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121 Introduction: characterization procedure )
The overall 1arget of the “Alternatives 1o Slash-and-Burn' (ASB) project is 10 investigate the
technical and policy options for replacing unsustainable slash-and-burn farming methods by more
intensive production systems, which require less area per person and thus allow more fand 10
be conserved as forest. In the research ¢qual atention may be given 10 'stabilizing the fores
margin® and to ‘rehabilitating lands degraded by unsustainable slash-and-burn". In Table 2.2.1
it procedure is described for ZO0INiNg in on research priorities.

Table 2.2.1. Schematic presemation of procedural guidelines for characterization and

setting research priorities for alternatives w slash and burn sites.

Charatterization at global scale - > humid tropical forest areas affected by slash-and-burn
practices

Characterization at the regional/national scale - > broad agro-ecological-economic area within
the slash-and-burn areas

Characterization at benchmark sites - > working typology of land-use
systems within agro-ecological-economic zones of target area

Characterization at community/household/farm scale - >
typology of households/farms within the land use systems
Diagnosis at the household/farm scale - >
resources and constraints - >
research priorities

2.2.1.1 Regional scale

The first step in this sequence has identified Indonesia as a country which may represent the
humid tropical forest zone in Asia - a logical choice which hardly needs further discussion.
Indonesia still has large forest areas byt forest conversion 10 other land uses is rapid:
detorestation generally occurs in steps, with the transformation from primary o secondary forest
types largely due to timber extraction and the subsequent transformation of secondary (and
logged over) forest types to (temporary) crop land followed by Imperara grasslands {alang-
alang): alternatively, more permanent tree-based production systems can be developed on
previous forest land. Both the fores; margin’ and the “degraded land" focus of the ASB project
arc relevant. although the transformation of primary to secondary forest is mainly driven by
other factors.,
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Figure 2.2.1. Historical transformation of shifting cultivation into permanent agriculture
for various provinces of Indonesia, based on Richards and Flint (1993).

The next step in the characterization scheme is 100 choose 2 representative region within
Indonesia for studying these processes. Figure 2.2.1 gives an estimate by Richards and Flint
(1993) of the historical transformation of ‘shifting cultivation' 1o ‘Permanent agriculture® in

Il. North and West Sumatra and South Kalimantan, where the transformation was
ncarly complete by the middle of the 20'th century (in S. Kalimantan the
transformation appears to have been interrupted)

lIl. Most of Sumatra, where most of the transformation took place during the
middle of the 20°th century, )

IV. The rest of Kalimantan and Irian Jaya which are still in the carly stages of the
transformation.

It was decided to start the ASB project in Sumatra (group 1), but Kalimanuan and Irian Jaya
may ofter other perspectives in a later stage.

The next step is to identify ‘benchmark areas’, defined as "homogenous areas in terms of
the biophysical and pencral sociocconamic factors (hat influcnce slash and burn activities®,
Considering the benchmark arca as a "homogenous area’ has obvious advamtages for
extrapolation  of resulis:  if the obscrvation  sites can  be treated  as  “random’ or
“stratified/representative” samples of the area. results can be used at the next larger scale,
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Figure 2.2.2. Ecological zones of Sumatta, based on Scholz (1983); A. Schematic transect, 8.
Map.

1.2.1.2 Ecological zones of Sumatra

The agro-ecological zonation of Sumatra which has found the widest acclaim is the one given
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by Scholz (£983) in "The natural regions of Sumatra and their agricultural production pattern,
a regional analysis™. Most of Sumatra is in the humid tropics. Oldeman ef al. (1979) classified
climatic regions in Sumatra according to the number of humid (> 200 mm of rain) and dry (
< 100 mm of rain) months. Climate zones A (>9 humid months, <2 dry), B (7-9 hunid. <2
dry) and C (5-6 humid, 3 dry) cover most of the island: drier climaie zoncs 1 (3-4 humid, 2-6
dry) and E (<3 humid. up to 6 dry) occur especially in the N. part.

