doust & Doust 1982), is highly successful in excluding 
other plants from its clonal territory. However, at the same time, the lateral branching of 
short rhizomes eventually produces much overlap (Bell & Tomlinson 1980), increasing 
competition for space and nutrients (Halle, Oldeman & Tomlinson 1978) and can cause the 
clump center to become raised above its substrate and moribund (Wong 1986), e.g., Bam
husa hlumeana, Dendrocalamus aspcr, D. giganteus, Gigantochloa scortcchinii of 
Southeast Asia. A much less compact and even open habit occurs when sympodial rhizome 
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units have long "neck" portions, e.g., M elocanna hacci{era of East Bengal (McClure 1966) 
and Racemohamhos seti{era of Malaya (Wong 1981 ); but when this is carried to the 
extreme as in the Mexican 0/meca rejfexa (where the necks can be as long as 8 m; Soder
strom 1981 a) the integrity of the "phalanx" is clearly sacrificed for the opportunity of rapid 
substrate exploration. Monopodia! rhizome systems likewise disperse culms farther apart to 
cover more ground but may still maintain some semblance of a "phalanx" through much 
crisscrossing of rhizome-branches, e.g., Phyllostachys spp. in Japan (Ueda 1960). In con
trast, a monopodia) rhizome system in the clambering Panamanian Chusquea simplicijfora 
seems advantageous to its opportunistic spread within dense stands of woody plants. 
Long-necked sympodial rhizomes and monopodia) rhizomes can therefore contribute 
towards a "guerilla" strategy of vegetative spread (Doust & Doust 1982), where widely 
spaced ramets infiltrate an existing vegetation matrix. 

The mixed rhizome condition in Chusquea fendleri is curious. The presence of sym
podial parts may arguably be a retention of a primitive evolutionary state, but the mixed 
condition may be advantageous in effectively dispersing clusters of culms rather than single 
culms. In the event of fragmentation, more repeating units are clustered together, giving 
more meristems in the segregate and hence greater potential regeneration. 

It is therefore possible to consider the different rhizome systems of bamboos as being 
made up of functional repeating units. This repetition of the basic architecture of the plant 
body has been termed reiteration by Oldeman ( 1974; see also Halle, Oldeman & Tomlinson 
1978). In the definition by Edelin (1977), reiteration may be "traumatic", in response to 
damage, or "adaptive", i.e., in response to supra-optimal conditions. Traumatic reiteration 
in the rhizome system is dramatically illustrated by the sprouting of new plantlets from 
rhizome fragments dispersed by tractors during land-clearance (Fig. 2). 

Figure 2. Regeneration from cut rhizomes, Gigantochloa scortechinii, Nami, Kedah state, 
Peninsular Malaysia. 
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Reiterative Ability of Culm Branches 

Of the many morphological variations possible with the culm system of bamboos, the 
nature of the culm branches is probably the most important ecologically. Culm branches 
can recapitulate the development of the culm itself, as clearly shown by such clambering or 
climbing species as Bamhusa montana. Dinochloa sca!l(/ens (from Peninsular Malaysia; 
Wong 1986). D. trichogona (from Brunei and Sabah), Guadua ample.r(f'olia and Chusquea 
simplicijfora (from Panama, Fig. 3), where branches can grow to many meters in length. 
resembling the culm. Such branches are therefore reiterative and can continue extension 
growth in the event that the parent axis is damaged (traumatic reiteration; Fig. 4 ). or simply 
serve as a mechanism by which the above-ground system of the plants could be extended 
(adaptive reiteration). I have reported (Wong 1986) the emergence of vertical undamaged 
culm-shoots of Dinochloa scam/ens with such branches already developing (Fig. 5). 

solitary 
branch bud 

order 
branch 

GUADUA AMPLEXIFOLIA 

dominant 
branch bud 

subsidiary 
branch buds 

CHUSQUEA SIMPLICIHORA 

RHIPIDOCLADUM RACEMIHORUM 

"-reiterative 
primary 
branch 

Figure 3. Branch buds and branch complements in three Panamanian bamboos. 
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Figure 4. Chusquea simplicifiora; replacement 
of culm by reiterative branches. 

Figure 5. Reiterative replacement of 
culm shoot system: Dinochloa scandem. 

This kind of modular correspondence between branches and culm can be especially 
important because there is a high degree of preformation in the buds that produce both 
culms and branches in bamboos (McClure 1966; Halle. Oldeman & Tomlinson 1978) and 
thus in effect each axis is determinate in growth. As such, the ability of these axes to extend 
sympodially through reiterative growth becomes an advantage in survival in those bamboos 
with slender, clambering or climbing culms. In bamboos with an erect growth habit, 
reiterative branches can grow to only a very limited extent and do not reach the full length 
of a culm developed from a rhizome. These reiterations. then, are only able to prolong the 
life of a damaged culm through continuing to produce leaves for photosynthesis. 

Certainly not all bamboos have reiterative culm-branches. The branches of Rhipido
cladum racem(fiorum (from Panama; Fig. 3) are all slender and short, and unable to grow 
reiteratively even when the more distal portion of the culm has been damaged. R. 
racemifiorum culms are only 4-5 m long, not high-clambering as those of Guadua amplexi
folia and Chusquea simplicijlora. Similarly, the endemic Malayan Bamhusa magica has a 
branch complement of many slender non-reiterative branches developing from individual 
buds, and thus diverges radically from typical Bamhusa. 
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Figure 6. Cultivated Gigantochloa levis; branch bases with rooted rhizome-like swellings. 

Figure 7. The reiterative-type branch of Gigantochloa levis can closely resemble a new 
culm shoot. 
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Tentatively, four major categories of branching behavior may be recognized: 

A. Branch complement at each node developing from a single bud. 

I. Primary branch axis dominant in size, potentially reiterative; higher-order 
branches smaller in size, some potentially reiterative. 
Examples, Southeast Asia: most species of Bamhusa, Dendrocalamus, Dino
chloa, Gigantochloa, Racemohamhos, Schizostachyum terminale, Thyrsosta
chys 
Panama: Guadua ample.xifolia 

2. Primary branch axis not dominant in size over higher order branches; some 
branches potentially reiterative when the culm is damaged. 
Examples, Southeast Asia: most Schizostachyum species. 

B. Branch complement from several to many individual buds of the same order. 

1. One (main) bud dominant, developing into a reiterative dominant branch; the 
other subsidiary buds small, developing into non-reiterative smaller branches. 
Examples, Mexico, Costa Rica & Panama: Chusquea corona/is, C. liehmannii, 
C. longifolia, C. simplicijfora 

2. All buds small, developing into non-reiterative (usually) small branches. 
Examples, Southeast Asia: Bamhusa magica 
Panama: Rhipidocladum racemijforum 

An additional characteristic of reiterative branches in some bamboos is the ability to 
form "rhizomatous swellings" (Hasan 1980) or "aerial rhizomes" (Banik 1980) at branch 
bases. This has been noted for erect bamboos such as Bamhusa textilis (Cobin 1947), B. 
vulgaris and Sinocalamus oldhamii (Banik 1980). Experiments at the Forest Research Insti
tute at Chittagong in Bangladesh have shown that regular de budding of rhizomes and remo
val of newly emerged culm shoots sometimes encouraged the development of "aerial 
rhizomes" at branch bases in several species of Bamhusa (Banik 1980). In Malaysia, cul
tivated clumps of Dendrocalamus asper and Gigantochloa levis, from which new shoots are 
frequently removed for food, also develop rooted rhizome-like swellings at branch bases 
(Fig. 6 & 7). The explanation advanced by Banik ( 1980) was that removal of new culms 
and rhizome buds helped conserve the rhizome's carbohydrate reserves, an increase of 
which influenced the quality of primordial development at the nodes of existing culms. The 
same phenomenon occurs in mature wild clumps of the Malayan G. ligulata where such 
rhizome-like branch bases develop in apparently undisturbed clumps. I have also seen 
branches forming rhizome-like basal portions after the distal part of the culm has been cut 
in Schizostachyum latifolium in Brunei (Fig. 8). Whatever the physiologic basis is, we can 
consider these cases as the extreme development of reiteration on a culm, producing poten
tial new clonal individuals. 

A similar phenomenon occurs in climbing bamboos of the genus Dinochloa. This was 
described for the Malayan D. scandens (Wong 1986), where culms that drape across from 
one tree to another or which have flopped down to the forest floor can develop both 
branches and root-bearing rhizomes at the culm nodes (Fig. 9). The same behavior has been 
observed in several other species of Dinochloa in northern Borneo, including D. trichogona 
common in both Brunei and Sabah. A mature Dinochloa plant thus develops a habit in 
which clusters of culms may remain connected by recumbent lengths of culms, along which 
solitary culm branches can develop at some nodes. Eventual breaks in these connections 
produce physically separate clones. Like the comparatively far-ranging growth of 
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monopodia! or long-necked sympodial rhizomes, this kind of regenerative ability contri
butes to the opportunistic infiltration of a matrix of woody vegetation, another manifestation 
of the "guerilla" strategy mentioned earlier. 

Figure 8. Schizostachyum latifolium: branch bases developing rhizome-like structures on a 
culm of which the distal portion is removed. 

Figure 9. Root-bearing rhizomes developing at the nodes of a recumbent culm in Dinochloa 
scandens. 
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Relative Invasive Potential and Growth Habit 

The invasion by bamboo of disturbed sites such as logged-over forest can interfere 
with tree-oriented forestry and can cause great concern (Watson & Wyatt-Smith 1961; Liew 
1973). Where trees are abundant, the bamboos that establish or that are naturally present do 
not become dominant; in such situations they may be reduced to a mere level of subsistence. 
Where trees are scarce and do not form an effective canopy over the forest floor, bamboo 
can become strongly established as a rapidly growing, dense growth. Their invasive ecology 
cannot be viewed as a single general pathway of proliferation, because of the different 
growth behaviors of both rhizomes and culm systems and because reproduction can occur 
by both seed and vegetative means. 

There are two principal components in the ability to invade new territory. One is the 
mechanism of spread, and the other the ability to maintain presence in the acquired space, 
or the ability to resist replacement. We have reviewed the strategies of vegetative spread 
through rhizomatous growth and reiterative growth of culms and branches. However, these 
are not the only aspects governing the invasion by and establishment of bamboos. For 
instance, bamboos that have growth habits comparable to a phalanx strategy include species 
that invade stretches of open habitat (e.g., the Malayan Dendrocalamus hirtellus, Giganto
chloa ligulata, G. scortechinii, Schizostachyum :ollingeri) as well as those that successfully 
maintain themselves as small dispersed populations in the forest understory (e.g., S. acictl
lare; Wong 1986). The rare Malayan endemic Racemobambos setifera seems to have such 
narrow habitat preferences that it does not survive well outside the light shade under river
side forest in the Endau area of Peninsular Malaysia (Wong 1987). The role of seeding can 
also be important, especially when it is heavy; but a thorough discussion of this is outside 
the scope of the present paper. Moreover, the influence of vegetative growth habit on the 
development of bamboo growth can be predominant in many instances, especially when 
there is logging disturbance to the vegetation. 

In this context, the so-called phalanx and guerilla strategies of vegetative spread are 
illustrated by most erect clump-forming bamboos and by climbing bamboos, respectively. 
Erect clump-forming bamboos, besides having a phalanx type clonal advance which is rela
tively slow (the exception being when rhizomes are reasonably long-necked), can have a 
high persistence aided by two factors. The closely packed culms may be effective "fun
nels" for trapping litter as a nutrient storehouse (Halle, Oldeman & Tomlinson 1978; Wong 
1986), gathering both its own litter and in understory conditions that of other species as 
well. Certain species also form a densely populated community shading out other plants. 
This is seen in moist valleys infested by Gigantochloa scortechinii at Kanching (Fig. I 0) 
and Ulu Langat in the Selangor state of Peninsular Malaysia. This bamboo forms clumps 
reaching 12m high or more, competing well in stature with trees, and is packed in densities 
of some 300 well developed clumps per hectare. The slightly arching culms often form a 
loose canopy with one another or with tree branches, and under this shady canopy the 
ground is covered by a substantial amount of slowly decaying bamboo leaf litter. Seeds that 
have arrived and germinated will need to penetrate the leaf litter to reach mineral soil, and 
they must persist in the shade if they are to establish. At the Selangor sites mentioned, 
which are dominated by G. scortechinii, the ground flora is characteristically poor, compris
ing mainly a shade adapted community including gingers and ferns. In more severe cir
cumstances, as in some dense G. ligulata stands in the northern Malayan states of Kedah 
and Perlis (Fig. 11), the ground conditions seem to have excluded all other plants. As these 
bamboos establish and develop dominance, their growth habit and stature help to modify the 
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immediate environment and deflect the succession into a community that greatly resists 
further replacement but which has a much simpler structure and diversity than that other
wise obtainable. 

Figure 10. Shaded, comparatively clear ground in Gigantochloa scortechinii stand. 

Climbing bamboos such as Chusquca simpliciflora and Dinochloa spp. have a faster 
vegetative spread with their guerilla-type strategy, but little is known of their persistence. 
However, we have some glimpses into the high weed potential of these bamboos. The com
parative weed potential between C. simplic{fiora (a species with monopodia! rhizomes and 
reiterative culm branches) and Rhipidocladum racemiflorum (with sympodial rhizomes and 
non-reiterative culm branches) may indeed strongly reflect the differential abilities for 
vegetative spread in the forest on Barro Colorado Island, Panama, where these two species 
have rarely been seen to flower (Croat 1978). In a random survey of 45 treefall gaps (Table 
I) carried out on the island in 1985, C. simpliciflora was encountered in 22 or approxi
mately half the number of gaps observed. whereas R. racemiflorum was found in only four 
gaps; no one gap observed had more than one species of bamboo. With an attempt to quan
titatively categorize the gaps as "fresh", "young" or "old" (according to the definitions in 
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Table I), R. racemiflorum was more often found in young gaps than in old ones and C. 
simpliciflora more so in old than in young gaps. Although many factors, such as gap size 
(which may influence the differential establishment success of bamboos in the observed 
gaps) were not quantified, the influence of vegetative growth habit can help explain the rela
tive success of these two bamboos in the forest. Apart from a more wide-ranging spread 
possible with the monopodia! rhizome system of C. simpliciftora, the ability of its branches 
to reiterate the culm may grant advantages in at least two ways. Reiterative culms permit an 
extension of the above-ground system so that optimal opportunities for photosynthesis can 
be maintained, allowing C. simpliciflora to persist even as the vegetation in a gap develops 
greater stature. In contrast, R. racemijforum has limited culm-extension possibilities and 
can eventually be overtopped and shaded out. The survival abilities of C. simplicijfora may 
by likened to that of a high-climbing Iiana growing within a regenerating gap, and those of 
R. racemifiorum to that of a sun loving herb that either survives under suppressed condi
tions or eventually perishes with the development of a vegetation layer over it. Secondly, 
the continuing optimal photosynthetic opportunities experienced by C. simpliciflora means a 
maintained vigor in the rhizome system, allowing its monopodia! forays. 

Figure II. Slowly decomposing leaf litter of Gigantochloa ligulata in a pure stapd. 
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Figure 12. Dinochloa suhlaevigata infesting a burnt forest area (Sabah, Malaysian north 
Borneo). 

In the northern Bornean state of Sabah, many forest areas disturbed by logging or 
devastated by the drought enhanced fires of 1983 (Beaman et a!. 1985) are infested with 
Dinochloa bamboos, whose growth forms a canopy over ground vegetation and smothers 
tree crowns (Fig. 12). Whether such bamboo growth inhibits regeneration of trees, particu
larly timber species, remains to be firmly established, but there are observations of young 
tree stems misshapen by new bamboo growth (C. L. Ong, pers. comm. 1987). Liew (1973) 
attributed the spread of D. scandens to dormant seeds in the soil that were stimulated to ger
minate by canopy removal during heavy logging, but this seems highly improbable. Bam
boo seeds have short viability periods, and there are high chances of their being eaten by 
predators; furthermore, seeding of D. scandens may be limited as shown by the fact that all 
plants encountered during field surveys in Sabah in 1979 (Dransfield 1981) and in Peninsu
lar Malaysia during 1983-87 were sterile. As recumbent culms of Dinochloa bamboos 
easily sprout new rhizomes and culms, it seems more probable that logging operations have 
broken and scattered these parts, which serve as vegetative propagules. A combination of 
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such vegetative proliferation with seeding is not ruled out. The effect of fires on the growth 
of such bamboos has not been systematically examined, but the ensuing reduction of vege
tation cover following fires or logging creates light openings exploitable by these fast grow
ing, fast spreading bamboos in remnant patches. In Sabah, we have a case of forest weed 
infestation that could be reaching alarming proportions. Beaman et al. ( 1985) estimate the 
fires of 1983 have affected as much as 950,000 hectares of forest (or about a sixth of 
Sabah' s forest area); they observed that in the two years after burning, these areas were 
invaded by aggressive "weed" species. In 1986, travelling overland between Sandakan 
and Kota Kinabalu, I observed an extent of Dinochloa proliferation in many burnt areas that 
was worrisome because not only was such bamboo apparently useless and potentially 
damaging, but there seemed no chance of easily and effectively eliminating its weedy 
growth. 

Scattering of bamboo parts by machines during logging or land clearance can also 
promote the proliferation of erect clump-forming bamboos. In the Ma'okil Forest Reserve 
in Johore, Peninsular Malaysia, post-logging infestation by Dendroca/amus hirte//us is attri
buted to this. I suspect, too, that the large patches of dense growth of Gigantochloa ligu
/ata, G. scortechinii, D. hirtellus and Schi::ostachyum :o//ingeri elsewhere in Peninsular 
Malaysia may have had this origin, as they all occur in logged or cleared areas. 

The growth rate of young bamboo shoots can be phenomenal, as many people know. 
Erect bamboos have a specialized mode of development where culms develop by an initial 
phase of rapid height growth with almost full suppression of lateral branches followed by 
branch development as height growth nears completion; they are adapted to grow with 
minimum resistance both within the crowded clumps as well as in relation to other plants. 
Climbing or clambering species have a strongly reiterative growth pattern in the culm sys
tem which allows sympodial extension growth. The rhizome system is well supplied with 
buds which are condensed "packages" of reiteration. All these factors contribute to the 
successful proliferation of many bamboos, and their potential of persistence and weediness. 

Consequences for Horticulture and Forestry 

Little need be said here about the vegetative propagation of bamboos, which in 
several countries and for a number of species has become more or less a fine art (see, for 
example, Ueda 1960). For tropical sympodial bamboos, the use of rhizomes or offsets with 
buds in good condition almost guarantees successful propagation but is less economical in 
terms of starting material than when branch cuttings can be used. We can expect an 
inherent ease in attempting to propagate bamboos from branch cuttings where branches are 
of the reiterative type, but even then it is easier where such branches have developed 
rhizome-like bases or a proliferation of roots at their basal nodes. Branch cuttings are not 
necessarily easy to grow successfully, and many species either have low survival rates or 
take a long time to develop rhizomes (Brown & Fischer 1920; Chinte 1965; Hasan 1977; 
Suzuki & Ordinaria 1975), being influenced by such factors as availability of water and 
light, age of the material, and position of planting. At least for species known to develop 
rhizome-like branch bases, it is worthwhile investigating and developing the technique 
described by Banik ( 1980), where the formation of such branch bases was stimulated by 
debudding the rhizome and removing the young culm-shoots. Such species as Bamhusa 
polymorpha, B. vulgaris, Dendrocalamus asper and Gigantochloa levis should be the tar
gets of such trials, especially because they are useful big bamboos which may be profitably 
cultivated in plantations. 
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Even when branches may be potentially reiterative, propagation by branch cuttings 
may be very difficult, as in many species of Schizostachyum. Most Schizostachyum species 
have a branch complement of subequal branches with no dominant axis. Experiments in the 
Philippines have shown that S. lima and S. lumampao cannot be easily propagated by culm 
cuttings (Suzuki & Ordinaria 1975). Bumarlong & Tamolang ( 1980) go so far as to say that 
the only possible way to asexually propagate these species is by using rhizomes or offsets. 
However, as discussed earlier, formation of rhizome-like branch bases is sometimes possi
ble in S. latifolium when the distal portion of the culm has been damaged, so perhaps there 
is a way after all of easily obtaining well developed branches as propagating material in a 
genus like Schizostachyum. In cases where branches are of the non-reiterative type, this 
method of propagation is indeed out of the question. 

In forestry we can appreciate that bamboos with reiterative parts are potentially the 
most troublesome weeds. Much caution is therefore needed in the use of forestry machines 
which fragment the bamboo and multiply its chances of propagation. It is also prudent to 
take into account the extent and kind of bamboo present within or adjacent to the forest 
before it is disturbed, because opening the canopy increases the availability of light which 
encourages the weedy proliferation of these bamboos. Most of all, we must discard the 
notion that weedy climbing bamboos can be eradicated by slashing down the culms. 
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Table 1. Random Survey of Bamboo Growth in 45 Treefall Gaps 
in the Forest on Barro Colorado Island (June 1985). 

Type of Gap Number 
Observed 

Number with 
Rhipidocladum 
racemiflorum 
S M D 

Number with 
Chusquea 

simpliciflora 
S M D 

Number with 
Neither 
Bamboo 

Fresh gaps3 

Young gapsb 
Old gapsc 

3 
13 
29 

2 3 
8 10 

3 
6 
10 

Total 45 4 22 19 

a Fallen tree trunks quite intact and undecomposed. 

b Fallen tree trunks highly decomposed; more than 50% of gap with young 
vine growth or shrub/sapling growth less than 3 m tall. 

C Fallen tree trunks highly decomposed or absent; more than 50% of gap 
with vine growth or shrub/sapling growth forming a general canopy 3-10 
m tall. 

S Scanty growth: 1-5 clumps (or, in the case of Chusquea, discrete uncon
nected groups of culms). 

M Moderate growth: 6-10 clumps. 

D Dense growth: more than 10 clumps. 
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F. M. Schlegel*: Growth Behavior of Chusquea culeou Desv. 
in South Central Chile 

Abstract 

59 

Several morphological parameters and growth characteristics were comparatively stu
died on mature Chusquea culeou clumps at primary rain forest understorey and open field 
conditions in the Andes near Panguipully, Valdivia. 

Clump cover, culm density per clump, culm length, crown length and diameter were 
measured and standing crop per clump was estimated. 

Culm growth was monitored during one vegetative period. The difference between 
both sites was related to clump cover, density, standing crop, total length, clear length, 
crown length and diameter for culms older than one year. Culm growth occurred during the 
180 days within the vegetative period. 

The maximal periodical increment reached 10.1 em/day for understorey culms and 
5.6 em/day for open field culms. 

Introduction 

Chusquea culeou Desv. "Coligue" is one of the twelve species actually occurring 
from Central to Southern Chile. Its distribution range at mid-altitude, mainly at the Cordil
lera de los Andes over eleven latitudinal degrees till 46° 30' S, point it out as the southern
most bamboo in the world. Coligue is a straight, solid, unbranched, culm bearing, medium 
sized bamboo, which can reach over II meters. Its economic and ornamental value for fur
niture and landscaping is very much appreciated. Coligue typically dominates at the rain 
forest understorey. Its dominance has significantly increased during the last 60 years due to 
man made forest disturbance. Its ecological value is shown by the protection it is providing 
for denuded slopes and its soil forming capacity. Its ecological role in the rain forest of 
South Central Chile had been pointed out by several forest dynamic studies (Veblen et al, 
1980). 

The study site was located at 39° 30' at 700 m above sea level at the Cordillera de los 
Andes near Panguipully. There the annual rainfall exceeds 4500 mm with a short dry spell 
during January and February. 

Methods 

On ten comparably sized clumps in the understorey and in the open field, the number 
of one year, older than one year, and dead culms was assessed. The clump diameter, area, 
increment, and the culm density of the clump was established. 

At each site on older culms (interior N-61; exterior N-52) total length, clear length 
and crown length, culm node number and diameter at I m, also branch number and length at 
midcrown node was measured (N is the number of samples measured). 

Using regression equations (Veblen et al 1979), mean dry weight (gr) per culm and 
dry weight per clump was estimated. During one vegetative period, culm growth was meas
ured on clumps at each site. 

*F.A.O., Room F-707 bis, Via delle Terme di Caracalla- 00100- Rome, Italy. 



60 F. M. Schlegel 1991 

Results and Interpretation 

Table 1 

Culm number, diameter, clump area; diameter and area increment and culm density 
per clump at understorey (A) and open field (B). 

Parameter Ave cv (%) Vmin Vmax % 
No. culms > 1 year A 60.70 50.07 22.00 116.00 92.57 

B 273.40 71.33 78.00 643.00 87.97 
No. culms == 1 year A 4.90 61.22 1.00 9.00 7.47 

B 37.40 54.41 14.00 77.00 12.03 
No. total green culms A 65.60 49.39 24.00 123.00 100.00 

B 310.80 69.38 92.00 697.00 100.00 
No. dead culms A 23.50 68.43 5.00 55.00 35.82 

B 80.10 92.63 5.00 219.00 27.77 
Clump diameter A 2.24 25.45 1.33 2.99 

(m) B 3.17 26.81 2.15 4.80 
Clump Surface A 4.18 46.89 1.39 7.02 

(m2) B 8.39 54.47 3.63 18.10 
Diameter Incr. A 0.14 35.71 0.04 0.19 

(m) B 0.17 23.53 0.10 0.24 
Area Incr. A 0.53 62.26 0.03 1.03 

(m2) B 0.87 29.89 0.51 1.33 
Culm Density A 15.98 18.59 10.92 19.74 

(m2) B 40.75 76.81 18.93 123.29 

A: interior to the forest B: exterior to the forest 
CV: variation coefficient 
Vmin, Vmax: minimum and maximum values 

Higher values in culm number per clump, clump diameter, area and increment and 
culm density per clump at exterior clumps indicates that Ch. culeou grows more vigorously 
in the open. An average of I 0% of the total number of green culms is shared by one year 
old culms on both sides. The larger number of dead culms at the interior can be explained 
by the slower disintegration rate taking place inside the forest. The clump area increment of 
exterior clumps is 39.1% higher because of the large area occupied by the exterior clumps. 
The maximum absolute value of 17 em as clump diameter increment indicates that vegeta
tive invasion of open ground is not very important for this species. 

The difference in average clump culm density (m2) is also higher (39.29%; density A 
is 39.29% of density B) in open grown clumps. If as pointed out by Veblen eta! (1980) in 
dense open grown Ch. culeou stands, the density varies between 158-220 culms/ha this 
means at the understorey 96.064-133.76/ha. The actual amount of culms at the understorey 
of undisturbed rain forest certainly must be much lower taking in account that the clump 
density at the understorey is directly linked to the frequency of crown gaps. 
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Table 2 

Total length, clear length, crown length and its percentage of its total height, number 
of nodes, and culm diameter. 

Parameter Ave 
Total length > I year A 6.8I 
(m) B 4.23 
Clear length > I year A 3.II 
(m) B 1.43 
Crown length > I A 3.70 
(m) B 2.80 
Crown length A 54.70 
% B 66.63 

No. of nodes > I A 53.79 
B 46.42 

Culm diameter A 3.45 
B 2.46 

A: interior to the forest B: exterior to the forest 
CV: variation coefficient 
Vmin, Vmax: min. and max. values observed 

CV(%) Vmin Vmax 
I4.39 4.26 8.85 
2l.5I 1.83 5.95 
24.I2 1.63 4.6I 
48.25 0.05 2.59 
24.86 I.40 5.33 
2I.79 1.64 3.95 
I9.09 26.00 71.00 
I9.87 45.00 98.00 
I9.67 31.00 87.00 
24.56 32.00 70.00 
I2.46 2.4 4.4 
2l.l4 l.O 3.7 

The total culm length was 38%, crown length was 24%, and clear length was 54% 
larger for interior culms, but comparing crown length with total length (%), it reaches a 
smaller value for the interior culms. This shows that Ch. culeou is adapted to use restricted 
light conditions under small canopy gaps producing culms with larger diameter, larger clear 
length and longer crowns. 

Among culms of a certain diameter grade, the larger ones can be regarded as better 
ones (UEDA, 1960). This confirms that morphologically, the culms of interior clumps are of 
better quality. The high CV value for open grown clumps probably is the result of the 
existence of two populations for each clump, the peripheral and internal culms. The differ
ence in light conditions for each population is much larger at open field grown clumps. 

The length to diameter relation therefore, also is equally different. For interior culms 
the relation is 1.98 and for exterior culms I.73. 

Culms from exterior clumps generally develop a larger branch number. At higher 
branch length classes, the interior clump culms showed a larger branch number. This can 
be explained by the restricted light conditions where fewer but larger branches are more 
efficient (Figure I). 
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Figure 1. Mean branch number per culm, at mid crown node in length classes. 

Table 3 

Cuims and clumps mean dry weight. 

d(mm) PS culm (g) PS clump (kg) PS perm 2 

A> I 34.7 2559.67 I55.37 
= I 36.4 I396.12 6.84 

162.21 38.81 

B>1 23.8 1435.88 392.57 
= 1 26.2 661.21 24.73 

417.30 49.74 

A: interior to the forest B: exterior to the forest 
PS: mean dry weight 
d: mean diameter 
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The mean above ground dry weight per square meter differs only 22% because exte
rior clumps show a higher culm density but smaller culms. Culms over one year are show
ing a higher weight (45.5%) because their branches are fully developed. The high dry 
weight per clump of over one year old culms is explained by their much larger number per 
clump (Table No. I). The value of one year old culm dry weight can be related to net annual 
growth of which it constitutes 76%, Wang (1981). Following the latter, 78% of the dry 
weight of Ph. pubescens corresponds to culm dry weight. In our case the culm dry weight 
should then be 30.3 Kg/m2 and 38.8 Kg/m2 for interior and exterior clumps respectively 
(Fig. No. 2). 

7 
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6 -- Culms Exterior 

- 5 
E -.... ----J: 4 C) / w / 
J: / 

3 / 
/ ,..,. 
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1 

0 

0 24 60 84 108 132 156 
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Figure 2. New culm growth (one vegetative period). 

Active growth can extend to 180 days. For Ph. pubescens 80-110 days are docu
mented by Ueda, 1960. After a slower initial growth phase an acceleration phase takes 
place during December and January. This period is longer for interior culms. Afterwards 
the growth rate decelerates till final culm height is reached. 
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Table 4 
Mean daily increment (em) for interior and exterior culms. 

Period 11/20 12/06 12/13 01/11 01/17 01/30 02/18 02/23 03/18 
(Date) 12/06 12/13 01/11 01/17 01/30 02/18 02/23 03/18 04/15 
No. of days 16 7 29 6 13 19 5 23 28 

Culms A 
Daily 
Increment (em) 3.28 6.27 8.15 9.62 10.13 3.12 3.12 1.04 0.89 
cv (%) 30.79 23.60 12.52 27.52 21.92 78.53 80.13 135.58 131.46 

CulmsB 
Daily 
Increment (em) 3.48 5.38 4.56 5.62 3.31 2.77 2.23 .43 .26 
cv (%) 29.31 28.07 40.79 67.44 79.46 58.84 100.90 134.88 176.92 

Culms A: interior to the forest Culms B: exterior to the forest CV: variation coefficient 

Mean maximum increment was 10.13 em/day and for the understorey cu1ms. It can 
be concluded by these results thatCh. culeou is highly adaptable to changing environmental 
conditions and that the culms developed under somewhat restricted light conditions are of 
much larger dimensions and therefore of higher quality. 
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Pascal Dabadie, Philippe de Reffye, & Pierre Dinouard*: Modelling Bamboo Growth 
and Architecture: Phyllostachys viridi-glaucescens Riviere A. et C. 

Introduction 

The purpose of this study is to describe the application of a botanical and mathemati
cal method to determine basic parameters of plant growth and architecture. The collected 
information is comprehensive enough to obtain a realistic simulation, by means of complex 
software for plant modelling and representation [Reffye, et a!., 1987]. Simulation results 
can be expressed by pictures of plants; they are botanically correct and reproduce individual 
variations. For agronomic purposes, cotton, coffee and lychee have already been studied 
using this method. 

Although qualitative analyses can be used to describe plant growth mentally, they 
provide only part of the information necessary for correct computer modelling. Only 
mathematical analysis makes it possible to extract the basic parameters of plant architecture, 
otherwise unascertainable by observation only. Nevertheless, the botanical approach to the 
study of plant architecture is an essential prerequisite for statistical analysis, without which 
it is impossible to know what to measure. 

Material and Methods 

The study focused on Phyllostachys viridi-glaucescens Riviere A. & C., in the 
Prafrance Bamboo Plantation, at Anduze, South of France. The architectural analysis is 
made by observation and drawing. As the mathematical measures focus on internode 
numbers, field work mainly consists of noting the plant ramifications on sketches and mark
ing the axis internode. Geometric data such as phyllotaxis, insertion angles, evolution of 
diameters and internode lengths are also noted. These measures required the cutting of 
about thirty culms. Each year, the new culms of the bamboo plantation are marked with dif
ferent colours of paint spots. The knowledge of culm ages proved to be a very useful infor
mation. We thank Mr. Crouzet, owner of the bamboo plantation, for his material help and 
advice during the field study. 

In the laboratory, data processing was made with a spread sheet connected to a 
micro-computer. The parameter adjustments and Monte-Carlo simulations have been calcu
lated by the CIRAD mini-computer (OAT A GENERAL MY 20000). The mini-computer 
was used to produce synthetic pictures with the plant simulation software; images were 
visualized and finalized on a high level graphic station (Silicon Graphiq's IRIS 40). The 
pictures presented here were produced by a laser printer. 

Principles of the Mathematical Model 

This is only a brief presentation and we invite the reader to refer to previous studies 
regarding other plants [Reffye, 1979; Reffye, eta!., 1987; Costes, 1988]. 

The question is to determine parameters of a general growth model for a ramified sys
tem. The plant is compared to an assembly of basic elements consisting of internodes (axis 

*Laboratoire de biomodelisation du CIRAD, Institut de botanique de Montpellier, Avenue du Val de Montferrand
BP5053- 34032 Montpellier cedx (France). 
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section) topped by nodes (ramification area including one leaf or more with axillary buds). 
Time is discretized into elementary clock pips. At each pip, a decision is made concerning 
the evolution of each apical meristem which can die, form an additional element or remain 
latent. 

After sowing, two plants of the same species become quickly differentiated while 
keeping a family likeness. Originally identical axes of these two plants will develop with 
variable vigour. Stochastic simulation accounts well for individual variations: the evolu
tion of each meristem is found by using the Monte-Carlo method, which involves compar
ing the probability of an event (death, growth, ... ) with a random number between zero and 
one. 

Method of Estimating Parameters 

The "dimension" of an axis is the amount of tests to which it was submitted, which is 
its age expressed in clock pips. Given an axis with a dimension equal to N and an elonga
tion probability equal toP, the length of an axis population will be distributed according to 
a binomial function, B (N ;P ). 

Conversely, axes of identical size can have different dimensions. The probability that 
an axis with K internodes is the result of N tests is given by a negative binomial function. 

P (X =K) = C~:::f PK(l-P)N-K 

Axes of different orders generally grow at different speeds: their clock pips are not 
of the same length. The W1 clock ratio is defined as the ratio between the time unit for the 
n -1 bearing axis and for the order n axis. 

When the end of a ramified axis is observed, it is possible to estimate three basic 
parameters : P 1 and P 2 elongation probabilities for main axis and axillary axes and W1 

clock ratio*. At K internodes from the top, if P 1 and P 2 and W 2 are constant, it is demon
strated (Reffye, et al., 1987) that the average theoretical variance of the pair formed by 
internodes of two order 2 axes separated by L internodes is equal to 

V1 is estimated by using the mean of the variance of the paired axes of the sample. For 
practical reasons, L must be low ( 1 or 2) for quick convergence towards the theoretical 
value. Moreover, at K internodes from the top, the Expected value of x, E(x), and the Vari
ance of x, V(x), are: 

*The suffixes correspond to the axis ramification order. Conventionally the trunk of a culm is here the ramification 
order I, although originating from a ramified rhizome. 
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KPoW2 
£(X)= ~ 

PI 

KP,(I-Po)W2 K(I-PI)W~P~ 
V (X) = ~ ~ +~~-----::-~-
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From these equations, we arrive at the following estimators: 

p = l--1-{ [v(X)-V ]+f._ [L£ 2 (X) +V(X)l} 
I £2(X) I 2 K 

Po= - 1
- {_J,__ [V(X)+ LE

2
(X) ]-v }+I 

- E(X) 2K K 1 

The precision of these parameter estimators is measured by numerical simulation, as the 
method based on Maximum Likelihood is difficult to use here. 

Application To Bamboo 

Phyllostachys viridi-glaucescens Riviere, A. & C. is a tall bamboo from central 
China, where it grows approximately fourteen meters high, as at Prafrance. It is a lepto
morph bamboo [Dahlan & Valade, 1987; McClure, 1966], the rhizome presenting large hor
izontal axes, with laterally located culms. A characteristic of the Phyllostachys genus is that 
ramified nodes generally bear two branches of unequal size (Fig. 2). The larger branch is 
called here "A" and the shorter "B". In fact, the B axis is a ramification of A, the first inter
node of which is very short; this makes it appear as though A and B come from the same 
axis. The internodes located at the beginning of the ramification area often bear an A axis 
only, while those located at the end of the axis can have three axes, A, B, and C, C being an 
axillary axis of B. The culm diameter is maximal not at the base, but at a height of approxi
mately three meters. The first year, culrns ramify up to the order four, sometimes five. 
They bear deciduous sheaths. All the axes terminally bear two to five leaves joined by their 
sheaths. The first year, culm development is entirely monopodia!. The following spring, 
leaves fall, the last leaves remain joined together and carry down with them the clasped 
axes part. At the same time, short leafy axes grow from the axillary buds of internodes 
located below the leaves of the previous year (Fig. I). Rhizome growth was studied at 
Prafrance for a closely related species: Phyllostachys viridis (Young) McClure [Dahlan & 
Valade, 1987]. 
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Figure 1. Short axis. 

A3 

!em 
~ 

5mm 
1----i 

Figure 3. Axis damaged during growth. 

A3 

5mm 
~ 

B3 

A2 
Figure 2. Node detail. 

Figure 4. Culm figure. 

1991 



1991 J. Amer. Bamboo Soc. Vol. 8 No. I & 2 69 

Study of First Year Growth 

The bamboo canopy is conical at its end and becomes cylindrical below (Fig. 4). All 
this happens as though the order 2 axes have a finite dimension and stop growing while the 
upper order 2 axes are still growing. Analysis of the tops requires the culm axes to be 
stopped simultaneously; it must be carried out for the conical part. All the axes located at 
the end of the canopy stop growing together and then calculations are not disrupted. The 
fact that plant growth is completely stopped (for example in winter) will have no influence 
on parameters, because the clock pips measure a biological activity and not physical time. 
It appears that tops are conical up to twenty internodes from the top. The internodes of the 
A3 axes located at K and K +L internodes from the top, with K varying from 8 to 20 and 
L=l, have been counted on 13 culms, for a total of 136 axis pairs. We obtain: 

0.59 < p 1 = 0.79 < 0.92 

0.91 < p 2 = 0.94 < 0.96 

0.56 < w 2 = 0.73 < 0.86 

The asymmetrical confidence interval is given for the risk a= 5%. It should be noted 
that A2 axes grow slower than the AI axis. This method is called the "top method." 

