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ABSTRACT

The exi stence of |arge nunbers of people In the fragil e ecosystens
of the developing world, and the fact that these ecosystens occupy the
greater proportion of the land of the devel opi ng econoni es suggest that
nmeans nust be devised which will assist in Increasing the productivity
of these ecosystens while at the sane tine either rehabilitating them
or arresting the process of degradation. Agroforestry is a system
of |and managenent whi ch seens to be suitable for these ecol ogically
brittle areas, It conbines the protective characteristics of forestry
with tbe productive attributes of bath forestry end agriculture. It
conserves end produces. It is suggested that if the concepts of
conpetition anmong plants are understood, and apppliedinthe practice
of the systemof agroforestry, the systemwoul d achi eve the objectives
that have been stated above. The inportant considerations are that
speci es must be chosen for their conplenmentarity, and for their ability
to utilise in harmony water, nutrients and sol ar energy, over tinmne.



CONCEPTS OF  AGRCFCRESTRY

K F.S. King, |CRAF

Definition of agroforestry

Barly in 1977, at the Royal Tropical Institute in Amsterdamin Hol | and,
a group of us was assigned the task of defining agroforestry. The group

came up with the follow ng definition:

"Agroforestry is... a sustainabl e managenent systemfor |and
that increases overall production, conbines agriculture crops,
tree crops, and forest plants and/or ani nals simltaneously

or sequentially, and applies managenent practices that are
conpatible with the cultural patterns of the |ocal popul ation”
(See Bene et.al., 1977).

Later, we at ICRAF anplified the definition slightly to read as foll ows:

"Agroforestry has been defined as a sustainabl e | and nanagenent
systemwhi ch increases the overall yield of the |and, conbines
the production of crops (including tree crops) and forest plants
and/or animal s simltaneously or sequentially, on the sane unit

of land, and applies nanagenent practices that are conpatible
with the cultural practices of the | ocal popul ation" (K ng and
Chandl er, 1978).

Youwill note that by the addition of the phrase "on the sane unit of |and
we sought to enphasize that zonal arrangenents of agricultural crops and
forest crops were not considered to be agroforestry, and to inply that the
m xtures of the conbined agricultural and forest crops should be intinate.
However, it is still considered that the definition is inadequate, because,
for exanple, it does not tell us what is meant by a "unit of l[and", and
hence cannot help us to conprehend fully what is the degree of intinacy
required to distinguish agroforestry systens fromsystens in which
agriculture and forestry are, to some extent, zoned or occupy adjacent but
distinct blocks, or inwhich there are strips (or lines) of forest trees
alternating with strips (or lines) of agricultural crops.



The definitions are inadequate in another respect, in that they do not

di stingui sh the many types of systens which nay possibly fall within their
anmbit. Accordingly, | repeat here an attenpt which | have al ready nade
(King, 1978) to add to the definitions, to explain nore fully the concepts
of agroforestry, and to delineate various sub-divisions of the subject.

Agroforestry should be considered to be a generic termwhich enbraces the

fol |l ow ng specific conponents:

Agri-silviculture - the conscious and deliberate use of land for the

concurrent production of agricultural crops (including tree crops) and forest

Crops.

Syl vo-pastoral systens - |and nmanagement systens in which forests are

managed for the production of wood as well as for the rearing of domesti cated

ani mal s.

Agro-syl vo-pastoral systens - in which land is nanaged for the concurrent

production of agricultural and forest crops and for the rearing of domestic-
ated animals. This systemis, in effect, a conbination of agri-silviculture

and the syl vo-pastoral system

Mul ti-purpose forest tree production systens - here forest tree species

are regenerated and managed for their ability to produce not only wood, but
| eaves and/or fruit that are suitable for food and/or fodder.

The questions of intimacy of m xture, and of the wi dths and extent of zones,

bl ocks, strips and rows are still not resol ved, however, by these definitions.
It is suggested, as a working hypothesis, that agroforestry m ght be consid-
ered to be practised whenever trees and agricultural crops are grown in

m xture, provided that the conbined widths of the rows of agricultural crops
do not exceed the heights, at maturity or at the end of the selected rotation,
of the forest tree crops with which they are grown in mxture; provided
further that the conbined widths of the rows of the forest tree crops do not
exceed the height of the tree crop at maturity or at some selected rotation.
Thi s suggestion takes into account, to some extent, the possible conpetitive

i nfluence of the tree crop on the growth of the agricultural crop. It assunes
that agriculture crops that are grown in strips etc. that are no w der than the
final heights of the trees will be positively influenced by the aneliorating
effects of the trees on the site.



prem ses of agroforestry
The prenises on which the concept of agroforestry is based are partly bi ol o-

gical and partly soci o- econoni c.

a. Biological premses

It is known that, generally, forests have a beneficent effect on the soil.

