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Abstract. A simple tree-crop interaction equation is re-interpreted in terms of resource capture.
Benefits in physical yields from agroforestry are to be expected only when there is comple-
mentarity of resource capture by trees and crops. Most of the current biophysical hypotheses
formulated for agroforestry research are based on this central tenet, specified for various
resources, soil and climatic conditions.

Introduction

The overall objective of agroforestry research is to identify those circum-
stances (biophysical, socio-economic and policy) in which growing trees will
give benefits to farmers. A common approach has been to consider the merits
of different agroforestry ‘systems’, like alley-cropping, parklands, relay-inter-
cropping and home gardens in different climatic regions (Nair, 1989). If the
problem is to identify the socio-economic as well as the yield benefits of
tree-crop combinations, then it may be important to consider the ‘system’. But
if the problem is to identify those circumstances in which growing trees and
crops together can yield more biomass than growing crops alone, then it is
more logical to think in terms of the physical resources of water, light and
nutrients that are acquired or ‘captured’ by the trees and crops, regardless of
the ‘system’ (Monteith et al., 1994). Although Price (1995) indicated a number
of specific situations where agroforestry can give greater economic benefits
than either a sole-crop or a sole-tree system in the absence of any biophys-
ical yield increase, such situations are the exception rather than the rule and
biophysical yield benefits are a good starting point for a more complete
economic evaluation.

Recently, Ong (1995) and Ong et al. (1996, see also Sanchez, 1995) put
forward the following equation:

I=F-C €8]
where:

I = the net increase in crop yield attributable to the presence of trees, esti-
mated over the land area occupied by crops plus trees, compared with
sole-crop yield,
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F = the fertility effect, i.e., the increase in crop yield attributable to favourable
effects of the trees on soil fertility and microclimate; in Ong (1995), F
is due to tree pruning effects, while the microclimate modification due
to the tree canopy is represented by M, which may be positive or negative,
and

C = the competitive effect, i.e., the decrease in crop yield attributable to com-
petition with the trees for water, nutrients and light.

Essentially, Equation 1 says that crop yields will increase (i.e., I will be
positive) when the beneficial effects of the trees on crop yield (F) are greater
than the harmful effects (C). The merits of the equation have recently been
the subject of correspondence in this journal (see: Letter to the editor by DCL
Kass and the reply from P. A. Sanchez, Agroforestry Systems 33: 101-108,
1996). Here, we attempt to re-formulate the equation in terms of resources
captured by the trees and the crop.

Resource-base for tree-crop interactions

Equation 1 can be generalized in terms of resource capture as follows:

r = F’ - c @
Increase in crop yield Increase due to resources Decrease due to
of water, light and nutrients resources taken
acquired by the trees by the trees

F’ and C’ can each be divided into two components, as follows:

F = Fcomp + Fnoncomp (3)
and
C = Ccomp, recycled + Ccomp, nonrecycled (4)

where F,,, represents the resources acquired by the trees at the expense of
the crop (i.e. competitively), Fyoncom, T€presents the resources acquired by
the trees that the crop would not otherwise acquire (i.e. non-competitively),
Ceomp, recyctea TEPIESENLts the resources that the crop is deprived of by the trees,
but the nutrients that are acquired can be recycled to benefit the (next) crop,
and Comp, nonrecyclea TEPIEsents the resources that the crop is deprived of which
are used in tree growth and are not recycled.

It could be argued that F,,, is approximately equal t0 Ceypp, recyctea that is,
that the resources that the trees obtain competitively are the same resources
that the crop is deprived of which can be recycled, so that:

I'=F,

noncomp Ccomp, nonrecycled (5 )
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and thus

I+ Ccomp. nonrecycled — F, noncomp (6)

Equation 6 states that the increase in crop yield brought about by the
presence of trees plus the benefit in tree growth, is equal to the quantity of
environmental resources that the trees acquire which would not otherwise be
acquired by the crop. There is, of course, nothing new in this statement, but
this simple analysis shows that the equation of Ong (1995) is no more than
a statement about complementarity in resource capture.

