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ABS TRACT
 

Population pressure, land scarcity and other socio.-economic
 
factors are making the practice of shifting cultivation an
 
increasingly unsuitable form of land use. 
The resulting

erosion and declining levels of sol fertility are accompanied

by lower food yields.
 

This paper focuses attention on some promising agroforestry

technologies for use as an alternative to the traditional
 
method of shifting cultivati.on. The technologies are grouped

under two broad categories based their dominanton function:
 
productive and protective. The former includes those for
 
specific production systems (food, fuelwood and 
 livestock),
while the latter deals with soil conservation and shelter
belt/windbreak systems.
 

In areas where erosion risk is high, the soil conserving and
 
resource-sharing attributes of agroforestry could be of special

significance. Proper integration of appropriate species of 
trees and other woody perenni.als with agricultural crops willnot only minimise erosion hazards, but also provide multiple

outputs such as fodder, firewood, constructon poles and mulch
 
materials..
 

In arid and semi-arid areas, the agroforestry technologies could

consist of appropriately decigned schemes of fuelwood lots, fodder
shrubs and trees, fruit trees, silvopastoral systems and multi
purpose trees integrated with agricultural crops and animals. 

There are a number of woody species of promising value that are
 
particularly suitable for such 
 combined production systems,
The multiple output characteristics of some such species that
make them suitable-for agroforestry in different situhtions are
 
also examined in the paper.
 

These agroforestry technologies place little or no emphasis on
 
costly resources. 
 They are herce likely to be socially more

adoptable and environmentally more acceptable. 
It is important,

however, that excessive expectations are not raised about their 
output levels. Since they encompass some aspects of shifting
cultivation on the one hand, and provide improvements to overcome 
some of the disadvantagei and drawbacks of shifting cultivation 
on the other, these agroforestry technologies could be viable 
alternatives to shifting cultivation in som situations. 

\/
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1. THE SCENARIO OF SHIFTIING CULTIVATION
 

Shifting cultivation as 'aland use system has stood the test of time
 

and it still ccntinues to be the mainstay of traditional farming system
 

over vast areas of the tropics. Although the system has been deingrated
 

as being wacteful and inefficient causing soil degradation and soil
 

fe,'tility decline, it is the most widespread type of farming system in 

the tropics, extending over approximately 30 percent of the exploitable
 

soils of the world, 360 million ha, and supoorting over 250 million
 

people or about 8 percent of the world's population (FAO/SIPA, 1974).
 

In gc ,cal, all the differnt forms of shifting cultivation (Watters, 

1960) follow five general stages: site selection, clearing, burning, 

cropping and fallowing. The.clearing and burnirng of vegetation result 

in the release of nutrients (Nye and Greenland, 1960; S!.nchez and
 

Salinas, 1981).that are utilised for the subsequent food (crop) produc

tion. The c:opping period varies from one to three years; with declining 

.;oil fertility, increased weed infestation, etc., the crop yields start 

declining thereby forcing the land users to abandon the sites and look
 

for other areas. The abandoned site recuperates its productivity over 

the following crop-free (fallow) period and the shifting cultivator 

returns to the site after some time. 

Traditionally, the length of the fallow period used to be long enough 

to allow restoration of soil fertility, and theref6re,the resumption 

of cropping on the same piece of land did not have any lasting delete

rious effect on the soil's productivity. Moreover, most shifting 

cultivators usea to have sufficiently clear perceptions about the 

growth requirements of both crop and fallow period vegetation. Besides, 

the mosaic arrangement of cropped and fallow areas allowed the fallow
 

from the cropped area,areas to act as "sinks" for any soil washed away 
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and thus soil erosion hazards were kept to a minimum. Thus shifting 

cultivation continued over time as a sustainable system. 