Results for 82 Axes 

Although the B2 axes are in fact ramifications of A2 axes, they are morphologically 
different from other axes of order 3 and they must be dealt with separately. On average, the 
first B2 axes only appear at 5 internodes from the top; consequently their elongation is 

assumed to be delayed at a rate of ___±___ ::::: 4 clock pips. The bias introduced in the estimation 
PI 

is eliminated by replacing K with K -4. We obtain: 

0.23 < p 1 = 0.74 < 0.99 

0.87 < p 28 = 0.95 < 0.98 

0.24 < w 28 = 0.71 < 1.04 

The same calculation is carried out at a higher order between the A2 and A3 axes 
from 9 to 15 internodes from the top for 128 pairs, with the following results: 

0.91 < p 2 = 0.95 < 0.99 

0.96<?3=0.99<1 

o.65 < W 3 = o.67 < 0.1 

Between the A3 and A4 axes, it it found that: 

p3 = 0.95 
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From too close to the top, the Monte-Carlo method cannot be used any longer to cal
culate the confidence interval, the estimation being biased by the approximation of real 
numbers by whole numbers. 

Calculation of Maximal Dimension for A2 and 82 

If the cylindrical area is generated by a finite dimension, the internode number for the 
A2 must be distributed according to a binomial function B (N ;P 2 ). The following values 
are estimated from the observed distribution: 

N=21 

p2 = 0.9 ± 0.07 

which is consistent with the P 2 estimation by using the top method. Thus, the A2 axes 
reach a limiting value of their dimension. 

K 
Observed Number 

Theoretical Number 

Distribution of A2 Lengths 

16 17 18 
3 7 14 

3.6 7.1 14.4 

19 
19 

20.7 

20 
20 

18.9 

21 
II 
8.2 

For the B 2 axes, the binomial function B (21 ;0.94) is obtained. This is a second way 
of estimating the probabilities of A2 axes elongation. It is profitable, and it is often possi
ble, to apply several different methods in order to estimate the same parameter. 

Death of Axes During Growth 

An important number of order I to 3 axes are suddenly terminated at a node level 
(Fig. 3). However, an old axis never breaks at this place. It is in fact the scar of the abscis
sion resulting from the death of the elongated apex. It seems that the apices die mainly 
because of the knocking together of culms; sometimes, they abort spontaneously. 

In the case of A2 axes, the area with a finite dimension is considered. If the death pro
bability is constant on the axis, the distribution of axis length is governed by a function 
which is a combination of binomial- and exponential functions. The generating function is: 

and the expression for probabilities is: 

N-l 

P(X=K) = L CfP~ (I-P2y-K(l-PdPL+C~P~ (I-P2t-Kp~ 
i=K 
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and: 

p p 
E(X) = 2 L (1-PN) 

(1-Pd L 

with N = maximal axis dimension 
P 2 = elongation probability 
PL =life probability 

Number of Internodes 0 

Samples of A2 Axes 9 5 
Theoretical Values 5 4.8 

Simulation From The 4 4 
Estimated Parameters 
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The decreasing exponential function due to growth troubles at the beginning of the 
axis and the binomial function resulting from breaks at the end of the axis should be noted. 
The value of 22 is a limit for this dimension. With the value of N known, those values of 
P 2 and P L are searched for that minimize the x2 for the comparison with the sample. A 
correct adjustment is found with the values: 

p 2 = 0.89 ± 0.02 

0.995 < PL = 0.97 < 0.98 

Calculations have not been extended to the other types of axes, but the function is very 
likely identical with parameters of different values. 

Dimension of the Order 1 Axis 

Of course, the bamboo seed does not build a 14 meter culm during the first year, but 
higher and higher culms will develop each year, until they reach a maximal size. This pro
cess, frequently found among rhizomatous plants, is described as an expression of the 
"establishment growth" [Tomlinson & Esler, 1973]. 

The studied plantation is the result of cuttings planted in about 1850 which never 
flowered. A considerable fraction of culms are smaller (between 5 and !Om) and more 
spindly than the average. Given the plantation age, it is not due to the establishment growth 
(it is estimated that the rhizomes produce culms of maximal size after 10 years) and their 
positions on the rhizome are unknown. In order to work on an homogeneous population, all 
the calculations focused on culms considered to be of maximal size. 

According to the model, the number of internodes for the A I axes of a sample must 
follow a binomial function B (N ;P 1 ). By estimating Nand P 1 from a sample of 16 stems, 
we obtain: 

p 1 = 0.82 ± 0.05 

64 < N = 68 < 73 

The estimation is comparable to P 1 = 0. 79 obtained by the top method. The A I axes 
therefore have a finite dimension. 

Base Effect 

The canopy base has the shape of a reversed cone and the length of order 2 axes gra
dually increases approaching the median area, the elongation and death probabilities and the 
dimension of which have been calculated. This phenomenon called "base effect", quite 
usual among trees, can be translated by a variation of the maximal dimension of the A2 
axes. A regression shows that this variation is linear. The dimension of A2 axes is from 16 
to 17 internodes from the top base* and increases linearly up to the limit of 22, reached at 
the 21st internode. 

*The base is defined as the internode bearing the upper root verticil. 
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Study of the Second Year of Growth 

After the falling of first year leaves, leading to the falling of apexes, regrowth begins 
at the level of the buds located on the last axis internodes. They produce short leafy axes, 
called "SA I "(short axes of the first generation). 

Law of SA 1 Appearance on A4 and AS 

One to five SA Is appear at the end of the axis so that SA 1 s always fill the last n nodes 
of the bearing axis. Probabilities Ph; that an axis bears i relays are calculated. These proba
bilities vary according to the height in the canopy. 

Number of SA Is 

Top of the Canopy 
Middle 
Bottom 

0 

0 
0 

0.12 

0.25 
0.57 
0.78 

2 

0.69 
0.43 
0.1 

3 

0.06 
0 
0 

It can be seen that the number of relays increases from the base to the top. Many 
SA I +s branch out at the end of the second year and bear short axes similar to SA I. Conse
quently there are two growth periods during the second year (Fig. 6). The SAl bear 0 to 3 
SA I+, grouped at the end as for the SA I themselves on their bearing axis. Given Ph;, the 
probabi I ity that a SA I branch out i SA I+: 

Number of SAl+ 

Top of the Canopy 
Middle 
Bottom 

0 

0.87 
0.18 

0 

0.09 
0.44 
0.75 

2 

0.04 
0.26 
0.20 

3 

0 
0.02 
0.05 

This gradient is the opposite of the previous one, the SAl's being more frequent at 
the canopy base. These processes have the effect of multiplying the leaf number by the fol
lowing coefficients: 

Top of the Canopy: 
Middle: 
Bottom: 

2.1 
2.9 
2.1 

That is, 2.4 on the average. This definitely shows that the first year is principally 
devoted to the development of bearing axes and the next years are devoted to the extension 
and renewal of the chlorophyllous system. 

Culm Evolution After Two Years 

The evolution after the second year has not been studied statistically and only a quali
tative approach is considered here. A culm can live at least ten years. The foliage cannot 
grow indefinitely as it does during the second year. Its bulk becomes stationary at about the 
third year, then decreases until the culm dies. During the ageing process, axes of order 1, 2, 
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and 3 gradually dry out from their ends, while the A2 and B2 of the base die and are self
pruned. This results in grouping together living parts into a very dense foliage ball located 
in the upper third of the canopy. Renewal of the foliage is provided by the previously men
tioned processes, but also by reawakening of the latent buds. These buds are located at the 
base of the short axes and axes of order 4 (Fig. 5). Some buds can remain latent for at least 
ten years. The appearance of two generations of short axes in the same year has only been 
observed to occur during the second year. Contrary to an accepted idea, for this species at 
least, counting the order of the short axes is not sufficient for finding the culm age, since it 
is difficult to know if one or two generations of short axes have been produced each year. 
However, the following method, which is only valid for this species in the Prafrance planta
tion, can be used: the number n corresponding to the maximal piling-up of short axes is 
evaluated on the ramifications coming from the top. The same evaluation is made on the 
ramifications coming from the base, with a maximum equal to n +I (because of the doubling 
which is common during the second year). The age is then equal to n +I. In practice, age 
determination for old culms is awkward. 

Simulation of Bamboo Growth 

Data collected on a plant by using this method are accurate enough to simulate its 
growth step by step. According to the simulation software, the apical meristems created are 
submitted to death, elongation and ramification tests at each clock pip. A list of interrelated 
internodes is therefore obtained for each given age. At the same time, the software [Jaeger, 
1987] calculates the space position of each created element, using parameters such as phyl
lotaxis, ramification angle, internode length or wood elasticity for this purpose. Therefore, 
a complete space description of the plant is available at the end of the calculation. This can 
be used to obtain an image or begin calculations so as to evaluate wood production or solar 
interception, for example. The image, in conjunction with statistical adjustments, allows for 
a very efficient validation of the model (a lifelike picture does not prove that the modelling 
is right, but a bad picture indicates a deficiency of the modelling). 

The software was created by Philippe de Reffye for the agronomic study of coffee 
[Reffye, 1979]. It was then further developed by Marc Jaeger (Jaeger, 1987), in order to 
make it more efficient and capable of producing synthetic images. 

Conclusion 

As the graphical and numerical simulation results have proven satisfactory, the origi
nal hypotheses (elongation per internode, time quantification, Monte-Carlo) are therefore 
valid. If the quantitative study of culm architecture has been completed, the studies of the 
rhizomes, of the early stage and of the flowering stage, remain to be done. The analysed 
data are characteristic of the studied plot. They can therefore be different in other places or 
at other development stages. Compared to plants previously studied using this method, the 
original feature of the bamboo is the finite dimension of its axes. Moreover, there is a sud
den change from a quick monopodia! growth to a slow sympodial one. Processes of culm 
building and leaf renewal are probably similar to those of other bamboos. Indeed, the prob
lem to be solved is identical: how to build a tree without cambium? 
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5 

Figure 5. Five year old branch, (only one 
short axis grows the second year). It can be 
seen that some buds stay latent for several 
years. 

Numbers stand for the year of axis forma
tion. 

Figure 6. Two year old branch (two short 
axes the second year). 
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Images Produced by the Simulation Software 

These representations integrate all the results of the measures made in the field. 

One year old. Two years old. 

Three years old. Four years old. 

Figure 7. Evolution of an order 2 axis and its ramifications. Top view. 
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Figure 8. Three different culms of one year old. The three culms have been built according 
to the same functions; only the random number generation varies. Accidents on the order 2 
axes are clearly visible. 

I year old 2 years old 3 years old 4 years old 5 years old 

Figure 9. Ageing of a culm. The increase in the amount of leaves is obvious. 
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Figure 10. Rhizome system. The currently studied rhizome [Dahlan & Valade, 1987] is still 
too poorly known, particularly in a quantitative way, to be properly represented. Gradual 
development of creeping axes is not taken into account here and the conditions of appear
ance on the rhizome are unknown. 

Figure II. Detail of the top. 
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Claude Rifat*: Measurement of Tessellations 
in Different Bamboos 

Abstract 

1991 

In the present study, the author studied the longitudinal number of tessellations, per 
unit of length, in a number of bamboo species or genera. The results obtained prove that 
this study opens a quantitatively interesting avenue in the investigation of bamboos, since 
the variations observed in the different genera or species are very important and thus amen
able to statistical analysis. 

Material and Methods 

The aim of this study has been to count the longitudinal number of tessellations in the 
leaves of different bamboo species and genera. 

The length unit which proved the most convenient one for the counting was 2 em. 
The study also revealed that it would be necessary to make a detailed study of tessellation 
density per swface unit and seek correlates with cold resistance of bamboos. At the begin
ning of the study, each leaf was counted 4 to 7 times on different rows of tessellations, but 
afterwards, I shifted to 3 counts since this proved sufficient. 

Experience showed that the number of tessellations was relatively homogenous on the 
surface of the leaf but that it was slightly inferior to average on the tessellations adjacent to 
the medium veins. Therefore, the rows adjacent to those veins were dismissed and were not 
taken into account. 

The measurement of the average number of tessellations per 2 em of length in a leaf 
is the tessellation index of the species. 

The tessellation index is apparently stable and invariant il measured on leaves taken 
fi'om culms of the same age. 

This fact was found and confirmed progressively as the data accumulated. The most 
important finding was that the tessellation index increased together with the age of the 
culms - which determines the line to be taken in future studies on tessellations. The tessel
lation index should be measured on first year culms and if possible just after opening of' the 
leaves. 

Most of the leaves which I analyzed were taken at random from bamboos at the end 
of the winter of 1985 and throughout the beginning of 1986. 

My purpose was to study a minimum of 10 bamboo leaves per species, but this was 
not possible in all cases due to the long time lag between collecting the leaves and measur
ing tessellation indexes. 

The leaves were collected and put into a humid plastic bag until their observation. A 
time lag of 2 to 24 hours elapsed between collecting and measuring them. The leaves which 
had to wait a long time before being observed were kept in a refrigerator, and then at room 
temperature before I started measuring them. 

* 13his. Avenue de Miremont. 1206 Geneve (Suisse) & 1kegami, Maisonette Gakuen-higashi B-1, Gakuen
Higashi-cho 616, Kodaira-shi 187. Tokyo. Japan. 
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Another set of dry leaves were also analyzed with a view to possible future studies; 
those leaves were placed in water at room temperature for at least 24 hours before being 
measured. 

The present study is divided into three parts: 

(A) Measurement of the tessellation indexes of bamboos with manifest tessellations 
(i.e. tessellations which are visible to the naked eye). 

(B) Measurement of the tessellation indexes of bamboo leaves with non-manifest 
tessellations (i.e. tessellations which are not visible to the naked eye). 

(C) Measurement of the tessellation indexes of a limited set of dry leaves. 

The species and genera of bamboos were classified arbitrarily according to their aver
age indexes of tessellations. 

However, simultaneous measurements of the distance between parallel veins showed 
that it will be necessary to make a detailed study of the real density of tessellation per sur
face unit (I cm2 being the ideal surface unit), since such distance appeared to vary from 118 
to 330 microns. Such a study can only be done with the help of a computer. 

This study was done with a Nikon measuroscope comprising a binocular lens coupled 
with a digital counter. 

Discussion 

The main purpose of this study was to find a quantitative criterion for separating dif
ferent bamboo species with manifest tessellations. The results obtained demonstrate that 
this purpose was a positive approach, but further improvement and additional data are 
necessary to formulate definitive conclusions. 

However, I was able to show that this approach is indeed useful, since the tessellation 
indexes greatly vary according to the species and the age of the culm. These variations are 
certainly not accidental but probably reflect the ecological adaptations of each bamboo 
species. 

The tessellation index is not invariant in the same species during ontogeny. This 
clearly appears from the analysis of tessellations in young P. pubescens versus mature P. 
pubescens (see the table of tessellation indexes). 

At present, the tessellation indexes contained in this study cannot lead to definitive 
conclusions since, as said above, I found in the course of my research that tessellations vary 
according to the age of the culms from which the leaves are taken. Such conclusions 
depend on future studies based on leaves of the same age, which I strongly urge other 
researchers to undertake. 

For differences between the leaves of old and young culms in Phyllostachys, for 
instance, see items I and VII, II and V, III and VIII in the table of tessellation indexes. 

The tessellation index seems invariant even if the bamboo species has grown in 
widely different climatic conditions (see the results obtained on Phyllostachys sp. of Tahiti). 

One possibly interesting result is the tessellation index of P. nigra f boryana, which 
is apparently much higher, even in the first-year culms, than that of its parent P. nigra f 
henonis. 

The physiological significance of tessellations is unclear. But it is obviously an adap
tation to cold conditions: we may postulate that the higher the tessellation index is, the 
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better the leaf irrigation will be. Cold resistance seems partly due to the quantity of leaf sap 
circulation. 

Indeed, bamboos having tessellation indexes from 30 to 50 generally withstand tem
peratures of -8° C to -15° C, and species having higher indexes can withstand even more 
severe temperatures. The correlation is not strict however, and that is probably due to phy
siological differences and individual evolution. 

Moreover, let us make clear that the real tessellation density must be taken into 
account before reaching definitive conclusions. 

To understand why the majority of bamboos with non-manifest tessellations are tropi
cal bamboos, we can postulate that there is a relationship between the tessellation density 
and evapotranspiration: leaves having a lower tessellation index are probably less subject to 
evapotranspiration.* 

From 80 to 90 tessellations per length unit, the tessellations progressively change 
their shape from rectangular to square in relation with the direction of measurement. 

From the aspect of the tessellations, it is then possible to make at first glance a general 
qualitative distinction between different bamboo leaves: leaves of the Bambusa type, Phyl
lostachys type, "A." alpina type, Chusquea type, Sasa type including Pleioblastus, Pseudo
sasa, Sinobambusa, Chimonobambusa and last, Dinochloa type. 

The bamboos with non-manifest tessellations all have a very low tessellation index, 
ranging from about 20 to 26 only. Bambusa is part of the lower range, while Dinochloa 
scandens and Himalayacalamus falconeri are in the upper range. 

The structure of tessellations differ greatly depending on whether the bamboos belong 
to the class with manifest tessellations or to the class with non-manifest tessellations. Bam
boos with non-manifest tessellations have transverse, "S"-shaped veinlets which are very 
thin, while bamboos with manifest tessellations have strong transverse veinlets which are 
much less curved. Moreover, it seems that the transverse veinlets of the latter are protrud
ing, contrary to those of the former. This may be an argument in favor of a better sap circu
lation in bamboos with manifest tessellations. 

Finally, the preliminary study carried out on dry leaves shows that it will be possible 
to analyze herbarium specimens, since the results obtained do not differ significantly from 
those obtained with fresh leaves (see Chusquea culeou and Chusquea qui/a versus dry 
leaves of Chusquea sp.s). 

* This remains to be investigated. 



1991 J. Amer. Bamboo Soc. Vol. 8 No. 1 & 2 

Measurement of Tessellations 
In Different Bamboos 

A) Manifest Tessellations 
(General mean = Tessellation index) 

I. Phyllostachys sp. (Vif, near Grenoble, France) (culm aged more than 4 years). 

Mean 

1) 152 142 146 146.66 
2) 134 128 130 130.66 
3) 140 141 139 140 
4) 141 146 147 144.66 
5) 146 154 146 148.66 

General Mean 142.13 +5.53/-11.47 (max. above mean/min. below mean) 

II. Phyllostachys violascens 

Mean 

1) 128 137 134 133 
2) 139 134 140 137.66 
3) 142 151 149 147.33 
4) 136 142 136 138 
5) 113 125 118 118.66 
6) 146 141 152 146.30 
7) 148 151 152 150.33 
8) 150 154 149 151 
9) 139 138 147 141.33 

10) 132 139 138 136.33 

General Mean 140 +11/-21.34 

III. Phyllostachys nigraf boryana 

Mean 
1) 120 123 124 122.33 
2) 104 108 108 106.66 
3) 100 104 108 104 
4) 117 133 132 127.33 
5) 116 116 121 117.66 
6) 122 124 117 121 
7) 117 128 118 121 
8) 142 140 138 140 
9) 112 117 121 116.66 

10) 132 121 137 130 

General Mean 120.66 +19.34/-16.66 

83 
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IV. Sasa veitchii 

Mean 
l) 106 105 108 106.33 
2) 125 139 124 129.33 
3) 121 116 120 119 
4) 119 115 116 116.66 
5) 129 126 129 128 
6) 124 130 123 125.66 
7) 126 124 122 124 
8) 136 109 116 120.33 
9) 113 114 113 I 13.33 

10) 110 104 114 109.33 

General Mean 119.20 +10.13/-12.87 

V. Phyllostachys violascens (three-month old young culm). 

Mean 
1) 114 123 120 119 
2) 122 120 120 120.66 
3) 122 118 104 114.66 
4) 113 120 116 116.33 
5) 114 119 115 116 

General Mean 117.3 3 + 3.33/-2.67 

VI. Phyllostachysjlexuosa 

Mean 
1) 110 119 110 113 
2) 116 102 133 117 
3) 114 119 114 115.66 
4) 123 117 116 118.66 
5) 116 120 116 117.33 
6) 112 116 119 115.66 
7) 111 110 113 111.33 
8) 112 118 116 115.33 
9) 118 112 117 115.66 

10) 116 119 116 117 

General Mean 115.66 +3/-4.33 
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VII. Phyllostachys sp. (Vif, near Grenoble, France). 

Mean 
1) 92 100 96 96 
2) 89 93 89 90.33 
3) 101 102 100 101 
4) 109 107 106 107.33 
5) 103 102 110 105 
6) 92 99 90 93.66 
7) 107 97 104 102.66 
8) 95 103 107 101.66 
9) 101 101 106 102.66 

10) 98 96 99 97.66 

General Mean 99.80 +5.2/-9.47 

VIII. Phyllostachys nigraf boryana (three-month old culm). 

Mean 

1) 83 86 91 86.66 
2) 107 96 92 98.33 
3) 92 97 94 94.33 
4) 103 110 112 108.33 
5) 84 84 86 84.66 

General Mean 94.46 +13.87/-9.80 

IX. Phyllostachys viridi-glaucescens 

Mean 

1) 93 92 94 93 
2) 93 87 89 89.66 
3) 88 86 88 87.33 
4) 88 88 92 89.33 
5) 93 88 89 90 
6) 89 90 89 89.33 
7) 90 85 87 87.33 
8) 95 89 96 93.33 
9) 92 91 92 91.66 

10) 89 91 96 92 

General Mean 90.30 + 3.03/-2.97 
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X. Sinohambusa tootsik 

Mean 
l) 88 84 87 86.33 
2) 72 77 77 75.33 
3) 86 77 82 81.66 
4) 72 70 77 73 
5) 84 82 83 83 
6) 93 92 94 93 
7) 86 90 104 93.33 
8) 70 79 65 71.33 
9) 89 84 89 87.33 

10) 90 99 86 91.66 

General Mean 83.60 +9.73/-12.27 

XI. Phyllostachys aurea (Papeete, Tahiti). 

Mean 
1) 72 76 80 76 
2) 84 88 86 86 
3) 74 75 76 75 
4) 72 80 76 76 
5) 78 82 79 79.66 
6) 79 79 76 78 
7) 86 86 86 86 
8) 87 83 82 83.33 
9) 78 74 75 75.66 

10) 84 85 84 84.33 

General Mean 80 +6/-5 

XII. Phyllostachys nigra 

Mean 
1) 83 90 88 84 79 84.80 
2) 84 89 86 84 86 86 
3) 72 75 76 86 86 79 
4) 73 88 81 79 74 79 
5) 80 82 89 87 87 85 
6) 81 83 87 84 81 83.2 
7) 82 78 78 79 82 79.8 
8) 64 66 73 68 68 67.8 
9) 85 92 89 82 86 86.8 

10) 57 58 55 60 54 56.8 

General Mean 78.82 + 7.18/-22.02 
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XIII. Phyllostachys hamhusoides f suhvariegata 

Mean 
I) 82 70 82 78 
2) 82 88 80 83.33 
3) 80 78 78 78.66 
4) 70 69 68 69 
5) 85 91 75 83.66 
6) 75 75 80 76.66 
7) 78 80 78 78.66 
8) 80 88 75 81 
9) 62 60 68 63.33 

10) 74 70 76 73.33 

General Mean 76.56 +7.1/-13.23 

XIV. Phyllostachys viridis cv. sulphurea* 

Mean 
I) 77 68 71 69 71.25 
2) 74 68 70 69 70.25 
3) 84 83 79 81 81.75 
4) 82 77 85 85 82.25 
5) 71 72 71 78 73 
6) 76 74 74 78 75.5 
7) 77 86 83 73 79.75 
8) 74 80 74 77 76.25 
9) 73 72 71 75 72.75 

10) 84 83 78 78 80.75 

General Mean 76.35 +5.9/-6.1 

XV. Pseudosasa japonica f tsutsumiana 

Mean 
1) 79 83 78 80 80 
2) 78 82 88 79 81.75 
3) 81 83 74 86 81 
4) 70 65 68 64 I 66.75 
5) 69 75 78 74 74 
6) 70 70 81 77 74.5 
7) 75 76 75 74 75 
8) 71 72 69 74 71.5 I, 

84 83 82 80 I 82.25 
I 

9) 

I 10) 76 74 75 73 i 74.5 I 
General Mean 76.12 +6.13/-9.37 

----------

* Syn. in the USA; P_ viridis cv. Robert Young 



88 Claude Rifat 1991 

XVI. Phyllostachys pubescens f bicolor 

Mean 
1) 82 80 83 81.66 
2) 72 73 66 70.33 
3) 80 70 70 73.33 
4) 68 67 67 67.33 
5) 68 71 71 70 
6) 77 78 73 76 
7) 73 75 70 72.66 
8) 86 83 82 83.66 
9) 81 78 80 79.66 

10) 86 83 80 83 

General Mean 75.76 +7.9/-8.43 

XVII. Hibanobambusa tranquillans f shiroshima 

Mean 
1) 83 80 78 80.33 
2) 94 97 98 96.33 
3) 61 63 65 63 
4) 79 78 78 78.33 
5) 81 78 65 74.66 
6) 81 70 75 75.33 
7) 77 78 76 77 
8) 68 60 65 64.33 
9) 77 82 80 79.66 

10) 64 61 64 63 

General Mean 75.20 +21.13/-12.20 

XVIII. Phyllostachys mitis 

Mean 
1) 89 79 77 73 79 79.4 
2) 71 68 77 73 70 71.8 
3) 68 75 79 82 75 75.8 
4) 64 65 67 57 66 63.8 
5) 78 80 86 80 83 81.4 
6) 72 76 75 75 82 76 
7) 71 79 79 82 81 78.4 
8) 75 76 75 69 76 74.2 
9) 74 77 69 70 73 72.6 

10) 71 71 72 75 74 72.6 

General Mean 74.6 +6.8/-10.8 
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XIX. Phyllostachys 1·iridis (three-month old culm). 

Mean 

I) 84 78 82 81.33 
2) 74 74 71 73 
3) 68 71 69 69.33 
4) 69 69 69 69 
5) 67 63 69 66.33 

General Mean 71.8 +9.53/-5.47 

XX. Phyllostachys nigra f he non is (Japan). 

Mean 

I) 76 74 72 81 74 75.4 
2) 69 67 72 72 74 70.8 
3) 66 65 69 67 66 66.6 
4) 76 74 80 71 80 76.2 
5) 60 59 55 55 62 58.2 
6) 69 68 69 68 75 69.8 
7) 59 68 67 59 59 62.4 
8) 80 79 76 84 81 80 
9) 66 65 59 56 68 62.8 

10) 68 65 70 75 69 69.4 

General Mean 69.16 +I 0.84/-6.76 

XXI. Phyllostachys sp. (Lake of Neuchatel, Switzerland)*. 

Mean 
1) 71 70 66 71 69.5 
2) 74 71 73 67 71.25 
3) 70 73 67 73 70.75 
4) 70 69 71 70 70 
5) 77 70 72 68 71.75 
6) 68 64 73 67 68 
7) 69 73 72 74 72 
8) 69 65 67 69 67.5 
9) 61 62 61 65 62.25 

10) 80 64 63 68 66.25 

General Mean 68.92 + 3.08/-6.67 

*Probably P. nigra f. henonis. 
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XXII. Shihatea kumasaca 

Mean 
I) 71 62 64 70 70 67.4 
2) 71 73 70 64 63 68.2 
3) 60 62 64 67 58 62.2 
4) 63 61 62 60 60 61.2 
5) 64 67 68 67 66.5 
6) 62 63 58 66 6:0..25 
7) 67 59 71 69 66.5 
8) 65 65 67 69 66.5 
9) 70 64 64 66 66 

10) 61 59 62 62 61 

General Mean 64.77 +3.43/-3.77 

XXIII. Yushania anceps 

Mean 
I) 56 58 59 59 58 
2) 63 65 66 60 63.5 
3) 63 61 60 72 64 
4) 59 59 66 66 62.5 
5) 66 71 73 74 71 
6) 60 57 63 63 60.75 
7) 61 57 57 58 58.25 
8) 51 48 so 50 49.75 
9) 62 60 68 58 62 

10) 60 58 63 63 61 

General Mean 61.07 +9.93/-11.32 

XXIV. lndocalamus tessellatus 

Mean 
I) 61 55 59 54 51 60 56.66 
2) 68 66 54 46 53 53 56.66 
3) 58 52 57 58 56.25 
4) 64 62 62 53 60.25 
5) 62 59 63 70 63.5 
6) 63 56 64 56 59.75 
7) 55 63 57 64 59.75 
8) 56 55 59 67 59.25 
9) 58 59 59 50 56.5 

10) 56 58 56 54 56 

General Mean 58.46 +5.04/-2.46 
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XXV. Arundinaria macrosperma 

Mean 
I) 47 45 45 51 47 
2) 53 49 48 54 51 
3) 40 38 39 38 38.75 
4) 37 37 40 41 38.75 
5) 66 64 64 62 64 
6) 48 46 44 49 46.75 

General Mean 47.7 + 16.3/-8.95 

XXVI. Pleiohlastus fortuneii 

Mean 
I) 40 37 42 41 40 
2) 41 39 35 34 37.25 
3) 36 37 41 36 37.5 
4) 39 37 39 37 38 
5) 40 42 37 39 39.5 
6) 38 43 43 40 41 
7) 37 34 38 38 36.75 
8) 38 35 33 37 35.75 
9) 47 40 41 42 42.5 

10) 39 38 38 40 38.75 

General Mean 38.7 +3.8/-2.95 

XXVII. Chusquea qui/a 

Mean 
I) 32 32 33 35 31 32.6 
2) 38 35 35 35 36 35.8 
3) 41 32 36 40 42 38.2 
4) 40 41 40 36 40 39.4 
5) 38 36 36 37 38 37 
6) 42 38 41 38 35 38.8 
7) 39 38 39 45 42 40.6 
8) 37 35 39 37 32 36 
9) 32 33 31 30 34 32 

10) 34 34 39 37 39 36.6 

General Mean 36.7 +3.9/-4.7 
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XXVIII. Pleiohlastus \'iridi-striatus f. auricoma 

Mean 
I) 36 33 29 30 29 31.4 
2) 35 33 36 36 39 35.8 
3) 35 33 30 35 33 33.2 
4) 40 39 37 39 38.75 
5) 30 30 32 31 30.75 
6) 30 30 29 31 30 
7) 39 39 41 41 40 
8) 35 33 35 31 33.5 
9) 31 31 31 31 31 

10) 32 31 33 32 32 

General Mean 33.64 +6.36/-3.64 

XXIX. T etragonocalamus quadrangularis 

Mean 
1) 31 33 29 28 37 32 31.66 
2) 26 30 33 33 30 29 30.16 
3) 30 32 28 30 30 30 30 
4) 36 41 39 31 40 43 38.33 
5) 30 28 34 28 28 27 29.16 
6) 28 32 29 29 30 30 29.66 
7) 34 34 30 31 30 34 32.16 
8) 30 35 32 31 33 31 32 

General Mean 31.64 +6.69/-2.48 

XXX. Chusquea culeou 

Mean 
1) 32 34 33 35 34 33.6 
2) 21 24 23 24 24 23.2 
3) 28 31 28 29 29 29 
4) 29 29 28 31 32 29.8 
5) 27 28 26 27 26 26.8 
6) 25 25 27 26 26 25.8 
7) 35 33 34 36 34 34.4 
8) 29 34 36 34 34 33.4 
9) 37 37 34 34 39 36.2 

10) 38 36 38 36 36 36.8 

General Mean 30.9 +5.9/-7.70 
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XXXI. Phyllostachys puhescens (juvenile)*. 

Mean 
I) 27 36 34 34 32.75 
2) 28 28 26 28 27.5 
3) 34 41 36 41 38 
4) 30 30 27 26 28.25 
5) 28 27 28 27 27.5 
6) 30 30 32 30 30.5 
7) 21 22 26 20 22.25 

General Mean 29.53 +8.47/-7.28 

XXXII. Yushania alpina 

Mean 
I) 28 27 30 26 25 27.2 
2) 29 29 23 24 26 26.2 
3) 31 28 30 27 31 29.4 
4) 29 26 33 26 24 27.6 
5) 23 25 24 23 28 24.6 
6) 27 27 24 25 24 25.4 
7) 29 32 33 30 28 30.4 
8) 28 28 35 30 26 29.4 
9) 32 34 33 34 33 33.2 

10) 34 39 37 37 37 36.8 

General Mean 29.02 + 7.78/-4.42 

B) Non-Manifest Tessellations 

I. Himalayacalamus falconeri 

Mean 
I) 28 29 28 26 27 27.6 
2) 23 26 29 24 27 25.8 
3) 26 25 23 31 26 26.2 
4) 26 27 28 28 27 27.2 

General Mean 26.7 +0.9/-0.9 

*Leaves taken from 7 different, about two-month old clones, at the stage of 4 to 6 leaves. 
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II. Dinochloa scandens (Siam). 

Mean 
I) 27 26 26 26 25 26 
2) 22 26 31 26 26 26.2 
3) 21 24 22 26 24 23.4 
4) 25 22 25 25 24 24.2 
5) 25 21 23 26 26 24.2 
6) 31 31 31 28 29 30 
7) 27 26 28 27 29 27.4 
8) 30 25 28 27 27 27.4 
9) 27 27 27 24 25 26 

10) 25 29 27 27 31 27.8 

General Mean 26.26 +3.74/-2.86 

III. Bambusajiexuosa (Siam)*. 

Mean 
I) 21 21 21 20 22 21 
2) 22 25 22 21 22 22.4 
3) 25 22 24 20 21 22.4 
4) 23 21 21 22 21 21.6 
5) 21 25 22 23 21 22.4 

General Mean 21.96 +0.44/-0.96 

*Method of approximate estimation by measuring a limited number of tesselations in Bamhusaflexuosa: 
tessellations = chosen unit ciflength 

mean of' measures 
Results (in mm) obtained out of 20 measures: 

0.728 0.883 1.103 0.728 0.895 
0.949 1.137 0.803 1.038 0.919 
1.102 1.088 0.839 0.868 0.645 
0.947 0.876 1.107 0.711 0.727 

Mean: 0.904 
. 20 

Tessellation = 
0

_
904 

= 22.12 

It will be noted that the use of that obvious formula gives quite a good approximation of the measure of the low 
non-manifest tessellations when they are difficult to count due to the fact that they are not easily observed. 
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C) Samples of Dry Leaves (Immersed in water for more than 24 hours). 

I. Chusquca nigricans 

Mean 

I) 47 42 47 40 42 43.6 
2) 40 40 36 36 38 38 
3) 38 41 35 37 34 37 
4) 42 42 42 42 43 42.2 
5) 37 39 39 43 42 40 

General Mean 40.16 +3.44/-3.16 

II. Chusquca hrcviglumis 

Mean 

I) 32 30 31 32 32 31.40 
2) 38 35 36 39 38 37.2 
3) 39 40 41 40 38 39.6 
4) 43 43 46 41 42 43 
5) 34 36 37 39 41 37.4 

General Mean 37.72 +5.28/-6.32 

III. Chusquea uliginosa 

Mean 

I) 37 39 37 36 36 37 
2) 33 29 31 31 32 31.2 
3) 31 35 33 32 32 32.6 
4) 42 42 43 37 44 41.6 
5) 40 38 39 41 38 39.2 

General Mean 36.32 +5.28/-5.12 

IV. Chusquea macrostachya 

Mean 

1) 33 35 33 35 33 33.8 
2) 32 36 37 36 39 36 
3) 39 38 39 39 40 39 
4) 33 30 34 32 32 32.2 
5) 36 41 34 36 38 37 

General Mean 35.6 +3.4/-3.4 
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V. Chusquea argentina 

Mean 

1) 29 31 30 28 29 29.4 
2) 28 28 29 33 32 30 
3) 27 27 26 29 25 26.8 
4) 32 35 31 33 30 32.2 
5) 30 29 34 31 28 30.4 

General Mean 29.76 +2.44/-2.96 
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Abstract 

97 

Ornamental bamboos were introduced into the U.S. in the late 19th and early 20th 
centuries primarily by government plant explorers such as David Fairchild, Frank Meyer 
and F. A. McClure. Before World War II, they were grown and displayed principally in 
government experiment gardens, nurseries and private collections. After the 1940s, bam
boos were gradually dispersed from these bamboo "centers" to public botanical gardens 
across the southeast and south central regions and east and west coasts of the United States. 
Today, many public gardens in these areas display one or more species of bamboo. A 
recent survey reports the present status of botanic garden use and cultivation. In the future, 
this widespread availability of bamboos in U.S. botanic gardens could become a major 
source for bamboo research, education, and utilization. 

Introduction 

Almost 150 years have passed since the cultivation of Bambusa vulgaris was reported 
by Spanish colonists in southern Florida in the 1840s (Edison Winter Home, pers. comm.). 
Since then over 200 species, varieties, and cultivars of bamboos have been introduced into 
the United States. Today, more botanic gardens than ever before are featuring bamboos in 
their displays and in doing so, help promote their use and cultivation. 

During this new phase of bamboo popularity, it might be proper to reflect upon: 1) the 
people and past events that led to the bamboos we see in our public gardens today, 2) the 
present status of bamboos in American botanic gardens and 3) the future and its many 
opportunities in the fields of bamboo research, education, and utilization. 

These aspects are examined here in the hope that bamboos will remain an important 
component of botanic gardens in the United States. 

The Past 

Initial Introductions 

Besides the mysterious appearance of Bambusa vulgaris in Florida referred to above, 
the introduction of Old World and Latin American bamboos into the United States began 
over 100 years ago when P seudosasa japonica was introduced around 1860 (R.A. Young, 
1961 ). For the next 37 years there was no systematic recording of introductions, and our 
knowledge of the specific taxa introduced is limited. Arundinaria simonii arrived in 1876 
when it was planted as part of a Japanese garden in Wallingford, Pennsylvania; it still grows 
there today (Sarah Thompson, Upper Bank Nursery, pers. comm.). Phyllostachys aurea 
arrived in 1882 (Farrelly, 1984), and Sasa palmata was given to the Arnold Arboretum in 
1891 as Sasa senanensis (pers. comm. to F.A. McClure). A grove of Henon bamboo (Phyl
lostachys nigra cv. Henon) was established in Caspiana, Louisiana, not far from Shreveport, 
around 1894 (Young, 1946a). 

*New York Natural Heritage Program, New York State Dept. of Environmental Conservation, 700 Troy
Schenectady Rd., Latham, NY 12110-2400. 
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We may assume that until official private and government plant explorers began send
ing material from the largely unexplored continent of Asia in the latter part of the 19th and 
early 20th centuries, there were but a few scattered introductions of bamboo into the United 
States. 

Lathrop and Fairchild 

Eighteen ninety-six was a significant year for the introduction of bamboos into the 
United States. David Fairchild, an American plant pathologist, was travelling in Sumatra 
with his friend and benefactor Mr. Barbour Lathrop. In the town of Padang, Fairchild, who 
was to become one of our country's most f~mous plant explorers, received a lasting impres
sion of the beauty and usefulness of bamboo. In his words, "I little dreamed how much of 
my life would be devoted to the introduction of bamboos into the Western Hemisphere 
(Fairchild, 1938).'' 

On New Years Day 1897, Fairchild made an informal agreement to take up the study 
of the plants useful to man and, together with Mr. Lathrop, introduced these plants into 
America. The Fairchild-Lathrop partnership lasted until Lathrop's death in 1927, and both 
Fairchild's and Lathrop's interest in bamboos resulted in the direct or indirect introduction 
of most of the bamboos we see in cultivation today. 

After his trip to Indonesia with Lathrop, Fairchild returned to Washington, D.C., in 
August 1897. After long discussions with Agriculture Secretary James Wilson, he and fel
low pathologist Walter Swingle were asked to organize the Section of Foreign Seed and 
Plant Introduction. In April of 1898, the Section was formally established and Fairchild 
was appointed chief. One of his first duties was to establish the systematic method of 
recording plants introduced into the United States. 

Table 1 

Bamboo species first introduced by David Fairchild. 

