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Ecological Studies on Cultivation of Tropical

Bamboo Forest in The Philippines

By

Etsuzo UcHIMURAY

Summary : Understanding of the ecology and distribution of the tropical bamboo
forests is a prerequisite for the cultivation of bamboo forests and the improvement of
forest production. The site conditions of bamboo forests, which are distributed in tropi-
cal regions were therefore studied first. Secondly, the production structure of some
useful tropical bamboo species was drawn using the data of fundamental studies includ-
ing growth periods of bamboo shoots, culm analysis, relationship between D. B. H. and
the length of culms, the relative growth relationship between dry weight of culm and
D2H, and moisture contents. Thirdly, standing crops and annual production were esti-
mated from these results, i. e., standing crops of Bambusa blumeana, Bambusa vulgaris
and Schizostachyum lumampao on a dry weight basis were found to be about 180 tons,
130 tons and 80 tons per hectare respectively, and each annual production was about one
fourth of the standing crops. Bamboo species which propagate by non clump-forming
type are suited for offset, while clump-forming type bamboos are suited for cuttage. Both
the selection of cutting materials and the method of cutting to obtain the most effective
cuttage were subsequently investigated. The lower portions of young and large culm
which were grown in the latter half of the rainy season proved to be the best material
for cuttage. The best method of cutting was found to be a section of material culm
having one node at the center of it and laid horizontally under the ground at about 20
cm in depth. It was also clarified that if a bamboo forest is cultivated with culm cut-
tage, culms can be felled within five years after planting. Seed obtained after bamboo
flowering can be used for propagation by seedling, but sexual propagation was less ef-
ficient than vegetative method in bamboos.

Further research works on bamboo cultivation are recommended.
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Introduction

In the coming 2lst century, the perennial problem of mankind will be the production of
enough food for the worlds’ ever-increasing population. Today, man has realized an equally
important problem, that of managing and maintaining the world’ natural resources. Among
these is the tropical forest including bamboo forests which have to reckon with many dif-
ficulties such as variability in structure, species and growth habits. Yet, if it is managed
for sustained-yield, the tropical forest can be an inexhaustible source of goods and services.
More often than not, some bad practices contrary to sustained-yield principles are perpetuated
in the tropics due to negligence and lack of knowledge. Prominent among these is harvesting
more than what the forest resouce can produce. As a result, reproduction can not keep up
with exploitation. It has been proved that if exploitation can be controlled and combined with
natural and artificial regeneration, a productive tropical forest can be restored and made pro-
ductive.

Narrowing our considerations from tropical forests in general to bamboo in particular,
bamboo adapt very well in places where trees naturally grow. More than 1,200 species of
bamboo are growing over a total of 14 million hectars of land throughout the world, and
about 80 per cent of that area is distributed in the Southeast Asian tropical region. Climatic
conditions such as high temperature and humidity including favorable edaphic conditions of
generally sandy loam to clay loam are conducive to the growth and proliferation of bamboos
in the region.

Mature bamboo culms are traditionally used for house construction, various agricultural
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tools, fish pens and fish traps. The pulp and paper industry depends on bamboos for raw ma-
terials. Some bamboo species are good for landscaping, as windbreaks and hedges. Further-
more, the bamboo forest can be used as a reforestation crop. Despite the present rapid strides
of plastics and other synthetics as raw materials for various purposes, bamboos continue to
be an indispensable material for man’s needs.

Recently, the Philippine Council for Agriculture and Resources Research (PCARR) ap-
proved two projects for implementation, namely : (1) Studies on some aspects of the utiliza-
tion of bamboo, and (2) Research on the production and harvesting of various bamboo species.
These projects are admirable. Nevertheless, more research is needed to fully unveil and de-
velop the economic potentials of bamboos.

In a symposium held at the FORPRIDECOM Conference Hall on September 29, 1976 the
importance of bamboos to everyday life was stressed. It has been accepted that bamboos as
raw materials for processing are easier to work on than lumber. }

As the quality of the product is improved, the commercial value is increased.

Its economic potential is so great that it would be advantageous to regenerate, maintain
and fully utilize this minor forest products resource.

Bamboo species like Bambusa, Dendrocalamus and Schizostachyum genera which grow in the
tropical region belong to the clump forming type. Characteristic of this type of bamboo is
that the bigger buds at the lower portion of culm located under the ground surface sprout
directly above the ground and grow into culms, forming a clump of culms with short rhi-
zomes. Some studies on the propagation of this type of bamboos and its maintenance in plan-
tation were conducted”8®, However, bamboo ecology and breeding were never studied in
detail till now. Additional knowledge along these lines may lead to bigger discoveries.

The author wishes to express his deep appreciation to the Forest Products Research and
Industries Development Commission (FORPRIDECOM), NSDB, particularly to : Dr. Francisco
N. Tamorane, Commissioner of FORPRIDECOM ; Rodrigo R. Vaisuena, Deputy Commissioner;
and also to Forester Felipe R. Lorsz, Chief of wood Technology Division and his staff for the
permission granted him to do research work on bamboos in the Philippines.

Likewise, the author wishes to thank Dr. Romulo A. del Castirro, Dean of College of
Forestry, University of the Philippines at Los Bafios, for granting permission to the author
to collect some planting materials from the Makiling Forest; to Dr. Feliberto S. Poriisco, Di-
rector of Forest Research Institute, for the use of facilities in the survey of bamboo distribu-
tion in some parts of the Philippines.

The author acknowledges with gratitude some government officials in Japan who made
his official journey to the Philippines possible. They are : Mr. Shiro Oxase, Director of Tropi-
cal Agriculture Research Center (TARC), Japan; Dr. Kanichi Muraxami, former director of
the same office; Dr. Sukeo Kawanare, Head of Research, 2nd division of TARC of Japan ; and
Dr. Takeshi Uemura, Director of Forestry and Forest Products Research Institute. Acknowled-
gement is also due to Mr. Mitsuma Marsui, Head of Technical Coodination Division ; Dr,
Ryookiti Topa, Head of Silviculture Division; Dr. Mitsuo Iwakawa, former Head of Silviculture
Division; and Mr. Ryosuke Karo, Head of Overseas Cooperation and Information Section ; all
of the Forestry and Forest Products Research Institute, and also Mr. Mamoru Hoso1, Director,
Kansai Branch of Forestry and Forest Products Research Institute of Japan.

The author especially gives thanks to his fellow-researcher from the Philippines, Forester

Felix F. Orbinario whose assistance and guidance were most helpful to the author’s transac-
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tion of official matters with various persons and offices; to Forester Arsenio L. Towncacan and
Forester Dominador S. Avronzo for their assistance on various official trips; and to Mrs. Zenita
B. Eseiroy whose completed research on the characteristics and properties of some Philippine

bamboos proved to be valuable to the author.

I. The ecological distribution and characteristics

of some Philippine bamboos

1. Distribution of Bambuseae in tropical regions as a background of Philippine bamboos

On a world-wide basis, native species of bamboos occur in all continents except Europe
and North America®. The genus Bambusa has the largest number of species that occur
principally in the tropics and mild climates, though a few are native to the temperate regions.
The genus Oxyfenanthera is found in Africa and Asia; Schizostachyum in Madagascar, Asia
and some of the Pacific Islands including Hawaii; and Cephalostachyum and Ochlandra are both
in Madagascar and Asia. No genus occurs in more than one sector of the tropics and some
are narrowly distributed. About 90 per cent of the 47 or so genera are either in Asia or in
Latin America, the species being more numerous in the former. The occurrence of bamboo
in tropical Africa is remarkably small, only about 8 genera and 14 species (Appendix 1).

Bamboos comprise a large portion of the tropical forest in Southeast Asia notably in
Burma, Cambodia, India, Indonesia, Laos, Malaysia, Papua New Guinea, Bangladesh, the Phi-
lippines, Sri Lanka and Vietnam. Genera found in these countries include Arundinaria, Bam-
busa, Thyrsostachys, Gigantochloa. Dendrocalamus, Ceplortachys and Melocanna. In temperate
countries in Asia, such as China and Japan, Phyllostachys and Sasa®> are the most common
genera,

In Latin America, the genus Guadua is most prominent and at higher altitudes the genus
Chusquea is the most dominant. Only two species are native to North America, namely Arun-
dinaria gigantea and A. tecta®.

2. Limiting factors on the distribution of bamboos

(1) Latitude

All the bamboo species of the world except Sasa* naturally grow within 40 degrees on
either side of the equator, particularly in the area of the Tropic of Cancer on the northern
side and in the Tropic of Capricorn on the southern side. They are gregarious in two cate-
gories, namely : (1) bamboo forest in extensive areas, and (2) in groups or colonies. Bamboos
that grow together in the first category are more or less confined wihthin 15~25 degrees of
either side of the equator, including the southern part of the Peoples’ Republic of China,
Burma, Thailand, Laos, Vietnam, India and Bangladesh, all in Southeast Asia. In the western
world, more grow in Nicaragua, the Honduras, Guatemala and Mexico. On the other hand,
only colonies of bamboos occur in Peru, Chile, Paraguay, Bolivia, Madagascar, Mozambique
and Rhodesia in areas reaching to 40 degrees south of the equator where the species becomes
limited.

Based on the growth habits, the sympodial or clump-forming type represented by the

genera of Bambusa, Schizostachyum and Dendrocalamus occur mostly northward from the equator

% Sasa refers to bamboos, consisting of 6 genera, that reach a maximum height of 5 meters. They
grow in the temperate zone. Of the 6 genera, leaves of 2 can be used as a feed for cattle. They
are a very persistent nuisance in forest plantations.
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to about 30 degrees latitude. The monopodial or non clump-forming type represented by the
genera Phyllostachys, Semiarundinaria, and Sasa predominates beyond 30 degrees latitude. The
intermediate type of Arundinaria and Melocanna overlap with both sympodial and monopodial
type at the environs of 30 degrees latitude north of the equator (Fig. 1). The Philippine
Archipelago is located from 5~20 degrees north latitude of the equator. This country is
within the region with climatic conditions that are most favorable for the growth of Bambusa,
Schizostachyum and Dendvocalamus. The species are generally scattered from north to south
in the islands. Only one species of Phyllostachys [(P. nigra var. henonis (Mitr.) Starr. eX RENDLE)
grows favorably in the Philippines. Other Phyllostachys species that were introduced survived,
but did not grow as expected. The region of Central and Northern Luzon in the Philippines
lies between 15~20 degrees north latitude, The area is very suitable for the growth and de-
velopment of bamboos. At present, most lands in Central Luzon are tilled for the cultiva-
tion of rice, corn, sugar cane, coconuts and other important annual crops. Although bamboos
are found in every locality, these are confined to marginal lands, along stream and river banks,
in the backyards of the farmers’ houses and on the hillsides. It is evident that extensive
bamboo plantations occurred in the area about a century ago.

(2) Altitude

Bamboo grows from tropical to temperate forest at about sea level to 2,800~3,200 meters
elevation for Arundinaria maling in Eastern Nepal. The genus Chusquea which has adopted
to grow under frost conditions thrives at a maximum altitude of 3,650 meters in Chilel® and
to an elevation of about 5,000 meters in the Andes mountain ranges in this Latin America?®.