However, over the years, several factors have caused progressively
 

increasing strains and stresses 
 on the shifting cultivators as well
 
as the system as a whole. Increased population growth, governmental
 
restrictions on forest reserves, water catchment areas etc., changes
 

in land tenure laws leading, in some case:, to increased private land 
ownership, large scale migration and resettlement of people due to wars 
and calamities, introduction of cash crops, etc. have resulted ina
 

restriction of the territorial ranges of the shifting cultivators. 
Consequently, the length of the fallow period is so drastically reduced 
that the soil isunable to support vegetative regrowth (see for example, 

Lagemann, 1976).. The resulting inadequate vegetative cover and absence 
of the traditional mosaic structure of crop and fallow f'elds lead to
 

accelerated soil erosion. Thus a new system of "shifting agriculture" 
has emerged that severely impoverishes and degrades the soil (Kundstadter 

et aZ., 1978; Hamilton, 1983).
 

Nevertheless, the practice of shifting cultivation isso widespread and
 

important to the livelihood of so many people that itwill be virtually
 

impossible to dispense with itcompletely. The only alternative seems 
to be to devise land management systems that reduce the fallow period 
or eliminate it altogether on the- one hand but retain its beneficial 
effects on the other. Such systems should allow production of food 
and wood products simultaneously from the same piece of land, be least
 
dependent on high-cost inputs and conserve the ecosystem. Inaddition,
 

the systems should enable the land user to obtain sustained production
 

from the land and be compatible with the socio-cultural aspirations 
and economic conditions of the people. Agroforestry issuch an approach
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to land use.
 

2. AGROFORESTRY
 

Agrofozeetry is the name given to the landuse systems that encompass
 

some age-old practices of deliberately or intentionally mixing or
 

retaining trees in the crop/animal production fields. It combines 
elements of agriculture - both crop production and animal production 
with elements of forestry in sustainable production systems on the same 
piece of land simultaneously or sequentially. Since the modern concepts
 

of agroforestry are only now being developed, a universally acceptable 
definition for it has not been evolved although several have been
 
suggested (for example, 
 see Agroforestr Syatems, vol. 7-12,1, pp. 1982). 
One of the more recently coined definitions reads aAgroforestry is a 
collective name for land use systems and practices where woody perennials 
(trees, shrubs, palms, bamboos, etc.) are deliberately used on the same 
land management unit with agricultural crops and/or animals, .either in 
some form of spatial arrangement or temporal sequence. In agroforestry 
systems there are both ecological and economical interactions between
 

different components." 

Whatever be the definition or the type of practice, it is generally agreed 
that agroforestry represents a philosophy of integrated landuse that is 
particularly suited for marginal areas and low-input systems. 
The
 

objective and rationale of most agroforestry systems are to'optimize the 
beneficial effects of interactions of the woody components with the crop 
and/or animal component in order to obtain more preferred production 
pattern (in terms of total quantity, diversity of end-products, and/or 
sustainability of production) from available resources than is usually 
obtained with other forms of landuse unde.r prevailing social, ecological 

and economic conditions.
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Although agroforestry is a relatively new term, it encompasses the
 

principles of some age-old practices including shifting cultivation 

and 	bush fallow system. But our knowledge on its attributes is limited
 

jnd 	quantitative information on the potentialities of the system derived 

from actual field observations and studies is far from -,atisfactory.
 

However, there is tremendous enthusiasm on the part of different govern

ments and various international aid agencies for undertaking agroforestry 

development projects in various parts of the world. In order to cope 

with that, it is essential to suggest agroforestry systems and technolo

gies with specific capabilities to solve land management problems. Since
 

the 	main enhasis of egroforestry is on production of food and wood 

products in a sustainable manner, the potential agroforestry technologies
 

will have to be both productive (of basic needs) and protective (of
 

environment). Let us therefore examine the role of agroforestry from 

these points of view. 

3. PRODUCTIVE ROLE OF AGROFORESTRY
 

3.1. Food Production bystems 

3.1.1. 	 Humid and sub-humid regions 

One of the most promising agroforestry technologies that is applicable 

in a wide range of situations is the hedgerow plantings of appropriate
 

species of woody perennials in crop production fields, so that arable
 

crops are grown in spaces or alleys between the hedgerows. The woody
 

species is pruned periodically during the cropping season to prevent
 

shading and to provide green manure to the arable crop. Promising 

results have been obtained from this type of studies conducted at the
 

International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria 

(Wilson and Kang, 1981), where the practice is called alley cropping. 