SPECIES 
Arundinaria hindsii 
Arundinaria hindsii var. graminea 
Bambusa multiplex cv. Alphonse Karr 
Bambusa vulgaris 
Chimonobambusa quadrangularis 
Chusquea qui/a 
Dendrocalamus macroculmis 
Gigantochloa aspera 
Gigantochloa verticillata 
Melocanna humilis 
Phyllostachys bambusoides cv. Castillon 
Phyllostachys bambusoides cv. Marliacea 
Phyllostachys nigra cv. Henon 
Phyllostachys nigra cv. Madaradake 
Sasa veitchii 
Shibatea kumasaca 

DATE 
Nov. 1, 1902 
Nov. 1, 1902 
Nov. 1, 1902 
Nov. I, 1902 
Nov. I, 1902 
July I, 1899 

Mar. 19, 1925 
July 19, 1926 
May 1, 1926 

May 20, 1927 
Nov. I, 1902 
Nov. I, 1902 
Nov. I, 1902 
Nov. I, 1902 
Nov. 1, 1902 
Nov. 1, 1902 
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Soon after his appointment, Lathrop offered to finance a series of around-the-world 
trips to ensure that Fairchild had the experience to build the office of plant introduction 
properly. During four years of travel (Oct. 1898 - Sept. 1902), Fairchild and Lathrop were 
to introduce twelve different species of bamboo to the United States (Table I). Their first 
introduction, Chusquea qui/a, from Santiago, Chile, was the tenth bamboo received by the 
United States government. (The first six were sent from Japan in March, 1899 by a Profes
sor S.A. Knapp and the next three sent from the Jardin d'Essai in Mustapha, Algeria in 1899 
by Walter Swingle.) Most of their species were obtained during a visit to Yokohama, Japan 
where their friend Uhei Suzuki helped secure the various plants. During a side trip through 
the Japanese countryside, Fairchild visited a grove of Moso bamboo (Phyllostachys hetero
cycla var. puhescens) and, inspired by the beauty of the grove, thought it would be worth 
every effort to introduce it to the United States unaware that Swingle had already made an 
introduction three years earlier from the garden in Algeria (Fairchild, 1938). It has also 
been reported that Moso reached the West Coast of the United States as early as 1890 (Far
relly, 1984). These encounters with the Oriental bamboos helped to reinforce Fairchild's 
special interest in this group of plants. For a detailed account of Fairchild's studies of bam
boo in Japan (see Fairchild, 1903). 

After another trip with Lathrop in 1903, Fairchild returned to Washington and was 
rehired by the USDA in the position of Agricultural Plant Explorer, thus enabling him to 
continue his interest and devotion to introducing new bamboos. 

Fairchild and the Plant Introduction Stations 

As the original chief of the Office of Seed and Plant Introduction and as Agricultural 
Plant Explorer under the Bureau of Plant Industry in the Department of Agriculture, Fair
child was responsible for setting up a system of plant introduction gardens or stations where 
plants being sent back from plant explorers could be grown (Figure I). Beginning in 1898, 
each plant was assigned a Plant Introduction (PI) Number, cataloged and published in the 
USDA journal Plant Inventory. 

Mayaguez~-

Figure I. Government bamboo introduction stations and A very Island. 

Coconut 
Grove 
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The first garden to be established was the Plant Introduction Garden in Miami, begun 
in 1898 with Edward Simmonds in charge. This small six-acre garden was later moved to its 
present location in Coconut Grove in 1917, the site of an old army airfield called Chapman 
Field (Fairchild 1938). Now called the Subtropical Horticultural Research Station of the 
USDA Agricultural Research Service, it is the site of many tropical bamboo introductions 
of the 20s and 30s. 

During the summer of 1904, Fairchild established the Plant Introduction Station at 
Chico, California from land donated by a local citizen's group. Here many of his own bam
boo introductions and later those of Frank Meyer were grown. Its importance as a bamboo 
garden diminished once a new garden at Brooksville, Florida, was established in 1908. In 
1974 the U.S. Forest Service assumed ownership of the Chico station and the focus of 
activities was shifted to the improvement of commercially important forest tree species for 
California. Only one grove of bamboo is still growing there. 

In 1910, Fairchild was also searching for a suitable location for an experimental nur
sery near Washington, D.C. He established the Bell, Maryland Introduction Garden, also 
known as the Glenn Dale Introduction Station and now part of the USDA complex at Belts
ville. Many of the more cold-hardy bamboos were grown here, and the station played an 
important part in the introduction of bamboos into the northeastern states. 

When Fairchild realized that the soil at the Brooksville Garden would not be suitable 
for bamboos, he began a search for another location. In 1919, after learning that a large 
grove of Japanese Timber Bamboo wa, about to be destroyed near Savannah, Georgia, he 
wrote to his friend Barbour Lathrop and asked if he would like to buy the grove. Lathrop 
agreed to buy the whole 46-acre farm and presented it to the Office of Plant Introduction for 
use as a Plant Introduction Garden. After Lathrop's death in May of 1927, the garden was 
named in his honor. It was primarily dedicated to the introduction of bamboos although 
other agricultural plants were introduced there as well. A detailed account of the early his
tory of the station is given in Fairchild 1919 and 1928. 

The Barbour Lathrop Garden played a major role in the introduction of bamboos in 
the South and to botanic gardens across the United States. After the Quarantine Act of 
1914, private citizens, gardens and nurseries were not allowed to import plants on their 
own. Most temperate bamboos arrived in the United States through the gardens in Glenn 
Dale, then transferred to the Savannah Station. One of the new bamboo species introduced 
there, Phyllostachys bissetii, is named after a long-time manager of the station, David 
Bisset. 

In the early 1970s, a decision was made to close the Savannah Station for budgetary 
reasons and the government decided to move the bamboos to the South Atlantic Area 
Southeastern Fruit and Tree Nut Research Laboratory in Byron, Georgia, just south of 
Macon. The Savannah station was officially closed in 1980 and taken over by the Univer
sity of Georgia Cooperative Extension Service, which continues to maintain the remaining 
bamboos. 

As mentioned above, Coconut Grove handled most of the tropical and subtropical 
bamboo introductions. but the Mayaguez Institute of Tropical Agriculture, founded in 190 I 
as the Mayaguez Federal Experiment Station, also accumulated a large number of tropical 
species. One hundred nineteen bamboo introductions, consisting of 50 species in 18 genera, 
have been recorded there (Edelman et al., 1985). The Mayaguez station and another experi
ment station begun by Fairchild in Summit, Panama, were responsible for a great deal of 
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research on tropical bamboos and helped distribute bamboos to other countries in Latin 
America and the Caribbean basin. These two tropical gardens probably distributed only a 
few bamboos to North American gardens. 

The bamboos that were grown in the introduction gardens were sent by various peo
ple and institutions, but, except for Fairchild, the bulk of the species were introduced and 
later studied by only a few. These bamboo pioneers, greatly influenced by Fairchild's 
efforts, are responsible for most of the bamboos we see in our botanic gardens today. 

Fairchild and Meyer 

In 1904, Fairchild left for an inspection tour of the government introduction gardens 
in the western United States with the added purpose of finding someone to explore China 
for plants. He returned to Washington later that year but had not been successful in locating 
an explorer until the Spring of 1905 when he heard of Frank Meyer, originally from the 
Netherlands, who had previously worked as a gardener for the Section of Seed and Plant 
Introduction in Washington, D.C., and Chico, California. 

One hot July afternoon in 1905, Fairchild sat down in his Washington office to inter
view Meyer for the position of U.S. Agricultural Explorer. During the interview Meyer 
was brought to tears as he explained how, as a government gardener, he was not allowed to 
properly care for the bamboos that Fairchild had introduced from Japan to the introduction 
station in Chico. Fairchild remembered this show of emotion as one of the reasons he hired 
Meyer who was to become one of the important figures in plant exploration in Asia and who 
introduced six of the most popular bamboos in cultivation in the United States today (Cun
ningham, 1984) (Table 2). 

Table 2 

Bamboo species that were first introduced by Frank N. Meyer from Tangsi, Chekiang 
Province, China. 

SPECIES 
Phyllostachys angusta 
Phyllostachys aureosulcata 
Phyllostachys congesta 
Phyllostachys meyeri 
Phyllostachys nuda 
Phyllostachys vivax 

DATE 
June 13, 1908 
June 13, 1908 
June 13, 1908 
June 13, 1908 
June 13, 1908 
June 13, 1908 

Fairchild and Meyer remained friends until Meyer's death in 1918. Both were 
equally enthusiastic about the possibility of introducing new bamboos from China. 

During Meyer's first expedition to China (September 1905 to June 1908), he con
tracted for over 300 bamboo plants to be shtpped to the United States. In the summer of 
1907, he bought 300 bamboo plants native to northern China and stored them with the 
superintendent of parks in Shanghai. In June, at Tangsi (Dongsi), Chekiang Province, he 
bought 60 boxes of southern bamboo species. In June of 1908, he sent a total of 30 dif
ferent species to the United States, but unfortunately upon arrival in San Francisco inspec
tors noticed that some of the culms had an infestation of scale and subsequent fumigation 
resulted in the death of most of the varieties. Both Fairchild and Meyer were severely 
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distraught over the loss, and Meyer never fully recovered (Cunningham, 1984 ). One of the 
remaining species, Phyllostachys meyeri, was eventually named for him by F.A. McClure. 

In November of 1908, after spending the summer and fall in Washington, Meyer 
travelled across the United States in search of a suitable site for an official government bam
boo introduction station. After a lengthy search he chose Brooksville, Florida, about 30 
miles north of Tampa, because of the clay subsoil layer that he felt was necessary for sup
port of tall bamboos. Unfortunately, once the bamboos were planted, the clay layer proved 
too thick and impenetrable to the rhizomes, and the heavy rains often turned the area into a 
swamp (Fairchild, 1938). 

Meyer was to return to Asia during three subsequent expeditions until his mysterious 
drowning in the Yangtze River in May 1918. Even though he made observations of bamboo 
groves in southern Russia and China he never sent another shipment of bamboo plants 
(Cunningham, 1984 ). 

Robert A. Young 

The garden at Brooksville encouraged another young botanist to take up the study of 
bamboos. Robert A. Young, born in 1876 and a graduate of Ohio State University, joined 
the Plant Introduction Office in the fall of 1907. Later, at Brooksville and Savannah, he 
experimented with Indian yams, chayote, taro or dasheen, and bamboos. He went on to 
write a number of publications about bamboo that are still very useful today (Young, 1937; 
1946b; 1948; 1961). The most comprehensive is his exhaustive treatment of the cultivated 
bamboos that had been introduced to American horticulture (Young, 1945a,b; 1946a,c,d). 

E. A. Mcilhenny 

Avery Island, Louisiana (Figure 1) is famous not only for its Tabasco Sauce but for 
the bamboos that were the obsession of the island's owner, E. A. Mcilhenny. Many dupli
cates of the early government bamboo introductions were sent to A very Island for trial by 
Mcilhenny. He succeeded in growing many different species and often had the only surviv
ing plants of a specific introduction. For example, after Phyllostachys dulcis flowered 
around 1910, Mcilhenny rescued one lone plant that had not succumbed and from it were 
propagated all the plants grown in the United States today (Young, 1946). Mcilhenny's 
botanic garden, Jungle Gardens, is still in existence and contains one of the oldest bamboo 
plantings in the country. He was one of the original promoters of using bamboo as a raw 
material for paper in the South and wrote popular articles espousing the usefulness of bam
boo (Mcilhenny, 1945a, 1945b ). 

Floyd A. McClure 

In the mid 1920s, Fairchild. contacted F. A. McClure, a college horticulture professor 
who was then teaching at Lingnan University near Canton, China. It is uncertain how he 
first heard of McClure, but Fairchild asked him if he would collect Chinese bamboos for the 
government. According to Fairchild, this is when McClure's special interest in bamboos 
began (Fairchild, 1938). Over the span of 20 years, McClure shipped hundreds of plants 
from China and gave us 56 new species, varieties and cultivars (Table 3), more than any 
other plant explorer in history. His bamboo garden at the University contained hundreds of 
taxa of bamboo from which the USDA accessioned 250 PI numbers of living plants 
between 1924 and 1940 (Farrelly, 1984 ). His interest in bamboos continued throughout his 
life and was a major factor in the continued importation and study of bamboo by the USDA. 
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Table 3 

Bamboo species first introduced by F. A. McClure. 

SPECIES 
Arundinaria amahilis 
Arundinaria anf{ulata 
Arundinaria hasigihhosa 
Arundinaria hrevipaniculata 
Bamhusa bashirsuta 
Bamhusa boniopsis 
Bamhusa dissimulator 
Bamhusa dolichoclada 
Bamhusa eutuldoides 
Bamhusa eutuldoides var. hasistrata 
Bamhusa fecunda 
Bamhusa fiexuosa 
Bamhusa Rihha 
Bamhusa lapidea 
Bamhusa mutahilis 
Bamhusa pervariahilis 
Bamhusa rutila 
Bamhusa sinospinosa 
Bamhusa spinosa 
Bamhusa textilis 
Bamhusa textilis var. alba-striata 
Bamhusa textilis var. fuse a 
Bamhusa textilis var. glabra 
Bamhusa textilis var. f{racilis 
Bambusa textilis var. maculata 
Bambusa ventricosa 
Gigantochloa levis 
lndocalamus herklotsii 
lndocalamus nanunicus 
lndocalamus sinicus 
Lingnania chungii 
Linf{naniafimhriligulata 
Oxytenanthera aliena 
Phyllostachys arcana 
Phyllostachys bambusoides cv. Slender Crookstem 
Phyllostachys bamhusoides cv. White Crookstem 
Phyllostachys decora 
Phyllostachys elef{ans 
Phyllostachys Rlauca 
Phyllostachys nidularia cv. Smoothsheath 
Phyllostachys propinqua 

DATE 
Apr. 9, 1935 

June 24, 1927 
Jan. 30, 1941 
Dec. 22, 1926 
Apr. 27, 1938 
Apr. 27, 1938 
Apr. 27, 1938 
Apr.27, 1938 
Apr. 27, 1938 
Apr. 27, 1938 
Apr. 27, 1938 
Apr. 27, 1938 
Apr. 27, 1938 
Apr. 27, 1938 
Apr. 27, 1938 
Apr. 27, 1938 
Apr. 27, 1938 
Apr. 27, 1938 
Apr. 27, 1938 
Apr. 10, 1929 
Apr. 27, 1938 
Apr. 27, 1938 
Apr. 27, 1938 
Apr. 27, 1938 
Apr. 27, 1938 
Apr. 27, 1938 
Apr. 27, 1938 
Apr. 27, 1938 
Jan.30, 1941 
Apr. 27, 1938 
Jan. 30, 1941 
Apr. 27, 1938 
Jan. 30, 1941 
Jun.24, 1927 
Jan. 1, 1943 
Apr. 7, 1926 

Apr. 27, 1938 
Apr. 9, 1935 
Jun.24, 1927 
Apr. 27, 1938 
Jan. 26, 1926 
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SPECIES 
Phyllostachys purpurata 
Phyllostachys purpurata cv. Solidstem 
Phyllostachys purpura fa cv. Straightstem 
Phyllostachys rubromarginata 
Phyllostachys vi rid is for. Houzeau 
Schizostachyum dumetorum 
Schizostachyum funghomii 
Schizostachyum lima 
Schizostachyum pseudolima 
Semiarundinaria venusta 
Sinobambusa humilis 
Sinobambusa intermedia 
Sinobambusa laeta 
Sinobambusa rubroligulata 
Sinobambusa tootsik 

DATE 
Apr. 27, 1938 
Jun.24, 1927 
Jun.24, 1927 
Jul. I, 1925 

Jun.27, 1956 
Apr. 27, 1938 
Apr. 9, 1935 
Apr. 27, 1938 
Apr. 27, 1938 
Jan. 30, 1941 
Apr.27, 1938 
Jan. 30, 1941 
Jan. 30, 1941 
Jan. 30, 1941 
Apr. 27, 1938 

1991 

After his return from China in 1941, he began to study the potential uses of bamboo 
in the South and explored much of Latin America in search of new species for the USDA 
and the Smithsonian. Much of the knowledge gained from his years studying bamboo in 
Asia and Latin America is included in his book The Bamboos: A Fresh Perspective (1966). 
Almost every botanical garden that has bamboo will have at least one species introduced or 
written about by McClure. 

Botanic Gardens 

It took many years before the bamboo introductions described above found their way 
into American botanic gardens. Only a handful of gardens were well established by the 
time the USDA imposed strict quarantine restrictions on the importation of bamboos in 
1918 by anyone other than the government (USDA, 1917). The bulk of our present-day taxa 
were imported during the 20s, 30s and early 40s and were being grown in the government 
experiment stations in Savannah, Coconut Grove, Mayaguez and Glenn Dale (Brennecke, 
1980). 

Many gardens have not kept complete records of their introductions so the history of 
how and when specific bamboos were first grown is sketchy. Gradually these bamboos 
were obtained by botanic gardens directly from the U.S. government or through nurseries 
that had originally obtained them from the government or through their own introductions 
before the quarantine. Most likely, only a few gardens had bamboos before the 1950s, and 
these were located near the centers of introduction in California and along the East Coast. 

Bamboos began to become more evident in botanic gardens in the 1950s in facilities 
such as the Los Angeles State and County Arboretum, Longwood Gardens near Philadel
phia, and the Washington Park Arboretum in Seattle. 

Some of the larger gardens such as the U.S. National Arboretum, Strybing and Arnold 
Arboretum did not start creating bamboo collections until the 60s and 70s; therefore, most 
of the bamboos in American gardens did not become available for view by the general pub
lic until the last 30 years and not in a great deal of diversity until the last ten years. Ironi
cally, the increase in bamboo garden displays came at a time when government 
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introductions had dwindled to almost nothing (Figure 2). In the early 50s, the USDA lost 
interest in the manufacture of paper from bamboo and other economic uses. Also, there 
were few plant explorers sending back specimens, and the grass quarantines were stiffened. 
It was a case of too much government effort for too little interest (John Creech, pers. 
comm.). The last new species introduced by the government was Guadua tagoara from 
Brazil in April, 1958. Fortunately by this time, many botanic gardens had become 
significant repositories for bamboos neglected by the government. 

Number of Introductions 
250 243 

200 

150 

100 

50 

1 

90s OOs 10s 20s 30s 40s 50s 60s 70s 80s 
Decades 

Figure 2. Government bamboo introductions, 1898-1980. 

The formation of the American Bamboo Society, which has taken over a large part of 
the promotion of bamboos that the U.S. government performed in the past, was another 
significant development in the last decade. Since 1980 the Society has received approxi
mately 75 shipments of bamboos from Asia and Latin America at their quarantine station 
north of San Diego. This increased introduction, promotion and communication between 
members and gardens is helping to increase the number of bamboos seen in botanic gardens 
across the country. Mercer Arboretum and Botanic Gardens near Houston and Hakone Gar
dens in Saratoga, California, are two recent examples. Both gardens have started building 
major collections of bamboo. 

The Present 

The present status of bamboos in American botanic gardens was ascertained through 
a survey of 26 questions regarding bamboo presence, education, cultivation and utilization. 
It was distributed in late 1987 to 94 botanic gardens around the country and one in Canada. 
The facilities were chosen from a list of gardens in Gardens of North America and Hawaii 
(Jacob and Jacob, 1985) and the institutional members of the American Association of 
Botanical Gardens and Arboreta (AABGA, 1988). Gardens were chosen on the basis of 
hardiness zone which was restricted to USDA zones 6-10 and Sunset zones 17 to 24 where 
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the average minimum temperature is greater than -10° F ano bamboos are grown out-of
doors year-round. Gardens were also chosen on the basis of plant diversity, avoiding those 
that specialize in only a few kinds of plants. 

Sixty-seven gardens responded to the survey for a return rate of 71% (Table 4 ). 
These gardens were distributed across the country in almost every hardiness zone selected 
(Figure 3). Their sizes ranged from 2.2 to 9127 acres (0.9 - 3694 hectares) and 2 - 200 
years in age. 

2 

2 

6 

2 

C> 
Figure 3. Distribution of gardens responding to the survey. 

Of the 67 gardens responding, 20 (30%) reported no bamboos and 47 (70%) reported 
having at least one species of bamboo. Twenty-six gardens (57%) had 1-9 taxa, 8 gardens 
(17%) had 10-19, five (II%) had 20-29, three (6%) had 30-39 and two (4%) had 40 or more 
taxa (Figure 4). Three gardens that had bamboos did not report the number of taxa. Of the 
47 gardens that reported having bamboos, 8 (17%) are funded only by public money, 18 
(38%) are funded strictly by private money and 21 (45%) are funded by both private and 
public money. 

The identification of bamboos has always been a problem because of the lack of 
well-written and illustrated identification manuals. Even so, 32 (68%) of the gardens with 
at least one bamboo (one garden did not respond to this question) had over half of their 
bamboos identified and 18 (38%) had I 00% of them identified (Figure 5). Only 5 ( 11%) did 
not have any identified. Some gardens expressed doubt however, as to the validity of their 
identifications and would have preferred a more expert opinion. 

Labelling bamboos in the garden does not seem to be a high priority in many facilities 
and may be made more difficult by the lack of proper identification. Twenty-two (47%) of 
the gardens (one did not respond to the question) had half or less of their bamboos labelled 
and twenty-four (51%) had more than half labelled. There was an equal number of gardens 
(14, 30%) with plants 100% labelled as those with 0% labelled (Figure 5). 
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Figure 4. Quantity of Taxa in Botanic Gardens. 
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Figure 5. Quantity of Taxa Identified and Labeled. 
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Table 4 

Survey respondents and number of bamboo taxa grown. (?=number not known) 

Adkins Arboretum 0 Queen Anne, MD 
Alfred I Dupont Institute I Wilmington, DE 
Arboretum of Haywood Community College 0 Clyde, NC 
Arnold Arboretum 25 Jamaica Plain, MA 
Atlanta Botanical Garden Atlanta, GA 
Avery Island Jungle Gardens 17 A very Island, LA 
Bartlett Arboretum Stamford, CT 
Bellingrath Gardens 5 Theodore, AL 
Blithwold Gardens and Arboretum I Bristol, RI 
Bok Tower Gardens 3 Lake Wales, FL 
Brookgreen Gardens 3 Murrell's Inlet, SC 
Brooklyn Botanic Garden 20 Brooklyn, NY 
Brookside Gardens 4 Wheaton, MD 
California State University Arboretum 0 Fresno,CA 
Callaway Gardens 0 Pine Mountain, GA 
Connecticut Arboretum I New London, CT 
Crosby Arboretum 0 Hattiesburg, MS 
Davidson College Arboretum 0 Davidson, NC 
Auburn University Davis Arboretum 0 Auburn, AL 
Desert Botanical Garden 0 Phoenix, AZ 
Edison Winter Home 9 Ft. Myers, FL 
Fairchild Tropical Garden 5 Coral Gables, FL 
Filoli 0 Woodside, CA 
Flamingo Gardens 3 Fort Lauderdale, FL 
Fort Worth Botanical Garden 3 Fort Worth, TX 
Fullerton Arboretum 5 Fullerton, CA 
Ginter Botanical Garden 0 Richmond, VA 
Honolulu Botanic Garden 6 Honolulu, HI 
Hoyt Arboretum Portland, OR 
Huntington Botanical Gardens 40 San Marino, CA 
Japanese Garden ? Portland, OR 
Kalmia Gardens of Coker College I Hartsville, SC 
Los Angeles State and County Arboretum 31 Arcadia, CA 
Leu Botanical Gardens 10 Orlando, FL 
Live Oak Gardens 20 New Iberia, LA 
Longvue Gardens New Orleans, LA 
Longwood Gardens 18 Kennett Square, P A 
Lyon Arboretum 5 Honolulu, HI 
Marie Selby Botanical Gardens 4 Sarasota, FL 
Mendocino Coast Botanical Gardens Fort Bragg, CA 
Mercer Arboretum and Botanic Gardens 35 Humble, TX 
Missouri Botanical Gardens ? St. Louis, MO 
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Moody Gardens 2 Galveston, TX 
Morris Arboretum II Philadelphia, P A 
Myriad Gardens 0 Oklahoma City, OK 
North Carolina Botancial Garden/Coker Arboretum 2 Chapel Hill, NC 
Niguel Botanical Preserve 0 Laguna Niguel, CA 
North Carolina State Arboretum 17 Raleigh, NC 
Overfelt Botanical Gardens 0 San Jose, CA 
Planting Fields Arboretum 0 Oyster Bay, NY 
Quail Botanical Gardens 174 Encinitas, CA 
Queens Botanical Garden 0 Queens, NY 
San Antonio Botanical Center 0 San Antonio, TX 
Sarah P. Duke Gardens 0 Durham, NC 
Sherman Library and Gardens I Corona del Mar, CA 
State Botanical Garden of Georgia 0 Athens, GA 
Strybing Arboretum and Botanical Gardens 25 San Francisco, CA 
United States National Arboretum 25 Washington, DC 
University of California Arboretum, Davis 0 Davis, CA 
University of California Botanic Garden, Riverside 12 Riverside, CA 
University of California Botanic Garden, Berkeley 10 Berkeley, CA 
University of California Botanic Garden, Irvine I Irvine, CA 
University of Alabama Arboretum 0 University, AL 
Van Dusen Botanical Gardens 38 Vancouver, BC 
Waimea Arboretum and Botanical Garden ? Haleiwa, HI 
Washington Park Arboretum 14 Seattle, WA 
Winterthur Museum and Gardens 0 Winterthur, DE 

When the comparison of running to clumping bamboos was made, 8 gardens had only 
clumping bamboos and I 0 gardens had only running bamboos. Most gardens had at least 
one running and one clumping bamboo. 

Some gardens place all their bamboos in a designated area, and some have them scat
tered throughout the garden or a combination of the two. There were 20 gardens (43%) that 
had an area specially designated for bamboos with the size of the area ranging from 50 sq. 
ft. to eight acres and the number of bamboos in the area from one to thirty-five (Table 5). 

Bamboo is used as a building material in many parts of the world, but American 
botanic gardens have yet to use it on a large scale. Eleven gardens (23%) reported that they 
use their own bamboo for building material and 12 gardens (26%) use bamboo for some 
type of structure, usually fences and gates (Table 6). 

With so many gardens reporting at least one species of bamboo, it was disappointing 
to see that only 17 gardens (36%) used bamboos in teaching programs and only four (9%) 
were performing research studies on their bamboo. The research topics are listed in Table 
7. 

Gardens were asked about specific cultivation techniques to learn how bamboos are 
grown in different gardens. Thirteen gardens (28%) fertilize their bamboos on a regular 
basis (other gardens would consider this insanity!) while only 17 gardens (36%) thin their 
groves on a regular basis. Seven gardens (15%) both fertilize and thin on a regular basis. 
This may indicate that gardens not performing these techniques consider bamboo a rather 
low maintenance planting, or they may not be familiar with the proper procedures. 
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Table 5 
Size (in square feet) of designated bamboo area and.number of taxa. 

Size Taxa Garden 
50 I Atlanta Botanic Garden 
100 Mendocino Coast Botanic Garden 
100 Sherman Library and Gardens 
200 2 Moody Gardens 
300 I Bartlett Arboretum 
400 3 Fullerton Arboretum 
1000 12 Univ. of CA Botanic Garden, Riverside 
2000 Alfred I. Dupont Institute 
3000 Blithwold Gardens and Arboretum 
5445 ? Waimea Arboretum and Botanic Garden 
8000 35 VanDusen Botanical Garden 
10890 Kalmia Gardens-Coker College 
10890 Longvue Gardens 
10890 14 Strybing Arboretum 
10890 8 North Carolina State Arboretum 
21780 I Hoyt Arboretum 
43560 19 Quail Botanical Gardens 
43560 35 Mercer Arboretum 
87120 8 Leu Botanical Gardens 
348480 23 LA State & County Arboretum 

One of the most frequent maintenance worries with running bamboos is their contain
ment, and gardens with running bamboos (35) were asked how they contain the rhizomes 
(Figure 6). Most (12) contain by mowing around the clump when the new shoots appear. 
The next most popular method (8) is an underground barrier of some type, and the third 
most popular was digging up stray rhizomes (5). Five gardens reported that they did not try 
to contain their running bamboos and six gardens with running bamboos did not respond to 
this question (one garden used more than one method). 

Table 6 
Bamboo Uses in American Botanic Gardens; 12 of 47 gardens were using bamboo as fol
lows: 

Fences and Gates 
Japanese garden or teahouse 
Arbor 
Bonsai lathe 
Stage props 

8 
2 

Twenty gardens expressed having problems with the cultivation of bamboos (Figure 
7). The biggest problem is the containment of running bamboos (8). Other problems 
include insect and other animal pests (5), winter freeze damage (3), flowering and die-back 
(3), improper soil (2), the growth of vines and weeds in the grove (I), and theft of canes (I) 
(some gardens had more than one problem). 
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Figure 6. Bamboo Containment Methods; from 35 gardens with running bamboos. 
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Figure 7. Bamboo Cultivation Problems; from 20 gardens reporting. 
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Table 7 
Research being carried out in American botanic gardens. 

Number of Gardens 
25 

23 

unknown 1 

Hardiness testing 
Taxonomy 
Phenology 

Irrigation testing 
Rhizome control 

Flowering observations 
Culture techniques 

Conservation 

2 3 
Rating (1•Good 5•Bad) 

Figure 8. The public's opinion of bamboo. 

1991 

4 5 

Only 5 gardens had their own propagation program, but 8 gardens regularly sell bam
boos. The number of clumps sold each year ranged from 12 - 1000 and the best selling 
species are listed in Table 8. 

Gardens were asked how they -thought the public viewed the presence of bamboo in 
the garden on a scale of I - 5 with favorable rated No. I and unfavorable rated No.5. Half 
the gardens did not know the public's opinion, 14 (30%) gave a rating of I, 7 (15%) a rating 
of 2, and 3 (6%) a neutral rating of 3. No one reported an unfavorable rating of 4 or 5 (Fig
ure 8). 

When asked what bamboo reference materials they would like to have, 64% asked for 
more information on taxonomy and identification, 47% wanted more information on bam
boo culture and 38% wanted more information on uses of bamboo. 
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Interest in the survey itself was high with 70% of all respondents expressing a desire 
to receive the results of the survey. The survey findings reflect a rising interest in growing 
bamboos in American botanic gardens. Forty-five percent of the gardens that have bam
boos reported that they are actively acquiring more, and a number of gardens that had no 
bamboos expressed an interest in increasing their collections. A recent relaxation of 
quarantine rules will now allow a greater number of species to be planted. 

The proper cultivation of bamboos still seems to be a problem, especially with the 
running bamboos. The lack of knowledge about cultivation and the fear of rampant 
rhizomes are probably the biggest stumbling blocks to the increased use of bamboos in 
botanic gardens and by the general public. 

Table 8 
Bamboos that were listed as best sellers by 8 gardens. 

Arundinaria chino-vaginatus var. variegatus 
Arundinaria viridi-striata 
Bamhusa multiplex 
Chusquea corona/is 
Drepanostachyum hookerianum 
Otatea acuminata 
Phyllostachys aureosulcata 
Phyllostachys hamhusoides 
Phyllostachys nigra 
Phyllostachys nigra cv. Henon 
Phyllostachys viridis cv. Robert Young 
Phyllostachys vivax 

The Future 

Unlike zoos and certain theme or entertainment parks, botanic gardens offer one of 
the few opportunities for the general public to view and learn about a wide variety of bam
boo taxa. If the trend toward more introductions continues, there will be a greater number 
of bamboos available for display and interpretation. 

The more diverse a collection becomes the more interesting it will be to the public. 
Free exchange of living bamboo material and seeds should be encouraged among gardens, 
but, at the same time, there must be caution taken in the number of introductions accepted 
and their registration. The origin and history of a new bamboo species should not be lost in 
the enthusiasm to distribute it to gardens, nurseries and private collectors. Too many 
species in the hands of novice growers may result in their loss. 

A more detailed history of the introduction and movement of bamboo species 
throughout the United States should be assembled using the available collection records of 
gardens that have grown them. The present survey did not receive responses from some 
significant and historical collections. 

The hundreds of plantings across the country are a valuable resource for any number 
of research projects which form the basis of education about the different species. The par
ticipants at the 1980 International Bamboo Meeting in Singapore discussed many of these 
research needs including taxonomy, gene conservation, silviculture methods, grove 
management, harvest, storage and transport of culms, anatomy, physiology, chemical 
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composition, and bamboo products and structures (Rao et a!., 1987). Some of these projects 
require the support or direct participation by large government entities, but there are many 
studies that botanic gardens might undertake. 

The need expressed in the survey for better taxonomic references could be met by 
writing easy-to-use identification manuals using garden bamboos as study material. 
McClure's bamboo garden at Lingnan University in Canton served this purpose for many 
years. In his opinion, "Familiarity with the living plants is an essential preparation for 
sound taxonomic work on this group. To achieve this, one must be able to return again and 
again to the same plants to make notes, take specimens at different stages of development, 
assemble a complete array of structures essential to identification", (Farrelly, 1984 ). New 
varieties and forms might be selected from plantings that have received little attention over 
the years. 

Education of the general public about bamboos is one of the most important oppor
tunities botanic gardens possess. Accurate identification should encourage increased plant 
labelling. There are few concise and up-to-date references available that deal with teaching 
bamboo information to visitors. More garden education programs should include the study 
of bamboos, especially in view of the importance of bamboos in other cultures. 

Botanic gardens offer an excellent storehouse of experience with the cultivation of 
bamboos. Still more communication needs to be fostered among horticulturists to learn the 
pitfalls and successful techniques of growing bamboos for public display. 

Different cultural methods could be tried at different gardens on the same or different 
species, and much work remains to be done to solve the problems reported in the survey. 
At Mercer Arboretum and Botanic Gardens for example, a new plastic barrier has been 
tested for rhizome containment and a drip-irrigation system is also being tried. 

There is an opportunity for more use of bamboo as a building material for contem
porary garden structures, sculpture and other garden necessities. A need exists for easy to 
understand how-to manuals for bamboo construction to facilitate its use in public gardens. 
Community artisans and musicians, skilled in the use of bamboo, should be encouraged to 
participate in garden construction and activities. Additional information on bamboo's use in 
the landscape should also be made available. 

Botanic gardens have a responsibility to serve as repositories for rare or endangered 
bamboos, especially those from the disappearing flora of the tropics. Rare or historical cul
tivars can be preserved through distribution among the many gardens growing bamboo. 

Conclusions 

The enthusiasm of a few individuals in key government positions early in this century 
was responsible for most of the bamboos we see in our public gardens today. Without 
David Fairchild's interest spawned by his friend Barbour Lathrop, the government quaran
tine on grasses would have set back the introduction of bamboos into this country many 
years. Continued interest by Frank Meyer, Robert Young, Floyd McClure, and others in the 
U.S. government, private collectors like E.A. Mcilhenny, Dr. Henry Nehrling and Julian 
Nally of Gotha, Florida, and nurseries like Reasoner's Tropical Nurseries of Oneco, Florida, 
California Nursery of Niles, California, and Upper Bank Nursery in Media, Pennsylvania, 
assured the distribution of cultivated bamboos throughout the U.S. Private collections, nur
series, zoos and other facilities are subjects for future papers. 
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As the government's role in bamboo research diminished, the role of the botanic gar
dens increased until today we are seeing more bamboos on public display than ever before. 
Quail Botanical Gardens, the American Bamboo Society and other gardens around the 
country where bamboos are being grown are providing a broad new base for the use of 
bamboos in research, education, cultivation and utilization projects. 

The future looks promising, and it is hoped that this resource is used wisely and to its 
fullest potential or we risk repeating past failures brought about by disinterest and 
ignorance. 
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Emmet Judziewiczt and Lynn Clark*: An Overview of the Diversity 
of New World Bamboos 

Abstract 

117 

Bamboos are popularly thought of as giant denizens of the tropical forests of southern 
and eastern Asia, but in fact the New World also boasts a large assemblage of these "tree 
grasses." About 40 genera and 400-450 species occur in the Western Hemisphere, thus 
accounting for nearly one-half of world diversity in this group. Unlike their Old World 
relatives, American bamboos are generally small to medium sized plants, often of graceful 
climbing, clambering, or curtaining habit. Centers of diversity occur in the Andes (the gen
era Chusquea and Aulonemia), along the Atlantic coast of Brazil (Merostachys and Atrac
tantha), and to a lesser degree in Amazonia (Guadua). Guadua is exceptional in the 
Western Hemisphere in that some species are tall, stout, erect plants rivalling in size and 
utility such familiar Asian genera as Bambusa and Phyllostachys; Guadua anf?ustifolia is 
perhaps the most economically important native American bamboo. In contrast to their Old 
World relatives, the generic limits of New World bamboos are, mercifully, fairly distinct, 
but more research is needed in the groups of genera clustered around Guadua and Arthros
tylidium. The shaded understories of neotropical, wet, lowland forests harbor a group of 
about 20 genera and 130-140 species of herbaceous or "bonsai" bamboos, now well
known taxonomically due to the efforts of the late T.R. Soderstrom and his collaborators. 
These generally small, attractive, often fernlike plants deserve more horticultural attention, 
but many, such as the bizarre Anomochloa marantoidea, are quite endangered by rain forest 
destruction. 

Dedication 

Due to their glamorous associations with giant pandas and their importance in the 
material, cultural and artistic life of oriental peoples, the bamboos of the Old World are now 
fairly well known to the occidental public. Much less generally known is that the New 
World is nearly as rich as the Old in terms of numbers of bamboo genera (about 40) and 
species (over 400), and that in terms of morphological and taxonomic diversity, the New 
World bamboo flora is arguably richer than its Old World counterpart (Calderon & Soder
strom, 1980). 

The careers of Thomas R. Soderstrom ( 1936-1987) and his predecessor Floyd 
McClure (1897-1970; cf. McClure 1966, 1973), both working for the Smithsonian 
Institution's Department of Botany, brought this richness of the neotropical bamboo flora to 
light. Soderstrom's presentation at the First International Bamboo Symposium (1985) 
summed up total progress in work on the bamboos from their first mention in Western 
literature, and ended with only a modest mention of his own very significant contributions 
to the field. We would like to dedicate this paper to his memory and have the reader keep in 
mind that many of the bamboos herein discussed were first recognized and described by 
Tom Soderstrom and his collaborators; his bibliography (too lengthy to cite here) may be 
found in the dedication to the proceedings volume of the International Grass Symposium 

tDepartment of Botany. NHB 166, Smithsonian Institution, Washington DC 20560 
*Department of Botany. Iowa State University, Ames, Iowa, U.S.A. 
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(Soderstrom et al., 1987). 

The New World 

The New World does not have a large diversity of giant "timber" bamboos, but Gua
dua angustifolia (also known as Bamhusa guadua) is an exception in that it is quite la!ge 
and forms (or did form) large stands over extensive areas of northwestern South America. 
It has in large part contributed to the development of the native cultures, for example, in the 
Magdalena River Valley. The literature on the economic uses of this species is extensive 
and we refer the reader to the works of Oscar Hidalgo in Colombia, and the article by Jorge 
Moran Ubidia in the Proceedings of the First International Bamboo Conference for more 
details. Guadua is a poorly known genus of upwards of 30 species, most common in the 
lowlands of the Amazon basin. The species vary from erect and robust to vining, but most 
have hollow culms and most have a distinctive whitish band at the nodes. Many species are 
also spiny with branch thorns, and one remarkable undescribed Guadua from Amazonian 
Peru bears plum-sized fleshy fruits (Ximena Londono, pers. comm.). The taxonomic place
ment of the genus is somewhat controversial, and many authors have united it with the Old 
World Bamhusa. 

