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MURDY RIVERS —~

K OF TRE ES?
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Muddy rivers are a problem for some, especially the direct users of river water, and
a solution for land lacking in fertility. The ancient culture of Egypt and most Asian
paddy rice systems were based on muddy rivers. Yet, to many observers ‘muddy
rivers’are a symptom of serious land degradation that needs to be resolved. Most
problems with river flow and water are, in the public eye, linked to trees, or a lack of
them. Forest conversion often leads to erosion and muddy rivers, but only because al
the resulting land use is too open. There are many ways to protect soils without forest ~ *
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— once the key processes involved are clarified. Research results from Indonesia help ...‘. |
clarify the potential role of trees in the landscape, outside of forest. o g ’
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Key Findings

1 « Focus on theriver to identify the source of 3 « Filter options
muddy waters fra.cadimantissd s

4 « Anchor & Bind
2 Muddy rivers have multiple causes Tree root

Managementi implicaticns
1. Understand the actual causes of sediment flow before planning preventive and curative measures.
2. Don't expect the ‘universal soil loss equation’to predict actual soil loss or its main causes.

3. Strategic positioning of sediment filters on hill slopes can drastically reduce the transfer of sediment into streams.

4. Select and maintain a combination of perennials (trees & grasses) for‘anchor and bind' effects on river banks and slopes.



Section 1. Is the main problem deforestation or a
lack of trees in strategic positions?

Rapid deforestation and conversion to smallholder or
plantation agriculture has exposed important watersheds
across the humid tropics, while attempts to restore forest
cover have had a low success rate, despite considerable
public expenditure (1, 2). Most current public debate on
watershed functioning in the tropics are framed within a
forest/non-forest dichotomy. It is assumed that problems
are due to deforestation, and reforestation will provide
the answer. While the dichotomy can be valid in regions
where land uses are dominated by segregation (Figure

1 - right end of x-axis), it is not the case in much of the
tropics where integrated land uses are more pronounced.
Agroforestry mosaics and ‘trees outside forests, (Figure

1 - left end of x-axis) in the tropics, are extensive and

are rapidly expanding in area. Their functions in soil and
water flows are the focus of current research (3, 4). Where
actual ‘watershed functions'fall short of expectations,

the first step should be reconciliation between different
perceptions of reality: those held in the public domain,
those embedded in local ecological knowledge, and those
that are based on data and scientific analysis (5, 6). If one
wants to understand the cause of ‘muddy rivers, focusing
on the pathways of water flow and the river bed will
provide direct evidence.

Over the past 5 years, ICRAF and partners have made a
detailed analysis of the water and sediment flows in the
Sumber Jaya region (Lampung, Indonesia), where the Way

Section 2. Muddy rivers have multiple causes

The total sediment transport from an area is based on
multiple sources and complex interactions. A 'sediment
budget'provides a check on whether or not inflows
and filter effects have been accounted for. A challenge
is that a large part of total sediment transport takes
place during a few large storms — at times when
measurement equipment is vulnerable.

In the Way Besai and its contributing streams, sediment
concentration increases with flow rate until all available
material has been washed out and the water becomes
clear again. At 19 test sites along the Way Besai, large

Sources of sediment in the Way Besai river are:

- erosion on hillslopes

- landslides and land-creep feeding soil into the river
- footpaths, motorbike trails, roads

- bank erosion along streams and rivers

- management of rice fields (especially ‘puddling’)

- mining operations (for sand, stones or gold) in the river bed
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Figure 1. Two-dimensional perspective on land cover: the Y-axis of tree
cover and the X-axis of distributional pattern (segregate or integrate)
which has its maximum range of options for medium tree cover levels.

Pattern

Besai flows through an area that lost most of its forest
cover (60% in 1970, 12% in 2002) through conversion
to coffee gardens and expansion of rice fields. The
remaining forest is located on hill tops. The sediment
load of the river is a concern of the local hydroelectric
company.