The roots of forest trees take up nutrients fromthe soil, convert and

utilize themfor the production of plant material, and then return themto

the forest floor in the formof |eaves, tw gs, branches, fruit, etc. This
litter is transfornmed into hunus, and later incorporated into the soil.

It is this cycle of uptake, deposition and uptake agai n whi ch accounts for

the presence of forests on soils that are inherently lowin nutrients; soils
whi ch are often incapabl e of sustaining annual agricultural crops, the har-
vesting of which, renove nost of the organic matter that has been manuf ac-
tured by the plant. For, a well managed forest is to a large extent a closed

system and can be maintai ned that way.

The relatively efficient nutrient cycle is only one of the ways in which the
forests mnimze the | eakages of nutrients fromthe system Trees are
general |y deeper-rooting than other types of crops, and are often able to

trap and utilise nutrients that have been | eached fromthe upper |ayers of

the soil. Inaddition, it is often clained that sone tree speci es have the
capacity of "punping" nutrients fromlayers that are not nornally tapped by
other forns of plant-life. This nutrient punping attribute inplies, of course,
that the natural nutrient input side of the equation in a forest is greater

than that in an agricultural field.

Mor eover, the physiognony of a forest is such that it provides a many-

| ayered defence against precipitation. The crowns in the canopy, and those
inthe intermediate strata of the forests, progressively reduce the potenti al
inpact of rain on the soil below In addition, the litter and hunmic |ayers
on the soil surface act as a further cushion. The net effect is that the
conpacting effects of falling rain on the soil are reduced, there is little
or no erosion on the forest floor, and another possible source of |eakage of

nutrients fromthe systemis at |east partially plugged.

There are other attributes.- The nost inportant properties of the earth's
surface which influence climate, and which human activity can influence, are

17 The follow ng few paragraphs are based on King, K F. S. (1976)
Forest Resources of the Wirld. Gongress Rep. XVI | UFRO Wor | d
Congress. Gslo




Refl ectivity, heat capacity and conductivity, availability of water and
dust, aerodynam c roughness, emssivity in the infra-red band, and heat
rel eased to the ground (WIson, 1970).

In all these aspects the forests are inportant. The reflectivity of the
forests is |ow because of the high radiant absorptive capacity of their green
| eaves when converting radial energy to chemcal energy. Indeed, it is

wel | established that densely built up areas, and deserts as well as
grassl and, have a higher albedo than forests, and that a unit increase in
the earth's albedo will cause a decrease in average surface tenperature of
1.8°F (US A Congress, 1970). Recently, in an interesting experinent two
integrations of a global general circulation nodel, differing only in the
prescri bed surface albedo in the Sahara, showed that an increase in al bedo
resulting froma decrease in plant cover causes a decrease in rainfall.
Thus, any tendency for plant cover to decrease would be reinforced by a
decrease in rainfall, and could initiate or perpetuate a drought (Charney
et.al., 1975).

Mor eover, because large anmounts of latent heat are fixed during the evapo-

transpiration process, the capacity of the forests to absorb heat is high.

In contrast, forests have a | ow heat conductivity, because their thick and
conpl ex structure prevents rapid cooling or heating, and regul ates the heat
rel eased to the ground (FAQ 1972).

In addition, forests, by acting as wi ndbreaks, create aerodynani c roughness
and assist in arresting dust particules. Their emssivity of the infra-red band
is also very high. It is evident, therefore, that the forests play rol es which

affect all the inportant factors which influence clinate.

This list of the influence of the forests on the mcro-climte, and thus of
the "forest environment's" capacity for positively influencing the growth of
ot her plant types associated with it, is not exhaustive. It is submtted,
however, that it is sufficiently long and w de-ranging to indicate that

trees grown in mxture with agricultural crops, or agroforestry systens, m ght
a priori, especially inbrittle ecosystens, be a productive formof |and-use.