The 	most promising system based on those trials is Leucacna ZeucocephaZ/
 

(
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maize alley cropping. 

The main advantage of alley cropping is that it is an organi:ed form of 

"bush fallow" in which selected species are planted in orderly patterns. 

The use of leucaena tops maintained maize grain yield at a reasonable 

lb.vel even with no nitrogen input on a low-fertility sandy Inceptisol. 

The nitrogen contribution by Leicaera mulch on maize grain yield was 

- Iequivalent to about 100 kg ha- I for every 10 t ha of fresh prunings 

(see Table 1).
 

Table 1. 	 Effect of Application of Nitrogen and Leucaena Prunings on 
Grain Yi'.ld of Maize Variety TZPB Grown in Alley Between 
Leucaena Hedge Rows* (Kang et aZ., 1981).
 

Nitrogen Leucaena prunings added at time of planting (fresh weight, 
rates tons/ha) 
(kg N/ha) 

0** 5"* 10** 

0 2109 2732 3221
 

50 2572 3166 3256
 

100 3377 3450 3432
 

LSD.05 296
 

Leucaena tops from two prunings carried out during maize growing 
season were applied as mulch to all treatments. 

Prunings were removed from this treatment at planting. 

Supplemented with Leucaena prunings from outside experimental area. 

Based on a critical evaluation of available data on this type of experi

ments, Torres (1983) concluded that, leucaena hedgerows planted at rows 

more than 150 cm apart, 25 cm between olants, and cut at 15-30 cm height 

at 8 week-intervals would yield an average of 45 g N per annum for every 

metre length uf the hedgerow. 
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The hedgqrow cropping -,ystem offers the advantage of incorporating a
 

woody species with arable farming system without impairing soil produc

tivity and crop yields. The potentia, of nutrient (N)contribution by
 

several candidate species of woody legumes suggests that a
wide range 

cf such species could be integrated into crop production systems. By 

adjusting the inter-rowv spacing of the woody species, mechanized equipments 

could be used, wherever deemed desirable, for various field operations 

connected with cropping. Moreover-, the trees can be cut back and kept
 

pruned during the cropping period and leaves and twigs applied to the
 

soil as mulch and nutrient source, and bigger branches used as stakes
 

or firewood. Research on these various aspects of hedgerow cropping
 

system-is in progress in various places around the world.
 

3.1.2. Dry regions
 

Integration of trees such as Acacia spp. is an essential part of the
 

4 raditional farming system in millet and groundnut producing areas of
 

West Africa. Although the basic system of the bush-fallow remains the
 

same throughout the dry savanna regions, several variations can 
be found 

in different places (Self-el-Din, 1981). Felker (1978) prepared a very 

comprehensive cataloguing of the farming system practices involving 

Acacia albida in the region. He concluded that in the infertile sandy 

soils of the peanut basin of Senegal, crop yields of peanuts and millets
 

-
increased from 500 ± 200 kg ha1 to 900 ± 200 kg ha-1 directly under A. 

aZbida foliage. Inaddition to a 50-100% increase In soil organic matter 

arid nitrogen content, soil microbiological activity and water-holding
 

capacity also were found to have increased under A. aibida trees. The
 

author further postulated that, as a combined result of all these, the
 
presence of A. aZbida on farm could-increase land carrying capacity from
 

10-20 persons/km' to 40-50 and enable the farmers to have more sedentary,
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permanent agricultural settlements by eliminating the need for fallow 

periods. 