Like its Himalayan counterpart, the Andes, the greatest mountain range in the New 
World, has a rich bamboo flora. The paramos and sub-paramos of the Andes often harbor 
dense thickets of Chusquea species, hence the common Spanish name of chusqueales; some 
are found at elevations of up to 4000 m. Chusquea is the most widespread New World bam
boo genus, ranging from northwestern Mexico (humid barrancas in the otherwise dry state 
of Sonora) and the West Indies south to Patagonia. It is most abundant in the cloud forests 
of the Andes; southeastern Brazil also has an interesting group of species, but lowland 
Amazonia and the Guyana highlands are almost devoid of Chusqueas. The genus, which is 
usually easy to recognize in a vegetative state by its solid culms (an uncommon feature in 
New World woody bamboos) and multiple, usually numerous branch buds has at least 120 
species, and new taxa are found with each new trip that the junior author makes to tropical 
America. It is now evident that different species of Chusquea are readily identifiable in a 
vegetative state by their patterns of bud complements at the midculm nodes; flowers, 
although still of course desirable for positive identifications, are therefore not mandatory to 
identify many species (Clark, 1985, 1986, in press). 

In contrast to Asia, the northern Hemisphere of the New World nearly lacks a tem
perate bamboo flora; the only bamboo native to the U. S. is the giant cane, Arundinaria 
gigantea. Bamboos are so common in the mild, maritime climate of Japan that it is a bit 
surprising that there are no native bamboos in the mild climates of North America's rainy 
west coast. But, if San Francisco and Vancouver have no native bamboos, several species 
of Chusquea do occur in the temperate, maritime climates of coastal Chile and adjacent 
Argentina, with one widespread species, C. culeou, reaching 47° S in the vicinity of Lago 
Buenos Aires on the border of Chile and Patagonian Argentina; these austral species may 
have ornamental potential in the milder parts of Europe and North America. Another 
species of Chusquea (C.fernandeziana) is found isolated on the Islas Juan Fernandez, often 
know as the "Robinson Crusoe" islands, 300 km west off the coast of Chile, possibly an 
example of long distance dispersal by birds. 

A smaller genus of about 30 species, but poorly known taxonomically and in need of 
much work, is Au/anemia, also common at elevations of 2000 m or more in the Andes. The 
type species of the genus, A. queko, produces culms with extremely long internodes, and 
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these have been used by native peoples of Ecuador to manufacture "flautas" (trumpets), as 
illustrated in the photograph facing the title page of McClure's treatment of the New World 
bamboos (1973). 

Rhipidocladum, a usually vining or scandent bamboo with distinctive and attractive 
fan-shaped clusters of branches at the midculm nodes, has perhaps 20 or more species, 
including an unusual taxon that has alternating long and short internodes, imparting to the 
the culms a curious "double noded" aspect. The genus inhabits the lush misty montane 
forests of Central America and the Andes down to Peru. 

The Guyana highlands of Venezuela and neighboring Guyana harbor an interesting 
but poorly known bamboo flora. This is the region of high, flat-topped sandstone mountains 
(locally called tepuis and often described in popular articles as "lost worlds"), sometimes 
with sheer drops of a thousand meters; it is perhaps the wildest and most remote area left 
within the wet tropics of the world. Extremely difficult of access, many species of 
Myriocladus (at high elevations) Arthrostylidium (moderate elevations) and Guadua (low 
elevations) from the area are known only from their type collections. Myriocladus, in par
ticular, is a bizarre genus with culms that are nearly leafless below, but above are sur
mounted by a fan-shaped complement of usually broad, cordate-clasping leaves. Although 
the heights of the tepuis in this region do not begin to rival those of the Andes, surely many 
new species of bamboos await collection and description in this vast, roadless area of 
rugged terrain. Arthrostylidium schomhurgkii, known locally as curata, is a mysterious 
species that has been collected only a few times from remote Venezuelan mountains. The 
culm internodes may be up to 5 meters long, and were prized by the Arecuna Amerindians 
for the manufacture of sarhicans, blowpipes used for the delivery of poisoned arrows. 

The senior author's recent fieldwork in the Pakaraima Mountains of western Guyana 
has revealed a delicate new species of Rhipidocladum from Mt. Kopinang, and the first 
Guyanan flowering collection of the enigmatic shield-stemmed bamboo that puzzled Soder
strom for so long has proved it to be a species of Arthrostylidium (A. scandens McClure). 

Brazil has a rich bamboo flora, both in terms of herbaceous and woody taxa. In the 
coastal mountains of southern Brazil, many species of Merostachys remain to be adequately 
described, and other genera such as Colanthelia and Apoclada are poorly known. 

One of the most bizarre bamboos on earth is Glaziophyton mirahile, known only from 
a few small populations at high elevations in the windswept, paramo-like Serra dos Orgaos 
near Rio de Janeiro, where they were visited most recently by Soderstrom and Brazilian 
botanists Gustavo Martinelli and Alisdair Burman in 1983. The terete culms of Glaziophy
ton are essentially leafless and have a chambered pith; the whole plant resembles nothing so 
much as a monstrous species of rush (Juncus), and it is not clearly related to any known 
bamboo. 

In contrast to these misty mountains, the dry, scrub-covered interior of Brazil, known 
as the cerrado, boasts some narrow-leaved bamboos that are adapted to dry conditions and 
periodic fires, namely Actinocladum verticillatum (Felippe & Filgueiras, 1986) and Apoc
lada arenicola. 

North of Rio de Janeiro, the Bahian bamboo flora is, for its small area and number of 
endemic genera, perhaps the richest and most diverse spot on the globe. Earlier in his 
career, Soderstrom had suggested that this richness might indicate that Bahia was an ancient 
center of evolution for the subfamily; but later he came around to the view that Bahia was 
more likely a relict center of once widely distributed bamboos that did not survive the 
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vicissitudes of the Pleistocene with its drying trend~. Nevertheless, the concentration of so 
many rare taxa in this coastal region is remarkable, and Soderstrom and his collaborator 
Ximena Londono (1988) have described three new genera of woody bamboos from the 
region, the most remarkable of which is All'imia, a genus of vining bamboos that produces 
fleshy fruits the size of olives. 

In many ways Soderstrom's most satisfying find in Bahia was the rediscovery of the 
bizarre herbaceous bamboo Anomochloa marantoidea. Having no common name, a rough 
translation of its scientific name would read "anomalous grass that resembles a Maranta
ceae" (that is, a plant family akin to the gingers), and the layman would be hard pressed to 
recognize it as a grass at all, although details of leaf anatomy and embryo structure confirm 
that it is (Judziewicz & Soderstrom, 1988). Anomochloa was described in 1851 from 
material cultivated in France and then lost to Western science until 1976 when Smithsonian 
botanist Cleofe E. Calderon, working under the direction of Soderstrom and with botanist 
Talmon S. dos Santos of the Cacao Research Institute (CEPEC) of Itabuna, rediscovered 
Anomochloa- being led, according to Ms. Calderon, by a "psychic urge" to stop at a cer
tain remnant patch of forest. The senior author found a second colony of Anomochloa in 
1986, but the fate of this unique species (the only member of its genus and tribe) is 
extremely threatened by forest destruction as a consequence of human overpopulation. 
Sadly, it appears that two herbaceous bamboos from this part of the world may already be 
extinct in the wild due to forest destruction: the handsome Sucrea sampaiana (unusual in 
that the roots produced tuber-like swellings that presumably functioned as storage organs) 
and the delicate Streptochaeta angustifolia, which still survives, however, in cultivation 
near Rio de Janeiro (by Dimitri Sucre) and at Iowa State University. 

Anomochloa is one of about 20 genera and 125 species of New World herbaceous, or 
pygmy, or bonsai bamboos, which are most characteristic of lowland, wet, neotropical 
forests (Old World herbaceous bamboos are few in number). Though often superficially 
resembling ferns or members of the dayflower or ginger families, details of leaf anatomy 
reveal them to be allied to the bamboos. The largest tribe of bonsai bamboos, the Olyreae, 
is strictly a New World group whose taxonomy is mow fairly well known but whose life 
history begs to be studied in the field. Members of this tribe have horticultural possibilities: 
certain species of Lithachne, Pariana and Raddia grow readily in cultivation at the Smith
sonian Institution's Department of Botany and deserve to be made more widely known hor
ticulturally. 

The Olyreae have a wide array of methods for dispersing their seeds. Species of Rad
dia have spikelets with glum~s that contract upon drying, shooting the florets through the air 
for distances of a meter or more (Tatiana Sendulsky, pers. comm.). 0/yra latifolia has 
plump, smooth florets that tum blackish at maturity (Davidse in Soderstrom et al., 1987), 
thus perhaps simulating berries and attracting fruit eating birds by deception (the florets 
apparently pass through the bird's digestive tracts unharmed). Other Olyra species have 
oil-bearing bodies at the base of the dispersing floret, and thus attract ants which carry them 
away. 

The flowering biology of the olyroids is also interesting. Pariana has flowers with 
many (up to 36 in number) brightly colored yellow anthers, and at least some of the species 
are insect pollinated (Calderon & Soderstrom, 1971 ). In the related genus Eremitis (Bahia, 
Brazil), the inflorescences are borne on underground shoots. In some species of Diandro
lyra (Brazil) and in Maclurolyra (Panama), the uppermost leaf of a shoot appears to act as 
an umbrella to cover the narrow inflorescence (Calderon & Soderstrom, 1973). Soderstrom 
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was particularly interested in this group, describing with collaborators the latter genus as 
well as Sucrea, Arberella and several genera that remain unpublished. 

The Phareae are another unusual group of herbaceous bamboos. Represented in the 
New World by the genus Pharus, these grasses have broad, inverted leaves with oblique 
venation and spikelets with hooked hairs that enable them to adhere to the fur or feathers of 
passing animals (or the clothes of human beings), thus effecting dispersal of their seeds. 
Pharus 1·ittatus, with its bluish-emerald, pleated, white-striped leaves and showy white 
spikelets, would make a very attractive horticultural subject, but it is a quite rare denizen of 
Central American rain forests. Streptochaeta and Streptogyna are also both anomalous gen
era of herbaceous bamboos that are adapted for dispersal by adhesion to the fur of mam
mals. 

The New World bamboos, both woody and herbaceous, are without doubt the most 
diverse and interesting group of tropical grasses. Taxonomy of the woody bamboos 
requires much study yet and there is still much to be learned about the natural history of all 
of these bamboos. Many of these plants have obvious ornamental value but remain under
represented in cultivation. Unfortunately, many of these beautiful species are threatened by 
habitat destruction, and it would be biologically advantageous to conserve as much of their 
genetic variation as possible. It is to be hoped that efforts to preserve and study these fas
cinating plants will continue in the future. 
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David McClintock*: Problems in Naming Temperate Bamboos 

This session was intended to be a discussion of a list of over 250 species known to be 
grown in Europe and the U.S.A., to decide which should be taken up in the new Royal Hor
ticultural Society Dictionary of Gardening. That was four years ago, and a great deal has 
been learned since. So the text of what went out then is now thoroughly out of date.:j: 
Nevertheless, a little of it may still be pertinent. 

The list in question was compiled from a dozen or so catalogues of the main nursey
men and collection in Europe and the Newsletters of the ABS. The list gave also the number 
of sources listing each species and which were represented in my herbarium of some 3000 
sheets. No variants were added. But such a total was far too many for anyone to describe 
with certainty. In the end, those appearing in six or more sources were alone dealt with in 
the Dictionary, some 67 with about 33 variants. I had also noted numerous queries on gen
era and species for discussion, but I had to make my mind up about these some time ago. I 
have written notes on how I have treated certain taxa, which will appear in 'The Plants man' 
later this year. 

The account of the bamboos in Vol. 2 of the European Garden Flora of 1984 was so 
altered and garbled by the Editor, the author being sent no proofs, that miswording and 
inaccuracies are frequent. A start was made at publishing corrections in No. 2 of my Com
mentaries in Bambusblatter (Bamboo Leaves) August 1984, and Nos. 3 and 5 of Feb. 1985 
and March 1986. But with the lamentable demise of this journal, the later Commentaries 
were never printed. So it is necessary to be wary of what appeared in that Flora, since it 
may well not be what I had written. 

And, believe it or not, much the same may have happened with the account in the 
Dictionary - as I write I have not seen the published version. Here again, no proofs came, 
until right at the last moment I managed to get some, not all of them. And here again the 
Editor, again one with no knowledge of bamboos, had altered the wording wholesale. Under 
protest, and because of the late date, I drew attention to errors introduced, but I fear that 
many will have remained without being changed back to what I wrote. So, alas, here too 
wariness is essential. It really is too bad this happening twice in such important accounts. 

It may help to put on record the National Collections of bamboos in the British Isles, 
under the aegis of the National Council for the Conservation of Plants and Gardens. The 
number of these Collections is still growing, and at present exceeds 550. Four are for bam
boos: 

1. David Crampton, Drysdale Nursery, Bowerwood Rd. Fordingbridge, Hants, SP6 
1 BN, has the main Collection. There are three support Collections. 

*David McClintock. Platt, Sevenoaks, Kent, TN 15 8JH, England. 
+ The author has declined to publish the original list in this Journal as a dated piece. However. it is available by 
writing to: Adam Turtle, 30 Myers Rd., Summertown, TN 38483, USA. -Ed. 
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2. Peter Addington, Stream Cottage, Church wood, Fittleworth, Sussex RH20 I HP for 
Phyllostachys. 

3. David McClintock, Bracken Hill, Platt, Sevenoaks, Kent, TNI5 8JH for Sasa, Sasa
ella, Sasamorpha, and lndocalamus. 

4. Tim Walker, Curator, University of Oxford Arboretum, Nuneham Courtney, Oxon, 
for the remaining genera. 

These welcome contact with others, by post or in person. 
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Elizabeth A. Widjaja*: Socio-Ecological Observations of Bamboo Forests 
in Indonesia 

Abstract 

125 

Bamboos in general play a very important role in the life of Indonesians. They are 
widely spread throughout the country and closely related to the ethno-technological know
how of local people. Still, they have till now been a neglected group of plants since there is 
no major government agency doing intensive research and development on their cultivation 
and production. At the moment, they are harvested mostly from groves owned and cul
tivated by rural people or from wild populations in limited areas of forests in Irian Jaya, 
South Sulawesi, East Java, and South and North Sumatra. The available data seems to indi
cate that culm production has decreased in recent years, but local demand is continuously 
increasing. The present state of poor culm production management is discussed, and hints 
for improved cultivation through intensive agricultural practices are proposed. Socio
economic analyses conducted in a number of bamboo home- industrial centers suggest that 
the income of farmers, handicraftsmen and others associated with bamboo trades could be 
increased if the management of bamboo production were improved. It is expected that the 
upshot of this study will be of some use in formulating an appropriate plan for improving 
the production of bamboos in Indonesia through the active participation of people in the 
state owned forest areas working to benefit those whose lives depend on this interesting 
group of plants. 

Introduction 

Bamboo is one of the economically most important plants in Indonesian daily life 
since it is highly utilized for village houses, furniture, household utensils, handicrafts and 
musical instruments as well as for food. Because of its very important role it is not surpris
ing that some useful species are grown widely in Indonesia. On the other hand, some 
species grow only in a certain area, and their limited distribution is partially due to their 
lack of usefulness to mankind. Although bamboos are widely distributed in Indonesia, 
some bamboo forests are now suffering from the impact of agriculture intensification, site 
development for resettlement and also the increasing demand for logged culms as well as 
the over-harvesting of shoots for industrial purposes. 

This paper intends to analyze the result of observations on the socio-economic aspects 
of natural and planted bamboo stands in rural areas, so that the management of the bamboo 
forests can be improved to increase productivity based on sustained yield principles. 

Ecological Considerations 

Distribution and Endemism 

Although bamboos are found almost everywhere throughout the country, some 
species grow only in a certain area due to their endemism. Other species (such as Giganto
chloa apus), however, are grown all over Indonesia especially in wetter areas. The majority 
of Indonesian bamboos grow in the lowlands, but some genera such as Racemohambos and 

*Herbarium Bogoriense. Centre for Research and Development in Biology - LIPI, Jl. Raya Juanda 22-24, Bogor 
16122, Indonesia. 
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Nastus can only be found in the highlands above 1500 m elevation (Dransfield 1983 ). A 
number of bamboo species such as Bambusa arundinacea and B. blumeana grow well in 
dry areas; on the other hand, B. atra only grows in wet or even swampy areas. 

Table I shows the distribution and endemism of bamboo species in Indonesia, includ
ing the ornamental species which have been introduced and cultivated. Some 66 species 
were encountered during this study, 10 of which are only known in cultivation in Bogor 
Botanical Garden and Cibodas Botanical Garden. Four species have been introduced for 
various purposes: Bambusa polymorpha and Dendrocalamus strictus for forest products; B. 
oldhamii and Dendrocalamus latifiorus for the bamboo shoot canning industry. Popular 
ornamental bamboos now widely grown in Indonesia are Thyrsostachys siamensis, B. glau
cescens, Phyllostachys nigra, P. aurea and Shibatea kumasaca. Some species such as 
Gigantochloa apus and Tetragonocalamus angulatus were introduced into Indonesia a long 
time ago and now penetrate wildly and deeply into Indonesian forests and some nature 
reserves. G. atroviolacea, known as the giant black bamboo in Indonesia, has never been 
found wild; it is found in cultivation in rural areas. On the other hand, D. asper, B. vulgaris 
and Schizostachyum brachycladum are cultivated plants in Java but grow wild on other 
islands. 

About 19 species grow endemically in limited areas. Although these are used to a 
certain extent by the local people, they are never cultivated. Hence these species never grow 
beyond their natural habitat. 

Four species of Indonesian bamboo namely Dendrocalamus pendulus, Gigantochloa 
ridleyi, Gigantochloa wrayi and Schizostachyum latifolia have been reported also to grow in 
the Malay Peninsula. Bambusa forbesii, Nastus obtosus, N. productus and N. rudimentifer 
are reported only in Irian Jaya and Papua New Guinea. East of the Weber line, the kinds of 
giant bamboo available are restricted to G. atter, B. vulgaris, D. asper, S. brachycladum, 
and Schizostachyum sp. G. apus, which has been observed there in recent years, undoubt
edly has been brought by Javanese migrants. B. atra is the most dominant bamboo in the 
Moluccas - New Guinea areas; it usually grows in the lowlands along river banks and in 
other swampy or wet areas. 

It seems that the distribution of bamboos in Indonesia is related to the amount of 
annual rainfall and the temperature of the areas. Therefore, the sites preferred by bamboos 
are areas with plenty of rivers, hills and mountains. The distribution of bamboo in the 
eastern part of the country is still poorly known because little bamboo material has been 
collected from that area, and information is inadequate. 

Relation to Ethnic Groups 

Although the distribution of bamboo species in Indonesia is determined by natural 
factors, to some extent the ethnic groups who use and cultivate certain species for their 
specific requirement also play a role. Gigantochloa apus, for example, is the most important 
bamboo for the Javanese and Balinese people; because of that, this bamboo is always 
brought with them when they move or migrate to other areas. It is not surprising that G. 
apus grows well in Lampung, West Kalimantan and Central Sulawesi where the Javanese 
and Balinese have been resettled in the past hundred years. As mentioned before, this 
species most probably was brought to Indonesia a long time ago, probably when the Indone
sian people immigrated to the country some 3500 years ago. It seems that this bamboo was 
first introduced into Java and then probably was brought to Bali by the Hindus. At present 
this species also plays an important role in Bali, for it is used in making the ceremonial 
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utensil panarak, a kind of basket used in every ceremony. 

The most important bamboo for non-Javanese ethnic groups appears to be Schizosta
chyum hrachycladum. Outside Java it is widely used for water containers, cooking utensils 
or housing; there, this species grows wild and widely. This species has 2 varieties, i.e. yel
low culm and green culm varieties. The yellow culm variety is very important for the 
Balinese during the ngahen burial ceremony. Some people plant this variety as an orna
mental in Java, Sumatra and the Moluccas. The green culm variety grows more widely. 
This wide distribution appears to be correlated with its utilization by the people because 
when they cut the culm and throw a part away, the cut pieces of culm grow easily and estab
lish a bamboo grove. 

Present Status of Bamboo Stands in Indonesia 

Bamboo Forest Areas 

Unlike China or India, extensive bamboo forests are hardly known in Indonesia, espe
cially in Java. In this densely overpopulated island, remnants of bamboo forests can be 
found only in nature reserves such as the Pangalengan Nature Reserve with its endemic 
euleul bamboo Nastus elegantissimus, Meru Betiri Nature Reserve which has recently 
described Gigantochloa manggong, Blambangan Nature Reserve with 4 species, and 
Gunung Baung Nature Reserve with about 8 or 9 species of native Javanese bamboos. Out
side the nature reserves, it has been reported that natural bamboo stands occur in Blamban
gan and south Banyuwangi (East Java) covering about 26,000 hectares of forestry land. 
They mostly consist of Gigantochloa apus, G. manggong, and species of Schizostachyum, 
Dendrocalamus, Bamhusa and Dinochloa. Asdak (n.d.) reported recently that some 667 
hectares of forestry lands surrounding the large man-made lake Jatiluhur, in West Java, are 
being planted with bamboo to prevent soil erosion. 

On the other hand, the islands outside Java contain some notable bamboo forests. In 
the Sulawesi, for example, the bamboo forest located in Gowa (South Sulawesi) covers 
about 24,000 hectares consisting mostly of Bambusa arundinacea. Yudodibroto (1985) 
reported that there are some bamboo forests usually found in disturbed habitats such as in 
Tanah Bumbu, Hulu Sungai Selatan and between Kandangan and Lok Sado Doemoega. In 
North Sumatra, bamboo forests of unknown size occur in the Sipirok area. From a recent 
survey it is estimated that about 1/10 of Seram Island in the Moluccas is covered by bamboo 
forests although they do not form a pure stand. A similar estimate can also be given for 
Biak Island and the Tembagapura areas in Irian Jaya. 

The Management of Bamboo Forests 

As might be expected, an appropriate management and operating system of bamboo 
forests (including thinning, harvesting, dressing, weeding, etc.) will produce high yields 
and fine quality bamboo. Based on this hypothesis, Numata (1987) tried to apply fertilizers 
on bamboo groves, especially after harvesting. He found that fertilizing after cutting 
increases culm production in the following years. Numata and Ogawa (1959) reported ear
lier that the application of fertilizer (particularly the three major elements and silicic acid) 
influences the physical and mechanical properties of the culm, besides increasing culm pro
duction. The application of fertilizer is of major importance in the management of bamboo 
groves, because watering, weeding and rational felling produce an expected but not very 
remarkable response. Li (1987) reported that insufficient soil fertility, long-lasting droughts 
and improper management (such as manure application) will lead to twisting and gnarling 
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of the rhizomes. 

The management of bamboo forests in Indonesia has been left to nature; the applica
tion of fertilizer, weeding, thinning and soil dressing have never been undertaken. It is not 
surprising if in some areas bamboo forests grow slowly compared to luxuriant growth in 
other areas. Dali (1980) has tried to use fertilizer (such as N, P, K) to improve culm pro
ductivity; he found that the production of bamboo shoots increased more sharply in the first 
year than in the following year. It seems that when the shoots grow in larger numbers, their 
mortality rate also increases. Therefore the methods of fertilizer application of the tropical 
bamboo will need to be studied. Similarly, other management procedures, such as harvest
ing time and weeding, seem also to deserve further investigation. 

Aoki (1987) suggested that the management of bamboo stands depends on the pur
pose of production. To increase culm productivity, appropriate cultivation techniques such 
as the harvesting system are needed. In bamboo shoot production, more intensive fertiliza
tion programs are needed compared to the culm production. It seems that fertilization 
management is the most important factor for increasing the productivity and the quality of 
shoots produced as fresh vegetables, for canning purposes or for dried shoot chips and 
crisps. In this connection it is worth studying the effect of mulching to increase the shoot 
production of tropical bamboo. 

Village Groves 

As has been hinted above, most of the bamboo stands in Java are cultivated purposely 
by private owners on land surrounding the villages. Since the land held by an individual 
farmer is very limited (less than 0.5 hectare/farmer), it is understandable if the land allo
cated for bamboo is very little indeed, so that those who own bamboo groves are relatively 
well off, because during difficult periods they can always cut a few culms to alleviate their 
daily problems. It has only recently been felt in certain areas that the existing groves are 
not enough to support the daily demand largely from the intensified handicraft industry 
whose products are marketable elsewhere (including for export). 

Although the farmers own bamboos in village groves, they never bother to manage 
these plants like other agricultural crops. This is because farmers have been accustomed 
(until quite recently) to plant specially bred crops that are unresponsive to fertilizer. They 
seem happy to gather the culms any time they feel the need for additional income. The only 
management they apply to their bamboo groves is to regulate the cutting system based on 
the wisdom of their long inherited knowledge. 

Since bamboo forests and groves in Indonesia cover only a limited area, it is not 
surprising if culm production is also relatively low. 

Bamboo Productivity 

Culm Production 

Table 2 shows that the culm production from natural stands has been decreasing year 
by year to 6 tons (62,125 culms) in 1978, although production increases again in 1981 to 
12,438 tons. Compared to culm production in Japan, which is about 250,000 - 350,000 
tons/year (Aoki 1987), Indonesian culm production is very little indeed although Indonesia 
has exported bamboo culms since 1972 (Table 3). 

Although there is now a tendency to increase, in the absence of a proper management 
system for bamboo forests, it is expected that the culm production will decrease gradually in 



1991 J. Amer. Bamboo Soc. Vol. 8 No. I & 2 129 

the future. At present, domestic demand is generally increasing for various uses. Unfor
tunately there is no official record available for the domestic supply and demand of bamboo 
for housing in Indonesia. The above estimate is based on data collected personally at vari
ous centers of industry. It is expected that proper action will be taken by the government to 
forestall this situation. The large scale planting of bamboo around Jatiluhur Lake is a highly 
commendable undertaking. 

Bamboo Shoots 

The production of bamboo shoots is also steadily increasing in Indonesia from the 
appearance of numerous operations which produce canned shoots for export, although the 
quantity of this product has not yet been put on record. The shoots traditionally used for a 
vegetable are mainly Dendrocalamus asper. However, other species can also be used as a 
vegetable by people in different rural areas (Table 4). The canning industry thus far uses 
only Dendrocalamus asper, which is usually planted in Java but grows wild on other 
islands. 

Although bamboo is cultivated by private owners, an intensive cultivation and 
management system such as fertilization needs to be undertaken to increase shoot produc
tivity. A study of fertilization, both pre-harvest and post-harvest, needs to be carried out to 
support shoot production as well as the technical processing. 

To improve the shoot product, it has been suggested that the canning industry should 
obtain their own bamboo before their factories begin production. There is no need for the 
factories to own the plantation because this part of production can be jointly shared with 
other sectors of the community or government agencies. In this way, cooperative venture 
will develop so that the factories will be able to get the quantity needed and also the best 
quality. 

Household Utensils and Handicrafts 

The uses of bamboos in industry have been known from the time people started gath
ering food in the forest. Since that time, people have used bamboo for housing, cooking 
utensils and thousands of other things. Since many of these artifacts are linked ethnically 
with the culture of various local people, suddenly many of the utensils based on bamboo 
have become a curiosity and have ready markets elsewhere. Therefore, there has been 
boom in the bamboo handicrafts industries in recent years. While formerly local bamboo 
groves have been able to supply the demand, nowadays the increasing production of these 
handicrafts has already depleted some local bamboo resources, such as the supply of Gigan
tochloa atroviolacea (Widjaja 1980). 

Socio-Economic Aspects 

Of the 66 species of bamboos known to occur in Indonesia, only a few are economi
cally significant, although almost all bamboos are used by the local people for some pur
pose. In Java, Gigantochloa apus, Dendrocalamus asper, G. atter, G. pseudoarundinacea 
and Bambusa arundinacea are the most important species, but recently many of the func
tions of bamboo have been taken over by plastics. However, people are beginning to voice 
some concerns because plastics cannot be easily degraded and decomposed after use, so that 
some people are already trying to go back to the traditional utensils provided directly by 
generous mother nature herself. These new trends find favor from those who hold tradi
tional culture in high esteem, and they are in line with the governmental policy of 
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promoting the local production of handicrafts, which have a tremendous potential as small
scale industry resources. The availability of raw materials and the ability of the people to 
make various kinds of traditional handicrafts which have ready markets could help this 
small-scale industry to develop. 

Various studies have revealed that the craftsmen are mostly farmers, who get income 
from their crops and their crafts. According to Daryanto ( 1986), a craftsman in Kertajasa, 
Banjamegara (Central Java) can make 60 bamboo boxes or 6 - 8 winnows per day which 
can be sold at Rp. 50 and Rp. 300 each, respectively. One sizable culm can be made into 
60 bamboo boxes which sell for Rp. 2500 - Rp. 3000. Since the price of a bamboo culm is 
about Rp. 200, the craftsman will receive at least Rp. 2000 per day. In Tangerang, West 
Java, Widjaja (1986) observed that on the average a craftsman can make 5 hoboko (a kind 
of cooking utensil) per day by using one culm. These cooking utensils can be sold at Rp. 
400 each so that the craftsman will receive about Rp. 1500 per day because here the cost of 
the raw material is dearer, namely Rp. 500 per culm. Another observation made in the Cibi
tung (near Bogor, West Java) area during the present study found that there craftsmen can 
only finish 4 - 5 hobokos in 3 days. These cooking utensils fetch a high price, Rp. 700 each, 
but since bamboo culms cost Rp. 500 a piece the craftsmen get only Rp. 800 - Rp. 1000 per 
day. Closer observation in Cibitung village revealed that craftsmen would receive different 
levels of income depending on the kinds of handicrafts they produced. They will only 
receive Rp. 400/day if they make aseupan (a kind of cooking utensil); but if they make kalo 
(a kind of sieve), they may receive Rp. 1500 - Rp. 2250/day. On the other hand, if they 
make nyiru (winnow), they may receive up to Rp. 5450/day. 

The above comparisons suggest that some sort of counseling is needed by these part
time craftsmen in the management of their production. The type of goods they must make, 
the choice of appropriate raw material and the development of skills in making new designs 
will have to be taught to them to meet the demands in a certain locality. Experience in 
Ciakar Tangerang indicated that traditional industrial handicrafts can be easily developed 
into a viable home-based small-scale industry. However, the craftsmen then will need 
financial support which can be provided by a government banking system with an average 
income of about Rp. 150,000 per month (Widjaja 1986). 

Asdak (n.d.) pointed out that in Kertamanah, an owner of a bamboo grove receives 
slightly better income if he has at least 0.58 hectares of land. In fact, on the average, people 
usually have no more than 0.4 hectares in Java. Because of that, the demand for bamboo 
will have to be supplied from other areas to fulfill the need. A study along this line in 
Legok Tangerang (West Java), showed that the village has only 7 hectares of bamboo 
groves, whereas there are 630 craftsmen who need about 630 culms daily. It has been cal
culated by Reilingh (1921) that from 1 hectare of tropical bamboo only 6 culms can be har
vested daily. If this is correct, the people in Legok will need about 94.6 hectares of bamboo 
to supply the need of their craftsmen. It is not surprising if the craftsmen get bamboo from 
other areas although it costs them much more (Rp. 800 - Rp. 1000 per culm). The same 
problem is also faced by people in Cibitung Bogor where there are only about 10 hectares 
of bamboo for 550 craftsmen, whereas by Reilingh's estimation (1921) they need about 
77.5 hectares. On the other hand, the Rambatu craftsmen in the Seram Islands are never 
afraid of a shortage of raw material because walawe (Bamhusa atra) grows wild in the 
nearby forest on a large scale. Moreover, they have not as yet thought of producing goods 
for commercial purposes, so their need for this bamboo is in balance with the supply from 
surrounding areas. 
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To supply the large demand in Jakarta, people send bamboos by rafting from Bogar 
to Jakarta through the Ciliwung River. According to Yudodibroto (1987) about 8 - 10 col
Jones of bamboo rafts pass down the river carrying 3200- 4000 culms daily. One raft con
sists of 50 culms, and one collone contains 7 - 8 rafts. Because this river seems to be the 
only channel of bamboo supply to Jakarta, it can be estimated that about I ,000,000 culms 
per year are consumed there. Widjaja ( 1986) calculated that an average supplier of bamboo 
culms along the Ciliwung River in Jakarta sold about 500 culms per month, or about I col
lone of 7 rafts of bamboo which were brought down the river. He receives about Rp. 7300 
per day, but this income could be increased if he makes bamboo fences, bamboo curtains 
and other end products out of the bamboo. 

Based on the above observations, it can be concluded that a small-scale industry using 
bamboo as raw material has a very tremendous potential. To develop this small scale indus
try, the supply of bamboo for the craftsman needs to be met both in quantity and quality. 
To supply the best quality and the highest quantity, harvesting time, cutting system and 
other measures of management of the bamboo groves needs to be looked into. 

Conclusions 

It can be concluded that the limited bamboo forest in Indonesia will give a low culm 
production, which can be improved by the development of an appropriate management sys
tem of the bamboo forest. Among other things, intensive cultivation through the application 
of fertilizer is highly recommended. 

Bamboo social-forestry can be introduced by planting open forest land with bamboo 
and incorporating local people to maintain the plantation while growing annual cash crops. 
A similar system has been tried with success in Lampung, where people intermixed bamboo 
with the perennial coconut. In this way the supply of bamboo will be improved to meet the 
increasing demand from the growing handicraft industry. 
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Table 1. Distribution of Bamboos in Indonesia 

Species 

1. Arundinaria hindsii 
2. Bambusa amahussana 
3. Bambusa atra 

4. Bambusa arundinacea 

5. Bambusa balcoa 
6. Bambusa blumeana 
7. Bambusa brevispicula 
8. Bambusa forbesii 

9. Bambusa glaucescens 

10. Bambusa comuta 
11. Bambusa horsfieldii 

12. Bambusa oldhamii 
13. Bambusa polymorpha 
14. Bambusa tulda 
15. Bambusa vulgaris 

16. Dendrocalamus asper 

17. Dendrocalamus giganteus 
18. Dendrocalamus latiflorus 
19. Dendrocalamus strictus 
20. Dendrocalamus pendulus 

Distribution 

Introduced: Java 
Ambon, Seram (Endemic) 
North Sulawesi, Moluccas, 
Irian Jaya, Papua New Guinea 
Sumatra, Jawa, Kalimantan, 
Sulawesi, Lesser Sunda Islands 
Introduced: Java 
Java, Lesser Sunda Island 
Irian Jaya (Endemic) 
Irian Jaya, Papua New Guinea 
(Endemic) 
Introduced: Sumatra, Kali
mantan, Java, Sulawesi, 
Moluccas, Irian Jaya and 
Lesser Sunda Island 
Java (Endemic) 
Java, Sulawesi,lrian Jaya, 
Papua New Guinea 
Introduced: Java 
Introduced: Java 
Introduced: Java 
Sumatra, Kalimantan, Sula
wesi, Java, Moluccas, Irian 
Jaya, Lesser Sunda Island 
Sumatra, Kalimantan, Sula
wesi, Moluccas, Flores, 
Bali, Java 
Introduced: Java 
Introduced: Java, Sumatra 
Introduced: Java 
Sumatra 

Altitude 

High 
Low 
Low 

Low 

Low 
Low 
Low 
Low 

Low 

Low 
Low 

Low 
Low 
Low 
Low 

Low 

Low 
Low 
Low 
Low 
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Species Distribution 

21. Dinochloa scandens 

22. Dinochloa scabrida 
23. Gigantochloa achmadii 

24. Gigantochloa atroviolacea 
25. Gigantochloa atter 

26. Gigantochloa hasskarliana 

27. Gigantochloa nigrociliata 
28. Gigantochloa manggong 
29. Gigantochloa apus 

30. Gigantochloa pseudoarundinacea 
31. Gigantochloa ridleyi 
32. Gigantochloa robusta 
33. Gigantochloa pruriens 
34. Gigantochloa rostrata 
35. Gigantochloa wrayi 
36. Melocanna bambusoides 
37. Nastus elegantissimus 
38. Nastus obtosus 
39. Nastus productus 
40. Nastus reholttumianus 
41. Nastus rudimentifer 
42. Nastus schmutzii 
43. Phyllostachys aurea 
44. Pleioblastus chino 
45. Tetragonocalamus angulatus 
46. Phyllostachys bambusoides 
4 7. Shibatea kumasaca 
48. Phyllostachys nigra 
49. Phyllostachys edulis 
50. Racemobambos ceramica 
51. Racemobambos kutaiensis 
52. Racemobambos raynalii 

53. Racemobambos schultzii 
54. Schizostachyum alopecurus 
55. Schizostachyum biftorum 
56. Schizostachyum blumei 

Java, Sumatra, Kalimantan, 
Sulawesi, Lesser Sunda Island 
Kalimantan (Endemic) 
P. Simalor, West Sumatra 
(Endemic) 
Java, South Sumatra (Endemic) 
Sumatra, Java, Kalimantan, 
Sulawesi, Moluccas, Irian 
Jaya, Bali 
Java, Sumatra, Kalimantan, 
Bali 
Java, Sumbawa, Bali 
Java, Bali (Endemic) 
Java, Sumatra, Central 
Sulawesi, West Kalimantan 
Java, Sumatra, Bali 
Introduced: Bali 
Java, Sumatra, Bali 
Sumatra (Endemic) 
Introduced: Java 
South Sumatra 
Introduced: Java 
Pangalengan West Java (Endemic) 
Irian Jaya, Papua New Guinea 
Irian Jaya, Papua New Guinea 
Flores (Endemic) 
Irian Jaya, Papua New Guinea 
Flores (Endemic) 
Introduced: Java, Bali 
Introduced: Java 
Introduced: Java 
Introduced: Java 
Introduced: Bali, Java 
Introduced: Java, Bali 
Introduced: Java 
Seram Moluccas (Endemic) 
East Kalimantan (Endemic) 
Tembaga Pura, Irian Jaya 
(Endemic) 
Japen, Irian Jaya (Endemic) 
Irian Jaya (Endemic) 
Java 
Sumatra 
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Altitude 

Low 

Low 
Low 

Low 
Low 

Low 

Low 
Low 
Low 

Low 
Low 
Low 
Low 
Low 
Low 
Low 
High 
High 
High 
High 
High 
High 
High 
High 
High 
High 
High 
High 
High 
High 
High 
High 

High 
Low 
Low 
Low 
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Species 

57. Schizostachyum brachycladum 

58. Schizostachyum caudatum 
59. Schizostachyum lima 

60. Schizostachyum latifolia 
61. Schizostachyum longispiculatum 
62. Schizostachyum pleianthemum 
63. Schizostachyum undulatum 
64. Schizostachyum zollingeri 
65. Thyrsostachys siamensis 

66. Phyllostachys sp. 

Distribution 

Sumatra, Kalimantan, 
Sulawesi, Moluccas, Irian 
Jaya, Bali, Lesser Sunda 
Island. Introduced: Java 
S. Sumatra (Endemic) 
Sulawesi, Moluccas, Irian 
Jay a 
Kalimantan 
Java, Sumatra, Kalimantan 
Bengkulu (Endemic) 
West Sumatra (Endemic) 
Java, Sumatra 
Java, Moluccas, Sumatra, 
Kalimantan, Irian Jaya, 
Lesser Sunda Island 
Introduced: Java, Bali 

Table 2. Bamboo Culm Production 1974-1981 

Bamboo Products 
Year Tons Culms 

1974 240,778 13,415 
1975 206,188 21,610 
1976 2,968 16,000 
1977 2,300 106,328 
1978 6 62,125 
1979 111,134 
1980 30 41,125 
1981 12,438 unknown 

Source: Forestry Department Report 1983. 