There are of course possible constraints: problens of conpetition for water
and nutrients, and problens with respect to conpetition between the trees and
the agricultural crops for solar energy, but these will be discussed in anot her
section of this paper and an attenpt will be nmade to suggest sol utions.



B. soci o conom ¢ prem ses
The Soci o -cononi c fact ors onwhi chthe potenti al val ueof agroforestryis

are perhaps nore straight-forward.

First, forestsarebeingfelledinall thedevel opi ngcontinents of the
world by farmers who require the land to produce food for their very existence.
Gten, the areas that are so felled are basically unsuited to arable agri -
culture, either because of the inherent infertility of the soils, or because
the sites are prone to accelerated erosion if not under forest cover, or

because of a conbi nati on of these factors.

The peopl e who clear the forests to produce food are often not unaware of the
possi bly del eterious effects of their practices upon the ecosystem in terns

of erosion hazards, the possibility of droughts and fl oods, and the possibility
of soil fertility decline. Yet, despite their know edge of these adverse
consequences, they persist in their acts of forest destruction and of destruc-
tive land-use. They persist, because to themthere are no other courses of
action. They are positive that to survive they must destroy and degrade.

Secondly, the consequences of ill-advised |and-use are often experienced not

only in the areas in which such practices are perpetrated, but also in others
that are either adjacent or far-removed fromthe originally damaged sites.

R vers flood val uabl e arabl e land and crops, reservoirs are silted, droughts
occur and crops fail; thereis famne, thereis loss of life, and the total

effects on the general econony are burdensonme and debilitating.

Third, the failure to develop the marginal lands often leads to a retardation
of the rate of devel opnment of the general econony. The social and econom c
argurents that are frequently adduced in support of theses advocating rural
devel opnent in general, can be applied with even greater force to the brittle
and mar gi nal ecosystens of the tropics. The point is that the devel opnent al
and technol ogi cal options are fewer in marginal than in nmost other ecosystens.

Accordingly, if inequities that are based on the accidents of geography are
not to be perpetuated, if the econom es of the devel opi ng countries are not

to remain skewed in favour of urban areas and of those rural areas that can be
farmed in the conventional way, and if the creation of tropical urban sluns
through the failure of infrastructural devel opment to keep pace with rural
mgration to the towns is to be avoided, then special efforts should be

made to devel op a technol ogi cal package that m ght be used in margi nal eco-

syst ens.



It isone of the argunents of this paper that when the biol ogical influences
and services of forests are considered along with the specific socio-econonc
probl ens of those who exist in narginal areas, together with the general
devel opnental probl ens of national economes, this technol ogi cal package

shoul d include agroforestry systens.

Sone soci 0-econom ¢ nyths regarding the application of agroforestry

The literature is replete with statenents which purport to show that if there
is no land-hunger and if there is not severe unenpl oyment, agroforestry systens,
or nore specifically taungya or agri-silvicultural systens, cannot be success-
fully inplemented. Mboreover, in a survey which was nmade a decade ago (King,
1968) nost foresters who practised the taungya systemgave as their opinion
that |and-hunger and unenpl oynent were prerequisites.

This is not surprising when it is realised that foresters have in the past
concentrated the establishnent of forest plantations in their forest reserves:
"Forest Departments by the early blanket reservation of unoccupied or poorly
occupi ed high forest |and, have created a paradoxical situation. By effectively
keeping farners outside the forest reserves they have in fact acted as |and
banks of natural high forest, retaining |and capital for possible future
devel oprent outside forestry. Wthout such reservation, the | and now suitabl e
for cultivation mght have been Iong exhausted. On the other hand, this type
of reservation has often led to a local shortage of agricultural [and, and
where the systemof shifting cultivation is still practised to a reduction

of the fallowperiod with its attendent evils. In addition, the construction
of roads to open up an area of |ogging also often brings about a popul ati on

mgration to the area, resulting in local |and-hunger" (King, 1968).

The point that is being made is that the systemof agri-silviculture has been
practised,in the past, mainly in the forest reserves, that the farner had no
rights to the land within these reserves, that the |and-hunger was in nost
cases created by the Forest Departments, and that unless a person was destitute
(i.e. unenployed and | andl ess) there was no incentive for himto practi se agro-

forestry.