Another notable example is that of Provopi cinerai-ta known locally as 
)Gjri in the arid North-Western parts of India, where there is a long 
tradition of growing pearl millet (Penniaetunglaucm) under Xhejri 

trees. Results of investigations conducted at the Central Arid Zone
 
Research Institute, Jodhpur, India over the past 20 years on the various 
aspects of Xljzi tree have been compiled in an excellent monograph 
(Mann and Saxena, 1981). One of the results, on the nutrient content 
of soils under the tree and in the open is given in Table 2. 

Table 2. Nutrient content of soils under Prosopie cineraxa trees andin the open in arid regions of India (Singh and Lal, 1969).
 

Site Org.C Total N 
 Total P Total K

M(%) (mg/l0 g) 

0-30 cm 
under tree 
open area 

0.37 
0.25 

0.045 
0.038 

3.82 
1.52 

12.20 
7.52 

31-60 cm
under tree 
open area 

0.11 
0.04 

0.020 
0.010 

1.95 
1.23 

9.31 
6.36 

These are just two cases to show the potentialities of the woody
 
perennials, in.food production system in two distinct types of ecological 
regions. There are several other possibilities of the trees being in
corporated on farmlands (Nair, 1983a) as well as trees themselves providing 

basic food materials.
 

3.2. Energy (Fuelwood) Production Systems
 

The seriousness of the fuelwood shortage problem is now well known. 
As
 
forests and other woodlots disappear, people in rural areas must spend
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more time collecting fuel, often at the cost of working the land for
 

food production. As another consequence of this, people burn dung and
 

crop wastes that could better be utilized as manure and/or mulch. Agro

forestry has a great role to play in this context. The trees that could 

be incorporated on the farmlands in food production systems or for soil 

aamelioration can also provide the much-needed fuelwood. Based on 

study on the woodfuel supply from trees outside the forests in the 

highlands of Kenya, van Gelder and Poulson (1982) emphasized the impor

tance of agroforestry and identified several woody species that are 

suitable for the purpose. They calculated that a 2-ha fam, with a
 

tenth of the area under woodlot, one hedgerow protecting the outer
 

boundary and another one surrounding the homestead, and the "usual"
 

spread of farm trees over the remaining area, could provide enough 

fuelwood to meet the requirement of an average famiily. Several fast

growing firewood crops, suitable for different environment conditions, 

have been identified (NAS, 1980), and most of them combine well with
 

conventional agricultural crops. 

3.3. Livestock Production System 

The reference here is to the so-called ivopaatora. 8yatem8, where trees 

and pasture are deliberately mixed. The woody component in silvopastoral 

source of fodder to improve livestock
systems could be used either as a 


productivity, or to obtain another commodity such as fuel, fruit,- or 

timber. Based on this "productivity objective", silvopastoral systems 

can be grouped into browse grazing and forest/plantation grazing systems.
 

The browse grazing systems, where the woody components provide fodder 

mainly as a source of protein-rich supplement during the dry season(s),
 

zones. Such systems areare especially su-,table for arid and semi-arid 
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found in the dry regions in all parts of the world: India (Muthana and
 

Sankarnarayan, 19.78); Africa (Lamprey et aZ., 1980); America (Elgueta
 

and Calderon, 1971); and Oceania (Moore, 1972). By proper management 

of the silvopastoral systems, dry season feed gap could be reduced if
 

not eliminated and sustainable management systems for otherwise wasted 

land developed. There are 'two techniques that appear particularly 

promising in these situations:
 

i) planting multipurpose fodder trees in grazing areas and as
 

hedgerows in and around crop fields;
 

ii) cpt-and-carry forage production system for increased pen 
 feeding 

of livestock to improve dry season nutrition and increase the 

amount of collectable manure. 

The woody components in the forest/plantation grazing systems are used 

mainly for the production of timber (forestry) or other commercial 

produce (plantation crops). While forest grazing is particularly 

popular in Australia and New Zealand (Batini, 1978; Borough and Reilly, 

1976), plantation grazing is a common feature in most of the coconut

growing areas (Plucknett, 1979; Reynolds, 1980) and someto extent in 
rubber plantations (Wan Embong and Abraham, 1976). In certain instances, 

the woody component will also have "servicea role", benefitting animals 

in a direct way (e.g., shelter effect on animals), or indirect way (e.g., 

effect of tree canopy. on understorey grass growth (Kennard and Walker, 

1973).
 

