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EXECUTIVE SUMMARY 

1. Degraded humid tropical forest sites, colonized by Imperata 
cylindrica grasslands, occupy 50-200 mill. ha of wasteland in 
the equatorial sites, most of which in Southeast Asia. Impe
rata lands are not preferred for crop husbandry; instead 
shifting cultivation, or encroachment on natural forest, is 
continuously preferred. Imperata grasslands are not used to 
any significant extent for grazing due to ~ts poor fodder 
quality. Reforesting imperata lands for dipterocarps, or for 
other high quality timbers, has not proven successful. 

2. Based on population growth, 20-25 mill. ha of new agricultur
al lands are needed in Asia before 2000. With current practi
ces land is cleared from natural forests, mainly from dipte
rocarps. Imperata grasslands are an obvious substitute. They 
are a large enough land class, for reclamation to subsistence 
and cash crops, provided feasible management is available. 

3. Acacia mangium has, during the past 25 years, been found to 
be an aggressive tree species capable of suppressing impera
ta. About 100,000 ha of mangium forests have already been 
established in Malaysia alone. Mangium, however, is not a 
high quality timber for saw milling, nor is it necessarily 
economically justified for pulp fiber over millions of hect
ares in Southeast Asia. 

4. Development objective of the project is the environmentally 
and economically sustained use of degraded forest lands co
lonized by imper a ta. This is approached by acknowledging 
mangium as a temporary cover crop, which will subsequently be 
converted to dipterocarps, industrial tree crops, or espe
cially to tree cash crops, agroforestry systems and annual 
cash crops. 

5. The project is divided in 4 subprojects, which 1) study cur
rent process of imper a ta colonization, 2) assess imper a ta 
areas in Southeast Asia, 3) study elimination of imper a ta 
with mangium cover crop and 4) rehabilitate mangium lands for 
other crops in a field laboratory scale. 

6. The project headquarters is located in a Southeast Asian 
agricultural or forestry R & D center, with field activities 
in Indonesia, Malaysia and possible other countries. 

7 . The project budget, US$ 4.79 million, covers technical as
sistance, capital inputs, material inputs and training. The 
outputs include baseline, state-of-the-art and socio-economic 
studies and field laboratory demonstrations in previously 
established, successful mangium project areas. 

8. The project runs over 4 years in the first phase (1 Sep 1993 
- 31 Dec 1996), with possible extension. 

9. Project risks are related to insecure land tenure, which may 
hamper transfer of successful mangium plantations to another 
crops and land class. 
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PREFACE 

This draft project document on reclamation of degraded South
east Asian forest lands has its roots in a forestry seminar held in 
May 13, 1992 in the World Bank headquarters, Washington. The semi
nar was participated in by representatives from the Embas~y of Fin
land in Washington, visitors from Finnish industries and consultan
cy services in the forestry sector and staff members from the World 
Bank (WB). 

As one outcome of the seminar, the central role of Imperata 
cylindrica in the forest land degradation was recognized. There is 
an evident need to develop methods for reclamation of these grass
lands either back into their original state, particularly into dip
terocarp forest, or alternatively into various other uses. But be
fore either governments or donor agencies can be advised to invest 
in large scale reclamation of imperata lands, updated information 
should be gathered and analyzed regarding the true importance of 
the imperata colonization, as well as the biological, technical and 
economical feasibility of the reclamation. 

Accordingly, it was found out, based on the seminar outcome, 
that it would be valuable to develop a proposal for a project which 
could review the current situation in relation to all aspects of 
imperata colonization and control. Terms of reference for prepara
tion of such a proposal were later drawn in the Asia Technical De
partment for Agriculture of the World Bank (ASTAG), see Annex E. 

The preliminary planning for preparation of the project pro
posal was done during Mr. Norman Jones' (WB/ASTAG) visit in Finland 
on July 19-20, 1992. Soon thereafter, a field mission was carried 
out in Indonesia and Malaysia (21 July - 1 August, 1992). Further 
background information was gathered and relevant people were met in 
Washington between 10 August - 15 August, 1992. For a complete iti
nerary, see Annex D; for the list of contact people met, see Annex 
c. 

Based on the background material and the field mission, the 
Draft Project Document I (date 16 September 1992) was compiled by 
Veli M. Pohjonen. 

The Draft Project Document I was thoroughly commented by Mr. 
Norman Jones and other staff from the World Bank. Based on their 
suggestions, the Draft Project Document II (date 26 November 1992) 
was compiled by Veli M. Pohjonen. 

In Helsinki, November 26, 1992 

Veli M. Pohjonen 
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Abbreviations, acronyms 

ASTAG 
CIFOR 
FINNIDA 
FRIM 
ICRAF 
SAFODA 
tC/ha 
TFAP 
WB 

Asia Technical Department for Agriculture 
Center of International Forest Research 
Finnish International Development Agency 
Forest Research Institute Malaysia 
International Council for Research in Agroforestry 
Sabah Forestry Development Authority 
Metric tonnes of elementary carbon per hectare 
Tropical Forestry Action Program 
World Bank 

1. INTRODUCTION AND SCOPE 

1.1 Introduction 

One of the principal indicators of forest land degradation in 
Southeast Asia, is a noxious colonizer of the former tropical fo
rest soils, a common perennial grass, imperata, Imperata cylindrica 
L. (Rauschel). It was estimated early in . the 1990s that imperata 
occupies millions of hectares of old degraded forest lands. World
wide estimates vary between 50 - 200 million hectares. Once estab
lished, imperata is difficult to eliminate due to its reproductive 
efficiency: it seeds in abundance and it spreads through vigorous 
rhizomes. In addition, it is reputed to exude allelophatetic sub
stances which would suppress growth of other plants. 

Imperata is a fire climax species. It invades forest lands 
soon after shifting cultivators abandon their farms. Along with 
shortening periods of forest fallow, the soils are exhausted. Impe
rata is regarded as an indicator of impoverished soils, but after 
repeated burnings it can also invade good soils. 

Most farmers have little interest in reclamation of imperata 
lands for arable crops, because of the vigor of this grass as a 
weed. Instead, shifting cultivation in primary or secondary tropi
cal forest is preferred. Also opening up of new areas for planta
tion crops like rubber tree or oil palm, has often taken place in 
secondary forests rather than imperata grasslands. 

In principle the vast Southeast Asian imperata grasslands 
could be a valuable resource for cattle husbandry, however the 
fodder value of imperata is not particularly good. In addition, 
cattle husbandry does not belong to the cultural background of 
Southeast Asian people as strongly as elsewhere in the tropics, 
imper a ta lands have not been, or are not being, developed for 
either intensive livestock husbandry or more extensive range man
agement. 

An obvious target in the reclamation of imperata lands is to 
reclaim at least part of them to tropical rain forest, preferably 
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- d i p terocarps (Dipterocarpus sp. and related genera). However, 
desp ite years of dipterocarp trial plantings, no feasible large
scal e method has so far been found. Planting of dipterocarp seed
:in gs in the middle of grassland, even after complete cultivation 
or a fter regular spraying with herbicides, has not had any magnifi
c e nt success . 

All in all, in the current land use patterns the Southeast 
s i an imperata grasslands fall largely into the category of unpro

du ctive or waste lands. For the benefit of man and the environment 
hese lands would be a more valuable asset in another type of use. 

This project documen~ addresses the problems of how to reclaim de
graded Southeast Asian forest lands and uses of the reclaimed land. 

1.2 Geographical scope 

Imperata grasslands are found all over the humid tropics. Fo
rest land degradation with imperata colonization has mostly been 
found in a number of Asian countries. The problem is most serious 
on the island of Borneo, but also in the neighboring Southeast 
Asian countries and the larger islands of the nearby Oceanian 
archipelago. Strongest imperata colonization is found in the tropi
cal rainfall zone, where the annual precipitation exceeds 1400 mm. 
Bearing the geographical and climatological boundaries in mind the 
geographical scope considered in this project document is limited 
in the following 10 countries: -

Brunei 
Cambodia 
Indonesia 
Laos 
Malaysia 
Myanmar 
Papua New Guinea 
Philippines 
Thailand 
Viet Nam 

For the sake of clarity this imperata study area is later 
referred to as Southeast Asia, although geographically this is not 
fully correct . 
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2. BACKGROUND 

2.1 Population pressure and land use trends in Southeast Asia for 2000s 

The population in Southeast Asia is growing at an approximate 
rate of two per cent a year (Table 1). The increasing population 
increases agricultural pressure on the land. As the agricultural 
sector is dominant in the national economies in the , imperata study 
area there is a linear relationship between the land area used for 
agricultural crops and the total population. Typically, 0.1 - 0.4 
hectares are needed per capita; the average figure in the imperata 
study area i s 0.168 ha per capita (Table 2). 

Table 1. Population and its growth in the imperata study area 
(World Resources 1992-93). 

Country p 0 p UL AT I 0 N 

1990 Estim. Current 
mill. growth annual 

per cent increm. 
95-2000 mill. 

Brunei 0.20 n.a. n.a. 
Cambodia 8.25 1. 75 0.168 
Indonesia 184.28 1. 60 3.373 
Laos 4.14 2.64 0.135 
Malaysia 17.89 1. 85 0.389 
Myanmar 46.28 2.00 0.971 
Papua New Guinea 3.87 2.20 0.101 
Philippines 69.94 2.05 1.508 
Thailand 55.70 1. 32 0.813 
Viet Nam 66.69 2.03 1. 590 

Total 457.24 7.458 

n.a. = not available 

A recent World Bank estimate (A strategy ... 1992) suggests 
that due to the current population growth in Asia, there will be a 
need of 20-25 million hectares of new arable land before the year 
2000. It is realistic to expect that this ' area will be opened, 
tilled and cropped in any case. If no better alternative is found, 
most of the new area will be cleared from the remaining Southeast 
Asian natural forests. 
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Croplands in the imperata stud y a re a (World Resources 
1992-93). 