Within Sumatra five major agro-ecological zones are identified with boundaries running
from N.W. to S.E. approximately parallel to the coast (Figure 2.2.2):

1. a narrow Western coastal zone, the lower slopes of the mountain zone on the S.W. side,
with various soil types: climate zones A and B;

. a mountain zone, dominated by andosols and latosols of reasonable to high soil fertitity:
climate zones A and B and small patches of D and E:

3. a narrow piedmont {foothifl) zone, the lower slopes of the mounuin range on the N.E.
side, dominated by latosols and red-yellow podzolics; climate zone B:

1. a broad peneplain zone, almost flat land with Tertiary sediments, deposited in the sea:
at present its altitude is less than 100 m above sea level and it consists for about 10%
of river levees and floodplains with more fertile atluvial soils and for 90% of
uplands with a gently undulating landscape 3nd mostly red-yellow podzolic soils:
climate zone mostly B, with zone C in the S.E.;

5. a coastal swamp zone with peat and acid sulphate soils: climate zones C, D and E.

The zones 1, 2 and 3 contain the most ferule soils and have been inhabited for long periods
of time. The coastal swamps and the peneplain were inhabited sparsely as human pcpulation
was traditionally concentrated along the river banks on relatively favourable sites. Since the
begmning of the 20th Century, population density in Sumatra increased by transinigration from
fava. Initially sites in zone 2 and 3 were chosen and located close to Java, but in the last three
decades also less favourable sites on the peneplain (zone 4) throughout Sumatra became
inhabited. The peneplain is a current focus of development due to its larpe area and low
population density. The soil constraints are serious, but are largely of a chemical/biotogical
nature; physically the soils generally have favourable physical conditions (good drainage, no
scrious crosion problems).

The peneplain covers large parts of the provinces of Riau. Jambi and S. Sumatra, the
northern part of Lampung and just about touches the S.E. most corner of West Sumatra
province.

2.2.1.3 Choice of a "benchwark arca' foc ASB in Sumatra

The ‘site selection’ team in 1992 has suggested to concentrate ASB research in Indonesia on
Sitiung and Air Dingin (Kerinci Seblat). The ASB planning workshop in December 1993,
however, decided to review this choice in the light of the further guidelines for characierization,

Both Sitiung and Air Dingin are located in the Batanghari watcrshed, which like nearly all
watersheds on the N.E. of the Barisan range, intersects four of the five ecological zones. The
Batanghari river watershed is the largest in Sumatra, and includes parts of the Kerinci Scblat
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national park in the mountains. the Sitiung sation in the foothills with mixed soil types and large
areas of acid upland soils on the pencplain and more fertile soils along the rivers. in the lowland.
and finally a vast swamp and mangrove arca. For slash-and-burn farming the peneplain may be
the priority {or research, as S&B crop production may be the least sustainable on such soils. The
large arcas of jungle rubber and agroforests form an interesting comparison with crop-based
production systems. The meeting in December 1993 decided 1o take the “pencplain® zone of
Sumatra as the first benchmark area for ASB Indonesia.

The peneplain has been and still « actively deforestod/transformed for the last decades. It
meets the definition, as it is reasomably homogencous in soils and vegetation: there is a slight
climatic gradient in this zone, with a2 more proanunced dry season towards the N and S
extremes. but this doecs not have a major influence on the land use. Two strata should be
distinguished: the river valley soils, which mostly have becn settled for a long time and the
poorer upland soils, which are being colonized now. A more important gradation exists in socio-
economic sense with different distances to Java (migration) and 10 markets. but thé complction
of the Trans-Sumatra Highway has redued these differences to a considerable extent. A major
gradient in population density exists in the pencplain from Lampung to Riau/Jambi. As shown
in Figure 2.2.3. population density largely acoounts for the variation in degree of ‘forest
damage” (ofticial “forest land” which is not actually forested) among the provinoes of Sumatra
in 1990. The main outlier in this graph is §. Sumatra where forest damage is larger than to be
expected from its population density.
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Figure 2.2.3. Forest damage in official forest area in Sumatra in relation 1o population
density, based on RePPProT (1990) and Herman Hacruman (1992).

A number of relevant research activities is or has been undertaken in this pencplain zone
{from South to North):
- cropping systems research in central Lampung by CRIFC on the S. edge of the peneplain
showing the possibilities of sustained crop production provided enough organic matter
is produced and retained; later rescarch concerrated on the benefits of introducing
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mixed farming systems, including catile, ,

- research on biological soil,management in N. Lampung by Brawijaya University,

- Batumarta farming systems research in transimigration areas on Imperata grasstands,
including the intensification of rubber sysiems,

- rubber-based research in the Palembang area,

- rescarch on soil conservation and tree-based smallholder production around MuaroBurgo
and in the Kuaman Kuning transmigration area by CSAR and 1BSRAM,

- research on “permanent’ forest plots around MuaroBungo by IPB,

- tesearch on forest management around the ‘research campus’ of UGM in Muara Tebo,

- rescarch on jungle rubber systems on various sites in Kabupaten Bungotebo by Biotrop
researchers,

- various rescarch groups around Sitiung, which is on the edge of the peneplain,

A comprehensive summary of the results of all these previous and on-going projects should be

made. as part of the characterization process.

