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SUMMARY 

The area of tropicalforest lands in high rainfall areas 
that is already degraded is great and growing rapidly, 
Rehabilitation of such lands is important so their 
biological productivity can support people and reduce 
pressures for degradation of additional tropical forest 
lands. 1'hile further knowledge and experience is 
needed, there is a sufficient basisfor trial programs. The 
economic and social well-being is far better served b.' 

thnfocusing on rehabilitation oJ degraded lands than b 
additional incursions into dwindling stocks of natural 
forest. 

INTRODUCTION 

Perhaps as much as half of lands historically covered 
by tropical rainforests have been deforested. Vast 
areas of land formerly under primary tropical forest 
can be considered degraded, of limited usefulness and 
little economic worth. In a world of limited resources 
and increasing hunran d,:mands on the environment, it 
is important, both on a national and local level not to 
lose even one more hectare of useful land. Yet
conversion (including deforestation) continues at a 
rapid and probably accelerating rate. Thus, the 
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rehabilitation of degraded lands, where water is 
abundant, is a matter of important economic and 
social value. Not only would it provide useful 
productive land but it would alse serve to reduce the 
pressures on remaining primary tropical forests, 
themselves h prioritv in iiternationaaitn a 
corservation. 

Degraded land is land which has b cn altered so that 
it do: s not revert to the original veg'ation type when 

v veg~etational succession is allowed to )ccur. 

BARREN LAND 
Definition. 

Barren land is land essentiallydevoid of plants suitable 

or oted O'ocessed wastes, excavations, and newly
created ads (volcanic dcpostion, sand dunes, river
silts). 

Some barren areas are created naturally (e.g. lava flow)
but most are created by human activities, and it is the 
latter to which attention isdirected. Among the factors 
involved in creating barren lands are surface 
conpaction, toxic materials, excess of nminerals
(salinization), excess in acid ity or alkalinitv,
deficiencies in nutrients, air-pollution and aninal 

danage. 

Goals: 

In rehabilitating barren lands the objective should be
stabilization of the soil and restoration of natural 
bioogsaiical processes leading to better soil-fertility, soil
structurein o and relationships, eventuallyla moistu re 
leading to:
 

0 econoic pld ctS for linian we' re;
 

environmiental Such 
erosiol and sedilelt discharge, and increased 
amenities including wildlife habitats. 

e services , reduction of 
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financed hy the national or state government (or
through compensation obtained from the body
responsible for creating ba-ren land) and not by the 

Slocal community or private landowners because of 
Iikclv IUn fa vourable earlv economic returns. 
lnv'olvement of' local people is important and can be 

' 1 V~~ 	 achieved by employing them on the project. It is also 
important to create public awareness about the 
ornefits ofthe programme and the reasons why control 
or utilization are required. 
The ownership of the land may present problems but 

these will be specific to each location. Any such 
problems must be addre-sed early in the programme or
it could be in jeopardy. This is especially complicated 

.:.. ~ ~ 	 in countries where clan, tribe or customary rights of 
ownership are involved. 

- Compatible anlIncompatible Uses.' 

Once veftlti has been established on a site, new, 
tmoreuseful id perhaps local tree species can be 

planted, ifthis has not been possible initially. These 
may provide wood, fodder or fruit, but only very" 

''	 ' . limited use is possible in early phases. 

Fig. 1.Planted stand of mixed Acacia ,an,,um and Eucaiprus

degpupia is being used to rehabilitate this abandoned logging ramp. ReCOmmielldaiOhs."
 
Jeneka Tri'ngle. Peninsular Malavsia. Acacia man",m 
 a
leguminous species. iscapable of fixing atmospheric nitroen which It is recognized that one will never be able to bringimproves the soil. (Photo credit:J. Davidson. 19S3.) back a tropical moist forest like z.he original on a 

degraded site, but something useful could be growNvn in 
its place.