A soil survey of area in the 1930s concluded that the land
was suitable for coffee, but not for paddy rice, because
the silt load of the river was not enough to bring fertility
to rice fields. Times have changed and the water of the
Way Besai now often resembles coffee-with-milk; most
of the sediment that colours the water is assumed to
originate in the coffee fields.

differences in sediment load were observed between

the different streams (Figure 2 and 3). This variation was
not obviously linked to differences in land cover or slope,
in contrast to what the widely used ‘Universal Soil Loss
Equation’suggests (which is in fact only quantifying
surface erosion on hillslopes). The geological origin of

the soils and the presence of internal sedimentation
points in the various subcatchments explains much of the
differences in sediment contribution. The availability of
internal sedimentation areas or sinks upstream of test site
'‘B6'reduces sediment outflux out of 36% of the catchment

The sediment load of the Way
Besai is a concern for the local
hydroelectric company.
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Figure 2. Sketch of the main rivers in Sumber and the
locations .

area (Figure 3; 7). Only relatively little sediment from a Bank erosion and shallow landslides may account

subcatchment like test site 'WT'— where thousands for 50% of the total sediment load, although there is
of people where evicted to restore watershed considerable uncertainty to date in the way the volume
functions — is likely to reach the hydropower lake. The of soil ‘on the move'is linked to above-average rainfall

sediment contribution to the hydropower lake by small events.
catchments, for example test sites ‘WR, ‘WL, and ‘WP, that
are characterised by both a high sediment yield (mainly - TR o
because of landslides and river bank collapse) and few Measuring the volume ofsoil "
internal sedimentation areas, is an order of magnitude ost dunngalandshde 1

higher. Obviously the strategic positioning of trees is
much more important, for example in the riparian areas
of those 'high risk’ subcatchments than at the border of a
relatively slow flowing river (7).

By the 1930s both catchment-level and plot-level
research was undertaken in the then Dutch Indies to
identify major sources of sediment. Limited budgets
and practical difficulties led to the abandonment of
catchment research. In cases where surface erosion is
not dominant, wrong diagnoses were the result.

where sediment loads were measui
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Section 3. Filter options Figure 4. Summary of tree and forest effects on soil

The sediment load of a river is usually less than the
current amount of erosion from the hillslopes because
suspended soil particles in overland flow can be

. . . Tree cano
filtered and deposited along their pathway to the river. mdum‘sp:l,
Sedimentation will occur in any zone that allows water impact on soil

s £ / ; s (unless the canopy
to infiltrate (for example, due t.o Wor.m activity or old tree ishigh above the
root channels) or that traps soil particles among surface ground itself)

litter, grass or other ‘contact cover! Filter effects can be
stimulated by leaving spontaneous vegetation in place

) A litter layer protects the soil from splash,
Uneven terrain & e >

aJong contours, through a combination of soil cover depressionsstore filters overtand flow and feeds eartiwomts
and stimulation of macro-porosity formation — just water during storms onr:
as happens in a natural forest (Figure 4). The rate of . — . 'F(WS:heaﬂ_lh’WOW“S
litterfall, and thus the formation of surface filter zones, is r:)%rgontal cep e saliporots
lower in a coffee garden than in a natural forest, but the bind soil

and reduce

residence time of coffee litter on the surface is similar to
that o ff est. As a result, only young coffee gardens lack

a protective filter effect (8). Deep roots ‘anchor the tree to
the soil and reduce landslide risks

erosion



Section 4. Anchor & bind — trees can increase

soil stability
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Future Implications
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Current policies on‘'watershed management'tend to focus on maintaining or rest

ments. Estimates of sediment loss tend to &
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el Deep roots anchor the tree and topsoil to

Qrk IS the need

Tree root systems can reduce the risk of landslide and riverbank collapse

deeper layers and increase the resistance
to landslides under wet soil conditions

Superficial roots bind the topsoil

sed on ‘Universal Soil Loss Ec

set

chniques for muddy rivers can be calibrated to obtain reliable data, that can be used for negotiations
between stakeholders. Avoiding the 'knee-jerk’reactions that rel all problems to lack of forest is the first step
needed. Yet, lack of appropriate trees in strategic landscape positions is often part of the issue.
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