2.2.1.4 Socio~-economic stratification within the 'benchmark area’

The next question (or one which should be simultancously addressed) is to consider who are the

actors and decision makers for current “slash-and-burn® agricultre. '
Broadly speaking five groups can be identified (Figure 2.2.4):

I. Traditional, indigenous S&B farmers (a considerable range of cultures and people. from
the Minangkabau with strong government connettions. via the Ogan of N. Lampung
to the marginalized Kubu of the peneplain forests),

- Spomaneous migrants to the forest margin (Transmigration Spontan),

. Government-sponsored transmigration schemes (Transmigration Umum).

- White collar (absent) farmers, employing labourers for farming,

. Large scale plamation companies,

L7 I SOV )

Decisions about land use are made locally (1. 2) or in the cities and the capital (3, 4 and
5). I¥ the ASB project is to have any practical impact these differences are crucial. In practice,
however. the boundaries between 2 and 3 ase not sharp: many farmers from goverament
transmiigration sites move out of their village after some years, when they find that the land is
not sutficiently productive and try their luck elsewhere. By doing so, they meet the dictionary
definition of “transmigrant’:
‘passing through, esp. a country on the way 1o urother’ (Concise Oxford Dictionary), ‘an alien
entering a country on his way to another in which he means to settle’ (Chambers 20th Century
dictionary). This. however, is not the meaning which the Indonesian government wants to give
to transmigration; the target is to provide the transmigrants with conditions which allow
{permanent) sustainable livelihoods, at a higher level than possible in the areas where they
migrated from. Aftcr considerable criticism on the previous fransmigration schemes. the
government now gives more emphasis on stimulating spontancous migration. Group 2 may
therefore be the most interesting group for our rescarch.

The Amazon sites of the ASB project consider groups 2 and 3. the Cameroon site
concentrates on |. In Sumatra groups |, 2 and 3 may afl be considered in the ASB research.
Group | covers a range of population groups, with different traditional land access rules. One
interpretation of the extensive ‘jungle rubber’ systems is that they reflect a “scramble for private
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Figure 2.2.4. Actors in land use (change) to be considered in the slash-and-burn project.

land” at the end of a communal land prope..s phase: by cutting the forest and planting rubber
trees a tamily can develop a private claim to communal land. which is becoming scarce. If such
a mechanism is driving the land use patiern, there is no direct need for intensification of tand
use: only when all land has been parcelled out, will land owners become interested in
intensification (leading to higher yields per ha, but probably not per unit fabour). In dealing with
these issues the complex refation between the traditional rules (Adat) and current Indonesian laws
is crucially important. According to the law, all tand belongs to the government and private
holdings can not exceed 5 ha (depending on the area 7): in practice, adat rules are respected
unless a conflict with government targets arises. Changes in land use by these groups probably
depend on changes in the laws or law enforcement.

Some preliminary observations around Sitiung suggest that groups | and 3 may interact in
such a way that forest transformation into jungle rubber is speeded up: the transmigrants provide
the labour and may benefit from the first years rice crop after slash-and-burn, the Minangkabau
will own the land and rubber planted along with the rice. This interaction may be further
studied. ‘

The interactions between groups 2/3 and 4/5 are relevant, as the concept of a “nucleus’
estate plantation (with agro-industrial facilities) with surrounding ‘plasma’ smallholders is an
important aspect of {ndonesian development policies. A further differentiation of the type of
plamation may be nceded. as they differ in exclusiveness: oil-palm and sugarcane should be
processed quickly after harvest and thus usually lead to a concentrated plasma area with a
monopoly for one plantation. On the other hand of the scale, rubber and timber can be stored.
transported and traded over a considerable distance and thus leads 1o less exclusive relations
between plasma and nucleus. Such products thus offer more freedom to the farmer, ‘and can be
more easily integrated in a farm diversification drive to reduce risks (don’t put all your eggs in

(B}
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Figure 2.2.5. Sclection of zones, benchmark areas and communities for further
characterization for the ASB project.

one basket). The present exclusivencess in the relations between nucleus and plasma seems to go
beyond what is really nceded for technical reasons. A critical study of these relations may open
new possibilities Yor development of diversified farming systems, while maintaining profitability
for the nucleus estates and agro-industries.