Country hectares hect. ~ 
0 change Annual 

mill. per since increm 
87-89 capita 77-79 ha 
level 78-88 

(Brunei not available) 
Cambodia 3.056 0.370 +0.3 917 
Indonesia 21.233 0.115 +9.3 197467 
Laos 0.901 0.218 +4.6 4145 
Malaysia 4.880 0.273 +2 , 12200 
Myanmar 10.035 0.217 +0.3 3011 
Papua New Guinea 0.387 0.100 +7.7 2980 
Philippines 7.957 0.114 +4 . 4 35011 
Thailand 21.624 0.388 +21.8 471403 
Viet Nam 6.592 0.099 +2.3 15162 

Total 76.665 0.168 742296 

The population in the imperata study area, estimated in 1990, 
is about 460 million people. The population is growing at a rate of 
7.5 million persons per annum. Provided agricultural yields per 
hectare do not considerably increase, there will be need to culti
vate an additional 1.1 million hectares of new land every year. 

The population increase, its impact on new arable crop area 
needs and on the consequent threat to natural forests, forms the 
background to interest in reclamation of imperata lands. Imperata 
lands are an obvious, almost unused, vast land resource, that the 
Southeast Asian countries could rely upon to secure food crop 
production. 

2.2 Decimation of dipterocarp forests 

Along with the increased need of croplands for agriculture, 
the natural forests of Southeast Asia are being decimated. During 
1978-88 the decrease of natural forests in the imperata study area 
has been 1. 6 million hectares per annum (Table 3) . Should the 
present trend continue, the remaining forests are doomed to disap
pear in 140 years. 

In fact, the forest area is diminishing twice as fast as 
agricultural area is increasing. The difference in area between the 
statistics (forest land reduction - crop land increase) may be 
accounted for by new imperata grasslands. 
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Table 3. Forests and woodlands in the imperata study area (World 
Resources 1992-93). 

Country hectares hect. ~ 
0 change Annual 

mill. per since decrease 
1987-89 capita 1977-79 hectares 
level level 1978-88 

(Brunei not available) 
Cambodia 13.372 1. 621 0.0 0 
Indonesia 113.433 0.616 -5.2 589852 
Laos 12.900 3.116 -7.2 92880 
Malaysia 19.340 1.081 -11. 0 212740 
Myanmar 32.396 0.700 -0.7 22677 
Papua New Guinea 38.237 9.880 -0.5 19119 
Philippines 10.750 0.153 -16.4 176300 
Thailand 14.373 0.258 -15.6 224219 
Viet Nam 9.356 0.140 -28.8 269453 

Total 225.920 0.494 1607240 

The destruction of the natural forests is especially serious 
for the valuable dipterocarp resource. Globally, dipterocarps are 
concentrated in Southeast Asia, where they are represented by 14 
genera and about 400 different tree species. Dipterocarps are the 
source of most of the high-quality tropical timber exported from 
Southeast Asia. 

A recent worry has arisen, that besides the amount of dipte
rocarps disappearing, there is also fear for species diversity. 
Much of the world's biological weal th is found in the natural 
forests of Southeast Asia. In the tropical moist dipterocarp for
ests, 20-25 per cent of the earth's plant species live. Diversity 
of animal species is also high in these forests. 

Mankind is facing a serious challenge to conserve both the 
species diversity and the abundance of dipterocarp forests. Recla
mation of imperata lands can have a triple role in such effects. 
First, the simplest means to keep encroachment, tilling and shift
ing cul ti vat ion away from the remaining dipterocarp fores ts 
either secondary or primary fores ts - is to off er an attractive 
alternative, another piece of arable land to the farmer. Can impe
rata lands be developed into such an alternative? If they can, a 
gradual withdrawal from decimating the dipterocarp forests, from 
shifting cultivation to more permanent agriculture in the imperata 
lands, would be within reach. 

Secondly, with improved reforestation techniques a part of 
the imperata lands could be reclaimed back to dipterocarps. This 
would be particularly welcome for hilly imperata sites unsuited to 
agriculture. 

Thirdly, imperata lands are a source of regular fires, the 
fires of which gradually destroy the neighboring rainforests piece 
by piece on their edges. Biological elimination of fire from impe-
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r ata lands is the cheapest, sustained way to prevent annual fires 
in the border zones between tropical rain forests and grasslands. 

2. 3 Colonizat ion of degraded forest lands by imperata 

Although imperata has been known as a weed already for 100 
years, the real magnitude of this problem is not accurately known. 
A frequently cited figure (Soerjani 1970) for Indonesia alone, is 
15 million hectares with annual increase of 150,000 hectares. 
Another estimate (Suryatna and McIntosh 1976) is as high as 64.5 
million hectares. Most recent estimates of impe r ·a grasslands over 
the worldwide humid tropics vary between 40 - 200 million hectares 
(e.g. Grainger 1988, Skerman and Riveros 1990). 

Uncertainty about the true area of imperata grasslands is re
flecting the fact that land degradation has, during the past couple 
of decades, been taking place at an accelerating pace. Consequent
ly, it seems evident that same trend would continue in the near fu
ture . More and more imperata areas will be created on old forest 
lands. 

Botanical, ecological and agronomic information on imperata 
is abundant (e.g. Townson 1991) and has been studied for a century. 
Agronomic management for imperata eradication for the major crops, 
is known. The surest way is to flood the imperata colonized land; 
there is no imperata problem for instance in paddy rice. In inten
sive tree cash crop plantations (rubber tree and oil palm) imperata 
can be combatted with suitable leguminous cover crop (for more 
detailed analysis on imperata biology and management, see Annex 
Al). 

2.4 Plantation forestry with Acacia mangium 

During 1980s Acacia mangium Willd . has become an important 
plantation species in the humid tropics of Sou theast Asia (e.g. 
Weinland and Ahmad Zuhaidi Yahua 1989). Th i s is related with impe
rata colonization: of all the tested plantation tree species man
gium best suppresses imperata grass. In mangium husbandry there is 
no need of cover crop to eliminate imperata, mangium is _the cover 
crop itself . In carefully established and well managed plantations , 
mangium trees shade out imperata with its dense foliage. 

Following its introduction to Sabah (East Malaysia) from 
Queensland (Australia) in 1966 , mangium came first to prominence in 
the late 1970s. The first commercial plantations were undertaken by 
Sabah Forestry Development Authority ( SAFODA) at Ulu Kukut and 
other dryland and degraded sites in Sabah. Since then it has become 
an important reforestation species in other parts of Malaysia and 
Southeast Asia. By 1992 the total area of mangium plantations in 
Malaysia alone was about 100 , 000 hectares. The next largest planta
tion areas are in Indones i a where mangium was selected in the late 
i980s as the main plantation species for the Central Nurseries 
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e ·e l opment Project. In the early 1990s some 50 million mangium 
seedli ngs annually were planted in the program. Worldwide in 1992, 
-a g i um plantation area can be estimated at about 200,000 hectares. 

The success of mangium as plantation species is due to its 
.. igo rous early growth; its tolerance to acid, low nutrient soils 
and to its ability to compete and grow reasonably well where compe
ti t i on is severe, especially on imperata-colonized grasslands. 

In the early trial phase, mangium seemed to be relatively 
fr ee from diseases. Lately, however, it has been discovered to be 
s er i ously attacked by heart rot in some plantations : Heart rot has 
b ee n found particularly in the older (over 8 years old) stands. 
Th is is a serious threat in mangium forestry. 

The threat of heart rot has already changed the management 
opt ions. There appears little scope for growing mangium as saw. 
Ra t her the manage men t must aim at producing woody biomass for pulp 
milling. The heart rot problem can to some extent be diminished 
with better genetic material and proper management. It should, 
however, be remembered, that because mangium is a pioneer species, 
diseases and pests are likely to occur, this poses risks, and it 
should be taken into consideration in the management. 

In conclusion it can be stated that i) there is 25 years 
p lantation experience of mangium on degraded imperata lands in 
Southeast Asia, out of which 10 years is at large scale, ii) man
gium biology, ecology and silviculture are well known, iii) econom
i c expectations from mangium as a lumber crop, are not high; man
gium even may not be economic as a fiber crop either if it is not 
grown near a pulp mill, iv) heart rot in old mangium stands is 
foreseen to worsen unless tree improvement solves the problem. 

Mangium has the biological and silvicultural potential to 
become a major species in combatting imperata colonization. But due 
to its pioneer characteristics mangium should be looked upon end of 
the reclamation chain, rather than as a beginning. Mangium can act 
as the cover crop to suppress imperata and prepare land for more 
valuable uses. Whether one or more mangium rotations are needed to 
restore land, needs still to be investigated. 

2.5 Development of land tenure 

Four factors critical to successful reforestation are correct 
species (provenance, cultivar or clone), correct plantation estab
lishment system, satisfactory incentives (markets especially) and 
security of tenure. If anyone of these is absent , then reforesta
tion will fail. Often the weakest link is the land tenure. 

In most cases the legal ownership of degraded imperata lands 
i s wit h the State or Government. Usually the land degradation has 
p r oceeded under concessional land tenure of an original primary 
forest area. Established forest road networks in the secondary 
forests , shifting cultivation, encroachment and annual fires are 
the framework for imperata colonization. 

Large scale (in the range of ten thousand or hundred thousand 
hectares) private concession holders, with periods of 25-30 years, 
are common for instance in Kalimantan, Indonesia. As the end of the 
concession , there is an obligation to reforest the secondary forest 
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and the already developed imperata areas. Reforestation was not 
particularly successful until mangium forestry was developed. Now 
there are biological and silvicultural possibilities for reclama
tion of the old concession areas to mangium forests. In that case 
the land tenure of the established mangium land returns after the 
concession period to the Government, unless the concession is 
renewed for another 25-30 year period. 

The majority of imperata sites have been degraded out of 
forest by shifting cultivation, or by farm encroachment, and if 
that is the case there will be some concept of 'ownership' - even 
if the farmer has encroached upon government land or land under 
long term concessional land tenure, and it has long been unproduc
tive or at best marginally productive. 

Should reclamation of imperata grasslands via mangium cover 
crop for private, small-scale agriculture, be impl eme nted, this im
plies transfer of land tenure to private farmers. Security of land 
tenure requires land titling. In Indonesia this could perhaps take 
place in connection with the transmigration program. Often the 
problem of the encroachment could be solved simultaneously: either 
the farmer joins the transmigration program or his established farm 
is granted similar land tenure as with the transmigration farms. In 
other countries different, permanent land tenure structures have to 
be found. 

The transfer of the land tenure may take place either when 
the mangium cover crop is planted, or when the cover crop is har
vested and the soil plowed for the next crop. Mangium planting 
would be preferred if the cover crop is gradually changed into an 
agroforestry system. Both cases, however, should be studied. 