Altitude also affects the distribution of bamboo with respect to form or type. The sym-
podial types were observed to predominate in low and medium altitudes, while the monopo-
dial type occur more abundantly at high elevations. In Central Luzon, the largest among the
islands of the Philippines, the sympodial types, namely those belonging to the genera Bambusa,
Dendrocalamus and Schizostachyum are found in the lowlands. At about 1,500 meters altitude,
some species of Phyllostachys, the P. aurea grow very well.

(3) Temperature

Altitude and temperature are related and it is difficult to separate one from the other.

For example, some species of Phyllostachys that grow at high elevations in the tropics occur
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Fig. 1 Distribution map of tropical bamboo in the world
with respect to latitude.
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also at low elevations in the temperate countries. It was observed that Phyllostachys aurea
grows well in the vicinity of Baguio at an altitude of 1,500 meters with about 18~26 centi-
grade temperature. The same species grows in the high elevations of about 800~1,000 meters
in Malaybalay, Bukidnon, also with a mild climate. It is interesting to note that Phyllostachys
aurea occurs also in Kyushu, Southern Japan at an elevation of about 50 meters, where the
temperature is similar to Baguio City and suburbs.

Bamboo generally grow well in places with temperatures ranging from 8.8~-36 degrees
centigrade. However, there are extreme exceptions : Phyllostachys nigra var. henonis grow in
Japan with a minimum temperature of —18 degrees centigrade, and certain bamboo species
in India, have become adapted to temperatures as high as 40 degrees centigrade. Incidentally,
it can be presumed that tropical bamboo species are inferior to temperate bamboo species for
susceptibility and photo sensitivity. For instance, the Bambusa which has been planted in
Japan, grows faster than temperate bamboo species do during the summer nights when tem-
peratures are higher. This could be explained by the fact that there is a closer affinity in
temperature between Japan in the summer season and the native place of growth.

Otherwise, some seedlings of Phyllostachys pubescence were planted in the University of
the Philippines, College of Foresty in Los Bafios, Laguna but the height growth was limited
to only about 100cm in 2 years. It was thought that at night the plant respired and made
use of the energy generated during the day.

However, in places with high temperatures during both the day and night, the respira-
tion at night was active and growth was retarded.

(4) Rainfall

Rainfall, a component of climate definitely affects the distribution of bamboos because of
its necessity in the growth process. However, there is not a single environmental factor that
limits more the growth of bamboos or other plants than rainfall. Until now, reports concern-
ing the relationship between growth of shoots and precipitation were very few?®3630  The
estimated maximum annual rainfall ranges between 1,270~4,050 mm®», The west and south
coast of Northern Luzon have comparatively distinct dry and rainy seasons. During the dry
season when soil moisture is scanty, the bamboos adapt by shedding leaves thereby reducing
transpiration. Then, at the first splash of rain, usually in the later part of May, new buds
emerge as a result of more moisture in the soil. Soon the bamboos are crowned with leaves
again. This shows that vegetative growth in bamboos are more affected by soil moisture as
a result of rainfall than by temperature. Bamboos also retain their green leaves if they are
irrigated.

During the dry season those bamboos growing along creeks, streams and lakes retain
their leaves all the year round.

(5) Soil

Bamboos grow best on well-drained sandy-loam to clay-loam derived from the river allu-
vium or from the underlying recks. Seldom can one find bamboos in swampy places or in
wet stream beds. Soils that are suitable for bamboo growing vary in color from yellow, red-
dish yellow, to brown yellow. A pH of about 5~6.5 is most suitable for bamboos as well as
for many other plants. Saline soils along salty bodies of water are not good for the growth
and development of bamboos.

In Cardona, Rizal and the vicinities which are about 38 km northeast of Manila, bamboos

grow on well-drained stony soils which vary in colour from dark-brown to light red.
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Along the west coast of Northern Luzon, the soil shows (based on standard color chart)
a dull reddish brown (Hue 5YR5/3) and dull yellowish brown (Hue 10 YR 5/4).

In other countries, individual species of bamboo were observed to have well-defined habi-
tats and for this reason the different species were considered as soil indicators. For example,
the presence of Bambusa polymorpha in Burma is an indication of moist, fertile well-drained
soil.  Dendrocalamus stvicius, on the other hand, is associated with dry soil ; and Cephalostach-
yum pergracile indicates the intermediate type of the dry and more moist sites. Bambusa tulda
occurs on stream bed alluvial flats ; Oxyfenanthera albociliata on low plateaus or hills on sandy
lateritics soil ; Dendrocalamus longispathus on the edges of damp ravines; and Teinostachyum
helferi in very damp valleys in evergreen forests. In India, Dendrocalamus strictus grows well
in open stony hillsides, and extends into areas of drier conditions than to other species. Bam-
busa arundinacea occurs on rich and moist sites such as alluvial stretches along streams!®,

Bamboos grow bigger, both in diameter and height, in places with high humidity and
with fertile soil. Bamboos which grow in moist soils generally have leaves of bigger dimen-
sion than those species growing in drier sites. Likewise, this holds true for bamboos in sites
with more moisture due to rainfall than in sites with drier soils.

3. Ecological characteristics of Philippine bambeos

Some of the more common bamboo species of the Philippines such as Bambusa blumeana,
B. vulgaris and Dendrocalamus merrillianus are found growing singly or oftentimes in groups
of clumps within the vicinity of residential areas. Sometimes these species are found along
creeks and river banks. The presence of Dendrocalamus merrillianus is indicative of drier
soils, based on the fact that the species occurs only in Central and Northern Luzon which
have distinct dry and wet seasons. Schizostachyum lumampao and S. lima usually grow farther
away from towns and villages. Both genera generally occur in the hills but the former which
is more sylvan extends deeper into the forest. S, lumampao is the most popular species in
Zambales and Bataan. Many clumps of Gigantochlos levis are growing in Aklan and Capiz,
Panay.

For the taxonomy of Philippine bamboo, Gamere!® and Brown® reported their studies, and
these reports are still used today in this country. Brown described three types of bamboo
namely : (1) Symposial type where the rhizomes elongate upward on the ground ; (2) Mono-
podial type which expands by creeping rhizomes ; and (3) Climbing type like vine. The sym-
podial and monopodial type of culms are called erect bamboos. The elongation term of erect
bamboo is less than 100 days. Climbing bamboos grow for a much longer period than the
erect ones. These species are strictly sylvan and are considered more of a liability than an
asset because they interfere in the growth and development of desirable tree species. At pre-
sent, the climbing bamboos are of minor commercial importance.

At present, there are 12 genera and 43 species in the Philippines (See Appendix 2). The
following species, introduced from other countries were observed by the author :

Phyllostachys bambusoides var. aurea Wlakino
P. nigra var. henonis (Mitr.) Starr., ex Renpie
P. pubescens Mazer ex H. de Lenar

1
2
3
4. Bambusa floribunda Naxai
5. B. ventricosa McCrure

6

Thyrsostachys siamensis GAMBLE
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4. Factors affecting bamboo produc-
o} tion

(1) Growth period of bamboo shoots

Bamboo shoots start to grow during

the wet or rainy season. In the tropical

>

region, the dry and wet seasons of the

7 year are clearly distinct from one ano-

o

ther. The availability of soil moisture

o and the decreased temperature during

Length of culm (m)
N
le]

(o]

the rainy season influence the emergence
Pl of shoots. Therefore, data on the rate

. / (¢} / » '
of growth and quality of shoots are
needed for the improvement of silvicul-

tural techniques.

The species used in this study are

20 10 60 80 100 120 Bambusa vulgaris and B. wvulgaris var.
Growth days
N i . striata,
Fig. 2 Relationship between culm length and

growth days on Bambusa vulgaris. The tapering of shoots was measu-

red weekly with a plastic measurement
tape. The shoots of Bambusa vulgaris had a 30~120 days growth period. In Japan, the growth
period for Phyllostachys, Semiarundinaria is about 30~80 days, and for Arundinaria, 40~-50 days.
In Bambusa vulgaris, growth days relate to the length of culm (See Fig. 2). The short growth
days have a tendency to produce shorter culms. Dr. SumicemaTtus found that the length of the
culm and growth days could be correlated with the linear regression equation as follows :
y=a+bx
where y=growth days
a=y intercept, constant number
b=slope, constant number
x=culm elongation or height growth attained
In the case of the Japanese species of Phyllostachys, Sinobambusa, the value of b is small,
which means that the rate of growth of the shoot is slow. In contrast to Bambusa species, b
tends to have a larger value. Results of the experiment conducted in the provisional nursery
of FORPRIDECOM, showed a precise relationship between growth period and elongation.
Tropical bamboo species have long periods of growing sprout, resulting in very few leaves
on the mother culm. The bamboo sprout eventually grow faster and the amount of elonga-
iton is bigger in the later part of the rainy season.

In 1976, it was observed in Bambusa vulgaris that the first shoot emerged on April 1, and
the last which attained its maximum height on January 11, 1977 was observed on November
2. The growth period therefore, of Bambusa vulgaris was considered from April 1, 1976 to
January 11, 1977 (281 days) for the particular growth season. The shoots that emerged dur-
ing the months of April and May (early growers) were found to attain lower height growth
than those that appeared during October to November (late growers). Furthermore, the early

growers had shorter growth days* than the late growers but the difference was not signifi-

* Growth days is the number of days from the time a shoot emerged until cessation of its height growth.
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cant,

In order to gain more insight on the effect of late growth on the development of shoots,
the emerging period from April 1 to November 2 was divided into 3 categories, namely :

(1) Early growth, those that emerge and grow during April and May,

(2) Intermediate growth, those that emerge and grow during July and August, and

(8) Late growth, those that emerge and grow during October and November.
The test shoots for the three periods were marked and their heights were mesured every
seven days. The results are shown in Fig. 3 and 4.

During the latter part of the dry to the early part of the rainy season (April to May),
three shoots were sampled for early growers, five shoots for intermediate and seven shoots
for the late growers. The growth days were all equated to 100%. The time interval between

points on a curve is equivalent to 7 days. The highest point at the curve shows the peak of

(3) October ~November

(2) July~ August

Weekly height growth (%)

(1) April—May

20

10

T T T T

20 40 60 80 100
Growth days (%)

Fig. 3 Weekly height growth of Bambusa vulgaris shoots.
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growth rate; an ascending segment of the curve shows an increasing rate of height growth.

A high rate of growth can be observed at the point of 70 to 80% during the growth days
of the shoots that emerged during April to May. The peak of growth rate for the interme-
diate period (July to August) can be seen mid-way or at 50% during the growth days. On
the late grower, the rate of growth is slow and the point of rapid growth is not distinct.
This can be attributed to the decreasing availability of soil moisture that slowed down the
growth of bamboo shoots during the latter part of the rainy season and the onset of the dry
season. Moreover, compared with those that grew earlier the shoots that grew late on Oc-
tober and November varied widely with respect to their growth behavior. The season for
the growth of tropical bamboos is very long, about 7~8 months. During this period, a young
culm of Bambusa vulgaris that is capable of producing rhizomes, produces from 3~4 shoots
during the growth season (Section II-2-(3)). For this reason, growth type, growth days and
the length of culm vary during early and late growth. In contrast, Japanese species of Phyi-
lostachys have at most a short growth season of only about 2 months.