Within the roughly ecologicalty homogeneous “peneplain’ zone, we have to distinguish
between and choose from a number of socio-economic strata, e.g,
- an area where migrants and indigenous farmers have symbiotic relationships (to the benefit
of both, not necessarily to the bencfit of the forest),
- an area where migrants and indigenous farmers compete for scarce resources,
- a recent transmigration scheme without neighbouring plantation,
- a recent transmigration scheme with neighbouring plantation,
- an area with spontancous in-migration without ncighbouring plantation,
- an area with spontaneous in-migration without neighbouring plantation.

2.2.1.S. Choice of benchmark areas and communities

Based on the above considerations and further discussions, the Technical Working Gtoup (TWG)
of ASB Indonesia decided to initiate site characterization for four “benchmark areas” as indicated
in Table 2.2.2. Figure 2.2.5 gives the decisions made with respect to the scheme on Table 2.2.1.
Table 2.2.3 gives a list of topics for the research in Phase | and Phase 11 of the project. In Phase
| the emphasis will be on characterization and diagnosis of opportunities and constraints, and
research design for potential solutions and sustainable land use systems.
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Table 2.2.2. Description of benchmark areas in the “call for proposals’ for AS8-Indonesia.

=
Benchmark Ecological ~ Main Focus in ASB  Population  Links with on-
Arca Zone . density going rescarch
relative to
resources
¥ z 1
Air Dingin/ Mountain Buffer zone of High, out- Bira Kelola, WWE
Kerinci Seblat Mational Park in migration
National Park highlands :
Sitiung, West  Piedmont/ * Transmigration Intermediate  AARD-Sitiung
Sumatra transition viltages interacting  {recent} IRR{-upland rice
with local farmers  inmigration ,
Muara Tebu/  Peneplain ~ Forest margin, Low, in- UGM-Wanagama2
Muara Bungo productive buffer migration {PB/Biotcop
{Jambi} zone between {orest QOA-forestry plan
and settlers 1
North Peneplain  Degraded fand High, UniBraw-€C
fampung rcha- biliation 28 recent in project,
slier- native to migration, Unila
moving on

2.2.2, Exploring the biophysical/technical tssues for ASB

Sustained food crop production on upland soils in the humid tropics still presents a major
<challenge for agricultural research. In the traditional shifting cultivation system, new plots are
vpened when the yield per unit labour on the previous plot decreases, due 10 a combination of
(a) weeds. (b) nutricat depletion and (c) soil physical degradation. A fallow vegeuation, if of
sutficient duration, can restore soil fertility and suppress weeds. Nowadays, more intensive land
use is required and the soil restoring functions of a fallow have to be obtained in an ‘improved
fallow” (of reduced duration) or they have to be fully integrated into the cropping system. Cover
crops or trecs can be incorporated into the cropping system to serve this function, Guidelines
for evaluating the vast array of passible cropping systems are required, which should not only
have the desired ecological/technical effect, but should also socio-economically fit into the
lariming system.

High rainfall conditions lead to rapid leaching of nitrogen, the most mobile nutrient, and
thus to a low nitrogen use efficiency, especially when subsoil acidity restricts rooting depth.
Bascd on models of N transformations and transport, a number of possibilities for increascd
ctliciency of using nitrogen and other nutrients has been identified, based on improving syn-
chrony and synfacality of nitrogen supply and nitrogen demand by crop roots. Maintenance of
soil organic matter is a key issue in avoiding soil physical degradation. By inclusion of cover
crops or hedgerow trees into the cropping system, sufficient aboveground plant residue can be
produced to maintain soil organic matter at a desirable level. Despite the comparatively small
changes in total C_, content by changes in land use, large differences in the amount of “active
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Table 2.2.3. List of research topics for proposal development for ASB Indonesia