3. CORE PROBLEM, PROBLEM TREE AND THE PROJECT 

3 .1 Core problem and the problem tree 

The core problem in southeast Asian agriculture and forestry 
development is the conversion of land from its original state 
(dipterocarp forest) into imperata grassland (Fig. 1). The imperata 
colonization itself was usually a consequence of inadequate fallow
ing during shifting cultivation in the (dwindling) dipterocarp 
forest, which was a consequence of increasing population and non 
sustainable agriculture practices. Shortage of agricultural land 
also follows the population pressure. 
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Figure 1. Core problem in the southeast Asian agriculture and for
estry development. 

The core problem leads to two subproblems (Fig. 2). First, 
what can and should be done with land currently under imperata 
colonization (colonization is taking place essentially in these
condary forest)? The subproblem is studied in the Subproject 1; a 
baseline study about the possibilities to stop imperata coloniza
tion in the secondary forest phase. Two phenomena related to the 
continuing process of imperata colonization are shortened shifting 
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c l tivation and encroachment to forest, especially secondary forest 
lan d , both closely linked with fire. An obvious target would be to 
t ransform the present secondary forests, where imperata is a 
thr eat, back to dipterocarp -forest as quickly as possible (Fig. 
3} • 

Subproblem 

CORE PROBLEM: 

Colonization 
of degraded 
forest land 
by imperata 
grass 

subproblem 

Forest land under Forest land al-
threat of impe- ready colonized 
rata colonization by imperata 

SUBPROJECT 1 SUBPROJECTS 2-4 

I 

-
,-

Figure 2. Development of subproblems 1 and 2 from the core problem 
in the problem tree. 
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Figure 3. Developme nt of Subproject 1 from the first subproblem in 
the problem tree. 

The second subproblem has two sides . On one hand, we do not 
know accurately enough the area of imperata lands in Southeast 
Asia, or what is their quality and how they are situated. Possibly 
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... :-:,_ · s could be estimated using satellite-imagery based analyses. 
=~· sis included as Subproject 2. 

The other side relates to how to eliminate the imperata with 
cov er crops (possibly mangium). This will form Subproject 3 (Fig. 

SECOND SUBPROBLEM 

SUBPROJECT 2 

Forest land al
ready colonized 
by imperata 

Assessment of 
imperata areas: 
amount, quality, 
accessibility 

Satellite image
ry study 

SUBPROJECT 3 

Elimination of 
imperata with 
Acacia mangium 
cover crop 

Baseline study 

figure 4. Development of subprojects 2 and 3 from the second sub
problem in the problem tree. 
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The third subproblem deals with determination of methods re
qu ired in utilization reclaimed lands (Fig. 5). There are at least 
five possibilities. Reclamation can be aimed at replacing diptero
carps if suitable methods are found. The possibility of industrial 
t ree crops may continue with Acacia mangium, or change to Paraseri
anthes falcataria, Peronema canescens, swietenia macrophylla Gme
lina arborea or another more valuable and longer rotation species. 
Tree cash crops can be such as rubber tree, oil palm, coconut, co
coa or others. The husbandry of these is well known in Southeast 
Asia. Agroforestry system can include local fruits like durian 
(Durio zibethinus) , or it . can be alley cropping system in which 
annual crops are grown in with Acacia mangium. Finally, reclaimed 
land can be converted into annual cash crops like upland rice or 
maize. 

Successful elimination of 
imperata with Acacia mangium 

THIRD SUBPROBLEM 

Acacia mangium 
forests 

SUBPROJECT 4 

Rehabilitation 
of Acacia 
mangium lands 

Figures. Development of subproject 4 from the third subproblem in 
the problem tree. 
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The five land use alternatives, following successful imperata 
rehabilitation, are dealt with in the subproject 4 (Fig. 6.). At 
present these are essentially field laboratory trials, where the 
feasibility of various options can be tested in a demonstration 
scale. 

SUBPROJECT 4 

Rehabilitation 
of Acacia 
mangium lands 
for 

I 

Dipterocarps 

Industrial tree crops 

Tree cash crops 

Agro forestry 

Annual crops 

Figure 6. components of subproject 4 in the problem tree. 
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3 .2 Project idea and its history 

The central project idea, elimination of the imperata with a 
suitable tree cover crop was tested 50 years ago with Leucaena sp. 
in Java for soil conservation (Schuitemacher 1941). Later other 
Leucaena spp. were tested in the Philippines. Leucaena leucocephala 
was found suitable for the purpose (Benge and Cur~an 1976, Benge 
1981). The shading capacity of Leucaena, however, was not suffi
cient to combat imperata, nevertheless Leucaena has been planted on 
thousands of hectares in Southeast Asia. 

The idea of using mangium for elimination of imperata evolved 
during the introduction of it as plantation species in Sabah. The 
value of mangium as a cover crop to combat imperata was highlighted 
in the early 1980s (Mangium ... 1983). 

A decade later it was found that mangium may not yield quali
ty saw log timber because of the heart rot problem. In 1992 the 
heart rot problem has already lowered planting of mangium in the 
Malaysian peninsula. It is also possible that large scale planting 
of mangium for pulp fiber may saturate the Southeast Asian pulp 
fiber market and lower the international market price for short 
fiber. This in turn may render pulp oriented mangium forestry 
unprofitable. 

Use of mangium and other fast growing South Pacific acacias 
to rejuvenate imperata wastelands was later suggested by Noel 
Vietmeyer of the United States National Academy of Sciences, in 
early 1992. The idea was further evolved in the Asia Technical 
Department for Agriculture of the World Bank in the spring 1992. 
The proper idea was presented after a forestry seminar held in May 
13, 1992 in the World Bank headquarters, Washington. 

3 .3 Potential project areas 

3.3.1 Soils 

Potential project areas are vast, spread over perhaps 50 
million hectares of imperata grasslands in Southeast Asia. The 
whole imperata area can be divided into broad categories based on 
soil fertility and site accessibility. 

Imperata lands with deep soils are suitable for reclamation 
to high demanding crops (annual crops, tree crops}. Poorer shallow 
soils are suitable for reclamation to low demanding perennial crops 
(industrial tree crops and dipterocarps). 
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3 .3 .2 Accessibility 

Site accessibility can be measured in terms of slope condi
tions. The less accessible higher and steeper slopes are more suit
able to dipterocarps and industrial tree crops, whereas more acces
sible lower slopes and plain areas are more suitable to cash crops . 

4 . ENVIRONMENTAL SETTING 

4 .1 Increasing organic carbon stock 

The organic carbon stock, measured as tonnes of total carbon 
(above and below ground) per hectare (tC/ha) is a recently develop
ed environmental indicator for tropical agricultural and forestry 
activities. Diminishing organic carbon stock indicates emission of 
carbon as carbon dioxide from the ecosystem to the atmosphere. In
creased atmospheric carbon dioxide is thought to be a major cause 
of the so-called greenhouse effect. 

In a typical Malaysian mature primary forest the organic 
carbon stock is estimated at 400 tC/ha, comprising some 235 tC/ha 
above ground (stems and branches 205; leaves 5 , litter 25 tC/ha), 
and the rest below ground in the roots (100 tC/ha), and soil humus 
(65 tC/ha) . 

Degradation of the original dipterocarp forest into imperata 
grassland drastically diminishes the organic carbon stock . Imperata 
grassland has above ground only about 5 tC/ha, and in the roots 
about the same. Assuming that soil humus remains undisturbed in the 
imperata colonization, the original dipterocarp-based organic car
bon stock has diminished from 400 tC/ha to imperata-based stock of 
some 75 tC/ha. In reality the organic carbon stock drops still low
er, maybe to 50 tC/ha, because the regular fires eat annually part 
of the soil humus. 

Reclamation of imperata grasslands for other uses could in
crease the organic carbon stock at various levels. The first step, 
possibly mangium plantations, will raise the organic carbon stock 
4-fold, to 200 tC/ha . A developed agroforestry system may end up 
with the same organic carbon stock. Establishing a cash crop tree 
plantation, like rubber, can raise the carbon stock probably to 300 
tC/ha. Full restocking with dipterocarps will finally end up to the 
original 400 Tc/ha. On the other hand, converting mangium planta
tion to annual cash crops will keep the organic carbon stock at the 
same level as with imperata, or lower the stock further. 

The environment cost or benefit of carbon is calculated bet
ween 10 to 30 US$ per ton of emitted or sequestered carbon. Using 
a conservative value of 10 US$/tn, reclamation of imperata grass
land to mangium plantations will yield an environmental benefit of 
about 1500 US$/ha over a period of about seven to ten years. On the 
other, reclamation into a mature dipterocarp forest will sequester 
carbon from the atmosphere worth of 3500 US$/ha, though this would 
take about 50 years. These figures alone could make mangium forest
ry on imperata grasslands economically feasible. 
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Because of the vast areas involved, reclamation of imperata 
gra sslands to various types of tree cover has a direct consequence 

n the global carbon budget. The organic carbon stock will increase 
·ith all options except annual cash crops. In addition, elimination 

of annual imperata fires has also positive effect in the carbon 
balance. 

4.2 Maintaining species diversity 

The original dipterocarp forest does not consist only of num
bers of the large tree speci es which form the upper canopy, but 
also a much larger number of understory trees, shrubs and herbace
ous plants. These are found in association with a community of 
climbers and vascular and non-vascular epiphytes all of which are 
dependent on the interior conditions of the forest. Sample plots in 
Southeast Asian natural forests have revealed an astonishing diver
sity of plant species, many of which are rare. The local forest 
communities represent one of the largest reservoirs of natural gen
etic diversity in the world. 

Intricately associated with the natural vegetation is a rich 
and diversified fauna. Because forest vegetation covered almost all 
of the island of Borneo until recently, the characteristic fauna 
consists chiefly of forest-adapted animals many of which remain un
studied and scarcely known to science. 

It is today commonly accepted that the Southeast Asian natu
ral forests contain a virtually unique level of biological diversi
ty. From the viewpoint of genetic materials, the natural forests 
are an unreplenishable resource in danger of being lost. 

All attempts to reduce the danger of losing dipterocarp for
ests have a special environmental justification. Reclamation of 
imperata lands has facets: reducing ongoing degradation and recla
mation of part of imperata lands to dipterocarps. The shift from 
imperata to dipterocarps may be a gradual one, . first to Acacia 
mangium, then to Paraserianthes falcataria and finally to diptero
carps. Anyhow, the species diversity will increase, and in the ul
timate target, dipterocarp forest, the species diversity may ap
proach the original state before the land degradation. 