.\Wethods. Species and Appropriate Sites. In setting priorities for areas to tackle, the following 
Physical measures such as gully barriers and matting aspects should b,considered:
 
may be needed foi re-establishment of vegetation 
on 0 the need to contain and if possible to reverse off
actively eroding sites. Stabilization crops such as site damage (e.g. accelerated reservoir
creeping legumes (e.g. Leucaena, wing bean), or grasses sedimentation), and river be 'deposition;
and trees with their essential fungi and bacteria (e.g. 0 the possible improved cost-benefit ratio of off-site
Casuarina,Acacia), also may be required. benefits in the long run, although initial economic 

Because of specific difficulties of establishment on returns will probably' be unfavourable;
many' barren sites, use of exotic fast-growing pioneer 9 the selection first of areas with the least

species may be necessary at first to bring a site to a complicated land tenure.
 
condition where suitable indigenous species are able to
 
grow. (While in most cases vegetation composed of GRASSLAND
 
indigenous species is preferable, there ma' be some
 
special cases where use of final vegetation composed

entirely' of exotic species may be desirable.) Whenever Former rainforest land now bearing grasses and

possible, experimental trials should be conducted possibly undergoing periodic burning and grazing, e.g.
using a wide range of native and exotic species iuperata grasslands.
 
particularly on sites with special problems. These may 
 Some of these grasslands With useful environmental 
be combined with treatments such as liming, functions such as maintaining water regimes and soil
fertilization or inoculation with nitrogen fixing stability, providing house-wall and roof thatchingare
bacteria. Results are usually a.9!able in only one to of direct use to people (also included are shifting
two years. agricultural systems). Here, attention is concentrated 

Adequate protection from such human pressures as on those grasslands which are under intense pressurc
fire, graziig. and fuel orfoddergathering, isnecessar, from 	 human use, with degraded productivity and
Controlled use may be possible once the area is off-site problems created, or which produce little or
stabiliz-"d and vegetation well established, nothing of value to society. 

Implementalion. Causes. 
Initial stages of rehabilitation probably' should be Such grasslands are created by clearing of tropical 
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Fig. 2. Conversion of large blocks of tropical moist forest to pasture 
near Manaus, Brazil. Benefits derived from this type ,it conversion 
are transitory since the small soil nutrient reseves are used up in a 
couple of years and weeds take over from the grass. (Photo credit: J. 
Davidson, 1982.) 

moist forests followed by shifting agriculture or
grazing in which fire is employed, resulting in a declint. 
in productivity. The grassland is usually maintained b' 
regular use of fire. 

Goals: 
The objective is the stabilization of the soil and 
restoration of natural ecological processes leading to 
bette: soil fertility, soil structure: and moisture 
retention properties, eventually leading to re-
establishment of economically useful plants and: 

* 	 a greater flow of economic products for human 
welfare, e.g. fodder, fuel and food; 

" improved en ironinental services, e.g. a reduction 
of erosion, sediment discharge and increased 
amenities; 

* 	alternative wildlife habitat. 

Methods, Species and AppropriateSites: 

The two key aspects are establishment of' forest 
pantations and agro-forestry: i.e. introduction of trees 
and in some cases food crops into the svsten in a silvo-
pastoral or agro-silvicuitt; ral context. 

I. "oresI 1Pantations: 

in 	es tablishing forest plantatio s there is a toreed use 
species whlicht provide produicts ;.It a.n ca r!, stalge so thatlocal people can see that the land is being put to a 

lVoh un tht'r 1 (19i5) 

beneficial u.e and so that they will not abuse the area 
(e.g. through burning). 

Species used should be generally selected for fast 
growth, easy establishment without cultivation, fire 
resistance, nitrogen fixing ability and climate: i.e. 
adaptation and other specific site-matching factors. 
Because of specific difficulties of establishment of 
many grassland sites, use of exotic fast growing 
pioneer species may be necessary at first to bring a site 
to a condition where suitable indigenous species are 
aole to grow. If time is available, it is desirable to carry 
out trials of a wide range of native and exotic species on 
sites with particular problems. 