Moreover, the farmers were to some extent exploited by the Forest Departnents,
inthat they were not permtted to farmnore than two or three years between
the rows of tree crops, the initial espacenents were designed so that the
forest could establish a closed canopy as quickly as possible, no attenpt was
nmade to exanmine the feasibility of keeping the farmers on the land for |onger
periods, and in nost cases the farner received no paynents for the work which
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he performedintendi ngthe Forest Departnent' streecrops. | ndeed, the
t he syst emwas gearedt o condi ti ons of | and- hunger and unenpl oynent whi ch had,

i nt he past ,beencreatedbytheexploiters.

itissuggestedthat if the economc returns which accrue to the farner are
siginificant; if thesystemisdesignedtooptimsethejoint productivity
of wood and food fromthe same unit of land; and if the choice of agricultural
and forest species, initial espacenents, and nmanagemnent practices were such
as to permt the farmer to stay on the land for |onger periods than he has
been hitherto allowed, then the strictures inposed on the systemw th regard

to its soci o-economc pre-conditions would no | onger apply.

Sore Bi ol ogi cal Considerations in Agroforestry

Agroforestry is a systemof |and managenent in which tree crops are grown
together with agricultural crops, one objective being to optimse and sustain
the joint yields of the conbined crops. W have al ready exam ned, albeit
sketchily, those characteristics of forest stands which contribute to the
reduction in nutrient |eakages fromthe soil, the re-cycling of nutrients,
the increase in nutrient levels in the soil, and the anelioration of the
mcro-clinmate in the forest area. These, it has been submtted, woul d
positively contribute to the optimsation and sustention of the joint yields
of the conbined crops, provided that the influence of the tree crops on the
agricultural crops and vice versa do not adversely counteract the positive

i nfluences of the forest ecosystem In other words, provided that conpetition
anong the different conponents of the systemis not great enough to affect
the total productivity of the systemin an adverse nanner.

denents et.al. (1929) have described conmpetition as a purely physical

process. The authors go on to say that "with few exceptions, such as the
crowdi ng of tuberous plants when grown too closely, an actual struggle

bet ween conpeting plants never occurs. Conpetition arises fromthe reaction
of one plant upon the physical factors about it and the effect of the nodified
factors upon its conpetitors. |In the exact sense, two plants, no matter how
close, do not conpete with each other so long as the water content, the
nutrient material, the light and the heat are in excess of the needs of both.
When the inmmedi ate supply of a single necessary factor falls bel ow the

conbi ned denmands of the plants, conpetition begins".




Donal d (1963) has expressed the sane principle in another way: "Conpetition
occurs when each of two or nore organi sns seeks the measure it wants of any
particular factor or thing and when the imediate supply of the factor or
thing is bel ow the conbi ned demand of the organisns".

Both A ements (1929) and Donald (1963) have stressed that conpetition for
space i s exceptional, and that what are really inportant are water, nutrients,
l'ight, oxygen and carbon dioxide. In the reproductive phase, the agents of
pol linati on and di spersal are of course inportant. Tenperature and humdity
whi ch al so affect growth are not commodities in finite supply and therefore
are not the subject of conpetition.

Water nutrients and light are the factors nost commonly in short supply, and it
is these that will be borne in mnd in the discussion which foll ows. However,
it is perhaps apposite at this stage, before referring specifically to the
agroforestry requirements, to enphasize the follow ng

1) "Most of the factors for which there is conpetition are found as a
pool of naterial fromwhich conpetitors drawtheir supplies. If
the pool is of limted volurme, or if it is subject to intermttent
depl eti on by the conpeting pl ants, then the successful conpetitor

is the plant which draws nost rapidly fromthe pool or which can

continue to withdraw fromthe pool when it is at Iow ebb or when

its contents can no |onger be tapped by other plants. If all the plants

in the comunity are nearly equal in conpetitive ability = they wll
tend to share equally in its supply until it is exhausted, and then,
simul taneously, to suffer the effect of depletion of the pool". The

foregoing applies chiefly to water.

ii) Wthrespect to nutrients, "the capacity to draw fromthe pool is in
varying degree an expression of the differing ability of plants to
make use of the nutrient in different chem cal and physical forns".

iii) The concept of a "pool" is not applicable, is not valid, when conpe-
tition for light is considered. "There is no store of |ight energy

inthe imrediate environs of the plant... Light is available as a
passi ng streamwhi ch nust be intercepted by the leaves if it is not
to be pernmanently lost to the plant. A dense canopy will intercept
all light, but the young crop characteristically covers only a snal
proportion of the soil surface and nost of the energy is absorbed or
reflected by the soil" (Donald, 1963).