As to mortality, about 50% of the shoots that emerged from a plantation of P. pubescens,
die upon reaching a height of 30 cm, which is attributed to the severe competition among the

shoots for nutrients. The fittest usually survive but the weak, die. In the natural bamboo

207 (3) October ~November

10

20 40 60 80 100

204 (2) July~ August

Weekly height growth (%)

104
) 40 60 80 100
(1) April~May
204
107
7 " T v S
20 40 60 80 100

Crowth days (%)

Fig. 4 Weekly height growth of Bambusa vulgaris var. striata shoots.
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forest in Cardona, Rizal, Philippines, there are also cases of mortalities but there has not
been a formal study to determine the percentage of those that survive.

(2) Culm analysis

The general form of a bamboo culm shows a hollow portion inside with big diameter at
the base which decreases to the top. The culm-wall thickness, likewise, vary from very thick
at the base to thin at the top. To determine the variation of diameter and wall thickness
along its length, it is necessary to cut the culm at intervals of one meter. The diameter and
wall thickness were measured at the lower end of segment with the use of a caliper. The
point with maximum diameter and wall thickness varies with species (Fig. 5). The maximum
diameter of Bambusa blumeana is about six meters above the ground, Bambusa vulgaris, 4
meters, Schizostachyum lumampao, 5 meters, and Schizostachyum lima 2 meters. Thus, the maxi-
num diameter along the length of the culm is not at ground level.

Culm-wall thickness starts from about 3.5 cm at the ground level for Bambusa blumeana ;
1.5 cm, for both Bambusa vulgaris and Schizostachyum lumampao ; and 0.8 cm for Schizostachyum
lima., Culms with thin walls can be easily moulded into quadrangular shapes as in the case

of Bambusa vulgaris (Photo 1), Schizostachyum lumampao ; but the formation of artificial shapes

 (Bambusa blumeanah,

{Schizostachyum
Lumampao )

Bambusa vulgaris

(Schizostachyum
lima)

{m}

Length of culms

Radius (em )

Fig. 5 Vertical section of bamboo culms.
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Table 1. Characteristics of some bamboo spceies

Species*
ambusa ambusa | Schizostachyum | Schizostachyum
Characteristics Bamb Bamb | Schizostachy Schizostachy
blumeana vulgaris - lumampao lima
Length of culm (m) 16, 2 12, 4 14,2 | 12.8
Green weight of culm (kg) 32.1 16. 4 11.9 2.7
Number of node (pc) 65 43 ‘ 28 21
Wall thickness of culm
at the bottom (cm) 2.5 ! 1.7 1.0 0.7
Wall thickness of culm : .
at eye height (Cm) 1. 7 i Le 1 O. 7 O. 4
Diameter at breast height | |
(cm) 75 7.0 7.3 | 3.2
Maximum internode length !
(em) 49. 4 :, 35.1 79. 3 116.1
Green weight of branches 705 | 5. 30 1. 20 0. 40
(kg) . . . .
Number of branches (pc) 30 | 32 14 12
i

Green weight of leaves (kg) 1.52 2.87 0.67 | 0.30

* Average of 10 culms each

would be difficult for Bambusa blumeana because of its thick walls. Thick-walled culms are
also more resistant to insect attact mainly because it takes a longer time for destructive
agencies to destroy them. All the research materials were taken from the Makiling forest
with the exception of Schizostachyum lumampao which was collected from the forest of Tanay,
Rizal. Unfortunately, no research materials on Dendrocalamus merrillianus was available for
culm measurements. This species has thick culm-wall.

For all the species studied, the length of internode is shortest near the ground level. This
increases to a certain point then shortens gradually fowerd the top. The longest internode for
all species was found at about 2~3 meters above the first branch of the clear culm. The
maximum diameter appears well below the longest internode.

(3) The relationship between the diameter at breast height (D. B. H.) and the length of

culms

Monopodial type of bamboo have many relationships between the diameter at breast
height or circumference and culm length®®, while sympodial type have very few®. This
relstionship is applied to four species, namely : Bambusa blumeana, B. vulgaris, Schizostachyum
lumampao and S. lima. The data obtained in this relationship is used for estimating scale in
culm production and stand condition of bamboo forests.

The three species, namely : Bambusa vulgaris, B. blumeana and S. lumampao have an ex-
ponential equation function like a linear straight line, as shown in Fig. 6. Schizostachyum lima
which grows in the same area does not have this kind of relationship. Bambusa blumeana
has a high rate of growth, bigger diameter and longer culms than Bambusa vulgaris and S.
lumampao, On the other hand, S. lima varies in culm diameter and length, and has irregular
length of internodes. The shorter ones have been observed to be more susceptible to insect
infestation.

Generally, Bambusa blumeana grows on well-drained lowland soils. Therefore, survey plots
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were set at different elevations. Representative samples of Bambusa blumeana with different
diameters at breast height were measured with a tape measure and lengths of culms were
measured with a K-type hypsometer. The relationship between diameter at breast height
(D. B. H.) and the length of culms of Bambusa blumeana near Laguna de Bay and mountain
sites in both Cardona, Rizal, Philippines is shown in Fig. 7. Observations of the growth
habits showed that B. blumeana have bigger diameters and longer culms near the bay sites
than on mountain sites. Relationship of D. B, H. to the length of culms on small-sized bamboos
showed almost the same trend at bay and mountain sites.

(4) The relationship of dry weight of culm to its diameter and length (D2H)

For the purpose of estimating crops and the productivity of forest ecosystem, it is neces-
sary to set up survey plots, and then measure D. B. H. and length in these plots. For more
detailed information, felling of the standing crop is required. In general tree forests, the dry
weight of trunk covers about 60~70% of the whole standing crop (trunks, branches leaves
and roots). The volume of trunks is in direct proportion by section area multiplied by the
height (D2H). If the specific gravity of trunks is constant, the weight of trunks is also in
direct proportion to (D2H), This rela-
(1) Bambuse blumeana tionship is shown below;

50 W=A(DtH)h

o/ where : W=weight of trunks
o

A=coefficient depend on

e} species or forest
h=relative growth coefficient
10 The same relationship is applied to
/ o bamboost®, The standard form of bamboo

culm is the same for any of the species.

o

o

So, weight of culm could be estimated to

(D2H). Bamboo culm does not increase

in height after the elongation of the shoot

500 1000 5000
100 has ceased. Consequently, a bamboo forest

- is considered to consist of culms of the
(2.) Bambusa vulgaris

50 same age. There is a relative growth re-

Dry weight of culms (kg)

lationship (Fig. 8) between dry weight of
culms and D?2H in Bambusa blumeana and
° B, vulgaris, with linear regression of (log
/ W,=0.81342 log D2H~1.25577) and (log W,
10 9/5 =0.77024 log D2*H—1.24067), respectively.
de The results of this study is statistically

analyzed and discussed in Section I-4-(7).

0

3]

(5) Moisture contents of some bam-

boo species

9 Moisture contents of some bamboo

100 500 1000 5000 . . . .
D2-H (in em? - m) species were determined in specimens (1-

Fig. 8 The relationship of dry weight meter long) representing the butt, middle

of culms to its diameter and height
(D2H) of two bamboo species. ght was taken immediately after cutting

and top portions of the culm. Green wei-
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Table 2. Moisture content of culms of some bamboo species

Moisture content (%)

|
N Number of . . -
Species UmbEr o Culm portion
culms R JE
% Butt | Middle Top . Average
_ - !
Bambusa blumeana 9 \ 55.96 ! 51,48 | 46.09 ! 51.18
Bambusa vulgaris 11 ! 47,73 44,18 ‘ 43. 46 45,12
Schizostachyum lumampao 6 “ 52.21 49, 41 } 30. 06 43, 89
| | i
Schizostachyum lima 11 J 51,98 | 37.76 38.71 42.82
) ! ! )
______________ L T i el R |
(4D 7 Ca>
13 57 11

13
it R [ e R i r
' i ) .
O; Size of clump 0 5 }JO(m)
7 - Number of new culms

36 ' Number of old culms

Fig. 9 Distribution map of Bambusa biumeana in Cardona,
Rizal, Philippines.
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and then oven-dried at 105°C for three days until constant weight was attained. The per-
centage moisture content is derived as follows :
Wo—Ws

MC =454 %100

where : Wy=green weight
Wa=dry weight

The butt portion of culms of the different species studied have higher moisture content
values than the middle and top as shown in Table below.

In S. lima, the top portion is quite a bit higher than the middle, probably due to some
defects caused by insect attack. The average moisture content of the four species are : B.
blumeana (51.189%), B. vulgaris (45.129%), S. lumampao (43.899), and S. lima (42.829%). The
longer culms have higher moisture content. In B. vulgaris, the same trend in moisture con-
tent and height is true for branches such as : butt (67.97%), middle (53.52%), and top (42.91%).
This trend is also true for Gigantochloa aspera®.

(6) Distribution of clumps in natural bamboo forests

In order to have an estimate of standing crop, it is important to know how to grow and
keep the natural ecological state of bamboo forest. These two factors necessary in bamboo
cultivation are affected by density, planting distance and felling control.

Distribution of clumps per unit area and number of culms per clump is shown in Fig. 9.
Due to limited time, only a few surveys were conducted. The results are as follows :

A Bambusa bulmeana forest in Cardona, Rizal was surveyed and found not fully tapped as
yvet. There were 32 clumps per hectare, with an average of 22.5 culms per clump, or a total
of 7,200 culms per hectare. About 245% of the standing culms consisted of newly grown
culms. Accordingly, it is important to know that this forest will have to consist of 1~4 year
of culms. One-year old culms have sheaths at the basal portions of branches and culms ; 2-
year old culms, at basal portion of culms only. The 3-year old culms, are green to light
green ; and 4-year old culms, yellow.

Another plot survey of B, blumeana and S. lumampao was conducted in a different area
in Cardona, Rizal. It was found that for B. blumeana the distribution of clumps is 28 per
0.10 hectare ; the number of culm is 25 per clump ; or a total of 7,000 culms per hectare. The
estimated number of culms per hectare of S. lumampao is about 10,000.

Furthermore, a survey of B. blumeana at Bato Lake in Camarines Sur showed that the
distance between clumps was 6 meters. The distribution of clumps per unit area is shown
in the following expression :

A
N axh

where : N=number of clumps
A=unit area
a=distance between clumps
b=distance between rows
Using the above expression, if there are 280 clumps per hectare and one clump gives
about 30 culms, there would approximately be 8,400 culms per hectare.
Based on the different surveys conducted, an estimate of a natural forest of B. blumeana
was placed at about 7,000 to 8,400 culms per hectare.