5. OBJECTIVES AND INDICATORS 

5 .1 Development objective and development indicators 

The overall, long-term development objective of the project, 
derived from the problem analysis is 
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It is postulated that the current domination of Southeast 
Asian imperata lands cannot be referred to as environmental ly and 
economically sustained land use. Rehabilitation of imperata lands 
will lead into an environmentally and economically more preferable 
use. 

The indicator for achievement of the development objective is 
the reduction in the extent of the imperata lands in Southeast 
Asia. The reduction can be assessed using satellite imagery meth
ods, regular images over the project areas, over a period of years. 

It is of utmost importance from the monitoring point of view 
for the project, and especially to assess the long term impact of 
the project, to determine the baseline data as soon as possible. 
Only reliable reference data can establish a time series, trends 
over project duration and anticipated changes in the extent of the 
imperata grasslands. 

The long-term development objective will not be reached dur
ing the first phase of the project, as only the monitoring system 
can be established. The final evaluation of achieving the develop
ment objective can be (with reasonable accuracy) done after, say, 
about 10 years from the start of the project. 

5.2 Immediate objectives and achievement indicators 

5 .2.1 Forest land under process of imperata colonization 

The subproject 1 has the following two immediate objectives: 

i) Updated baseline study on the magnitude of the current impe
rata colonization process in Southeast Asia, 

ii) Socio-economic baseline study on the processes of primary and 
secondary forest loss, population pressure, shifting cultiva
tion, encroachment, agricultural productivity and land ten
ure. 

Their achievement indicators are measured with baseline 
research documents. 
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5 . 2 . 2 Assessment of imperata areas 

Th ere are two immediate objectives : 

1) Satellite imagery based assessment of imperata areas in 
Southeast Asia and the rate of change in the area 

2) Land use assessment of imperata areas in Southeast Asia, 
based on their accessibility, for three main uses a) 
sloppy sites and shallow soils for dipterocarps or 
industrial tree crops, b) level sites and deep soils for 
ag ro f orestry and cash crops, c) imperata areas for 
conservation . 

Their achievement indicators are measured with prepared and 
analyzed satellite images, finalized map of current imperata areas 
in Southeast asia and with study document about the changes. 

5.2.3 Mangium forestry in Southeast Asia 

There are two immediate objectives: 

1) Assessment (state of the art study) on areas and success 
of mangium plantation forestry on imperata lands in 
Southeast Asia 

2) Demonstration of cheap establishment of mangium 

The achievement indicators are a study document (1) and com
pleted demonstration site (at least 1) of imperata reclamation. 

5.2.4 Rehabilitation of Acacia mangium lands 

There are five immediate objectives, all based on the field 
laboratory concept: 

1) Demonstration of rehabilitating imperata land into 
dipterocarps 

2) Demonstration of reclamation of imperata land into 
industrial tree crops of either short or longer rota
tions. 
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3) Demonstration of reclamation of imperata land into tree 
cash crops 

4) Demonstration of reclamation of imperata land into 
agroforestry system 

5) Demonstration of reclamation of imperata land into 
annual crops 

The achievement indicators are the completed demonstration 
sites, altogether 11 in Indonesia and Malaysia. 

6. JUSTIFICATION 

The project is justified in terms of environment and rural 
development. Reclamation of degraded, imperata colonized lands to 
dipterocarps increases the tropical rain forest resource. Reclama
tion to any tree crops, replacing imperata, increases the organic 
carbon stock and is favorable in terms of greenhouse effect. 

Justification for rural development includes increment in new 
accessible areas for arable crops and tree cash crops (for previous 
shifting cultivators) . There is an additional link between shifting 
cul ti vat ion and environment: reclamation of imper a ta reduces or 
eliminates the pressure of encroachment to and shifting cultivation 
in the tropical rainforest. 

7 . TARGET GROUPS AND INSTITUTIONAL FRAMEWORK 

7 .1 Target groups 

Target grouping is a complex net of people and organizations 
linked with the reduced cultivation shift, land availability, en
croachment to natural forests, fire, imperata, mangium, diptero
carps and the end uses of reclamation. The ultimate target group is 
the shifting cultivator, by providing alternative, suitable land 
for cropping. These shifting cultivators are responsible for colo
nization to form imperata grassland. 

Providing opportunities for shifting cultivators to settle on 
reclaimed imperata land class may reduce encroachment into the pri
mary and secondary forest, which in turn will be saved and convert
ed to dipterocarps. Importance of target grouping must also be re
garded in the light of accrued benefits: what is the shifting cul
tivator going to benefit of dipterocarps, Peronema or Paraserianth
es forests - nothing. Shifting cultivator benefits only of arable 
crops, both agroforestry and annual cash crop systems. 

The peasant farmer, encroaching to the forest belongs to the 
same category as the shifting cultivator. Intermediate target 
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gro u p s are the Southeast Asian departments for land use planning, 
~gr iculture and Forestry. The immediate target groups are the local 

st i tutes in which the project activities take place . 

7 .2 Institutional framework 

Project administration will have to be located in a regional 
center for agricultural and forestry research and development in 
southeast Asia. An obvious possibility is the new International 
Forest Research Organization, CIFOR, the headquarters location of 
which will be de c i d ed shortly at ICRAF. Based on the importance and 
magnitude of the imperata problem, an apparent location for the 
project headquarters and many field activities, would be Indonesia. 

The possible regional institute sites in Southeast Asia are 
Royal Forestry Department in Bangkok Thailand, Forest Research Ins
titute of Malaysia in Kuala Lumpur, Bogor in Indonesia, and los 
Banos in the Philippines. 

The field laboratory activities should be carried out at 
least in Indonesia (Kalimantan, partly Sumatera) and Malaysia 
(Sabah, partly the Peninsula). As the work develops other field 
laboratory demonstrations, they should be established in the Phil
ippines, possibly in Thailand, Laos, Kambodea, Vietnam and Papua 
New Guinea. The areal imperata assessment should cover the whole 
geographical area selected for the imper a ta study ( see chapter 
2 .1) . 

8. SUBPROJECTS, PROJECT COMPONENTS, OUTPUTS AND OUTPUT 
SPECIFICATIONS 

The project has four subprojects, each of them a number of 
components related to the immediate objectives, as well as various 
outputs and output specifications (Figs. 7-10). 

The output of the Subproject 1 "Baseline study on the problem 
of forest land under process of imperata colonization" is to deter
mine how much agricultural land is under pressure from imperata 
colonization. 

The output of the Subproject 2 "Assessment of imperata areas 
in Southeast Asia and nearby Pacific islands" is to present a map 
of colonized areas. 

The output of the Subproject 3 "Baseline study on the state 
of the art in mangium forestry in Southeast Asia" is an outline of 
various ways to eradicate imperata and prepare sites for rehabili
tation to other crops. Various approaches for mangium are needed
but for comparison also other shade crops and even herbicides. 

The output of the Subproject 4 "Rehabilitation of Acacia 
mang1.um lands" is to establish trials of various rehabilitation 
targets in areas already eradicated of imperata . 
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components outputs Specifications 

Imperata co- Baseline t--- study document (up-
lonization studies dating review} on the 
assessment - magnitude of the co-

lonization process in 
Southeast Asia. 

Socioeconomic baseline 
study on the processes 
of primary and second-
ary forest dwindling, 

- population pressure, 
shifting cultivation, 
encroachment, agricult-
ural productivity and 
land tenure. 

Technical Expertise Forest economics or 
assistance and cons- agroeconomics 

ultancies specialist, 2 months 

~ Rural socio-economics 
specialist, 4 months 

Figure 7. Subproject 1. Baseline study on the problem forest land 
under process of imperata colonization. 



Components 

Imperata 
area 
assessment 

Technical 
assistance 

outputs 

Satellite 
imagery 
mapping 

Trend 
- analysis 

study 

Expertise 
and cons-
ultancies 

Specifications 

Sampled set of 
SPOT or LANDSAT 
satellite images 

Map of current 
imperata areas 

- in Southeast Asia 
and nearby Paci
fic islands 

~ 

study document on 
changes in the 
imperata colonized 
areas with prog
noses for the 
future 

Remote sensing 
adviser 24 months 

Ecologist, 4 months 
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Figure 8. subproject 2. Assessment of imperata areas in southeast 
Asia and nearby Pacific islands. 
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Components outputs Specifications 

1angium Baseline Study document on 
f orestry study the state of the art 
a ssessment in mangium forestry 

in Southeast Asia 

- Demons tr at- - Field laboratories (2) 
ion of man- in Kalimantan and 
gium estab- Sabah 
lishment 

Technical Expertise Silviculturist 
assistance and cons- 4 months 

ultancies 

Figure 9. Subproject 3. Baseline study on the state of the art in 
mangium forestry in Southeast Asia. 
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components outputs Specifications 

Rehabilitate Demonstration - Field laboratories (3) 
for sites in Kalimantan (2) and 
dipterocarps Sabah (1) 

Rehabilitate Demonstration - Field laboratories (2) 
for industrial sites in Kalimantan and 
tree crops Sabah 

Rehabilitate Demonstration .___ Field laboratories (2) 
for tree sites in Indonesia and 
cash crops Malaysia 

Rehabilitate Demonstration .___ Field laboratories (2) 
for agro- sites in Indonesia and 
forestry Malaysia 

Rehabilitate Demonstration .___ Field laboratories (2) 
for arable sites in Indonesia and 
annual crops Malaysia 

Technical Expertise Chief Technical 
assistance and cons- Adviser 40 months 

ultancies 

,__ Agroeconomist 
Adviser 36 months 

Unspecified 
- consultancies 

12 months 

Figure 10. Subproject 4. Rehabilitation of Acacia mangium lands. 
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9. PROJECT STRATEGY 

The project is a regional project in southeast Asia. The 
first phase, 1993-1996 is a preliminary one, with emphasis in Re
search and Development. Baseline studies and assessments of im
perata colonization, reclamation and related mangium forestry are 
carried out to establish firm ground for the subsequent phases of 
reclamation of the imperata sites. , 

Based on current knowledge and state of the art in mangium 
forestry on imperata colonized lands, field laboratory demonstra
tion sites will be established on areas where mangium forestry has 
been practiced at practical scale over at least five years. Such 
sites are found in Kalimantan, Indonesia and in Sab ah, Malaysia. 
Reclamation to dipterocarps is demonstrated in East Kalimantan, 
where advances have been made in the connection of Mycorrhizae and 
dipterocarp forest establishment on open imperata sites. 