1991 

Altitude 

Low 

Low 
Low 

Low 
Low 
Low 
Low 
Low 
Low 

High 
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Table 3. Exports of Bamboo Culms and Products 
1972- 1973 

Year Volume Values$ Country Destination 

Bamboo Culms 

1972 2,954 8,070 Japan & England 
1973 23,389 10,965 Unrecorded 

Bamboo Products 

1972-73 2,412 6,449 

Table 4. Bamboo Species Used for Food in Indonesia 

Species 

Bambusa arundinacea 
Bambusa blumeana 
Bambusa vulgaris var. striata 
Bambusa vulgaris var. viridis 
Dendrocalamus asper 

Gigantochloa atter 
Gigantochloa atroviolacea 
Gigantochloa nigrociliata 
Gigantochloa levis 
Gigantochloa pseudoarundinacea 
Phyllostachys aurea 
Schizostachyum brachycladum 
Schizostachyum zollingeri 

Locality 

East Java 
Central and East Java 
Java, Irian Jaya and Sumatra 
Irian Jaya, Moluccas 
All over except Bitung 
village (Aceh) and 
Buton (S. E. Sulawesi) 
Java, Moluccas 
Central Java 
West Java 
Kalimantan 
West and Central Java 
West Java 
South Sulawesi 
Sumatra 
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Gerald Bol*: Collecting New World Bamboos 

Abstract 

Human encroachment on numerous Central and South American habitats is threaten
ing the existence of many bamboo species. In an effort to at least partially rectify the situa
tion, efforts are being made to locate, collect, transfer and cultivate many of these 
endangered species. The American Bamboo Society, the Quail Botanical Gardens Founda
tion, the Stanley Smith Horticultural Trust and numerous private individuals have contri
buted their resources towards this project. The assistance of these institutions and individu
als has made possible collection trips to Chile, Colombia, Costa Rica and Mexico. Among 
the genera collected were Au/anemia, Chusquea, Neurolepis, Otatea, Rhipidoc/adum and an 
undescribed, newly discovered genus from Mexico. As leader of these expeditions, I have 
had the opportunity to observe and study the collected bamboos and their habitats. I have 
experienced the difficulties as well as the satisfaction of successfully transplanting them. 
This paper presents my observations of the indigenous bamboo populations at the collection 
sites. 

Introduction 

Beginning in 1985, I was fortunate to make a series of collecting trips on behalf of the 
American Bamboo Society (ABS) to Central and South America. These trips were sup
ported by ABS, the Quail Botanical Gardens Foundation, numerous individuals and most 
recently the Stanley Smith Horticultural Trust. One important motive for these trips has 
been the need to preserve endangered bamboo species by transferring them to places where 
they can be cultivated. During my travels, I have seen the alarming rate at which old 
growth is being destroyed throughout much of Latin America. There is an urgent need to 
save the diversity which still exists. Our approach has been to collect various species and to 
spread them around. Not only have we brought them to the United States, but we have also 
brought them to botanical gardens in their native countries and to other countries as well. 

Moving plants from one country to another can be a complex procedure. Interna
tional agreements between countries generally require the removal of all soil from the roots 
of imported plants to limit the introduction of new diseases and pests. Some countries 
enforce this rule more strictly than others. Japan, for example, prohibits the importation of 
any roots at all except under carefully regulated conditions. In the United States, we are 
required to quarantine bamboos for a year in approved greenhouses where they are 
inspected periodically for pests and diseases. 

There are several phases to a collecting trip. Deciding when and where to go is usu
ally the first step. Then comes finding a way to pay for it. Once this has been solved, the 
real planning and making of arrangements begins. Good maps and locality information are 
very important. Visiting herbariums and referring to other botanical sources can be an 
excellent way to find the locations of species. I usually plan trips of three weeks to allow a 
few days to become oriented, a couple of weeks for collecting, and a few days for washing 
and packing. We try to dig the plants with plenty of soil and keep them moist and cool in 
plastic bags. It is a good idea to have a cool storage area for high altitude bamboos while 

*666 Wagnon Road, Sebastopol, California 95472 
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gathering additional species. Keeping the plants cool through the whole process of storage, 
shipping and inspections is critical. It is also very important to keep the time between these 
steps as short as possible. Once the roots are washed, the plants immediately begin to 
deteriorate. 

Mexico 1985 

My first trip was to Mexico in February of 1985. This was a low budget, self financed 
trip made possible by friend and neighbor, Misha Riskowitczk, who volunteered to guide 
and translate. We spent two weeks hitchhiking and hopping buses in the southern states of 
Chiapas and Oaxaca looking for bamboo sites suggested by Richard Haubrich. The first 
bamboo we found was Chusquea longifolia at the top of Mt. Huitepec near San Cristobal at 
about 3000 m elevation. On later trips I was to see the same or similar species, but I do not 
think any were as beautiful as this. Perhaps seeing a bamboo for the first time in its native 
habitat had something to do with it. We had hiked up the mountain some 18 kilometers or 
so amid the hostile stares of the local people. As we came down the mountain carrying our 
bags of bamboo, we were again watched, but this time by crowds of highly amused people 
who poured out of their houses to watch us go by. They must have thought us crazy to go to 
so much trouble to take some of their weeds. Beautiful weeds. Unfortunately, we saw 
much evidence of recently cleared land for crops and saw plumes of smoke giving evidence 
of the slash and bum clearing going on. With less population pressure, the forests had a 
chance to heal from this traditional method of agriculture; but now this is not the case, and 
we witnessed permanent destruction. Everywhere, on the steepest imaginable slopes, land 
was being cleared for growing maize. We visited an experimental farm which was 
endeavoring to teach more sustaining methods of agriculture. Teachers and agronomists 
from all over Mexico were visiting the place to see the wonders of compost and chemical 
fertilizers at work. But, we are told, the local people seemed to be singularly unimpressed. 
Perhaps because the cost of the heavily subsidized fertilizer still seemed expensive to them. 

Another bamboo collected in Chiapas was Rhipidocladum pittieri. We found it in a 
ravine clambering in trees. The culms grow less than I em in diameter and 5 m in length. 
The species grows from Mexico to Panama in frost free areas and is probably not very 
hardy. The genus is distributed from Mexico to Argentina at low and medium elevations 
and is characterized with fan like areas at the base of the branches. 

From Chiapas we went to Oaxaca then north by a high mountain pass on the road 
from Oaxaca to Tuxtepec where we found two undescribed species of Chusquea. One is a 
very interesting creeping dwarf, which we saw growing along the forest floor, rooting where 
it touched. It grows no taller than I m. The other species grows in the open to a height 
between 2 and 3 m and has clearly tessellated leaves. 

We returned to the United States with a few plants each of four species. Chusquea 
longifolia and Rhipidocladum pittieri survived through quarantine. From my point of view, 
the trip was highly successful. As well as the rich experiences of the trip and the bamboos 
brought back, I learned how to do a lot of things better. 

Chile 1986 

After the adventure of Mexico, I was eager to go to Chile where I had heard a number 
of temperate climate Chusqueas could be found. Southern Chile and Northern California 
are equidistant from the equator and have fairly similar climates. Both have cold ocean 
currents off their coasts, coast ranges, central valleys and higher ranges inland. I invited 
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Mish to join me once more as interpreter and field helper; we arrived in Chile in November 
1986. We brought with us a variety of bamboos requested by Dr. Fred Schlegel for the 
University Arboretum in Valdivia, but we had not been able to get the paperwork completed 
before departure. So we spent a couple of days in Santiago visiting various people from the 
Department of Agriculture until we were finally able to work something out with the Minis
ter of Agriculture. In Valdivia, our home base, we were joined by Roberto Haverbeck who 
helped us very much in the capacity of field guide. 

Our first trip was into the Andes east of Osomo to the Antillanca Valley. The valley 
climbs in a southeasterly direction from Lake Puyehue at 200 m to the ski resort of Antil
lanca at 1100 m. The annual rainfall is very heavy, averaging 350 em midway up the valley 
at 440 m elevation at Agua Caliente and 560 em (18 feet) at the ski lodge at 1100 m. We 
saw six species of Chusquea within the 30 km length of the valley. After obtaining permis
sion from the head ranger to dig, since the valley is protected within a national park, we col
lected 3 of the species, Chusquea macrostachya, C. nigricans and C. tenuijlora at elevations 
between 800 and 900 m. C. macrostachya was found growing between 500 and 800 min 
the forest understory. It grows in clumps 3 to 5 m tall with a graceful arching habit. During 
a later trip to the Coast Range, we found much taller specimens in cow pastures and 
clambering in ravines. One free standing specimen was 6 m tall and had approximately 500 
culms growing in a tight clump. C. macrostachya develops large single primary branches 
with numerous secondary ones, a characteristic feature of many Chusqueas. 

Chusquea nigricans was found and collected in a peat bog. The species has a stiff 
upright growth habit, but one plant out of the many we saw was quite contorted. It varies in 
height from a few em to 3 m. The tallest plants were in areas with the best drainage. The 
name refers to the species' dark inflorescence. 

Chusquea tenuijlora begins at an elevation of about 900 m and extends all the way up 
to 1200 m, which is near the permanent snow line in this part of the world. At its lowest 
elevation, we found it growing 3 m tall, but as altitude increased the size decreased to 10 
em. A unique characteristic of the species is its large nodes. 

Other species which we saw but did not collect in this location were Chusquea qui/a, 
C. uliginosa, and C. culeou. A vehicle can only hold so many people, baggage, and plants. 

We collected C. culeou from a variety of locations. This handsome plant is the tallest 
free standing Chilean bamboo. It can grow to 8 m making a very impressive ornamental. It 
sometimes looks like clusters of giant feathers arching outward form a common base. It 
does not have the large primary branches characteristic of so many other Chusqueas. 
Flowering seems to be environmentally conditioned. Various intervals between 15 and 25 
years have been reported in Chile, while a much longer interval has been reported in 
Europe. Evidently some clones brought to England late in the last century have never 
flowered. We collected specimens north of Valdivia next to a waterfall near Volcan 
Choshuenco and south of Valdivia in the Central Valley near La Union. In the Andes near 
Conaripe, we collected a species very similar to culeou but with occasional long branches. 
This species may be C. culeou longiramea. 

We also collected Chusquea breviglumis in the Central Valley 12'h km south of Gor
bea. This species was found growing up to 4 m tall. It has up to three major branches per 
node, but none as large as those on C. qui/a, C. uliginosa, and C. macrostachya. 

C. qui/a and C. uliginosa were collected a short distance south of Valdivia. They are 
lowland bamboos probably preferring warmer conditions. C. uliginosa was found growing 
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on very moist soil while C. qui/a was in dryer soil. Both clamber vigorously and are capa
ble of engulfing entire trees. 

The plants collected from Chile survived quarantine remarkably well. All species 
survived, and we had nearly as many plants at the end as we had at the start since we were 
able to divide them while they were still in quarantine. 

Costa Rica 1986 

The decision to collect bamboos in Costa Rica occurred on the spur of the moment. 
A combination of fortunate events conspired to make the trip possible. An acquaintance 
offered to help orient me, an airline offered cheap introductory rates, and the Quail Botani
cal Gardens Foundation was willing to help finance the trip. The localities of the Costa 
Rican bamboos were well established as a result of the work of the American botanists, 
Richard Pohl and Lynn Clark. Richard Haubrich and Bill Teague had gone collecting in 
Costa Rica in 1980 (see J. Am. Bam. Soc., 1 ( 3 ): 34-43) and a follow up trip seemed desir
able because most of the bamboos from higher elevations had not survived. 

Costa Rica is just 10 degrees north of the equator and has a central plateau 1100 to 
1500 m in elevation where most of the population live. The central plateau is ringed by 
mountains and volcanoes reaching up to 3800 m. At 3000 m, frost is a possibility any night 
of the year, and daytime temperatures are usually cool. Clouds and drizzle are frequent. 
Many Chusqueas thrive in this climate. Costa Rica has done much to preserve its botanical 
heritage by setting aside areas of special interest and diversity in national parks. 

After getting good topographical maps, a home base on Volcan Irazu and an automo
bile, I spent a week collecting and gathered twelve species. From Volcan Irazu, came 
Chusquea foliosa and C. longifolia. The two species are similar with multitudes of long 
narrow leaves and an arching, graceful growth habit. C. virgata came from the lower slopes 
of Irazu at 1300 m along the ravine of Rio Birris. C. virgata is endemic to Costa Rica and 
evidently quite rare. C. longiligulata and C. patens came from Alto del Robles, a fascinating 
and unique botanical preserve. C. longiligulata has striking blue culm sheaths. C. patens 
was seen only as small plants, having flowered and seeded recently. Chusquea pittieri was 
collected at 2000 m along a stream just below Sacramento on Volcan Barva. C. pittieri can 
grow to 10 m and is capable of clambering 20 m over other vegetation. It is the largest 
Costa Rican Chusquea and one of the handsomest as well. 

South of the capital, San Jose, the Pan American Highway winds up and over the 
Cordillera de Talamanca to elevations over 3000 m. This route is rich in bamboos. At 2000 
m, I collected a species of Arthrostylidium. Its culms are very slender, never exceeding 5 
mm; they climb up to 5 m in the neighboring trees. 

At Kilometer 43 (south of San Jose), I collected Chusquea pohlii, which was named 
by Lynn Clark after her teacher, Richard Pohl. The species is robust and bristly. I'm sure 
Lynn meant to honor her mentor rather than infer comparisons. 

Chusquea paludicola was collected near a peat bog at Kilometer 70. This site is espe
cially interesting for several reasons. C. tonduzii, C. subtessellata, and C. vulcanalis also 
grow here, and it appears hybridization has taken place between C. subtessellata and C. vul
canalis. The two species look very similar to the untrained eye, and I couldn't tell them 
apart, but I take Lynn Clark's word for it that the two probably have crossed. C. subtessel
lata is very common at upper elevations throughout the Cordillera Talamanca. It was col
lected at Kilometer 88, and C. tonduzii was collected at Kilometer 92. 



140 Gerald Bol 1991 

The species which have survived quarantine are: C. longili?,ulata, C. paludicola, C. 
pittieri, C. patens, C. suhtessellata, C. tondu2ii and C. vulcanalis. 

Mexico 1987 

In company with Hector Gaxiola, a Mexican national living in the U. S., another trip 
was made to Mexico in February and March of 1987. Because relatively little had survived 
from the first trip, another trip seemed like a good idea. We first visited the Botanical Insti
tute of the University of Guadalajara in search of locality information. There we were very 
fortunate to meet Miguel Chazaro, a young botanist doing intermittent graduate work at the 
University of Wisconsin, and Francisco Santana, who is specializing in bamboos and has 
contributed towards the taxonomy of the genus Otatea. 

The four of us traveled together through Jalisco and Colima using the Institute's jeep. 
We collected Chusquea circinata on the slopes of the active Volcan Colima and saw Otatea 
acuminata aztecorum growing in many places. This species is quite widespread on the dry, 
chaparral mountain slopes of the area. In its native habitat, 0. acuminata aztecorum often 
looks rather sparse and scruffy. At an elevation of 1000 m on Cerro Grande, we saw it 
along with 0. fimhriata and a beautiful Chusquea all growing within a short distance of 
each other. The last two were growing in a moist canyon with a northeastern exposure. As 
we climbed and rounded the mountain to the northwest, the vegetation became more lush 
and all too soon showed evidence of recent clearing and road work. 

After the jeep trip, Hector and I went to the state of Veracruz where we collected 
several bamboos which Miguel had located for us on topographical maps. Otatea acumi
nata acuminata was collected from limestone cliffs about 2 km south of the town of Cerro 
Gordo. Both species of Otatea seem to favor soils with limestone. This probably indicates 
a preference (unusual in bamboos) for alkaline conditions. Chusquea mulleri was collected 
on a northerly approach to Pica de Orizaba from Coscomatepec. It grows at 2800 m and 
has tessellated leaves. 

The most exciting find of the trip was on the southern flank of another volcano, Cafre 
de Perote, at an elevation of 2150 m. Miguel told us about the giant Chusquea at this loca
tion. But the plant bears little resemblance to that genus since it has hollow culms while 
Chusquea culms are solid. The culms reach heights of 10m and diameters of 5 em. What 
is perhaps most unusual is the branching, which occurs all the way around each node. It 
seems to be endemic to a small area near this one mountain. Unfortunately, the area is 
being cleared for agriculture. A forester, we spoke with, had gotten into trouble with his 
superiors for transplanting it to an area where he was supposed to be planting trees. When 
we returned to the United States, a new species of nematode was discovered on this particu
lar bamboo and all the plants were destroyed. Next spring we hope to try again. 

Hector and I also revisited the area north of Oaxaca, where I had collected on my first 
trip, to try again with the two unidentified species of Chusquea. We found and dug a 
species of Aulonemia as well. 

Our last collection was Chusquea hilimekii. which appears to be another endangered 
species. We searched for three days without succe\s before meeting a local rancher who 
agreed to take us to his plants. The site was at 3000 m on Rio Calguihuac Vaja del lxtla
ziudtl near the town of Amecameca southeast of Mexico City. Repeated forest fires seem to 
be the primary cause of the decline of C. bilimekii. The rancher told us that tea made from 
the rhizomes was good for relieving kidney disorders. Perhaps this has also contributed to 
the decline of the species. It would be a shame if it were to disappear before it even had a 
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chance to be studied in detail. 

The survivors through quarantine are the two Chusquea sp. from north of Oaxaca, C. 
circinata, an unidentified Chusquea sp. from Jalisco, C. mullen·, C. hilimekii, C. liehmanii 
and Otatea acuminata acuminata. 

Colombia 1988 

Our most recent trip was to Colombia last January. The trip was primarily financed 
by a grant provided by the Stanley Smith Horticultural Trust. I invited Larry Rueter, an 
ABS member from the Pacific Northwest, and Tony Grieb, representing the European Bam
boo Society from Switzerland, to help with the project. We were very fortunate to join with 
Lynn Clark and Ximena Londono, who had planned a research trip beginning the same time 
as ours. Lynn was on sabbatical leave from Iowa State University and Ximena was work
ing on a research grant on Guadua in Colombia. The combination of botanists and collec
tors worked out well. Our objectives were complementary, and we were generally quite 
happy to be at the same place at the same time. When we were not, we had the mobility of 
two jeeps. 

Shortly after we arrived, Ximena showed us the INCIV A Arboretum near Tulua 
where several Bamhusas planted by F. A. McClure are growing and where Ximena has 
planted many Guaduas from all over Colombia. Part of her grant is devoted to preserving 
the threatened gene pool of the Guaduas, in particularly G. angustifolia. The once great 
forests of this giant species have largely been replaced by farm land, and there is danger 
that some forms might be lost. G. angustifolia is widely used for economical construction, 
but the demand now threatens the source. Ximena's grant is administered by INCIV A 
which stands for Instituto Vallecaucano de Investigaciones Cientificas. While at the 
Arboretum we also potted and planted bamboos we had brought from the United States. 
The highlight of the day was the tour of a rare and spectacular grove of variegated G. 
angustifolia. 

Our home base was the INCIV A museum and administrative center in Cali where we 
had a place to stay. We made two extended trips, each about a week long. The first was 
north of Cali in the central branch of the Colombian Andes, and the second was south where 
the three branches of the Andes come together and extend into Ecuador. During the first trip 
in one two day period, we collected an amazing eight bamboo species. This was along a 30 
km stretch of road between Manizales and the Volcim El Ruiz. Of the eight, we could only 
positively identify two, Chusquea spadicea and Neurolepis elata. Throughout both trips we 
seemed to discover at least as many new species as ones already described. Surely this 
shows the need for both more botanizing and collecting in South and Central America. 

Several of the Chusquea species we saw belong to the longifolia group, which are 
characterized by long narrow leaves. Many grow to 8 m in height and 5 em in diameter. 
Those we saw were growing at altitudes ranging from 2300 to 3300 m. They are a very 
attractive group with masses of long narrow leaves. 

We were delighted to find a Chusquea with cordate culm leaf blades and a white 
powder on new culms and branches. Lynn thought it had probably not been described and 
named. We found this surprising since it is so distinctive and grows in so many different, 
widely spaced places. 

Another surprise was the discovery of a variegated Chusquea, the first any of us had 
seen or heard of, which has variegated leaves. But then botanists are not so prone to get 
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excited about such things as are collectors and gardeners. The species is C. scandens, 
which is somewhat unusual among Chusqueas for having leptomorph or running rhizomes. 
The high elevations and wide range over which this species grows suggests it is probably 
one of the more rugged Chusqueas. 

We saw and collected 5 or 6 species of Neurolepis. We collectors would not have 
recognized they were bamboos if we had not had botanists along. Most Neurolepis look 
more like very large clumps of pasture grass. The leaves come up from the base of the plant 
with no apparent woody culm, rising to 2 or 3 m with the tips hanging down. They taper 
gradually from bottom to top, not generally becoming wider than I 0 em. They have a lush 
tropical appearance despite the mostly cold moist environment in which they grow. One 
species looked like Arundo donax. 

In addition to Chusquea and Neurolepis, we collected species of Rhipidocladum, 
Au/anemia and Arthrostylidium. Plants of nearly all of the species collected were either 
given to the University Arboretum at Manizales or were planted near Cali at Dapa. At the 
conclusion of our trip, we carefully washed and packed our treasures and brought them 
back to the United States and Switzerland. Unfortunately, the number of survivors is 
depressingly small. It seems they had deteriorated significantly by the time they had gotten 
through the U. S. Department of Agriculture inspection and arrived at the quarantine green
house. They probably became too warm during transport and storage. Refrigerated tran
sportation would help a great deal, but would be very expensive. The good news is that the 
variegated Guadua angustifolia and Chusquea scandens, 2 Chusqueas from the longifolia 
group, 2 Chusqueas from the scandens group, and Chusquea aff. fendleri have survived so 
far. 

I confess a great deal of my personal motivation for these trips has come from the 
collector and gardener within. I believe those of you that share this impulse have a useful 
role in the preservation and distribution of bamboo species. We can acquire and grow them. 
We can cherish and share them. I hope you will join me, the American Bamboo Society, 
and other bamboo lovers in collecting, growing, and distributing this wonderful group of 
plants. 
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Wolfgang Eberts*: The Progress of Bamboo in the Federal Republic 
of Germany 

143 

Bamboo isn't at all new in our country. Bamboo has already been cultivated here for 
over a hundred years. In a 1905 issue of the famous garden magazine ''The Joy of Garden
ing", there was a report on an experiment mainly about the frost resistance of different 
bamboo species. Some of the names have been revised since then but one is astonished to 
see how many different varieties were available back then. 

To our great surprise, we also found that, in the early days, there existed a sort of 
"European Bamboo Society" which edited its own newsletter. This shows that bamboo is 
not just now being discovered in Germany - but rediscovered. What is the reason for it? 

One possibility is that there are more and more people traveling and they are develop
ing an interest in Asian cultures. We know that Asian people, especially the Japanese, try to 
live in harmony with nature despite their hardworking daily routine. We know that bamboo 
has had a great influence, and still has, in the lives of almost half the world's population. It 
has provided them with their food and their shelter for over a thousand years. We admire 
bamboo for its solidity yet it is resilient. Bamboo can be bent to the ground and spring up 
again. It is strong and still light. The more people learn about its properties the more they 
become fascinated. 

In Europe, friends of the tree grasses have attempted to spread the news about these 
plants. Bamboo is promoted through exhibitions, by publishing articles in garden maga
zines, by interviews on the radio and even in TV shows. Millions have seen the film "Bam
boo The Wondergrass.'' One can get tired of seeing Ficus benjamina all the time. 

Even chancellor Helmut Kohl is fond of bamboo and he has been from his early 
childhood. He confessed while shovelling good rotten cow manure helping to plant the 
bamboo in his private garden in Oggersheim. He is so keen on bamboo that he has just 
recently ordered more for his garden. 

Yes, you can hear the leaves rustling in the bamboo groves, the people who spread 
the knowledge around are astonished and encouraged to see the reaction. No one expected 
such a success. Many gardeners just seemed to have waited for this plant. They started to 
get tired of and a bit bored with all the conifers around. The time is ripe for bamboo, espe
cially with its light spring-like green, and it has brought a smile to their faces. Bingo! This is 
it! We want bamboo in our garden! And herewith came the problem. 

It is very rare in our times that you have a demand exceeding the supply. In the begin
ning that was the case with bamboo. I will always remember one of the most famous Ger
man landscape architects standing up and saying, "Here you are giving a laudatio on bam
boo, but if I put a couple dozen of a bamboo species in my plant lists, the landscapers are 
screaming, 'We cannot get the plants!' So, instead of advertising for a plant that is not 
available, you better keep your mouth shut and meanwhile work on propagating instead of 
speaking in front of an audience." And he was right. We had plants, but often not the 
species we wanted to have and not in the amounts we needed. When it comes to species, it 
is natural that we put the emphasis on hardiness. We are slowly reaching this goal. Imports 

*Saarstr 3, 7570 Baden-Baden, Germany. 
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from China have helped us to get a considerable stock now. The fact that our authorities 
don't hinder us with quarantine regulations made this relatively easy. Of course, we, like 
anyone dealing with China, had to pay the price. Our Chinese partners had no idea of what 
we wanted, they learned, but it took time. And the expense was high. 

In our country when someone thinks of planting bamboo he does not automatically 
think of himself as a weed spreader, and getting into problems with the neighbors. Of 
course, there is a chance that after some years this will happen. The amount of plants that 
have been set free is considerable. Fortunately, the growing conditions cannot be compared 
with places like California; the lack of summer heat in our country is a limiting factor to 
growth. 

Bamboo has in just a few years gotten a lot of special interest in most European coun
tries. In France with good climatical conditions, Belgium, Holland, the U.K., Switzerland, 
Austria, Italy, and Germany. In Italy, there is more and taller bamboo than anywhere else 
but the number of species is very restricted. It is hard to believe that no one has thought of 
introducing more varieties into a country with almost ideal growing conditions. Soon, and 
for the first time in Europe, "Moso" shoots will be coming on the market as a fresh veget
able. Six years ago, these Phyllostachys edulis came over from California through the help 
of Richard Haubrich, then president of the American Bamboo Society. 

There has been much change within a few years. European Bamboo Societies are 
now in every country and enjoy a growing number of members.* Like the yeast in the brew 
they help to get other plant lovers interested in bamboo. 

Through the efforts of these activists more people are made aware of and attracted to 
bamboo. In Germany, every two years there is a "National Garden Show" always in a dif
ferent city. These shows usually attract from 4 to 5 million visitors. Every ten years we have 
a IGA, an International Garden Show. Of course, these are ideal for the presentation of 
bamboo. Bamboo plants up to 30 feet high, or some just 10 inches high, with different 
colored culms, different shaped leaves, different colored leaves are displayed. But it is not 
just the plant alone, we often have someone who is splitting bamboo and weaving baskets 
while people are watching him; indeed, we have the used green bamboo culms in many dif
ferent ways. 

Above all, it is bamboo itself which creates the snowball effect of interest. The neigh
bors are looking over the fence, what's that fresh green bush in the middle of the winter?! 

Also many attempts have been undertaken to use bamboo as an indoor plant. In 
Europe modem architecture uses a lot of glass. But light is not the only criterion for bam
boo. The photo of the IBM plantation in New York City has gone around the world. Who 
would not like to have a "mini IBM patio" after seeing those photos? Unfortunately, in 
certain cases bamboo can be disappointing. Due to central heating in winter and the dry air 
within the buildings the mites and bugs are just too much and in one case known to me the 
bamboo plants had to be removed again. In those buildings it is rather difficult to use chemi
cal sprays and the use of natural predators does not work all the time. Maybe some years 
from now we will have subtropical bamboo that can adapt better to those conditions, there 
sure would be a market for it. Another interesting market would be bamboo as a potted 
plant. 

* Just recently. Spain has joined the gang. 
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Only with potted bamboo does winter become a serious problem. Keeping a bamboo 
in a pot on a balcony exposed to low temperatures plus wind is just more than the plant can 
take. Quite often the owners will take the plant indoors or will protect the pot with some 
proper material so that frost cannot damage the rhizomes. 

Another sector that has not been developed until now is : "Rent a Bamboo." Above 
all in the larger cities with conventions, trade shows etc., there could be a demand. 

In Europe we have quite a number of keen bamboo collectors. They exchange plants 
and visit each other. They don't mind the distances they must travel especially when they 
know that they will be able to add another bamboo to their collection. Some of the collec
tions I have heard of amount to well over I 50 different species. Through our common 
friend Bamboo, many friendships have come about and borders or languages don't seem to 
be a problem. In the end maybe it is this happy circumstance which counts most. I am 
confident that bamboo will be more successful in the future. One will see more of it in Ger
man gardens. 
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Elizabeth A. Widjaja*: The Peculiar Preparation of Bamboo Shoots 
for Culinary Purposes in Indonesia 

Abstract 

1991 

In Indonesia, like in many other Asian countries, bamboo shoots have been used as a 
food resource from time immemorial. The various kinds of dishes and their techniques of 
preparation as described in many cookbooks differ from one ethnic group to the other. 
Since each ethnic group has a specific name for every recipe, it is unavoidable that some
times similar dishes will have different names, so that at a glance the number of bamboo 
dishes in Indonesia appears considerably higher than it really is. Twelve, well known 
Indonesian bamboo dishes are discussed and their recipes given. A very peculiar method of 
preparing bamboo shoots for culinary purposes is seen in kuyuk huhui and kuyuk rcndam, 
which involve a fermentation process by submerging the bamboo shoots in river mud. 
These dishes are made by the Sundanese living in South Sukabumi (West Java). They are 
prepared only from one bamboo species, Gigantochloa nigrociliata, which commonly 
grows wild in that area. The preparation of these kuyuk dishes will be described in detail. 

Introduction 

The uses of bamboo shoots for vegetables is well known to Indonesians both in the 
cities and in the villages. However, it has not been recorded in our historical annals when 
or from where this practice came or how it was developed in Indonesia. Most tribes in 
Indonesia know that bamboo shoots are edible except the natives of the Jayawijaya Moun
tains in Irian Jaya. Although wild bamboo groves are common there, the people only use the 
old culms for making arrows, and they do not gather the young shoots. The reason for not 
gathering bamboo shoots for food is probably due to their inability to cook them. 

Every tribe has one or two very specific dishes made of bamboo shoots. The variety 
of food differs from one ethnic group to the other. An exception are the Minangkabau and 
Batak tribes who live in Sumatra; they have a very similar type of bamboo shoot cooking. 

In Europe and America the habit of eating bamboo shoots was probably introduced 
by Asians, such as Chinese, Malays, Vietnamese, Japanese or Thais. Usually they could 
buy the bamboo shoots as canned or dried shoots. 

Unfortunately, little information is available on the annual consumption of bamboo 
shoots in Indonesia, either for industrial purposes or for daily household use. Such data will 
be valuable for developing future programs of bamboo cultivation and production as well as 
other research and development activity. 

The Bamboo Species with Edible Shoots 

Although every species of bamboo produces young, seemingly edible shoots, it has 
been recorded that some species need special treatment before they can be consumed. In 
general people gather any bamboo shoots growing in their area, and their experience indi
cates which species will need special treatment in preparing the shoots for culinary 

*Herbarium Bogoriense. Centre for Research and Development in Biology - LIPI. Jl. Raya Juanda 22-24. Bogor 
16122, Indonesia. 



1991 J. Amer. Bamboo Soc. Vol. 8 No. I & 2 147 

purposes. 

In Indonesia. every tribe has specific species preferences for their vegetables. The 
Javanese. for example, usually gather Dendrocalamus asper and Gigantochloa after shoots. 
the Sundanese eat D. asper and the Baduy people who live in Banten (a part of West Java) 
like G. rolmsta shoots. Because of the gross similarity in appearance, the latter are some
times sold in Jakarta together with D. asper so that people who do not know the difference 
will get the inferior G. rohusta shoots for the price of D. asper. The people who live around 
Cibodas Botanical Garden like to gather Phyllostachys aurea and Tetragonocalamus angu
latus shoots and eat them as fresh vegetables. Besides those species, the Javanese and Sun
danese also eat Bamhusa mlgaris var. striata shoots whereas the Madurese use Giganto
chloa after and B. arundinacea shoots. The Dayak in Kalimantan like to gather G. ln·is 
shoots just like the Filipinos and the Malays. In the Moluccas, people consume D. asper 
and G. after which grow wild there, and in Manokwari and northern Irian Jaya people eat in 
addition to G. after, B. mlgaris var. \'iridis. The latter is usually planted by the Kai people 
for food. 

The Use of Bamboo in Vegetable Soup 

There are 8 kinds of cooking which use bamboo shoots as the main vegetable. These 
are: 

I. Lodeh rebung- mixed bamboo shoot soup with coconut milk. 
2. Sayur rebung- bamboo shoot soup with coconut milk. 
3. Garang asam -sour and hot chicken or beef with bamboo shoots. 
4. Gulai manis rebung- bamboo shoot sweet soup. 
5. Gulai rebung masam -bamboo shoot sour soup. 
6. Gulai rebung teri basah - bamboo shoot soup mixed with small dried sea fish. 
7. Beko- fish, pumpkin, bamboo shoot soup. 
8. Capcay - mixed vegetables. 

The preparation of these dishes is presented in Table I. As a general rule, people peel 
off the sheaths of the bamboo shoots, clean and slice them before cooking. The Taiwanese 
boil the shoots before they skin them so that the shoots look whiter because this method 
avoids the browning process due to phenolic activity. 

Snacks Made of Bamboo Shoots 

There is a well-known snack in Indonesia called lumpia, a kind of pancake made of 
flour and egg prepared into a roll containing cooked vegetables and spices. This snack was 
introduced by the Chinese, but nowadays it is known all over Indonesia with many varia
tions. The most famous lumpia is made in Semarang (Central Java) and is known popularly 
as lumpia semarang. Its chief characteristic is that bamboo shoots represent one of its 
ingredients. It consists of bamboo shoots slices, soybean sprouts and chicken spiced with 
onion, garlic, salt and pepper. The flour and egg pancake is wrapped around the ingredients 
into a roll ready to eat. Some people like to fry the lumpia rather than boil it. In West Java, 
people replace bamboo shoots with yam bean Pachyrrhizus erosus. Some other variations 
in the content of the roll are also known. 



148 Elizabeth A. Widjaja 1991 

Preserved Bamboo Shoots 

Dried Shoots 

It is very interesting to note that some tribes in Indonesia prepare dried shoots. It is 
widely known that this practice has been well developed in Japan, China and Thailand. 
During a botanical exploration in South Sulawesi it was observed that the local people, 
especially the older ones, prepare this peculiar food. During another exploration in the 
Moluccas recently, this peculiar way of young shoot processing was observed to be prac
ticed also by the Alune tribe, who live in the central part of West Seram Island. It is not 
known when this practice started in that isolated area, but the objective is to preserve the 
bamboo shoots during the growing season, keeping them for use when vegetable sources 
become scarce. 

Bamboo Pickles 

Some Chinese in Indonesia have prepared bamboo pickles for their own consumption 
using vinegar, sugar and salt. The practice is not so well developed as it is in Thailand. 

Sungsi 

Sungsi is a kind of food made of bamboo shoot preserves. This food was probably 
introduced by the Chinese, so that it is only locally known, and usually only the Chinese 
cook it. 

After the bamboo shoots are peeled, they are sliced finely and then washed 
thoroughly. The sliced shoots are then soaked in water for 3 to 4 days until they give off a 
specific smell indicating some sort of fermentation processes has taken place. In this condi
tion, the sliced shoots are ready to be used for a vegetable. The Chinese usually cook them 
together with chicken or pork, using pepper, onion, garlic and salt as spices. This food is 
normally prepared using the shoots of Dendrocalamus asper and Gigantochloa after. 

Kuyuk rendam 

This kuyuk is very similar to sungsi except that it is made of Gigantochloa nigrocili
ata only. It is made by people from South Sukabumi. After gathering the shoots, they peel 
off the sheaths. They chop the shoots into tiny pieces, put them in a porous bag and soak 
them in the running water near the river bank for 3 days. After 3 days, they collect the 
chopped shoots, which are ready to be used. They cook them as vegetable soup, or some
times they fry them. 

Kuyuk bubui 

The way to make kuyuk bubui is very similar to sungsi, but the shoots are not peeled 
before they are processed. This peculiar food is found only in South Sukabumi where it is 
made from Gigantochloa nigrociliata which commonly grows there in the wild. After col
lecting the shoots, people bury them in the muddy river for 3 days. Then they take the 
shoots out and peel them, and these fermented shoots are ready to cook. Usually they fry 
the shoots after slicing, or they make lodeh rebung. 
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Table 1. The Preparation of Bamboo Shoot Soups 

I. Lodeh rebung 
Ingredients: llf2 kg bamboo shoots, 100 gr of Gnetum gnemon leaves, tempe (fer
mented soybean cake), lfz coconut to make coconut milk. 
Spices: 5 onions, 3 garlics, 3 chilies, 2 Aleuritas moluccana (Indian walnut) fruit, 
greater galangal, 2 Syzygium polyanthum leaves, palm sugar, salt. 
Slice young shoots and boil until soft. Roast chili, onion, garlic. Grind all the spices 
except Syzygium leaves and greater galangal. Boil coconut milk, add the shoots, 
Gnetum gnemon leaves and spices and stir it until cooked. 

2. Sayur rebung 
Ingredients: I kg bamboo shoots, lf4 coconut for making coconut milk. 
Spices: 3 onions, I garlic, coriander, turmeric, ginger, sugar, salt. 
Slice the bamboo shoots and boil until soft. Grind the spices. Boil the coconut milk 
and add the sliced shoots and spices and stir it until cooked. 

3. Garang asam 
Ingredients: 1/2 chicken or I kg beef, I bamboo shoot. 
Spices: I 0 onions, 2 garlics, 5 chilies, greater galangal, roasted tamarind and salt. 
Chop chicken into small bite-size pieces, slice the bamboo shoots. Grind 5 onions, 2 
garlics and 3 chilies with salt. Boil the water with roasted tamarind and add chicken 
and shoots which are already soft. Then, chop other spices and add them to the soup 
including the ground spices. After the chicken is soft, it can be served. 

4. Gulai manis rebung 
Ingredients: 1 bamboo shoot, lfz coconut for making coconut milk, 100 gr crisps of 
beef's skin, 4 spoons of oil. 
Spices: 6 onions, a piece of greater galangal, 2 Syzygium polyanthum leaves, 2 chi
lies, a piece of ginger, salt. 
Slice bamboo shoot and boil; fry crisps. Chop onions and chilies. Boil coconut milk 
with spices. When the coconut milk has boiled, add the sliced shoots and crisps, stir 
and bring to a boil. 

5. Gulai rebung masam 
Ingredients: lfz bamboo shoot, lfz coconut for making coconut milk. 
Spices: 3 onions, 2 garlics, chili powder, ginger, turmeric, greater galangal, turmeric 
leaves, Garcinia atroviridis fruit to give sour taste, salt. 
Chop bamboo shoot into small cubes then soak in water for 2 days. Sieve the shoot 
after 2 days. Grind the spices except turmeric leaves and Garcinia atroviridis fruit. 
Boil coconut milk, add the spices and stir. Then, add the chopped bamboo shoot, stir 
and bring to a boil before serving. 

6. Gulai rebung teri basah 
Ingredients: lfz kg bamboo shoots, 50 gr small fish, I coconut for making coconut 
milk. 
Spices: 10 onions, 15 chilies, greater galangal, turmeric, lemon grass and turmeric 
leaves, salt. 
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Slice the bamboo shoots and cook. Grind the spices except lemon grass and turmeric 
leaves. Boil coconut milk, add the spices. Then. add the sliced shoots and small 
fish, and boil again until cooked. 