There was no suitable area for a suvey on B. vulgaris. However, a small scale observa-
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tion was conducted in the Makiling area and it was observed that the clump distribution was

every 6 to 7 meter with 30 to 40 culms per clump; or a total of 9,000 to 10,000 culms per

hectare.

(7) Production and growing stocks of bamboo

Generally, the main objective in forestry, is to get the maximum amount of production
per unit area. Bamboo forest management has the same purpose as in forestry, the use of
land for maximum production.

Tropical bamboos are considered in two respects: 1) as an individual plant (small eco-
system) and 2) as clump to clump relation (forest ecosystem). With those two categories,
the foundation of material production is influenced by factors such as the space supply for
photosynthesis, the amount of sunlight reaching the leaves, and the absorption of nutrition
by the roots. The stratified clip technique was used to make production structure and to
estimate the standing crop of culms, branches and leaves. Data for production structure was
collected-sized bamboo culms, cut at 30 cm from the ground level. Representative l-meter

long samples were cut and measured. Other pertinent data like weight of culms, branches

Bambusa blumeana

Schizostachyum
153 lumampao
Bambusa vulgaris
10.3
Branches

£
=
= !
2
h L-l

5.3

0.3

2 1 0 5 10 15 1 0 5 10
Dry weight (ton/m/ha)

Fig. 10 Production structure of some bamboo species.
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Table 3. Production dry weight ratio of culms, branches
and leaves of different bamboo species

Production dry weight ratio (%)

Species 1
Culm ( Branches Leaves

— i 1
Bambusa blumeana i 83. 53 12.75 3.72
Bambusa vulgaris | 69. 39 22,17 8. 44
Schizostachyum lumampao | 88.75 7.02 4,23

Table 4. Standing crop of some bamboo species

Standing crop production (Dry weight: tons/ha)
Species Culms } Branches ‘ Leaves l Total

Bambusa blumeana | 12010 ‘ 1845 3 541 ‘ 143416
Bambusa vulgaris 7545 | 2242 941 1068
Schizostachyum lumampao 6045 { 441 2+1 | 6647

and leaves, total culm length, moisture content, etc. were also determined. The production
structure of surface substances expressed in dry weight per hectare is shown in Fig. 10.

The production dry weight ratio of culm to branches and leaves is shown in Table 3
below :

B. blumeana was observed to have small leaves which were thinner and lighter in weight
but nonetheless produced a great number of successive culms. Compared with B. blumeana,
B. vulgaris had thick and heavy leaves which were wide. The leaves were not considered as
effective in successive culm production. Furthermore, B. vulgaris had long branches and the
produstion of surface substance was not so small but the ratio of culm per surface substances
was only a few. On the other hand, S. lumampao had a considerable amount of leaves. Be-
sides, it produced a great number of culms. Therefore, it is clear that high density planta-
tion of S. lumampao is made possible through space distribution of leaves. S. lumampao grows
in shaded areas. B. blumeana definitely needs more sunlight.

Clump-forming type of tropical bamboo species have fewer roots and shorter rhizomes
than the non-clump forming type.

Rhizomes and roots below ground level were not included in determining the production
structure. However, the amount of root is roughly estimated as 30% of the total culm weight
ratio is about 60~70% of the total production.

The standing crop production of some bamboo species is shown in Table 4 below :

As mentioned earlier, only parts (culms, branches and leaves) above ground level were
considered in this study. In comparing three species (B. blumeana, B. vulgaris and S. lumam-
pao), B. blumeana had fewer culms per hectare but produced bigger solid volumes per culm
than the other two species (B. vuigaris and S. lumampac). On the other hand, S. lumampao
had thin-walled culms, so that culm production was small.

As mentioned in Section [-4-(6), 24.59% of the standing crop was composed of young (1-
year old) culms and annual growth was estimated at about 2595. The annual growth of B.

blumeana was 1,900 culms per hectare, B. vuigaris (2,250 culms/ha); S. lumampao (2,500 culms/
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ha); or annual yield of culms (dry weight) of 30, 20 and 15 tons per hectare, respectively.
Generally, one-third of culm production is used for pulp, and about 9 tons of pulp per
hectare of B. blumeana could be produced annually. A large-scale production will need about
2,000 hectares of forest land planted with B. blumeana to produce about 50 tons of pulp daily.
For S. lumampao, a minimum of about 4,000 hectares of forest land is necessary to produce

the same amount of pulp as in B. blumeana.

II. The propagation of Philippine bamboos

Knowledge of the different methods of propagation is necessary in determining the spe-
culative requirements for large scale bamboo plantation not only as raw materials for pulp
and paper manufacture but also for reforestation crop to minimize soil erosion.

Some bamboo species produce seeds which germinate readily. However, because of the
infrequent blooming of most bamboos and the fact that a large number of species are sterile
when they bloom, propagation by seedlings (sexual propagation) is impractical although quite
probable. However, rhizome cutting (offset), culm cutting, layering and grafting (asexual
propagation) could be done.

Rhizome cuttings are widely used in non-clump forming bamboo while culm cuttings are
used in the clump-forming type. Layering is used only in some bamboo species; Grafting is
not possible. On the other hand, seedlings can be used in any type of bamboo species, only
they require the flowering and production of seed from the mother plant; otherwise, breeding
is not possible. The genetic quality of plants is an important thing to consider in any kind
propagation.

1. Propagation by rhizome cuttings (offset)

Propagation of the non clump-forming type of bamboo is usually effected by some methods
of rhizome cutting. The rhizomes extend horizontally underground for some distance with
new sprouts from the rhizomes having about 4~10 buds at intervals. Eventually after three
months or more, the new sprouts will grow into mature culms. The rhizomes below can be
severed from the mother plant and the culm is cut 30 cm above the ground level. The cut
material is planted immediately to avoid drying up to the roots. One- or two-year old culms
of big diameter were selected as planting materials.

With this method of propagation, new generation plants with true-to-type genetic qualities
could be produced faster than by either cuttings or seedlings. One drawback of this method
is the risk of impairing the health and vigor of the mother plant on account of the reduced
water supply and suppressed transpiration. Furthermore, it takes a long time to dig the
rhizomes and roots, hence, less planting materials can be obtained through this method of
propagation. lastly, this method is only applicable to bamboo species transplanted for orna-
mental purposes.

2. Propagation by culm cuttings

The clump-forming type of tropical bamboos can be regenerated by use of cuttings. In
the Philippines, quite a few investigations were done on this aspect. Currav, H. M. and F. M.
Foxwortay (1916)® and Locan, J. B. (1918)2V investigated cuttings of Bambusa spinosa Roxs.;
while Tamorang, F. N. and A. C, Casanpay (1956)32 and Casanpay, A. C. (1957)% conducted studies
on cutting and layering of Bambusa blumeana. According to Casanpay®, the percentage of

survival for unsplit cutting was 60.8% and for split cutting, 59.7%. There was really not
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Table 5. Effect of cutting age on growth of roots

) Treatment by age
Characteristics - ; ‘ —————
1 I | m | v
Rate of rooting (%) 30.0 50,0 20.0 \ 10.0
Length of rooting (cm) 3.5 3.5 2.5 l 1.3
Number of roots (pc) 3.2 3.5 2.1 l 1.5

much difference between the two methods.

Culm cuttings generally need ample water in the nursery bed. During the dry season,
irrigation is necessary to augment the meager water supply. There is a need of knowing,
the best method of cutting and to this effect, an experiment was conducted at a provisional
nursery at FORPRIDECOM, using B. vulgaris unsplit culm cuttings.

(1) Method and selection of materials

(a) Age of materials

The right choice of planting materials is the first problem in propagation through cut-
tings. Generally, a better rate of rooting in trees could be obtained from materials coming
from young mother plants. An experiment to this effect was conducted and the results ob-
tained were evaluated as to its possible application to tropical bamboos. Observations of
results were based on the following treatments : (I) culm that developed just after branches
elongation, (II) six months after culm elongation, (III) one-year old culm, and (IV) two-year
old culm.

The experiment was started in October, 1976 in a provisional nursery at FORPRIDECOM.
The materials were cut at midsection of two internodes with a node at the center. Sampling
of materials started from the base up to the 3-cm diameter portion of the culm. The speci-
mens were then planted in a slanting position with the node covered with soil. Daily water-
ing was necessary. Observations were done 30 days after planting and results are shown in
Table 5 below :

Samples taken from some culms which emerged just after branches elongation produced
soft tissues and had high moisture content (MC). These samples do not make good planting
materials. Samples taken from a 6-month old culm produced longer roots, and had a high
percentage rate of rooting, thereby producing the best planting materials. The elongation of
new buds in a l-year old culm was better than in the others, but the rate of rooting was
poor. On the other hand, samples from 2-year old culms produced short and fewer roots and
had the lowest rate of rooting. The results tended to show that samples taken from a 6-
month old culm had the best growth rate because its branches and leaves were already fully
developed.

(b) Method of cutting

One important factor to be considered in an effective method of cutting is the ease of
water absorption through the cut portion of the material. Since this involves a long range
field of study, a preliminary observation on B. vulgaris was conducted using three trials. Each
trial had different treatments as to the position of planting and application of water and soil
at the upper and basal hollow portions of the cutting materials, respectively. Watering was
done daily in all treatments, and growth development was observed.
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(a) (b)

Fig. 13 The third trial of culm
cutting.

Table 6. Effect of age and planting position of cuttings on the

growth development of Bambusa vulgaris

‘ Planting position/Age

Characteristics Horizontal Vertical
3 Mos. 12 Mos. 3 Mos. | 12 Mos.
Average length (cm) 162. 1 164.4 | 130.8 | 128.2
Diameter (cm) 1.13 1.10 0.79 0.93
Culms ! Green weight (gm) 67.5 128.9 40. 3 57,7
No. of new shoots (pc) 1.9 2.5 .5 2,0
No. of buds (pc) 3.0 3.2 2.2 2.6
1
i i
Total length (ecm) | 1267.0 1392.0 808.0 | 3320
Roots Total green weight (gm) 41.9 55.9 26.2 | 25,6
Total number (pc) 54.7 93.3 49.9 59.3
| Total green weight (gm) 42.4 50.3 2.8 391
Leaves o |
i Total number (pc) 132. 6 133.5 | 68.7 96. 1
| i
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In the first trial above, (a) is the control; in (c), water does not penetrate through that
portion with dry soil. In treatments (b) and (d), the water put in the upper hollow portions
have no effect on water absorption of the materials. Based on observations, treatment (d) is
the best because there is a continuous water absorption due to the presence of wet soil at
the basal hollow portion of the cuttings. (Photo. 2)

In the second trial above, treatments (a) & (by) the top soil is usually washed-off during
heavy rains thereby subjecting the nodes to sudden exposure to intense sunlight which affects
growth. However, treatment (by) is better than (b;) because its upper internode is cut longer
than the lower internode and the node is located deeper in the ground. Further observations
on its growth development show that culm length of by (4.8 cin), is longer than by (33.2cm)
and the number of leaves in by (5.1pc.) is more than in by (4.3pc.). Treatment (c) is found
to be the best in the second trial due to the presence of wet soil in the basal hollow portion
of the cutting. It is easier to plant in a horizontal position and that the nodes are protected
from exposure to extreme conditions.

