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Vauntage point

Lateral resource flow and capture

agroforeslry resulls

the key to scaling up

Agroforestry rescavch has followed the traditions of experimentation in agriculture

and forestry. In relating results to the
that the rules for scaling up agroforestry resulls may diffe
o reduce 'lateral resource caplure' by trees from neighbouring
ay solve one problem, bul create new ones. Other
ral resource flow in’the
by trees as essential components of the real

or forestey. Efforts
plots in experimental designs m
research approachies may now be needed if we accept late
landscape and lateral resource caplure

waorld of agroforestry on smallholder farns.

Maps are two-dimensional and this makes it
casy (o translate between scales, 1o zoom in
and zoom oul. The simplest approach to
scaling up involves multiplying a surface
arca with an average value per unit arca.
Such scaled up estimates are all around us -
bul many of theay may be wrong. The
problem is that the "average value per unit
arca’ itsell may depend on the scale. Por
example, the erosion of surface soil from
one place  can lcad 1o sedimentation
clsewhere. I we measure erosion on simall
plots and  multiply the net sediment loss
wilh the size of a walershed, we may get
vasl overestimates of the real sediment
optflows, as we ignore much of the internal
sddimentation. Similarly, if ‘human
migration” is defined as the crossing, of some
(administrative) border, counling migrants
al a pr()\'iucinl scale and adding up the
values for all districts will not give us the
number of migrants at the national scale. Al
s plobal scale there is no human mipration
(gt from a few return trips to the moon).

Standard  procedures for apronenic
experiments involve altempts o make swre
that the recorded yiceld values per unit area
can  be  casily scaled up.  Interference
between plots is reduced by leaving puard
rows out of the measurements. A major
criticism of the majority of past agroforestry
experiments has been thal tree roots in
agroforestry  plots had  access o
neighbouring plots with other treatments
(Coe, 1994). The ideal of aproforestry
cxpcrimunl.nlinn has thus hecome a siluation
where all resource caplure is restricted o a
vertical soil colunm under the plot and
lateral light inlerception is minimised. Bul
many of the techniques we investigate in
trials  will - in praclice - be used as
components of small farms and be part of a
pnlchwork mosaic.  Interference wilh
neighbouring plots will be important in
farm  conditions.  1f we exclude  this
interference  from the  analysis  of
experimental plols we will have to explicilly

bring it back into consideration tater on. lor
example, research on Cimproved fallows’
carried out on small plots may show more
tree biomass production from the f(allow
and higher crop yickds per unit arca than
when larger plots are used. Much of the
waler and nulrient resources that account
for this higher prmlucli\'ily, however, will
have come from ncighbouring plots. The
conclusion  that the prmlucli\'ily of the
fallowed plul has increased can be correct,
but that does pot mean that farm  level
productivity will increase if this technology
is introduced. Instead, the actual advanlage
of fallowing might simply be in reducing
the area cultivated and thus in saving labour

used.

I the parklands system of Wesl Africa, we
now recopnize that a major role of lrees
such as Vitellaria paradoxa and Faidherbia
albida is that of concentraling nutrient
resources in fertility istands’, rather than of
crealing  new  fertility. Expressing  the
positive cffects of such trees on a per unit
Wree or arca basis may casily lead 1o the
conclusion that adding further trees o the
landscape may increase the benelits - and

this may be wrong,

Boundary planting has been recognized as
an agroforestry technology - itis one of the
major ways in which farmers introduce
trees into their farms. Boundary plantings
help to mmark tersilories, bul they are also an
officient  way of ' capturing  resources,
especially if half of the resources come from
the neighbour's plots (1) of from under-
wtilized land along footpaths, homesteads or
roads. The productivitity of a boundary-
planted tree can hardly be expressed on a
unit arca basis - it appears more logical to
express il per unit length of boundary.
Research on boundary  plantings should
probably focus on the question: where do
the resources for tree growth really come
from - by vertical or horizontal trans{er?
Extrapolations  can then be made and
whether addipg,  trees will be beneficial
oy erall evalyaied.
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realities of farmers, however, we now realize
r from those for agriculture