If the trees have no direct value but only play a ‘support’ function, the
resources represented by Ceomp, nonrecyerea 40 1OL contribute to the overall benefit
function. In that case a tree-crop combination is useful only if I’ is positive,
i.e. if Fioncomp > Ceomp, nonrecycleds Which means that there is an absolute positive
effect. If the trees have a direct value as well as a support function, then the
total benefit function can be positive if:

I'+a* Ccomp, nonrecycled — F, noncomp (1 - (X) * Ccomp, nonrecycled >0 (7)

or

F, noncomp > (1 - (X') * C'comp, nonrecycled (8)

where o is the fraction of the tree resources reflected in tree products,
multiplied by the economic ratio of crop and tree products. Equation 8 shows
that the higher the direct value of trees, the smaller the Fcom, term has to
be to justify a tree-crop combination. For o = 1, when trees and crops give
equal ‘direct value’ per unit resources of water, light and nutrients used, the
requirement is simply that F,.om, > 0, Or at least some complementarity in
resource use (Van Noordwijk, 1996).

Biophysical agroforestry hypotheses re-visited

We suggest that the central biophysical hypothesis for agroforestry research
is that:

benefits of growing trees with crops will occur only when the trees are
able to acquire resources of water, light and nutrients that the crops would
not otherwise acquire

Thirteen of the 16 biophysical agroforestry hypotheses given by Sanchez
(1995) follow from this central hypothesis.

Thus, when water is limiting, trees can increase total yield when they
increase the fraction of rainfall utilised in plant growth, lessening the fraction
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that is ‘wasted’ by soil evaporation, surface runoff and drainage, increasing
the fraction that is returned to the atmosphere via stomata (hypotheses 12, 13
and 14).

‘When light is limiting, trees increase total yield when they increase the
fraction of annual incident radiation that is intercepted by foliage and used
in photosynthesis, which is most likely to occur when the tree and crop
canopies develop at different times of year (hypothesis 15).

When nutrients are limiting, trees can increase total yield when (i) trees
can access nufrients at depth, laterally in non-cropped zones or from chemi-
cally occluded forms that are inaccessible to crops, (ii) trees capture nutri-
ents that would otherwise be leached due to incomplete ‘synchrony’ of supply
and demand (providing a ‘safety net’ so that the system is less ‘leaky’) and/or
when (iii) N,-fixation by the trees augments N inputs and the fraction of N
derived from fixation by the trees exceeds the harvest index (so that more N
is added to the tree-crop-soil system) (hypotheses 4, 5 and 6). Hypothesis 11
of Sanchez (1995) states that N,-fixation can be stimulated by intercropping,
and thus elaborates on hypothesis 4. Where trees intercept sediment eroded
elsewhere in the field, they probably retain resources in the field which would
otherwise be lost (hypothesis 1). Soil erosion control (hypothesis 1) can be
based on the presence of surface mulch, increased water infiltration rates due
to soil structure improvement and more complete water use (Kiepe, 1995).

When water, light or nutrients are acquired by the trees that would other-
wise not be acquired by the crop there is likely to be increased biomass pro-
duction (increased net primary productivity), which may then improve soil
fertility by increasing soil organic matter levels, soil physical properties and
temporarily reducing soil acidity (hypotheses 2, 3, 7 and 9).

Clearly, increased acquisition of the limiting resource will always be accom-
panied by increased use of the non-limiting resources: no nitrogen can be
assimilated without producing carbon, no carbon can be fixed without inter-
cepting light and no photosynthesis is possible without evaporating water.
Thus, the best opportunities for complementarity exist if shortage of one
particular resource is clearly limiting plant growth, but other resources are
under-utilized and available.

Three hypotheses of Sanchez (1995) are not covered in this analysis. These
hypotheses are mostly based on specific effects of trees on the efficiency
with which crops utilizes resources captured for growth.

— Hypothesis 8 states that agroforestry can help to reclaim degraded soils,
but this formulation is too general, as Sanchez (1995) remarked. It should
be specified which resources are limiting and which ones are abundant in
a specific ‘degraded’ soil before it can stated what benefit trees may
give.

— Hypothesis 10 states that shade from a tree canopy improves soil biolog-
ical activity and N mineralization, but it is not clear which aspects of soil
biological activity are limiting in a non-agroforestry cropping system in
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general. This hypothesis might refer to suppression of specific soil-borne
diseases, to the ‘synchrony’ of N mineralization and crop demand, or to a
beneficial lowering of soil temperatures in the tree canopy shade.

— Hypothesis 16 states that competition for water can be reduced by manip-
ulating the spatial arrangement of trees. This may refer to a) the effects of
trees on microclimate, by modifying the windspeed and humidity, on water
use efficiency of the understorey crop, or b) the distribution of tree roots.
Current evidence from ICRAF’s Machakos Research Station (rainfall 750
mm per year) indicates that improvement in microclimate is considerably
less important than root competition.
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