In the third trial above, treatment (a) is better than (b) and considering all the forego-
ing factors in the first 2 trials, treament (a) is the best of all treatments. Observations on
the third trial using B. vulgaris was done 5 months after planting and the results are shown
in Table 6 below :

In all treatments the rate of rooting is 100%. The growth of the second generation ma-
terials is heavier in the 12 months cuttings, To this effect, the distribution of green weight
and D2?H is shown in Fig. 14 & 15. The D2H and green weight is greater in the horizontal
(12 months cutting better than 3 months) than the vertical (both in 3 and 12 months cut-
tings).

Cutting method then has no effect on the age and rooting ratio on materials.

Vertical
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Fig. 14 Regeneration of culms after cutting.
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Table 7. Effect of cutting period on the growth development
of Bambusa vulgaris during rainy season
Cutting period
Characteristics Early rainy season [ Late rainy season
(May) ‘ (October)
\ 1
i No. of branches (pc) 1,53 ‘ 2,43
Length (cm) 132. 26 | 150, 23
Culms ‘ Diameter (cm) 0. 94 1.02
‘ Green weight (gm) 43.73 | 34,13
No. of buds (pc) 2. 30 | 3.16
No. of roots (pc) | 44,15 84.38
Roots Length (cm) 771.70 1076.96
Green weight (gm) 25,35 50. 11
No. of leaves (pc) 71. 20 105. 20
Leaves .
Green weight (gm) 22.63 41,08

(¢c) Period of collecting samples during rainy season.

As previously mentioned, Bambusa vulgaris grows in three stages during the rainy season
as affected by the rate of the nutrition supply. With regard to the growth period of bamboo
shoots propagated through the use of cuttings as mentioned in Section I-4-(1), the weekly
height growth differed in form and so with the growth period.

In this study, the period of collecting cutting materials is as follows : 1) early rainy



—102— PRERBUSTSHRE B 801 %5

season growth (samples were collected in the mid May); and 2) late rainy season growth
(samples were collected in mid October).

The materials were cut at midsection of two internodes with a node at the center. Wet
soil is placed in the basal hollow portion of the material and then planted horizontally under-
ground. Observations were made 6 months after planting and the results are shown in Table 7,

The rate of rooting is 100% in all treatments. However, better growth development oc-
curred in the late rainy season planting.

(d) Portion of material and growth of second generation for culm cuttings.

If supply is limited, the selected culm is fully utilized. However, if supply is abundant,
the best ones are selected. The materials selected from the different portions should show
better qualities than the original mother culm.

An experiment using B. vulgaris was started December, 1976, using three treatments, as
follows :

1) Three samples representing the 2nd, 3rd and 4th node of the butt portion, with an
average diameter of 7.1cm.

2) Three samples representing the 12th, 13th and 14th node of the middle portion, with
an average diameter of 6.7cm. The internode is longest in there portions.

3) Three samples representing the 23rd, 24th and 25th node of the top portion (about 2
meter from the top end), with an average diameter of 4.5 cm.

The specimens were cut at the midsection of two internodes with one node at the center.
The basal internode (butt portion of the sample) is filled with wet soil while the upper inter-
node (top portion of the sample) is left empty. The specimens were then planted horizontally
about 20 cm underground. The specimens were watered daily. Observations were made 70
days after planting, the results are shown in Table 8.

The rate of survival in all treaments is 100%. The buds attached to the basal portion of
the culm will eventually become the second generation material. The number and size of
buds determine the growth of the second generation stock.

Samples taken from the butt portion of the culm were observed to have better growth

rates than those taken from the middle and top portions of B. vulgaris and Dendrocalamus

Table 8. Growth development characteristics of cuttings

taken from different portions of culm

| Culm portion

Characteristics e
Butt Middle Top
‘ Diam. near ground (cm) 1.00 0. 89 0.62
| Length (cm) 164.50 | 120. 0 100. 5
Culms | . \ .
Green weight (gm) 88.8 ; 57.1 29.3
No. of buds (pc) 6.9 3.8 1.3
I I} |
f | i
‘ Numbers (pc) 73.8 | 49,9 ! 27. 4
Roots Total length (cm) 987.3 1 620.0 289, 3
Green weight (gm) ‘ 36.7 | 18. 8 7.8
L i Numbers (pc) 189. 8 48. 4 | 8.8
eaves |

Green weight (gm) 43.7 18.0 1.9
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stricius. Samples from the middle portion of the culm showed good growth for B. arundinacea
and B. blumeana.

(2)  Treatment with plant growth hormones

The most simple and orthodox method of cutting is by immediate planting of cut samples
having some nodes or by immersion of the butt portion of cutting materials in water for 24
hrs and then planting them in soil. These ordinary method of planting have low rooting rate
and, therefore, need improvement through the use of plant hormones. Two trials were made
of this experiment, using B. vulgaris, with the following treatments :

1) 100 ppm a-N. A. A. (Alpha- Naphthalene Acetic Acid)

2) 100 ppm a-I. A. A. (Alpha- Indole Acetic Acid)

3) 100 ppm I. B. A. (Indole Butyric Acid)

4) Control (water only)

The first trial was conducted on June 30, 1976, and replicated thrice. The materials with
an average top-end diameter of 4cm were cut at midsection of two internodes with a node
at center. Samples taken from the middle towards the top portion of culms, contained branches

which were left intact (about 20cm long) so as not to destroy the next node. The basal

Table 9. Growth hormone treatment and suvival ratio
of Bambusa vulgaris cuttings

| Survival (%)

Growth hormones |- S B - -
‘ 100 days after cutting | 150 days after cutting
| |

a-N. A. A, f 36. 60 33. 34
a1 AL A. 3 30. 00 ; 26, 67
L B. A. | 23.30 46.16

Control | 16. 60 17, 24

Table 10. Growth development of culms, roots and leaves of Bambusa
vulgaris by treatment of growth hormones

1 Treatment
Characteristics . ; S e
. LB A | eLAA &N A A | Control
Average number (pc) ‘ 1.6 E 1.8 ‘ 1.3 1.6
 Total length (cm) | 263.5 1850 | 1579 193.0
Culms Green weight (gm)  154.6 69.6 54. 4 100. 6
Average diameter*  (cm) 0.9 0.7 0.7 0.9
Moisture content (%) 62. 85 51,42 49, 25 57.85
Total number (pc) ‘ 7.6 37.1 48,3 51,4
Roots j '?otal length (ecm) | 1023.1 | 501.0 ‘ 732.0 622.0
i Green weight (gm) 32.3 17.3 22.8 23.3
‘ Moisture content (%) | 62.05 68,54 66,49 | 60. 09
Av. total number (pc) 82.8 113,9 92.2 104. 6
Leaves Green weight (gm) 271 40, 2 37.1 36.3

Moisture content (%) 58.76 62,70 55.

o
iy
foll
N

. 60

+ Diameter taken at second internode from the basal portion of the culm
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portion of the cuttings were then dipped for 24 hrs in the hormone solutions. These were
then planted in a vertical position with wet scil placed inside the hollow portion of the basal
internode. The cuttings were watered daily. Observations were made twice (100 and 150 days
after planting), and the results are shown in Table 9.

On the average, the cuttings treated with hormone solutions showed better percentage of
survival than the control. I. B. A. showed the highest percentage of survival at 150-day obser-
vation, and had also produced longer culms and roots. Cuttings with a high percentage of
survival were less attacked by termites. In this trial, termites affected the survival of the
cuttings.

The second trial was planted October 6, 1976. During this period, the planting materials
reached its maximum growth development. The method of hormone treatment and the cutting
of materials are the same as in the first trial, except the method of planting was done hori-
zontally. Observations were made 6 months after planting. The results are shown in the
Table 10.

The total lengths of culms and roots of Bambusa vulgaris were obviously greatest with
the 1. B. A. treatment. The same result was true for Dendrocalamus longispathus®.

Furthermore, this trial was not attacked by termites.

It is difficult to compare these two trials because different methods and periods of cutting
were used. However, it is safe to recommend latter rainy season planting with I B. A. hor-
mone treatment, and horizontal planting.

(3) Expansion of clump and growth of standing crop.

Different species have different rates of rooting. Species with low rates of rooting will
eventually improve through progressive cutting techniques. Generally, the growth of newly
developed culms can always be improved for possible growth expansion and regeneration.

The cutting method of propagation is recommended for the clump-forming type of tropical

Table 11. Growth of culms, branches and leaves of Bambusa vulgaris
propagated by cutting

Stage of culm development
Characteristics First year Second year
S I
12 3 | 4 | s 6 7
| No. of culm (pc) IR 2 2 3 3 5 2
Length (m) 1.200 2.43 4,26 5,43 6.28 8.44  8.85
cul  Diameter* (em)| 0.95  1.15] 2,200 3.01 410, 4.89  4.88
uims | |
| Green weight (gm) 10.5 69.6 | 445.0 | 1522.2 | 2651.0 | 5650.1 | 5414.9
| Moisture content (%)~ 10.15  10.29 32,21 41.47 43.66] 45.46  51.27
|
| No. of node (po)l 8 12 21 30 33 38 35
- Maximum length (m) — | 0.9 .49 2.45  2.53  3.45  3.93
Branches** Green weight (gm) — i 54.7 | 360.6 11300.5 | 1743.2 | 3923.6 | 3805.7
| Moisture content (%) - 9.44 34100 48.40 50. 62{ 54.00  60.00
! No. of leaves (pe) — = - 306 2281 3566 | 6442 ‘ 4753
Leaves®* | . ) } |
' Green weight (gm) — — 29.5 | 354.6 | 693.9 2135.9 | 1628.1

* Diameter taken at 30 cm above the ground level
#* No data available at the initial stages of development in the first year of observation
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bamboo.

An experiment was conducted in April, 1975 using B. vulgaris planted in a provisional
nursery at FORPRIDECOM. Observations were made in 4 stages for the first year and an
another 3 stages for the second year. Observations were made within a span of 2 years to
give time for growth before the clump was dug up. The results are shown in Table 11 and
Fig. 16.

As shown in Table 11, two weeks after planting (Ist stage), new sprouts and leaves deve-
loped while those leaves from the old branches were shed off. One month later (2nd stage)
the culm length doubled and the diameter increased considerably. Two months later (3rd
stage) the culm length had increased to 3.5 times while the diameter had doubled. At this
stage, the buds of the rhizomes developed into new culms, so the number had increased, re-
sulting in the expansion of the clump (Photo. 3).

The 4th stage is the last observation made during the first year and this was about 2
months after stage 3. At this stage, more culms were developed through rhizome branching.
However, those which developed during the first stage died due to depletion of nutrients re-
sulting from the successive production of culms and branching of rhizomes toward the 4th
stage. During the first year of abservation, no shoots appeared during the dry season.