I. Characterization (sce the existing guidelines for details of the parameters needed !)
A. Macrolevel characterization in broad ecological zane
- Biophysical
- Socioeconomic
The macro-level characterization is mainly based on existing data, including
historical trends
B. Microlevel characterization at four benchmark sites
C. Integration by Geographic Information System
Il. Diagnosis, participatory analysis of constraints (weaknesses) and opportunities
(resources, strengths) with land users on four benchmark sites
IH11. Potential solutions: sustainable land use options
Critical review of past and on-going tesearch, identify gaps and new opportunities to
supplement on-going research activities:
A. Tree product based production systems
. Rotan and other forest products
. Damar (resin)
. Timber
. Fruit trees
. Rubber
. Oil palm
General issues:
a. Integration with food crops,
b. How to overcome transition period
8. Crop based production systems:
General issues:
1. Overcoming constraints posed by
a. Soil fertility
b. Soil physical degradation
¢. Weeds (including /mperata)
d. Pests and diseases (incl. pigs elc.)
2. Integration with livestock production
3. Integration with tree-based production systems
1V, External conscquences of existing and alternative land use systems
A. Greenhouse gass emissions
B. Carbon budgets
C. Biodiversity implications
V. Policies. legal and institutional arrangements related to slash-and-burn
A. Describe existing policies (as part of macro characterization)
B. Evaluate their effectiveness (as part of diagnosis)
C. Develop new policy instruments

AN ety -

soil organic matter’ may exist (masked by large amounts of stable’ organic matier, protected
from biological transformation by its chemical form or physical location). Recently, new
methods have heen proposed for tneasuring the active fraction of soil organic matter. {f these
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methods work on acid tropical soils as well, they may provide a tool for comparing different soil
management methods.

Weed infestation can be prevemed by maintaining a continuous soil cover, by including
winding leguminous cover crops in the rotation or peciods with heavy shading by hedgerow
trecs. Possibilities for reclaiming Imperata-infestéd land by biological means exist and may be
a low-cost altcrnative to the herbicide-based weed control practiced by plantations and larger
farmers. Imperata control, and even reclamation of alang-alang lands can be based on
leguminous cover crops (Pueraria, Mucuna, Calopogonium) or on hedgerows of fire-tolerant
trees. It is possible to alternate crop production in between hedgerows of trees, with a petiod
in which the hedgerow trees are left to grow, as an ‘improved fallow'. It seems likely that such
a system will off set the labour costs of pruning the hedgerow trees, by labour gained in tand
clearing and weed control in existing S&B systems. The choice of suitable tree species for such
a system on acid soils is restricted, however. Positive experience with a local wee in N,
Lampung, Pclloplwrum dasyrachis (soga) indicates that other species may be found among the
carly suocessional species. A survey of farmer’s knowledge and reasoned biological guesses on
the peneplain may reveal other candidate spocncs The current hypothcsns that compl=mentarity

of root distribution between tree and crop is essential for success in simultaneous agroforcstry
systems, needs further testing.

Previous research has indicated that with the application of considerable amounis of lime.,
soil acidity in the topsoil can be easily overcome. The acidity of the subsoil. however, can only
be modified by high-cost soil tillage or by a slow process of gradual improvement. The selaction
of acid soil tolerant germplasm is thus a clear research priority for a more intensive use of the
acid upland soils. A better understanding of the interactions between soil organic mater and Al
toxicity is nceded. and a refinement of the parameters used to describe Al toxicity (based on
conacntrations of monomeric Al in soil solution, rather than exchangesbls Al or Al saturation').

On the acid soils and with a high rainfall, the long term prospects for tree-based production
systcms arc better than those for systems based on annual crops. For new migramts, however,
the transition time untill trees bacome productive is a major obstacle (in established villages the
young generation may inherit a farm with all production stages present). Trees have ecological
advantages over annual crops: there is no period where the land is open and susceptible to
crasion at the start. of each cropping scason; trees have a permanent root system and nutricnt
demand, which can lead to efficient use and recycling of nutrients. In most cases, however, the
land arca needed to sustain a family in tree-based production systems, exceeds that needed in
crop-based systems, The income per unit labour can be higher in the tree-based systems.
Technical rescarch may explore various methods for establishing tree-based production systems
while maintaining adequate crop production in the transition phase. This research inay span the
continuum of extensive jungle-rubber to intensive plantation type systems. Fruit tress (esp. the
decp-rooted nangka (Artocarpus) and durian (Durio tibethinus)) are of interest too, but marketing
constraints exist, although prices for Durian are sufficient to transport it to Java by road, The
success of the sengonisasi scheme in Java (sengon = Paraserianthes falcataria) on Sava has
shown the prospects for smallholder timber production, as part of intensive production systems
with land scarcity. On acid soils, however, Paraserianthes appears to be too tompetitive to
combine with crops and possibilities of other timber tree species should be explored. The recent
breakthroughs in Samarinda (E. Kalimantan) in getting dipterocarp trees established by
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vegetative propagation with the required mycorrhizal symbionts, has made it technically possible
to plant the most valuable timber trees on acid soils. The time required for a full cutting cycle
of such trees docs not allow a small farmer to make a living, but as a small component of a farm
they will be vajuable in the long run. Research is needed on how to integrate such trees with
components which are productive after a shorter period.

