








In continuous cropping systems, pruned tree hedgerows may retain an important role
where the soils are conducive. external nutrients are supplied, fann size is small (be:cause
of pruning labour), and there is a use for the hedgerow prunings as ruminant fi>dder.
This, however, is a much reduced extrapolation domain than initially conceived. The
limitations of pruned tree hedgerows have led to increased interest in a wide range of
other alternative hedgerow components that perfonn the same soil-conservation
functions ~'ith less labour and greater economic benefits. The options include fodder
grass strips, and cash perennials such as coffee, fruit trees, mulberry, and many others
(Garrit): et aI" 1993). The overriding concern of many fanners is minimizing both soil
loss and the labour invested in m3intaining the hedgerows. Lo~..maintenance hedgerow
S::::jtems include natural vegetative strips (NVS). which are contour strips in which the
local grass species are allowed to reestablish (Garrity, 1993). Fanners have practiced
NVS indigenously in some places. They do not compete with the annual crops nearly as
vigorously as tree or fodder grass hedgerows (Ramiaramanana, 1993). Vetiver is another
option ill the class of low-maint.:.nance hedgero\..s (Smyle et al,. 1990), But none of the
alternatives to pruned tree hedgerows solve the problem of maintaining soil nutrient
balances. Fertilization (manure, fertiliz~rs, additional plant residues) is still required with
all thes~ other hedgerow options.

What must the enormous population of upland fanners without access to these
nutrient inputs do? They must still depend on fallowing. They need bett~r ways of
accelerating the accumulation of nutrients in the fallow vegetation. Pruned tree
hedgerows may b.:. periodically t'allo\..ed. They will accumulate far more biomass and
nutri~nts than the grasses that usually invade deg~deqjallows. and will tend to suppress
undesirable species such as Impl?ratu c_~1indrica. But this role for hedgerows ha.~ hardly
b~en e.xplored (Garrity. 1995).

Turning to the issue of discriminating the pathways toward sustainable fanning
systems. the poim emerging from the abo\'e discussion is the central importance of
\vhether e~temal nutrients are available to the fann~r or not.

Path,vays to""aru sustainability on sloping lands

Figur~ I is a relational diagram that tries to illustrate the major path\vays available to

smallholders on sloping lands to m~et their production and income sustainabilit),

objec.tiv~s. The dichotomy of puth\vays proceeds from the fundamental issue of nutrient

supply.
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Figurl: I. Pathways towards sustainability on sloping lands.
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When the fam1ers' circumstances prevent them from supplying external nutrients,
their means of maintaining sustainability will be quite different from situations where
they have access to them. These fam1ers cannot crop continuously. Resting the land
periodically in natural fallows (A in Figure I) is the age-old protocol employed. But if
they face land constraints, they will need ways of fallowing that accelerate the
regeneration of the productive capacity of the system, and/or provide economic returns
from the species that occupy the fallow. If the fanning system is in natural fallow, and
no external nutrients are available, the viable options (shown in Figure I) are downward
toward improved fallows (A I), fallow-rotational hedgerow systems (A2), and agroforesrs
containing cash perennials (A3).

How do fanners move into a situation of external nutrients? Often this occurs as a
consequence of the development of markets for commodities with a substantial return to
fertilizer inputs -vegetables, horticultural crops, cash perennial crops. Credit
mechanisms appear as these opportunities develop. When continuous cropping becomes
feasible (see B in Figure 1), then further evolution is needed to maintain soil fertility
investment through some fonn of contour fam1ing. Pathways on the right side of Figure
I are viable options if the use of external nutrients is possible.

The transfonnation to continuous food cropping radically changes the dominant
pathways to sustainability, with a shift toward conservation practices that may minimize
erosion under cropping, or toward perennial crops that provide income with less stress on
the soil resource. Continuous cropping may be maintained through the installation of
effective vegetative barriers. A wide range of options is available. They range from
low-maintenance natural vegetative strips (81), that may be enhanced by value-added
cash perennials (82), to pruned leguminous tree hedgerows (B3). A further
ttansfonnation may lead to commercial perennial crop production or tree horticulture

(B4).
Note that there is a correspondence between the options opposite to each other on the

left side of the figure (pathways without external nutrients) and on the right (those which
have them). This indicates the potential for a paraliel transfer in land use from left-to-
right, or right-to-left, depending on changing nutrient circumstances at the farm level.
Examples are the transformation between fallow rotational hedgerow systems (A2) and
contour-hedgerow systems (83), or between agroforests (A3) and fertilized perennial
crops (84). Agroforests (or mixed perennial systems) are observed where nutrient inputs
generally are not applied. Monoculture tree cropping tends to evolve when nutrient
Inputs are used.

There are obviously many other factors besides nutrients that infl~ence the pathways
to sustainability. Some of these factors actually determine whether external nutrient use
is feasible, profitable, or necessary (e.g. input and output markets for high return
commodities). Three factors of key importance are: (i) whether primary tillage is done
by hand, or by draft power (animal or tractor), (ii) whether farm size (more accurately the
land/labour ratio) is large or small, and (iii) the degree of land tenure security.

Land-use systems are a continuum, not classes with discrete boundaries. Different
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producing leaf litter and woody biomass. At the beginning of the cropping phase the
reservoir of nutrients is either used as mulch or carefully burned. Larger tree branches
may provide fuelwood or stakes for cash crops. Subsequently. during the cropping
phase, which may last several years, the trees are pruned severely to minimize
competition with the annual crops.