4. PROTECTIVE ROLE OF AGROFORESTRY
 

The pr otective role of agroforestry stems from the soil improving and 

soil conserving functions of the woody components involved. There are 

various avenues through which the woody perennials could improve and 
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enrich soil conditions; these include fixation of atmospheric nitrogen 

(mainly by leguminous species), addition of organic matter through 

litterfall and dead and decaying roots, modification of soil porosity
 

and infiltration rates leading to reduced erodibility of soil and improv

ing the efficiency of nutrient cycling within the soil-plant system
 

(Nair, 1983b). However, the main protective function of woody perennials
 

isinphysical conservation of the soil.
 

4.1. Soil Conservation
 

Tree planting along contours is widely recommended both to reduce runoff 

and protect terraces wherever such physical soil conservation measures 

are adopted (for example, see Wenner, 1980). This soil conservation 

benefit of woody perennials can be conveniently exploited in agroforestry 

if the species chosen can provide additional benefits and outputs such as 

fodder, fuel, wood, food, etc. For example, in Southeast Asia, especially 

Indonesia, there is a long tradition of planting Leucaena leucocephata in 

contour hedges for erosion control and soil improvement. Indirect terraces 

are also formed when the washed-off soil is collected behind the hedges 

(see Fig. 1). These contour rows of Leucaena survive through the long 

dry season because of their long deep taproots that can reach water deep 

in the ground. Loppings and prunings from such hedgerow species could 

also provide mulch to aid in preventing sheet erosion between trees. An 

example of this principle being-translated into practice can be found in
 

the GTZ (Germany)-sponsored project in Nyabisindu, Rwanda (Zeuner, 1981;
 

Neumann, 1983). The presence of more plant cover on the soil, either
 

live or as mulch, also reduces the impact of raindrops on the soil and
 

thus minimizes splash and sheet erosion. Therefore, as pointed out by
 

Lundgren and Nair (1983) the potential role of agroforestry in soil con

servation lies not only in woody perennials acting as a physical barrier
 

\/ 
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against erosive forces, but also in providing mulch and/or fodder and 

fuelwood at the same time. 

4.2. Shelterbelt and Windbreaks
 

Moderate to strong winds that blow continuously as in coastal areas,
 

high plateaus and mountain tops c&n have direct and indirect harmful
 

effects on plants. Direct effects are often obvious by deformation of 

the physical appearance of plant parts and their growth fc'rms. Indirect
 

effects concern mainly the water balance of plants and moisture content, 

erodibility and other properties of the soil. Use of trees and other
 

woody perennials to protect agricultural fields from these adverse
 

effects of wind is a wide-spread practice in many agricultural systems.
 

The principle can be of considerable value in developing sound agro

forestry technologies for areas that are prone to wind damage.- Here 

again it is important to select appropriate species of woody perennials 

and manage them suitably with a view to obtaining multiple outputs from 

them, in addition to realising the expected windbreak/shelterbelt effects. 

Very encouraging results in this direction have, for example, been obtained 

from the studies conducted on this aspect at the Pakistan Forestry Research 

Institute, Peshawar (Sheikh and Chima, 1976; Sheikh and Khalique, 1982). 

Darnhofer (1982) examined the physical, ecological and biological con

siderations involved in the design of agroforestry shelterbelts and felt 

that-the design has to be site-specific depending on large number of
 

factors such as major components of farming systems (crops/livestock), 

desired pattern of windbreak (simple, multiple (successive), network
 

system (with or without secondary hedgerows) etc. The choice of the
 

woody perennial species to be used as windbreak is also very important
 

and, as in other agroforestry systems, it will depend upon their phenology,
 

growth habit, multi-purpose nature, complimentarity and compatibility 
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with agricultural species, etc.
 