2.2.3. Soif carbon content as influenced by land use on various soil types in Sumatra

2,2.3.1 Introduction: Carbon sequestratiun and carbon stocks

Conversion of natural farests to agriculture in the humid tropics leads to a reduction in
ecosystem carbon storage, due to the immediate removal of aboveground biomass and a gradual
subsequent reduction in soil organic carbon. Soils do not loose all their carbon, however, as a
considerable part of it is protected from microbial attack by a range of physical and chemical
mechanisms. A reduction in organic inputs to the soil and/or accelerated losses after forest
conversion lead to a decline in the more active (labile) C fractions in the soil. These changes
influence crop productivity at a localized scale as well as the global C budget. We thus need 10
distinguish between “stable’ and ‘active’ soil organic matter fractions and to measurc the
importance of the various protection mechanisms,

The impressive biomass accumulated within a mature, tropical rain forest may lead one to
expect that this ecosystem continues to accumulate carbon. Although this is true for the
individual trees within the forest it is not the case for the forest as a whole. Decomposition rates
of carbon in a nature forest are (approximately) equal to carbon fixation rates. Exceptions 10
this rule are the export of organic acids (tannins and humic acids), as common in fresh-water
systems of the humid tropics followed by precipitation in estuaries {Brown et al.. 1993) and.
more importantly, accumulation of organic soil horizons in swamp forests on peat soits. The
cnormous smoke development when a forest area is opened and burnt releases large amounts of
C into the atmosphere. The fire concentrates in a few hours what might otherwise take a human
lifetime to reach the atmosphere, but the vast majority of this C would ultimately have returned
to the atmosphere in any event, Carbon is removed annually from the atmosphere in younger
ecosystems. such as a forest plantations or forests regencrating from the impacts of logging. fire
or other disturbance.

fFigure 2.2.6 compares the C storage over a typical cycle length and the net C productivity
ol 2 mature forest. a tree plantation and an annually cropped area. If a patch of natural forest
is considered, it will show a gradual build up, until a sudden decline following gap formation.
For a larger forest area we may expect these saw-tecth to even out. A forest plantation will show
a synchronized sawtooth pattern with a period of 10-100 years, depending on the tree species.
In a cropped field a seasonal or annual pattern in total C stocks can be expected. The rates of
gross primary production (CO, fixation) normally does not ditfer much between agricultural
crops. young or maturc natural ecosystems in a given climate zone. Net C productivity may be
defined as the amount of fixed C which is removed from the system or accumulates in (semi)
permanent C stocks within the system. The off-take can be in the form of wood or agricultural
produce.
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Figure 2.2.6. Schematic.view on A. C storage, above plus belowground, in mature forests,
forest plantations and permancntly cropped land, B. Net C productivity of these
systems, averaged over one cycle.