Some species that have been used successfully 
include: Acacia auriculacformis and A. mangium,
Albiziaflicataria,.4. lebbek, and A. procera.Casuarina 
equisetijolia, and C. junghuhniaha, Calliandra 
callothvrsvs, Cassia siamea (the last does not fix 
nitrogen) and a few species of Pinus. Eucalypts have 
often been used, but are inappropriate for grassland 
conversion because of the need to remove ,rass 
competition during estiblishment and because thev do 
not generally shade out such grasses as Imperala. 
Plantation can be of mixed species for risk 
minimization and for production ofa greater variety of 
products. 
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1i!. 3. Iu . ,h'y'lupia. a d in hnsMandtI species I'Mlbu natutally 
tropical ioist forest situation. in N indallao (l'hldippiles). Moluccasand Irian Jia ( Indonesia), and lapua New Guinea has been used 

here it Peninsular Malasta as l exotic i) reforest a narrow strip
throtih lIogged forest 'thich was heasN danaged b. cah' logging.
Its initial %erylast grotmh is able to recapture tlie site before erosioti occurs. (Ph,,)( credit: J. 111vi&Ion. 19S3.) 
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2. f,,grfov,%r.:" 

1'.agrolorestry systems, tile need is for a mixture of 
nitrogen fixing, fast growing, coppicing, mu tiple 
purpose (includwg wood, fodder and fue!) species thatw,,,'illunder iven envi rongrow t cd itionsand combine wvell with herbaceou; and/oro crops 
animals. Tite design, species combinations and 
sequence of some such models have been docunwited
elsewhere by the International Council for Research 
into Agroforestry (ICRAF), Centro .-\gronomicOtropical de In'estigacium v Ensefianza (CATIF-) and 
East-West Center (\VC). 

Among the most uIsemul species arc: fruit trees such 
as Duroz:hc'hcnu.;, ..riocapu.%h/is, A. comnimu.is, . 
twicroph rlus, ,\'cp/cliun lappaccum and u.Lacurdiu 
occidtniuaw. fast growing multipurpose woody
perennials such as iucacna w:woctyla tnot on acid'prIin~s) sucisar ndra c,u/wo 'ctalantoisarid 
,ois),.s/ba'zia
Miunosa rahdflora Clhmrcial ilotyiascafr,,'1a/. For commercially' le.dvaluable 

products, l':ss perishable items such as rubber, coffee, 
and pepper will of.en be preferable to tropical fruits. It
is important, at least initially, to give priority to fast 
growing nitrogen fixing- species which ill improve rhe' 

soil.Some examples ofpromisinm c-iroforestry systems in 

- l c 
SE Asia inciLude the niti-species, miulti-siorev' cropcombinations of the Ionic gardenis found all over the 
region; inte,.rated, small holder production of 
plantation crop., suci a.;coconut and rubber mixed
with agricultural crops, pastures and aninials (cattle,
poultry): grazing at forest or plantation crop systems
(svvopastoral); and hedgerow, border, or zonal 

planting of fast-growing, multipurpose leguminous

woody perennials such as Lucacna leuccctphala and 

Cassia siamea in farming systems, 


Implemen ttioi: 

The first requirements in rehabilitating grassland is 
local support for t.,e project, inolving local 
participation in planning, and selecting species ant 

sites. Only' through this local support will it be possible 

to solve the problems of protection (most importantly

from fire). 

Usually the establishment of forest plantations will
be funded and supported by outside organizations, but 
this may vax' according to tenure of the land. WVherethere is community or individual ownership of the 
land, aEroforestry systems may be implemented 
largely' with local resources, 

In state or community owned sites, some s'stei of 
regulating product reioval musi be implemented to 

prevent over-utilization resulting in rapid decline of 
the resource. 

Comparible and Incompatible Uws." 

As well as providing increased environmental service,
grassland rehabilitation activity is designed to provide
for increased human use and for improved wildlife 

habitat. Sustainable wood, fodder and fruit harvestingo 
tlogther with controlled grazing (after the initial 

eVsic hn,,n e rompa tibi o b inc om t of 
sstem. he compatibility or incompatibili
ve'arious uses will depend on suich thin's ascomposition, system design, and local needs. 

Land tenure and population pressures Will usually
determine whether the rehmbilitation activity favoursagrolorestry' or forest plantation. 