5.WOODY PERENNIAL SPECIES FOR AGROFORESTRY
 

Plants, especially woody species, that have hitherto been very little
 

studied may prove themselves to be very valuable for agroforestry.
 

Prime candidates will be species that can grow well with other species,
 

that can thrive in environments that are too harsh for most other
 

species, that simultaneously yield"several products (food, fuel, fodder),
 

that provide environmental amelioration (e.g. soil conservation), and
 

that enrich the micro-site such as by nitrogen fixation, efficient
 

nutrient cycling or addition,of organic matter to the soil through
 

litterfall and root exudates and decay. Growth habits of such species
 

with respect to their above-ground and below-ground parts will also be
 

of considerable significance. With this long list of attributes itwould
 

be possible to prepare a check-list of characters to look for, or suggest
 

some ideo-types of woody plants for agroforestry. Although such approaches
 

are certainly useful in the long-term selection process, expediency demands
 

,that we look for some of these characters in the trees that are commonly
 

found to exist in agricultural lands ---either mixed with agricultural
 

crops or otherwise retained deliberately. Such studies have recently
 

been made fo.r the humid and semi-arid areas of Kenya (G.Poulsen:
 

personal communication 1581, A. Getahun: personal communication 1982),
 

and the-essential attributes and ecological requirements of about 100
 

woody species that are potentially suitable for agroforestry, have been
 

compiled. Okigbo (1977) has described the significant role played by
 

vari.ous plants, that have so far been neglected, in the traditional
 

farming systems in the humid lowland tropics of West Africa. The U.S.
 

National Academy of Science publications on underexploited tropical
 

plants (1975) and firewood crops (1980), and some other publications
 



Annex 3.2.15
 

(e.g. Kaul, 1970; Ritchie, 1979) give descriptions of several such
 

species that could be valuable in agroforestry.
 

A promising group of woody perennials that are of tremendous value in 

agroforestry are the fast growing nitrogen fixing trees, mostly legumes. 

The greatest advantage of these species is their ability to "fix" 

atmospheric nitrogen in rather substantial quantities. For example, 

Leucaena ZeucocephaZa has been observed by various researchers to yield 

from 70 to 500 kg nitrogen per hectare annually under various conditions 

(Vergara, 1982). There are also some non-leguminous tree species that 

are capable of fixing nitrogen; examples are Cauarina, Alnus, and 

Parasponia. These species also are of 'tremendous potential in agro

forestry.
 

A summary of characteristics and descriptions of a few woody species 

having potential role in agroforestry systems in different ecolcgica'l 

regions is given, as an indicati.ve example, in Table 3. Undoubtedly, 

one of the most important opportunities in agroforestry lies in tapping 

the hitherto unexploited potentials of this large number of multipurpose 

trees and shrubs. With a view; to initiating systematic studies on such 

species, a consultative meeting on multipurpose tree gerplasm collection 

and evaluation is being organized by ICRAF and the US National Academy 

of Sciences in Washington, D.C. in June 1983. Moreover, at the recently 

established (1980) ICRAF Field Station at Machakos in Kenya (semi-arid 

700 mm rainfall per annum, 1500 m above sea level, good but erodible 

soils), over 30 species of multipurpose trees have been planted so far, 

with'plans for more. Similar initiatives are also being undertaken by 

several other agencies. 

http:indicati.ve
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6. AGROFORESTRY INTERVENTIONS FOR IMPROVING SHIFTING CULTIVATION 

The foregoing analysis of the productive and protective role of agro

forestry vis-a-vis the prevalence of various forms of agruforestry in 

different conditions lead to some general indications on agroforestry 

options for different ecological regions. These are summarized in Table 4. 

They consist essentially of two approaches: incorporating trees on farm

lands according to different tree:' crop proportions, and integrating 

crop/animal components with monocultural stand of trees like in forests 

and plantations. For any of these systems/practices, a wide variety of 

woody perennials (see Table 3 for examples) could be combined with
 

appropriate crop and/or animal components. Special mention is,however,
 

not made on such agricultural (crop/animal) components because the
 

expectation is that the species with which farmers are familiar will be 

used as far as possible. This should minimise the usual resistance and 

doubts of the farmers and especially-shifting cultivators, regarding the 

adoption of unfamiliar technologies. 