In the second year observation, the rainy season had commenced and shoots started to
develop somewhere in April to May (stage 5), thereby repeating all the stages of develop-
ment of the first year up to the 7th stage of the second year. By this time, the culm attained
maximum diameter about 5 times and culm length about 7 times more than in stage 1, the
leaves had dropped; and culms had started to decay.

At the start of the 3rd year, a clump was dug. Shoots were observed to have developed.
The diameter (about 5.75¢m) of the shoots were found to be the same as the mother culm.
The length and weight of branches, number and weight of leaves, and their moisture contents
had increased progressively from the first stage up to the 7th in the second year of observa-

tion.

Fig. 16 Expansion of rhizome system by cutting
(Number 18 show the stage of culm elongation).
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Three years after cutting, the culms developed completely. An estimate of culm produc-
tion could be made in 5 years’ time with yearly harvesting there after.

With the foregoing results, bamboo plantation can be regenerated with the use of cuttings.
Samples with one or two nodes taken from the butt and middle portions of a culm are ideal
sources of cuttings. Species with low rate of rooting can be improved with the application
of 1. B. A. plant hormones. The best age of selecting cutting materials is either about 6 months
after culm elongation or less than 12 months from cutting. The cutting are best planted hori-
zontally during the late rainy season period.

These experiments however, must be studied further. Regeneration by cutting is speedy.
Therefore, this method of cultivating bamboo should be adopted.

3. Propagation by seedlings

(1) Flowering of bamboos

Generally, bamboos can be regenerated by an asexual method of propagation. However,
sexual propagation by seed is also feasible although not quite practical due to the great length
of flowering cycles, which in most cases, is very rare. An interesting and curious thing about
bamboos is that some species generally die soon or one year after flowering. Others do not
die but their vegetative growth slows down during flowering.

Although many investigations have been undertaken, the phenomenon of bamboo flower-
ing has not as yet been fully explained. Branpois® divided 3 types of flowering of tropical
bamboos, as follows :

1) Annual : Species like Arundinaria wightii, Bambusa lineata and Ochlandra stridula flower
once or sometimes twice a year and remain alive.

2) Periodic and gregarious : Species of Bambusa polymorpha, Bambusa arundinacea, and
Melocanna bambusoides flower periodically and gregariously. After fruiting, the culms and
rhizomes soon die.

3) Irregular, sporadic and gregarious : Species of Oxyltenanthera olbociliata, Dendrocalamus
strictus, Dendrocalamus hamiltonii and Cephalostachyum pergracile flower irregularly, sporadically
and sometimes gregariously. After fruiting, the culms and rhizomes die.

Flowering is very common in places where the different species of the first type are grown
and for this reason, flowering is not a problem. There is a continuous maintenance of the
species. In types 2 & 3, the species die soon after flowering, so the species are not main-
tained.

Furthermore, bamboo flowering can be classified into 2 types based on the extent of flower-
ing per unit area. The first type is the wide area flowering (gregarious or simultanious).
In February 1961, Melocanna baccifera and Bambusa arundinacea of Assam and Kerara in India,
respectively, were observed to have flowered gregariously. According to observations, it would
take about 10 years before a wide area bamboo plantation could be recovered. During this
reriod, culm havesting is not advisable. The second type is sporadic flowering where bamboo
culms do not flower at the same time. For this reason, culm production in a certain area is
decreased because those culm which have flowered earlier soon die.

Several theories formulated about flowering are, as follows :

1. Pathological theory. Destruction of bamboos through causal organisms like nematodes,
fungus, insect pest and parasites brings about this phenomenon of flowering.

2. Periodical theory. A cycle of bamboo regeneration through asexual method by rhizome

and culm elongation reaches maturity thus, flowering results.
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3. Mutation theory. Bamboo regeneration through any methods of asexual propagation
is considered as mutation, resulting in flowering of bamboos,

4. Nutrition theory. Flowering and fruiting are usually the results of a physioclogical
disturbance arising chiefly from the poor growth of the vegetative cells, brought about by an
imbalance of carbon-nitrogen ratio.

5. Man-made theory. Clear cutting and fire are man-made practices that can induce
bamboo flowering.

All of these theories are only observations and in order to determine which of the theo-
ries are profitable for each the different species, there is a need to know the meteorological
factors or conditions that induce artificial flowering with the use of special equipment (growth
cabinet).

There is an assumption that there is less nutrient supply in continuous asexual propaga-
tion of bamboos. This could result in the accumulation of certain substances which bring
about the production of flower buds. However, this aspect should be subject to further studies.

Some species which were observed to have green leaves after flowering produced sterile
seeds; those species with defoliated culms after flowering produced viable seeds.

Although some Philippine bamboo species were reported to have flowered and produced
seeds, there is no record of gregarious extent of flowering.

(2) Cultivation of seedlings

Regeneration of bamboo after flowering is different by species. In Phyllostachys reticulata
genus Phyllostachys, plants die soon after flowering. A few seeds with low rates of viability
are produced. However, new sprouts are developed from the basal part of culms or in the
rhizomes, elongating into abundant growth of small culms and resulting in successive growths
of bigger culms in the following years. In the case of P. edulis, more seeds are produced but
there is no development of small culms from the rhizome. In Sase nipponica Maxivo and S.
paniculata Maxivo, the mother culms die soon after flowering. An abundance of seeds with
high rates of viability are produced, hence, seedlings are made naturally available. However,
such a viability rate becomes quite reduced after 2 weeks.

Generally, the non-clump forming type of bamboos produce flower buds in early August
to late November, usually flower in early April to July and produce seeds in August to Sep-
tember or approximately about one year from the production of flower buds. In tropical
bamboos as in B. arundinacea and S. lumampao, an abundance of seeds with a high rate of
viability are produced, but soon after flowering, the culms die. In S. zollingeri Stevo. (Photo.
4), flowering does not occur at the same time, so only those culms which have flowered earlier
die, therefore, others remain alive up to that time they have flowered. In this species, the
few seeds that are produced are likely to be sterile; hence, only a few are capable of ger-
minating.

Generally, tropical bamboos that usually flower from November to February produce seeds
from May to August. However, not all species do flower and produce seeds at the same time
during the year. For this reason, seeds introduced from other countries are used for studies
on the cultivation of seedlings. Several observations are made on the following species :

a) Bonkawe

The flowering of Bonkawe in Cardona, Rizal, Philippines, sometime in middle September,
1976 was seen for the first time. The seeds were already matured and the mother culms had

died. Natural seedlings with 2~3 leaves had started to grow 3~4 weeks after germination.



— 108 — PRERBIEITERE #3015

These seedlings together with non-flowering culms were then collected and planted in the
provisional nursery at FORPRIDECOM. It was observed that the non-flowering culms flowered
in April 1977 and produced matured seeds in June 1977. The matured seeds, brown in color,
readily germinated on the ground. Each seed was round and 4~7 mm in diameter (Photo. 5).
Those seeds attached to the top portion of branches were smaller than thost at lower portion
of branches.

The growth of seedlings was observed in pots and in nursery plots. About 2~3 leaves
appeared in the potted seedlings during the first month and about 1~2 slender culm developed
every month. After the tenth month, the seedlings grew to 4.1 mm in diameter, reached a
height of 28.8 cm and produced an average number of 27 culms per clump. The culms grew
bigger (the newly developed clums were bigger than those previously developed) and the
roots were crowded inside the pot after 10 months. Those seedlings planted in nursery plots
attained a height of 105cm and diameter of 8.1 mm and were ready to be transplanted to the
field. The potted seedlings were found to be smaller in size and height than those seedlings
planted directly in nursery plots. So, it is advisable to transplant potted seedlings 3 months
from the time of planting.

b)  Schizostachyum lumampao (Braxco) MEerr.

Towards the middle of 1976 at UPLB campus, a species of S. lumampao (Photo. 6) flowered.
The date of flowering was not certain but the presence of many seedlings on the ground
showed a high germination rate of the species. Seedlings were also found to have germinated
on the basal portion of branches, which after 10 months attained a maximum diameter of
24 mm and height of 21.7cm. As compared to Bonkawe, S. lumampao had slow growth and
poor root development, but an early recovery of leaves.

¢) Bambusa arundinacea WiLLp,

Seeds that had actually dropped to the ground were collected from ten culms on February
11, 1977 at Prachinburi, Thailand (Photo. 7). The stand condition and culm characteristics of
this species fit the growth condition of the same species in the Philippines. It was observed
that soon after flowering, the mother plants die. Many seeds were gathered and brought to
the Philippines for trial planting.

The seeds were like wheat with a 74.19% rate of viability. The seeds which were sowed
germinated after one week. Two weeks later, the seedlings with 2 leaves had attained a
height of 3cm. At 5 weeks, the seedlings had 5~7 leaves. They attained a height of 7cm
and at this stage, 2 culms had developed. At 8 weeks, additional culms had developed. The
seedlings which had now sprouted had about 8 leaves. Each seedling had different growth
development, depending upon the size of seed planted. Big-sized seeds grew faster than the
small ones. Observation was done five months from sowing time. Growth development was
found very favorable and these seedlings appeared suitable for planting on mountain sites.

d) Thyrsostachys siamensis GAMBLE,

The seeds collected from Thailand 4 years age were put in a cold storage with 5°C tem-
perature and were planted in pots on April 1975, (Photo. 8)

The seed resembled that of a glutinous rice grain. Four months after they were sowed
in pots, the seedlings attained a height of 20 cm. These were transplanted in nursery plots.
In two years, seedlings were found robust and had attained a height of 3.7 meters and an
average basal culm diameter of 24 cm. This species is currently used as raw materials for

pulp and paper manufacture in Thailand. Should a bamboo forest be established, there is a
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need for a wide area plantation using 5cm diameter culms to produce 4.0 tons of culm per
hectare annually*®,

e) Phyllostachys pubescens Maxino.

The seeds collected in Japan in August 1974 were planted in Philippines in April 1975.

The seed had the shape of a grain of rice which is long and slender. The seeds were
sown in pots and after 4 months, the seedlings had attained a height of 25cm. These were
planted in nursery plots. After 2 years, the seedlings resembled those of shrubs with short
growth but with very unusual robust leaves (Photo. 9), thereby producing an abnormal growth
resembling the characteristics of a clump-forming (sympodial) type of tropical bamboos. Six
months later, new culms developped from the rhizome buds showing a monopodial type of
regeneration. Generally, Phyllostachys species are a non-clump-forming (monopodial) type of
bamboo. These species clearly prefers to have favorable growth in elevated areas®®. Based
on observations, it will take about 10 years to get a good stand of bamboo forest planted of
this species.

As mentioned earlier, regeneration by use of seedlings in much slower than by use of
cuttings. However, growth development of seedlings is highly affected by the rate of fertilizer
application. To this effect, a fertilizer test was conducted on Bonkawe and S. lumampao on
September 23, 1976; and another on B. arundinacea on March 23, 1977. The fertilizer used
was a mixed fertilizer of N : P : K elements at the rate of 2:2:1 ratio with the following
treatments : a) control, b) X 1 (50kg/0.1ha) and ¢) X 2 (100kg/0.1ha). Twelve potted seed-
lings were used for Bomkawe (Photo 10) and 20 each for S. lumampao and B. arundinacea.
Progress the experiment still continuous, but preliminary observations have been made and
are shown in Table 12.