Considering the vast area of anthropogenic
rassla nd in the humid tropics that could be made

usefl, priorities for action ight be; 
. areas where loal support nd willingness to 

. 
participate in planning and management have beendemonstrated; or 

-' areas with critical soil and waterrd d ,asln sw ih r rd problemsn in 
degraded grasslands which are erodng. 

LOW SECONDARY FOREST 
Dt'flion: 

Any secondary vegetation such as scrub, bush, thicket,capoeira, that is predominantly woody, but does not 

include mature phase rainforest components. 

Causs. 
Low secondary forest can be created by' both natural
 
events and human interference. It can be created by
 
any natural event which results in total destruction of
 
original prinary rainforest cover, including its
 
regeneration potential, when 
 this is followed by

arrested seral succession in the absence of fire, and
 
often by' tle entry of introduced weeds that further
 
deflect succession.
 

Initial intervention may include fire, and frequently

includes soil surflce destruction or loss from such
 
actions as landslips. and vulcanism. Some soils, e.g.

from low fertility silicious parent materials and in drier
 
seasonal areas, are more prone to degradation. The
 
condition persists in the absence of nearby 
 source of 
primary forest diaspores, or where soil alteration has
led to conditions unfavourable for germination and/or
establishment of mature phase seedlings or whereweeds arrest succession. People can cause low 
secondary forest through forest clearing and 
cultivation or ca:thmoving on an extensive scale, 
overgrazing and some burning. 
The degraded condition in areas where traditional 

dry land agricultural cultures are practised is a 
syvmptom that human carrying capacity has exceeded
the potential of the ecosystem. This also happens when 
landless peasants move into a land form to which their
traditional methods are ill-adapted. 

Rationalc: 
Some secondary forests are productive. A classic 
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example is the .Burnia teak forest. These are old 
secondary forests which invaded the ancient field 
s)stem of the Chinese population who lied as a 
consequence of the Sino-Burmese wars in the late 
eigzhteenth century, 

In addition, some secondary successional forests 
may include pulp and paper species. (this is prohabhl
rareasleafarea indicesare generallylowon favourable
sites and fibre characteristics are not suitable). 

Secondary successional xegetation is generally the 
preferred habitat of some larger vertebrates. and thIus 
provides for tourism and controlled cropping for w%ilc! 
meat. 

Many local communities depend on secondary
forests as a source of food (including uses as huntine 
grounds) and materials. Such forests productiveare 
for local people, ones which are not should be given 
greater priority for rehabilitation, 

G oais." 

Treatment of degraded land with low secondary forest 
is generally more 'ustified where land shortages exist 
and should achieve one or more of the following: 

I. 	 increased productivity of useful biomass in order, 
ultimat.ly, to reduce pressure on residual ,reas of 
primary forests; 

2. 	 increased biological diversity of the forest 
community, and its conservation and recreational 
value; 

3. 	 inc.eased rate and level of recover, of nutrient 
resenrves. 

The option of removing the succession and 
establishing monoculture in these com:nunities is 
rarely justifiable, either in terms of inital cost or 
subsequent high maintenance costs in humid tropicalclimates (especially pest control). unless it is a choice 
between estahlishing plantation forests on such sites 
and establishing the inon prima:y forest sit.. The
intensity of treatment must be care.fully weiehed in 

terms of the benefits to be ained. Low lvels of 

treatment and management must generally yield low 

returns. 


Methods. Species and .Approprtae Sites:In all but the most fertile substrates in the humid 

In al b t t e os fe il.
tropics the soil is likiv to have been degraded.
Restoration of soil structure and nuirients wilT take along tim' and/or be expensive. 

Generally,, the preferred approach will be 
introduction of species which sinIul taneousl c improve
soil conditions and provide useful products. Species 
which can be harvested (e.g. fruit, coppice) so as to 
obviate further replanting./s.jl disturbance are to be 
preferred. Other desirable attributes include the 
capacity to fix nitrogen, to develop deep tap roots and 
to forn complete cover. Useful examples are provided
in the report on tropical legumes, and fuelwood crops
published by the U.S. National Academy of Science. 