Carbon sequestration is often defined as the (semi) permanent removal of C from the
anmosphere. Goudriaan (1993) pointed at the difficulty in defining C sequestration in systems
which undergo a regular destruction, as occurs in many fire-prone tropical grassiands. Tarbon
\equestration may be defined as the net annual C productivity (Mg ha™* year'') multiplied by the
expected hall-lite time (year) of carbon fixed. The dimensions of C sequestration thus are Mg
ha'. and it is thus a system characteristic and no longer a rate (Mg ha" yecar'). This delinition
shows that the annual rate of CO, release into the atmosphere by burning fossil fuels can only
be off-set by C sequestration if the arca involved, the half-life time of the products or the net
C productivity keeps increasing. One may want to put an upper limit to the half life time to be
considercd. otherwise charcoal formation (with a near infinite half lime time) would come out
as by far the best C sequestration method, however small the fraction of C transformed into
charcoal when forests are burned. Mature (orests do not (or hardly) sequester carbon according
to this definition. A difficulty with this definition is that the C sequestration atributed 10 a
system, largely depends on what happens to the products of that system clsewhere. The half-life
time of wood depends on its use as firewood or timber and on any subsequent wood conservation
methods. A considerable part of the C fixed by crops is transported from the field as harvest to
markets in urban areas where it is in turn consumed and readily decomposed. If urban wasie
treatment inethods were modified to conserve this C, conventional agriculture would become an
important mechanism to sequester C. We may thus have to modify the boundaries of the systems
considered, and can not attribute C scquestration to a land use system, without regard of the next
steps in the food chain.  Planting forests instead of agricultural crops may delay the ongoing
increasc in atmospheric carbondioxide concentration, during the lifetime of the forest and the
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resultant wood products. A delay at this time scale, however, offers only a partial solution to
the on-going increase in atmospheric C due to fossil fuel use. Substitution of fossil fuels with
newly produced biomass can be an alternative, but only in as far as the fossil fuel remains
unexploited and salely protected from oxidation in decp soil layers.

Erosion leads to a transport and redistribution of soil material. Relocation of soil organic
matter by erosion may actually conserve C, as soil carbon is protected from decomposition
processes in acidic swamp environments or in fresh-water and marine sediments. Potentially,
erosion may thus contribute to carbon sequestration, provided that the landscapes remain
vegetated and maintain their gross primary productivity. From this perspective, land management
techniques which seek to reduce soil loss may be at odds with broader objectives of C
sequestration.

As the definition of C sequestration leads to complications in the delincation of the system,
we inay simply compare the carbon pool size averaged over a typical cycle length far each type
of ecosystem. A shift from a system with a higher to one with a lower average C storage will
lead to a one-time increase in atmospheric C, without bothering about the actual time course of
the exchange with the atmosphere. A shift to a system with a higher average C stock may than
be interpreted as a one-time reduction of atmospheric C. Sanchez er al. (1990) argued that
agricultural intensification which would transform stash-and-burn agriculture (the carbon stocks
of which might approximately follow a line as indicated for the tree plantation in Figure 2,2.6)
into a permanent cropping system (with a much fower average C stock) will reduce the ongoing
increase in atmospheric C. because it allows a larger part of the existing tropical forests 0 be
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conscrved as such. The argument is based on a comparison of the fand requirements of extencive
and intensive production systems at equal crop production and assumes that effective
conservation efforts will protect the forest land not neoded for crop production. Putz and Pinard
(1993) argued that reduced-impact logging would lkcad 1o a smaller docrease of C stocks due to
logging and a faster regeneration of the forest and thus 1o a higher time-averaged forest C siock
than under current logging practioes, at equal or higher timber productivity. Adoption of the
reduced-impact logging methodology could be more cost effective in slowing down the increase
of atmospheric C than other solutions considered so far as carbon-offset projects. such as tree
plantations. In this particular case concerns on biodiversity nonservation may coincide with
concerns about C sequestration. Tn many other cases these two issucs should be separated., as
the natural forest which is most valuable for biodiversity conservation plays little role in on-
going C sequestration and the biodiversity value of tropical forest plantations on degraded soils
which may sequester carbon is not very impressive.

Soil organic matter plays a number of roles in cropping systems (Figure 2.2.7) and its
dynamics merits special interest from those who seck o imprave the sustainability of cropping
systems, especially in the huinid forest zone (Sanchez et al.. 1989). for all the roles of soil
organic matter. technical alternatives exist and today's hydroponic horticultural systems show
that it is nat only possible. but even economically attractive under certain conditions. 10 grow
crops without any soil organic matter. or even without soil. Yet, for the vast majority of tropical
tarmers these technical substitutions are not feasible and soil organic mater still fulfills all
tunctions. A "shadow price’ of soil organic matter might be based on the price of the technical
substitutes which are not (or less) necessary if soil organic matter levels are maintained. Figure
2.2.7 tentatively indicates “labile’ and ‘stable’ soil organic matterpools associated with the
urganic matter functions. but this needs further specification. A considerable part of current
agriculiural productivity in the tropics is based on the nutricnts mincralized trom (labile) soil
organic matter pools accumulated under nawral vegettion. Many of the positive effects of
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agricuttural practices such as ploughing, drainage and liming on crop yields result from
accelerated breakdown of soil organic matter. A conflict thus exists between the role of organic
matter as source of nutricats and its other roles. When not replenished, soil organic matter
functions as a non-renewable resource and slash-and-burn (migrant) farmers may be tempted to
follow or create new forest margins and leave a zone of depleted soil behind. Ir the humid
tropics of Asia, such lands are generally occupied by grasses such as Imperata cylindrica which
may partly restore the soil. or at least prevent further degradation. A diversity of biological,
chemical and physical mechanisms is now known to selectively “protect’ different pools of soil
organic matter from decomposition by soil micro-organisms (Figure 2.2.8).