Observations were done 280 days after fertilizer treatment on Bonkawe and S. lumampao,
and 110 days for B. arundinacea. Generally, the growth development of Bonkawe and S. lum-
ampao are better in all fertilizer treatments than in the control. However, at the present
stage of the experiment, fertilizer treatments have had no effect on the growth development

of B. arundinacea.

Table 12. Fertilizer test of some bamboo species

Bonkawe S. lumampao | B. arundinacea
Characteristics I ; "Cons Cons™ Con
X2 Xl | trol i X2 x1 | trol | X1 X2 trol
Number (pc) 22 | 13 K4 [ 28 22 26 7 5 6
Average length (cm) | 43.3 39.1 28.8 34.7 28.0 21.7 40.0 34.0 35.0
Culms Maximum length (cm) | 95.8 72,3 56.3 59.7 54.7 58.7 71.0 69.2 64.0
{ |
| Base diameter (mm) 4.5 5.0 41 2.3 2.3 2.4 38 4.2 42
Dry weight (g)  55.5 53.9 36.3 43.5 36.9 31.6 4.1 2.2, 3.7
R R ] A
Roots Dry weight (g) | 38.2 26.8 22.3 245 21.9 17.1 1.5 1.8 1.9
Number (pc) | 149 | 140 | 165 | 494 | 342 1309 88 | 131 | 125
Leaves X | ‘ |
. Dry weight (g) 18,7, 21.0 16.0] 18.7 13. 8; 12,1 2.1‘ 2. 6‘ 1.9
Standing crop (g) | 112.4] 101.7 74,6 86.7| 72.6 €0.8 7.7 6.6 7.3
- : | i !
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II1. Cultivation of bamboo forest and research work
on tropical bamboo in the future

In the tropical regions, particularly in Southeast Asian countries, bamboos grow every-
where and are widely utilized for house construction, pulp and paper manufacture, agricultural
implements, tools in fishery and forestry, for various industries like basket-making, and as
musical instruments like the bamboo organ. For this reason, a growing interest in bamboos
has been generated becaused of their wide-spread distribution, ease of propagation and rapid
rate of growth. So far, however, not much research work has been done on bamboo produc-
tion and utilization and no record of studies on bamboo cultivation are available. Quite a few
investigators attempted to study the subject but only to a limited extent.

Nowadays, bamboo forests play an important role not only in the preservation of our natu-
ral wealth but also as a reforestation crop to minimize soil erosion and for flood control.
These speculative requirements are important in considering the end uses to which bamboos
may be put to best advantage. For example, if one wants to take manufactured materials,
quality controls of the product are considered more than just mere bamboo culm production.
In the aspect of pulp and paper manufacturing, it is necessary that production of bamboo
culms with long fibers, wide diameter and less silica content, be considered. Furthermore, if
bamboo forests are intended for watershed management, proper selection of species with good
rooting systems or rhizome expansion should be given priority.

In any standing crop, the natural distribution of a plant shows its suitability for cartain
purposes and ecological factors are then considered. For instance, as previously mentioned,
flat of fairly rolling areas are suitable for bamboo growth. Some bamboo species prefer com-
paratively swampy lowland areas while other species prefer which is quite dry.

Bamboo plantations must be planted with the right kind of species and to some extent,
the search for and the subsequent introduction of outstanding bamboos from other countries
for trial and study should continue. This study should stress such variables as forest stand
and bamboo species. In an experimental forest, many species are planted. These provide the
planting stock for future use.

In bamboo plantations, experimental procedures like planting, tending or cultivation and
harvesting are important. Bamboo planting is a different form of tree planting in that the
bamboo site is only planted once. Tree planting on the other hand, makes use of the same
site over and again.

In tropical bamboos, planting stock is limited to the use of culm cuttings and seedlings.
Culm cutting is an asexual method of bamboo regeneration wherein the genetic qualities of
the mother plant is being transferred to the second generation plants. So proper selection
of materials (big diameter, longer culms with high qualities); sampling method; and period
and condition of growth are important factors in bamboo culture. The planting materials
are grown in the nursery bed and maintained there until rooting stage, and within a year
these are transplanted (out-planting) in the field. If the mother culm happens to be near the
place of transplanting, direct planting is done. Another important thing to consider in culm
cuttings is the survival rate of rooting. Since rooting rate differs with species, there is a
need for further studies as to the techniques in hormone treatment and in breeding.

Inasmuch as bamboo seldom bloom or produce seeds, regeneration by sexual method is
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economically impractical to supply commercial demands. The period of flowering differs by
species. Seed collection is best done when the seeds mature in the mothe plant. Branches
are cut before the natural falling of seeds. Natural drying of seeds follows. - Since only a
few studies were conducted in this aspect, future viability studies are then recommended.

Seedlings planted in pots were found to have more delayed growth than those planted
directly in the nursery. Potted seedlings are transplanted to the field after one year. Seed-
lings in the nursery which grow 50~100cm in height are ready for transplanting in the field
within 6 months.

Preferably the period of planting should be during the late rainy season. The planting
material should be placed 10~20 cm below the gronud and then covered with soil. Some
leaves are removed before planting and the top part of culm is cut about 40~50cm from
ground level in order to obviate wilting due to exposure to too much sunlight. Further studies
on the effect of light intensity on the growth of culm from seedlings is suggested.

A trial planting which concerns the ecological study of the different bamboo species planted

in flat areas, as affected by planting density and soil preparation are shown in Table 13 below.

Table 13. Effect of distance of planting and the number of planting

stocks on the size of clump of different bamboo species

Planting Number of
. | " planting stocks
Species | distance per hectare Remarks
(m) (po)
. . - Species which consist of
Schizostachyum lima | 5% 5 400 smaller culms and clumps
! Species with small culms
5% 6 3
S. lumampao | 5X6 333 and clumps
Bambusa blumeana, ! 6%6 278 Species with average size
B. vulgaris ‘ | : of culms and clumps
Dendrocalamus latiflorus, | 6% 7 238 Culm has space between
Gigantochloa levis i “ each other within a clump
G. aspera i 77 204 | Species having big culms

and clumps

Weeding is one of the problems in tending within the first 2~3 years after planting, es-
pecially during the rainy season. During this period, spot weeding is done 2~3 times a year.

Forest fertilization has been tried extensively in Japan and was found effective for bam-
boos., In the future, fertilization studies should include dosage and time of application, and
tests on individual and mixed combinations of N-P-K elements.

Generally in tree forestry, harvesting is done by felling trees, thereby leaving no standing
crop. In bamboos, after selective harvesting, new plants will still develop. Consequently,
the harvesting method could be a part of tending. Nowadays, the harvesting method is prac-
ticed indiscriminately resulting in reduced productivity and decreased production of new culms.
Over-cutting affects the mother culm in such a way that there is reduced assimilation and
deficient nutrition resulting always in reduced production. In the Bataan and Zambales pro-
vinces, it was observed that indiscriminate harvesting adversely affects culm production of
S. lumampao.

Bambusa blumeana have small spiny branches which are intertwined at the lower basal
portion of the clumps. The culms are traditionally cut about two meters from ground level.

The uncut portion at the base is durable and strong and has a high utilization value because
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of its thick walls. Harvesting of this thick-walled culm is made easier if the spines are
trimmed in advance.

The ideal method of harvesting is selective cutting after two years and culm harvesting
be distributed evenly around the clump, keeping a certain distance between culms.

Clump-forming type of bamboo have buds which grow into new culms and within two
years no growth of additional culms occur. Selective cutting can be applied to species like
D. strictus, B. vulgaris, S. lumampao and G. levis while partial clear cutting can be applied to
B. blumeana and D. merrillianus.

A test on the effect of the period and quantity of harvest and divided harvesting of clump
in relation to bamboo growth must be investigated further.

In bamboo flowering, factors such as differentiation of flower buds, causes of flowering
structures in different species, and recovery test after flowering also need further study.

In the near future, utilization of bamboo will be developed in order to meet the current
and future demands of these materials. Generally, rectangular or squared bamboo could be
used as decorative elements as flower vases, and also be utilized in some parts in house con-
struction and furniture.

These studies would be an important guideline in giving solutions to various research
problems of bamboo cultivation towards the attainment of an efficient and comprehensive im-
plementation of bamboo exploitation and management in the Philippines and other tropical

countries.
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Appendix 1. Number of genera, species and area of bamboo

forest in some countries

Country*1 Genera Species*? a ,éoroe ia)
Africa 8 14 ?
Bangladesh ? ? 100
Burma ? 42 2, 000
Cambodia ? ? 400
India 13 136 5, 000
Indonesia 9 31 50
Japan 14 635 150
Latin America (Nicaragua) 9 180 ( 4§
Madagascar 9 30 ?
Malaysia 8 52 100
New Guinea ? 8 ?
Philippines , ) . 12 | 49 200
The Feople’ Repgblc of China O B B Y
Sri Lanka ? 10 ?
Republic of China (: Taiwan) 21 | 130 110
Thailand 10 ‘ 34 i 1, 000
Vetnam ? | ? | 100

x] Approximate data collected on following references ; 3), 13), 15), 33), 36) & 40).
%2 (Genera and species include native and cultivated bamboos.
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Appendix 2. List of Philippine bamboos

1

. Erect Bamboo

Scientific name

Arundinaria
Arundinaria niitakayamensis Havarta
Bambusa
Bambusa arundinacea WiLLp.
. blumeana Scuurres f.
. cornuta Munro
. merrillii GaMBLE
nana Roxs,
. tulda Roxs,
. vulgaris Scurap, ex WENDL.

S

Dendrocalamus

Dendrocalamus merrillianus (Eim.) Eim.

D. curranii GaMBLE

D. latiflorus Munro

D. parviflorus Hack
Gigantochloa

Gigantochloa aspera Kurz

G. levis (Branco) Merr,

G. scribneriana MERRILL
Guadua

Guadua philippinensis Gavsre
Leleba

Leleba flovibunda Nakai

L. ventricosa McCrure
Phyllostachys

Phyllostachys nigra Muxro

P. bambusoides var. aurea Maxino

P. pubescens Mazrr ex H. Lrnaie
Schizostachyum

Schizostachyum lima(Branco) Merk.

S. brachycladum Kurz

S. hirtiflorum Hack

S. lumampao (Branco) MErr.

S. textorium (Branco) MErz.

S. zollingeri Strup,
Thyrsostachys

Thyrsostachys siamensis GAMBLE

Climbing bamboo
Cephalostachyum

Cephalostachyum mindorense GamsLE
Dinochloa

Dinochioa aguilarii GamsLe
. cilinta Kurz
. elmeri GAMBLE
. luconiae (Munro) MERR,
. pubivamea (Merr.) Gamere
. scandens O, Kuntze

Sbobb

D. scandens var, angustifolia Hacxer ex MErr.

Schizostachyum
Schizostachyum acutiflorum Munro

. curranii GAMBLE

. dielsianum (Pieer) MErr.