[olte 5. AVumber I (1985) 

such as Leucaenm spp, Calliandra,Sesbania. Gltricidia,
Acacia. Prosopsis (arid climates), other legumes.
Paruspania, L'hnu;ceac, Gymnostona (Casuarina)
nobile. Generally, it has been found that pioneer
species of the seasonal tropics are the fastest growing.
but periorin poorly in continunouslV huiiid clinates. 

Mixed spccies are to he preferred to single species
plantings bccaue they vill pro) ide great:r ecological
stlilit . lnmasise species should not be used in spite ofr 
their initial advantages as tiev mav forin their own 
deflected climax which may be practically impossible
to replace. (Schinus iercbinthiolias(Anacardiaceae) is 
one example.)

Introduction of relative shad, tolerant commercial 
food species such as cacao and coffee in secondary
forests is sometimes a feasible proposition.

Good management is the key to success. The 
procedure is as follows: 

I. 	 Field assessment of the sites with carefulevaluation of physical and biotic conditions. 
2. 	 Choice of species appropriate to thc site. 
3. 	 Small-scale experimental planting. (Never embark 

on major plant intg witnouit prior experiment on a 
reasonable time scale.) 

4. 	 Implementation of full treatment. 
The planting procedure "ill depend on the nature of

existing vegetation. If low, complete removal mav be 
advisable. If tall, then lines or individual clearings (the
latter preferable if browsers are a problem) are
advocated and light shade should be maintained, with 
t :anting material chosen with this in mind. 

Exclusion of fire is imperative. 

h:pllmentation. 

All treatments require clear policy decisions
 
concernin oals.
 

Some o the points 1o consider are. 
1. 	 Benefits and costs must be clearly defined arnj
 

weighed.
 
2. 	 Ar agency or individual must be recognized to 

have responsibility for implementation and 
in itenna rice.3. 	 .'\dequate funds and manpowvernlust be provided. 

Pre vious users of ih ic land miu e -,- ccst Ie n a ter ia ti4 	 . o susrsfel a, vn 
n reans ce.of 	subsisoe 

5. 	 During the process of implementation, browsing 
must be prevented, but carefully controlled forage
and firewood cuttings may be allowed, pa rticularl'if they assist growth of' the desired species. The 
ca1opy must [.- kept c!osed. 

6. 	 Linited recreation and tourism, if appropriate, is 
allowable. 

R'L(ntichtions.. 
1. 	 Start small. cxperinrite taliv. 
2. 	 [hlave a clear set of goals. 

( 
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4. 	 lcg yards and loggim roads become areas where 
soil compaction occurs; 
Tihea
High lead ois 	 loo'w cansineven more destructive form 

of' loggin, and should be phased out. 
The degradation caused by tractor logging can be 

minimized by: 

I. directionial felling so th. textractioi, causes less 
dama e: 

2. 	 preplanned skidding trails and ro.,ds to reduce 
destruction of residual vegetation and mninimize 
erosion; 

3. 	 use of as few skidding trails as possible;
4. 	 reduction of log yard and logging road areas to the 

smallest size possible; 
an5. 	 keeping uncut buffer strip along streams;

6. 	 good engineering on roads to prevent erosion and 
!and slips and to minimize damage at stream 
.rossings. 

Pationale: 

Forest areas should be kept in as good a condition as 
possible because forest products are valuable and their 
resource base must be protected to ensure a continued 
supply to meet various social, environmental and
 
ecolomr1ic needs. 


Goals: 

The goal in rehabilitating- de,_,raded logged are,s
should be to restore soil fertilitN (follow ing, a single
logging, fertility is less ol'a problem than compaction
and erosion of bared areas) in order that plant and/or 
aninial pioducts might continue to provide various 
community, needs, either directy (e.g. tinber) or
indirectly (e.g. water catchnient and/or wildlife 
protecti.. n). 

Implementatio,r 


Silvicultural measures, including enrichment planting 

and ground silrvev of forest and site conditioils. 
Planting nitrogen fixing species (Acacia, Casuarina) 
may be useful. 