The project headquarters for the first phase must be located 
in an international institute, like CIFOR or ICRAF. The location of 
further phases must be decided accordingly, based on the results in 
the preliminary phase. 

10. ACTIVITIES 

10.1 Forest land under process of imperata colonization 

Collect and analyze existing information · 

Based on literature (international data bases, TFAP-sources 
and projects documentation) and existing, documented satellite 
imagery, collect information about the magnitude of current rate of · 
land degradation and imper a ta colonization. Analyze results and 
present synthesis in a study document. This will be done as a 
consultant work and will take two months. The document should 
locate areas under most severe pressure. 

Prepare socio-economic study 

Collect information about population statistics, rates of 
agricultural area increase, forest area decrease, shifting cultiva
tion, encroachment and land tenure issues from areas under pressure 
of imper a ta colonization in Southeast Asia. Analyze results and 
present synthesis in a socio-economic document featuring all as
pects including security of land tenure and what it requires for a 
successful imperata elimination with a Acacia mangium cover crop. 
The socio-economic study will be done as a consultant work, and it 
will take 4 months. 
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10.2 Assessment of imperata areas 

Collect and analyze existing information 

The existing literature and other sources related to existing 
imper a ta areas in Southeast Asia should be collected. Satellite 
imagery interpretations is needed to locate and map all areas. Lake 
Riam Kanan imperata site, which has earlier been analyzed from a 
SPOT-imagery, should be visited and reference ground truth areas 
selected and measured. The existing imperata information will then 
be analyzed in order to select a sampling method for the whole 
Southeast Asian impera t a lands. Select the satellite imagery to be 
used in the assessment (e ither Landsat TM or SPOT). 

Procurement of satellite imagery and aerial photos 

Multispectral Landsat TM data or SPOT data will be used as 
the basic source of information. The original digital data (magnet
ic tapes) will have to be procured. The whole imperata study area 
in Southeast Asia can be analyzed based on a systematic sampling of 
20 - 30 satellite images. The detailed, sampled satellite informa
tion will then be compared with commonly available weather satel
lite information. The final imperata areas are estimated based on 
both Landsat TM or SPOT imageries, and weather satellite imageries. 

All processing is with micro computer (PC) based installa
tions on site (Southeast Asia). Provision will have to be made for 
a budget (25,000 US$) to supply with special equipment or update 
the basic installation, if necessary. 

Locally available aerial photographs (for instance from 
Bakosurtanal in Indonesia) can be used to compare and calibrate the 
results of imperata areas. 

Analyze satellite images and aerial photos 

The Landsat satellite information should be developed into 
images of 80 x 80 km in the ground in the Remote Sensing Laborato 
ry . Information of both satellite images and aerial photos are 
developed into vegetation zone and block maps. Large-scale weather 
satellite images will have to be used to finalize the imperata zone 
maps . The imperata colonized areas are determined for each region 
and country . 

Investigate ground truth areas 

Representative sampling for ground truth areas is needed for 
each vegetation zone and compartment demarcated in the satellite 
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2.::. a er i al photo maps . Full sampling for quantity of imper a ta 
a~ea s , p rimary forest areas, secondary forest areas and plantations 
~s needed in each of the ground truth areas. Sui table sampling 
ar e a s will have to be demarcated for permanent sample plots, fenced 
or otherwise protected. 

Pr epare maps 

Mapping of the current imper a ta areas is finalized on the 
site (in southeast Asia). 

Analyze trends 

From a part of the satellite images, retrospective images 
from previous years will be analyzed to form a time series of 
changes in the imperata areas. Prognoses are made for each country 
in Southeast Asia, for prediction of the apparent changes in the 
land use patterns. These data will also be used to determine and 
locate areas for reclamation of imperata areas . 

10.3 Mangium forestry in Southeast Asia 

Collect and analyze existing information 

Based on literature (international data bases, TFAP-sources 
and projects documentation) . collect state-of-the-art information 
concerning all aspects of mangium forestry, its advances and prob
lems to 1993. Based on documented sources and field visits, prepare 
an estimate of mangiu m areas, especially on imperata lands, in 
Indonesia (Timber estates program, private plantations, research 
plantations), Malaysia (Sabah , Sarawak and the Peninsula), the 
Philippines and Thailand, and in the other Southeast Asian coun
tries. Analyze results and present synthesis in a study document. 
This will be done as a consultant work and will take four months. 

Establish a field laboratory demonstration 

Study the cheapest possible ways to establish a sufficient 
cover crop of mangium, for instance prescribed burning of imperata , 
broadcasting of pretreated seed in abundance (also from the air) , 
let the stand grow dense , protect from fire, aim at reclamation of 
mangium for the second crop soon . Or test other ways such as pro
duction of cheap seedlings, plant dense (even 1 x 1 meters), plant 
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ossibly mechanically, no weeding, shorten rotation, convert soon 
_nt o Paraserianthes falcataria, Peronema canescens or dipterocarps . 

Based on the state-of-the-art study, arrange a demonstration 
ab out cheapest possible , but silviculturally successful plantation 
establishment methods with mangium. The field laboratory site can 
b e in Kalimantan or in Sabah. This section should also include 
ot her crops and possibly herbicides. 

10.4 Rehabilitation of Acacia mangium lands 

Collect and analyze exis ti ng information 

Collect state-of-the-art information about various reclama
tion alternatives for all land use alternatives, e.g. rehabilitate 
for either dipterocarps, industrial tree crops, tree cash crops, 
agrof ores try or arable annual crops. Possible sources are the 
several research and development organizations under departments of 
agriculture and forestry in various Southeast Asian countries. 
Other sources are the regional, international research organiza
tions. Analyze information and design field demonstration models 
for various reclamation alternatives . 

Establish a field laboratory demonstration 

Field laboratory demonstrations will be established on se
lected sites in Indonesia and Malaysia. Mangium plantations at 
least 5 years old at each site should be available . Possible field 
laboratory sites are in Sumatera and Kalimantan (Indonesia), also 
in Sabah, Sarawak and Peninsula Malaysia . Based on the state-of
the-art study, field laboratory demonstration will be arranged to 
evaluate alternatives . Results and experiences will be analyzed 
annually. 

For reclamation to dipterocarps possible project areas can be 
found in Rantau, Riam Kiwa, Riam Kanan , Kintap (in South Kaliman
tan), in the TROPENBOS project area of East Kalimantan , in Suban
jeriji in Sumatera, in Sabah (SAFODA areas), in the Peninsula of 
Malaysia (FRIM areas), in the Philippines and Thailand. In estab 
lishing dipterocarps possibilities for using clonal stock will be 
of primary importance . Each demonstration forest should be at least 
5 ha in size. 

For reclamation to tree cash crops, demonstration sites of 
rubber trees and oil palm in previous mangium plantations will be 
established. Mangium is cleared (except for cover) and full culti
vation applied before the tree cash crops are planted. Need of fur
ther cover crops for rubber or other suitable cultural methods to 
prevent recolonization of imperata , will be analyzed. 

For reclamation to agroforestry model schemes in connection 
with existing mangium plantations will be established. Working 
examples are found in Sarawak (Malaysia), in the Philippines and in 
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Thailand. Other tree species may be introduced with the agriculture 
crops. 

For reclamation to arable annual crops, model sites by clear
ing of mangium, complete cultivation, and upland rice, maize, cas
sava and other crops will be established. 

The field laboratory part is the most important activity of 
the project . The Chief Technical Adviser (Team Leader) has direct 
responsibility on this activity. As an assistant , he has an agro
economist. 

10.5 Summary of activities and their timing 

Timing of the main activities is presented in Figure 11. The 
project will run from September 1993 to end of 1996. 

11. INPUTS 

The budget for the project is 4,788,850 US$. The detailed 
budget is shown in Table 4. Some of the inputs are specific to the 
corresponding subprojects while the others are common to all sub
projects. Such common inputs have been collected under a technical 
component called Institutional support. The institutional support 
includes also provision for research fund. 



37 

Activity Year 1993 1994 1995 1996 

Quarter 3 4 1 2 3 4 1 2 3 4 1 2 3 4 

Establish project 
organization xxxx 

Subproject 1 xxxxx 

Subproject 2: xxxxxxxxxxxxxxxxxxxxxxxx 

Procure satellite ima-
gery, aerial photos xxxxxxxxx 

- Analyze satellite ima-
gery, aerial photos xxxxxxxxxxxx 

- Investigate ground 
truth areas xxxxxxx 

- Prepare maps xxxxxxxx 

- Prepare reports xxxxxx 

Subproject 3 xxxx 

Subproject 4: xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

- Collect information xxxxx 

- Establish field 
laboratories xxxxxxxxxxxxxxxxxxxxxxx 

- Analyze results xxxxxxxxxxxxx 

- Report 

Expatriate staff: 
CTA 
Agroeconomist 
Remote sensing adviser 
Ecologist 
Forest economist 
Socio-economist 
Silviculturist 

X X xxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxx 
xx 
X 

xx 
xx 

Activity 
Quarter 3 4 

Year 1993 
1 2 3 
1994 

4 1 2 3 
1995 

4 1 2 3 
1996 

4 

Figure 11. Timing of main activities in the project. 