7.Beko 
Ingredients: I pumpkin, 1/2 dried fish. 2 bamboo shoots, I coconut for making 
coconut milk. 
Spices: 3 Syzygium polyanthum leaves, 10 tamarind leaves, chili, salt. 
Peel the pumpkin, chop into pieces and boil until soft. Clean and prepare the fish. 
Cut the fish fillets into small bite-size pieces. Crush the chili and salt, cut Sy:::ygium 
polyanthum leaves and tamarind leaves. Then, mix pumpkin and shoots with coconut 
milk, add the spices and bring to a boil, add the fish and cook for a further 10 
minutes until the fish is soft before serving. 

8. Capcay 
Ingredients: lf2 chicken, I bamboo shoot, carrot, cabbage, leafy onion. 
Spices: 5 onions, 2 garlics, pepper, salt, 3 spoons of oil. 
Chop chicken into small bite-size pieces, also cabbage and carrot. Slice the bamboo 
shoots. Chop onion and garlic and fry in cooking oil. After onion and garlic are 
turning yellow, add chicken, cabbage and carrot. Add some pepper and salt and 
pour in some water and bring to a boil, so it is ready to serve. 
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Walter Liese*: Progress in Bamboo Research 

Abstract 

Bamboo has served mankind for ages countless uses. The biological, silvicultural, 
and technical methods applied to its management and utilization were mostly developed 
empirically following traditional ways. In recent years the growing awareness of this valu
able raw material with so many excellent properties has lead to an increased recognition of 
its vast potential. As a consequence, research efforts have been strengthened by the coun
tries concerned and supported by international organizations such as, for example, IDRC 
(International Development Research Center, Ottawa, Canada) and IUFRO (International 
Union of Forestry Research Organizations, Vienna, Austria). 

A review is presented of the rapid development of bamboo research, some of its 
results, and some problems still to be solved regarding its biology, management, properties, 
and utilization. 

The Development of Bamboo Research 

The IUFRO World Congress No. XVI in 1976 can be considered a turning point, 
when a Project Group "Bamboo and related species" was established with Prof. T. Higu
chi, Kyoto, as its first Chairman. Already in 1977, the "Japan Society of Bamboo Develop
ment and Protection" was founded; it regularly issues a bulletin with contributions relevant 
to the field. 

In 1980 a joint workshop by IDRC and IUFRO on "Bamboo Research in Asia" was 
organized in Singapore where 20 papers were presented. When in 1981 IUFRO World 
Congress No. XVII took place in Kyoto, Japan, the Bamboo Research Group held special 
sessions including the presentation of 33 papers. In the same year, two scientific journals 
devoted to bamboo were started in China: Bamboo Research by the Forestry University, 
Nanjing, and Journal of Bamboo Research by the Zhejiang Forestry Institute, Hangzhou. In 
1985 the American Bamboo Society held its first International Bamboo Conference at May
aguez, Puerto Rico. In 1984, IUFRO organized a Planning Workshop for Asia on "Increas
ing Productivity of Multipurpose Tree Species" in Kandy, Sri Lanka, where participants 
from 12 countries regarded bamboo among the five most important species for top priority 
activities. 

In 1985, IDRC, in cooperation with the Ministry of Forestry in China and IUFRO, 
held its second International Bamboo Workshop "Recent Research on Bamboos" in Hang
zhou, China where 49 papers were discussed. In 1986, IUFRO World Congress NO. XVIII 
took place in Ljubljana, Yugoslavia. Although this region is certainly not a bamboo grow
ing area, the Bamboo Research Group under its new Chairman, Prof. Weynue Hsiung, 
Nanjing, nevertheless organized meetings with 17 papers presented. 

Finally, in 1987, even a European Bamboo Society was founded, which jointly with 
the American Bamboo Society organized the 2nd International Bamboo Conference (1988) 
at the Bambouseraie de Prafrance, France with 22 papers presented. Another highlight for 
bamboo research and application was the 3rd IDRC International Bamboo Workshop in 

*Ordinaria! fiir Holzbiologie, Universitiit Hamburg, Leuschnerstral\e 91. D 2050 Hamburg 80, Germany. 
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November, 1988 at Cochin, India, organized by the Kerala Forest Research Institute. It 
concentrated on recent developments in the management and utilization of bamboo, the 
socio-economic aspects relating to bamboo cultivation and utilization, and on further 
research needs and directions. The IDRC supported research on bamboo in several Asian 
countries merits special mention. 

Last but not least, the media also took a growing interest in the propagation of bam
boo news. Thus, the Commonwealth Agricultural Bureau (CAB) has so far twice published 
compilations on bamboo, Volume I (1973-77) and Volume II (1978-82). Films on bamboo 
have been prepared by IDRC, FAO (Food and Agriculture Organization), and German 
Television, with a BBC film presently in preparation. Also, numerous books on the various 
aspects of bamboo demonstrate the growing awareness and appreciation by the general pub
lic of bamboo as a fascinating plant and a unique raw material. 

As a consequence of these manifold activities, a most lively network of research 
workers and institutions has developed to further enhance the knowledge and application of 
bamboo. Despite increasing research efforts, however, the bamboos have remained some
what mysterious plants. They still encompass many secrets about their biology, and much 
more information is required for more efficient silviculture and utilization (Hsiung 1987, 
Liese 1987). 

Areas for Research 

Identification and Taxonomy 

The morphology of hitherto described bamboo taxa varies greatly. Most 
identification keys are based on floral characters; bamboos however, usually flower only 
once, at the end of their life span. Therefore, vegetative structures have also been con
sidered as possible criteria for classification (Bahadur 1979, Rao 1987). Anatomical char
acters such as epidermal features, arrangement of the vascular bundles, structures of bud 
sheaths, roots and leaves as well as the much documented morphology of the culm are of 
diagnostic value. Attempts have also been made to characterize bamboo species by the gel 
electrophoretic pattern of proteins and peroxidase isoenzymes. 

Research has to be intensified with the aim of establishing a taxonomic monograph 
for the taxa of at least one region. For scientific investigations, collections of all species are 
necessary, and in several countries impressive bamboreta have been established. 

Growth Habits 

Bamboos are almost* the fastest growing plants. They reach their full height of 15-30 
(35) m within a period of 2 to 4 months (Fig. 1 ). Taking also into account their diameter, an 
enormous biomass must be mobilized from the stored energy in the rhizomes within a short 
time; the growing culm itself hardly possesses leaves for producing the required carbohy
drates by assimilation. 

The storage, mobilization and transport of his energy in the roots is still an untouched 
field of research (Ueda 1960). Transport of water and nutrients within the elongating culm 
and the role of the nodes urgently need investigation. 

* Giant kelp is faster. 
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When the culm has reached its final height, the typical color appears dull and the 
culm is called "immature." Later on, it becomes greenish and often yellowish as signs of 
ageing and maturity. maturity. But "maturity" of a culm is a relative term. Evidence from 
chemical and technological 
tests regarding the begin-
ning of maturity is quite 
contradictory. Research on 
the maturation of the culms 
will be necessary also to 
obtain information about 
the stage when a culm has 
reached its ultimate 
strength. The freshly 
ripened culms are 
definitely not to be har
vested since the assimila
tion products of these most 
vital young ones serve for 
the nourishment of the 
rhizome and for further 
sprouting. 

Not much informa
tion exists about the life
time of an individual bam
boo culm. Hardly anything 
is known about the physio
logical or biochemical 
processes involved in its 
ageing and necrosis. Unlike 
the dicotyledons, the struc
tural systems for the con
duction of water in the 
xylem and for the carbohy
drates in the phloem cannot 
be replaced by new tissue 
arising from cambial Figure I. Bamboo clump, Dendrocalamus giganteus Munro 
activity, but have to func-
tion throughout the entire 
lifetime of the culm. 

Dicotyledonous trees may deposit residues of their metabolism in central parts of 
their stem (heartwood) or also in the bark, but bamboo has to possess other pathways for the 
removal of the remnants. Research should clarify the ageing processes of the tissues for 
transportation (xylem and phloem) and for storage (parenchyma) in the culm. 

Flowering 

Most bamboos flower only once in their life. It is one of the mysteries about bamboo 
that at this stage, nearly all culms and clumps of one species start to flower at the same time, 
irrespective of their age and distribution over large areas. Thus, from an economic point of 
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view, bamboo flowering and fruiting is something of calamity, since the culms and 
rootstocks degrade afterwards rather quickly. Intensive research has focused on the reasons 
for the sudden and quite unpredictable simultaneous flowering of a specific bamboo species. 
There are several theories and indications, but so far no definitive cause has been esta
blished. The involvement 
of plant physiologists and 
biochemists is required for 
explaining, predicting or 
even preventing or induc
ing the flowering of bam
boo. 

Flowering and the 
subsequent superabundant 
fruiting consumes all 
energy reserves stored in 
the parenchyma cells of the 
culm and the rhizome. This 
may contribute to their 
death soon after. But also 
more severe changes seem 
to occur in the tissues since 
the dead culms are often 
bent down, become brittle 
and break (Fig. 2). Are 
there changes in the chemi
cal constitution of the tis
sues or the lignified cell 
wall? Apparently, not 
much is known about such 
alterations. Research into 
the phenomena of this 
rapid decline is highly 
desirable not only from a 
scientific point of view but 
especially with respect to 
the utilization and conser
vation of the large amounts 
of material suddenly avail
able. 

Propagation 

Figure 2. Flowering bamboo showing the brittleness of the 
culms, Dendrocalamus sfl·ictus. (Roxb.) Nees 

Propagation by seed is the best method, although seeding cycles occur only at lengthy 
intervals. Seeds have a limited period of germination, usually only a few months. Basic 
studies on seed biology should be undertaken with a view of prolonging their viability. 

Vegetative propagation by cuttings from culm, branches or rhizome is commonly 
practiced. So far, several methods are applied, but for practical purposes, especially for 
establishing larger plantations, the degree of failure is still rather high. Universally applica
ble methods for vegetative propagation of bamboo are not yet available. Therefore, 
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research is presently being undertaken on the primordial structure of buds and especially on 
tissue culture or mass propagation and germ plasm exchange (Dekkers et a!. 1987). 

Yield 
Volume and yield are important criteria for the cultivation of bamboo. The above 

ground biomass has been calculated for some species to be between 50 and I 00 tons per 
hectare. There are considerable differences in yield depending on species and growth con
ditions. The sustained yield may generally be assumed to amount to 5-12 tons of air dry 
material per hectare from plantations, with higher yields on good soils aided by proper 
management and the use of fertilizers. In several countries provenance and growth trials 
have been intensified or started respectively. 

More research is needed for the various species on the influence of different stand 
management practices, such as density, felling cycles, and the use of fertilizers. Chemical 
fertilization can increase the yield by more than 50%; the possible influences on the struc
tural properties should be investigated. 

Furthermore, studies of pests, diseases and injuries as well as harvesting and transport 
are necessary. 

Anatomy and Fine Structure 

The properties of a culm are mainly determined by its anatomy and fine structure. 
The total culm consists of about 50% parenchyma, 40% fiber and 10% conducting tissue 
(vessels and sieve tubes). The percentage of fiber is distinctly higher in the outer third of the 
wall and in the upper part of the culm, contributing to its superior slenderness (Fig. 3). 

The parenchyma 
cells forming the basal 
matrix are mostly 
elongated with interspersed 
shorter cube-like cells. 
The longer ones become 
lignified at early stages of 
shoot growth (Parames
waran and Liese 1975). 
The shorter cells retain 
their cytoplasmic and 
strong peroxidase activities 
for a long time. The func
tion of these two different 
types of parenchyma cells 
and their role in the storage 
and mobilization of car
bohydrates is entirely 
unknown at present. 

The fibers constitute 
the sclerenchymatous tis
sue and occur in transverse 
sections in the form of caps 

2. 10.18.26. 2. 10.18.26. 2. 10.18.26. 

internodes 

t·:·!·!·J parenchyma m fibres 

~vessels, phloem 

Figure 3. Percentage of cell types at various internodes, 
Cephalostachyum pergracile Munro. 
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or sheats of the vascular 
bundles or as isolated long
itudinal strands. Their 
length, varying between 
1.5 and 4.5 mm, is of 
interest especially for the 
pulp industry. There is 
considerable variation 
between species, but dis
tinct patterns also exist 
within one culm with a 
maximum at the middle 
part of an internode (Liese 
and Grosser 1972). Most 
of the fibers have a thick 
polylamellate secondary 
wall. The lamellation con
sists of alternating broad 
and narrow layers with dif
ferent fibril orientation 
(Fig. 4). The broad lamel
lae are oriented at a small 
angle to the fiber axis; they 
possess a lower lignin con
tent than the smaller lamel
lae with a transverse orien
tation (Parameswaran and 
Liese 1976). 

The fibers are 
grouped in the shape of 
caps and bundles around 
the vessels. The arrange-

Walter Liese 1991 

Figure 4. Cross section of a fiber with a multilayered cell 
wall, Phyllostachys edulis Riv. x 11.200. 

ment is quite characteristic for the various species (Fig. 5). Distinct patterns can be dis
tinguished mainly due to the presence and location of one or two isolated fiber bundles in 
addition to the central vascular strand with only sclerenchyma sheaths as supporting tissue 
(Grosser and Liese 1971, 1973; Wu and Wang 1976, Wen and Chou 1987). This appear
ance of the vascular bundles has taxonomic significance. Further investigations on the types 
of vascular bundles as well as on their variation and significance appear worthwhile. 

The phloem consists of large thin-walled sieve tubes with small companion cells, 
which exhibit known cytoplasmic organization with well developed cuneate electron-dense 
inclusions in the plastids (Fig. 6). Starch grains have not been observed in the sieve tubes of 
the culm even in late stages (Parameswaran 1978, Parameswaran and Liese 1980). Since 
the sieve elements have to function during the entire life of a culm, unlike those of the 
dicots, changes during ageing are of special interest. 

Tyloses have been seen only in the intercellular space of monopodia! taxa (Liese and 
Grosser 1971, Kawase et al. 1986). The epidermis of the culm shows structural variations as 
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Figure 5. Vascular bundles: Left with fiber sheat (Type I), Phyllostachys edulis; Right with 
additional fiber strands (Type IV), Bambusa polymorpha Munro. 

Figure 6. Phloem with sieve tubes (SE) and companion cells (CC), Bambusa vulgaris 
Schrad. ex Wend!. Lower left scale= I micrometer. 
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in the case of leaves, which can be of taxonomic significance. Frequently, silica particles are 
incorporated in peripheral parts of the culm tissue. In the nodes, the vascular bundles and 
the phloem become extensively branched and rearranged (Grosser and Liese 1971 ). Inves
tigations on functional structure of the nodes would constitute a fascinating research topic. 

Chemical properties 

Bamboo consists of about 50-70% holocellulose, 30% pentosans and 20-25% lignin, 
with some variation according to species and age of the culm (Tamolang et al. 1980, Chen 
et al. 1985). Since the culm becomes completely mature within about one year, the associ
ated changes in carbohydrates and lignin are of interest. Certain modifications with further 
ageing have been noted, but more insight into the chemical composition, including condi
tions of growth, are needed. Such knowledge will provide avenues for their potential utili
zation, including pharmaceutical possibilities. The chemical composition may also give 
information for taxonomical identification and seed selection (Chen et al. 1985). 

Physical and Mechanical Properties 

The density of bamboo varies between 0.5 and 0.8 (0.9) grams per cubic centimeter 
(oven-dry weight). It depends mainly on the size, quantity and distribution of the fiber 
agglomerates around the vascular bundles. Accordingly, it increases from the central to the 
peripheral parts of the culm and from the bottom to the top. With decreasing thickness of 
the culm wall, an increase in specific gravity and mechanical strength especially of the inner 
parts takes place, whereas in the outer parts these features change only slightly. (Sekhar 
and Bhartari, 1960). 

Bamboo has excellent mechanical properties, especially a superior tensile strength. 
Several investigations have been undertaken to study these properties, but the information 
available is far from sufficient. Many more of the important species have to be analyzed. 
Quite contradictory results concerning the influence of age in green and dry conditions have 
been obtained. Comprehensive tests by Zhou (1981) revealed an increase in tensile and 
compressive strength in culms up to 6 years old and an increase in bending strength in 
culms up to 8 years old, with a decrease in all strengths in older culms. The reason for such 
changes, especially for the apparent drop in strength, should be clarified. So far, no stan
dard methods for evaluating the strength properties of bamboo exist, and the available 
results are based on different methods of testing and on widely varying dimensions. 

The need for further investigation of the relationships between strength and anatomi
cal characteristics of mature culms must be emphasized. It should be understood why, by 
experience, only certain species are employed for certain uses. Some species are easy to 
split, whereas others are used because of their compression strength or are preferred for 
carving. 

Seasoning 

The moisture content of bamboo culms varies not only with the season but also from 
species to species and even within a single culm (Liese and Grover 1961 ). Unlike wood, 
bamboo begins to shrink from the very beginning of drying. This does not continue uni
formly but stops around 40% moisture content and may start again below that level. Bam
boo tissue shrinks mainly in the radial direction. Compared with timber of the same specific 
gravity, the drying period needed for air or kiln drying is longer due to the higher initial 
moisture content and the presence of water soluble extracts in the parenchyma (Sekhar and 
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Figure 7. Pressure impregnation of bamboo poles. 

Rawat 1964, Laxamana 1985). The various bamboo species exhibit a different seasoning 
behavior, which is partly attributed to culm wall thickness. Several defects may occur dur
ing seasoning, especially surface cracks and collapse. Thick walled bamboo is especially 
liable to crack. 

More research is needed on the relationships between fiber saturation point, specific 
gravity and shrinkage in relation to the anatomical structure of the species. Suitable meas
ures to minimize collapse and splitting during seasoning should also be studied. 

Natural Resistance 

The natural resistance of bamboo against insects and fungal attack is rather low and 
this has to be regarded as a major shortcoming. Water absorption of dried bamboo is quite 
rapid due to the hygroscopicity of the extracts in the parenchyma cells. Surprisingly few 
tests have been made concerning the durability of the various species against deteriorating 
insects and fungi in the field and under controlled laboratory conditions. Field observations 
and practical experience indicate differences between species, such as in the Philippines 
where Dendrocalamus merrillianus (Elm.) Elm. is perishable and Schizostachyum zol
lingerii Kurz is quite resistant. 

Nothing is known so far about the presence of any compounds which could influence 
durability, except starch, which can be plentiful making the culms highly susceptible. 
Again, more systematic research is needed. Besides its low durability, bamboo is refractory 
towards impregnation, but the relevant problems cannot be outlined here (Liese 1981, 
Tewari et a!. 1981) (Fig. 7). 
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Figure 8. Bamboo shoots ready for market, Phyllostachys edulis. 

Figure 9. Sap flow from decapitated culm of the "bamboo vine", Oxytenanthera hraunii 
Munro. 
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Figure I 0. Timber framed house with bamboo mats, Indonesia. 

Utilization of Bamboo 

From the vast field of bamboo utilization a few examples may be presented. 

The Shoots 

Bamboo shoots are an important daily food for many people in Asia (Fig. 8). Dif
ferent countries prefer different edible species. Some species such as Dendrocalamus 
t;iganteus can be eaten even raw, while others contain lethal amounts of cyanogens, which 
are destroyed only by cooking. Since the nutrient value decreases with age (Hu 1987), an 
early gathering when the shoots are still underground with the sheaths just appearing--yields 
higher quality in terms of sugar, protein, fat free amino acids, vitamins etc.. Results of taste 
tests are still meager. The nutritional composition of the various species and changes due to 
external influences, such as fertilization, are still to be investigated in a more systematic 
way. 

In Tanzania, growing shoots of Oxytenanthera braunii are decapitated, and the 
extruding sap collected for many weeks (Fig. 9). The sap ferments within 2 days into a 
quite tasteful drink called ulanzi. Why can the sap be collected apparently only from this 
single species, and what mechanisms make it flow over a long period, up to several months? 

Building Material 

Bamboo is an indispensable material for construction. Besides its traditional applica
tions in the round or split form, modem technology is utilizing this light, inexpensive and 
most flexible material for houses and other construction (Fig. 1 0). The use of bamboo for 
trusses has been developed (Janssen 1981 ), and different forms of joints have been design-
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Figure 11. Joints for bamboo trusses, Forest Research Institute, Dehra Dun, India. 

ed (Fig. II). In such construction, bamboo will rarely break and may even regain its origi
nal form when the load is removed. More attention should be given to the design details in 
buildings including also improved durability. 

Research, especially in India and the Philippines, has proved the suitability of bam
boo as a concrete reinforcement. The load carrying capacity of structural members can thus 
be increased considerably. To avoid chemical weakening of the bamboo splints, they 
should be boiled in an asphalt emulsion and then covered with coarse sand to provide better 
contact with the rough surface (Mansani eta. 1977, Smith et al. 1979). 

Processed Bamboo Products 

The unique properties and the beauty of bamboo are improved by modern processing 
techniques, transforming the raw material into high quality products. Only a few items will 
be mentioned. Presteaming facilitates bending to reduce internal stresses, and microwave 
heating has also been successfully applied. Laminated bamboo, glu-lam or "lam boo", has 
been developed as a structural and decorative material in a variety of styles (Fig. 12). 

Bamboo is also peeled and processed into ply bamboo with various adhesives. Such 
material was already produced in China during World War II for aircraft construction. The 
use of bamboo products as supports between sleeper and rail demonstrates the strength and 
weather resistance of bamboo. The manufacture of hardboard and particle boards should be 
further explored. Making boards from woven bamboo mats with sawdust or coconut coir 
pith as fillers reduces the shortage of wood for such purposes. New processing techniques 
and machines can further improve the quality and usefulness of bamboo-based articles (Fig. 
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13). Economic considerations have, however, reduced the significance of bamboo products 
in some Asian countries. 

Figure 12. Laminated bamboo for chairs, Taiwan. 

Figure 13. Delicate bamboo handicraft. 
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The importance of bamboo for pulp and paper can only be mentioned. About 7.8 mil
lion tons of raw bamboo are consumed annually, but only some species have been accepted 
by the industry (Singh, Guha 1981 ). The reasons for the neglect of certain species should be 
better understood because pulp and paper from bamboo are of great importance for some 
countries (Fig. 14 ). 

Figure 14. Bamboo for paper pulp, India. 

Chemical processing offers considerable potential. Charcoal, tar, vinegar are tradi
tional products from dry distillation, but diversified products can be obtained following 
intensified research. 

Research on bamboo is a vital field of science. The abundance of this valuable raw 
material in certain regions, the growing appreciation by the public, but especially the urgent 
need for the benefits from this multipurpose plant by millions of people demands further 
efforts. 
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Wenyue Hsiung*: Prospects for Bamboo Development in the World 

Abstract 

As a group of the grass family, bamboos are estimated to comprise about 1200 
species belonging to 70 genera. Some are giants, 20 to 25 meters in height and 15 to 20 em 
in diameter, but most are shrubs or climbers. Botanically there are about II 0 species of her
baceous bamboos belonging to 25 genera which occur mostly in South America. 

Bamboos are widely distributed. from the tropics to temperate regions and from sea 
level to alpine elevations of 3000 to 4000 meters. But most bamboos occur in warm areas 
with plentiful rainfall in tropical and subtropical Asia, South America and Africa, which are 
the three major regions of bamboo distribution. Asia is the largest with over 800 species. 
China is a center of world bamboo distribution with about 400 species of sympodial and 
monopodia! types. Europe has no indigenous bamboo, but now nearly a hundred species 
have been introduced and planted in southwestern European countries. Bamhusa vulgaris, 
which may have originated in Malaysia and Indonesia, has now become a cosmopolitan 
bamboo widely distributed in the tropics throughout the world. 

As the world's fastest growing plants, bamboos form pure or mixed stands, spread 
rapidly by means of their powerful rhizomes and survive persistently even under the dense 
canopy of forests. Once the overtopping trees are removed, they sprout promptly. There is 
a general tendency for bamboos to increase their area due to deforestation, but they 
deteriorate in size and quality when they are over-harvested with little attention to conserva
tion and management. 

For centuries bamboos have been closely related to agriculture, handicraft industries, 
culture, art and daily life for more than half the world's population. Bamboo's graceful 
shape and useful characteristics have greatly inspired poets, artists, scientists and engineers. 
As poor man's timber, bamboos become increasingly important in the economics of 
developing countries, not only for traditional handicrafts but for modem industries such as 
paper making, board and furniture manufacturing, etc. Bamboo culms have excellent physi
cal and mechanical properties that can be used in place of costly plastics and metals. The 
edible shoots are a nutritional vegetable with a rich content of amino acids. The shoots 
have stimulated the development of a canning industry in producing countries. People in 
China and Japan have long enjoyed bamboo's slender, noded culms, graceful green foliage, 
and unrestrained magnanimity in landscapes and gardens. The appreciation of bamboo's 
beauty has become increasingly popular in the United States and European countries. As a 
highly renewable and versatile resource, bamboos receive more attention in every facet of 
life and play a more important role in modem civilization. 

Introduction 

Bamboos belong to Bambusoideae of Gramineae. They are estimated to include 
about 1200 species and varieties and 70 genera. Some are woody giants 20- 25 m in height 
and 15 - 20 em diameter; some are small semi lignified plants, but most are of medium size. 
Botanically about 110 species and 25 genera are herbaceous bamboos. 

*Nanjing Forestry University, Nanjing, China. 
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For centuries, bamboo has been closely related to agricultural production, handicraft 
industries, culture, arts, and daily life of more than half the world population. As ''poor 
man's timber" bamboo plays an important role in the rural economics of developing coun
tries. Its graceful form and useful characteristics have greatly inspired the poets, literates, 
artists, foresters, scientists and engineers. As a highly renewable and versatile resource, 
bamboo receives more attention from many sectors of modem civilization. 

Distribution 

Bamboo has a wide range of distribution from the tropics to the temperate zones and 
from sea level to the alpine elevations. Some species are even found in considerably high 
latitudes and elevations. Sasa kurilensis and Chusquea culeou occur in South Sakhalin (46° 
N) and South Argentina (47° S) respectively. Certain species of Sinarundinaria grow well 
at 3400 - 3500 m in the Himalayan Mountains, while Neurolepis aperta forms irregular 
patches at 4000 m and impenetrable thickets at 5000 m in the East Andes. But most bam
boo plants require warmth; they are commonly distributed at low elevation in the tropics 
and subtropics of Asia, America, Africa and Australia where they grow either naturally in 
mixed forests or in plantations. Europe has no indigenous bamboo, but introductions have 
been made since the last century. It is estimated that the world total number of bamboo 
species and varieties is about 1200 and the world total area of bamboo forests is about 21 
million hectares. 

Geographically, bamboo distribution can be divided into three major regions: Asia
Pacific, America and Africa (Figure 1). Within each major region, some subregions can be 
recognized on the basis of climatic differences and bamboo types. The number of species 
and genera along with the estimated areas of bamboo forests are listed in Table I. 

The Asia-Pacific bamboo region is the largest one, covering Japan, Korea, the south
em half of China, Southeast Asia, Australia, New Zealand and the Pacific Islands. Within 
this region, there are 800 species and varieties belonging to 45 genera and 18 million hec
tares of bamboo lands in total. South China and Southeast Asia form the center of bamboo 
distribution in the world, with the greatest number of bamboo species and the greatest pro
portion of bamboo forests. More than 200 species have sizable culms of good quality which 
can be used in production, culture and the daily life of local people. A way from this center, 
their frequency of occurrence decreases considerably, and they appear mostly in small 
patches. 

The Asia-Pacific bamboo region can be divided into two large subregions, according 
to the bamboo rhizome types, monopodia! and sympodial. Generally monopodia! bamboos 
are characterized by relatively strong frost-resistance; they are distributed in higher latitudes 
such as Japan, Korea, the Yellow River Valley and the Yangtze Valley where winters are 
severe. Those with sympodial rhizomes occur mostly in areas between the tropics of 
Cancer and Capricorn, with major components in the bamboo center and with an eastward 
spread to the Pacific Islands. Accordingly, one subregion can be recognized by dominance 
of monopodia! and the other by sympodial forms. China is a part of the world bamboo 
center and has about 400 species and varieties in 33 genera. It is the country with the 
richest bamboo flora and resources, and it has both monopodia! and sympodial bamboos in 
roughly equal numbers (Table 2). 

Ecologically, China covers two subregions of bamboo distribution and shows close 
affinity with the bamboo flora of Japan and Korea in its north and to that of Southeast Asia 
in its south. Phyllostachys, Pleioblastus, Sasa and lndocalamus are monopodia!; they are 
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commonly distributed along the Yellow River, the Yangtze Valley and also in Japan and 
Korea. Similarly species of Bambusa, Dendrocalamus, Oxytenanthera, Pseudostachyum, 
Gigantochloa, Schizostachyum, etc. are commonly encountered in south China and 
Southeast Asia where they form an extensive vegetation mixed with hardwoods spreading 
across the international borders. 

The America bamboo region consists of North and South America ranging from the 
eastern United States (40° N) down to the southern part of Argentina (47° S). There are 
more than 270 species and varieties in 17 genera. Except for a few species, most of them 
are small or even herbaceous, and they do not have much economic value nor a close rela
tionship with production and the life activities of local people. Arundinaria is the only 
monopodia] bamboo in the New World. Arundinaria gigantea and its three subspecies are 
the only indigenous bamboos in the United States where they occur scattered in mixed hard
wood forests in the southeast part of the country, but many monopodia! species and 
varieties have been introduced since the last century. On the other hand, bamboo plants of 
sympodial type are sparsely scattered throughout extensive areas of Central and South 
America, a subregion of sympodial bamboos. 

The African bamboo region is a relatively small one ranging from southern Senegal 
(16° N) down to southern Mozambique (22° S) and across the African tropics. The bamboo 
flora is very poor, less than 10 species on the continent, but about 40 species and II genera 
of indigenous and introduced bamboos occur in Madagascar. Several species of Oreobam
bos, O.rytenanthera and Sinarundinaria (formerly misnamed as Arundinaria) are sizable 
bamboos and form natural pure stands or understorys mixed with hardwoods. 

Bambusa and Sinarundinaria are cosmopolitan genera. Their species are found over 
the world wherever the environment is favorable. Bambusa vulgaris is known as a pan
tropical bamboo growing widely in tropical countries. In view of floral affinity, the Asia
Pacific bamboo region is closely related to the African. Bambusa, Cephalostachyum, Pseu
docalamus, Ochlandra, Oxytenanthera and Schizostachyum are common genera on both 
continents and their nearby islands. 

Since bamboo plants are evergreen (only a few species shed their foliage during the 
dry season) and shallowly rooted, they are very sensitive to temperature and precipitation. 
Accordingly, heat and moisture distribution on the earth's surface remarkably affects the 
geographical distribution of bamboo plants. Southeast Asia is a sink of ocean currents both 
from the Pacific and Indian Oceans, bringing in plentiful heat and rainfall and creating a 
most favorable environment for bamboo growth. A similar situation is also found in Central 
America and along the coastal areas facing ocean currents. 

Bamboo distribution is also related to topography, aspect, elevation and landscape 
through their local modification of heat and moisture. Furthermore, genetic make-up against 
frost and drought is also an important factor affecting the adaptability of bamboo species 
and their distribution. Presumably, most bamboo plants do not grow well under climates 
with an annual mean temperature below 10° C, a coldest monthly temperature below -20° 
C, or annual precipitation below 800 mm. Above these lower limits, we may classify the 
bamboo distribution into the following three categories: (I) temperate bamboo regions with 
annual mean temperature 10- 15° C and annual precipitation 800- 1000 mm; (2) subtropi
cal bamboo regions with annual temperature 15 - 20° C and annual precipitation 1000 -
1500 mm; and (3) tropical bamboo regions with annual mean temperature 20° C and annual 
precipitation above 1500 mm. 
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Distribution Due to Human Activities 

In addition to the natural environment, human activities are also important in bamboo 
distribution. Bamboo is an important resource in Asia and closely related to production, 
culture and the living activities of local people. Some bamboo species have been intro
duced into areas where they are needed. Bamhusa vulgaris, which possibly originated in 
Malaysia and Indonesia, now has become a cosmopolitan species widely grown in the tro
pics all over the world. Oxytenanthera ahysinica, an indigenous species of Africa with high 
production and good fiber quality, has been introduced into India for the paper-making 
industry. Phyllostachys puhescens, a native of China, was introduced into Japan in 1738 
and now has become the most important commercial bamboo there, where it covers 40% of 
the bamboo lands and produces 59% of the culms. 

In North America only Arundinaria gigantea and its three subspecies are indigenous. 
Since the last century, American botanists and horticulturists have introduced many dif
ferent bamboo species and varieties from China, Japan and other Asiatic countries. The 
total number of introductions has amounted to 750, of which 200 were species of Phyllosta
chys. They grow in bamboo gardens in Puerto Rico, Florida, Georgia and Southern Califor
nia. 

In Europe Phyllostachys nigra was the first bamboo introduced into England in 1827. 
Now there are 14 genera and 75 species, varieties and forms of cultivated bamboos in the 
United Kingdom which mostly came from China and Japan. The Bambuseraie de Prafrance 
is a beautiful bamboo park with about 100 species and varieties of bamboo spreading over 
about 10 hectares in mysterious shades. Among them species of Phyllostachys are the most 
common. Some other European countries such as West Germany, Italy, Switzerland and 
even the Soviet Union have long introduced some hardy bamboos to plant in their appropri
ate favorable regions. 

Recently, many bamboo enthusiasts in North America, Australia and Europe have 
been increasingly interested in bamboo introduction and cultivation. They have established 
the American Bamboo Society, the European Bamboo Society and the Australian Bamboo 
Network for communication and popularization of bamboo knowledge. 

Production 

With the increase in population, many forested lands including bamboo stands have 
been cleared for agricultural purposes or city development, particularly in heavily populated 
areas. For instance, plains along the Yangtze Valley used to be densely covered with bam
boo and other forests, but now only small patches or groves are left around homesteads. In 
Japan, the total area of bamboo lands was 126,728 hectares in 1950 but reduced to 111,791 
hectares in 1984. Nevertheless, the reverse is often true for specific reasons. Bamboo of 
good size and quality is always in high demand, and it is well managed for its wide uses. 
Maozhu (Phyllostachys puhescens) is the most valuable bamboo in the world; it has been 
widely planted and intensively managed for centuries. Its coverage in China has increased 
from 1.4 million hectares in 1950 to about 3.0 million hectares in 1987. 

Similar results are also seen in other commercial bamboos such as Ph. hamhusoides, 
Ph. glauca, Bamhusa textilis, B. pervariahilis, Sinocalamus affinis and Dendrocalamus 
latijforus, which are extensively planted for culm or shoot production in Chinese rural areas. 
Moreover, in tropical countries, bamboo always occurs in the mixed forests and survives 
persistently under a dense canopy, but once the overtopping trees are removed by logging 
operations, it sprouts promptly and spreads rapidly by its powerful rhizome systems. As a 
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matter of fact, deforestation results in the extension of bamboo groves to form large stands 
with relatively high density. The size and quality of culms produced, however, are 
deteriorated because they are overharvested with little attention to conservation and 
management. 

Bamboo production per unit area varies greatly. It may be very high under intensive 
management or very low under wild or mismanaged conditions. In the intensively managed 
stands of Phyllastachys pubescens, the annual output of culms can be as high as 7 tons per 
hectare in Japan and I 0 tons per hectare in China, even greater in some extreme cases, but it 
is less than I ton per hectare in unmanaged or mismanaged stands. India claims to have 
9.57 million hectares of bamboo lands, but its annual total production is about 3.23 million 
tons, only 0.334 tons per hectare. Still, in many countries with abundant bamboo resources, 
only a small proportion of bamboo species and a limited area of bamboo forests are being 
commercially exploited and managed. On the other hand, the bamboo supply is far from 
satisfying demand. Apparently there is a great potential for bamboo resources from which 
the present benefits can be greatly increased provided bamboo management is developed 
along the right lines. 

In Japan and China, Phyllastachys pubescens, Ph. bambusaides, Ph. vivax, Dendra
calamus latijfarus, D. aldhamii, Bambusa beecheyana, etc. are also planted for shoot pro
duction. Their yield is very high, up to more than 15 - 20 tons of fresh shoots per hectare 
annually under intensive management. In tropical countries, species such as Dendra
calamus asper, Schizostachyum brachycladum, Gigantachlaa levis, Bambusa vulgaris, etc. 
are considered delicious vegetables and are collected either from wild bamboo stands or 
from cultivated clumps. Bamboo shoot demand increases rapidly due to the development of 
the canning industry and the raising of people's living standards. 

Uses 

For centuries bamboo has been closely related to the activities of more than half the 
world population. The properties of bamboo culms such as straightness, lightness, strength, 
hardness, fiber content, flexibility, and easy workability are ideal for different technological 
purposes. From unearthed relics, bamboo uses can be traced back to the New Stone Age of 
5000 years ago. Chinese characters are reliable witness to the historical development of 
bamboo uses. Of the oldest Chinese characters carved on tortoise shell (1600 - 1100 BC), 
only six with bamboo radicals are recognized, but by the Kongxi Dynasty (1663 - 1722), 
characters with bamboo radicals increased to 960. Many of them are names of articles 
made of bamboo and things related to bamboo. It is estimated that there are more than 4000 
traditional bamboo uses widely related to construction, agricultural implements, handicraft 
industries, culture, arts and daily activities of people. 

Bamboo culms generally contain higher and better fiber than many hardwood species. 
Producing one ton of unbleached pulp requires four tons of fresh culms. Traditional bam
boo pulping and paper-making have long been practiced and are still common in the 
Chinese countryside. Several modem paper mills for bamboo pulp have been established 
recently to meet the increasing demand for paper. In India more than half of its total 3.23 
million tons of culms is consumed by the paper industry. 

Apart from the traditional uses, bamboo is also an important material for modem 
industries. Bamboo mats are prepared by weaving culm strips. Bamboo veneers are made 
from large, thick-walled culms by a peeling machine after having been treated in boiling 
water. Various types of bamboo boards are designed and developed with technological 
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improvement. Bamboo boards are produced by breaking and widening large culms after 
hot water treatment. They are conditioned and glued together into boards of designed size, 
layers and thickness. Particle and fiber boards can be manufactured from bamboo chips and 
fibers. These different bamboo boards are widely in demand for furniture, floors, walls, 
doors, ceilings, boxes and decorative purposes. Trays, pans, containers, spindles, etc. can 
be molded by gluing fine bamboo strips and sawdust. 

Aside from culms, other parts of bamboo plants are also useful for different purposes. 
Edible bamboo shoots contain 2 - 4% sugar, 0.2 - 0.3% fat, 2.5 - 3.0% protein and 16 - I 8 
amino acids and other elements; they are considered to be nutritional vegetables. Rhizomes 
of monopodia! bamboo can be used to make articles with high elasticity. Stumps are good 
material for artistic carving and for producing activated charcoal. Bamboo roots can be 
used for making cords and brushes after removing their hard cortex. Small culms and long 
branches of some species are good for brooms, whips and fences. Culm sheaths of large 
bamboo are useful for wrapping, hat-making, cord twisting and coarse sandal weaving. 
Fresh foliage leaves are good forage for cattle. Young culms and fresh leaves of Sinarundi
naria spp. are the main food source of the giant panda in its natural habitat in the mountains 
of western China. 