Natural dynanlics of successional development 
should be considered in deciding on silVtcultural 
measures, and shoUld be utilized to reduced costs of
establishme nt and iendinlg. 

Compatibleand Incomnpatihih, UsCs: 

Degraded forest would eventualli recover their 
protective functions if left alone. But this would be ill 
the absence of anty productive function. This could 
only be resolved by adoption of active rehabilitation 
nlcastlres accotlpanlied bv cotitible utilization 
practices, especiallly of logn, 

Recomnendations: 
More inagiIlative leCal and adtinisiratIivC 
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Fig. 4. Acacia nlangisn planted on a harsh site in Peth'.sularMalaysia. Log.'g operations have stripped the soil down to the
sandstone pa:,.niate.ial. Onk this species' abitv to fix
atmospheric nitroen has enabL-d itto suni , such, conditions Once 
the site is rehabilitated by this legutminous ,ree crop. other species 
can be grown on the site. (Photo credit: 19S3.)J. 1);\'id.,on. 

arrangerments are needed to efiectivehv int,.'.mite leases 
fcr forestry purposes with land r:nure systens to 
provide tie necessary security for sustained forestry.
with ad.:quate provision for tileri,-chts of the 
a ttd owne rs. llwCeSilOUld be no0 loei11- Of ressTa:1ndoperince 	 of forests thatto speed recovery should be based on a careful aeriali as 	 sho to be susceptible to 
regressive succession. 

Areas prone to nass erosin should not De logged. 
lle fo~lowintic meas, res ire tceIdeCd to avoid 
tnecessarv dcrada ton and to 	 prototc recovery oi 
degraded logged forest: 
I. 	 improved systettis of logging atld logitlg plainning;
2. 	 applied research into mne iods of pronotirlg 

recovery of degraded logged l'or.sts, e.g., ripping
and replanting of colpacted areas; 
identilcation of critical soil erosion-prone areas, 
particutia rI ll hose susceptible to mass rliovelent; 
leaviig titlctit Z.buffer stips along stn.:ats; 

5. ilpto,.ed policy, opera tioll guidelines:
6. 	 better training and supervision of locging 

Illanagers atd iachirery operators. 

S UN 1)!..RY 
Ihere is a lar1e1unount Afdegraded tropical forst 

http:ilpto,.ed


3. 	 Aim for maxitumi conver:e!.ce of uses. 
4. 	 Local participlaion is tile key: create a situation inI 

which users recOgnize problems theinsecves and 
invite assistancec. 

5. 	 Research aid morc detailed records on traditional 
uses are needed, 

.Anre.alple: 

InI 	 a countrv like 1aflict, a'''~ithr is noI Bangladesh although thre
established rattan (cane) industry, canes are cultivated 
around \sillac ihomcstead. (especially srnall diameter 
canes like Galamus tenuis) and taken for cveryday use. 
T hey are also collected from the wild' in m arginal
areaas (e.g. 	 thriv eswlecline acencisch u in 

pioneer conditions). 
This harnesting is becoming incre:singl ' difficult 

i.e.even cane supply for local needs is dininishing) 
due to overharvesting on the one land.and lack oftre'e 
cover (for ca rlh establishmenit and subscqLunt ease o 

hat-t-sin-)oil.tle 	ol-.r.harProcessesonich 
There isabout 9 per cent oforiginal forest left in this 

country. and certainly practically none around rural 
homnesteads inolved in aericulture. It w\ould be of 
great benefit if some forn of tree cover could be re-
estitblishcd in such homestead ar ;s. During tle 
ittervenirng periods before haIrvestin, cf the tree crop 
could commence, the re cenerating area could be used 
to involvc local peoptlC in activitiCs such as improximg 
the supply siruation of canes for local use. 

I)EGRAI)I:) LOGGED FOlIEST 

Deguraded logged forest are those forest areas which 
have been logged and which are unable to revert to the 
original state or to another state adequate for people's 
needs %ithin a reasonable period of time. 

cal.vs." 