Table 4. Project budget 

Cost item 

EXPERTISE 

Chief technical adviser 
Agroeconomist 
Unspecified 
Flights 
Other travel costs 
Freights 
Other costs 

EXPERTISE TOTAL 

No of 
units 

40 
36 
12 
24 

150 
6 

20 

SUBPROJECT 1: imperata colonization 

Socio economist 4 
2 
8 

Forest economist 
Flights 
Other travel costs 

xxx Consultants total 
xxx Local personnel costs 
xxx Consumption & equip. costs 
xxx Other recurrent costs 

SUBPROJECT 1 TOTAL 

SUBPROJECT 2: imperata areas 

Remote sensing adviser 
Ecologist 
Flights 
Other travel costs 
Freights 
Other costs 

xxx Consultants total 
xxx Local personnel costs 
xxx Consumption & equip. costs 
xxx Other recurrent costs 

SUBPROJECT 2 TOTAL 

72 

24 
4 

10 
60 

4 
5 

Unit 
price 

US$ 

12500 
10000 
11000 

5000 
1000 
5000 
2500 

11000 
11000 

5000 
1000 

10000 
10000 

5000 
1000 
5000 
2500 

Total 
93-96 

US$ 

500000 
360000 
132000 
1200 00 
150000 

30000 
50000 

1342000 

44000 
22000 
40000 
72000 

178000 
25000 
20000 
10000 

233000 

240000 
40000 
50000 
60000 
20000 
12500 

422500 
50000 

400000 
50000 

922500 
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able 4, continued, Project budget 

Cost item 

SUBPROJECT 3: mangium forestry 

Silviculturist 
Flights 
Other travel costs 

xxx Consultants total 
xxx Local personnel costs 
xxx Consumption & equip. costs 
xxx other recurrent costs 

SUBPROJECT 3 TOTAL 

No of 
units 

4 
2 

12 

SUBPROJECT 4: rehabilitation of mangium 

Local personnel costs 
Consumption & equip. costs 
Other recurrent costs 

SUBPROJECT 4 TOTAL 

COMPONENT: institutional support 

Project vehicles 
Tractors 
4 x 4 Trucks (5 ton) 
4 x 4 Cars 
Sedan cars 
Motorbikes 
Spare part sets 
Other investment equipment 

xxx Investment total 
xxx Consumption eq. costs 
xxx Recurrent costs 
xxx Research funds 

COMPONENT TOTAL 

Supervision costs 

SUBTOTAL 

Contingencies 10 % 

GRAND TOTAL 

4 
2 

12 
2 
6 

Unit 
price 

US$ 

11000 
5000 
1000 

50000 
80000 
25000 
20000 

5000 

Total 
93-96 

US$ 

44000 
10000 
12000 
66000 
20000 
10000 
10000 

106000 

50000 
100000 

20000 

170000 

200000 
160000 
300000 

40000 
30000 
50000 

100000 
880000 

50000 
150000 
250000 

1330000 

250000 

4353500 

435350 

4788850 
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12. RISKS AND ASSUMPTIONS 

12.1 Project risks 

The long term project risks relate to the land tenure. In the 
light of population pressure and need of new agricultural lands, 
reclamation of imperata grasslands to agricultural crops may become 
the most urgent and important option for reclamation. This would 
require areas of millions of hectares to be transferred from the 
current tenurial state with government or with concession holders, 
t o private farmers. This may face administrative difficulti e s in 
every country. It must also be remembered that the area to be pro
posed for reclamation to agricultural crop, may be under well 
established mangium forest. There will be the problem of convincing 
forestry authorities that the well managed mangium forests are in 
a better land use, if they are cleared, cultivated and cropped for 
upland rice or maize. 

In the short term (4-year project period} it may be difficult 
to find enough good field laboratory sites. Again, the best estab
lished mangium plantations would be the best to test the various 
concepts of reclamation. Are the mangium plantation managers in In
donesia, Malaysia and elsewhere willing to give up enough of their 
lands from the oldest plantings? This may be an administrative obs
tacle to have the field laboratories established in time and to get 
the comparative analyses for various options done within the first 
phase of the project. 

In the satellite imagery analyses there is a risk that not 
enough clear (uncloudy weather} images for the Southeast Asian geo
graphical area are found. This may hamper establishment of time 
series development of imperata colonization. The hardware for micro 
computer based installations needed for satellite imagery analyses 
is well known in Southeast Asia, and should be available without 
risks. 

12.2 Assumptions 

It is assumed that the project headquarters will be located 
in a regional, Southeast Asian research-oriented institute. Obvious 
institutions for the project are CIFOR and ICRAF. Consequently, it 
is assumed that the headquarters site for CI FOR will be decided 
soon, that the project can be initiated without infrastructural 
difficulties. 

It is also assumed that smooth cooperation will be estab
lished between the project headquarters and the field laboratory 
countries, with their respective departments of agriculture and 
forestry. Further cooperation is needed with the various mangium
and dipterocarp-oriented development projects in the imperata areas 
of Southeast Asia. 
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. REPORTING AND EVALUATION 

. 1 Regular reporting 

During the first three months the Chief Technical Advisor 
- ill prepare a work plan, in which the detailed wo~k program for 

h e first year will be stipulated. Thereafter the following regular 
r eporting is anticipated: 

Quarterly progress repor t s (odd quarters) 
Bi-annual progress repor t s (odd 6 months periods) 
Annual progress reports 

13.2 Evaluation 

The project will be evaluated twice. The mid-term evaluation 
takes place at 18 months after the project initiation. During the 
mid-term evaluation recommendations will also be prepared for a 
possible second phase of the project. At the same time the neces
sary budget revisions are prepared and proposed. If necessary, 
project document revision is also prepared and proposed. 

If a second phase is deemed unnecessary, the project is 
evaluated for the second time after its completion, within one year 
from official ending date. The final evaluation in this case has 
stronger emphasis on notified and anticipated long-term impacts of 
the project. 

Should the mid-term evaluation propose a second phase of the 
project, and the proposal has been forwarded by competent authori
ties, another evaluation combined with project document, Phase II 
preparation, is done 6 months prior to the end of the project. 
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Annex A. Imperata cylindrica 

1 . Introduction 

Imperata cylindrica (L.) Rauschel is a rhizomatous perennial 
grass, a noxious and troublesome weed, which is known to farmers, 
plantation managers and foresters everywhere in the humid tropics. 
It is particularly abundant in Southeast Asia due to land clearing 
with fire and locally overfarming. Increasing imperata areas indi
cate continued shifting cultivation with shortening fallows, of 
soil impoverishment, of regular dry season fires and of continuing 
- :c imation of tropical forests. Along with diminishing primary fo r 
ests, imperata is becoming more extensive due to land degradation 
and its harmful impacts in the rural life of Southeast Asia. 

Imperata has for long been known as a nuisance weed in agri
culture. It suppresses the growth of both annual and perennial 
crops. The growth of coconut palms and rubber trees, for instance 
were reported in 1930s to be adversely affected, where growth of 
imperata is unchecked (Jagoe 1936, RRIM 1938). The seriousness of 
imperata colonization, however, was not fully realized in the years 
before the Second World War, but during the war most of the rubber 
and oil palm plantations in Indonesia were abandoned or badly man
aged (Soedersan 1976) and there were significant production losses. 
Without constant combat imperata could spread over vast areas as a 
result. Holm (1969) reported imperata to be one of the world's ten 
worst weeds. · 

Imperata is considered a troublesome weed in forestry (Ish
emat Soerianegara 1976). Tree planting into the thick grass mat is 
physically difficult and imperata quickly tends to overgrow and 
suppress tree seedlings. Extensive imperata grasslands invite 
fires, which both hamper the growth of plantation forests and 
spread every year into the natural forests. Natural or managed suc
cession of tree vegetation to control imperata is retarded or im
possible due to the efficiency of the weed. Regular fires consider
ably hamper any such succession. 

The largest imperata lands are found in the interior of the 
island of Borneo. Accurate area estimates either for Borneo, or the 
whole Southeast Asia , are not available. A frequently cited figure 
for Indonesia is 15 million hectares (in 1970 ) with an annual in
crease of 150,000 ha (Soerjani 1970). Suryatna and McIntosh (1976), 
on the other hand, estimated already in 1976, that the area of 
i mperata colonized lands in Indonesia can be as high as 64.5 mil
l i on hectares. 

In the other Southeast Asian countries imperata areas are 
a l so un k nown. In the Philippines, for instance, the amount of impe
ra ta g rasslands is estimated to cover at least 5 million hectares 
(Dela Cr u z 1976). 

Grainger (1988) estimated in his comprehensive survey on de
grade d t ropical lands, that imperata colonized area in the humid 
tro p ics is about 40 million hectares. Skerman and Riveros (1990) , 
on t he ot h er hand , in their fundamental survey of tropical grasses 
est imate d t h at the total acreage of imperata grasslands in the 
tropics , nat u ral grasslands included, is 200 million hectares . 

As t he true area of imperata grasslands is not known to a 
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reasonable degree of accuracy, the land degradation and imperata 
colonization has apparently been taking place at an accelerating 
pace. Considerable areas of forest lands are degrading to grass
lands, away from their original state and largely away from any 
other use of man. 

A typical degraded forest land, colonized by imperata is 
shown in the satellite imagery (SPOT) in the Appendix. Old diptero
carp lands have been degraded aroun~ the Lake Riam Kanan in South 
Kalimantan, Indonesia. The lake itself is about 20 km, measured 
from the most remote ends. Remaining natural forests follow moun
tain ridge tops reaching from Northeast to Southwest. 

2. lmperata cylindrica in the Plant Kingdom 

2.1 Taxonomy 

Taxonomical studies on imperata were carried out in the 1800s 
and the early literature has been reviewed by Hubbard et al. (1944) 
and by Eussen (1976); then later by Skerman and Riveros (1990), and 
Townson (1991). 

In the Division Spermatophyta (seed plants), Imperata cylind
rica belongs to the Subdivision Angiospermae, in its Class Mono
cotylodonae, in its Order Glumiflorae, in its Family Graminae, in 
its Subfamily Poaceae, in its Tribe Andropogonae. 

In the sorghum tribe, Andropogonae, the genus Imperata is one 
among the 22 genera (Skerman and Riveros 1990) (Table 1). It is 
worth noticing that the high yielding cereals of maize and durra, 
sugar cane and for instance the vigorous grass Vetiveria sp. used 
in erosion control in Southeast Asia, belong to the same tribe as 
Imperata cylindrica. 

Table 1. Imperata sp. and other genera in the sorghum 
tribe, Andropogonae (Skerman and Riveros 1990). 

Andropogon 
Bothriochloa 
Chrysopogon 
Coix 
Cymbopogon 
Dichanthium 
Hemarthria 
Hyparrhenia 
Heteropogon 
Hyparrhenia 
Hyperthelia 
Imperata 

Ischaemum 
Iseilema 
Lasiurus 
Saccharum 
Sehima 
Sorghum 
Themeda 
Trachypogon 
Tripsacum 
Vetiveria 
Vossia 
Zea 
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The genus Imperata is divided in two sections: Imperata and 
Eriopogon. The name species, Imperata cylindrica is the only spe
cies in the section Imperata and has further been divided into 5 
varieties (Table 2). The distribution of Imperata cylindrica is all 
over the tropical and warm temperate regions of the world, with the 
main occurrence in Southeast Asia, Australia and India, but also in 
the eastern and southern Africa. There are seven additional Impe
rata species in the section Eriopogon (Table 3). 