i

2.2.3.2. Effects of land use change on soil C contents: analysis of Sumatera soil database
In the 1980°s a coherent set of 1: 250 000 soil maps of Sumatra has been pfepared by the Centre
of Soil and Agroclimate Research (CSAR-AARD. Bogor), in the context of the LREP (Land
Resources Evaluation and Planning Project) project. The data are stored in 4 soil database and
were recently analyzed for their soil organic matter content, as influenced by soil type and land
use (Van Noordwijk and Nugroho, in prep.). Figures 2.2.9 - 2.2.13 show some of the
preliminary data of this analysis. To judge the validity of the data for the current purpose. we
have to consider how they were collected. For each map sheet aerial photographs and satellite
images were interpreted for ‘land forms® (physiographic). For each land form, a number of
“tacets’ (e.g. hill,slopes and valleys) were distinguished. For each facet a number of sample sites
(pcdons) was chosen (at random) and the soil profile was described in the ficld. soils were
analyzed for texture and chemical characreristics and the current 1and use was recorded. The soil
was classified according to the US Soil Taxonomy. The sampling procedure was thus a steatified
random sampling with two levels of strata (land forms and facets). The total results may not
retlect the true average values, as relatively rare pedons can be over-represenied. Yet, this data
set may be the best available for analyzing land use by soil type in Sumatra. Peat soils are of
particular interest. as they comtain about half of all organic C in all iropical forest soils of the
world on only about 0.5% of the area still under tropical forests (Eswaran er al.. 1993). Peat
soils thus contain 100 times the average C content per ha and 199 tines the average of non-peat
soils.

Figure 2.2.9 shows a classification of fand use by soil type. The soil data were grouped
w make tive classes: Histosols (peat). alt wetland soils (classified as aquic subgroups of various
soil orders: previously classified as Gley soils), Andisols (recemt volcanic soils). a group of
fairly tertile soils (AlMisols. Entisols, Inceptisols. Mollisols and Spodosols: this group (very)
roughly corresponds with the "Alluvial® soils of earlier soil maps and partly overlaps with the
Latwsols mentioned before) and a group of acid soils of low fertility (Oxi- and Ultisols, including
most of the previous 'Red Yellow Podzolics’). For figure 2.2.9 the 70 land use types were
cumbined into 5 groups: swamp vegetation (inostly forest). primary forest. secondary forest
tincluding "jungle rubber’ systems), a group tentatively indicated as S&B series (including shrub-
land. himperara grasslands (alang-alang) and land currently used for annual crops) and a group
with permanent crops (various tree crop plantations and sawah rice ficlds). The size ol the
circles in Figure 2.2.9 shows the number of data in the five soil groups. The Andisols form only
3.9%. the Histosols 10.3. the wetland soils 23.9 and both of the upland soil groups about 31 %
of the data set. Figure 2.2.9 shows that swamp vegetation is mostly (but not completely)
restricted to the two wetland soil groups. Secondary forest is the most important group overal
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(41.3%). This group includes large areas of "jungle rubber’ and *fruit tree enriched agroforests’,
which were not sepanately classified for the LREP study. Primary forest is only 8% of the three
upland soil groups. The S&B series is remarkably evenly distributed over the soil types (15.7-
26.8% of all non-swamp land use, with the lowest value for the Histosols and the highest for
the two main upland soil types).
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Figure 2.2.9. Land use by soil group in the CSAR soil database for Sumatea.
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Figure 2.2.10. Composition of slash-and-burn (S&B) series on the three groups of upland
soils.
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