Gener al concl usi onmay bedrawnfromthi s, sinplifiedanal ysisof the
i nportant factors and processes in plant conpetion, with respect to agrofores-
try. As far as possible, the forest and agricul tural species that are utilized
in the system shoul d be conpatible and shoul d conpl ement each other in growh
patterns over nost stages of their lives. Mre specifically, with respect to
water they should be unequal in conpetitive ability; with respect to nutrient,
they should vary in ability to utilise the nutrients in different forns; and,
with respect to light, those species shoul d be sel ected which display growth
patterns, rates of growth, phenol ogy, and architecture which permt mnaxi num
interception by both the agricultural and forest crops at any one tine, but
whi ch al so mni mses conpetition between the two groups of crops at all stages
of their grow h.

B sewhere (King, 1979), | have indicated the characteristics of the tree
species that should be grown in agroforestry systens:
a. they shoul d be amenable to early wi de espacenent;

b. they shoul d possess sel f-pruning properties;
C. if not self-pruning, they should be able to tolerate relatively
hi gh incidences of pruning, i.e. their photosynthetic efficiency

should not significantly decrease with heavy pruning;

d. they shoul d have a low crown diameter to bole dianeter ratio i.e.
the width of their crowns should be snall relative to bole dianeter;

e. they should be light-branching in habit;

f. they should be tolerant of side-shade, if indeed not of full over
head shade in the early stages of grow h;

g. their phyllotaxis should permt the penetration of light to the

gr ound;
h. their phenol ogy, particularly with respect to leaf flushing and
leaf-fall, should be advantageous to the growth of the annual crop

in conjunction with which they are being raised;

1. their rate of litter fall and litter deconposition should have
positive effects upon the soil;

j- their "above ground" changes over time in structure and nor phol ogy
shoul d be such that they retain or inprove those characteristics
whi ch reduce conpetition for solar energy, nutrients and water;

k. their root systens and root growth characteristics should ideally
result in the exploration of soil layers that are different to those
bei ng tapped by the agricultural species; and

1. they should be efficient nutrient punps.



This list of characteristics of the ideal tree species for use in agri-
sllvicultural systens is not exhaustive, but it indicates the principles
whi ch should be followed in the selection of such species. |In addition,
cogni sance nust be taken of the known responses of the tree species to va-
ri ous nmanagenent practices (such as pruning, thinning, and coppicing, for
exanple) and to individual tree and stand mani pul ati on. The sane procedure
should be followed with respect to the agricultural crop conponent of the

system

Put in another way, the plant architecture and norphol ogy, the phenol ogy of
woody perennials, and the root distribution, root growh and root activity
of the trees, nust be examned. Moreover, assessnents nust be nmade of those
factors which affect net carbon fixation with respect to such factors as
speci es differences, differing source/sink situations for annuals and peren-

nials, and |leaf and plant ageing.

In addition, the influence of genotype and environment on dry natter distri-
bution in herbaceous and woody plants; the effects of managenent on pl ant
growth, dry natter distribution and plant devel oprment; and the factors
affecting the plant's nutrient needs and the distribution of nutrients within

pl ants shoul d be exam ned.

A though there is very little infornmation regarding conpetition in agroforestry
systens per se, it nust not be inagined that no know edge exists which is
applicable to conpetition in agroforestry systens, with respect to conven-
tional agriculture and conventional forestry. This is not the place to

review the prodigious volune of literature that is extant, but Iwaki's (1959)
work on interspecific conpetition in plant communities, Hall's (1974 and 1974a)
and de Wt's (1960 and 1963) work on the nature of interference between plants
of different species, the analysis of Trenbath and Angus (1975) on the relation-
ship of leaf inclination and crop production, Ginme's (1966) investigations

on shade avoi dance and tol erance, and the studies of Puckridge and Donald (1967)
on conpetition anmong plants sown at a wide range of densitites, give but a

smal | proportion of the know edge that is already available and that can be
used with advantage in the practice of agroforestry, in the formulation of
research policies and in the design of research projects in agroforestry.

More inportant in the context of this paper, they indicate the concepts which

may be applied to agroforestry systens.
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It is also possible to construct predictive, nodel s whi ch woul d suggest
t he probabl e responses of plants in various mxtures and conbi nations in
agroforestry systens (Trenbath, 1974 and 1978)
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