Table 2. The varieties of Imperata cylindrica and their 
occurrence (Eussen 1976, Skerman and Riveros 1990). 

Variety 

Var. major 

Var. africana 

Var. europaea 

Var. condensata 

Var. latifolia 

Occurrence 

Asia, Australia, East 
Tropical Africa, India 

Africa, Madagascar, 
Philippines, Viet Nam, 
Sri Lanka, Laos, Fiji 

Mediterranean, Central 
Asia, Central Sahara 

central region of Chile 

India, Tibet 
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Table 3. Nearest relatives to Imperata cylindrica and their dis
tribution, all belonging to the section Eriopogon (Eussen 
1976). 

Species 

Imperata conferta 

Imperata brasiliensis 

Imperata brevifolia 

Imperata minutiflora 

Imperata tenuis 

Imperata cheesemani 

Imperata contracta 

2.2 Common names and synonyms 

Distribution 

Malaysian Peninsula, 
Indonesia, Philippines, 
Taiwan 

Florida, Mexico, Central 
America, Argentina 

North America, Mexico 

Peru, Bolivia, Argentina 

Brazil, Paraguay, Bolivia, 
Peru 

Kermadee islands 

Mexico, Central America, 
Brazil, Chile 

Imperata cylindrica is commonly known, also in the inter
national literature, as alang-alang (Indonesia) or lalang (Malay
sia). They both refer to the Variety major. Various other local 
names are listed in Table 4. 



Table 4. Local names for Imperata cyiindrica. 

for Imperata cylindrica Var. major 

alang-alang 
lalang 
kunai 
blady grass 
spear grass 
co t ton wool grass 

Indonesia 
Malaysia 
Papua New Guinea 
Australia 
Nigeria 
Nigeria 

for Imperata cylindrica Var. africana 

cogon 
contranh 
illuk 
yakha 
sbauv 
g1 
sword grass 

Philippines 
Vietnam 
Sri Lanka 
Laos 
Kambodea 
Fiji 
Zaire 
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In Bangladesh the name sungrass has sometimes been used for 
Imperata cylindrica. The most common synonym for Imperata cylin
drica is Imperata arundinacea. 

3. Description 

Imperata cylindrica is a perennial grass up to 120 cm high 
with narrow, rigid leaf-blades. Its lower leaf-sheaths are bearded 
at the mouth, upper leaf-sheaths are usually glabrous; blades are 
glabrous or hairy on the lower part, up to 100 cm long, often less, 
usually 3-10 mm wide, expanded; panicle is 5-10 cm long; spikelets 
are surrounded by hairs 10-15 mm long. The glumes are membraneous, 
3-7 nerved; the anthers are 2-3 mm long (Fig. 1). 

The above ground part of Imperata cylindrica is formed by 10-
200 cm long culms, which are 1-4 noded and up to 8 mm in diameter. 
The leaves consist of smooth overlapping leaf sheets, a short 
ligule a n d blades which vary from short up to 150 cm in length, and 
4-18 mm in width. The leaves are stiff and rigid. The upper blades 
are smaller than the lower ones. The leaves have scabrid margins. 
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The culms arise from tough branched, extensively creeping, 
scaly rhizomes , which are 2. 0-4. 5 mm in diameter and which may 
reach 15-40 cm or even 1 min depth. Half of the rhizome mass, 
h owever, occur in the first 20 cm. The internodes are 1.5-3.0 cm 
l ong, becoming shorter at the apical ends, or where the rhizome 
reaches the soil surface and forms a shoot . The shoots occur every 
25-50 cm . 

The nodes may contain dormant buds. Usually at places where 
shoot formation occurs, secondary rhizomes develop from these buds. 
These rhizomes may stay short and form shoots constituting a tuft 
of shoots around the main shoot, or they may extend to 25-50 cm 
where they bend upwards to form a new main shoot. 

The panicles are 2.5-22 cm long, 0.6~2.5 cm wide; the spike
lets are 3-4 mm long; the glumes are membraneous, 3-7 nerved; the 
anthers are 2-3 mm long. 

The two most common imperata varieties are recognized by 
their culm nodes and spikelets. In Imperata cylindrica Var. afri
cana the culm nodes are usually glabrous and the spikelets 5 mm 
long, while in Var. major the culm nodes are bearded and the spike
lets only to 3.5 mm long . 

4. Botany and ecology 

4 .1 Autecology 

Imperata spreads quickly by its feathery wind-blown seeds and 
by fast growing rhizomes. Flowering can occur throughout the year, 
but it is induced by stress conditions such as fire , cutting and 
drought. Flowering is profuse but low number of seed set is common. 

Seeds are dispersed by wind, water, animals and man . The 
seeds have no dormancy. They can retain viability for more than 16 
months in the open air. Seed germination in an open place is easily 
over 80 per cent, germination is stimulated by light; an antagonism 
to red and far red wavelengths has been found. 

Seedling development of imperata is slow. Even under favor
able environmental circumstances it takes a minimum of four weeks 
for rhizome buds to appear. The first fully formed sympodial branch 
terminating in a tiller , takes about 3-4 months to develop . The 
sympodial branch has nodes, and the nodes in the terminal portion 
usual l y contain dormant buds. A few for m new symbodial branches. 

Bud sprouting of one-node rhizome sections is stimulated by 
light. Sprouting shows a temperature optimum of 30 degrees (celsi
us ). Bud sprouting is not affected by bud size , by bud position on 
the nodes, by node length or by node diameter. Growth of the shoot 
from these buds, however, is positively correlated with bud size 
and node length. Shoot growth also shows a temperature optimum of 
30 degrees . If the rhizome section is buried deeper than 20 cm, the 
buds wil l sprout but the shoots do not develop. The rhizomes have 
the standard moisture content of 82.5 per cent . It must be reduced 
to lower than 12 per cent in order to completely stop bud sprout
ing. 
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Figure 1. Imperata cylindrica. A: Habit, B: Inflorescence, C: Pair 
of spikelets, D: Lower glume, E: Upper glume, F: Lower 
lemma, G: Upper lemma, H: Palea, I: Flower (Skerman and 
Riveros 1990). 
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Imperata cylindrica tolerates a wide range of soil Ph and 
s o il nutrient status. In normal conditions it can produce 3-6 

·1 1ion shoots, 7-8 tons of leaves, and 3-11 tons of rhizomes per 
h ectare. Shading, flooding and drought have a marked influence on 
its growth. Shading at 50 per cent significantly decreases net pho
t osynthesis and consequently rhizome production. Imperata does not 
endure long lasting flooding. Flooding (like for paddy rice), in 
fact, is the surest way to eradicate imperata from crop fields. 

As being a member in the sorghum tribe, imperata has a C4-

metabolism (Paul and Elmore 1984). Consequently, it is an efficient 
producer of biomass in the tropical climate. It has also high 
stomatal resistance, low transpiration rate and a high water use 
efficiency, if compared for instance to tropical trees (which all 
have the C3-metabolism). Imperata cylindrica can take advantage of 
Southeast Asian weather type where moi st and dry seasons alternate, 
both of them being hot, but the dry season not be~ng as severe as 
in Africa. 

4.2. Synecology 

Although Imperata cylindrica may frequently spread over large 
areas to the virtual exclusion of other plants, it may be associat
ed with other types of grass vegetation, for instance with Andro
pogon sp., Saccharum spontaneum and Themeda arundinacea. Usually 
most places show a mixed vegetation. 

Because of its high growth rate Imperata cylindrica is a 
strong competitor for common resources such as water, light and 
nutrients. It decreases soil nutrient status. Nitrogen accumulation 
is inhibited by Imperata cylindrica, and an allelophatetic effect 
on other plant species is known. Important characteristics of 
plants associated with Imperata cylindrica include a deeper root 
system or a higher canopy than that of Imperata cylindrica (Eussen 
and Wirjahardja 1973). 

Imperata cylindrica is known to have allelophatetic effects. 
Pricha and Dhanmanonda for instance noticed already in 1973 that an 
aqueous extract of Imperata cylindrica rhizomes inhibited germi
nation of various forest tree seeds. This has later been verified 
by Bhumibhamon et al. (1980), Lovett (1986) and Santoso (1987). 
Greatest inhibition was caused by extracts from the rhizomes. 

5. Utilization of imperata 

Ways to utilize imperata include grazing for animal husband
ry, harvesting it as raw material for pulp, and minor uses, such as 
sand dune fixation, for roof thatching and for medicines. When 
growing in the plains imperata lands form a stable ecosystem. 

In principle the vast southeast Asian imperata grasslands 
could be a valuable resource for cattle husbandry. The fodder value 
of imperata, however, is not particularly good. It was found 
hundred years ago in Indonesia (Marsh 1888) that the nutritive 
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1a l ue of Imperata cylindrica was below average. It was inadequate 
to f eed h orses and great numbers of cattle suffered from scour and 
so u r mouths. Pasture improvement of Imperata cylindrica grasslands 
i s recommended to provide grazing . Stylosanthes guyanensis is the 
r ecommended species for most situations . 

In Papua New Guinea, cattle are grazed on unimproved Imperata 
cy lindrica and Themeda australis. There are about 4.5-5.5 million 
hectares of natural grassland where Imperata cylindrica occurs. 
Because cattle husbandry, however, does not belong to the cultural 
background of Southeast Asian people in general, and not as strong
l y as elsewhere in the tropics, imperata lands have not been, or 
are n ot being , developed for any remarkable intensive livestock 
husbandry or more extensive range management . 

Pu l p ing properties of Southeast Asian grassland species were 
studied b y Razzaque and Khan (1978). Five species (Panicum 
antidetale, Themeda arundinacea, Saccharum spontaneum, Thysanolaena 
maxima and Imperata arundinacea) were pulped by steam or soda 
processes as an equal mixture or in proportion to their natural 
occurrence on forest lands. Pulps obtained by steaming were free
draining but rather dark in color whereas soda pulps were lighter 
but slower draining; yields were 68-70 per cent. Imperata cylind
rica and other similar grasses can be pulped and used in mixture 
with other fibers for special paper grades (like bank notes and 
Bible paper). So far, however, the market demand has not invited 
s uch a utilization in Southeast Asia. 