The ideal of
agroforestry
experiment-
ation has
become a
situation
where all
resource
caplure is
restricted to a
vertical soil
column
under the
plot and
lateral light
interception
is minimised

D
Rescarch on
boundary
plantings
should focus
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question:
where do the
resources for
tree growth
really come
from - by
vertical or
horizontal
transfer?
Extrapolation
then can be
made and
whether
adding trees
will be
beneficial
overall
evaluated
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CSD All these examples show that scaling, up is
: not as straightforward as the wse of two-
If all inputs dimensional maps sugpests. We have o

know o what exlent the phenomena
studied depend on Clateral resource flow
and capture’ to understand how they behiave
at other scales.

come from
oulside the
syslem, and
all outpuls

Icave the Fractal dimensions

system, an e e e mem s oo e
arca-based In the case of boundary plantings, lines |L'],
approach is where L is length, rather than area [.7] may
correcl. I, be the appropriate basis for scaling. Many
however, times it will have to be something in
some of the belween |17 Lines have dimension |1,
‘inpuls’ come surface arca has dimension 2 and  the

'Sl)lllL‘"lil‘l)?’ in between' is now indicated by
a “fractal’ dimension (s). We can work with
fractal dimensions in scaling, as if they were
arcas: if the fractal dimension is L6 and we

from
neiphbouring
areas, and/or
some of the
outputs po to
neighbouring
areas, the
scaling rule

want to extrapolate o a lenpth scale which
is 100 times larger, we mnltiply with opte
1585 (instead of 1007 = 1000 where area is
concerned; the difference is a factor of 6.3).

Knowing the appropriate scaling rule may

differs
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Figure 1. Differenl values for the dimensionalily, s, lead 1o
different results of extrapolation; @ 20% ervor in the scaling rule
has mch more offeet than o 200 crior in twe value for any

given scale of measurement.

a) allinpuls liom, b) allinpuls lrom, <) inpuls and nulputs
aned alh ovtputs o, and ait outpuls to, of mixed origin
‘outside world’ direct neighbouns and deslination
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Pigure 2. a) If all inpuls conie Jrom, and oulpuls go lo the
asdside world, an area-based approach with dimensionality of s =
2 may apply; by if all inputs and onlpuls  are lalerally
trav-mitled, a lincar approach (s = 1) is appropriale; o) if inpuls
and wulpuls are of mixed origin ad destination, a dimension
between 1 and 2 may appiy.
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be at least as important as knowing the
value per unil arca on a small) plot -
especially where the extrapolalion involves
several orders of magnitude (Figure 1).

The vast majorily of our current efforts are
directed at knowing resulls per unil area -
just look at any research  report  (e.g.
ICRAF's annual report). Maybe it is time
that  the scaling rules received equal
altention. Scaling, rules  themselves may
change with scale - for mostl processes
interactions become insignificant beyond a
certain scale and we may revert lo area-
based approaches; for other processes, such
as cffects on markel saluration or the
likelihood of pest oulbreaks, the scale effecls
continue (Or may even increase).

The main reason for the dimensionality Lo
differ from 2 is that there are local
interactions at a range of scales. If all inpuls
come from oulside the system, and all
oulputs leave the system, an area-based
approach is correct (Figure 2a). If, however,
some  of the Cinpuls’  come  from
neighbouring arcas, and/or some of the
oulpuls po lo ncighbouring  arcas, the
scaling rule differs from s = 2 (Figures 2b
and ¢). This makes clear that the ‘grain size’
of the landscape patlern has an elfect on the
scaling rule. In finc-prained (inlegrated’)
landscapes, with many boundaries between
landscape  units, the number of local
interactions will be large and there are many
reasons why s differs from 2. In coarse-
prained (sepregated’) palterns inleractions
between units will be small. Linking the
scaling issue with interactions makes clear
that we may have many of the tools needed
o tackle the issue. Al the plot or square
melie scale, benelits or disadvanlages of
aproforestry are _delbnnincd by ‘inleraction’
cffects. Inleractions and the true resource
basc of systems al landscape scale come
back here as critical issues lo address.