It is expected that these agroforestry technologies that place very 

little emphasis on costly resources are likely to be socially more
 

adoptable and environmentally mure acceptable. However, there should 

not be excessive expectations on the outcome and output levels from
 

agroforestry. Since the technologies are very location-specific and
 

the choibe of appropriate ones depends on a number of local factors,
 

the degree of success in exploiting the potentials is also very variable. 

However, since these systems encompass elements of shifting cultivation 

and at the same time strive to make up some of the drawbacks and alleviate 

some of the disadvantages of shifting cultivation, they could be viable 

and feasible alternatives to shifting cultivation in certain situatifins. 

,i
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TABLE 3: SOME CHARACTERISTICS OF A FEW MULTIPURPOSE WOODY PERENNIALS WITH A POTENTIAL AGROFORESTRY ROLE 
IN VARIOUS ECOLOGICAL ZONES
 

SCOLOG 
 I CAL ADAP TAB IL 
 I TT
 

S CANAGEENT 
 ASPECTS
 

SOL OOIZOSESTABLISHMENT 

TREATMENT 
 CR 

7. . . 

a 
o1200800 6-8 Sandy/silty vkll drained soils good tolerance to salinity SeedlingsA. aengal up 	 t 'ater (80 (.) 5to 200 - 8-11 	 soak for 24 hours WeedingSandy or well drained solls. Pear toletance cc waterlog-	 poor

Seedlings 
 Hot water (80c) W&alwsfteea
1£ a 'j 1500 1000, -

Cotton ool. Seedlings Stone nuat be
 

UP to 2001 - o candy/stony ]eils includip$ black 	 sking 24 hour, Weeding good 
ftAinonir auteat 
 up to 200 - 9 	 Sndy/gravelly coll. Good cracked 90od1300 a 	 tolerance to high alkalinity Seedlings, ghot.
d salinity. Poor toernee to waterlogging. or root cu 

Searified A saked 
up to 7 8-10 --~~~ 	 nouedr.i1000 a 850 	 Growyan sandy/rocky soils. Tolerates pH 9.0 and goodtolerance to vaterlogging and salinity. .~~ Seedlings or root Scarified & boil..r root u'n 	 Good tolerance goodauckers 
 in& water
{vtr2 & soakOr to weedsm02a 
 o0 2000 
 Wtde variety of oils. 
Good tolerance to high 	alkalinity. Direct seeding 
 Seed should bg
up to 1000-	 WideAcu c. a 
~ia c uZifo lr ur 	 range of soils including Uranium and tin miniing sp0la• 600 1800 6 " 

W~ 
ran g 	 ceedack000
ireet seding or Brilin	 good
water & Weeding
co ck 1edoo ,n o
 

aI Zonjcmum
a tmn 1500 a 	2000 Wide range of soils. Good tolerance to flooding. 
 Direct seeding orseedlings Eoiin 'later Good toleranceCair' ia cst ," 1600 2300 	 soak 24 hour. to weeds2-3 Does well 	 cellenin noist 

1 	

or dry soils even when very alkaline. Seedlings or large Hot voter (80C).&cuttings
e00moO lbea be- 250-	 soak 24 hours Cood
Zd hala bea -6 Wide range ofbe 1700 ncid soils. soils pH rane 5.0-8.0 but poor growth onPoor tolerance toflooding 	 Direct seeding or
eedltng Hat ater (8C)jb up 	 soak 48-72 hoursto 500 - Croe 	 Wbest on well drained soils.
salinityand salt spray. Good tolerance to 
 Direct seeding/ Boiling water aecedlIngs/cuttinas soak 24 hours Weeding / rood 