. diffusum (Branco) MEgrr.

. fenixii GaMBLE

hallieri GamsLe

luzonicum Gamsre

merrillii GaMBLE

mucvonatum Hack

. palawanense GamsLe

. toppingii GamsLe

hUunhhnLnhnhnh

Common name

. vulgaris var. siriata (Loop) GawmsLe

India Bamboo

Kauayan-tinik, Spiny-bamboo
Lopa

Merrill bamboo

Spineless India bamboo
Kauayan-kiling, taiuanak
Yellow bamboo, kauaxau-dilau
Bayog

Botong

Giant bamboo
Bolo

Guadua

Budda bamboo

Polevault bamboo

Anos

Buho
Kalbang
Buhong-dilau, yellow buho
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2B SR AT TERFICABT LTEBY, ZOBHLE, AT M lERRICIE X &
NIEEHEOBREICE 7 7 v RGBS L BB BEDO 2 7 HihA o 513, SHHKEHET
Z/ Ve s 5 v rBEBEG UIERID O £ rHBA DL AT S EERED b SRRy THEBREE
HIBEND T EMNTE S, BEHIRO > b THIEE 15° 25 25° KN A EE T ¥V 7 O—HICiZ KEE D
KREE 5 7 Htsss b1, AETHES L— 3 VO TEEOE B KIERTH, BEPE Y L LCkR
KHERENTHY, SLREEMEIBERRPIERLLUTNILENTVS, & CAPMBOREER
HOBHRAOMDTIZBRLEELER LIRS B BN TN D, Lih-T, FREFREREL,
BEORELE LS DI bEEOERBMEZEA L THEROWELI,D, bbb TEREDOERk
DOBRABLEBEETEHEID 2DH %, ARHEC S LBRTICHD, »oFr OWYE & FIMICE
WELAETR LTc 7 4 ) © YEREREF (FORPRIDECOM) - Ek/KESEM BEIFE € v 2 — OF5
BWHOS ETHM50E8 B LD 2 pGRMBMTCER L HERRO-HELD I LD LEDTHL, ik
RACTR Lo B 2 7 E BEBESEED D A TEH ST LN TV AEET, LUkd JISEE%IHE 18°C Bl
LTOHICBEE LT AR A HTHD, £D1EE A ED Clump forming type GE#IZ) & DTH %,
AETE, 29, 275 OHEMOMBICE D 2 BHE 2 r MO, =D&k o
BWEEP Lz, 98bb, UHERZRE, B8 S LLeOBEroBRULER 710 Evie
BU 325 OMRGEIBEMRICLOPROMIBINTED, ALORSEESILEVY Y THONDITHE
ERVCEPY ORI 5T —H, TNETT7 4 YV EVIRIZBEIOTD & 7 MR I LT h, A
FAORBICLOBEOBATEZR M T LH8TE, BHTHIHEBHLRTCICEIICHEE L THY E2-T
Whe TH LT ENSHEDLE LS RBBBREBTLTCVIZ &bk otc, UL, DHEHED
[Eeb iz, EEE P AHEOENERER O, 2o TY SAERNEIEORMO S5
T, WEEHBEOAHIC DNTAHLE, BREZ 7HTHE NRELWKBREESN TS C E03H
ST, & ICHE S AUIRE M B U BTk Bambusa blumeana 1B R L1 5,
Bambusa vulgaris % Schizostachyum lumampao ZRIAELRAE L, HEEHL/NSHREILE 0 HigT
FLEHF LTV S, 51T Gigantochloa levis 135 L BIEEOEVHBEMTEBBE N, 275 B
blumeana IHIEL DT PTEE OENMEHT HHNE LTHOTEOBMIZEN,
IRERIRICBE Y 2 MR IYINE B vulgaris B XU B. vulgaris var. striata ZMGEMB & LT HHEL
2L A, WMEHBDENZ r TRBOMIKE S RS 2804 511, IREHRIBIHKE & BOMRIC

19784 5 H17H 28
(1) B8
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BET 2. T8b5, WHONDICRET 55 7 ZREREME L, BEBEONEEICHET 2 b0
EZOWITNEDEL L, © D LB IERINC 2 7/ 2 2R ET 2 %R OEAREE 2 7 88
IR ST E VA Do S OICEEEE 4 7 BRI D b DT~ TRE R BN E S, Bk
MEEEORINE EBICRE N b, —~HROBREBTERICK > TR A0, MU THEDLBREDTE
THHE 3m s o ZBICTREEDSH 12 A EmnAs 5N 5,

EOFE E BVEEE 2 BOBERBOHEE DM IG5 oo OBERLE L THL ISR o Sk R
izl s, BICDOTE—RICERTE <, PRIFICHS T 2850 T8 5 RETAT 2 1 >N TR
W h, DEIC DIH LFEERE ORISR ERESEY b, —F, RB&MiKs 52 5 v
B Ey 9 v 7PERRT S 2 r OEFIRIEICS &3 & ERBERIER DI, T OE, B blumeana
S. lumampao TZH FYAKIC 50 2FROE AL L, B blumeana TIZFIER O F B S Holsiv
BETH LD, B lumampao TRNDFRO FHFMICERLTED, BOohIOBETFHZRBLTO 3
T EMD ot Bovulgaris IO THEHTEOERERICH UTHERNEL, Oz s 7 v 7ot
B2 XD IRBD, ARE LU TREUMEEEL LTS, HTFEPEXBIZRTED S O
T, BEEDIZIZ 0% ZRL, AL T 2BOERLIL 60~70% L1355,

CNEOFERD CEIFRRM LAFIT ~ 7 2 — v B ) ORER (b V) 43 B blumeana T 143,
12 ARG 30, 20, 15, F7z AT 1, 900,

=N

=R

B. vulgaris ¢ 106, S. lumampac T 66 L7130, /LR
2,250, 2,500 LTINS,

BAELRE 2 IO B 2 BUREARICEEIE T 4%, EEREEEHTHETG LTS, T O n Ik
o oiiEe AL > 50, EHEHOBGEIIEERESTI &85, —F, M & LT3k
S, L%, LDEMBHY, WITNLEMOBEBZOF ERZRINE LI RERD 5. I ESE
DA FTHHTENRE LS, ULhSBR T YA MU B LT LD T 2B 5 - ThEHiIcEs X
TEERIDI D, L LAEED 2 y TR MTENEL, BOTHOFFR20T IRICETT L

B, ST EERTHIERON M O KEICHT 2 C EBTERVEL DD, BHEE>THD
O G K&, LW THARED2 7 HTRILEDEIDENTETHE Ly, DLACH L
WEEOHMZRRNT 2 EBRBEERbLND, 1o, COMEBEELRELUEAEHEOHNELED
FBEDRUTHEEEDNIZDTABTHE S LEFHRICONTORL T LT L,

PERFARHE B vudgaris R L, (1) SLEMFOTRICBT 2380 (2) S LowFEnIaER,
(3) PPRHRIUS SR, (4) MEOMA SIS ROABRES EL2E M LI, o R, Boms
BOLORMOBPICRET 2 EBRITE, UhbREZTRIFRBOENEMOL T &, S50
EAROFOFOIB S L hRITIc D 2c 23 MR E LT Ol GEAEM Lz b D &0 S & T
&, SEERED Z OMNETIIEEEMME T T 5o ERICE Y 23 FRO/EREE, hiy, Simgom
BHEBRIEICE S, S0 T 28RS0,

E LTI 1 e 2, ORI RIEUNd 5 0ATHE S50, BiNick:%
Adl, Hir 20cm BEICKINCE L2 4, CHRAKEEL (M) BEEISULPRISLED & A4F,
FMBLEMNTCNILENHIFHRICLZ200THY, BESLEBCHIBATHHOMERZHITZEC &
LD AREBEND S,

SUEOFERET 7 r OMICK D 572 555 BEFOEO BTl ~ove VUBES KETHY, B
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vulgaris TiZ L B. A, JLBIC X 2R 0TD oM. BB IOEDI LaREBIC 0T S 5ICBET
~EMBEASED,

—77, BHEBICE L CRBEORIEE 2 H MoBILERE S BEHOATRYL, HERERT Sico0nT
WAy, T oB &y ORBOBPETICE > THETRISHEE L, LirL, BERs 7 v 72k
MEAICHET 2BETRBETOREENSE L, TORFLELE . KiE, 75 v 7 Oo—BHkETcE
Baid s BEREEES B TR, BERGEV, TRERRISZ0BE 11 A» S 2 AtHK
BYTHLN, 5 ARS8 AlKhITHET B,

B S rHOBR S LEFICLIERERIC OV TORERRERICNETLLI P 27DT, 2450
L 7 v OBV EBE Ulc, T8b5, SLER2VFERBLE 7 V7ORBROAR LN
slek A, 24/ AOREBPIFEANB RO TEY, F1EE I LoU# 2 EMEI, 52 =
Z0B1IPABRK, B3OS SK2rABK, 2LTHELAEESSIC2hARICRELTNS, DX
Hic FEERABRE S EQIERE, BE A BAL, B ERICEICIE LRI B TERT 3.2
5, METALSB/ER L, B2EBEIKRILICBOEFITT S, BORERZZ 2B LB
b, WMTEOHEGRD SN, ZLTEERBROBRBTRERIEIS L5 15, BRI 7451
D, ILEMEERATERICETEER Lice &9 UATHEOHE, S USR5 EEICIIRIATRESHRERE
BECRAAIBDENZLD, CNICH UTEEABIK L 2HEFITI USICHTED, 272, BRLE0%
RERBHONEDOT, 4% D UBRBEENR U BRI BRT 2 0ERSH %,

BRICEEORE L LUHBRHER D O IEFE 2 7 Mo BRI BT 2 MBS, 2, 3 DR
DRIz,
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Photo. 1
Artificial square bamboo
(Bambusa vulgaris).

Photo. 2
Experiment of culm cuttings (Bambusa vulgaris).
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Photo. 3
Development of bamboo after 2 years
by culm cutting (Bambusa vulgaris).

.

Phoeto. 4
Flowering of Schizostachyum zollingeri.



"2mMpyuog JO SSUI[PIIs PUEB SPAS G '030YJ

—Plate 3—

(RFD

B

>
Ry




7 301 &

b

i

ot

it

%

—Plate 4—

Photo. 6

Flowering of Schizostachyum lumampao.

Photo. 7

Seeds of Bambusa arundinacea collected in Thailand.
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(a) Growth of seedlings after 3 months.

(b) Growth of seedlings after 2 years.

Pho

8 Plantation of Thyrostachys siamensis.
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ings after 3 months

(a) Growth of seedl

fter 2 years.

ings a

(b) Growth of seedl

Photo. 9 Plantation of Phyllostachys pubescens.
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2R

() - o (x ) ‘ (Control)

Photo. 10
Fertilizer application test (Bonkawe) after 50 days.