The major reason 'or degradation of a forest area isthe 
use of lo.-in, i mach inery and methods \,hich cause 
unnecessa riaac to soil, water, Vecetanon and 
faun11a. III addition, poor manaiemient and supervisioti 
of logging operations and inadequate control by the 

c ouse byctierelevn 	 gd ncies can 

a 	gs uaitv. Often loggzing in xulnerable conditionsorest 
(shallov .oils, steep slopes) results in a regressive 
ssicession leading to low secondary, stagnant bush. 

Lick of security of tenure for operations on forested 
l:Ld is an important contributing factor to 

ir 
rre~sponsinlc los-ging practices.

II logging operations lead to 
a (tractor wd:Prcesssin loin 

a __ 

1. 	 non-directional felling (subsequent extraction 
causes great darmIge); 

2. 	 skidding (skid trails up and down slopes. as well as 
too mran skidding trails restlt in excessive 
damage to the environmient); 

.	 roading (poorly designed roads results in 
acL lcrated erosion); 

TABLE I 

Type of degraded forest land 

Barren land 

Grassland 

Low secondary forest 

Degraded logged forest 

Cause of degradation 	 Rehabilitation measures 

Surface compaction. toxic materials. Stabilization crops (exotic species may 
excess minerals, e.g. salinization: be necessar): soil treatment, protection 
major ph change, nutrient deficiencies. fron fire. grazing. hars es,, subsequent 
air poll ution and anirnal damagce. 

Forest che::inL by aericuh'tre or 
grazing of fhichtireis a part. 

Natural elements desiroing primary 
forest cover - Fire. forest clearing, 
earthmoving,. and over-razing. 

Damace to soil and hiota from heavy 
machinery, inappropriate logging sites 
(steep slept:s), non-directional felling, 
skidding, and poorly designed access 
roads. 

estabiishmeInt of useful tree species may 
be possible. 

Establish forest plantations, 
agrofore.,try. desirable species 
characteristics include nitroen fixing 
and deep Tap roots, exclusion of fire, 
grazing controlled. 

Planting of fpreferably mixedj species 
to improve soil and also to give: 
economic yields. e.g. fruit, coppice; 
agroforestry with shade tolerant species. 
exclusion of fire and heavy browsing, 
research is needed. 

Enrichment planting and rapid 
re-establishinent of vegetative covcr on 
cleared areas. 
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land in relatively high rainfall areas ,andit continues to 
increase. It is econontlicall\ nonsensical to leaveIthe 
land insuch an unproductivC s;atc. coltt-i[uti n little 
[0 tile Support of' people. Some knowledge :r(d 
experience already exist for rhliihtilg the vari ous 
forms of degraded lands. Only in the clse of barcn 
land:, w\here there ofteni has been a legislativc inp,tus, 
can the knowledge basc be considered as approaching 
the adequate. In lm\ani stances, expCrience is limited, 
arguing for modest iNil trials of particular 
approaches 'efore application an a vast scale. In other 
instances, !urther research. such is in root biology, can 
make an appreciable difference. In all iista nces it is 
important to take co nizance of' the local social 
context to ensure local support and involvement, 

Generaiv the degraded site r-,ltuiring rehabilitation 
was initiallly marinal and unsuitabhle for the use to 

which it was put. lowever. because of population
pLesures, mlri; ailsites are likcl\,' to continue to I 
used for tood pro1duction at the expCnse,.. of' 
inipleincitine a C'cle of reclamilation. It is often 
,onsid ,red expedient to clir poor sites aigain and live 
on the ephemeral improvement in "oil fertility for a 
y'ear or two despite the further lone term cost. 
l)egrdaticn is thus likento cotiinue and is now one 
of the 1rea test collsertvaI ionl problemills facinlg the world. 

Most impo-tant of all is the need to rCconic tile 
imnportance of rchabilita tine these degraded lands. The 
world is eLss capable of maintaining resonable 
standards of human welfare because of the loss of 
mich land from its original estate, It is in the interests 
of 'al to rehbilitatc such lands, so they and remaining 
tropical forests lands can be used w, el\ and 
sustaiinably insupport of society.
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