Crullpillg 1)11~ts~ (1-3 years) .

liatlu\v Pllasc (1-3 years)

(:igur;: 2. Fallc.,\t;-rotation h.:J~;:ro\\ s~ st.:m
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The value of fallowed tree-hedgerow systems may be greatest in environments
where woody natural fallows will not regenerate rapidly, or at all. This is particularly the
case in Imperato grasslands. The planted tree-hedgerow system will produce much
larger accumulations of biomass and nutrients during the fallow period than a grass
fallow. It may also largely suppress the grass, saving labour in opening the land, and in
subsequent weedings during the cropping phase through reduction in weed seed density
in the soil.

During the 1930s and subsequently, Leucaena hedgerows were promoted and widely
adopted on Flores island (Djogo, 1988). In semiarid West Timor, Indonesia, traditional
or 'adat' law has compelled shifting cultivators for generations to plant trees before
ending the cropping phase. The practice tended to decline, however, as traditional law
eroded. In 1948 (Ormeling, 1955), the local government of Amarasi District in West
Timor initiated a major programme requiring farmers to plant Leucacna along contour
lines (known as the Amarasi system). This pro\'ed quite successful, especially as
Leucaena enabled the development of cut-and-carry fodder systems !or cattle raising. It
also ser\/ed as live fences, and securit)' for land tenure. Currentl)', much attention is
directed to diversifying the tree species, due to severe psyllid infestation of the Leucaena
stands (Djogo, 1988).

Duguma (1993, pers. comm.) has reported large fertility effects on the annual crops
grown after a hedgerow fallow is opened. Van Noordwijk (1994; pers. comm.) found
that the presence of Gliricidia trees in the fallow tended to shift the herbaceous plant
community toward Chromolaena odorata and away from Imperato c)'/indrica, a
favourable species shift for fertility regeneration. Since the trees are planted in
hedgerows these systems are suitable for animal draft as "'ell as manual tillage.

Limitations
The ubiquitous problem of fire is probably a]so the main dra,,'back to fallow rotation

hedgerow systems. Such fields in grass]and areas face a high risk of fire, ,...hich the
farmer may have linle power to guard against. The trees "1]1 at least partially supprcss
the more flammable grasses, but may not do so comp]etely. Also, there is a high labour
requirement in slashing the hedgerow biomass when the fallo',' is opened for cropping.

Future d';rect;ons
Tree hedgerows may be more practical in fallow rotation than as continuously-

pruned hedgerows during the cropping phase. This model needs serious research as an
alternative to the conventional alley-cropping concept. There is great potential for both
strategic and farmer participatory trials.

Agroforlests
Shifting cultivators often enrich their fields with perennial species that will earn

future cash irlcome. For example, most of me rubber produced in Indonesia comes from
rubber trees f)lanted on land destined be falJov.'ed after one or two years of food crops. In
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these systems, practiced over 2.5 m ha on the islands of Sumatra and Kalimantan, the
rubber trees grow up along with secondary forest vegetation (Gouyon et al., 1993). The
family returns years later to tap these trees. Meanwhile, the family continues food
production in new swiddens opened up further from the village (Figure 3).
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In southern SumaU"a an extensive area of ShoreD javanica or damar agroforest was
established by indigenous shifting cultivation (Michon, 1991). The ttees produce a
useful resin sold on the international market for the manufacture of industrial paints. In
other areas of SumaU"a and Kalimantan durian agroforests were established on a large
scale through slash-and-burn systems.

These 'enriched fallows' are a sustainable mode of land use following food cropping.
Indeed, they may be maintained indefinitely. They enable shifting cultivators to escape
total dependence on annual crops for their livelihood, and evolve major parts of the
landscape into perennial species. Stable markets for the tree commodities are a key
rc:quirement for sustainability of these systems.

A recent variant of this system is the culture of timber trees in swidden fallows in
frontier areas (Garrity and Mercado, 1993). The market demand for fast-growing timber
species is gro\\'ing very rapidly in countries where the natural forests have been depleted.
Smallholders in the grasslands of nonhern Mindanao are planting Gmelina arborea as an
intercrop with their annual crops of maize, upland rice, and cassava. The trees occupy
the fallow period and are harvested in an 8-10 year cycle.

Continuous cropping

We no\\' shift attention to the domain of sloping land farming options when external
nutrients are available to the farmer.

Low maintellance contour Iledgerows

Fam1ers who perceive soil erosion to be a problem are interested in vegetati\'e
barrier techniques that minimize labour (Fujisaka et 01., 1994). In Claveria, Philippines,
tree legumes and fodder grasses ~'ere tried and adopted by fam1ers during the first )'ears
of the IRRI research and fam1er-to-fam1er training project. But farmers independently
de\'eloped and experimented ~'ith the practice of la)'ing out contour strips that were left
unplanted, and were revegetated by native grasses and forbs.

Researchers found that these natural vegetative strips had many desirable qualities
(Garrity, 1993). They entail low pruning maintenance compared with fodder grasses or
tree hedgerows, and offer little competition to the adjacent annual crops compared to the
introduced species (Ramiaramanana, 1993). They were very efficient in minimizing soil
loss (Agus, 1993), and they did not show a tendency to cause greater weed problems for
the associated annual crops (Moody, 1992, pers. comm.).

Natural \'egetative strips (NVS) ~'ere found to be an indigenous practice on a very
limited scale in other localities, including Batangas and Leyte Provinces. Adoption is
quite simple. Once contour lines are laid out (the slope does not need to be very exact,
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