As an ornamental, bamboo is highly appreciated in landscape gardening. Species with 
colorful culms, peculiar nodes and graceful green foliage and branches are always beautiful 
features in house yards, parks, scenic spots, historical sites, and rural villages. Appreciation 
of bamboo beauty has been promoted recently in North America and Europe through efforts 
of bamboo enthusiasts. Some species such as tortoise-shell bamboo (Phyllostachys puhes
cens var. heterocycla), manface bamboo (Ph. aurea), gold bamboo (Ph. viridis cv. Robert 
Young), gold-jade bamboo (Ph. aureosulcata f. spectahilis), purple bamboo (Ph. nigra), 
tear bamboo (Ph. hamhusoides f. tankae), buddha-stomach bamboo (Bamhusa ventricosa), 
jadeline bamboo (B. vulgaris var. striata), abacus-bead bamboo (Qiongzhuea tumidinoda), 
square bamboo (Chimonobamhusa quadrangularis), etc. are recognized as the most desir
able ornamental bamboos. Again, bamboo plants are valuable for windbreaks and soil con
servation because of their heavy foliage and extensive rhizome-root systems. They are 
commonly planted along river banks, lake shores, hillsides, and homesteads for protection. 

Research 

Since the last century, much work has been done on the taxonomy of bamboo plants. 
Because of their infrequent flowering and irregular shoot emergence, it is very difficult to 
collect both sexual organs and other vegetative parts at the same time. Botanists have been 
forced to make their identification only on the basis of piecemeal specimens either with 
flowers or with vegetative organs separately. Much confusion has been created in the tax
onomy of the bamboo group in tl;le world. A clarification is urgently needed. Moreover, 
many bamboo species are still unknown to science, and bamboo resources, particularly in 
remote areas, are not fully exploited yet. Thanks to the efforts made by botanists, horticul
turalists, foresters, and bamboo enthusiasts, bamboo gardens and parks have been esta
blished in many countries. More living bamboo plants are being collected and planted to 
serve as gene pools for further studies on genetics, taxonomy and breeding. 

Investigations, observations and experiments have been carried out which deal with 
morphological characteristics, physiological mechanisms, anatomical features, growth pat
terns, ecological needs, and genetic make-up of important species such as Bamhusa vul
garis, Phyllostachys pubescens, Ph. bambusoides, Dendrocalamus strictus, Sinocalamus 
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affinis, etc. in China, Japan, India and other countries. These fundamental studies provide 
the necessary knowledge for propagation and silvicultural management of bamboo produc
tion. Much research has also been done on the productive structure of bamboo stands and 
their management in Japan, China, India and other Asiatic countries. Stand density, culm 
distribution, culm size, culm age structure, felling systems, reformation of on-and-off yield 
systems, weeding, soil conditioning, fertilizer application, and pest control are major sub
jects of programs. Results obtained, together with traditional experiences, constitute an 
integral system of bamboo management. Successful application of silvicultural techniques 
has brought the transformation of low productivity stands into commercially managed ones. 

Recently, more attention has been paid to the ornamental value of bamboo plants for 
landscaping and gardening. People try to bring science and art together for the evaluation 
of their enjoyment from different aspects. Chinese people used to consider bamboo as a 
symbol of straightness, modesty, flexibility, and indomitability because of its graceful 
characteristics. It seems it is becoming even more popular in the inspiration of human 
morality. 

Since World War II, studies on physical, mechanical and chemical properties of many 
commercial bamboo species have been carried out that provide such useful information for 
culm utilization as moisture content, fiber saturation point (30- 35%), volume weight (0.60 
- 0.77), radial shrinkage (4- 5%), longitudinal shrinkage (0.3 - 0.5%), tangential shrinkage 
(3- 4%) and combustion values (4550- 4680 Cal./g). 

Processing techniques and mechanical design have also been studied in China, Japan, 
India, Malaysia and Thailand to meet the increasing demand for bamboo products, particu
larly different types of bamboo boards. Research on bending, molding, coating, surfacing, 
polishing, dying, and mosaic work needed for fine bamboo products are also under way . 

Recently, many institutions, colleges and universities are also involved in bamboo 
research in relation to their appropriate interests and specifications. Similarly, for promot
ing and encouraging scientific activities and cooperation of bamboo workers, some national 
and international organizations have been established. The Japanese Society of Bamboo 
Development and Protection is a relatively old one, founded in 1976; the American Bamboo 
Society in 1979; the Chinese Bamboo Association in 1985 and the European Bamboo 
Society in 1987. In addition, many branches, chapters and networks are also organized. It 
is roughly estimated that more than 13,000 people who are interested in bamboo are associ
ated with these organizations, including 6000 in Japan, 5500 in China, 770 in North Amer
ica and many in Europe. It could be over 20,000 if those from other countries are added. 
What a huge force of bamboo enthusiasm leading toward a real boom! Actually, interest in 
bamboo has rapidly increased all over the world, particularly in developed countries where 
many artists, naturalists, horticulturalists, writers, nurserymen, and even advertisers and 
bank clerks have become bamboo enthusiasts. 

The Project Group P5.04 of the International Union of Forestry Research Organiza
tions (IUFRO) was established in 1980 to take care of international activities in bamboo 
production and utilization. It has held two meetings, the 17th and 18th IUFRO World 
Congresses in 1981 and 1986 respectively. Several international bamboo workshops have 
been sponsored by the International Development Research Centre (IDRC), Canada. 

In addition, several bamboo journals and magazines have been published for scientific 
communication and technical information: Bamboo and Bamboo Journal (Japanese with 
English summary), Bamboo Research, Journal of Bamboo Research (Chinese with English 
summary), Bamboo Information (Chinese), Journal of the American Bamboo Society 
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(English), Bamboo (English and German), IUFRO P5.04 Bamboo Newsletter (English), 
American Bamboo Society Newsletter (English), European Bamboo Network Newsletter 
(English), and Australian Bamboo Network Newsletter (English). All these publications are 
fully devoted to the communication and popularization of bamboo knowledge and the 
encouragement of bamboo enthusiasm. A ''bamboo fever'' is widespread indeed. 

Concluding Remarks 

From the above discussions we may summarize some conclusive remarks as follows: 
the total area of the world's bamboo lands has increased because of deforestation, but the 
quantity and quality of bamboo production is declining due to over-harvesting without 
attention to conservation. Actually, only a small proportion of the bamboo species and lim
ited areas of bamboo lands are under commercial management. Their production is very 
low. There exists a great potential for bamboo production if technical policies are 
developed along the right lines. Though plastics have replaced bamboo in many types of 
production, at the same time new uses of bamboo material are being exploited and 
developed for modem industries. In fact, bamboo can replace costly plastics and metals. 
Bamboo products are still far from satisfying demand. 

As a highly renewable and versatile resource, bamboo is receiving more attention 
from many sectors, not only for industrial utilization, but also for ecological and social 
benefits as well. There is an increasing interest in the graceful characteristics of bamboo for 
landscaping and gardening and moral inspiration. Undoubtedly, bamboo plays an important 
part in the modem civilization of human beings. 
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Table 1. Number of Bamboo Species and Genera along with 
the Area of Bamboo Land in Various Countries 

Regions & Countries Areas Genera Species 
(104 ha.) 

Asia-Pacific 
Australia-Pacific Islands 20.0* 6 10 
Bangladesh 60.0 13 33 
Burma 217.0 90 
Cambodia 28.7 
China 400.0 33 400 
India 957.0 20 136 
Indonesia 5.0 II 35 
Japan 11.2 13 165 
Korea 0.8 10 13 
Malaysia 2.0 7 45 
Philippines 0.8 12 55 
Sri Lanka 8.0 7 14 
Thailand 100.0 12 50 
Vietnam 13.0 

North & South America 150.0* 17 170 
Africa & Madagascar 150.0* 14 50 

* Estimated Figure 
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Table 2. Bamboo Genera and Species of China 

Genera Rhizome No. of Genera Rhizome No. of 
Type** Species Type** Species 

Acidosasa M 6 Melocalamus s I 
Ampelocalamus s 8 Melocanna s I 
Arundinaria M 25 Oxytenanthera s 3 
Bam bus a s 60 Phyllostachys M 55 
Brachystachyum M Pleioblastus M 10 

Cephalostachyum s 6 Pseudostachyum s I 
Chimonobambusa M 20 Qiongzhuea M 8 
Chimonocalamus s 12 Sa sa M 6 
Dendrocalamus s 35 Schizostachyum s 6 
Dinochloa s 4 Shibataea M 5 
Ferrocalamus M 2 S inarundinaria s 40 
Gelidocalamus M 5 Sinobambusa M 16 
Gigantochloa s 3 Sinocalamus s 4 
lndocalamus M 16 Teinostachyum s 3 
Indosasa M 15 Thamnocalamus s 4 
Leptocanna s Thyrsostachys s 2 
Lingnania s II 

** M- Monopodia!, S- Sympodial 
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Peter Bindon*: Ethnographic and other Uses of Australian 
Bamboo Resources 

Abstract 

179 

The distribution and occurrence of Australia's six native bamboos is discussed and 
their relatively recent discovery outlined. Traditional Aboriginal uses are described along 
with their newer horticultural applications. Plant descriptions and cultivation notes are 
given as an appendix. 

An Australia-wide upsurge in interest in bamboos comes from several quarters. 
Firstly, there is an expanding but cautious recognition of their horticultural potential from 
landscapers and home gardeners. A second larger group of enthusiasts, is interested in 
bamboos as permaculture subjects. This extension of the use of bamboos for hedges, and 
shelterbelts has been developed to a fine degree in New Zealand. 

Lastly, a growing group of bamboo enthusiasts and collectors is conducting limited 
experiments in various fields including: propagation, hormonal enhancement of growth 
rates, germination and breaking of dormancy in buds. This group has been responsible for 
the introduction of many of the species available in Australia today. Importations of some 
of the more useful horticultural and economically useful species continues. 

Introduction 

In temperate parts of east Asia, herbaceous or low-growing woody bamboos, (sub
family Bambusoideae of the large grass family, POACEAE), occupy significant positions in 
grassland plant communities. This vegetation pattern is not repeated in the arid grasslands 
which cover about half of Australia (Cribb 1978), which instead of being colonized by the 
moisture loving bambusoid grasses, are clothed with narrow-leafed drought-tolerant species 
well adapted to their harsh habitats. A tall-growing native woody species, Bambusa 
arnhemica F. Muell. occurs on grasslands and plains in restricted parts of northern Aus
tralia, but here it clings to the edges of rivers and watercourses, invading the plains only 
spasmodically. 

Humid tropical forests have a scattered distribution along the wettest parts of the 
north-east Australian coast. Even these forests, which might be expected to reflect the pro
fusion of bamboos found in the Indo-Malaysian flora of the islands to the north and north
west of this continent, contain just three bambusoid grasses and two woody bamboo species. 
The lack of Australian bamboos, supports the suggestion that bamboos arrived here rela
tively recently. It seems that the Australian flora developed in isolation for some 30 million 
years without significant additions until the last few million years, during which the earlier 
Gondwana floral heritage was enlarged by the addition of some plant groups, including 
bamboos, invading from northern neighbors (White 1986). There is some speculation that 
at least one Australian bamboo may have been introduced by man even more recently, 
perhaps just a few hundred years ago. The likelihood of such an introduction will be con
sidered in a later section. 

*Western Australian Museum, Perth, W.A., 6000, Australia 



180 Peter Bindon 1991 

Australian Bamboos 

Contrary to popular notions, Australia has six native bamboo species. Three are 
small bambusoid grasses which are native but not endemic to Australia, Leptaspis hanksii 
R. Brown, Scrotochloa urceolata (Roxburgh) Judziewicz and 5. tararaensis (Jansen) Jud
ziewicz. These are found in the wet tropical forests of eastern Cape York. In Southeast 
Asia and on the Pacific Islands where they also occur, these plants have medical or other 
uses. I am unaware of such records for Australia and like so many other native plants. the 
specific properties of Australian bambusoid grasses await scientific investigation. 

The natural distribution of Australia's woody species is also through the tropical 
north. Two are native to the east coast of Cape York, Bamhusaforhesii and B. moreheadi
ana while on the western coast of this peninsula, and extending west to the Joseph 
Bonaparte Gulf the third species B. arnhemica is found. 

Ferdinand von Mueller described B. arnhemica from a specimen from the Daly River. 
In the description he mentions the possibility that further west on the Adelaide River, two 
species of bamboo may occur. one much smaller than the other. Recently, I have noticed 
that there is a discrepancy between measurements of wall thickness and internode length 
made on culms of B. arnhemica in natural stands. and similar measurements made on culms 
collected for spear shafts by some Arnhem Land Aborigines. Unfortunately, 1 have not yet 
been able to examine the clumps at the site where these spear shafts are gathered, but it 
appears that as von Mueller stated in 1886, another bamboo may yet await description. 

It has been suggested that B. arnhemica was introduced to the north and north-west 
Australian coasts by Macassan fishermen. Given the incomplete documentation of both 
northern Australia and the lands where this species may have originated, this suggestion is 
somewhat premature. Until recently, Macassans voyaged more or less annually to the rich 
Australian reefs in search of Holothurians. which they processed in onshore camps. Tamar
inds (Tamarindus indica L.) the so-called '"date of the Indies" whose fruits have culinary 
uses, have a natural distribution which includes the Indonesian Archipelago. The Australian 
distribution of these trees formerly coincided with fresh water sources visited by the Macas
sans, suggesting that Tamarinds arrived at their present locations with assistance from these 
Indonesian fishermen. If B. arnhemica, had been introduced by the same people, it also 
should grow around the springs. Its absence from these places renders unlikely its introduc
tion by Macassan fishern1en. 

There are other arguments against this suggested origin for B. arnhcmica. Firstly. it is 
widespread along sections of the northern coast avoided by Macassans, where the shores are 
fringed with mangal communities and devoid of productive reef structures. Secondly, the 
fishermen are not known to have traveled inland. yet clumps of this bamboo are found on 
steep hillsides upstream and upslope from the coastal processing sites where introductions 
of the plant should have occurred. Unassisted migration both upstream and inland seems 
contrary to likely dispersal mechanisms, and it is most unlikely that Aborigines transported 
B. arnhcrnica to all the locations where it occurs today. Comparison of this Australian bam
boo with those of Indonesia and Melanesia may resolve this dilemma. meanwhile this 
species must be considered an endemic native. 

One account of Kennedy's tragic expedition to explore northern Cape York in 1848 
makes mention of a bamboo in the region of Rockingham Bay. F. von Mueller drew atten
tion to this in his 1886 description of B. arnhcrnica mentioning the possibility that the plant 
in question might not belong to the genus Barnhusa. However, the specimens and 
collector's notes at his disposal were insufficient to name the plant so it remained 
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undescribed until F. M. Bailey named it Bamhusa moreheadiana from specimens he col
lected at Harvey's Creek, Russell River. As the plants he described were not flowering, 
Bailey indicated that when flowers and fruit were eventually obtained, the plant should be 
placed in the genus or tribe to which it proved to belong. He excused his haste in providing 
a name, by pointing to the uncertainty of the flowering of bamboos, and the many uses 
being made of the culms. Unfortunately, these uses are not provided by Bailey. Doubts 
about the true generic status of this bamboo remain, and there are suggestions that it may 
belong to either Dinoch!oa or perhaps to a new genus altogether. (personal communication 
Wertz. September, 19X8). 

Species Naturalized In Australia and New Zealand 

Phvllostachys aurea (A & C Riviere) Carr, P. nigra (Lodd. ex Lind!.) Munro and 
Chimonohamhusa quadrangularis (Fenzi) Makino, and perhaps one or two other lepto
morphic bamboos have become naturalized in eastern Australia and parts of New Zealand 
forming monospecific stands covering up to five hectares. Clumps of Bamhusa ha!cooa 
Roxb. and another pachymorphic but unidentified bamboo, are widely scattered in tropical 
and temperate parts of Australia's east coast and B. halcooa also occurs in the south-west of 
Western Australia. 

Aboriginal Uses Of Bamboos in Australasia 

Island Nations 

To the east of what might arguably be called the south and east Asian "bamboo cul
tures", lie the island groups of Melanesia. Micronesia and Polynesia. In Melanesia, and 
with diminishing importance in Micronesia and Polynesia (the eastern and southern extrem
ities of which have no native bamboo species), bamboo is a widely used resource. Various 
kinds of artifact are produced from culm sections, but leaves and rhizomes are also utilized 
along with the seed when it becomes available. Wooden objects are poorly preserved if 
present at all in the archaeological record. and we have no means of providing an absolute 
date for the beginnings of bamboo usage. There can be no doubt however, that this most 
useful plant has been used by man for many thousands of years. Although 
misidentifications may occur between objects made from reeds and those made from bam
boo in Edge-Partington and Heape's ( 1890-98) records of Pacific artifacts, there are many 
objects whose raw materials can be identified with certainty. These include bamboo con
tainers, nasal and labial plugs, combs and other decorative items, musical instruments, shut
tles, bows, knives, spear shafts, and spear and arrowpoints. Tobacco containers and smok
ing paraphernalia are more recent additions to this array. Some of these items remain in 
production for personal use or sale, and craftworkers who use bamboo exclusively are by no 
means uncommon in village markets. 

In the 1950's, the late F.A. McClure, who probably did more to popularize bamboos 
than any other researcher, was engaged by the South Pacific Commission to advise on the 
feasibility of introducing bamboos to certain Pacific Ocean islands (McClure 1956, 1958). 
Many island groups had been badly mauled during the Second World War, and were in 
need of ecological and economic rehabilitation. Bamboos. known for their exceedingly 
quick growth and numerous uses, were considered worthy of evaluation for this task. As 
the lasting qualities of bamboos are enhanced when grown on poorer soils, McClure saw 
that these plants could be established on less productive land bringing it into more economic 
use. He realized that bamboo cultivation thus provided an opportunity for improving island 
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land use patterns and increasing economic growth. McClure's experience in China, where 
the ideogram for various methods of catching fish often included the character for bamboo, 
led him to suggest that bamboo could provide a cheap, easily produced raw material for 
fishing technology in the Pacific, where a long history of subsistence fishing already existed. 
McClure recommended bamboo introductions and suggested management strategies to 
facilitate its cultivation and development, thus increasing the productivity of the land. 
Mature bamboos were expected to provide greater capacity for exploitation of marine 
resources, resulting in a worthwhile step towards increased self-sufficiency. Accordingly, 
he selected 11 species for trial introductions into Fiji, Samoa and New Caledonia (Appendix 
2). I have been unable to trace this project past the stage of its initial development, but 
bamboo percussion instruments, pole buildings, rafts and other objects seen on these 
islands, demonstrate bamboo's availability today. 

Australia 

The natural distribution of Australian bamboos limited the availability of bamboos to 
Aborigines living in the extreme north of the continent. Except among the islands of Torres 
Strait, separating Papua New Guinea from northern Cape York, the range of Aboriginal 
artifacts produced from bamboos is limited to a handful. It is possible that this paucity 
reflects the late arrival of bamboo on this continent, but equally it may demonstrate techno
logical flexibility among the users who chose raw materials with physical attributes dif
ferent to those of bamboo. 

Torres Strait 

Haddon and Hornell ( 1937) describe how quite sea-worthy canoes made on the Fly 
River in Papua New Guinea were sailed among the Torres Strait islands on trading voyages 
and how some canoes were traded to the islanders. On these voyages, bamboo objects 
moved from the northern areas, where they were manufactured, to the consumers further 
south. 

Being light and strong, bamboo culms were incorporated into canoe construction in 
most coastal villages throughout Papua New Guinea. Split bamboo culms were used to 
cover the joint between the wash strake and the hull, while whole culms became outrigger 
or float booms, masts, sail props, leeboard struts, punting poles for shallow water and moor
ing poles. Being iron shod we can assume this latter object is of very recent introduction. 
Bamboo on-deck structures included enclosures for animals, fences, rails and low shelters. 

O.W. Brierly's 1848-1850 "Rattlesnake" journals, were used by Moore to recon
struct the ethnography of the Torres Straits (Moore 1979). Along with bamboo tobacco 
smoking pipes and bamboo culms used as water containers which we will consider in detail 
below, Brierly mentions powerful bows of split bamboo, bamboo knives, bamboo handles 
on split cane carrying loops and armbands plaited from split bamboo. These objects are 
more closely related to Melanesian material cultures than to those of mainland Australia. 
Although people living on the Torres Strait island channels may have been capable of mak
ing these items, no bamboos with culms of the required size grow on their islands or on 
nearby Cape York. The raw materials, if not the finished objects must have been imported 
from the north. 
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Cape York 

While repairs were being made to his ship, Endeavour, James Cook noticed pieces of 
bamboo cast upon the coastal beaches adjacent to the present Cooktown. As none of his 
party had seen bamboos growing ashore, he concluded that the stranded culms had ori
ginated from easterly sources (Cook 1965). Stranded culms could have been used by Cape 
York Aborigines, and by the Islanders of Torres Strait for that matter. However, such 
material is an unsatisfactory resource for most craftwork, being brittle and difficult to work. 
Furthermore, stranded culms exhibit a characteristic aged patina totally lacking from bam
boo objects in museum collections, suggesting that use of such culms has declined, or more 
likely, never existed. 

Common to the material cultures of both the Torres Strait islanders and north Aus
tralian Aborigines are bamboo tobacco smoking pipes. Their use postdates the introduction 
of tobacco smoking to the region by Indo-Malaysian fishermen or the crews of European 
ships, and probably extends back, a few hundred years at most. As there is very little physi
cal difference between pipes from Papua New Guinea, Torres Strait or Australia, Brierley's 
description will suffice for this review. He describes one pipe as being 1.7m in length and 
20cm in circumference. Internodal distance must have been considerable in the bamboo 
used to make this object as Brierly's description shows. 

Ahout [?]inches from one end was entirely closed, the diaphragm [next?] 
to that, coming about the middle of the pipe, (i.e. about 80cm from a 
node) had he en cleared out and a hole [?] inches in diameter was made 
in the other & about[?] inches from the closed end there was a small hole 
[?] inches in diameter. Into this a small hit of bamboo fitted, being cut so 
as to squeeze in. (Moore 1979:33) 

Brierly meant to insert the measurements in gaps he left in the text, but failed to do 
so. Museum examples of bamboo tobacco smoking pipes are smaller than the one he 
described, measuring from 60 to 80 em in length, 5 to I 0 em in external diameter and 
between 3 and 5 em in internal diameter. About 10 em from the closed end is a small hole 
to accommodate a bamboo tobacco bowl. Shallow incised motifs of sea creatures, cross 
hatching and other designs usually decorate these objects, but elaborate ornamentation using 
shell inlays and applied designs of red seeds (Abrus precatorius L.) are also known. In 
another journal entry, Brierly remarks that the small bamboo bowl is sometimes dispensed 
with and the tobacco rolled in a leaf which substitutes for the small bowl. 

Davidson ( 1937) points out that bamboo water containers have been recorded for 
Torres Strait and the Alligator River area of the Northern Territory. As we have seen, the 
use of these artifacts in the former locality is almost certainly the result of influences from 
Papua New Guinea. As there is no record of this kind of container along the Gulf of Car
pentaria coast, their occurrence in the western part of their distribution may be derived from 
examples provided by Indonesian fishermen. 

Although sections of B. arnhemica make useful containers, most northern Aborigines 
preferred to use bark stripped from any of several species of Australian trees. This was 
sewn into shape and waterproofed to produce conveniently shaped containers of consider
able capacity. Although bark buckets are suitable water containers for short land journeys, 
bamboo culms which can be plugged and easily stacked are far more efficient containers 
when water must be carried aboard sea-going canoes, a type of watercraft absent from the 
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Arnhem Land coast. Despite this preference in relation to containers, bamboo was not 
ignored by Arnhem Land Aborigines who use it to this day. 

In addition to tobacco smoking pipes and water containers, museums record bamboo 
spear shafts, castanets and drone-tubes in their Australian collections. In most cases, confu
sion exists over which bamboo species was utilized for each of these items. In the case of 
the drone-tube or didgeridoo, sometimes locally called a hamhu, we can be fairly certain 
that the earlier specimens were made from lengths of B. arnhemica. Although didgeridoos 
are now used by Aborigines from many parts of Australia, their use was once confined to 
Arnhem Land. Here the naturally occurring B. arnhemica was the only species available. 

Roth ( 1909) records the use of fishing spears with bamboo shafts and stingray barb 
armatures among the tribes on the east coast of Cape York. Aborigines of Princess Char
lotte Bay obtained the shafts, a principal item of barter, from the Hann and Kennedy Rivers. 
Unfortunately it is not clear which of the two species occurring in that area, Bamhusa for
besii or B. moreheadiana was being used. Of these, B. forhesii is the most likely, because 
its culms are straighter than those of B. moreheadiana. Spear shafts from Princess Charlotte 
Bay were traded westward to at least the middle reaches of the Palmer River. On the 
western side of Cape York, tribes from near the Pennfeather River also traded in bamboo 
spear shafts which they obtained around Port Musgrave. 

Horticultural and Agricultural Uses 
for Bamboos in 

Australia and New Zealand 

Gardeners in Australia and New Zealand are somewhat cautious about bamboos 
because amongst the less knowledgeable, who have used them in inappropriate locations, 
these plants have generated fears concerning their rampant nature. Nevertheless the princi
pal uses for bamboos in Australia are in gardening and landscaping, where they are grown 
as scattered accent plants for beauty and shade, or planted in groups as visual or noise 
screens, and to provide shelter. Australian native bamboos have generated little horticul
tural interest. A few clumps of B. arnhemica are planted in the Darwin Botanic Garden and 
some native bamboos are reputed to grow in the gardens in Cairns, Queensland. 

With so few species native to the region, bamboos have featured significantly among 
plant groups imported to southern temperate latitudes. Their introduction has not been 
without difficulty, as governments in Australia an New Zealand are most cautious about 
plant importations, fearing the introduction of exotic diseases or potential weeds. In spite of 
official disinterest, about 200 different species have been introduced into Australia and 
about half that number to New Zealand. 

Accurate records of introductions are elusive, but it is known that a bamboo arrived in 
Australia with the First Fleet in 1788. Arthur Phillip, who was to establish the new colony, 
collected a bamboo and several other plants which he thought might be useful, during a 
stopover in Cape Town on the outward journey. A somewhat disheveled bamboo with 
attenuated and pendulous culm tips appears in an early pen and ink sketch made at Bronte 
House, Sydney by Mrs. Robert Lowe (collection of the Mitchell Library, Sydney). A plant 
with similar growth habit is in the Botanic Garden in Sydney where many of the plants first 
introduced to the fledgling colony were grown, I suggest that both the drawing and the 
planting, identified as B. balcooa, are representatives of Phillip's introductions. B. balcooa, 
(incorrectly named B. capensis by Ruprecht), grows widely in Cape Town, having been 
transported there from "the Indies" by the Dutch. 
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Baron Ferdinand von Mueller was in charge of the Melbourne Botanic Gardens 
between 1871 and 1878, at the time when the so- called "Acclimatization Societies" flour
ished. Their aim was to introduce various useful plants and animals into Australia. In a 
series of five papers later published in book form, von Mueller suggested that numerous 
bamboos could be imported into Australia, to provide a wide range of resources for various 
purposes (1881). The Baron's suggestion fell mainly on deaf ears and the only bamboo 
imports of note, until very recently, were for horticultural use. 

Interest in Chinoiserie and all things oriental prompted the importation of several 
species into Australia around the turn of the century, by which time there were probably 
less than thirty species available. This situation remained until the 1980's when renewed 
interest boosted the numbers of imports to almost two hundred species. We will see later 
how the situation developed in New Zealand, where a family group took a keen interest in 
these plants and took that country to the fore in bamboo usage in this part of the globe. 

Neither Australia nor New Zealand utilize bamboos as agro-forestry or food crops in 
their own right; instead bamboos play a supplementary role, sheltering and supporting more 
popular and traditional crops. A new initiative on the part of Government agriculture and 
forestry agencies in Australia may lead to the establishment of bamboo plantations to pro
vide resources for chipping pulping, but production is long in the future. Previously, bam
boos were ignored by Australian officialdom who concentrated their research efforts on 
plants originating in Europe, the Middle East or the Americas. With the exception of rice 
and one or two types of fruit trees, the agricultural resources of south and east Asia have 
been neglected. This is not the case in New Zealand, which has no endemic bamboos, but 
where active research is proceeding into practical uses for numerous imported varieties. 

In New Zealand, bamboos are used by both horticulturists and agriculturists. Because 
bamboos tolerate and often prefer partial shade, they are used as underplantings or fillers in 
tall shelterbelts. Along ditches and streams, bamboo plantings stabilize banks, their shade 
limits algal growth, and the close growing culms provide shelter for waterfowl. Adventi
tious bamboos, like Pleioblastus hindsii (Munro) Nakai, whose rhizomes penetrate the soil 
to 1.5 m, has proven effective in stabilizing slips, and Pseudosasa japonica (Sieb. & Zucc.), 
Phyllostachys aurea and P. viridis (Young) McClure are also effective in controlling gully 
erosion and stabilizing slips and batters. Not only do the strong rhizomes of this group bind 
the soil, their high transpiration rates help to dry out wet, unstable soils and fallen leaves 
protect the soil surface. Additionally, bamboo stems are used for ladders, shade houses, 
stakes, radio masts, pruning saw handles, fishing rods, and ornaments. 

Until very recently, New Zealand held the most comprehensive and impressive col
lection of bamboos in Australasia. On well watered land at Oratia north of Auckland, held 
by the family since 1921, the late Harald Isaachsen and his family, began assembling and 
studying the 29 bamboos available in New Zealand. Extensive plantings of these were esta
blished, and between 1945 and 1952 many more species were added. During the next ten 
years, almost a dozen species flowered and died, but an expanding market encouraged more 
plantings of popular horticultural species and new imports. John Isaachsen, Harald's son, 
has devoted some forty years to managing and developing the huge bamboo nursery 
attached to this amazing collection of more than 60 species. Today, John is the proprietor of 
Isaachsen & Co., and being a second generation bamboo nurseryman, he is a wealth of 
information on growth habits, propagation, division, sale and transport of bamboos. 
Isaachsen & Co., can supply huge clumps (up to 4.5 tons) of many different bamboos to 
landscape gardeners, public utilities and fanners, and they also supply well grown small 
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decorative plants to the home gardener. Craftsman, interior decorator or builder can be sup
plied with an amazing variety of dried culms in every size and shape. 

Australasia's resurgent interest in bamboo involves more than an appreciation of its 
use in horticulture. Permaculture is a word coined by Mollison and Holmgren ( 1978) to 
describe a dynamic self- sustaining agricultural ecosystem which integrates self- perpetuat
ing plant and animal species useful to man. This system of intensive agriculture is of 
increasing interest to a wide range of Australian landholders with small areas to farm. Per
maculture principles herald a return to mixtures of plants in gardens rather than ordered 
beds of one species. Practitioners are encouraged to use bamboos for all the purposes out
lined above and for its food potential (Mollison 1979). Foliage and young shoots of a few 
species are readily eaten by grazing animals which helps prevent running bamboos invading 
pastures, but in general, bamboos have limited fodder potential. Fresh bamboo shoots for 
the table and the possibility for craftwork also appeal to this group of enthusiasts. To cater 
to the increased demand for useful bamboos in Australia, several nurserymen are now 
importing, establishing and publicizing bamboos. However, none has yet reached the 
developmental stage attained by the Isaachsen family on the other side of the Tasman Sea. 
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APPENDIX 1 

Native Australian Bamboos 

Bambusa arnhemica F. Muell., Austr. J. Pharm.: 477 (1886). 

Arnhem Land Bamboo is an endemic thicket-forming and densely clumping bamboo 
from 7-20 m tall. Culms are thick-walled near the base, becoming thinner towards the apex, 
with relatively short internodes. Leaves linear-lanceolate, 10 to 20 em in length and up to 2 
em wide, slightly paler beneath, and somewhat wedge-shaped basally. Leaf ligule short and 
fringed with hairs. Inflorescence a panicle. Spikelets up to 4 em long. 

Habitat and Cultivation 

The specific name refers to the occurrence of this plant in Arnhem Land. However, it 
is found more widely than its name suggests, in the Darwin and Gulf of Carpentaria floristic 
regions where it grows adjacent to most watercourses including the Adelaide and Daly 
Rivers, and on nearby alluvial flatlands. B. arnhemica is very frost-tender, however it 
tolerates considerable drought, shedding large numbers of leaves in the process. It is useful 
as a windbreak or hedge, as both tops and roots can be pruned quite heavily. The strong 
culms can be used as timber. An attractive plant when well fertilized and prevented from 
straggling. Seed seems to germinate easily as young plants were noticed adjacent to mature 
clumps in 1986 and 1987. 

Bambusa forbesii (Ridley) Holttum, Kew Bull. 21: 271 (1967). 

Iron Range Bamboo is a native but non-endemic clumping bamboo. Culms 4 to 5 m 
tall, relatively thin-walled and up to 3 em in diameter at the base, with internodes to 60 em. 
Mid-culm nodes produce a single side branch, but groups of two or three also occur. 
Leaves to 50 em long and about 9 em wide, basally rounded or heart-shaped. Leaf auricles 
sparsely bristled and ligule fringed with hairs. Inflorescence a slender panicle 60-90 em 
long, branched at lower nodes, with spikelets in tufts on distal nodes. 

Habitat and Cultivation 

This species is named after the botanical collector Forbes who first collected it in 
Papua. Favors soil subject to inundation and forms thickets bordering watercourses in rain
forests throughout Papua New Guinea and in Cape York Peninsula, Queensland, from sea 
level to about 1250 m. 

A tropical bamboo sensitive to cold. Rarely cultivated and difficult to transplant out
side the wet season. With some care it produces an excellent tub plant or windbreak. 

Bambusa moreheadiana F.M. Bailey, Rep. Bot. Bell. Ker. Expect. 71 (1889). 

Climbing Bamboo is an endemic rampant scrambler, with numerous many branched 
culms, 10 to 35m long. Young shoots more or less covered with dark-colored bristle-like 
hairs or scales. Leaves pale green, lanceolate, 15-25 em long, and 2-4 em wide, hairless 
with 6-7 parallel nerves on either side of the midrib. Leaf auricles lack bristles. 
Inflorescence a long panicle bearing small globose spikelets. 
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Habitat and Cultivation 

The species name commemorates the Hon. B.D. Morehead M.L.C., who was Premier 
of Queensland at the time of the collecting expedition to the Bellenden-Ker Range. B. 
moreheadiana grows on the edges of the dense humid rainforests found on the east coast of 
north Queensland. It favors areas of high rainfall, rich and constantly moist soils. 

Rarely seen outside its native habitat, being very frost-tender and somewhat difficult 
to grow in cultivation. Its prolific growth may be reduced somewhat by planting in rela
tively drier, open conditions. Best moved in the wet season. 

Leptaspis banksii R. Brown, Prodr. Fl. Nova Hoi I. 211 (181 0). 

A strongly cespitose perennial, the culms arising from subwoody horizontal to verti
cal rhizomes 1-3 em long. Culms from 40 to 65 em tall with basally clustered leaves con
cealing the nodes. Linear lanceolate leaves from 15 to 30 em with a few filiform branchlets, 
terminal spikelets usually male and lower ones female. 

Habitat and Cultivation 

Grows on forest edges and in broken shade in the high-rainfall forests of the tropical 
northeast. This grass-like bamboo is not known in cultivation in Australia. 

Scrotochloa tararaensis (Jansen) Judziewicz, Phytologia 56: 300. (1984). 

Loosely clumping perennial with more or less solid culms 40-80 em tall (including 
the inflorescence), rising from short rhizomes. Leaves rather linear. The lower ones from 
I 0-15 em long and the upper ones 30-40 em, and from the original description, only 8 mm 
wide, but in Australia seemingly they reach 15 mm in width. They are somewhat attenuated 
at the petiole. Glabrous inflorescence branches and upper leaf surfaces except at the midrib 
near leaf base. Bladder-like one-seed fruit about 4 mm long. 

Habitat and Cultivation 

Occurs in broken shaded areas of lowland monsoonal rainforests of south-western 
Papua New Guinea and Cape York Peninsula, Australia. Not known in cultivation. 

Scrotochloa urceolata (Roxburgh) Judziewicz, Phytologia 56: 300 (1984). 

Plants perennial from shallow rhizomes which tum upwards and continue into the 
culm. Additional culms arise from the 2 or 3 rhizome nodes closest to the main culm. Leaf 
blades 8-20 em long and 3-7 em wide, obovate-oblong. Branches of the inflorescence usu
ally clothed with hairs hooked at the end. One-seed bladder-like fruit between 7-8 em long. 

Habitat and Cultivation 

This bambusoid grass is found in shaded forest under-stories in Thailand, Malaya, 
throughout island South-east Asia, and Australia's Cape York. Not known in cultivation. 



190 Peter Bindon 1991 

APPENDIX 2. 

List of bamboos suggested by F.A. McClure, as suitable for introduction and cultiva
tion in the Fijian Islands, Samoan Group and New Caledonia. 

Bamhusa dissimulator McClure 
B. malingensis McClure 
B. pervariahilis McClure 
B. textilis McClure 
B. tulda Roxb. 
B. tuldoides Munro 
B. ventricosa McClure 
Gigantochloa apus (Schult. & Schult.) Kurz 
G. verticillata (Wild.) Munro, now G. nigrocilata Widjaja 
Melocanna haccifera (Roxb.) Kurz 
Ochlandra travancoria Gamble 
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T. N. Lipangile*: Manufacture and Construction of Bamboo 
Water Supply Systems 

Abstract 

191 

The manufacture and construction of bamboo water supply systems have been suc
cessfully achieved in rural Tanzania during the past 13 years. The technology is proving 
successful in all fields of application. About 150,000 people have benefited from this kind 
of system. A total of 200 km of pipeline has been completed and more is currently under 
construction. 

Standard bamboo pipes 4 m in length and of uniform diameter have been developed. 
Water pressures up to 6 atmospheres have successfully been used, and a leak proof pipe 
joint technique has been devised. 

Safe methods of preserving pipe material in contact with the ground have also been 
researched and tried with promising results by using the impregnation and fixation of an 
ammoniacal copper and alkyl-ammonium compound to prevent fungal decay. Termite 
attacks are prevented by using an emulsion of pyrethroid in tar consisting of permethrin and 
deltamethrin applied in an outer surface coating. Rapid degradation of pyrethroid in the soil 
is prevented by the fixation of tar to pyrethroid. The interior surface of the pipe is lined 
with a coat of bituminous paint to prevent any traces of leached chemicals, so that the water 
conveyed is potable and safe. Clean purified water constantly saturating the interior surface 
of the pipes prevents internal decay of the bamboo. 

The cost of bamboo pipe is several times cheaper than that of pipe of the same size 
manufactured from conventional material such as plastic and steel. 

Introduction 

Tanzania is among the third world developing countries. It has about 9,000 village 
settlements of which the majority of residents are in the very low income group. The gross 
income per capita is declining sharply as a result of many economic problems surrounding 
third world countries. The provision of safe drinking water to rural Tanzania is one of the 
most important government strategies. However, due to financial constraints, such goals 
cannot be achieved since most of the necessary construction materials must be imported. 
Among such materials are water pipes. 

In 1974-75 the author, being the Regional Water Engineer in Tanzania, decided to 
test bamboo as a water conveyance system on his own initiative. Since then, there have 
been many technical results that are encouraging and proving to be successful. 

Availability of Raw Materials 

Bamboos are a unique group of gigantic grasses whose culms originate from under
ground rhizomes. They grow naturally in many countries around the world, and species 
number about 1300. 

*Wood-Bamboo Division, P. 0. Box 570, Iringa, Tanzania. 
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Bamboo forests are found in tropic and subtropic zones between latitudes of about 
40° North and 40° South, i.e., in areas with mean annual temperatures of 20° C to 30° C. 
The density of bamboo forests is 5000 to I 0,000 stems per hectare. 

Bamboo suitable for water pipes grows at altitudes from 20 to 3000 m. The plant is 
fully mature at an age of three to four years. The inner core diameter varies from species to 
species, the minimum being 3.5 em and the maximum 20 em. 