__________.____O 50 00
UPu___ o 1000- agWide range of coils. 
 Good tolerance to flooding. seedIne0i
cutin/
Direct seeding/ 
 ncne 
 little mainten
Acaci.a icarnsi up to 500 -	 - goodCannot tolerate calcareous soils 
 Direct seeding Boiling water &
1100 u LOGOup to 350-
Ailanthus aZtisim. 	 )bat soils - acid or alkaline. Exceptional tolerance to esock .. 2j hours2000 U 600 	 floodingor drou-ht, Seeda/seedlings/up to 1000 -	 Good toleranceBeat on well drained alluvial sils but grows root cutinon gravels/ SeedlingsNone. 	 to eedsShort seed
3200e 3000 
Z 1r1 	 NoedSotged Weeding good,bst 	 sands/clay a. 

3U•20 

up t. 400 

6-8 	
viability
Grown well 	 D!rect seeding orin moat soils. 	 nn2 tolerate waterlogging; Prefer@ deep soils. Does not Directtedinneo	 odtlrne po
edlings oto wdsp
 

2900.• 
700 8-11 .,'11nty."-
7 m retls up to 200 sandy/gravel and evenithallow soils. 
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at coil types. 	 2c Godtoeace
Colonize denuded, 	 gofallow or poor soils. 
 DirectA rfeence 	 teeding/Refrge-ate 2oCLie for the 	 Good
Au ror boi epeoiec is oaiaiZae from 	
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4. 
 CENERAL INDICATIONS ON AGROFORESTRy ALTERNATIVES TO SHIFTING CULTIVAT:ON
 

Agroforestry 

General indications on the feasibility in


Systems Practices/Technologiue 
Semi-arid regions Humid and sub- Tropical highlands 

humid areas 
Agro-llviculture a) Hedgerow planting (alley 

cropping) with fast growing 
woody perennials 

Depends on rainfall 
patern; to be careful 
about te-ites 

Very good Very'good, especially 
Vhen combined ilthor 
ws soil conservation 
measure 

b Hultipurpose trees on farm- Good possibility for God possibility Gud 

C) 

landsGodpsiiiy 

Livefences/ahelterbelts/ 

extensively uanaged 

systems 
for Intensively 
managed systems 

o 

windbreaks 
Very gocd 

Good Site specific 

d) Cut-and-carry 
mulch production

(zonal agroforestry) Desirable Site-specific d & a: Depends on 

) Agroforestry fueloodproductron Good 
Highly desirable 

slope; areas unsuitablefor crop production 
could be used for woodlots for mulch/fodder 

f) Various forms of multispeciea 

plant associations around 

Highly desirable Highly desirable 

production 

Highly desirable 

dwellings (home Cardens) 

i) Overstorey shade for shade-
tolerant o=ercisl cropa 

United Feasible 

Highly 0-!sirable 
Silvopastoral a) Crazing in forestpilantations Coed Good Very good 

b) Comuorcial/shade/gruit 
trees Limited 

In pasture Very good Very good 
C) Hultipurp2se fodder trees 
d) Cut-and-carry fodder production 

Good 
Desirable 

Good 
Site-specific 

Good 
Same as cut-and-carry 

mulch production 

Aro-silvo-pastral a) Crops and grazing In plantation 

b) Multipurpose trees with crops/ 

animals 

Site-specific 

Coai 

Very good 

Site-specific 

Site-specific 

Good 

c! Voody hedgerows with perennial
grasses for mulch prodictlonG 

Site-peciflc Good 

and soil conservation 
Very good 

d) Crop/tree/livestuck mix eroun 

homestead . 

Ve'r. good Very good Very rood 

oo 
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i) Plant arrangements in hedgerow planting 
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Natural terrace 

Hedgerow 

-	 Original slope
 

.'.. 	 ,. :., Fill 

ii) 	Formation of natural terraces from hedgerow
 
planting
 

Fig. 1. HEDGEROW PLANTING FOR SOIL CONSERVATION (Adapted from Vergura, 1982) 