6. Management 

6.1 For agricultural crops 

From the agricultural point of view Imperata cylindrica is a 
noxious weed, causing losses in crop production. Soerjani (1970) 
found that in over 40 % of the planted rubber estates in West Java 
are deleteriously affected by the infestat i on of alang-alang. 
Basnayake (1966) illustrated that in Malaysia almost 2 million 
hectares of rubber plantations are overgrown with Imperata cylin
drica . 

Various methods have been used to control Imperata cylindrica 
on agricultural land, such as physical, biological, chemical and 
cu l tural practices. Further improvements are needed before Imperata 
cy l i ndrica lands become attractive for opening up to annual crops . 

For a newly opened Imperata cylindrica area the available 
pa t te r ns include: 

selection of suitable kind of crops: cassava , upland rice, 
ma i ze, soybeans, peanuts, sweet potatoes, mungbean , rice-bean 
an d sorghum 
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the method planting will be maize, upland rice and cassava 
planted in the early rainy season as intercrops. Soybean, 
mungbean, peanuts, and sweet potatoes can be planted after 
the rice and maize have been harvested. Rice-bean and sorghum 
can be planted at the end of the rainy season. 

For Imperata cylindrica control under already established 
perennial plantations cover crops of Calopogonitim mucunoides, 
Calopogonium cearelium, Centrosema pubescens, Pueraria javanica, 
Pueraria triloba and Psophocarpus palustris are recommended. In 
immature perennial crops, mechanical control, the uprooting of 
Imperata cylindrica can be effective, while in mature crops dalapon 
and glyphosphate are often used. 

For the most intensive agriculture Imperata cylindrica is not 
a particular problem. It can always be controlled with at least one 
biologic-physical means, by flooding. 

Imperata cylindrica is intolerant of shade, and this charac
teristics can be exploited successfully in various ways. In rubber, 
oil palm and cocoa plantations in North Sumatra cover crop practic
es have been used widely after land clearing. Plant species to be 
used as biological agents in controlling Imperata cylindrica for 
crop improvement must be able to successfully compete with it, but 
they should not compete with the crop itself. They should be fast
growing, so they can cover the ground completely in a relatively 
short period, reproduced easily by seed or by vegetative means, and 
they should be resistant to common pests and diseases and to fire. 
Preference is given to legumes because many can make the atmospher
ic nitrogen available to the main crop as well as for themselves. 

The most commonly recommended cover crops are ( Soepadiyo 
Mangoensoekarjo 1976): 

Leguminous creepers 

Calopogonium mucunoides 
Centrosema pubescens 
Pueraria phaseoloides 
Pueraria triloba 
Psophocarpus palustris 

Leguminous shrubs 

Crotalaria sp. 
Stylosanthes sp. 
Moghania macrophylla 

Herbicide control of Imperata cylindrica started in 1950s, 
(e.g. Veer and Vink 1952, Dowpon ... 1957). The most commonly used 
chemicals are dalapon and glyphosphate. The chemical control in 
humid conditions, however, has not been as successful as in drier 
areas. 
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6. 2 For fores try 

Among silviculturists it has been long understood that a 
shade cover crop will gradually suppress the grass. The ultimate 
target would be something comparable to best managed rubber tree 
plantations. A special cover crop, like the legumes with rubber 
trees, is too expensive, so the aim in the species selection has 
been to find a tree species which would take the function of the 
cover crop. 

Eucalyptus sp. cannot suppress imperata. Despite its reputa
tion as allelophatic species to grasses, eucalypt is too open 
crowned, and it does not shade out imper a ta . On the contrary, 
imperata -u ppresses eucalypts and plantations do not thrive on 
imperata lands. The most hardy eucalypts is Eucalyptus alba, proba
bly due to its resistance against fire . 

From 1940s onwards Leucaena sp. was believed to be the best 
species for suppressing imper a ta (e.g. Danhof 1940) . Swietenia 
macrophylla (Voogd 1948), Albizzia falcata (Barnard 1954; currently 
Paraserianthes falcataria) and Pinus merkusii (Ferguson 1949) were 
also found in 1940s suitable for planting on imperata land. 

The first information about using acacias for planting on 
imperata lands date back to 1930s (Voogd 1949). The first species 
tested was Acacia auriculiformis, later Acacia catechu (Kyaw and 
Zan 1952) and others were tested. The real breakthrough, however, 
happened with Acacia mangium in 1966 (Mangium ... 1983). The suc
cess of mangium on imperata lands both in Indonesia and Malaysia 
has now, after 25 years of trials, been well documented and today 
it is the main species to be planted on the degraded imperata 
lands. 

7. Conclusion 

The large areas of Imperata cylindrica grassland do not 
revert to forest because of annual fires and Imperata cylindrica 
grasslands are undesirable for the following reasons (Gibson 1976): 

i) They cannot support intensive cattle raising in the natural 
state since Imperata cylindrica is nutritious only in the 
first few weeks after a burn, when herbage yields are low. 

ii) They are not favored for further shifting cultivation because 
a) weeding is difficult with the existing hand tools, b) soil 
fertility is not restored due to inability of shallow rooted 
grasses to withdraw nutrients from depth, due to absence of 
nitrogen fixing legumes, and due to annual fires which de
stroy the nitrogen in the standing plant material and litter 
and c) nutrients are released in grass fires in smaller 
quantities than in forest fires. 
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ii i ) They are more fire-prone than the natural forests. 

i v ) The grassland fires prevent forest succession; they are also 
a fire source for adjacent forests which are consequently 
damaged; runoff and erosion are also accentuated in the early 
wet season compared to unburnt grassland. 

v) Imperata cylindrica extracts have allelophatic effects which 
retard the growth of some plant species. 

The problem of the imperata grasslands is acute; there is 
simply too little mature natural forests left for the tribes people 
to move to; soon the highland soils are e i her nearly all grass
lands or in crop. 
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Itinerary of V. Pohjonen on a mission to Indonesia, Malaysia 
and Washington, D.C., USA. 

* Meet Mr. Norman Jones at Helsinki airport, Finland, 
on his way from Southeast Asia via Helsinki to 
Washington 

* Briefing for the SE Asia/ Imperata mission by Mr. 
Norman Jones 

* Meet Mr. Antti Rantala at Finnida Headquarters in 
Helsinki, with Mr. Norman Jones 

* Briefing for the mission 

* Mission preparations in Helsinki 
* Depart Helsinki for Jakarta 

* Arrive in Jakarta, stay overnight 

* Meet Central Nurseries Development Project staff in 
Jakarta: Mr. Eero Malmivaara, Mr. Jarmo Tuuli, Mr. 
Pekka Parviainen 

* Meet ODA Program staff in Jakarta: Dr. Alastair 
Fraser 

* study background documentation in the Ministry of 
Forestry, Indonesia 

* Travel Jakarta - Balikpapan - Banjarmasin 
* Meet ATA-267 / Finnida reforestation project staff: 

Mr. Risto Vuokko, project team leader, Mr. Ari 
Mikkila, forest management adviser 

* Inspect Riam Kiwa trial plantation area (ATA-267 
project in East Kalimantan) 

* Inspect background documents , report writing 

* Inspect background documentation 
(Finnida) project office 

* Travel Banjarmasin - Singapore 

* Travel Singapore - Kota Kinabalu 

in ATA-267 

* Meet Mr. Francis c. Otigil , Sabah Forestry Develop
ment Authority (SAFODA) 

* Travel Kota Kinabalu - Bong k ol , Bengkoka Afforesta
tion & Settlement project 

* Inspect Bengkoka Afforestation & Settlement project 
with Mr. William Ahlan, Project (SAFODA). 

* Travel Bongkol - Kota Kinabalu 
* Visit Langkon, Hobut and Ulu Kukut plantations 

(SAFODA) on the way 
* Travel Kota Kinabalu - Kuala Lumpur - Forest Re

search Institute Malaysia (FRIM) . 
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* Meet FRIM staff: Mr. Che ah Leong Chew and other 
researchers in FRIM: Ms. Jane Harbard, Dr. David W. 
Lee, Dr. Gerd Weinland. 

* Collect background information in FRIM library 

* Travel FRIM - Universiti Pertanan Malaysia (UPM) 
* Meet Faculty of Forestry staff: Dr. Nik Muhamad 

Majid (Dean), Dr. Lim Meng Tsai {Forest ecologist) 
* Travel UPM - FRIM 
* Report writing 
* Travel Kuala Lumpur - Helsinki 

* Arrive in Helsinki 

* Library database {CD-ROM) searches, report prepara
tions in Helsinki 

* Depart Helsinki for Washington 

* Meet with Mr. Norman Jones, Mr. Horst Wagner and 
Mr. Daniel Ritchie in World Bank/ ASTAG 

* Meet with Mr. Pekka Lehtonen, Commercial Counsel
lor, Embassy of Finland in Washington. 

* Collecting background information, Project Document 
writing 

* Collecting background information, Project Document 
writing 

* Participation in Mycorrhizae seminar in the World 
Bank 

* Collecting background information, Project Document 
writing 

* Meet with Mr. Michael Benge, Forestry Advisor, 
USAID 

* Project Document writing 

* Project Document writing 

* Debriefing with Mr. Norman Jones, Depart for Hel
sinki. 
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Annex E. Terms of reference 

Eval uation of the Importance of Imperata Colonization in SE Asia 

Th e consultant should: 

Go through all data available on Impe~ata spp. (impe
rata) available in Washington and discuss the type of 
project which should be developed with ASTAG staff and 
other interested TD's. 

consider the best method of estimating the extent and 
particularly any recent significant increase in the area 
currently colonized, or likely to be colonized, by 
imperata. 

Draw up a format for the proposed project for discussion 
with the ASTAG staff. 

Visit selected sites in SE Asia and have discussions 
with Government officials and private planters regarding 
imperata colonization. 

Write a proposal for a project which will focus atten
tion on the relevance of imperata in respect of land use 
potential for the SE Asia region . This will include many 
aspects but particularly the environmental impact of 
grassland colonization and its fire hazard, methods of 
eradicating imperata from sites, site potential after 
reclamation with special reference to agriculture or 
forest crops and the possibility of rehabilitation of 
natural forest species. 



Imperara cylindrica grassland (yellow) around le 
Riam Kanan (blue), South Kalimantan, Indonesia. 
Fink primary forest, brown= secondary forest, 

= young forest or plantation. 