The largest bamboo forest reserves are found in Asia (India, Burma, Thailand, Malay
sia, Indonesia, China, Nepal, Bangladesh, Hong Kong, Japan and Sri-Lanka). The largest 
species of bamboo (20 em inner diameter) Dendrocalamus giganteus is also found in these 
countries. 

In Tanzania two types of bamboo are available: Arundinaria alpina (green) and Bam
husa vulgaris (yellow). Both of these species are suitable material for the construction of 
water pipes. 

The use of bamboo as piping material is an ancient practice. However, modern scien
tists have not been able to benefit from earlier practices because of the lack of documented 
scientific and technological information. The modern world possesses all the facilities, as 
well as the scientific and technological knowledge necessary to develop a bamboo product. 
This material can be further developed to the level where it can compete with conventional 
materials such as plastic in terms of durability, quality and cost. 

Manufacture, Design and Construction of a Bamboo Water Supply System 

After harvesting (Fig. 1 ), the bamboo canes are cut into sections four meters long and 
then drilled through the core to pierce the nodal diaphragms. This is done with an auger 
tool. 

To improve the strength of the bamboo pipe and enable it to tolerate such a high 
water pressure, the surface must be reinforced with wire bands knotted at about 5 em inter
vals. This is because bamboo fibers are oriented naturally in a longitudinal direction. Then, 
the end of each pipe section is sharpened into a pencil shape to allow for joining by means 
of a polyethylene socket 15 em in length (Fig. 2). System construction and maintenance is 
carried out by local people who have been trained for this job. A crew of about 6 people 
can lay a pipeline of 1.0 km in one day. Maintenance can be carried out by two people, nor
mally village residents. 

The normal procedures of designing and constructing conventional water supply sys
tems are generally followed when constructing a bamboo water pipeline system. However, 
in designing the bamboo system network, the diameter of a bamboo pipe should be slightly 
larger than that of a conventional pipe used for similar purposes; e.g., a 7.5 em diameter 
bamboo pipe would be used where a 5 em diameter plastic pipe would normally be used. 
This practice is followed with bamboo pipes that are not lined inside. For lined bamboo 
pipes, the sizes are the same as for plastic. The most commonly used bamboo pipe diame
ters are 3.5 em, 5 em, 9 em, 10 em, and 12.5 em, which are available in the forests of Tan
zania. The technique adopted to preserve the pipe determines the overall cost and life span 
of the system to be designed and constructed. 

Durability 

Bamboo is an organic material and is therefore prone to rapid decay after harvesting. 
Its natural life span after cutting varies from one to three years. In order to make the 
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material viable and economically competitive, bamboo piping must be treated with preser
vatives in order to insure a long service life. 

Figure 1. A Tanzanian worker cutting Arundinaria alpina culms for pipe manufacture. 

Figure 2. Tanzanian workers joining bamboo pipes using a polyethylene pipe socket. 
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Preservation Techniques 

Research conducted in some parts of the world indicates that bamboos buried in the 
ground could attain a service life of about 15 to 20 years if perfectly preserved (F. R. I. 
India 1954), and if preserved and prevented from soil contact, they could attain a service 
life of 20 to 30 years. 

All these reports indicate that bamboos were used for non-drinking water purposes. 
Tanzania's effort to preserve bamboo water pipes carrying drinking water has been a matter 
of trial and error and a pioneering work. This work has been very cumbersome and tough 
since all the knowledge regarding wood preservation, beginning from centuries ago, indi
cates that all preservatives used for non-drinking water purposes were naturally poisonous 
(e.g., CCA, Creosote, Aldrin, Dieldrin, etc). However, despite these difficulties, Tanzania 
has been able to provide a safe and constant water supply for the past eleven years to a large 
rural population located in several areas using the bamboo pipe network system (Fig. 3). 
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Figure 3. Bamboo water projects and bamboo forests in Tanzania. 
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It is now becoming clear that, due to recent wood preservation technology, there is a 
promising way to resolve these problems in the future. The technologies which are con
sidered safe and practical are the following: 

(I) Sap is removed from the pipes by passing running water through them for 8 weeks. 
This also removes the smell. 

(2) Water is purified (making it free from bacteria and fungus) by passing it through hor
izontal roughening water filters and slow sand filters. This removes almost 100% of 
the fungus and bacteria and is a well known engineering technique. The cheapest 
structure for this purpose is a woodstave water filter. This technique prevents pipe 
interior surface decay by keeping it constantly saturated with water (free from air 
attack) and away from bacterial contact. Flushing chlorine intermittently is also an 
advantage. Ground water (bore hole, wells, etc.) free from surface contamination, 
provides a similar effect when it constantly saturates the interior surface of a bamboo 
pipe. 

(3) The exterior of the pipe is coated with tar mixed with pyrethroids, e.g., Permethrin or 
Deltamethrin. The tar acts as a fungicide and the pyrethroid acts as an insecticide. 
The tar fixes the pyrethroid against rapid degradation by soil bacteria. A constant 
source of water saturates the pipe line; this is insured by having a water storage tank 
in the system. 

(4) The bamboo pipe is impregnated with Ammoniacal Copper or an Alkyl-Ammonium 
compound as a fungicide (AAC or CA) using a wet method such as Boucherie, diffu
sion, or open tank dipping. The chemical fixes into the bamboo culms, which have a 
high retention value, and the water, therefore, is safe to drink. The exterior is coated 
with the tar/pyrethroid mixture to prevent termite attack; where termites are not a 
problem, the tar/pyrethroid mixture is not used. The inner pipe surface is coated with 
bituminous paint to prevent the chemicals from leaching out; or, alternatively, the 
interior is lined with a cheap tube of polyethylene film (Alkathene). 

(5) The bamboo pipe is impregnated with a solution of Borax (Timbor) under a wet diffu
sion method to prevent fungal decay. This chemical does not affix itself to the bam
boo culms but, rather, remains intact when a polyethylene film is inserted in the pipe 
to prevent water contact with the treated surface. The outside surface is coated with 
the tar/pyrethroid mixture where termites are a problem. If there is not a termite 
problem, a coating of tar is sufficient to seal in the preservative. 

The rapid degradation of pyrethroid by soil bacteria has been prevented in some parts 
of the world (e.g., Africa, Asia, Australia) by mixing the pyrethroid with materials of the 
same nature as the tar used to treat bamboo pipes in Tanzania. Laboratory experiments and 
different field trials performed in various places indicate that Pyrethroids, when mixed with 
tar, remain stable from degradation under ground contact conditions. The type of tar used 
for bamboo pipes in Tanzania is water-proof and safe to use with drinking water. 

Life Expectancy 

Currently, the preservative technique applied to bamboo water pipes used for the tran
sportation of drinking water, is quite recent for termite infested areas but well known for the 
control of fungal decay. It can be reasonably concluded that for areas without a severe ter
mite problem, the life expectancy of preserved bamboo water pipes in contact with the 
ground can be 10 to 20 years. For areas that do have a termite problem, the life expectancy 
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can be up to I 0 years depending on the stability of the pyrethroid/tar mixture (Fig. 4 ). 

Figure 4. Picture of bamboo pipes complete with wire reinforcement, tar coatings, and 
polyethylene socket joints. 

Health and Environmental Aspects 

Water carried by bamboo pipe systems is purified to meet the requirements of normal 
public water supplies. The interior of the pipe is coated with a lining that has been 
approved for use with drinking water. Direct contact between the water and the chemically 
preserved bamboo pipe surface is not allowed. 

Water analysis conducted in Tanzania and at the University of Delft in The Nether
lands, showed that water quality at the distribution points is within the approved standards 
of the World Health Organization. Also, no environmental pollution is created since 
pyrethroid used as an insecticide has the approval of WHO as a nonhazardous chemical. It 
is marketed in the U.S.A., U.K., France, and the USSR. 

Economics 

Besides bamboo itself, the main product used in manufacturing bamboo pipes is gal
vanized steel wire. Other relatively inexpensive materials such as joints and preservatives 
are also required. The manufacturing of the pipes is labor intensive, but the low skilled 
labor required is locally available. 
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The cost of bamboo pipes is between four and six times cheaper than conventional 
steel and plastic materials even excluding the cost of transport. The cost of importing these 
materials to Tanzania was investigated, and it was found that a plastic pipeline 20 kilome
ters in length would require thirteen containers carrying polyethylene rolls. The same 
length of bamboo pipeline would require one container for the supplementary products such 
as galvanized steel wire, joints and preservatives. The installation cost per capita for a bam
boo water supply system is between 4 to 16 U.S. dollars. 

Evaluation of Wood-Bamboo Technology 

In 1983, the Swedish and Tanzanian governments appointed a Swedish consulting 
firm to evaluate bamboo technology. The conclusions reached were that bamboo technol
ogy is feasible in Tanzania. Bamboo pipe systems are cost competitive if the systems can 
be operated continuously for a period of ten years or more. Several bamboo water schemes 
in Tanzania have gone past the ten year life span (Fig. 3 ). 
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David Farrelly*: The Need for Bamboo Promotion 

They say in Buddhism that there are 84,000 ways of becoming enlightened, and there 
are probably that many ways of becoming interested in bamboo; because we can come to it 
from music, or from architecture, or as botanists or a thousand different angles. My own 
particular entrance to bamboo happened to be by working with it in Mexico. In about 1973, 
I was in Arizona with the Papago Indians. I am attracted to living in the fourth world, with 
the traditional peoples, who are a nation in many ways that modem nations are not. They 
have their own language, their own customs and handicrafts. A way of life which is 
integrated. So I spent time with American Indians, and also Indians in Mexico. I was with 
Papago Indians who carried me into Mexico, to drink with their friends and deposited me in 
northern Sonora, where I found myself more or less in the position of a lot of Mexicans who 
get to the United States- that is: I had no money, I had no papers, and I didn't speak Span
ish. So, I thought this would be a perfect set of qualifications to really get to know Mexico, 
because I'm going to have to meet the Mexican people in order to eat. So, I spent about six 
months ... I had about six cents, actually, and I stayed six months in Mexico on those 
finances; harvesting alfalfa, fishing, working with village people and avoiding the police, 
since I didn't have any visa. So I began to get to know the Mexican people in little villages. 

I had been a university teacher, I had spent most of my life in academic surroundings, 
certainly with literate people. So it was a great break for me to find that most of my new 
friends were illiterates. Very poor, but with certain qualities which attracted me to them a 
great deal. For one thing, their love of children, their care of the old people; traditional 
families were still much more intact in the villages of Mexico than in the United States. So 
I found myself being attracted to the notion of beginning to spend time in a Mexican village. 
I chose one village in southwestern Mexico, which was in a crater lake in the mountains, in 
Nayarit. I began living there, and began living with a Huichol Indian and his family, and by 
some stroke of good luck, I was on the land of a fellow, a rich Mexican man in this village. 
There are a lot of poor rich people in Mexican villages; that is, a man who begins as a cam
pesino, he gets a few cows, and by the time; he's 60 or 70 years old he's fantastically 
wealthy, but actually he still doesn't even know that. He's still living more or less at the 
level of the people. So, one of these men gave me a place to build, and gave me as much 
bamboo as I wanted, to work with, which I had never touched before in my life, and had 
never thought about. I began building with this with my friend, Merced. 

Then someone sent me the Ueda book; Austin, Levy, Ueda's picture book of bamboo. 
This was in 1974. It arrived during the day in the mail, and at night, finally when everybody 
was asleep, I had a chance to begin looking at this book. Going through it at night, by 
kerosene lamp, looking at all these beautiful photographs enriched by golden warm color, 
but seeing not so much their beauty as the practicality of bamboo, I realized that this was an 
amazing plant for my friends in the village; and that if we could begin to introduce oriental 
bamboo technology and species into Latin America, it would be an incredible revolution of 
possibilities for the poorest people. 

That night I felt as if I was being kicked in the chest by a horse. I experienced a 
conversion to bamboo, I would have to say. I think that many of you have experienced a 

* 938C Shotwell, San Francisco, CA 94110 
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bamboo conversion, that is, a sudden onslaught of awareness of the beauty, or practicality 
of this plant. It is sudden for most of us in the West, because we haven't really grown up 
with it. So, we come across it at some point in our lives, and a door seems to sort of swing 
open. That's what happened to me. I decided I was going to write a book about bamboo 
that night. So I fell in love, immediately ... and eloped, without permission ... or rights, from 
priests or civil authorities. 

I went down to Mexico City, to the Museum of Anthropology, and began talking to 
the woman who was in charge of Ethnography, and she gave me a letter requesting the help 
of military, civil, religious and educational authorities, in any town that I passed through, 
investigating bamboo. This was in 1974, so, I began traveling around Mexico, finding out 
what I could about bamboo from people and trying to encourage them to plant it. I found 
out pretty quickly that I couldn't get any financing to write a book about bamboo in Span
ish. I dabbled along for a number of years, until somebody in the United States encouraged 
me to write a proposal. I did so. I sent this to six different publishers and five of them 
accepted. 

In 1974, I knew that bamboo was coming, in a big way, to the world, precisely 
because its growth rate is as rapid as the growth of the human race. We are witnessing and 
we are going to witness an interest in bamboo ... What we are seeing here, now, today, is 
nothing compared to what is coming. The human race is going to wake up to the possibili
ties of this plant in many ways. A craft way, that is, an individual person growing his bam
boo and building his fence or his house, or whatever. But also in important ways, such as 
for paper and for ply-bamboo. I was just told that Oscar Hidalgo is getting his factory off 
the ground in Colombia, for ply-bamboo. In many ways bamboo can be processed in our 
contemporary industrial format, for production of paper and so on. 

Ultimately, there's going to be a tremendous amount of interest in this on the part of 
governments and big business, in the world. Someone was talking earlier, saying that you 
can't really hope for too much from governments or big business, and at this point, I think 
that's perfectly true. The job that I imposed upon myself, or the errand ... first of all, I found 
out quickly about McClure. I saw his book in the Institute of Forest Investigators in Mexico 
City. I came across McClure's book. I hitch-hiked to Washington D.C. the next time I was 
in the US in order to meet him. I got on the telephone to Thomas Soderstrom, who said, 

'ell, welcome to the club", in a cheery voice, "But unfortunately you are four years too 
late to meet McClure, because he died in 1970." So I went by, and met Thomas and 
Clenfe, and they told me, among other things, that funding for bamboo in the US had been 
cut Jff in 1968. During the Vietnam War, they tried to eliminate as many expenses as pos
sible in the US government. They had been spending a million dollars a year on bamboo at 
Savanrah, Georgia; mainly in Savannah and in Alabama. By terminating the bamboo 
research in the United States, they were able to murder two and a half more Viet Cong per 
year. It cost 400,000 dollars at that time, to slay one Vietnamese. They were 'wasting' one 
million dollars on bamboo research, so they eliminated that, and were able to kill two and a 
half more Viet Cong. Governments are hopelessly out of touch with these realities. They 
are out of touch with realities of housing. Governments all over the world are notoriously 
inept at managing their affairs. So it is obviously going to be up to us, as Michael Hirsh, 
and Gerald Bol have said. It is for us to take the bamboo movement in the world into our 
hands. 

The question I put to myself, is: How can we do that? I'm a sort of propagandist, a 
communication person. I'm concerned about: How do you talk, not to the people who 
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already agree with you, but to the people who don't know anything about your little piece of 
human knowledge? We have to get out of the bamboo ghetto. Not to be simply talking to 
one another, and holding these conferences only for ourselves. This is a possibility for us to 
get together and decide; What are the tactics that we can adapt in order to accelerate the 
knowledge of bamboo, and the use of bamboo in the whole world? This is another thing 
that attracted me about bamboo, that it was a global phenomenon. You weren't talking 
about something which was only an important reality in one little comer of the Earth; you 
were talking about a plant which was more wed to human history than almost any other 
plant that one could name. Certainly more related to human cultural history in a greater 
variety of ways, in terms of its use for architecture, for furniture, for musical instruments, 
paper and so on, and the I 000 things that bamboo is used for. 

The angles of interest that began to suggest themselves to me were, first of all, I had 
children myself, and I saw how attracted children were to bamboo. Because of the weight, 
children can lift it very easily. There's an immense attraction to the plant that I've always 
witnessed among children. One important thing to think about is; How can we introduce 
bamboo to children as early as possible, in schools and in homes? Secondly, because I was 
myself used to teaching in schools, I was aware of the fact that one of the most rapid ways 
we can introduce any innovation into a culture these days, is through the educational sys
tem. We have to begin thinking of ways (to start) a bamboo curriculum. From pre-schools, 
grade schools, high schools, colleges, postgraduate work and so on, at all levels in our 
school system. What could be an appropriate curriculum to introduce bamboo studies to 
children and to advanced students? I'm working now with a college in Patzcuaro, in 
Michoacan. There are 250 technical colleges on the federal level in Mexico, called 
CONALEP. One of these colleges is run by a botanist who's enthusiastic about bamboo, 
and is inviting me to help them introduce a bamboo curriculum, to this college in Patzcuaro. 
If we do well there, then there are another 250 colleges around Mexico, who will be aware 
of what we have done in this one spot. I'm sorry to be jumping about here and introducing 
five or six things. Points that I want not to exhaust, but suggest for your contemplation. 

When I was invited to speak here, I asked "How long do you want me to talk?" 
They said "45 minutes." My friend, Stuart Chapman, who did the illustrations for the 
bamboo book, said "David, tell them you won't come unless they give you at least half a 
day." Because to begin talking about bamboo, and any aspect of it is, of course, endless. 
The question that I'm putting to myself is; How can this audience, and we're all mainly 
from big cities, modem countries, most of us anyway ... What is the role that we can play as 
modem, urban, industrialized people, to help those people who most need bamboo, to get it? 
It's called the wood of the poor, you know, in India; but definitely if you go around Mexico, 
or Nicaragua, or any of those places, you find out that it is not the wood of the poor 
anymore, because the people who have bamboo, in general in a village ... there would be one 
person or several people, and they guard this resource very jealously. There are not a lot of 
people out there who are trying to spread it around. The question becomes; What role can 
we play in relation to this? One thing that interested me from the very beginning was a sort 
of a Bamboo Tourism, if you want to call it that. I became interested in living in Mexican 
villages for myself, but also I wanted to make what I had found available to other people. 
In other words, I said to myself; How can I institutionalize my experience? And let more 
people see the beauty of the way that children are raised in little villages? How can we do 
that? So, I became interested in village travel, village tourism. 

In the back of Yves' car, I have some Xerox articles for you on contemplating the 
standard modem tourism, and comparing it with what tourism would be, ideally used. Not 
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as a plaything of the rich, but as a planet classroom, let's say, to help the human race to live 
in peace, harmony and enjoyment with one another, here on the surface of this fragile 
planet. So, how can we use the fact of travel, which in most cultures has been a pilgrimage. 
Scholars, artists, musicians, singers; these are the people who have been the most famous 
travelers in traditional cultures. There has been a severe degeneration in the significance of 
travel in our times. We are moving about a great deal more, perhaps with a great deal less 
meaning. I just hopped on a plane like the rest of you, and we got here in a matter of hours 
from very far flung places all over the world. Suppose we had all had to walk here? Or row 
a boat? Or come here in a way that really cost us, not economically, but in terms of real 
personal effort? Kierkegaard has a wonderful essay in which he's saying, "In the modern 
age, (this he's writing around 1840 or something) everybody is so concerned with making 
things easier and easier.'' So he decided to make things more and more difficult. It would 
be his role to make things as hard as possible. I can relate to that...There's a Greek, 
Aeschylus, who says, "Drop by drop, wisdom is distilled from pain." We can reflect on 
our experience. There is the effort, the drive, towards making life easier and easier through 
material conveniences, which doesn't seem to be working out. Particularly for example, in 
time saving devices. I'm always amused, when I get back to the United States, which is the 
mecca of time saving devices, the one thing which everyone has in common in such a cul
ture is - everyone is in a hurry. It does not make any difference if you're the janitor of a 
local school or the President of the United States. Your schedule is crammed. That's the 
one thing we've really lost sight of - leisure. There is a book called "Leisure, the basis of 
Culture.'' 

Actually, Skole, our word for school, comes from the Greek word for Leisure. But 
that is the last thing in the world that you find in academic, or research organizations, or 
whatever. We find ourselves with less and less leisure, less and less time, and perhaps we 
have more physical comforts, but not the psychological; of friendship, laughter, capacity to 
meet. This is what impressed me very much among the Mexican people that I live with; the 
laughter in the streets, and the communication between the people. It seems as though we 
are losing our capacity for intimate human contact. The more we live together in huge 
numbers, the more distant we are, psychologically. 

This was sort of the climate for my preparation for bamboo, when I came across bam
boo, I found in it a concrete work that people like myself, or yourselves could do in relation 
to the third world and to the village people. Much more important than giving somebody 
the money for a meal, is to give them the seeds so that they can begin their own garden. In 
Mexico now, in addition to working with this college, the thing that I'm thinking about is: 
What would be the format for a Bamboo Tourism? This place where we are sitting right 
now is a marvelous example of the kind of thing that I'm thinking about. There could be 
Prafrances in every country. The American Bamboo Society and the European Bamboo 
Society, we can begin thinking about how we can outreach, how we can begin to actively 
search out the allies who are out there, who don't know anything about bamboo. As Wolf
gang said, seven years ago, he didn't know how to spell bamboo. Before I began working 
on The Book of Bamboo, I knew nothing whatsoever about bamboo. I know very little still, 
compared with the people here who are botanists, taxonomists, and so on. We have to reach 
out and find allies, who are going to be writing the next books, or starting the botanical gar
dens. We have to vigorously begin ways of finding them. There are too few people who 
are traveling around the world, trying to excite an interest in bamboo; whether through 
books, or film, or in whatever way. 
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In Mexico now, we're trying to begin a bamboo messenger farm. A place where peo
ple can come and be welcomed for an unlimited stay. The economics is not important. 
This is another important thing about living in Mexico, or in third world countries to begin 
such an enterprise. I can literally say to anybody in this room who'd want to come for an 
extended stay in Mexico: you're perfectly welcome, and there's no economic problem 
whatsoever, as long as you're willing to live in a simple manner, and eat simply. Maybe the 
people here are embedded in their own lives sufficiently that it's not possible to take me up 
on this, but maybe you have children or friends. I find that the people who are responding 
most to bamboo, who I meet, are mostly young people. People that are just finishing their 
high school, or college or whatever. The are at a sort of gap in life. They can begin to 
choose a new direction. Let me pause for a moment, and see if we're making sense to you 
people. Do you have any questions, or a response at this point? 

[Question] "How are you going to compete against the Corporations, who are out 
there selling plastic and things, instead of bamboo?" 

[Answer] "It seems, if something works ... for example, bamboo works. It has been 
around here for a long time. It's found a way of working better than any other plant joining 
water, sunlight and soil. It really works. It's a healthy, sane response to environment. 
What is happening all over the world is not a sane response to environment and the human 
race is waking up to the fact that we're creating a format of culture in which nobody is very 
comfortable. I mean nobody. There is no one, rich or poor, on any side of the economic or 
social spectrum who is terribly happy with the culture we are setting it up. So it's breaking 
down of itself: it's not as though we are going to have to fight for a proper attitude, the 
improper attitudes are breaking down. That's my feeling. The interest in bamboo is one 
kind of element of a whole different kind of consciousness which is timidly, perhaps ... it 
seems small, but then, you know that the fellow who put the first bamboo in here (Mazel), 
he put in one tiny little plant. Or several tiny little plants. Bamboo is invasive, and it is cul
turally invasive also ... I don't want to be against anything, let me put it that way. My tactic 
is not to go out being against, but to be very vibrantly for. There is almost nothing in The 
Book of Bamboo which is ... I tried to make that book as cheerful as possible, because there 
are so many sad books on the market. Definitely, we cannot ignore the horrors that sur
round us, and as a matter of fact for two years I was working in Nicaragua. I've experi
enced working in a country at war with the country where I was born. It's a very shattering 
thing. It is something that I would recommend to anybody who could experience it, to 
spend a little bit of time where you can hear the machine guns rattling at night. It changes 
your attitude towards life. Maybe we can get those people who are specifically interested in 
coming up with a concrete plan, because it is always good at a meeting like this, to actually 
decide something. Just as you said that you decided to have this conference at the last one. 
So at this conference, those people who are concerned, as I am, about how we people can 
begin to help the village people of the world find bamboo. Tomorrow afternoon we could 
get together and see if we can't come up with a concrete decision.'' 

[Mr. Lipangile]: "I come from Tanzania, in East Africa. Tomorrow I will present a paper 
here. What he has been talking has been a very sensitive talk, to me, and the other Africans. 
You can see I am just one African in the group, and every country I have been, in Europe, 
in Asia, in Middle East, I'm alone. It shows that Africans are not aware, either government 
or technical officials, technical workers, and rural people of the usefulness of bamboo, and 
the value of the bamboo, today to the Africans. Everywhere I have been I have seen that. 
The real area where the role of bamboo is required first is Africa. Because they have a very 
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big area of developing bamboo. They are a very low income group, in the world. They 
can't build houses. They can't have a water supply. They can't irrigate. It is through these 
kinds of things that their life become easier. Therefore, I will recommend, as he is suggest
ing, that the European Bamboo Society, American Bamboo Society, IDRC, other organiza
tions in China, in Japan, should consider how they can bring this to the Africans. There is a 
problem which was already mentioned, which I experienced all the way. First, of all (no 
one is) knowledgeable with the technology in the use of bamboo and are suspicious as to 
whether it is a material for use. The first question touches this problem. And the second: 
none of the Africans are knowledgeable from universities or local schools, whether bamboo 
can work. The whole knowledge is in Europe and in Asia. Therefore we suggest that now 
it is time to start bringing this to the knowledge of Africans. (It's better) than paying a lot 
of money to big schemes which don't help them at all. They are temporary, they are only 
paying a few people, and in the long run it doesn't serve the purpose. This is what I recom
mend here. I support these words. The time has come we should look for poor people with 
this, to know it. And their governments. Thank you.'' 
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The Colombian Government sponsored a project to study the native Colombian bam
boos between 1987 and 1989. This study involved taxonomic research as well as studies of 
economic and agricultural potential. 

The project placed special emphasis on guadua, the largest and most economically 
important bamboo of the New World. The genus Guadua Kunth, which comprises 28-30 
species, occurs from Mexico to Northern Argentina. In Colombia, Guadua angustifolia 
Kunth is the most widespread and the most utilized bamboo. It has graceful green culms 
that arch 20 meters or more into the air, providing a feathery contrast to the tropical 
landscape. When the afternoon breezes began, the guadual (clump of guaduas) becomes a 
place to experience the harmonious, sometimes eerie, sounds of the culms and leaves sway
ing in the wind. Guadua is appreciated for its beauty, but even more for its practical value 
as a basic building material in many regions of Latin America, especially Colombia and 
Ecuador, where it provides shelter for many people with few economic resources. In addi
tion, guadua is used extensively for scaffolding, handcrafts, erosion control, protection of 
riverbanks, and in agriculture and folklife. For example, at Christmas time split culms of 
guadua are formed into arches with lighted candles placed in the nodes, producing a spec
tacular display. 

Due to its great use in Colombia, the once abundant guadua is becoming scarce. This 
has tragic consequences not only for guadua itself but also for the ecology of the deforested 
watersheds and the flora and fauna of the guaduales. Other bamboos like Aulonemia queko 
Goudot, Elytrostachys clavigera McClure and Rhipidocladum harmonicum (Parodi) are 
also dangerously threatened because of the destruction of the forests they inhabit. Thus, this 
project was a response to the very serious threats to the existence of the native Colombian 
bamboos. It had the following objectives: 

I. To collect herbarium material on expeditions to the various natural regions of 
Colombia in order to inventory the native Colombian species of bamboo. 

2. To establish living collections as germ plasm banks for the preservation of genetic 
material of Guadua. 

3. To establish a guadua plantation to provide the basis for advances in silviculture. 

4. To make laboratory analysis of the physical and chemical properties of guadua and 
other bamboos to identify those species most useful for handicrafts, furniture, con
struction, paper pulp, etc. 

*Apartado Aereo 11574, Cali, Colombia. 
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We collected in the southern and central parts of Colombia, primarily in the Andean 
Region, parts of the Pacific and Amazonian lowlands, and the Atlantic Coast. The North 
Pacific Coast, Amazon Basin and eastern savannas still need to be explored for bamboos. 

So far, the diversity of bamboos has been a surprise. A total of 18 genera and as 
many as 78 species of bamboos occur in Colombia (see list). Six new species and one 
variety have been described from this project (see references). 

During our travels, we collected living material of 8 guaduas in 48 different localities 
with three samples of each. We also made 26 collections of other woody and herbaceous 
bamboos. No doubt many of these will prove to be horticulturally valuable. These were 
planted in the Botanical Garden "Juan Marfa Cespedes" of the Instituto Yallecaucano de 
Investigaciones Cientfficas - INCIV A in Tuluii. 

The results of taxonomic Guadua studies are only preliminary, but more information 
is available for other plant groups like Chusquea and Pharus, through contacts with special
ists Lynn G. Clark and Emmet J. Judziewicz. Eventually we hope to write identification 
keys and descriptions for all the native bamboos of Colombia. 

The ecological study of the f?Uaduales has not yet been done. However, preliminary 
data from a previous study by Londono and Prieto ( 1983 ), indicates that the guaduales 
comprise a rich, complex ecosystem, which includes 112 species of higher plants belonging 
to 46 families of which Araceae, Piperaceae, Maranthaceae and Rubiaceae are the most 
abundant. 

Tropical deforestation has reached the alarming rate of more than 200,000 square 
kilometers per year; half of this occurs in Latin America. The continued existence of bam
boos is obviously endangered by habitat destruction. Some species, like Anemochloa 
marantoides, may already have disappeared forever. Taxonomic and anatomical studies of 
extinct species are not enough. Our priorities must be to contribute to the conservation and 
to study the biology and ecology of bamboos. Only in this way can we save these beautiful 
and useful plants for the future. 
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List of Colombian Bamboos 

Herbaceous Bamboos 

I. Cryptochloa concinna (Hook f.) Swallen 
2. Cry. unispicu{ata Soderstrom 
3. Cry. variana Swallen 

4. Lithachne pauciflora (Swartz) Beauv. ex. Poir. 

5. Maclurolyra tecta Calderon & Soderstrom 

6. Olyra caudata Trinius 
7. 0. ciliatifolia Raddi 
8. 0. ecaudata Doell 
9. 0. latifolia L. 
10. 0. longifolia HBK 
II. 0. loretensis Mez 
12. 0. micrantha HBK 
13. 0. standleyi Hitchcock 

14. Pariana bicolor Tutin 
15. P. campestris Aubl. 
16. P. interrupta Tutin 
17. P. radicifiora Sagot ex Doell 
18. P. simularis Tutin 
19. P. stenolemma Tutin 
20. P. trichosticha Tutin 

21. Parodiolyra latera/is (Pres! ex Nees) Soderst. & Zuloaga 

22. Pharus latifolius L. 
23. Ph. mezii Prodoehl 
24. Ph. lappulaceus Aublet 
25. Ph. virescens Doell 

26. Piresia goeldii Swallen 
27. P. sympodica (Doell) Swallen 

28. Raddiella nana (Doell) Chase 
29. R. esenbeckii (Steudel) Calderon & Soderstrom 

30. Streptochaeta spicata subsp. spicata Scrader ex Nees 

31. Streptogyna americana C.E. Hubbard 
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Woody Bamboos 

I. Arthrostylidium pubescens Ruprecht 
2. Ar. venezuelae (Steud.) McClure 

3. Au/anemia patula (Pilger) McClure 
4. A. queko Goudot 
5. A. trianae (Munro) McClure 
6. A. pumila Clark & Londono 
7. A. robusta Clark & Londno 

8. Chusquea angustifolia (Soderstrom & Calderon) Clark 
9. Ch.fendleri Munro 
10. Ch. grandijiora Clark 
11. Ch. /atifolia Clark 
12. Ch. lebmannii Pilger 
13. Ch. ligulata Munro 
14. Ch. londoiiiae Clark 
15. Ch. longiprophyl/a Clark 
16. Ch. maculata Clark 
17. Ch. pal/ida Munro 
18. Ch. purdieana Munro 
19. Ch. scandens Kunth 
20. Ch. serpens Clark 
21. Ch. serrulata Pilger 
22. Ch. simplicifiora Munro 
23. Ch. spadicea Pilger 
24. Ch. spencei Ernst 
25. Ch. tessel/ata Munro 
26. Ch. tuberculosa Swallen 
27. Ch. unifiora Steudel 

28. Elytrostachys typica McClure 
29. Ely. claviiera McClure 

30. Guadua amplexifolia Pres! 
31. G. angustifolia Kunth 
32. G. angustifolia var. bicolor Londono 
33. G. glomerata Munro 
34. G. superba Huber 
35. G. weberbaueri Pilger 

36. Neurolepis acuminatissima (Munro) Pilger 
37. N. angusta Swallen 
38. N. aperta (Munro) Pilger 
39. N. aristata (Munro) Hitchcock 
40. N. elata (Kunth) Pilger 
41. N. glomerata Seallen 

1991 
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42. N. mol/is Swallen 

43. Rhipidocladum geminatum (McClure) McClure 
44. Rh. harmonicum (Parodi) McClure 
45. Rh. /ongispicu/atum Londono & Clark 
46. Rh. parl"ijforum (Trinus) McClure 
47. Rh. racemijforum (Steudel) McClure 
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Kiyoshi Yasui*: International Exchange through Bamboo 

I am a representative of the Japan Bamboo Society of Kyoto. Japan. and have come 
here to bring a message from Dr. Koichiro Ueda. Our society now has approximately 6.000 
members. 

I highly respect the work that the European Bamboo Society has done and congratu
late all of its members on the success of this conference. I will report the details of your 
work to Dr. Ueda and the Japan Bamboo Society when I return to Japan. 

As Mr. Lenox just mentioned we have been making an effort for the past 3 years to 
promote cultural exchanges between the United States and Japan. In 1975 we discussed the 
formation of a sister Bamboo Society in Saratoga. California. Then, three years ago. Muko, 
the city where I reside. established a sister-city relationship with the city of Saratoga. The 
increasing exchange of people and culture between these two cities has been realized. I 
believe this is a rare case in the sense that the sister-city relationship was established 
through bamboo. 

Last night, to my surprise, the mayor of Saint Jean du Gard. Mr. Ruas. suggested the 
possibility of establishing a sister-city relationship between his city and Muko. 

Through the rich philosophy and history of bamboo we have come together here for 
this conference. I hope we will take advantage of this opportunity by beginning to walk 
together on a new path of international exchange and cooperation. 

Finally, I would like to thank the president of the conference, Yves Crouzet, and the 
other organizers for this fine conference. I sincerely hope the next conference will be as 
successful as this one. 

*Komuten Co. Ltd., 42, Otamichi-cho, Muko-shi, Kyoto, Japan. 
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Michael Hirsh*: An Open Letter to All Who Attended IBC88 
and All Those Who Wish They Had 
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After saying our various goodbyes at the end of the congress, we must have all had 
the thought that, rather than a single event coming to a close, we are now facing a sequence 
of events that is only just beginning. This letter is my own personal way of coming to terms 
with the future of all our involvement with bamboo, especially in the light of the subjects 
aired during the congress. 

As a member of the organizing committee, I must take this opportunity to express 
thanks to all those who made the event possible. 

First, we must raise our hats to Yves Crouzet, our host, to his wife Muriel and their 
family. for providing such an excellent venue, and also to their staff for their tireless ener
gies in putting the whole thing together. 

Our deepest thanks go to The American Bamboo Society for their sponsorship, gui
dance and assistance in attracting so many important and influential speakers to the event, 
and to its membership for their support, and for turning up in such large numbers. Our 
thanks are offered to all those who participated in the congress, in whatever capacity, sim
ply for being there and making the event such a success. An extra big thank you also goes 
to all the partners, spouses, companions, 'significant others' and families who support or put 
up with our love for bamboo. 

Now I'd like to review a few of the themes that have been brought to light during our 
conference, to which we must all address ourselves one way or another. One of the most 
salient features of the congress was the pointing out of several threats poised to bamboo's 
continuing diversity. Lynn Clark and Emmet Judziewicz in particular, drew our attention to 
the imminent disappearance of at least one species of bamboo through land 'development'. 
More species seem to be in line for extinction soon. 

The need to conserve bamboo's diversity is urgent, and it also requires global 
remedies. This need to conserve must be considered in two ways: 

I. To conserve from the point of view of Preservation (saving species from extinction) 
and, 

2. To conserve from the point of view of Resources (Improved local management) 

Bamboo is one of the most useful plants on the planet, if not the most useful. If we 
lose even one species we are all the poorer; although that species many not have any recog
nized usefulness to the mankind so far, the fact that it is missing from nature's inventory 
must reduce our future options. Until we know, we must conserve. Time is not on our side, 
nor is it on the side of some bamboos. 

One of the strongest feelings I received, personally, from our congress is that it is up 
to US to do something. There is no-one else. One cannot depend on governments very 

* 14 East Lane, Morton Bourne, S. Lincolnshire PE 10 ONW, England. 
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often, one cannot depend on big business, one cannot count on institutions. Bamboo's con
tinuing alliance with us must be a two way affair, and we need to formulate new ways to 
extend this alliance. 

We also need to take time to sort out the true reasons for our love for bamboo, our 
priorities can so easily become vacuous and generalized, and one of the prime functions of 
the congress must be to concentrate our minds, and figure out how our passion for bamboo 
can become more fruitful. 

We (in EBS and ABS) cannot be all things to all men. But we can learn to push in the 
right quarters. Many are doing so already, in the field, in the herbarium, at the word proces
sor or in the nursery. We must all recognize our roles, do what we can, where we can. 

Many people at IBC 88 suggested that some sort of international body devoted to the 
conservation of bamboo ought to be formed. We do need to form some sort of global net
work, which can coordinate the wide and disparate variety of efforts in bamboo research, 
both theoretical and practical, and help to provide solutions to problems worldwide. 

There are several reasons for people to desire the establishment of such an organiza
tion; uppermost in people's minds is the increased bamboo conservation role that such a 
body might be able to focus on, and next, how such a body might oversee and assist in the 
choice of venue for the next IBC in two or three years. 

I offer a name for this organization here and now, and invite all your comments and 
proposals: 

The International Bamboo Conservancy 

Although this may not translate too easily into all languages, it has the advantage of 
being succinct, and states the nature of the beast (at least as far as I understand it). The ini
tials seem familiar too, somehow. 

Whatever the name chosen, I would imagine that the priorities for such a body must 
be at least to: 

I. Draw up a list of species in urgent need of preservation, which could be co
ordinated with the International Red Data Book of Endangered Species. 

2. Examine the possibility of buying the land that endangered species inhabit. Keep 
the bulldozers at bay ... 

3. Organize a program of collection of bamboos at risk. 

4. Coerce sympathetic organizations, botanic gardens etc., into acting as holding areas 
and acclimatizing stations. 

5. Establishing a system of distribution of plant material to climatically suitable 
environments for assessment. 
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6. Specify communications channels. (From this distance, the proposed organization 
seems to be some sort of distributed network, without any apparent center, however, 
a center may become necessary in time.) 

7. Decide on communications strategies and methods. A computer bulletin board or 
data link seems practicable. 

8 Find the money to do all this, and use it wisely. 

9. That's enough priorities for now. 

I trust that everyone addressed by this wide open letter must be in favor of doing 
something. I repeat: it is very much up to us. I earnestly hope that this proposal will 
motivate you into writing, and especially persuade you to take action. 

All relevant comments will be aired in the EBS journal, and I also beg the indulgence 
of the ABS journal editor to allow community space to be devoted to the issues raised dur
ing IBC88. 