A simple method exists for generaling data
with a fractal dimension. If we take a grid of
rnm'lmu numbers, some of them negalive,
others  positive and smnplc this grid at
different scales (1x1, 2x2, 3x3, ....) with the
rule that we record the nct value, but take
nepalive values as zero, we will find that the
average value-per-unit-arca decreases wilh
the scale of sampling. At the Ix] scale all
negalive values are pcrccivcd as zero, while
al luger scales they can increasingly offset
pusitive values. This analogy may help us
understand  the fractal dimension of net
sediment  luss  in crosion studies as
reedimentation sites’ are fecopded as sites of
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zero  (and  not negative)  erosion. Yet
sedimentation  sites  can - offset nearby
crosion if they occur within a single

measurcment unit.

Conventional agronomic experiments  are
done in ‘fine grained” patlerns, in the form
of a patchwaork of differently treated plots. It
is a conlinuous source of concern that
interactions such as lateral resource capture
between  the  plots  are  not unduly
influencing the results, so that these can be
scaled up to the coarser grained palterns of
real world farms. We have o pick up the
challenge: we are dealing not only with
‘experimental arlefacts’, bol with important
principles and resulls. We may be able Lo
turn a problem into an opportunity if we
can quanlify how much lateral resowrce
capture’ contributes to the productivity of

small scale plots.

Crilical (uestions

How can we extrapolate from limited
sets of observations/experiments to the
landscape level and beyond?

2. Can 'lateral resource caplure’ be scen as
an important element of agroforestry
rather then as an ‘experimental artefact’,
invalidating almost any experiment of
the past (and present) fron a scaling-up
perspective?

3. What are the approximale scaling rutes
for the various functions of complex
aproccosystems?

4. Can we indeed relate scaling rules to the
degree of focal interactions and thus to
the grain size of the landscape patigm
for the various functions in complex

apro-ccosystems?

w

Can scaling rules contribule to our
understanding of the "political economy’
of landscope processes  and  scale-
dependent differences in perspective on

desirable policy oulcomes?

Approach

A incslctl' ill)l)l‘().l(‘ll, including measurements
of the same phenomenon at a range of scales
(e, small plol, complete slope and  sub-
watershed  in erosion  and  water-balance
studics) can lead us to an empirical scaling rule
s, but with additional process level studies we
may also understand why this s value differs

from 2.
Process level studies of inleractions should

complement inventory  type approaches in

e e . . . .
stratificd  sampling.  Examples  of © such

Processes are:
o run-off and run-on (surface flow of waltey),

lateral flow of waler and nutrients below
the soil surface, cither in the root zone or
below,

lateral resowrce capture by horizontally

oriented lree roots,

sedimentation  studies  accompanying
erosion measurcments: the fate of carbon
and autrients at sedimentation siles is

largely unknown,

S

The new
agenda for
rescarch on
'scaling up
to farm level
and beyond’
leadstoa
revisiting of
some old
dogmas and
anew role

species overlap determining the for process
Liodiversity scaling, rule, studies
corridor  and  fragmentation  effects
affecting survival of critical species,
scale dependence of pest problems,
relations between sources and sinks of
methane at landscape level,
microclimate  effects of  windbreaks  vs
dispersed trees.
Landscape level transfers
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Uigure 3. Landscape level resource flows and lteral resonrce

caplure determine the scaling rules.

‘The new agenda for research on 'scaling up lo
farm devel and beyomd® thus Jeads o a
revisiling of some old dogmas and a new role
for process studics. The toolbox for measuring
lateral  resource flow  and  lateral resource
caplire essentiolly exists - it cap now be used

for a new purpose.
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